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THIS MANUAL IS AN AUTHENTICATION OF THE MANU-
FACTURER’S COMMERCIAL LITERATURE WHICH,
THROUGH USAGE, HAS BEEN FOUND TO COVER THE
DATA REQUIRED TO OPERATE AND MAINTAIN THIS
EQUIPMENT. SINCE THE MANIJAL WAS NOT PREPARED
IN ACCORDANCE WITH MILITARY SPECIFICATION, THE
FORMAT HAS NOT BEEN STRUCTURED TO CONSIDER
LEVEL OF MAINTENANCE NOR TO INCLUDE A FOR-
MAL SECTION ON DEPOT MAINTENANCE STANDARDS.

W A R N I N G

DANGEROUS VOLTAGES
EXIST IN THIS EQUIPMENT

DON’T TAKE CHANCES!

C A U TI O N

Special 3% silver solder is required on the ceramic terminal
strips in this equipment. A 40- to 75-watt soldering iron
should be used and it should be tinned with the same special
solder. Additional quantities of the solder may be procured
under  FSN 3439-912-8698.  Ordinary solder  may be used
only in dire emergency.
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Fig. 1-1. Top; the Type 453 Oscilloscope. Bottom;  the Type R453 Oscilloscope.
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SECTION 0

INSTRUCTIONS

0-1. Scope

This manual describes Oscilloscope AN/USM-273 (fig. 1-1) and provides

maintenance instructions. Throughout this manual, the AN/USM-273 is re-

ferred to as the Tektronix Type 453 Oscilloscope. The maintenance allo-

cation chart appears in appendix C. Repair parts and special tools lists

are contained in TM-6625-1722-24P.

0-2. Indexes of Publications

a. DA Pam 310-4. Refer to the latest issue of DA Pam 310-4 to deter-

mine whether there are new editions, changes, or additional publications

pertaining to the equipment.

b . DA Pam 310-7. Refer to DA Pam 310-7 to determine whether there

are modification work orders (MWO’S) pertaining to the equipment.

0-3. Maintenance Forms, Records, and Reports

a. Reports of Maintenance and Unsatisfactory Equipment. Department

of the Army forms and procedures used for equipment maintenance will be

those prescribed by TM 38-750, The Army Maintenance Management System.

b. Report of Packaging and Handling Deficiencies. Fill out and for-

ward DD Form 6 (Packaging Improvement Report) as prescribed in AR 700-58/

NAVSUPINST 4030.29/AFR 71-13/MCO P4030.29A, and DLAR 4145.8.

c. Discrepancy in Shipment Report (DISREP) (SF 361). Fill out and

forward Discrepancy in Shipment Report (DISREP) (SF 361) as prescribed in

AR 55-38/NAVSUPINST 4610.33B/AFR 75-18/MCO P4610.19C and DLAR 4500.15.
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0-4. Reporting Equipment Improvement Recommendations (EIR)

If your Oscilloscope AN/USM-273 needs improvement, let us know. Send

us an EIR. You, the user, are the only one who can tell us what you

don’t like about your equipment. Let us know why you don’t like the

design. Tell us why a procedure is hard to perform. Put it on an SF 368

(Quality Deficiency Report). Mail it to Commander, US Army Communications

and Electronics Materiel Readiness Command, ATTN: DRSEL-ME-MQ, Fort

Monmouth, NJ 07703. We’ll send you a reply.

0-5. Administrative Storage

Administrative storage of equipment issued to and used by Army activi-

ties shall be in accordance with TM 740-90–1.

0-6 Destruction of Army Electronics Materiel

Destruction of Army electronics materiel to prevent enemy use shall be

in accordance with TM 750-244-2.

0-7. Reporting Errors and Recommending Improvements

You can help improve this manual. If you find any mistakes or if you

know of a way to improve the procedures, please let us know. Mail your

letter or DA Form 2028 (Recommended Changes to Publications and Blank

Forms) to Commander, US Army Communications and Electronics Materiel

Readiness Command, ATTN: DRSEL-ME-MQ, Fort Monmouth, NJ 07703. In

either case, a reply will be furnished direct to you.

0-2 Change 1
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SECT I ON  1

CH ARACT ERI ST I CS

Intro d uc tio n
The Tektronix Type 453 Oscilloscope is a transistorized

portable oscilloscope designed to operate in a wide range
of environmental conditions. The light weight of the Type
453 allows it to be easily transported, while providing the
performance necessary for accurate high-frequency meas-
urements. The dual-channel DC-to-50 MHz vertical system
provides calibrated deflection factors from 5 millivolts to
10 volts/division. Channels 1 and 2 can be cascaded using
an external cable to provide a one millivolt minimum defect-
ion factor (both VOLTS/DIV switches set to 5 mV).

The trigger circuits provide stable triggering over the full
range of vertical frequency response. Separate trigger con-
trols are provided to select the desired triggering for the A
and B sweeps. One of three sweep modes can be selected
for the A sweep; automatic, normal or single sweep. The
horizontal sweep provides a maximum sweep rate of 0.1
microsecond/division (10 nanosecond/division using 10X
magnifier) along with a delayed sweep feature for accurate
relative-time measurements. Accurate X-Y measurements
can be made with Channel 2 providing the vertical deflection,
and Channel 1 providing the horizontal [deflection. (TRIGGER
switch set to CH 1 ONLY, HORIZ DISPLAY switch set to EXT
HORIZ). The regulated DC power supplies maintain con-

stant output over a wide variation of line voltages and fre-
quencies. Total power consumption of the instrument is
approximately 90 watts.

Information given in this instruction monual applies to the
Type R453 also unless otherwise noted. The Type R453 is
electrically identical to the Type 453 but is mechanically
adapted for mounting in a standard 19-inch rack. Rack-
mounting instructions, a mechanical parts list and a dimen-
sional drawing for the Type R453 are provided in Section
10 of this manual.

The electrical characteristics which follow are divided
into two categories. Characteristics listed in the Performance
Requirement column are checked in the Performance Check
and Calibration sections of this manual. Items listed in the
Operational Information column are provided for reference
use and do not directly reflect the measurement capabili-
ties of this instrument. The Performance Check procedure
given in Section 5 of this manual provides a convenient
method of checking the items listed in the Performance
Requirement column. The following electrical characteristics. .
apply over a calibration interval of 1000 hours at an am-
bient temperature range of -15°C to +55°C, except as
otherwise indicated. Warm-up time for given accuracy is
20 minutes.

ELECTRICAL CHARACTERISTICS

Characteristic
Deflection Factor

Deflection Accuracy

Variable Deflection Factor

Bandwidth at Upper -3 dB
point (with or without P6010
Probe)

20 mV to 10 VOLTS/DIV
10 mV/DIV
5 mV/DIV
Channels land 2 cascaded

Risetime (calculated). With or
without P6010 Probe.
20 mV to 10 VOLTS/DIV
10 mV/DIV
5 mV/DIV
Channels 1 and 2 cascaded

VERTICAL DEFLECTlON SYSTEM
Performance Requirement

5 millivolts/division to 10 volts/division in 11
calibrated steps for each channel. One millivolt/
division when Channel 1 and 2 are cascaded.
Within ±3Y% of indicated deflection with VARl-
ABLE control set to CAL. Cascaded deflection
factor uncalibrated.
Uncalibrated deflection factor at least 2.5 times
the VOLTS/DIV switch indication. This provides
a maximum uncalibrated deflection factor of 25
volts/division in the 10 volts posit ion.

DC to 50 MHz or greater
DC to 45 MHz or greater
DC to 40 MHz or greater
DC to 25 MHz or greater 

Less than 7 nanoseconds
Less than 7.8 nanoseconds
Less than 8.75 nanoseconds
Less than 14 nanoseconds

Operational Information
Steps in  1-2-5  sequence

With gain correct at 20 mV

Driven from 25-ohm source

Measured at one millivolt/division
Risetime calculated from bandwidth
measurement using the formula:

Where:
tr = Risetime in nanoseconds.

BW = Bandwidth in megahertz.
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VERTICAL (cont)

Characteristic
Input RC Characteristics

Performance Requirement

Maximum lnput Voltage

lnput Coupling Modes
AC Low-Frequency Response

(lower -3 dB point)
Without probe

With P6010 Probe
Trace Shift Due to Input Gate

Current (at 25°C)
Vertical Display Modes

Chopped Repetition Rate

Attenuator Isolation
Common Mode Rejection Ratio

Linear Dynamic Range Useful
for Common-Mode Relection
in ADD Mode

Polarity Inversion
Signal Delay Line
Low-Frequency

Vertical Linearity

Trace Drift (after 20 minute
warm up)
20 mV to 10 VOLTS/DIV

10 mV/DIV

5 mV/DIV

gree C

Source

Coupling

Polarity

AC or DC, selected by front-panel switch

Negligible

Channel 1 only
Channel 2 only
Dual-troce, alternate between channels
Dual-trace, chopped between channels
Added algebraically
Approximately one-microsecond segments from
each channel dispiayed at repetition rate of 500
kHz, ±20%.
Greater than 10,000:1, DC to 20 MHz
Greater than 20:1 at 20 MHz for common-mode
signals less than eight times VOLTS/DIV switch
setting.

Signal on Channel 2 can be inverted

Less than 0.15 division compression or expansion
of two division signal when positioned to vertical
extremes of display area

TRIGGERING (A AND B SWEEP)

Internal from displayed channel or from Channel
1 only

Internal from AC power source
External
External divide by 10
AC
AC low-frequency reject
AC high-frequency reject
DC
Sweep can be triggered from positive-going or
negative-going portion of trigger signal

Operational Information
Typically 1 megohm (±2%), paralleled
by 20 pF (±3%)
600 volts DC + peak AC (one kilohertz
or less). Peak-to-peak AC not to exceed
600 volts.

Typicaily 1.6 Hz, Input Coupling switch
set to AC
Typically 0.16 Hz

With optimum GAIN
frequency

adjustment at low

Less than 10% incremental signal dis-
tortion for instantaneous input voltage
of -10 or  +10 t imes VOLTS/DIV
switch setting

Approximately 140 nanoseconds
Includes CRT linearity. Measured with
one-kilohertz square wave.

Time Temperature
Typically less than Typically less than
0.03 division/hour

Typically less than
0.05 division/hour

Typically less than
0.08 division/hour

0.0075 division/de-
gree C
Typically less than
0.0125 division/de-
gree C
Typically less than
0.02 division/de-

1 - 2
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TRIGGERING (cont)

Characteristic
Internal Trigger Sensitivity

AC

LF REJ

HF REJ

DC

External Trigger Sensitivity
AC

LF REJ

HF REJ

DC

Auto Triggering (A sweep only)

Single Sweep (A sweep only)

Display Jitter

Maximum Input Voltage

External Trigger Input RC
Characteristics (approximate)

LEVEL Control Range

Sweep Rates
A Sweep

B sweep

Sweep Accuracy-A and B
Sweep
5 s to  0.1 s /DIV

50 ms to 0.1 µs/ DIV

Variable Sweep Rate

Performance Requirement

0.2 division of deflection, minimum, 30 Hz to 10
MHz; increasing to 1 division at 50 MHz
0.2 division of deflection, minimum, 30 Hz to 10
0.2 division of deflection, minimum, 30 kHz to 10
0.2 division of deflection, minimum, 30 Hz to 50
kHz
0.2 division of deflection, minimum, DC to 10
MHz; increasing to 1 division at 50 MHz

50 millivolts, minimum, 30 Hz to 10 MHz; increas-
ing to 200 millivolts at 50 MHz
50 millivolts, minimum, 30 kHz to 10 MHz; increas-
ing to 200 millivolts at 50 MHz
50 millivolts, minimum, 30 Hz to 50 kHz

50 millivolts, minimum, DC to 10 MHz; increas-
ing to 200 millivolts at 50 MHz
Stable display presented with signal amplitudes
given under Internal and External Trigger Sensi-
tivity above 20 Hz. Presents a free-running sweep
for lower frequencies or in absence of trigger
signal.
A Sweep Generator produces only one sweep
when triggered. Further sweeps are locked out
until RESET button is pressed. Trigger sensitivity
same as given above.
Less than 1 nanosecond at 10 nanoseconds/divi-
sion sweep rate (MAG switch set to X10)

At least ±2 volts, SOURCE switch in EXT posi-
tion. At least ±20 volts, SOURCE switch in EXT
÷10 position

HORIZONTAL DEFLECTION SYSTEM

A and B Sweep Generator

Operational Information

Typical -3 dB point, 16 Hz

Typical -3 dB point, 16 kHz

Typical -3 dB points, 16 Hz and 100
kHz

Typical -3 dB point, 16 Hz

Typical -3 dB point, 16 kHz

Typical -3 dB points, 16 Hz and 100
kHz

600 volts DC + peak AC (one kilohertz
or less). Peak-to-peak AC not to exceed
600 volts.
1 Megohm paralleled by 20 pF, except
in LF REJ

0.1 microsecond/division to 5 seconds/division in
24 calibrated stem
0.1 microsecond/division to 0.5 second/division
in 21 calibrated steps

A sweep is main and delaying sweep

B sweep is delayed sweep

0°C to +40°C - 1 5 ° C  t o  + 5 5 ° C
With in ± 3% of  ind i -  Wi th in  ± 5% of  ind i -
cated sweep rate cated sweep rate A VARIABLE and B TIME/DiV VARl-

Wi th in ± 3% of  ind i -  Wi th in  ± 4% of  ind i -
ABLE controls set to CAL

cated sweep rate cated sweep rate
Uncalibrated sweep rate to at least 2.5 times the 
TIME/DIV indication, or a maximum of at least
12.5 seconds/division in the 5 s position (B sweep,
maximum of 1.25 seconds/division in the .5 s
position.
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Characteristic
Sweep Length

A sweep

B sweep
S w e e p  H o l d - o f f - A  s w e e p

5s to 10

A and B Sweep Generotor

Performance Requirement

Variable from less than 4 divisions to 11.0, ±0.5
division
11.0 divisions, ±0.5 division

Less than one times the A TIME/DIV switch set-
ting
Less than 2.5 microseconds

O p e r a t i o n a l  I n f o r m a t i o n

A TIME/DIV switch set to 1 ms

B TIME/DIV switch set to 1 ms

Sweep Magnifier

Sweep Magnification Each sweep rate can be increased 10 times the Extends fastest sweep rate to 10 nano-
indicated sweep rate by horizontally expanding seconds/division
the center division of display

Magnified Sweep Accuracy 1% tolerance added to speclfled sweep accuracy
Magnified Sweep Linearity ±1.5% for any eight division portion of the

total magnified sweep length (excluding first
and last 60 nanoseconds of magnified sweep)

Normal/Magnified Registration ±0.2 division, or less, trace shift at graticuie
center when switching MAG switch from X10
to OFF

Sweep Delay

Calibrated Delay Time Range Continuous from 50 seconds to 1 microsecond A VARIABLE control set to CAL for indi-
cated delay

DELAY-TIME MULTIPLIER
Dial Range 0.20 to 10.20

Delay Time Accuracy 0°C to +40°C -15° C to +55° C
5s to 0.1 s/DIV Within ±2.5% of indi- Within ±3.5% of indi-

cated delay cated delay Includes incremental multiplier linearity
50 ms to 1 Within ±1.5% of indi- ‘Wi th in ± 2% of  indi -

cated delay cated delay
Incremental Multiplier Linearity ±0.2% ±0.3%.
Delay Time Jitter Less than 1 part in 20,000 of 10 times A TIME/ Equal to 0.5 division, or less, with the A

DIV switch setting TIME/DIV switch set to 1 ms and the B
TIME/DIV switch set to 1

External Horizontal Amplifier

Input to Channel 1 (TRIGGER
switch in CH 1 ONLY)
Deflection factor

Accuracy

X Bandwidth at Upper -3 dB
Point

Input RC characteristics

Phase difference between X
and Y amplifiers at 50 kHz

Input to EXT HORIZ Connector
Deflection factor

5 millivolts/division to 10 volts/division in 11 cali-
brated steps

0°C to +40°C
With in ± 5% of  ind i -   Wi th in  ± 8% of  ind i -
cated deflection  cated deflection
5 MHz or greater

Less than 3°

B SOURCE switch in EXT; 270 millivolts/division,
±15%.
B SOURCE switch in EXT
± 2 0 %

Steps in 1-2-5 sequence.
Channel 1 VARIABLE control does not
affect horizontal deflection

With external horizontal gain correct
at 20 mV

Typically 1 megohm (±2%), paralleled
by 20 pF (±3%)

1 - 4
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Externa l Horizonta l Amplifier (c o nt)

X Bandwid th a t Upper -3     5 MHz or g rea ter

Input RC c harac teristic s
(approximate]

Phase d ifferenc e between X
and  Y amp lifiers a t 50kHz

Waveshape
Po la rity
Output Voltage

Output Current

Repetition Rate

Voltage Ac c urac y
Current Ac c urac y
Repetition Rate Ac c urac y
Risetime
Duty Cyc Ie
Output Resistanc e

CALIBRATOR

Op era t iona l Info rma tion—

1 megohm, pa ra lle led  by 20 pF

Less than 3°

Square wave
Positive going  with baseline a t zero volts
0.1 volt or 1 volt, peak to peak  Selec ted  by CALIBRATOR switc h on side

p a ne l
5-m illia mp eres throug h PROBE LOOP on sid e

.-
± 1 . 5 %

±0.5%
Less than 1 mic rosec ond
49% to  51%

Approxima tely 200 ohms in 1 V position.
Approxima tely 20 ohms in .1 V position.

Z AXIS INPUT

Sensitivity 5 vo lt  p ea k-to -p ea k sig na l p rod uc es no t ic ea b le
mod ula tion

Usab le Frequenc y Range         DC to grea ter than 50 MHz
Input Resistanc e a t DC Approxima tely 47 kilohms
Input Coup ling DC c oup led
Pola rity of Opera tion Positive-going  input signa l dec reases

trac e intensity
Nega tive-going signa l inc reases trac e

Maximum Input Voltage 200 volts c omb ined  DC and  peak AC

O UTPUT SIG NALS

A and  B Ga te
—

Waveshape Rec tangula r pulse
Amplitude
Pola rity Posltlve-going  with baseline a t about -0.7 volts.
Dura tion I Same dura tion as the respec tive sweep A GATE d ura tion va ria b le  b e tw een

about 4 and  11 times the A TIME/ DIV

I

Output resistanc e
Vertic a l Signa l Out (CH 1 only)

Output voltage 25 millivolts, or g rea ter/ d ivision of CRT d isp lay
into 1 megohm  load .

Ba nd w id th DC to 25 MHz or grea ter when c asc aded  with
  Channel 2 or into 50-ohm load .

Output c oup ling D C  c o u p l e d
    Output resistanc e

sw itc h se tt ing with the A SWEEP
LENGTH c ontrol.
Approxima tely 1.5 kilohms

Approxima tely 50 ohms

1 - 5
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Characteristic
Line Voltage
Voltage Ranges (AC, RMS)

115-volts nominal

230-volts nominal

Line Frequency
Maximum Power Consumption

at 115 Volts, 60 Hz

POWER SUPPLY

Performance Requirement
115 volts nominal or 230 volts nominal

90 to 110 volts
104 to 126 volts
112 to 136 volts
180 to 220 volts
208 to 252 volts
224 to 272 volts— — —
48 to 440 Hz

Operational Information.—

Line voltage and range selected by Line
Voltage Selector assembly on rear
panel. Voltage ranges apply for wave-
form distortion which does not reduce
the peak line voltage more than 5%
below the true sine-wave peak value.

92 watts (105 volt-amperes)

CATHODE-RAY TUBE (CRT)

Tube Type Tektronix T4530-31-1 rectangularI
Phosphor P31 standard. Others available on

Accelerating Potential
special order.
Approximately 10 kV total (cathode
potential -1.95 kV).

Graticule
T y p e Internal

Area Six divisions vertical by 10 divisions horizontal.
Each division equals 0.8 centimeter.

Illumination Variable edge lighting
Unblinking Bias-type, DC coupled to CRT grid.
Raster Distortion 0.1 division or less total Adjustable with Geometry and Y Axis

Al ign adjustments.
T r a c e  F i n d e r Limits display within graticule area when pressed.

E N V I R O N M E N T A L  C H A R A C T E R I S T I C S

The following environmental test limits apply when tested in accordance with the recom-
mended test procedure. This instrument will meet the electrical characteristics given in this
section following environmental test. Complete details on environmental test procedures,
including failure criteria, etc., may be obtained from Tektronix, Inc. Contact your local
Tektronix Field Office or representative.

Characteristic
Temperature

Operating

Non-operating
Altitude

Operating

Non-operating
Humidity

Non-operating

Vibration
Operating and
non-operating

Shock
Operating and
non-operating

Performance Requirement

- 1 5 ° C  t o  + 5 5 ° c

- 5 5 °  t o  + 7 5 ° C

15,000 feet maximum

50,000 feet maximum

Five cycles (120 hours) of Mil-Std-202C, Method
106B

15 minutes along each of the three major axes
at a total displacement of 0.025-inch peak to peak
(4 g at 55 c/s) with frequency varied from 10-55-
10 c/s in one-minute cycles. Hold at 55 c/s for
three minutes on each axis.

Two shocks of 30 g, one-half sine, 11 millisecond
duration each direction along each major axis.

Supplemental Information

Fan at rear circulates air throughout ins-
trument. Automatic resetting thermal
cutout protects instrument from over-
heating.

Derate maximum operating tempera-
ture by 1°C/1000 feet change in altitude
above 5000 feet.

Exclude freezing and vibration

Instrument secured to vibration platform
during test. Total vibration time, about
55 minutes.

Guillotine-type shocks.
Total of 12 shocks

1 - 6



Charac teristic
Tra nsp orta tion

Pac kage vib ra tion

Pac kage d rop
Type 453
Type R453

TM 11-6625-1722-15

ENVIRONMENTAL CHARACTERISTICS (c o nt)

Performanc e Requirement
Meets Na tiona l Sa fe Transit type of test when
pac kaged  as shipped  from Tektronix, Inc .
One hour vib ra tion slightly in exc ess of 1 g .

30-inc h d rop  on any c orner, edge or fla t surfac e.
18-inc h d rop  on any c orner, edge or fla t surfac e.

M EC H A N I C A L C H A RA C TERI STI C S

Charac teristic Info rma tion

Construc tion
Chassis Aluminum a lloy
Panel Aluminum a lloy with ano-

d ized  finish
Ca b inet Blue vinyl-c oa ted  a luminum
Circ uit boa rds Glass-epoxy lamina te

Overa ll Dimensions, Typ e
453 (measured  ot maxi-
mum points)
Height
Wid th
Length

hand le positioned  for c a rry-
ing.

Overa ll Dimensions, Typ e
R453 (measured  a t maxi-
mum points)

W i d t h

Op era t iona l Info rma tion

Pac kage should  just leave vib ra tion sur-
fac e

Length

Connec tors
Z AXIS INPUT
All other c onnec tors

Net Weight
Type 453 (inc ludes front

c over without ac c essor-
ies)

Typ e R453 (w ithout a c -
c essories)

19 inc hes

panel;

Bind ing  post
BNC

Approxima tely 29 pounds.

Approxima tely 32 pounds.

STA N D A RD  A C C ESSO RI ES

Standard  ac c essories supp lied  with the Type 453 and  R453
are listed  on the last pullout page of the Mec hanic a l Pa rts
List illustra tions.

He ig h t   7 inc hes

1 - 7
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SECT I ON  2

O P E R A T I N G  I N S T R U C T I O N S

G e n e r a l

TO effectively use the Type 453, the operation and capa-
bilities of the instrument must be known. This section de-
scribes the operation of the front-, side- and rear-panel
controls and connectors, gives first time and general operat-
ing information and lists some basic applications for this
instrument.

F r o n t  C o v e r  a n d  H a n d l e

The front cover furnished with the Type 453 provides a
dust-tight seal around the front panel. Use the cover to
protect the front panel when storing or transporting the
instrument. The cover also provides storage space for probes
a n d  o t h e r  a c c e s s o r i e s  ( s e e  F i g .  2 - 1 ) .

Fig. 2-1. Accessory storage provided in front cover.

The handle af the Type 453 can be positioned for carrying
or as a tilt-stand for the instrument. To position the handle,
press in at both pivot points (see Fig. 2-2) and turn the
handle to the desired position. Several positions are pro-
vided for convenient carrying or viewing. The instrument
may also be set an the rear-panel feet for operation or
storage.

O p e r a t i n g  V o l t a g e

The Type 453 can be operated from either a 115-volt or
a 230-volt nominal line-voltage source. The Line Voltage

Fig. 2-2 . Handle posit ioned to provide a  stand for the instrument

Selector assembly on the rear panel converts the instrument
from one operating range to the other. In addition, this
assembly changes the primary connections of the power
transformer to allow selection of one of three regulating
ranges. The assembly also includes the two line fuses. When
the instrument is converted from 115-volt to 230-volt nominal
operation, or vice versa, the assembly connects or discon-
nects one of the fuses to provide the correct protection for
the instrument. Use the following procedure to convert this
instrument between nominal line voltages or regulating
ranges.

1. Disconnect the instrument from the power source.

2. Loosen the two captive screws which hold the cover
onto the voltage selector assembly; then pull to remove the
cover.

3. To convert from 115-volts nominal to 230-volts nomi-
nal line voltage, pull out the Voltage Selector switch bar
(see Fig. 2-3]; turn it around 180° and plug it back into the
remaining holes. Change the line-cord power plug to match
the power-source receptacle or use a 115- to 230-volt
adapter.

4. To change regulating ranges, pull out the Range
Selector switch bar (see Fig. 2-3); slide it to the desired
position and plug it back in. Select a range which is cen-
tered about the average line voltage to which the instru-
ment is to be connected (see Table 2-1).

5. Re-install the cover and tighten the two captive screws.

6. Before applying power to the instrument, check that
the indicating tabs on the switch bars are protruding through
the correct holes for the desired nominal line voltage and
regulating range.
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more frequently. The air filter should be cleaned occasion-

Fig. 2-3. Line Voltage Selector assembly on the rear panel (shown
with cover removed).

CAUTION

The Type 453 should not be operated with the
Voltage Selector or Range Selector switches in the
wrong pos i t ions for  the l ine vo l tage appl ied.
Operation of the instrument with the switches in
the wrong posit ions may either provide incorrect
aperotion or damage the instrument.

TABLE 2-1

O p e r a t i n g  T e m p e r a t u r e

The Type 453 is cooled by air drawn in at the rear and
blown out through holes in the top and bottom covers. Ade-
quate clearance on the top, bottom and rear must be pro-
vided to allow heat to be dissipated away from the instru-
ment. The clearance provided by the feet at the bottom and
rear should be maintained. If possible, allow about one
inch of clearance on the top. Do not block or restrict the air
flow from the air-escape holes in the cabinet.

A thermal cutout in this instrument provides thermal pro-
tection and disconnects the power to the instrument if the
internal temperature exceeds a safe operating level. Opera-
tion of the instrument for extended periods without the covers
may cause it to overheat and the thermal cutout to open

ally to aIIOW the maximum amount of cooling air to enter
the instrument. Cleaning instructions are given in Section 4.

The Type 453 can be operated where the ambient air
temperature is between -15°C and +55°C.  Derate  the
maximum operating temperature 1°C for each additional
1000 feet of altitude above 5000 feet. This instrument can
be stored in ambient temperatures between –55°C and
+75°C. After storage at temperatures beyond the operating
limits, allow the chassis temperature to come within the
operating limits before power is applied.

R a c k m o u n t i n g

Complete information for mounting the Type R453 in a
cabinet rack is given in Section 10 of this manual.

C O N T R O L S  A N D  C O N N E C T O R S

A brief description of the function or operation
front-, side- and rear-panel controls and connectors
(see Fig. 2-4). More detailed information is given
section under General Operating Information.

Cathode-Ray Tube

INTENSITY

FOCUS

SCALE ILLUM

TRACE FINDER

Vertical (both

VOLTS/DIV

VARIABLE

UNCAL

POSITION

GAIN

Input Coupling
(AC GND DC)

o f  t h e
follows
in this

Controls brightness of display.

Provides adjustment for a well-defined dis-
play.

Controls graticule illumination.

Compresses display within graticule area
independent of display position or appli-
ed signals.

channels except as noted)

Selects vertical deflection factor (VARl-
ABLE control must be in CAL position for
indicated deflection factor).

Provides continuously variable deflection
factor between the calibrated settings of
the VOLTS/DIV switch.

Light indicates that the VARIABLE control
is not in the CAL position.

Controls vertical position of trace.

Screwdriver adjustment to set gain of the
Vertical Preamp. Line between adjust-
ment and 20 mV VOLTS/DIV position in-
dicates that gain should be set with
VOLTS/DIV switch in this position.

Selects method of coupling input signal
to Vertical Deflection System.

AC: DC component of input signal is
blocked. Low frequency l imit -3 dB
point) is about 1.6 hertz.

GND: Input circuit is grounded (does not
ground applied signal).
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Fig. 2-4. Front-, side- and rear-panel controls and connectors.
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DC: All components of the input signal are
passed to the Vertical Deflection System.

STEP ATTEN Screwdriver adjustment to balance Verti-
B A L cal Deflection System in the 5, 10 and 20

mV positions of the VOLTS/DIV switch.

INPUT Vertical input connector for signal.

MODE Selects vertical mode of operation.

CH 1: The Channel 1 signal is displayed.

CH 2: The Channel 2 signal is displayed.

ALT: Dual trace display of signal on both
channels. Display switched at end of
each sweep.

CHOP: Dual trace display of signal on
both channels. Approximately one-mi-
crosecond segmerlts from each channel
displayed at a repetition rate of about
500 kilohertz.

ADD: Channel 1 and 2 signals are alge-
braically added and the algebraic sum
is displayed on the CRT.

TRIGGER Selects saurce of internal trigger signal
f r o m  v e r t i c a l  s y s t e m .

NORM: Sweep circuits triggered from dis-
played channel(s). Channel 1 signal
available at CH 1 OUT connector.

CH 1 ONLY: Sweep circuits triggered only
from signal applied to the Channel 1
INPUT connector. No signal available
at CH 1 OUT connector. CH 1 lights,
located beside A and B SOURCE switch-
es indicate when the TRIGGER switch is
in the CH 1 ONLY position.

INVERT (CH 2 Inverts the Channel 2 signal when pulled
only) out.

A and B Triggering (both where applicable)

EXT TRIG Input connector for external trigger signal.
INPUT Connector in B Triggering section of front

panel also serves as external horizontal
input when HORIZ DISPLAY switch is in
EXT HORIZ position and B SOURCE switch
is in EXT position.

SOURCE Selects source of trigger signal.

INT: Internal trigger signal obtained from
Vertical Deflection System. When CH
1 light is on, trigger signal is obtained
only from the Channel 1 input signal;
when the light is off, the trigger signal
is abtained from the displayed chan-
nel(s). Source of internal trigger signal
is selected by the TRIGGER switch.

LINE: Trigger signal obtained from a sam-
ple of the line voltage applied to this
instrument.

EXT: Trigger signal obtained from an ex-
ternal signal applied to the EXT TRIG
INPUT connector.

 Attenuates external trigger sig-
nal approximately 10 times.

CH 1 Light indicates that the internal trigger sig-
nal is abtained only from the signal con-
nected to the Channel 1 INPUT connector
(see TRIGGER switch).

COUPLING Determines method of coupling trigger
signal to trigger circuit.

AC: Rejects DC and attenuates signals be-
low about 30 hertz. Accepts signals
between abaut 30 hertz and 50 mega-
hertz.

LF REJ: Rejects DC and attenuates signals
below about 30 kilohertz. Accepts sig-
nals between about 30 kilohertz and 50
megahertz.

HF REJ: Accepts signals between about 30
hertz and 50 kilohertz; rejects DC and
attenuates signals outside the above
range.

DC: Accepts all trigger signals from DC to
50 megahertz or greater.

SLOPE Selects portion of trigger signal which
starts the sweep.

+: Sweep can be triggered from positive-
going portion of trigger signal.

-: Sweep can be triggered from negative-
going portion of trigger signal.

LEVEL Selects amplitude point on trigger signal
at which sweep is triggered.

HF STAB Decreases display jitter for high-frequency
(A Trigger- signals. Has negligible effect at lower
ing only) sweep  rates.

A and B Sweep

DELAY-TIME
MULTIPLIER

A SWEEP
TRIG’D

UNCAL A
OR B

A AND B
TIME/DIV
AND DELAY
TIME

Provides variable sweep delay between
0.20 and 10.20 times the delay time indi-
cated by the A TIME/DIV switch.

Light indicates that A sweep is triggered
and will produce a stable display with
correct INTENSITY and POSITION control
settings.

Light indicates that either the A or B
VARIABLE control is not in the CAL posi-
tion.

A TIME/DIV switch (clear plastic flange)
selects the sweep rate of the A sweep
circuit for A sweep only operatian and
selects the basic delay time (to be multi-
plied by DELAY-TIME MULTIPLIER dial
setting) for delayed sweep operation.
B TIME/DIV (DELAYED SWEEP) switch
selects sweep rate of the B sweep circuit
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A VARIABLE

B SWEEP
MODE

HORIZ
DISPLAY

M A G

A SWEEP
MODE

for delayed sweep operation only. VARl-
ABLE controls must be in CAL positions for
calibrated sweep rates.

Provides continuously variable A sweep
rate to at least 2.5 times setting of the
A TIME/DIV switch. A sweep rate is cali-
brated when control is set fully clockwise
to CAL.

Selects B sweep operation mode.

TRIGGERABLE AFTER DELAY TIME: B
sweep circuit will not produce a sweep
until a trigger pulse is received follow-
ing the delay time selected by the
DELAY TIME (A TIME/DIV) switch and
the DELAY-TIME MULTIPLIER dial.

B STARTS AFTER DELAY TIME: B sweep
circuit runs immediately following delay
time selected by the DELAY TIME switch
and DELAY-TIME MULTIPLIER dial.

Selects horizontal mode of operation.

A: Horizontal deflection provided by A
sweep. B sweep inoperative.

A INTEN DURING B: Sweep rate deter-
mined by A TIME/DIV switch. An inten-
sified portion appears on the sweep
during the B sweep time. This position
provides a check of the duration and
position of the delayed sweep (B) with
respect to the delaying sweep (A).

DELAYED SWEEP (B): Sweep rate deter-
mined by B TIME/DIV switch with the
delay time determined by the setting of
the DELAY TIME (A TIME/DIV) switch
and the DELAY-TIME MULTIPLIER dial.
Sweep mode determined by B SWEEP
MODE switch.

EXT HORIZ: Horizontal deflection pro-
vided by an external signal.

Increases sweep rate to ten times setting
of A or B TIME/DIV switch by horizontally
expanding the center division of the dis-
play. Light indicates when magnifier is
on.

Determines the operating mode for A
sweep.

AUTO TRIG: Sweep initiated by the ap-
plied trigger signal using the A Trig-
gering controls when the trigger signal
repetition rate is above about 20 hertz.
For lower repetition rates or when there
is no trigger signal, the sweep free runs
at the sweep rate selected by the A
TIME/DIV switch to produce a bright
reference trace.

NORM TRIG: Sweep initiated by the ap-
plied trigger signal using the A Trig-
gering controls. No trace is displayed
when there is no trigger signal.

RESET

A SWEEP
LENGTH

POSITION

FINE

1 kHz CAL

POWER ON

Side Panel

ASTIG

B TiME/DIV-
VARIABLE

PROBE LOOP

A GATE

B GATE

CH 1 OUT

SINGLE SWEEP: After a sweep is display-
ed, further sweeps cannot be presented
until the RESET button is pressed. Dis-
play is triggered as for NORM opera-
tion using the A Triggering controls.

When the RESET button is pressed (SIN-
GLE SWEEP mode), a single display will
be presented (with correct triggering) when
the next trigger pulse is received. RESET
light (inside RESET button) remains on
until a trigger is received and the sweep is
completed. RESET button must be pressed
before another sweep can be presented.

Adiusts length of A sweep. In the FULL
position (clockwise detent), the sweep is
about 11 divisions long. As the control is
rotated counterclockwise, the length of A
sweep is reduced until it is less than four
divisions long iust before the detent in
the fully-counterclockwise position is reach-
ed. In the B ENDS A position (counter-
clockwise detent), the A sweep is reset
at the end of the B sweep to provide the
fastest possible sweep repetition rate for
delayed sweep displays.

Controls horizontal position of trace.

Provides more precise horizontal position
adjustment.

Calibrator output connector.

Light: Indicates that POWER switch is
on and the instrument is connected to
a line voltage source.

Switch: Controls power to the instrument.

Screwdriver adjustment used in conjunc-
tion with the FOCUS control to obtain a
well-defined display. Does not require
readjustment in normal use.

Provides continuously variable sweep rate
to at least 2.5 times setting of B TIME/DIV
switch. B sweep rate is calibrated when
control is set fully clockwise to CAL.

Current loop providing five-milliampere
square-wave current from calibrator cir-
cuit.

Output connector providing a rectangular
pulse coincident with A sweep.

Output connector providing a rectangular
pulse coincident with B sweep.

Output connector providing a sample of
the signal applied to the Channel 1 lN-
PUT connector when the TRIGGER switch
is in the NORM position.
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CALIBRATOR

TRACE
ROTATION

Rear Panel

Z AXIS INPUT

Line Voltage
Selector

Switch selects output voltoge of Calibrator.
1-volt or 0.1-volt square wave available.

Screwdriver adjustment to align trace with
horizontal graticule lines.

Input connector for intensity modulation
of the CRT display.

Switching assembly to select the nominal
operating voltage and the line voltage
range. The assembly also includes the
line fuses.

Voltage Selector: Selects nominal operat-
ing voltage range (115V or 230V).

Range Selector: Selects line voltage range
(low, medium, high).

FIRST-TIME OPERATION

The following steps will demonstrate the use of the con-
trols and connectors of the Type 453. It is recommended
that this procedure be followed completely for familiariza-
tion with this instrument.

Setup Information

1. Set the front-panel controls as follows:

CRT Controls

INTENSITY Counterclockwise
FOCUS Midrange
SCALE ILLUM Counterclockwise

Vertical Controls (both channels if applicable)

VOLTS/DIV 20 mV
VARIABLE CAL
POSITION Midrange
INPUT COUPLING D C
MODE CH 1
TRIGGER NORM
INVERT Pushed in

Triggering Controls (both A and B if applicable)

LEVEL Clockwise (+)
SLOPE +
COUPLING AC
SOURCE INT

Sweep Controls

DELAY-TIME 0.20
MULTIPLIER

A and B TIME/DIV .5 ms
A VARIABLE CAL
B SWEEP MODE B STARTS AFTER

DELAY TIME

2 - 6

HORIZ DISPLAY
MAG
POSITION
A SWEEP LENGTH
A SWEEP MODE
POWER

Side-Panel Controls

B TIME/DIV VARIABLE
CALIBRATOR

A
OFF
Midrange
FULL
AUTO TRIG
OFF

CAL
.1 V

2. Connect the Type 453 to a power source that meets
the voltage and frequency requirements of the instrument.
If the available line voltage is outside the limits of the Line
Voltage Selector assembly position (on rear panel), see
Operating Voltage in this section.

3. Set the POWER switch to ON. Allow about five minutes
warmup so the instrument reaches a normal operating tem-
perature before proceeding.

CRT Controls

4. Advance the INTENSITY control until the trace is at
the desired viewing level (near midrange).

5. Connect the 1 kHz CAL connector to the Channel 1
INPUT connector with a BNC cable.

6. Turn the A LEVEL control toward 0 until the display
becomes stable. Note that the A SWEEP TRIG’D light is on
when the display is stable.

7. Adiust the FOCUS control for a sharp, well-defined
display over the entire trace length. (If focused display can-
not be obtained, see Astigmatism Adjustment in this section.)

8. Disconnect the input signal and move the trace with
the Channel 1 POSITION control so it coincides with one of
the horizontal graticule lines. If the trace is not parallel with
the graticule line, see Trace Alignment Adjustment in this
section.

9. Rotate the SCALE ILLUM control throughout its range
and notice that the graticule lines are illuminated as the
control is turned clockwise (most obvious with mesh or smoke-
gray filter installed). Set control so graticule lines are
illuminated as desired.

Vertical Controls

10. Change the CH 1 VOLTS/DIV switch from 20 mV to 5
mV. If the vertical position of the trace shifts, see Step
Attenuator Balance in this section.

11. Set the CH 1 VOLTS/DIV switch to 20 mV and set the
Channel 1 Input Coupling switch to AC. Connect the 1 kHz
CAL connector to both the Channel 1 and 2 INPUT con-
nectors with two BNC cables and a BNC T connector.

NOTE

If the BNC cables and BNC T connector are not
available, make the following changes in the pro-
cedure. Place the BNC jack post (supplied ac-
cessory) on the 1 kHz CAL connector and connect
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the Channel 1 and 2 INPUT connectors. Connect
the probe tips to the BNC jack post. Set the CALI-
BRATOR switch (on side-panel) to 1 V.

12. Turn the Channel 1 POSITION control to center the
display. The display is a square wave, five divisions in
amplitude with about five cycles displayed on the screen. If
the display is not five divisions in amplitude, see Vertical
Gain Adjustment in this section.

13. Set the Channel 1 Input Coupling switch to GND ond
position the trace to the center horizontal line.

14. Set the Channel 1 Input Coupling switch to DC. Note
that the baseline of the waveform remains at the center
horizontal line (ground reference).

15. Set the Channel 1 Input Coupling switch to AC. Note
that the waveform is centered about the center horizontal
l i n e .

16. Turn the Channel 1 VARIABLE control throughout its
range. Note that the UNCAL light comes on when the VARl-
ABLE control is moved from the CAL position (fully clock-
wise). The deflection should be reduced to about two divi-
sions. Return the VARIABLE control to CAL.

17. Set the MODE switch to CH 2.

18. Turn the Channel 2 POSITION control to center the
display. The display will be similar to the previous display
for Channel 1. Check Channel 2 step attenuator balance and
gain as described in steps 10 through 12. The Channel 2
input Coupling switch and VARIABLE control operate as
described in steps 13 through 16.

19. Set both VOLTS/DIV switches to 50 mV.

20. Set the MODE switch to ALT and position the Channel
1 waveform to the top of the graticule area and the Chan-
nel 2 waveform to the bottom of the graticule area. Turn
the A TIME/DIV switch throughout its range. Note that the
display alternates between channels at all sweep rates.

21. Set the MODE switch to CHOP and the A TIME/DIV
Note the switching between channels as

shown by the segmented trace. Set the TRIGGER switch to
CH 1 ONLY; the trace should appear more solid, since it is
no longer triggered on the between-channel switching trans-
ients. Turn the A TIME/DIV switch throughout its range. A
dual-trace display is presented at all sweep rates, but unlike
ALT, both channels are displayed on each trace on a time-
sharing basis. Return the A TIME/DIV switch to .5 ms.

22. Set the MODE switch to ADD. The display should be
four divisions in amplitude. Note that either POSITION con-
trol moves the display.

23. Pull the INVERT switch. The display is a straight line
indicating that the algebraic sum of the two signals is zero
(if the Channel 1 and 2 gain is correct).

24. Set either VOLTS/DIV switch to 20 mV. The square-
wave display indicates that the algebraic sum of the two
signals is no longer zero. Return the MODE switch to CH 1
and both VOLTS/DIV switches to .2 (if using 10X probes,
set both VOLTS/DIV switches to 20 mV). Push in the INVERT
switch.

Triggering

25. Set the CALIBRATOR switch to 1 V. Rotate the A LEVEL
control throughout its range. The display free runs at the
extremes of rotation. Note that the A SWEEP TRIG'D light
is on only when the display is triggered.

26. Set the A SWEEP MODE switch to NORM TRIG. Again
rotate the A LEVEL control throughout its range. A display
is presented only when correctly triggered. The A SWEEP
TRIG'D light operates as in AUTO TRIG. Return the A SWEEP
MODE switch to AUTO TRIG.

27. Set the A SLOPE switch to -. The trace starts on the
negative part of the square wave. Return the switch to +;
the trace starts with the positive part of the square wave.

28. Set the A COUPLING switch to DC. Turn the Chan-
nel 1 POSITION control until the display becomes unstable
(only part of square wave visible). Return the A COUPLING
switch to AC; the display is again stable. Since changing
trace position changes DC level, this shows how DC level
changes affect DC trigger coupling. Return the display to
the center of the screen.

29. Set the MODE switch to CH 2; the display should be
stable. Remove the signal connected to Channel 1; the dis-
play free runs. Set the TRIGGER switch to NORM; the dis-
play is again stable. Note that the CH 1 lights in A and B
Triggering go out when the TRIGGER switch is changed to
NORM.

30. Connect the Calibrator signal to both the Channel 2
INPUT and A EXT TRIG INPUT connectors. Set the A
SOURCE switch to EXT. Operation of the LEVEL, SLOPE
and COUPLING controls for external triggering are the same
as described in steps 25 through 28.

31. Set the A SOURCE switch to EXT
is the same as for EXT. Note that the A LEVEL control has
less range in this position, indicating trigger signal attenua-
tion. Return the A SOURCE switch to INT.

32. Operation of the B Triggering controls is similar to
A Triggering.

Normal and Magnified Sweep

33. Set the A TIME/DIV switch to 5 ms and the MAG
switch to X10. The display should be similar to that obtain-
ed with the A TIME/DIV switch set to .5 ms and the MAG
switch to OFF.

34. Turn the horizontal POSITION control throughout its
range; it should be possible to position the display across
the complete graticule area. Now turn the FINE control. The
display moves a smaller amount and allows more precise
positioning. Return the A TIME/DIV switch to .5 ms, the
MAG switch to OFF and return the start of the trace to the
left graticule line.

Delayed Sweep

36. Pull the DELAYED SWEEP knob out and turn it to 50
(DELAY TIME remains at .5 ms). Set the HORIZ DISPLAY

switch to A INTEN DURING B. An intensified portion, about
one division in length, should be shown at the start of the
trace. Rotate the DELAY-TIME MULTIPLIER dial throughout
its range; the intensified portion should move along the dis-
play.
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37. Set the B SWEEP MODE switch to TRIGGERABLE
AFTER DELAY TIME. Again rolate the DELAY-TIME MULTI-
PLIER dial throughout its range and note that the intensified
portion appears to jump between posltive slopes of the dis-
play. Set the B SLOPE switch to -; the intensified portion
begins on the negative slope. Rotate the B LEVEL control;
the intensified portion of the display disappears when the B
LEVEL control is out of the trlggerable range. Return the
B LEVEL control to 0.

38. Set the HORIZ DISPLAY switch to DELAYED SWEEP
(B). Rotate the DELAY-TIME MULTIPLIER dial througout its
range; about one-half cycle of the waveform should be
displayed on the screen (Ieading edge visible only at high
INTENSITY control setting). The display remains stable on
the screen, indicating that the B sweep is triggered.

39. Set the B SWEEP MODE switch to B STARTS AFTER
DELAY TIME. Rotate the DELAY-TIME MULTIPLIER dial
throughout its range; the display moves continously across
the screen as the control is rotated.

40. Rotate the DELAYTIME MIULTIPLIER dial fully counter-
clockwise and set the HORIZ DISPLAY switch to A INTEN
DURING B. Rotate the A SWEEP LENGTH control counter-
clockwise; the Iength of the display decreases. Set the con-
trol to the B ENDS A position; now the display ends after
the intensified portion. Rotate the DELAY-TIME MULTIPLIER
dial ond note that the sweep length increases as the display
moves across the screen. Return the A SWEEP LENGTH con-
trol to FULL and the HORIZ DISPLAY switch to A.

48. Reduce the INTENSITY control setting to normal, B
SOURCE switch to INT and set the HORIZ DISPLAY switch
t o  A .

Z-Axis Input

Single Sweep

41. Set the A SWEEP MODE switch to SINGLE SWEEP.
Remove the Calibrator signal from the Channel 2 INPUT
connector. Press the RESET button; the RESET light should
come on and remain on. Again apply the signal to the Chan-
nel 2 INPUT connector; a single trace should be presented
and the RESET light should go out. Return the A SWEEP
MODE switch to AUTO TRIG.

External Horizontal

42. Connect the Calibrator signal to both the Channel 2
INPUT and EXT HORIZ (B EXT TRIG lNPUT] connectors. Set
the B SOURCE switch to EXT, B COUPLING switch to DC
and the HORIZ DISPLAY switch to EXT HORIZ. lncrease the
INTENSITY control setting until the display is visible (two dots
displayed diagonally). The display should be five divisions
vertically and about 3.7 divisions horizontally. Set the B

10. The display should be reduced
ten times horizontally. The display can be positioned hori-
zontally with the horizontal POSITION or FINE control and
vertically with the Channel 2 POSITION control.

43. Connect the Calibrator signal to both the Channel 1
and 2 INPUT connectors. Set the TRIGGER switch to CH 1
ONLY and the B SOURCE switch to INT.

44. The display should be five divisions vertically and
horizontally. The display can be postioned horizontally
with the Channel 1 POSITION control and vertically with the
Channel 2 POSITION control.

Trace Finder

46. Set the CH 1 and CH 2 VOLTS/DlV switches to 10
mv. The display iS not visible since it exceeds the scan area
of the CRT.

47. Press the TRACE FINDER button. Note that the dis-
play is returned to the display area. While holding the
TRACE FINDER button depressed, increase the vertical and
horizontal deflection factors until the display is reduced to
about two divisions vertically ond horizontally. Adjust the
Channel 1 and 2 POSITION controls to center the display
about the center lines of the graticule. Release the TRACE
FINDER and note that the display remains within the viewing
area. Disconnect the applied signal.

49. If an, External signal is available (five volts peak to
peak minimum] the function of tlhe Z AXIS INPUT circuit can
be demonstrated. Connect the external signal to both the
Channel 2 INPUT connector and the Z AXIS INPUT binding
posts. Set the A TIME/DIV switch to display about five
cycles of the waveform. The positive peaks of the waveform
should be blanked and the negative peaks intensified, indi-
cating intensify modulation.

50. This completes the basic operating procedure for the
Type 453. lnstrument operation not explained here, or opera-
tions which need further explanation are discussed under
General Operating Information.

CONTROL  SETUP CHART

Fig. 2-5 shows the front, side and rear panels of the Type
453. This chart can, be reproduced and used as a test-setup
record for special measurements, applications or procedures,
or it may be used as a training aid for familiarization with
this instrument.

G E N E R A L  O P E R A T I N G  I N F O R M A T I O N

Intensi fy  Control

The setting of the INTENSITY control may affect the cor-
rect focus of the display. Slight readjustment of the FOCUS
control may be necessary when the intensity level is changed.
To protect the CRT phosphor, do not turn the INTENSITY
control higher than necessary to provide a satisfactory dis-
play. The light filters reduce the observed light output from
the CRT. When using these filters, avoid odvancing the
INTENSITY control to a setting that may bum the phosphor.
When Ihe highest intensity display is desired, remove the
filters and use the clear faceplate protector. Also, be care-
ful that the INTENSITY control is not set too high when
changing the TIME/DlV switch front a fast to a slow sweep
rate, or when changing the HORIZ DISPLAY switch from EXT
HORIZ operation to the norrmal sweep mode.

45. Change the CH1 VOLTS/DIV switch to 5. The display
play is reduced to two divisions horizontally. Now set the
CH 2 VOLTS/DIV switch to 5. The display is reduced to two
divisions vertically.

Astigmatism Adjustment

If a well-defined trace cannot be obtained with the FOCUS
control, adjust the ASTIG adjustment (side panel) as fol-
lows.
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Fig. 2-5. Control setup chart for the Type 453.
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N O TE

To c hec k fo r p rop er se tt ing  o f the  ASTIG a d just-
ment, slow ly turn the  FOCUS c ontro l throug h the
op timum se tt ing . If the  ASTIG a d justment is c o r-
re c t ly se t , the  ve rt ic a l a nd  ho rizo nta l p o rt io ns
of the trac e will c ome into sharpest foc us a t the
sa me p osit ion o f the  FOCUS c ontro l. This se tt ing
of the ASTIG ad justment should  be c orrec t for any
d isp la y. How ever, it  ma y b e  nec essa ry to  rese t
the  FO C US c o nt ro l slig ht ly w he n the  INTENSITY
c ontro l is c ha ng ed .

1. Connec t a  1 V Ca lib ra tor signa l to either c hannel and
set the VOLTS/ DIV switc h of tha t c hannel to p resent a  two-
d ivision d isp lay. Set the MODE switc h to d isp lay the c han-
nel selec ted .

2. Set the TIME/ DIV switc h to .2 ms

3. With the FOCUS c ontrol and  ASTIG ad justment set to
mid range, ad just the INTENSITY c ontrol so the rising  portion
of the d isp lay c an be seen.

4. Set the ASTIG ad justment so the horizonta l and  verti-
c a l portions of the d isp lay a re equa lly foc used , but not
nec essarily well foc used .

5. Set the FOCUS c ontrol so the vertic a l portion of the
trac e is as thin as possib le.

6. Repea t steps 4 and  5 for best overa ll foc us. Make fina l
c hec k a t norma l intensity.

G ra tic ule

The gra tic ule of the Type 453 is interna lly marked  on the
fac ep la te of the CRT to p rovide ac c ura te, no-pa ra llax meas-
urements. The gra tic ule is marked  with six vertic a l and  10
horizonta l d ivisions. Eac h d ivision is 0.8 c entimeter square.
In add ition, eac h ma jor d ivision is d ivided  inta  five minor
d ivisions a t the c enter vertic a l and  horizonta l lines. The
vertic a l ga in and  horizonta l timing  a re c a lib ra ted  to the
gra tic ule so ac c ura te measurements c an be made from the
CRT. The illumina tion of the gra tic ule lines c an be va ried
with the SCALE ILLUM c ontrol.

Fig . 2-6 shows the gra tic ule of the Type 453 and  defines
the va rious measurement lines. The terminology defined  here
will be used  in a ll d isc ussions involving  gra tic ule measure-
ments.

Tra c e  A l ig n m e n t  A d ju stm e n t

If a  free-running trac e is not pa ra llel to the horizonta l
gra tic ule lines, set the TRACE ROTATION ad justment as fol-
lows. Position the troc e to the c enter horizonta l line. Ad just
the TRACE ROTATION ad justment (side panel) so the trac e
is pa ra llel w ith the horizonta l g ra tic ule lines.

Lig ht Filte r

The mesh filter p rovided  with the Type 453 p rovides shield -
ing aga inst rad ia ted  EMI (elec tro-magnetic  interferenc e) from
the fac e of the CRT. It a lso serves as a  light filter to make
the trac e more visib le under amb ient light c ond itions. To

Fig . 2-6. Definition of measurement lines on Type 453 gra tic ule.

remove the filter, p ress down a t the bottom of the frame
and  pull the top  of the filter away from the CRT fac ep la te
(see Fig . 2-7).

The tinted  light filter minimizes light reflec tions from the
fac e of the CRT to improve c ontrast when viewing the d is-
p lay under high amb ient light c ond itions. A c lea r p lastic
fac ep la te p rotec tor is a lso p rovided  with this instrument for
use when neither the mesh nor the tinted  filter is used . The
c lea r fac ep la te p rotec tor p rovides the best d isp lay for wave-
form photographs. It is a lso p referab le for viewing high
writing  ra te d isp lays.

A filter or the fac ep la te p rotec tor should  be used  a t a ll
times ta  p rotec t the CRT fac ep la te from sc ra tc hes. The fac e-
p la te p rotec tor and  the tinted  filter mount in the same holder.

Fig . 2-7. Removing the filter or fac ep la te p rotec tor.
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To remove the light filter or fac ep la te p rotec tor from the
holder, p ress it out to the rea r. They c an be rep lac ed  by
snapp ing  them bac k into the holder.

Tra c e  Find e r

The TRACE FINDER p rovides a  means a f loc a ting  a  d isp lay
whic h oversc ans the viewing a rea  either vertic a lly or hori-
zonta lly. When the TRACE FINDER button is p ressed , the
d isp lay is c ompressed  within the gra tic ule a rea . TO loc a te
and  reposition an oversc anned  d isp lay, use the fo llowing
proc edure.

1. Press the TRACE FINDER button.

2. While the TRACE FINDER button is held  depressed ,
inc rease the vertic a l and  horizonta l deflec tion fac tors until
the vertic a l deflec tion is reduc ed  to about two d ivisions and
the horizonta l deflec tion is reduc ed  to about four d ivisions
(the horizonta l deflec tion needs to be reduc ed  only when in
the externa l horizonta l mode of opera tion).

3. Ad just the vertic a l and  horizonta l POSITION c ontrols
to c enter the d isp lay about the vertic a l and  horizonta l c en-
ter lines.

4. Release the TRACE FINDER button; the d isp lay should
rema in within the viewing a rea .

V e rtic a l C ha nne l Se le c tio n

Either of the input c hannels c an be used  for sing le-trac e
d isp lays. App ly the signa l to the desired  INPUT c onnec tor
and  set the MODE switc h to d isp lay the c hannel used . How-
ever, sinc e CH 1 ONLY triggering  is p rovided  only in Chan-
nel 1 and  the invert fea ture only in Channel 2, the c orrec t
c hannel must be selec ted  to take advantage of these fea -
tures. For dua l-trac e d isp lays, c onnec t the signa ls to both
INPUT c onnec tors and  set the MODE switc h to one of the
dua l-trac e positions.

V e rt ic a l  G a in  A d ju stm e n t

To c hec k the ga in of either c hannel, set the VOLTS/ DIV
switc h to 20 mV. Set the CALIBRATOR switc h to .1 V and
c onnec t the 1 kHz CAL c onnec tor to the INPUT of the c han-
nel used . The vertic a l deflec tion should  be exac tly five
d ivisions. If not, ad just the front-panel GAIN ad justment
for exac tly five d ivisions of deflec tion.

N O TE
If the  g a in o f the  two  c ha nne ls must b e  c lose ly
matc hed  (suc h as for ADD mode opera tion), the
ADJUSTMENT p roc ed ure  g iven in the  Ca lib ra t ion
sec tion should  be used .

The best measurement ac c urac y when using p robes is p ro-
vided  if the GAIN ad justment is made with the p robes in-
sta lled  (set the CALIBRATOR switc h to 1 V). Also, to p rovide
the most ac c ura te measurements, c a lib ra te the vertic a l ga in
of the Type 453 a t the tempera ture a t whic h the measurement
is to be made.

Ste p  A t te n u a to r Ba la n c e

To c hec k the step  a ttenua tor ba lanc e of either c hannel,
set the Input Coup ling  switc h to GND and  set the A SWEEP

MODE swic h to AUTO TRIG to p rovide a  free-running trac e.
Change the VOLTS/ DIV switc h from 20 mV to 5 mV. If the
trac e moves vertic a lly, ad just the front-panel STEP ATTEN
BAL ad justment as fo llows (a llow a t least 10 minutes warm
up before performing this ad justment].

1. With the Input Coup ling  switc h set to GND and  the
VOLTS/ DIV switc h set to 20 mV, move the trac e to the c enter
horizonta l line of the gra tic ule with the vertic a l POSITION
c ontro l.

2. Set the VOLTS/ DIV switc h to 5 mV and  ad just the
STEP ATTEN BAL ad justment to return the trac e to the c enter
horizona l line.

3. Rec hec k step  a ttenuator ba lanc e and  repeat ad justment
until no trac e shift oc c urs as the VOLTS/ DIV switc h is c hang-
ed  from 20 mV to 5 mV.

Sig na l C o nne c tio ns

In genera l, p robes offer the most c onvenient means of c on-
nec ting  a  signa l to the input of the Type 453. The Tektronix
p robes a re shielded  to p revent p ic kup  of elec trosta tic  inter-
ferenc e. A 10X a ttenua tor p robe offers a  high input imped-
anc e and  a llows the c irc uit under test to perform very c lose
to norma l opera ting  c ond itions. However, a  10X p robe
a lso a ttenua tes the input signa l 10 times. The Tektronix
P6045 Field  Effec t Transistor p robe and  ac c essory power
supp ly offer the same high-input impedanc e as the 10X
probes. However, it is pa rtic ula rly useful sinc e it p rovides
wide-band  opera tian while p resenting  no a ttenua tion (1X
ga in) and  a  low input c apac itanc e. To ob ta in maximum
bandwid th when using the p robes, observe the ground ing
c onsidera tions g iven in the p robe manua l. The p robe-to-
c onnec tor adap ters and  the bayonet-ground  tip  p rovide the
best frequenc y response. Remember tha t a  ground  strap
only a  few inc hes in length c an p roduc e severa l perc ent of
ring ing when opera ting  a t the higher frequenc y limit of this
system. See your Tektronix, Inc . c a ta log for c harac teristic s
and  c ompa tib ility of p robes for use with this system.

In high-frequenc y app lic a tions requiring  maximum overa ll
bandwid th, use c oaxia l c ab les termina ted  a t both ends in
their c harac teristic  impedanc e. See the d isc ussion on c oax-
ia l c ab les in this sec tion for more informa tion.

High-level, low-frequenc y signa ls c an be c onnec ted  d irec tly
to the Type 453 INPUT c onnec tors with short unshielded
leads. This c oup ling  method  works best for signa ls below
about one kilohertz and  deflec tion foc tors above one volt/
d ivision. When this method  is used , estab lish a  c ommon
ground  between the Type 453 and  the equipment under test.
Attempt to position the leads away from any sourc e of inter-
ferenc e to avoid  errors in the d isp lay. If interferenc e is
exc essive with unshielded  leads, use a  c oaxia l c ab le or a
probe.

Lo a d in g  Effe c t  o f th e  Ty p e  4 5 3

As nearly as possib le, simula te ac tua l opera ting  c ond i-
tions in the equipment under test. Otherwise, the equipment
under test may not p roduc e a  norma l signa l. The 10X
a ttenua tor p robe and  field  effec t transistor p robe mentioned
previously offer the least c irc uit load ing. See the p robe
instruc tion manua l for load ing  c harac teristic s of the ind ivi-
dua l p robes.
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When the signa l is c oup led  d irec tly to the input of the
Type 453, the input impedanc e is about one megohm
para lle led  by about 20 pF. When the signa l is c oup led  to
the input through a  c oaxia l c ab le, the effec live input c a -
pac itanc e depends upon the type and  Iength of c ab le used .
See the following d isc ussion for inforrna tion on ob ta ining
maximum frequenc y responspe with c oaxia l c ab les.

The signa l c ab les used  to c onnec t the signa l 10 the type
453 INPUT c onnec tors have a  Ia rge effec t on the ac c urac y
of the d isp layed  high-frequenc y waveform. To ma ita in the
high-frequenc y c harac teristic s of the app lied  signa l, high-
qua lity low-loss c oaxia l c ab le should  be used . The c ab le
should  be termina ted  a t the Type 453 INPUT c onnec tor in its
c harac teristic  impedonc e. If it is nec essary to use c ab les
with d iffering c harac teristic  impedanc es, use suitab le imped-
anc e-matc hing devic es to p rovide the c orrec t transition, with
minimum loss, from one impedanc e to the other.

The c harac teristic  impedanc e, veloc ity of p ropagation and
na ture of signa l lOSSeS in a  c oaxia l c ab le a re determined
by the physic a l and  elec tric a l c ha rac teristic s of the c ab le.
Losses c aused  by energy d issipa tion in the d ielec tric  a re
proportiona l to the signa l frequenc y. Therefore, muc h of
the high-frequenc y information in a  fast-rise pulse c an be
lost in only a  few feet of interc onnec ting  c ab le if it is not
the c orrec t type. To be sure of the high-frequenc y response
of the system when using c ab les longer than about five feet,
observe the transient response of the Type 453 and  the
interc onnec ting  c ab le with a  fast-rise pulse genera tor (gen-
era tor risetime Iess than 0.5 nanosec onds).

Inp ut C o up ling

The Channel 1 and  2 lnput Coup ling  switc hes a llow a
c hoic e of input c aup ling . The type of d isp lay desired  will
determine the c oup ling used .

The DC position c an be used  for most app lic a tions. How-
ever, if the DC c omponent of the signa l is muc h la rger than
the AC c omponent, the AC position vvill p robab ly p rovide a
better d isp lay. DC c oup ling  should  be used  to d isp lay AC
signa ls below about 16 heltz as they will be a ttenua ted  in
the AC position.

In the AC position, the DC c omponent of the signa l is
b loc ked  by a  c apac itor in the input c irc uit. The low-fre-
quenc y response in the AC position is about 1.6 hertz (–3 dB
point). Therefore, some low-frequenc y d istortion c an be
exp ec ted  nea r this freq uenc y lim it . Disto rt ion w ill a lso
a p p ea r in square waves whic h have low-frequenc y c om-
ponents.

The GND position p rovides a  ground  referenc e a t the
input of the Type 453. The signa l app lied  to the input c on-
nec tor is interna lly d isc onnec ted  but not g rounded . The
input c irc uit is held  a t g round  potentia l, elimina ting  the need
to externa lly g round  the input to estab lish a  DC ground
referenc e.

The GND position c an a lso be used  to p re-c harge the
c oup ling c apac itor to the average voltage level of the signa l
app lied  to the INPUT c onnec tor. This a llows measurement
of only the AC c omponent of signa ls having  both AC and

DC c omponents. The p re-c harg ing  network inc orpora ted
in this unit a IIOWS the input-c oup ling  c apac itor to c harge to
the DC sourc e voltage level when the Input Coup ling  switc h
is set to GND. The p roc edure for using  this fea ture is as
follows:

1. Before c onnec ting  the signa l c onta ining  a  DC c ompo-
nent to the Type 453 INPUT c onnec tor, set the Input Coup ling
sw itc h to  GND. Then c onnec t the  sig na l to  the  INPUT
c onnec tor.

2. Wa it about one sec ond  for the c oup ling  c apac itor to
c harge.

3. Set the Input Coup ling switc h to AC. The trac e (d is-
p lay) will rema in on the sc reen and  the AC c omponent of
the signa l c an be measured  in the norma l manner.

De fle c tio n Fa c to r

The amount of vertic a l deflec tion p roduc ed  by a  signa l
is determined  by the signa l amp litude, the a ttenua tion fac tor
of the p robe (if used), the setting of the VOLTS/ DIV switc h
and  the setting of the VARIABLE VOLTS/ DIV c ontrol. The
c a lib ra ted  deflec tion fac tors ind ic a ted  by the VOLTS/ DIV
switc hes app ly only when the VARIABLE c ontrol is set to
the CAL position.

The  VARIABLE VOLTS/ DIV c ontro l p rovid es va ria b le
(unc a lib ra ted ) vertic a l deflec tion between the c a lib ra ted
settings of the VOLTS/ DIV switc h. The VARIABLE c ontrol
extends the maximum vertic a l deflec tion fac tor of the Type
453 to a t least 25 volts/ d ivision (10 volts position).

Dua l- Tra c e  O p e ra tio n

Alternate Mode. The ALT position of the MODE switc h
produc es a  d isp loy whic h a lterna tes between Channel 1 and
2 with eac h sweep of the CRT. Although the ALT mode
c an be used  a t a ll sweep  ra tes, the CHOP mode p rovides
a  more sa tisfac tory d isp lay a t sweep  ra tes below about 50
mic rosec onds/ d ivision. At these slower sweep ra tes, a lterna te
mode switc hing  bec omes visua lly perc ep tib le.

Proper interna l triggering  in the ALT mode c an be ob-
ta ined  in either the NORM or CH 1 ONLY positions of the
TRIGGER switc h. When in the NORM position, the sweep is
triggered  from the signa l on eac h c hannel. This p rovides a
stab le d isp lay of two unrela ted  signa ls, but does not ind ic a te
the time rela tionship  between the signa ls. In the CH 1 ONLY
position, the two signa ls a re d isp layed  showing true time
rela tionship . If the signa ls a re not time rela ted , the Channel
2 waveform will be unstab le in the CH 1 ONLY position.

Chopped Mode. The CHOP position of the MODE switc h
produc es a  d isp lay whic h is elec tronic a lly switc hed  between
c hannels. In genera l, the CHOP mode p rovides the best
d isp lay a t sweep  ra tes slower than about 50 mic rosec onds/
d ivision, or whenever dua l-trac e, sing le-shot phenomena a re
to be d isp layed . At faster sweep  ra tes the c hopped  switc h-
ing  bec omes apparent and  may interfere with the d isp lay.

Proper interna l triggering  for the CHOP mode is p rovided
with the TRIGGER switc h set to CH 1 ONLY. If the NORM
position is used , the sweep  c irc uits a re triggered  from the
between-c hannel switc hing signa l and  both waveforms will
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be unstab le. Externa l triggering  p rovides the same result as
CH 1 ONLY triggering .

Two signa ls whic h a re time-rela ted  c an be d isp layed  in
the c hopped  mode showing true time rela tionship . If the
signa ls a re not time-rela ted , the Channel 2 d isp lay will
a p p ea r unsta b le . Tw o  sing le -sho t, tra nsient, o r ra nd om
signa ls whic h oc c ur within the time interva l determined  by
the TIME/ DIV switc h (10 times sweep ra te) c an be c ompared
using the CHOP mode. To c orrec tly trigger the sweep for
maximum resolution, the Channel 1 signa l must p rec ede the
Channel 2 signa l. Sinc e the signa ls show true time rela tion-
ship , time-d ifferenc e measurements c an be made.

C h a n n e l  1  O u tp u t  a n d  C a sc a d e d  O p e ra t io n

If a  lower deflec tion fac tor than p rovided  by the VOLTS/
DIV switc hes is desired , Channel 1 c an be used  as a  wide-
band  p reamp lifier for Channel 2. App ly the input signa l to
the Channel 1 INPUT c onnec tor. Connec t a  50-ohm BNC
c ab le (18-inc h or shorter c ab le for maximum c asc aded  fre-
quenc y response) between the CH 1 OUT (side panel) and
the Channel 2 INPUT c onnec tors. Set the MODE switc h to
CH 2 and  the TRIGGER switc h to NORM. With both VOLTS/
DIV switc hes set to 5 mV, the deflec tion fac tor will be less
than one millivolt/ d ivision.

To p rovide c a lib ra ted  one millivolt/ d ivision deflec tion
fac tor, c onnec t the .1 volt Ca lib ra tor signa l to the Channel 1
INPUT c onnec tor. Set the CH 1 VOLTS/ DIV switc h to .1
and  the CH 2 VOLTS/ DIV switc h to 5 mV. Ad just the Chan-
nel 2 VARIABLE VOLTS/ DIV c ontrol to p roduc e a  d isp lay
exac tly five d ivisions in amp litude. The c asc aded  deflec tion
fac tor is determined  by d ivid ing  the CH 1 VOLTS/ DIV switc h
setting  by 5 (CH 2 VOLTS/ DIV switc h and  VARIABLE c ontrol
rema in as set above). For examp le, with the CH 1 VOLTS/
DIV switc h set to 5 mV the c a lib ra ted  deflec tion fac tor will
be 1 millivolt/ d ivision; CH 1 VOLTS/ DIV switc h set to 10 mV,
2 millivolts/ d ivision, etc .

The fo llowing  opera ting  c onsidera tions and  basic  app li-
c a tions may suggest other uses for this fea ture.

1. If AC c oup ling  is desired , set the Channel 1 Input
Coup ling  switc h to AC and  leave the Channel 2 Input
Coup ling  switc h set to DC. When both Input Coup ling
switc hes a re set to DC, DC signa l c oup ling  is p rovided .

2. Keep  both vertic a l POSITION c ontrols set near mid -
range. If the input signa l has a  DC level whic h nec essita tes
one o f the  POSITION c ontro ls b e ing  turned  a wa y from
mid range, c orrec t opera tion c an be ob ta ined  by keep ing
the Channel 2 POSITION c ontrol near mid range and  using
the Channel 1 POSITION c ontrol to position the trac e near
the desired  loc a tian. Then, use the Channel 2 POSITION
c ontrol fa r exac t positioning . This method  will keep  both
Input Preamps opera ting  in their linea r range.

3. The output voltage a t the CH 1 OUT c onnec ta r is a t
least 25 millivo lts/ d ivision of CRT d isp lay in a ll CH 1 VOLTS/
DIV switc h positions.

4. The MODE switc h and  Channel 1 VARIABLE VOLTS/
DIV c ontrol have no effec t on the signa l ava ilab le a t the
CH 1 OUT c onnec tor.

5. The Channel 1 Input Preamp c an be used  as an imped-
anc e matc hing stage with or without voltage ga in. The

input resistanc e is one megohm and  the output resistanc e is
about 50 ohms.

6. The dynamic  range of the Channel 1 Input Preamp is
equa l to about 20 times the CH 1 VOLTS/ DIV setting . The
CH 1 OUT signa l is nomina lly a t 0 volt DC for a  0 volt DC
input level [Channel 1 POSITION c ontrol c entered). The
Chanel 1 POSITION c ontrol c an be used  to c enter the out-
put signa l within the dynamic  range of the amp lifier.

7. If dua l-trac e opera tion is used , the signa l app lied  to
the Channel 1 INPUT c onnec tor is d isp layed  when Channel
1 is turned  on. When Channel 2 is turned  on, the amp lified
signa l is d isp layed . Thus, Channel 1 trac e c an be used  to
monitor the input signa l while the amp lified  signa l is d is-
p layed  by Channel 2.

8. In spec ia l app lic a tions where the fla t frequenc y re-
sponse of the Type 453 is not desired , a  filter inserted
between the CH 1 OUT and  Channel 2 INPUT c onnec tor
a llows the osc illosc ope to essentia lly take on the frequenc y
response of the filter. Combined  with method  7, the input c an
be monitored  by Channel 1 and  the filtered  signa l d isp layed
by Channel 2.

9. By using  Channel 1 as a  5X low-level voltage p re-
amp lifier (5 mV position), the Channel 1 signa l ava ilab le
a t the CH 1 OUT c onnec tor c an be used  for any app lic a tion
where a  low-impedanc e p reamp lifier signa l is needed .
Remember tha t if a  50-ohm load  impedanc e is used , the
signa l amp litude will be about one-ha lf.

Alg e b ra ic  Ad d itio n

General. The ADD position of the MODE switc h c an be
used  to d isp lay the sum or d ifferenc e of two signa ls, for
c ommon-mode rejec tion to remove an undesired  signa l or for
DC offset (app lying  a  DC voltage to one c hannel to offset
the DC c omponent of a  signa l on the other c hannel).

The c ommon-mode rejec tion ra tio of the Type 453 is
grea ter than 20:1 a t 20 megahertz for signa l amp litudes up
to eight times the VOLTS/ DIV switc h setting . Rejec tion ra tios
of 100:1 c an typ ic a lly be ac hieved between DC and 5 mega-
hertz by c a reful ad justment of the ga in of either c hannel
while observing  the d isp layed  c ommon-mode signa l.

Deflection Factor. The overa ll d e flec t ion in the  ADD
position of the MODE switc h when both VOLTS/ DIV switc hes
are set to the same position is the same as the deflec tion
fac tor ind ic a ted  by either VOLTS/ DIV switc h. The amp li-
tude of an added  mode d isp lay c an be determined  d irec tly
from the resultant CRT deflec tion multip lied  by the deflec -
tion fac tor ind ic a ted  by either VOLTS/ DIV switc h. How-
ever, if the CH 1 and  CH 2 VOLTS/ DIV switc hes a re set to
d ifferent deflec tion fac tors, resultant voltage is d iffic ult to
determine from the CRT d isp lay. In this c ase, the voltage
amp litude of the resultant d isp lay c an be determined  ac c u-
ra tely only if the amp litude of the signa l app lied  to either
c hannel is known.

Precautions. The following genera l
be observed  when using the ADD mode.

1. Do not exc eed  the input voltage
453.

prec autions should

ra ting  of the Type
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2. Do not app ly signa ls tha t exc eed  on equiva lent of
about 20 times the VOLTS/ DIV switc h setting . For example,
with a  VOLTS/ DIV switc h setting  of .5, the voltage app lied
to tha t c hannel should  not exc eed  about 10 volts. La rger
voltages may d istort the d isp lay.

3. Use  vert ic a l POSITION c ontro l se tt ing s whic h most
nearly position the signa l of eac h c hannel to mid -sc reen
when viewed  in either the CH 1 or CH 2 positions of the
MODE switc h. This insures the grea test dynamic  range for
ADD mode opera tion.

4. For similia r response from eac h c hannel, set both Input
Coup ling  switc hes to the same position.

Trig g e r So urc e

INT. For most app lic a tions, the sweep  c an be triggered
inte rna lly. In the  INT p osit ion o f the  Trig g ering  SOURCE
switc h, the trigger signa l is ob ta ined  from the Vertic a l
Deflec tion System. The TRIGGER switc h p rovides further
selec tion of the interna l trigger signa l; ob ta ined  from the
Channel 1 signa l in the CH 1 ONLY position, or from the
d isp layed  signa l when in the NORM position. For sing le-
trac e d isp lays of either c hannel, the NORM position p ro-
vides the most c onvenient opera tion. However, for dua l-
trac e d isp lays spec ia l c onsidera tions must be made to p rovide
the c orrec t d isp lay. Set Dua l-Trac e Opera tion in this sec tion
for dua l-trac e triggering  information.

LINE. The LINE position of the SOURCE switc h c onnec ts
a  samp le of the power-line frequenc y to the Trigger Gen-
era tor c irc uit. Line triggering  is useful when the input signa l
is time-rela ted  to the line frequenc y. It is a lso useful for
p rovid ing  a  stab le d isp lay of a  line-frequenc y c omponent
in a  c omp lex waveform.

EXT. An externa l signa l c onec ted  to the EXT TRIG INPUT
c onnec tor c an be used  to trigger the sweep in the EXT
position of the Triggering  SOURCE switc h. The externa l sig -
na l must be time-rela ted  to the d isp layed  signa l for a  stab le
d isp lay. An externa l trigger signa l c an be used  to p rovide
a  triggered  d isp lay when the interna l signa l is too low in
amp litude for c orrec t triggering , or c onta ins signa l c om-
ponents on whic h it is not desired  to trigger. It is a lso useful
when signa l trac ing  in amp lifiers, phase-shift networks, wave-
shap ing c irc uits, etc . The signa l from a  sing le point in the
c irc uit under test c an be c onnec ted  to the EXT TRIG INPUT
c onnec tor through a  signa l p robe or c ab le. The sweep  is
then triggered  by the same signa l a t a ll times and  a llows
amp litude, time rela tionship  or waveshape c hanges of
signa ls a t va rious points in the c irc uit to be examined  with-
out resetting  the trigger c ontrols.

same as desc ribed  for EXT exc ep t tha t the externa l triggering
signa l is a ttenua ted  10 times. Attenua tion of high-amp litude
externa l triggering  signa ls is desirab le to b roaden the range
o f the  Trig g ering  LEVEL c ontro l. When the  COUPLING
switc h is set to LF REJ, a ttenua tion is about 20:1.

Trig g e r C o up ling

Four methods of c oup ling  the
c irc uits c an be selec ted  with
switc hes. Eac h position permits

trigger signa l to the trigger
the  Trig g ering  COUPLING
selec tion or rejec tion of the

frequenc y c omponents of the trigger signa l whic h c an trigger
the sweep.

AC. The AC position b loc ks the DC c omponent of the
trigger signa l. Signa ls with low-frequenc y c omponents below
about 30 hertz a re a ttenua ted . In genera l, AC c oup ling  c an
be used  for most app lic a tions. However, if the trigger signa l
c onta ins unwanted  c omponents or if the sweep  is to be
triggered  a t a  low repetition ra te or a  DC level, one of the
rema ining  COUPLING switc h positions will p rovide a  better
d isp lay.

The triggering  point in the AC position depends on the
average voltage level of the trigger signa l. If the trigger
signa ls oc c ur in a  random fashion, the average voltage level
will va ry, c ausing  the triggering  point to va ry a lso. This shift
of the triggering  point may be enough so it is impossib le to
ma inta in a  stab le d isp lay. In suc h c ases, use DC c oup ling .

LF REJ. In the LF REJ position, DC is rejec ted  and  signa ls
below about 30 kilohertz a re a ttenua ted . Therefore, the
sweep will be triggered  only by the higher-frequenc y c om-
ponents of the signa l. This position is pa rtic ula rly useful
for p rovid ing  stab le triggering  if the trigger signa l c onta ins
line-frequenc y c omponents. Also, in the ALT position of the
MODE switc h, the LF REJ position p rovides the best d isp lay
a t high sweep  ra tes when c omparing  two unrela ted  signa ls
(TRIGGER sw itc h se t to  NORM).

HF REJ. The HF REJ p osit ion p a sses a ll low -freq uenc y
signa ls between about 30 hertz and  50 kilohertz. DC is
rejec ted  and  signa ls outside the g iven range are a ttenuated .
When triggering  from c omp lex waveforms, this position is
useful for p rovid ing  stab le d isp lay of low-frequenc y c ompo-
nents.

DC. DC c oup ling  c an be used  to p rovide stab le triggering
with low-frequenc y signa ls whic h would  be a ttenua ted  in
the AC position, or with low-repetition ra te signa ls. The
LEVEL c ontrol c an be ad justed  to p rovide triggering  a t the
desired  DC level on the waveform. When using interna l
triggering, the setting  of the Channel 1 and  2 POSITION
c ontrols a ffec ts the DC trigger level.

DC trigger c oup ling  should  not be used  in the ALT dua l-
trac e mode if the TRIGGER switc h is set to NORM. If used ,
the sweep will trigger on the DC level of one trac e and  then
either loc k out c omp letely or free run on the other trac e.
Correc t DC triggering  for this mode c an be ob ta ined  with
the TRIGGER switc h set to CH 1 ONLY.

Trig g e r Slo p e

The triggering SLOPE switc h determines whether the trigger
c irc uit responds on the positive-going or nega tive-going
portion of the trigger signa l. When the SLOPE switc h is in
the + (positive-going) position, the d isp lay sta rts with the
positive-going portion of the waveform; in the - (nega tive-
going) position, the d isp lay sta rts with the nega tive-going
portion of the waveform (see Fig . 2-8]. When severa l c yc les
of a  signa l appear in the d isp lay, the setting  of the SLOPE
switc h is often unimportant. However, if only a  c erta in
portion of a  c yc le is to be d isp layed , c orrec t setting  of the
SLOPE switc h is important to p rovide a  d isp lay whic h sta rts
on the desired  slope of the input signa l.
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Fig. 2-8. Effects of Triggering LEVEL control and SLOPE sw itch.



TM 11-6625-1722-15

Tr i g g e r  Le v e l

The Triggering LEVEL c ontrol determines the voltage level
on the trigger signa l a t whic h the sweep is triggered . When
the LEVEL c ontrol is set in the + reg ion, the trigger c irc uit
responds a t a  more positive point on the trigger signa l.
When the LEVEL c ontrol is set in the - reg ion, the trigger
c irc uit responds a t a  more nega tive point on the trigger
signa l. Fig . 2-8 illustra tes this effec t with d ifferent settings
of the SLOPE switc h.

To set the  LEVEL c ontro l, first se lec t the  Trig g ering
SO URC E, C O UPLING  a nd  SLO PE. The n se t  the  LEVEL
c ontrol fully c ounterc loc kwise ond  rota te it c loc kwise until
the d isp lay sta rts a t the desired  point.

Hig h- Fre q ue nc y  Sta b ility

The HF STAB c ontrol (A only) is used  to p rovide a  stab le
d isp lay of high-frequenc y signa ls. If a  stab le d isp lay c annot
be ob ta ined  using  the A LEVEL c ontrol (trigger signa l must
have adequa te amp litude), ad just the HF STAB c ontrol for
minimum horizonta l jitter in the d isp lay. This c ontrol has
little effec t with low-frequenc y signa ls.

A  Sw e e p  Trig g e re d  Lig h t

The A SWEEP TRIG’D Iight p rovides a  c onvenient ind ic a -
tion of the c ond ition of the A Triggering c irc uit. If the A
Triggering  c ontrols a re c orrec tly ad justed  with an adequa te
trigger signa l app lied , the light is on. However, if the A
LEVEL c o nt ro l is m isa d juste d , the  A  C O UPLING  o r A
SOURCE switc hes inc orrec tly set or the trigger signa l too
low in omp litude, the A SWEEP TRIG’D light will be off.
This fea ture c an be used  as a  genera l ind ic a tion of c orrec t
trig g ering . It  is p a rt ic ula rly use ful when se tt ing  up  the
trigger c irc uits when a  trigger signa l is ava ilab le without a
trac e d isp layed  on the CRT and  it a lSo ind ic a tes tha t the A
sweep is c orrec tly triggered  when opera ting  in the DELAYED
SWEEP (B) mode.

A  Sw e e p  M o d e

AUTO TRIG. The AUTO TRIG p osit ion o f the  A SWEEP
MODE switc h p rovides a  stab le d isp lay when the A LEVEL
c ontrol is c orrec tly set (see Trigger Level in this sec tion] and
a  trigger signa l is ava ilab le. The A SWEEP TRIG’D light
ind ic a tes when the A Sweep Genera tor is triggered .

When the trigger repetition ra te is less then about 20
hertz, or in the absenc e of an adequa te trigger signa l, the
A Sweep Genera tor free runs to p roduc e a  referenc e trac e.
When an adequa te trigger signa l is aga in app lied , the
free-running c ond ition ends and  the A Sweep Genera tor is
triggered  to p roduc e a  stab le d isp lay (with c orrec t A LEVEL
c ontrol setting .)

NORM TRIG. Op era tion in the  NORM TRIG p osit ion
when a  trigger signa l is app lied  is the same as in the AUTO
TRIG position. However, when a  trigger signa l is not p resent,
the A Sweep Genera tor rema ins off and  there is no d isp lay.
The A SWEFP TRIG’D light ind ic a tes when the A sweep is
triggered . The NORM TRIG mode c an be used  to d isp lay

signa ls with repetition ra tes below about 20 hertz. This mode
provides an ind ic a tion of an adequa te trigger signa l as well
as the c orrec tness of trigger c ontrol settings, sinc e there is
no d isp lay without p roper triggering . Also, the A SWEEP
TRIG’ D lig ht is o ff when the  A sweep  is no t c o rrec tly
triggered .

SINGLE SWEEP. When the signa l to be d isp layed  is not
repetitive or va ries in amp litude, shape or time, a  c onven-
tiona l repetitive d isp lay may p roduc e an unstab le p resenta -
tion. To avoid  this, use the sing le-sweep fea ture of the Type
453. The SINGLE SWEEP mode c an a lso be used  to photo-
graph a  non-repetitive signa l.

To  use  the  SINGLE SWEEP mod e, first ma ke sure  the
trigger c irc uit w ill respond  to the event to be d isp layed .
Set the A SWEEP MODE switc h to AUTO TRIG or NORM
TRIG and  ob ta in the best possib le d isp lay in the norma l
manner (for random signa ls set the trigger c irc uit to trigger
on a  signa l whic h is app roxima tely the same omp litude and
frequenc y as the random signa l). Then, set the A SWEEP
MODE switc h to SINGLE SWEEP and  p ress the RESET button.
When the RESET button is pushed , the next trigger pulse
initia tes the sweep  and  a  sing le trac e will be p resented  on
the sc reen. After this sweep is c omplete, the A Sweep Gen-
era tor is "loc ked  out" until reset. The RESET light loc a ted
inside the RESET button lights when the A Sweep Genera tor
c irc uit has been reset and  is ready to p roduc e a  sweep ;
it goes out a fter the sweep is c omp lete. To p repare the
c irc uit for another sing le-sweep  d isp lay, p ress the RESET
button aga in.

Se le c ting  Sw e e p  Ra te

The A AND B TIME/ DIV switc hes selec t c a lib ra ted  sweep
ra tes for the Sweep Genera tors. The A and  B VARIABLE
c ontrols p rovide c ontinuously va riab le sweep  ra tes between
the settings of the TIME/ DIV switc hes. Whenever the UNCAL
A OR B light is on, the sweep ra te of either A or B Sweep
Genera tor, or both, is unc a lib ra ted . The light is off when
the A VARIABLE (front panel) and  B TIME/ DIV VARIABLE
(side panel) c ontrols a re both set to the CAL position.

The sweep ra te of the A Sweep Genera tor is b rac keted
by the two b lac k lines on the c lea r p lastic  flange of the
TIME/ DIV sw itc h (see Fig . 2-9). The B Sweep  Genera to r
sweep  ra te is ind ic a ted  by the dot on the DELAYED SWEEP
knob . When the dot on the outer knob  is set to the same
position as the lines on the inner knob , the two knobs loc k
together and  the sweep ra te of both Sweep Genera tors is
c hanged  a t the same time. However, when the DELAYED
SWEEP knob  is pulled  outward , the c lea r p lastic  flange is
d isengaged  and  only the B Sweep Genera tor sweep  ra te is
c hanged . This a llows c hang ing the delayed  sweep  ra te
wihout c hang ing the delay time determined  by the A Sweep
Genera to r.

When making time measurements from the gra tic ule, the
area  between the first-d ivision and  ninth-d ivision vertic a l lines
provides the most linear time measurement (see Fig . 2-10).
Therefore, the first and  last d ivision of the d isp lay should  not
be used  for making ac c ura te time measurements. Position
the sta rt of the timing a rea  to the first-d ivision vertic a l line
and  set the TIME/ DIV switc h so the end  of the timing a rea
fa lls between the first- and  ninth-d ivision vertic a l lines.
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Sweep Magnification

The sweep magnifier expands the sweep ten times. The
c enter d ivision of the unmagnified  d isp lay is the portion
visib le on the sc reen in mognified  form (see Fig . 2-11]. Equiv-
a lent length of the magnified  sweep  is about 100 d ivisions;
any 10 d ivision portion may be viewed  by ad justing  the
horizonta l POSITION c ontrol to b ring  the desired  portion
onto the viewing a rea . The FINE position c ontrol is pa rtic u-
la rly useful when the magnifier is on, as it p rovides position-
ing  in sma ll inc rements for more p rec ise c ontrol.

To use the magnified  sweep, first move the portion of the
d isp lay whic h is to be expanded  to the c enter of the gra ti-
c ule. Then set the MAG switc h to X10. The FINE position
c ontrol c an be ad justed  to position the magnified  d isp lay

Fig . 2-10. A re a  o f  g ra t ic u le  use d  fo r a c c u ra t e  t im e  m e a su re m e n t s.

Fig . 2-11. O p e ra t io n  o f  sw e e p  m a g n if ie r.

as desired . The light loc a ted  below the MAG switc h is on
whenever the magnifier is on.

When the MAG switc h is set to X10, the sweep ra te is
determined  by d ivid ing the TIME/ DIV switc h setting  by 10.
For exa mp le , if the  TIME/ DIV sw itc h is se t to
magnified  sweep  ra te is 0.05 mic rosec ond / d ivision. The
magnified  sweep  ra te must be used  for a ll time measure-
ments when the MAG switc h is set to X10. The magnified
sweep ra te is c a lib ra ted  when the UNCAL A OR B light
is off.

De la ye d  Swe e p  ( B)

The delayed  sweep (B sweep) is operab le in the A INTEN
DURING B and  DELAYED SWEEP (B) positions of the HORIZ
DISPLAY switc h. The A sweep ra te a long with the DELAY-
TIME MULTIPLIER d ia l setting  determines the time tha t the
B sweep  is delayed . Sweep  ra te of the delayed  portion is
determined  by the B TIME/ DIV (DELAYED SWEEP) switc h
setting .

In the  A INTEN DURING B p osit ion, the  d isp la y w ill
appear simila r to Fig . 2-12A. The amount of delay time
between the sta rt of A sweep and  the intensified  portion is
determined  by the setting of the A TIME/ DIV switc h and  the
DELAY-TIME MULTIPLIER d ia l.

For examp le, the delay ind ic a ted  by the DELAY-TIME
MULTIPLIER d ia l setting  shown in Fig . 2-13 is 3.55; this c or-
responds to 3.55 CRT d ivisions of A sweep . This read ing
multip lied  by the setting  of the A TIME/ DIV switc h g ives
the c a lib ra ted  delay time before the sta rt of the B sweep
(see B Sweep Mode whic h follows). The intensified  portion
of the d isp lay is p roduc ed  by the B sweep . The length of
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Fi g .  2 - 1 2 .  ( A )  A  IN TEN  D URIN G  B d i sp l a y  ( D ELA Y- TIM E M ULTI-
PLIER, 2.95; A  TIM E/ DIV, .5 m s; B TIM E/ DIV, 50 ps), ( B)  D ELA YED
SWEEP ( B)  d isp la y .

this portion is about 10 times the setting  of the B TIME/ DIV
switc h.

When the  HORIZ DISPLAY sw itc h is se t to  DELAYED
SWEEP (B), only the intensified  portion as viewed  in the A
INTEN DURING B position is d isp layed  on the sc reen a t
the sweep ra te ind ic a ted  by the B TIME/ DIV switc h (see
Fig . 2-12B).

Fi g .  2 - 1 3 .  D ELA Y- TIM E M ULTIPLIER d i a l .  Re a d i n g  sh o w n :  3 . 5 5 .

2 - 1 8

B SWEEP MODE. The B SWEEP MODE sw itc h p rovid es
two modes of delayed  sweep  opera tion. Fig . 2-14 illustra tes
the d ifferenc e between these tWo modes. In the B STARTS
AFTER DELAY TIME position, the B sweep  is p resented  im-
med ia tely a fter the delay time (see Fig . 2-14A]. The B sweep
is triggered  a t a  selec ted  point on A sweep  to p rovide the
delay time (B sweep  essentia lly free running]. Sinc e the delay
time is the same for eac h sweep, the d isp lay appears stab le
In the  TRIGGERABLE AFTER DELAY TIME p osit ion, the  B
sweep  opera tes only when it is triggered  (by Trigger Circ uits)
a fter the selec ted  delay time (see Fig . 2-14B). The B Trig-
gring  c ontrols opera te as desc ribed  in this sec tion.

Delayed Sweep Operation. To ob ta in a  delayed  sweep
d isp lay use the fo llowing  p roc edure.

1. Ob ta in a  sta b le  d isp la y w ith the  HORIZ DISPLAY
switc h set to A.

2. Se t the  HORIZ DISPLAY sw itc h to  A INTEN DURING
B.

3. Set the B SWEEP MODE switc h to the desired  setting .
If TRIGGERABLE AFTER DELAY TIME is selec ted , c orrec t B
Triggering  is a lso nec essary,

4. Set the delay time with the A TIME/ DIV switc h and
the DELAY-TIME MULTIPLIER d ia l.

5. Pull the DELAYED SWEEP (B TIME/ DIV) knob  out and
set to the desired  sweep ra te.

6. If the  TRIGGERABLE AFTER DELAY TIME p osit ion is
used , c hec k the d isp lay for an intensified  portion. Absenc e
of the intensified  zone ind ic a tes tha t B sweep  is not c orrec tly
triggered .

7. Set the HORIZ DISPLAY switc h to DELAYED SWEEP (B).
The intensified  zone shown in the A INTEN DURING B posi-
tion is now d isp layed  a t the sweep  ra te selec ted  by the B
TIME/ DIV switc h.

Severa l examples using the delayed  sweep fea ture a re
g iven under Basic  App lic a tions in this sec tion.

A Swe e p Le ngth. The  A  SWEEP LENG TH c o nt ro l is
most useful when used  with delayed  sweep. As the c ontrol
is rota ted  c ounterc loc kwise from the FULL position, the length
of the A sweep dec reases (sweep ra te rema ins c onstant)
until it is about four d ivisions iong in the c ounterc loc kwise
position (not in B ENDS A detent). The B ENDS A position
p roduc es a  d isp lay whic h ends immed ia tely fo llowing  B
sweep if the B sweep ends before the normal end  of A sweep.
The A SWEEP LENGTH c ontrol is used  to inc rease the repe-
tition ra te of delayed  sweep  d isp lays.

To  use  the  A SWEEP LENGTH c ontro l, se t the  HORIZ
DISPLAY switc h to A INTEN DURING B and  set the delay
time and  delayed  sweep  ra te in the norma l manner. Turn
the A SWEEP LENGTH c ontrol c ounterc loc kwise until the
sweep  ends immed ia tely fo llowing the intensified  portion on
the d isp lay. Now set the HORIZ DISPLAY switc h to DELAYED
SWEEP (B). This method  p rovides the maximum repetition
ra te for a  g iven delayed  sweep  d isp !ay. In the B ENDS A
position, the maximum delayed  sweep  repetition ra te is
ma inta ined  automatic a lly.



TM 11-6625-1722-15

Fig . 2-14. C o m p a riso n  o f  t he  d e la ye d -sw e e p  m o d e s. ( A )  B STA RTS A FTER D ELA Y TIM E,  [ B)  TRIG G ERA BLE A FTER D ELA Y TIM E.  In  e a c h
d isp la y the  B sw eep  is d e la yed  a  se lec ted  a m o unt o f t im e  b y A sw eep .

N O TE

Jit te r c a n b e  introd uc ed  into  the  d isp la y a nd  in-
c o rre c t  d isp la ys p ro d uc e d  thro ug h the  w ro ng
usa g e  o f the  A  SWEEP LENG TH c o nt ro l. Whe n
using  th is c o nt ro l f irst  o b ta in  the  b e st  p o ssib le
d isp la y in the  FULL p osit ion. Then, se t the  c ontro l
fo r the  d esired  A sweep  leng th. If jit te r is evid ent
in the  d isp la y, rea d just the  Trig g ering  c ontro ls o r
c hange the A SWEEP LENGTH c ontrol to a  position
tha t d oes no t c a use  jit te r.

Ex te rn a l  Ho rizo n ta l  De fle c t io n

In some app lic a tions, it is desirab le to d isp lay one signa l
versus another (X-Y] ra ther than aga inst time (interna l sweep).

The  EXT HO RIZ p o sit io n o f the  HO RIZ DISPLAY sw itc h
p rovides a  means for app lying  an externa l signa l to the
horizonta l amp lifier for this type of d isp lay.

Two modes of externa l horizonta l opera tion a re p rovided .
When the  TRIGGER sw itc h is se t to  CH 1 ONLY, the  B
SOURCE switc h to INT and  the B COUPLING switc h to DC,
the horizonta l deflec tion is p rovided  by a  signa l app lied  to
the  Cha nne l 1 INPUT c onnec to r. The CH 1 VOLTS/ DIV
switc h setting  ind ic a tes the c a lib ra ted  horizonta l deflec tion
fac tor (Channel 1 VARIABLE c ontrol in-opera tive). Center
the horizonta l POSITION c ontrol and  use the Channel 1
POSITION c ontro l fo r ho rizonta l p osit ioning .

switc h, externa l horizonta l deflec tion is p rovided  by a  signa l
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app lied  to the EXT HORIZ input c onnec tor (B EXT TRIG
INPUT). The signa l c oup ling  p rovided  by the B COUPLING
switc h] c an be used  to selec t or rejec t c omponents of the
externa l horizonta l signa l (a ll c omponents of externa l hori-
zonta l signa l ac c ep ted  (in DC position). Using  this mode of
opera tion, the horizonta l deflec tion fac tor is unc a lib ra ted .
Externa l horizonta l deflec tion fac tor is about 270 millivolts/
d ivision in the EXT position of the B SOURCE switc h and
about 2.7 volts/ d ivision in the EXT

A  a n d  B G a t e

The A and  B Ga te output c onnec tors (on side panel) p ro-
vide a  rec tangula r output pulse whic h is c oinc ident with the
sweep time of the respec tive sweep genera tor. This rec tangu-
la r pulse is about +12 volts in amp litude (into high-imped-
anc e loads) with pulse dura tion the same as the respec tive
sweep.

Inte nsity  M o d ula tio n

Intensity (Z-axis) modula tion c an be used  to rela te a  third
item of elec tric a l phenomena to the vertic a l (Y-axis) and  the
horizonta l (X-axis) c oord ina tes without c hang ing the wave
shape. The Z-axis modula ting  signa l app lied  to the CRT
c irc uit c hanges the intensity of the d isp layed  waveform to
p rovide this d isp lay. "Gray sc a le" intensity modula tion c an
be ob ta ined  by app lying  signa ls whic h do not c omp letely
b lank the d isp lay. La rge amp litude signa ls of the c orrec t
pola rity w ill c omp letely b lank the d isp lay; the sha rpest d is-
p lay is p rovided  by signa ls with a  fast rise and  fa ll. The
voltage amp litude required for visib le trac e modula tion
depends upon tlhe setting  of the INTENSITY c ontrol. At
norma l intensity level, a  five-volt peak-to-peak signa l p ro-
duc es a  visib le c hange in b rightness. When the Z AXIS
INPUT is not in use, keep  the ground  strap  in p lac e to p re-
vent c hanges in trac e intensity due to extraneous noise.

Time markers app lied  to the Z AXIS INPUT c onnec tor
p rovide a  d irec t time referenc e on the d isp lay. With unc a li-
b ra ted  horizonta l sweep  or externa l horizonta l mode opera -
tion, the time markers p rovide a  means of read ing  time
d irec tly from the d isp lay. However, if the
time-rela ted  to the d isp layed  waveform,
d isp lay should  be used  (for interna l sweep
a  stab le d isp lay.

C a lib ra to r

The one-kilohertz square-wave Ca lib ra tor

markers a re not
a  sing le-sweep

only) to p rovide

of the Type 453
provides a  c onvenient signa l sourc e for c hec king basic  verti-
c a l ga in and  sweep  timing. However, to p rovide maximum
measurement ac urac y, the ad justment p roc edure g iven in the
Ca lib ra tion sec tion of this manua l should  be used . The
Ca lib ra tor output signa l is a lso very useful for ad justing
p robe c ompensa tion as desc ribed  in the p robe instruc tion
manua l. In add ition, the c a lib ra tor c an be used  as a  c on-
venient signa l sourc e for app lic a tion to externa l equipment.

Voltage. The Ca lib ra tor p rovides ac c ura te peak-to-peak
square wave voltages of 0.1 and  1 volt into a  high imped-
anc e load . Voltage range is selec ted  by the CALIBRATOR
switc h on the side panel. Output resistanc e is about 200
ohms in the 1 V position and  about 20 ohms in the 0.1 V

position. The ac tua l voltage ac ross an externa l load  resistor
c an be c a lc ula ted  in the same manner as with any series
resistor c omb ina tion (nec essary only if the load  resistanc e
is less than about 50 kilohms).

Current. The c urrent loop , loc a ted  on the side panel,
p rovides a  five milliampere peak-to-peak square-wave c ur-
rent whic h c an be used  to c hec k and  c a lib ra te c urrent-
measuring  p robe systems. This c urrent signa l is ob ta ined  by
c lipp ing  the p robe a round  the c urrent loop . Current is
c onstant through the loop  in either position of the Ca li-
b ra tor switc h. The a rrow above the PROBE LOOP ind i-
c a tes c onventiona l c urrent flow; i.e., from + to -.

Frequency. The Ca lib ra tor c irc uit uses frequenc y-stab le
c omponents to ma inta in ac c ura te frequenc y and  c onstant
duty c yc le. Thus the Ca lib ra tor c an be used  for c hec king
the basic  sweep  timing of the horizonta l system.

Wave shape. The square-wave output signa l of the Ca li-
b ra tor c an be used  as a  referenc e wave shape when c hec k-
ing  or ad justing  the c ompensa tion of passive, high-resistanc e
probes. Sinc e the square-wave output from the Ca lib ra tor
has a  fla t top , any d istortion in the d isp layed  waveform is
due to the p robe c ompensa tion.

BA SI C  A PPLI C A TI O N S

G e ne ra l

The following information desc ribes the p roc edure and
tec hnique for making basic  measurements with a  Type 453
Osc illosc ope. These app lic a tions a re not desc ribed  in deta il
sinc e eac h app lic a tion must be adapted  to the requirements
of the ind ividua l measurements. Familia rity with the Type
453 will permit these basic
wide va riety of uses.

Peak-to-Peak Voltage

To make a  peak-to-peak
following p roc edure:

1. Connec t the signa l to

tec hniques to be app lied  to a

M e a su r e m e n t s - A C

voltage measurement, use the

either INPUT c onnec tor.

2. Set the MODE switc h to d isp lay the c hannel used .

3. Set the VOLTS/ DIV switc h to d isp lay about five d ivi-
sions of the waveform.

4. Set the Input Coup ling switc h to AC.

N O TE

For low -freq uenc y sig na ls b e low  a b out 16 hertz,
use  the  DC p osit ion.

5. Set the A Triggering  c ontrols to ob ta in a  stab le d is-
p lay. Set the TIME/ DIV switc h to a  position tha t d isp lays
severa l c yc les of the waveform.

6. Turn the vertic a l POSITION c ontrol so the lower por-
tion of the waveform c oinc ides with one of the gra tic ule
lines below the c enter horizonta l line, and  the top  of the
waveform is an the viewing a rea . Move the d isp lay with
the horizonta l POSITION c ontrol so one of the upper peaks
lies near the c enter vertic a l line (see Fig . 2-15).
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7. Measure the d ivisions of vertic a l deflec tion from peak
to peak. Make sure the VARIABLE VOLTS/ DlV c ontrol is in
the CAL position.

N O TE

This tec hnique may a lso be used  to make measure-
ments between two points on the waveform ra ther
than peak to peak.

8. Multip ly the d istanc e measured  in step  7 by the VOLTS/
DIV switc h setting . Also inc lude the a ttenua tion fac tor of
the p robe, if any.

Example. Assume a  peak-to-peak vertic a l deflec tion of
4.6 d ivisions (see Fig . 2-15) using a  10X a ttenua tor p robe
and  a  VOLTS/ DIV switc h setting  of .5.

Using  the formula :

Volts vertica l VOLTS/ DIV
Peak to Peak = d e flec tion X setting(d ivisions)

Substituting  the g iven va lues:

Vo lts Pea k to  Pea k = 4.6 X 0.5V X 10

The peak-to-peak voltage is 23 volts.

Fig . 2-15. M e a su ring  p e a k-t o -p e a k vo lt a g e  o f  a  w a ve fo rm .

I n sta n ta n e o u s V o l ta g e  M e a su re m e n ts- DC

To measure the DC level a t a  g iven point on a  waveform,
use the following p roc edure:

1. Connec t the signa l to either INPUT c onnec tor.

2. Set the MODE switc h to d isp lay the c hannel used .

3. Set the VOLTS/ DIV switc h to d isp lay about five d ivi-
sions of the waveform.

4. Set the Input Coup ling  switc h to GND.

5. Set the A SWEEP MODE switc h to AUTO TRIG.

6. Position the trac e to the bottom line of the gra tic ule
or other referenc e line. If the voltage is nega tive with respec t
to ground , position the trac e to the top  line of the gra tic ule.

TM 11-6625-1722-15

Do not move the vertic a l POSITION c ontrol a fter
enc e line has been estab lished.

N O TE

this refer-

To measure a  voltage level with respec t to a
vo lta g e  ra ther tha n g round , ma ke  the  fo llow ing
c hanges in step  6. Set the Input Coup ling switc h
to DC and  app ly the referenc e voltage to the lN-
PUT c onnec tor. Then position the trac e to the ref-
erenc e line.

7. Set the Input Coup ling switc h to DC. The ground  refer-
enc e line c an be c hec ked  a t any time by switc hing to the
GND position (exc ep t when using a  DC referenc e voltage).

8. Set the A Triggering  c ontrols to ob ta in a  stab le d isp lay.
Set the TIME/ DIV switc h to a  setting  tha t d isp lays severa l
c yc les of the signa l.

9. Measure the d istanc e in d ivisions between the referenc e
line and  the point on the waveform a t whic h the DC level
is to be measured . For examp le, in Fig . 2-16 the measure-
ment is made between the referenc e line and  point A.

10. Estab lish the pola rity of the signa l. If the waveform
is above the referenc e line, the voltage is positive; below
the line, nega tive (when the INVERT switc h is pushed  in if
using Channel 2).

11. Multip ly the d istanc e measured  in step  9 by the VOLTS/
DIV switc h setting . Inc lude the a ttenua tion fac tor of the
p robe, if any.

Example. Assume tha t the vertic a l d istanc e measured  is
4.6 d ivisions (see Fig . 2-16), the waveform is above the ref-
erenc e line, using a  10X a ttenua tor p robe and  a  VOLTS/
DIV setting of 2.

Using  the formula :

vertica l VO LTS/ DIVd istanc e X pola rity X setting(d ivisions]

Substituting  the g iven va lues:

Instantaneous
Vo lta g e =4.6 X +1 X 2V  X 10

The instantaneous voltage is +92 volts.

V o lta g e  C o m p a riso n M e a sure m e nts

In some app lic a tions it may be nec essa ry to estab lish a
set of deflec tion fac tors other than those ind ic a ted  by the
VOLTS/ DIV switc h. This is useful for c omparing  signa ls to
a  referenc e voltage amp litude. To estab lish a  new set of
deflec tion fac tors based  upon a  spec ific  referenc e amplitude,
p roc eed  as fo llows:

1. App ly the referenc e signa l of known amp litude to either
INPUT c onec tor. Set the MODE switc h to d isp lay the c hannel
used . Using the VOLTS/ DIV switc h and  the VARIABLE c on-
tro l, ad just the d isp lay for an exac t number of d ivisions.
Do not move the VARIABLE VOLTS/ DIV c ontrol a fter ob ta in-
ing  the desired  deflec tion.
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Fig . 2-16. M e a su ring  inst a n t a ne o us DC  vo lt a g e  w it h  re sp e c t  t o  a
referenc e.

2. Divide the amp litude of the referenc e signa l (volts) by
the p roduc t of the deflec tion in d ivisions (estab lished  in
step  1] and  the VOLTS/ DIV switc h setting . This is the Deflec -
tion Conversion Fac tor.

Deflec tion
Conversion =

Fac tor

3. To estab lish an Ad justed  Deflec tion Fac tor a t any set-
t ing  o f the  VOLTS/ DIV sw itc h, mult ip ly the  VOLTS/ DIV
switc h setting by the Deflec tion Conversion Fac tor estab lished
in step  2.

Ad lusted
Deflec tion =

Fac tor

This Ad justed  Deflec tion Fac tor app lies only to the c hannel
used  and  is c orrec t only if the VARIABLE VOLTS/ DIV c on-
trol is not moved  from the position set in step  1.

4. To determine the peak to peak amp litude of a  signa l
c ompared  to a  referenc e, d isc onnec t the referenc e and  app ly
the signa l to the INPUT c onnec tor.

5. Set the VOLTS/  DIV switc h to a  setting  tha t will p rovide
suffic ient deflec tion to make the measurement. Do not re-
ad iust the VARIABLE VOLTS/ DIV c ontrol.

6. Measure the vertic a l deflec tion in d ivisions and  deter-
mine the amp litude by the fo llowing formula :

Example. Assume a  referenc e signa l amp litude of 30
volts, a  VOLTS/ DIV setting  of 5 and  a  deflec tion of 4 d ivi-
sions. Substituting  these va lues in the Deflec tion Conversion
Fac tor formula  (step  2):

Deflec tion
Conversion =

Fac tor

Then, with a  VOLTS/  DIV switc h setting of 10, the Ad justed
Deflec tion Fac tor (step  3) is:
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Ad justed
Deflec t ion = 10V X 1.5 = 15 vo lts/ d ivision

Fac tor

To determine the peak-to-peak amp litude
signa l whic h p roduc es a  vertic a l deflec tion
use the Signa l Amp litude formula  (step  6):

Signa l
Amplitude =15V  x 5 =  75 v o lt s

Tim e - Dura tio n M e a sure m e nts

To measure time between two points on a
the following p roc edure.

of an app lied
of 5 d ivisions,

waveform, use

1. Connec t the signa l to either INPUT c onnec tor.

2. Set the MODE switc h to d isp lay the c hannel used .

3. Set the VOLTS/ DIV switc h to d isp lay about five d ivi-
sions of the waveform.

4. Set the A Triggering  c ontrols to ob ta in a  stab le d isp lay.

5. Set the TIME/ DIV switc h to the fastest sweep ra te tha t
d isp lays less than eight d ivisions between the time measure-
ment points (see Fig . 2-17). (See the top ic  entitled  Selec ting
Sweep Ra te in this sec tion c onc erning non-linearity of first
and  last d ivisions of d isp lay.)

6. Ad just the vertic a l POSITION c ontrol to move the points
between whic h the time measurement is made to the c enter
horizonta l line.

7. Ad iust the horizonta l POSITION c ontrol to c enter the
d isp lay within the c enter eight d ivisions of the gra tic ule.

8. Measure the horizonta l d istanc e between the time
measurement points. Be sure the A VARIABLE c ontrol is set
to CAL.

9. Multip ly the d istanc e measured  in step  8 by the setting
of the TIME/ DIV switc h. If sweep magnific a tion is used ,
d ivide this answer by 10.

Example. Assume tha t the d istanc e between the time
measurement points is 5 d ivisions (see Fig . 2-17) and  the
TIME/ DIV switc h is set to .1 ms with the magnifier off.

Using  the formula :

Time Dura tion =

Substituting  the g iven va lues:

Time Dura t ion =

The time dura tion is 0.5 millisec onds.

Fre q ue nc y  M e a sure m e nts

The time measurement tec hnique c an a lso be used  to
measure the frequenc y of a  signa l. The frequenc y of a  peri-
od ic a lly-rec urrent signa l is the rec ip roc a l of the time dura -
tion of one c yc le.
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Fig . 2-17. M e a su ring  t he  t im e  d u ra t io n  b e t w e e n  p o in t s o n  a  w a ve -
fo rm .

1. Measure the time dura tion of one c yc le of the wave-
form as desc ribed  in the p revious app lic a tion.

2. Take the rec ip roc a l of the time dura tion to determine
the frequenc y.

Example. The frequenc y of the signa l shown in Fig . 2-17
whic h has a  time dura tion of 0.5 millisec onds is:

Frequenc y =

Rise tim e  M e a sure m e nts

Risetime measurements emp loy basic a lly the same tec h-
niques as time-dura tion measurements. The ma in d ifferenc e
is the points between whic h the measurement is mode. The
following p roc edure g ives the basic  method  of measuring
risetime between the 10% and  90% points of the waveform.
Fa lltime c an be measured  in the same manner on the tra iling
edge of the waveform.

1. Connec t the signa l to either INPUT c onnec tor.

2. Set the MODE switc h to d isp lay the c hannel used .

3. Set the VOLTS/ DIV switc h and  the VARIABLE c ontrol
to p roduc e a  d isp lay an exac t number of d ivisions in amp li-
tude.

4. Center the d isp lay about the c enter horizonta l line.

5. Set the A Triggering  c ontrols to ob ta in a  stab le d is-
p lay.

6. Set the TIME/ DIV switc h to the fastest sweep ra te tha t
d isp lays Iess than eight d ivisions between thel 10% and  90%
points on the waveform.

7. De te rm ine  the  10% a nd  90% p o ints on the  rising
portion of the waveform. The figures g iven in Tab le 2-2 a re
for the points 10% up  from the sta rt of the rising  portion
and  10% down from the top  of the rising  portion (90%
p o int ).

8. Ad iust the horizonta l POSITION c ontrol to move the
10% point of the waveform to the first g ra tic ule line. For

examp le, with a  five-d ivision d isp lay as shown in Fig . 2-18,
the 10% point is 0.5 d ivision up  from the sta rt of the rising
portion.

9. Meosure the horizonta l d istanc e between the 10% and
90% points. Be sure the A VARIABLE c ontrol is set to CAL.

10. Multip ly the d istanc e measured  in step  8 by the setting
o f the  TIME/ DIV sw itc h. If sweep  ma g nific a tion is used ,
d ivide this answer by 10.

Example. Assume tha t the horizonta l d istanc e between
the 10% and  90% points is four d ivisions (see Fig . 2-18)
a nd  the  TIME/ DIV sw itc h is se t to  1 us w ith the  MAG
switc h set to X10.

App lying  the time dura tion formula  to risetime:

Substituting  the g iven va lues:

Risetime =

The risetime is 0.4 mic rosec ond .

Fig . 2-18. M e a su ring  rise t im e .

Tim e - Diffe re nc e  M e a sure m e nts

The c a lib ra ted  sweep  ra te and  dua l-trac e fea tures of the
Type 453 a llow measurement of time d ifferenc e between
two separa te events. To meosure time d ifferenc e, use the
following p roc edure.
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1. Set the Input Coup ling  switc hes to the desired  c oup ling
positions.

2. Set the MODE switc hes to either CHOP or ALT. In gen-
era l, CHOP is more suitab le for low-frequenc y signa ls and
the ALT position is more suitab le for high-frequenc y signa ls.
More information on determining the mode is g iven under
Dua l-Trac e Opera tion in this sec tion.

3. Set the TRIGGER switc h to CH 1 ONLY

4. Connec t the referenc e signa l to Channel 1 INPUT and
the c omparison signa l to Channel 2 INPUT. The referenc e
signa l should  p rec ede the c omparison signa l in time. Use
c oaxia l c ab les or p robes whic h have equa l time delay to
c onnec t the signa ls to the INPUT c onnec tors.

5. If the signa ls a re of opposite pola rity, pull out the
INVERT switc h to invert the Channel 2 d isp lay (signa l may
be of opposite pola rity due to 180° time d ifferenc e; if so,
take into ac c ount in fina l c a lc ula tion).

6. Set the VOLTS/ DIV switc hes to p roduc e four-or five-
d ivision d isp lays.

7. Set the A LEVEL c ontrol for a  stab le d isp lay

8. If possib le, set the TIME/ DIV switc h for a  sweep ra te
whic h shows three or more d ivisions between the two wave-
forms.

9. Ad lust the vertic a l POSITION c ontrols to c enter eac h
waveform (or the points on the d isp lay between whic h the
measurement is made) in rela tion to the c enter horizonta l
line.

10. Ad just the horizonta l POSITION c ontrol so the Chan-
nel 1 (referenc e) waveform c rosses the c enter horizonta l line
a t a  vertic a l g ra tic ule line.

11. Measure the horizonta l d ifferenc e between the Channel
1 wavefa rm and  the Channel 2 waveform (see Fig . 2-19).

12. Multip ly the measured  d ifferenc e by the setting  of the
TIME/ DIV sw itc h. If sweep  ma g nific a t ion is used , d ivid e
this answer by 10.

Example. Assume tha t the TIME/ DIV switc h is set to 50
the MAG switc h to X10 and  the horizonta l d ifferenc e

between waveforms is 4.5 d ivisions (see Fig . 2-19).

Using  the formula :

Substituting  the g iven va lues:

Time De la y =

The time delay is 22.5 mic rosec onds.

De la y e d  Sw e e p  Tim e  M e a su re m e n ts

The delayed  sweep  mode c an be used  to make ac c ura te
time measurements. The following measurement determines
the time d ifferenc e between two pulses d isp layed  on the
same trace. This app lic a tion may a lso be used  to measure
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Fig . 2-19. M e a su rin g  t im e  d if fe re n c e  b e t w e e n  t w o  p u lse s.

time d ifferenc e from two d ifferent sourc es (dua l-trac e) or to
measure time dura tion of a  sing le pulse. See Sec tion 1 for
measurement ac c urac y.

1. Connec t the signa l to either INPUT c onnec tor. Set the
MODE switc h to d isp lay the c hannel used .

2. Set the VOLTS/ DIV switc h to p roduc e a  d isp lay about
four d ivisions in amp litude.

3. Ad just the A Triggering  c ontrols for a  stab le d isp lay.

4. If possib le, set the A TIME/ DIV switc h to a  sweep ra te
whic h d isp lays about eight d ivisions between the pulses.

5. Set the HORIZ DISPLAY switc h to A INTEN DURING B
and  the B SWEEP MODE switc h to B STARTS AFTER DELAY
TIME.

6. Set the B TIME/ DIV switc h to a
A TIME/ DIV sweep ra te. This p roduc es
about 0.1 d ivision in length.

N O TE

setting 1/ 100 of the
an intensified  portion

Do  no t  c ha ng e  the  A  LEVEL c o nt ro l se t t ing  o r
the  ho rizo nta l PO SITIO N c o nt ro l se t t ing  in  the
following steps as the measurement ac c urac y will
be a ffec ted .

7. Turn the  DELAY-TIME MULTIPLIER d ia l to  move the
intensified  portion to the first pulse.

8. Se t the  HORIZ DISPLAY sw itc h to  DELAYED SWEEP
(B).

9. Ad iust the DELAY-TIME MULTIPLIER d ia l to move the
pulse (or the rising  portion) to the c enter vertic a l line. Note
the setting  of the DELAY-TIME MULTIPLIER d ia l.

10. Turn the DELAY-TIME MULTIPLIER d ia l c loc kwise until
the sec ond  pulse is positioned  to this same point (if severa l
p ulses a re  d isp la yed , re turn to  the  A INTEN DURING B
position to loc a te the c orrec t pulse). Aga in note the d ia l
setting .

11. Sub trac t the first d ia l setting  from the sec ond  and
multip ly by the delay time shown by the A TIME/ DIV switc h.
This is the time interva l between the pulses.



Exa mple . Assume the first d ia l setting  is 1.31 and  the
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ed  d isp lay, use the Triggered  Delayed  Sweep  Magnific a tion
sec ond  d ia l setting  is 8.81 with the TIME/ DIV switc h set to proc edure.
0.2 mic rosec ond  (see Fig . 2-20].

Using  the formula :

Substituting  the g iven va lues:

Tim e  Dif fe re nc e  = [ 8.81 – 1.31]  X 0.2

The time d ifferenc e is 1.5 mic rosec onds.

Fig . 2-20. M e a su rin g  t im e  d if fe re n c e  usin g  d e la ye d  sw e e p .

De la y e d  Sw e e p  M a g n ific a t io n

The delayed  sweep fea ture of the Type 453 c an be used
to p rovide higher apparent magnific a tion than is p rovided
by the MAG switc h. The sweep ra te of the DELAYED SWEEP
(B sweep) is not ac tua lly inc reased ; the apparent magnific a -
tion is the result of delaying  the B sweep  an amount of time
selec ted  by the A TIME/ DIV switc h and  the DELAY-TIME
MULTIPLIER d ia l before the d isp lay is p resented  a t the sweep
ra te  se lec ted  b y the  B TIME/ DIV sw itc h. The fo llow ing
methods uses the B STARTS AFTER DELAY TIME position to
a llow the delayed  portion to be positioned  with the DELAY-
TIME MULTIPLIER d ia l. If there is too muc h jitter in the delay-

1. Connec t the signa l to either INPUT c onnec tor. Set the
MODE switc h to d isp lay the c hannel used .

2. Set the VOLTS/ DIV switc h to p roduc e a  d isp lay about
4 d ivisions in amp litude.

3. Ad just the A Triggering  c ontrols for a  stab le d isp lay.

4. Set the A TIME/ DIV switc h to a  sweep ra te whic h d is-
p lays the c omp lete waveform.

5. Set the HORIZ DISPLAY switc h ta  A INTEN DURING B
and  the B SWEEP MODE switc h to B STARTS AFTER DELAY
TIME.

6. Position the sta rt of the intensified  portion with the
DELAY-TIME MULTIPLIER d ia l to the pa rt of the d isp lay ta
be magnified .

7. Set the B TIME/ DIV switc h to a  setting whic h intensifies
the full portion to be magnified . The sta rt of the intensified
trac e will rema in as positioned  above.

8. Se t the  HORIZ DISPLAY sw itc h to  DELAYED SWEEP
(B].

9. Time measurements c an be made from the d isp lay in
the c onventiona l manner. Sweep ra te is determined  by the
setting of the B TIME/ DIV switc h.

10. The apparent sweep  magnific a tion c an be c a lc ula ted
by d ivid ing the A TIME/ DIV switc h setting  by the B TIME/ DIV
switc h setting.

Example: The a p p a rent ma g nific a t ion o f the  d isp la y
shown in Fig . 2-21 with an A TIME/ DIV switc h setting of .1
ms and  a  B TIME/ DIV switc h setting  of 1

Substituting  the g iven va lues:

The apparent magnific a tion is 100 times.

Triggered Delayed Sweep Magnification. The d e la yed
sweep magnific a tion method  just desc ribed  may produc e too
muc h jitter a t high apparent magnific a tion ranges. The
TRIGGERABLE AFTER DELAY TIME position of the B SWEEP
MODE switc h p rovides a  more stab le d isp lay sinc e the delay-
ed  d isp lay is triggered  a t the same point eac h time.

1. Set up  the d isp lay as g iven in steps 1 through 7
desc ribed  above.

2. Se t  the  B SWEEP M O DE sw itc h to  TRIG G ERABLE
AFTER DELAY TIME.

3. Ad iust the B LEVEL c ontrol so the intensified  portion
on the trac e is stab le. (If an intensified  portion c annot be
ob ta ined , see step  4.)

4. Inab ility to intensify the desired  portion ind ic a tes tha t
the B Triggering  c ontrols a re inc orrec tly set or the signa l
does not meet the triggering requirements. If the c ond ition
c annot be remed ied  with the B Triggering  c ontrols or by
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Fig . 2-21. Using  d e la ye d  sw e e p  fo r sw e e p  m a g n if ic a t io n .

inc reasing the d isp lay amp litude (lower VOLTS/ DIV setting),
externa lly trigger B sweep.

5. When the c orrec t portion is intensified , set the HORIZ
DISPLAY switc h to DELAYED SWEEP (B). Slight read justment
of the B LEVEL c ontrol may be nec essary for a  stab le d is-
p la y.

6. Measurement and  magnific a tion a re as desc ribed  above.

Disp la y in g  C o m p le x  Sig n a ls Usin g  De la y e d
Sw e e p

Complex signa ls often c onsist of a  number of ind ividua l
events of d iffering  amp litudes. Sinc e the trigger c irc uits
a re sensitive to c hanges in signa l amp litude, a  stab le d isp lay
c an norma lly be ob ta ined  only when the sweep  is triggered
by the event(s) having the grea test amp litude. However, this
may not p roduc e the desired  d isp lay of a  lower amp litude
event whic h follows the triggering event. The delayed  sweep
fea ture p rovides a  means of delaying  the sta rt of the B
sweep by a  selec ted  amount following the event whic h trig -
gers the A Sweep Genera tor. Then, the part of the wave-
form whic h c onta ins the information of interest c an be d is-
p layed .

Use the following p roc edure:

1. Connec t the signa l to either INPUT c onnec tor. Set the
MODE switc h to d isp lay the c hannel used .

2.
four

3.

4.

Set the VOLTS/ DIV switc h to p roduc e a  d isp lay about
d ivisions in omp litude

Ad just the A Triggering  c ontrols for a  stab le d isp lay.

Set the A TIME/ DIV switc h to a  sweep ra te whic h d is-
p lays the c omplete waveform.

5. Set the HORIZ DISPLAY switc h to A INTEN DURING B
and  the B SWEEP MODE switc h to B STARTS AFTER DELAY
TIME.

6. Position the sta rt of the intensified  portion with the
DELAY-TIME MULTIPLIER d ia l to the pa rt of the d isp lay to be
magnified .

7. Set the B TIME/ DIV switc h to a  setting whic h intensifies
the full portion to be magnified . The sta rt of the intensified
trac e will rema in as positioned  above.

8. Se t the  HORIZ DISPLAY sw itc h to  DELAYED SWEEP
(B).

9. Time measurements c an be made from the d isp lay in the
c onventiona l manner. Sweep ra te is determined  by the set-
ting of the B TIME/ DIV switc h.

Example. Fig . 2-22 shows a  c omp lex waveform as d is-
p layed  on the CRT. The c irc led  portion of the waveform c an-
not be viewed  in any grea ter deta il bec ause the sweep is
triggered  by the la rger amp litude pulses a t the sta rt of the
d isp lay and  a  faster sweep  ra te moves this a rea  of the wave-
form off the viewing a rea . The sec ond  waveform shows the
area  of interest magnified  10 times using Delayed  Sweep.
The DELAY-TIME MULTIPLIER d ia l has been ad justed  so the
delayed  sweep  sta rts just before the a rea  of interest.

Pulse  Jitte r M e a sure m e nts

In some app lic a tions it is nec essary to measure the amount
of jitter on the lead ing edge of a  pulse, or jitter between
pulses.

Use the following p roc edure:

1. Connec t the signa l to either INPUT c onnec tor. Set the
MODE switc h to d isp lay the c hannel used .

2. Set the VOLTS/ DIV switc h to d isp lay about four d ivi-
sions of the waveform.

3. Set the A TIME/ DIV switc h to a  sweep ra te whic h d is-
p lays the c omplete waveform.

4. Set the A Triggering  c ontrols to ob ta in as stab le a  d is-
p lay as possib le,

5. Se t the  HORIZ DISPLAY sw itc h to  A INTEN DURING
B and  the B SWEEP MODE switc h to B STARTS AFTER DELAY
TIME.

6. Position the sta rt of the intensified  portion with the
DELAY-TIME MULTIPLIER d ia l so the pulse to be measured
is intensified .

7. Set the B TIME/ DIV switc h to a  setting whic h intensifies
the full portion of the pulse tha t shows jitter.

8. Set the B SWEEP MODE switc h to TRIGGERABLE AFTER
DELAY TIME.
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Fig . 2-22. Disp la y ing  a  c o m p le x sig na l using  d e la ye d  sw e e p .

9. Ad iust the B LEVEL c ontrol so the intensified  portion is
as stab le as possib le.

10. Se t the  HORIZ DISPLAY sw itc h to  DELAYED SWEEP
(B). Slight read justment of the B LEVEL c ontrol may be nec ess-
a ry to p roduc e as stab le a  d isp lay as possib le.

11. Pulse jitter is shown by horizonta l movement of the
pulse (take into ac c ount inherent jitter of Delayed  Sweep).
Measure the amount of horizonta l movement. Be sure both
VARIABLE c ontrols a re set to CAL.

12. Multip ly the d istanc e measured  in step  11 by the
B TIME/ DIV switc h setting  to ob ta in pulse iitter in time.

Example. Assume tha t the horizonta l movement is 0.5
d ivisions (see Fig . 2-23), and  the B TIME/ DIV switc h setting

Using the formula :

Substituting  the g iven va lue:

The pulse iitter is 0.25 mic rosec onds.

Fig . 2-23. M e a su ring  p u lse  jit t e r.

De la y e d  Trig g e r G e n e ra to r

The B GATE output signa l c an be used  to trigger an exter-
na l devic e a t a  selec ted  delay time a fter the sta rt of A
Sweep. The delay time of the B GATE output signa l c an be
selec ted  by the setting  of the DELAY-TIME MULTIPLIER d ia l
and  A TIME/ DIV switc h.

A Sweep Triggered Interna lly. When A sweep is trig -
gered  interna lly to p roduc e a  norma l d isp lay, the delayed
trigger may be ob ta ined  as fo llows.

1. Ob ta in a  triggered  d isp lay in the norma l manner.

2. Se t the  HORIZ DISPLAY sw itc h to  A INTEN DURING
B.

3. Selec t the amount of delay from the sta rt of A Sweep
with the DELAY-TIME MULTIPLIER d ia l. Delay time c an be
c a lc ula ted  in the normol manner.

4. Se t the  B SWEEP MODE sw itc h to  B STARTS AFTER
DELAY TIME.

5. Connec t the B GATE signa l to the externa l equipment.

6. The dura tion of the B GATE signa l is determined  by the
setting of the B TIME/ DIV switc h.

7. The externa l equipment will be triggered  a t the sta rt
of the intensified  portion if it responds to positive-going
triggers, or a t the end  of the intensified  portion if it res-
ponds to nega tive-going triggers.

A Sweep Triggered Externally. This mode of opera tion
c an be used  to p roduc e a  delayed  trigger with or without a
c orrespond ing d isp lay. Connec t the externa l, trigger signa l
to the A EXT TRIG INPUT c onnec tor and  set the A SOURCE
switc h to EXT. Follow the opera tion g iven above to ob ta in
the delayed  trigger.

N o rm a l  Trig g e r G e n e ra to r

Ord ina rily, the signa l to be d isp layed  a lso p rovides the
trigger signa l for the osc illosc ope. In some instanc es, it
may be desirab le to reverse this situa tion and  have the
osc illosc ope trigger the signa l sourc e. This c an be done
by c onnec ting  the A GATE signa l to the input of the signa l
sourc e. Set the A LEVEL c ontrol fully c loc kwise, A SWEEP
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MODE switc h to AUTO TRIG and  ad just the A TIME/ DIV
switc h for the desired  d isp lay. Sinc e the signa l sourc e is trig -
gered  by a  signa l tha t has a  fixed  time rela tionship  to the
sweep , the output of the signa l sourc e c an be d isp layed  on
the CRT as though the Type 453 were triggered  in the nor-
ma l manner (this method  does not a llow selec tion of trigger
level or c oup ling).

M ulti- Tra c e  Pha se  Diffe re nc e  M e a sure m e nts

Phase c omparison between two signa ls of the same fre-
quenc y c an be made using the dua l-trac e fea ture of the
Type 453. This method  of phase d ifferenc e measurement c an
be used  up  to the frequenc y limit of the vertic a l system. To
make the c omparison, use the following p roc edure.

1. Set the Input Coup ling  switc hes to the same position,
depend ing on the type of c oup ling  desired .

2. Set the MODE switc h to either CHOP or ALT. In gen-
era l, CHOP is more suitab le for low-frequenc y signa ls and
the ALT position is more suitab le for high-frequenc y signa ls.
More information on determining the mode is g iven under
Dua l-Trac e Opera tion in this sec tion.

3. Set the TRIGGER switc h to CH 1 ONLY.

4. Connec t the referenc e signa l to the Channel 1 INPUT
c onnec tor and  the c omparison signa l to the Channel 2 INPUT
c onnec tor. The referenc e signa l should  p rec ede the c om-
parison signa l in time. Use c oaxia l c ab les or p robes whic h
have equa l time delay to c onnec t the signa ls to the INPUT
c onnec tors.

5. If the signa ls a re of opposite pola rity, pull the INVERT
switc h out to invert the Channel 2 d isp lay. (Signa ls may be
of opposite pola rity due to 180° phase d ifferenc e; if so, take
this into ac c ount in the fina l c a lc ula tion.)

6. Set the CH 1 and  CH 2 VOLTS/ DIV switc hes and  the
VARIABLE VOLTS/ DIV c ontrols so the d isp lays a re equa l
and  about five d ivisions in amp litude.

7. Set the triggering  c ontrols to ob ta in a  stab le d isp lay.

8. Set the TIME/ DIV switc h to a  sweep ra te whic h d is-
p lays about one c yc le of the waveform.

9. Move the waveforms to the c enter of the gra tic ule with
the vertic a l POSITION c ontrols.

10. Turn the A VARIABLE c ontrol until one c yc le of the
referenc e signa l (Channel 1) oc c up ies exac tly eight d ivisions
horizonta lly (see Fig . 2-24). Eac h d ivision of the gra tic ule
rep resents 45° o f the  c yc le  [360° ÷ 8 d ivisions = 45°/
d ivision). The sweep ra te c on be sta ted  in terms of degrees
as 45° / d ivision.

11. Measure the horizonta l d ifferenc e between c orrespond-
ing  points on the waveforms.

12. Multip !y the measured  d istanc e (in d ivisions) by 45°/
d ivision (sweep  ra te) to ob ta in the exac t amount of phase
d ifferenc e,

Examp le. Assume a  horizonta l d ifferenc e of 0.6 d ivisions
with a  sweep  ra te of 45°/ d ivision as shown in Fig . 2-24.

Using the formula :

2 - 2 8

Substituting  the g iven va lues:

Pha se Diffe renc e = 0.6 X 45°

The phase d ifferenc e is 27°.

Hig h  Re so lu t io n  Ph a se  M e a su re m e n ts

More ac c ura te dua l-trac e phase measurements c an be
made by inc reasing the sweep ra te (without c hang ing the A
VARIABLE c ontrol setting). One of the easiest ways to inc rease
the sweep ra te is with the MAG switc h. Delayed  sweep mag-
nific a tion may a lso be used . The magnified  sweep  ra te is
determined  by d ivid ing  the sweep  ra te ob ta ined  p reviously
by the amount of sweep  magnific a tion.

Fig . 2-24. M e a su ring  p ha se  d if fe re nc e .

Example. If the sweep ra te were inc reased  10 times with
the magnifier, the magnified  sweep ra te would  be 45° / d ivi-
sion ÷ 10 = 4.5° / d ivision. Fig . 2-25 shows the same signa ls
as used  in Fig . 2-24 but with the MAG switc h set to X10.
With a  horizonta l d ifferenc e of six d ivisions, the phase d if-
ferenc e is:

horizonta l ma g nified
Pha se Diffe renc e = d iffe renc e X sweep  ra te

(d ivisions) (degrees/ d iv)

Substituting  the g iven va lues:

Pha se Diffe renc e = 6 X 4.5°.

The phase d ifferenc e is 27°.

X - Y Ph a se  M e a su re m e n ts

The X-Y phase measurement method c an be used to meas-
ure the phase d ifferenc e between the two signa ls of the same
frequenc y. This method  p rovides an a lterna te method  of
measurement for signa l frequenc ies up  to about 100 kilo-
hertz. However, above this frequenc y the inherent phase
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Fig . 2-26. Ph a se -d if fe re n c e  m e a su re m e n t  f ro m  a n  X-Y d isp la y .

Fig . 2-25. Hig h  re so lu t io n  p h a se -d if fe re n c e  m e a su re m e n t  w it h  in - 3. Position the d isp lay to the c enter of the sc reen and
c rea sed  sw eep  ra te .

d ifferenc e between the vertic a l and  horizonta l systems makes
ac c ura te phase measurement d iffic ult. In this mode, one of
the  sine-w a ve  sig na ls p rovid es ho rizonta l d e flec t ion (X)
while the other signa l p rovides the vertic a l deflec tion (Y).
The phase ang le between the two signa ls c an be determined
from the Iissa jous pa ttern as fo llows.

1. Connec t one of the sine-wave signa ls to both the Chan-
nel 1 INPUT and  the Channel 2 INPUT c onnec tors. (Note:
steps 1 through 5 measure inherent phase d ifferenc e between
the X and  Y amp lifiers to p rovide a  more ac c ura te X-Y
phase measurement; not nec essary below about 1 kHz).

2. Set the HORIZ DISPLAY switc h to EXT HORIZ. Set the
TRIGGER switc h to CH 1 ONLY and  the B SOURCE switc h
to  INT.

ad just the VOLTS/ DIV switc hes to p roduc e a  d isp lay less
than 6 d ivisions vertic a lly (Y) and  less than 10 d ivisians hori-
zonta lly (X). The CH 1 VOLTS/ DIV switc h c ontrols the hori-
zonta l deflec tion (X) and  the CH 2 VOLTS/ DIV switc h c on-
trols the vertic a l deflec tion (Y).

4. Center the d isp lay in rela tion to the vertic a l g ra tic ule
line. Measure the d istanc es A and  B as shown in Fig . 2-26.
Distanc e A is the horizonta l measurement between the two
points where the trac e c rosses the c enter horizonta l line.
Distanc e B is the maximum horizonta l w id th of the d isp lay.

5. Divide A by B to ob ta in the sine of the phase ang le
 between the two signa ls. The angle c an then be ob ta ined

from a  trigonometric  tab le. This is the inherent phase shift
of the instrument.

6. Connec t the Y signa l to Channel 2 INPUT c onnec tor.
Repea t steps 2 through 5 to measure phase ang le. If the d is-

Fig .  2 -27 .  Ph a se  o f  l issa jo u s d isp la y . ( A )  0 °  o r  3 6 0 ° ,  ( B)  3 0 °  o r  3 3 0 ° ,  ( C )  9 0 °  o r  2 7 0 ° ,  ( D )  1 5 0 °  o r  2 1 0 °  a n d  ( E)  1 8 0 ° .
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p lay appears as a  d iagana l stra ight line, the two signa ls a re
either in phase (tilted  upper right to lower left) or 180° out
of phase (tilted  upper left to lower right). If the d isp lay is
a  c irc le, the signa ls a re 90° out of phase. Fig . 2-27 shows
the Iissa jous d isp lays p roduc ed  between 0° and  360°. Notic e
tha t above 180° phase shift, the resultant d isp lay is the same
as a t some lower ang le.

7. Substrac t the inherent phase shift from the phase ang le
to ob ta in the ac tua l phase d ifferenc e.

Example. Assume an inherent phase d ifferenc e of 2° with
a  d isp lay as shown in Fig . 2-26 where A is 5 d ivisions and
B is 10 d ivisions.

Using the formula :

Substituting  the g iven va lues:

From the trigonometric  tab les:

To ad just for the phase d ifferenc e between X and  Y amp li-
fiers, subrac t the inherent phase shift.

Substituting  the g iven va lue:

C o m m o n- M o d e  Re je c tio n

The ADD fea ture of the Type 453 c an be used  to d isp lay
signa ls whic h c onta in undesirab le c omponents. These un-
desirab le c omponents c an be elimina ted  through c ommon-
mode rejec tion. The p rec autions g iven under Algebra ic
Add ition should  be observed .

1. Connec t the signa l c onta ining  both the desired  and
undesired  information to the Channel 1 INPUT c onnec tor.

2. Connec t a  signa l simila r to the unwanted  portion of
the Channel 1 signa l to the Channel 2 INPUT c onnec tor. For
examp le, in Fig . 2-28 a  line-frequenc y signa l is c onnec ted
to Channel 2 to c anc el out the line-frequenc y c omponent of
the Channel 1 signa l.

3. Set both Input Coup ling  switc hes to DC (AC if DC
c omponent of input signa l is too la rge).

4. Set the  MODE sw itc h to  ALT. Set the  VOLTS/ DIV
switc hes so the signa ls a re about equa l in amp litude.

5. Set the TRIGGER switc h to NORM

6. Set the MODE switc h to ADD. Pull the INVERT switc h
so the c ommon-mode signa ls a re of opposite pola rity.

7. Ad just the CH 2 VOLTS/ DIV switc h and  VARIA8LE c on-
tro l for maximum c anc ella tion of the c ommon-mode signa l.

8. The signa l whic h rema ins should  be only the desired
portion of the Channel 1 signa l. The undesired  signa l is
c anc elled  out.

Example. An examp le of this mode of opera tion is shown
in Fig . 2-28. The signa l app lied  to Channel 1 c onta ins un-
wanted  line-frequenc y c omponents (Fig . 2-28A). A c orres-
pond ing line-frequenc y signa l is c onnec ted  to Channel 2
(Fig . 2-28B). Fig . 2-28C shows the desired  portion of the
signa l as d isp layed  when c ommon-mode rejec tion is used .

Fig . 2-28. Usin g  t h e  A DD fe a t u re  fo r c o m m o n -m o d e  re je c t io n . (A )  C h a n n e l 1 sig n a l c o n t a in s d e sire d  in fo rm a t io n  a lo n g  w it h  lin e -f re q u e n c y
c o m p o n e n t , (B)  C h a n n e l 2 sig n a l c o n t a in s lin e -f re q u e n c y  o n ly , [ C )  C RT d isp la y  u sin g  c o m m o n -m o d e  re je c t io n .
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S E C T I O N  3

C I R C U I T  D E S C R I P T I O N

Intro d uc tio n

This sec tion of the manua l c onta ins a  desc rip tion of the
c irc uitry used  in the Type 453 Osc illosc ope. The desc rip tion
beg ins with a  d isc ussion of the instrument using  the basic
b loc k d ia g ra m show n in Fig . 3-1. Then ea c h c irc uit  is
desc ribed  in deta il using  a  deta iled  b loc k d iagram to show
the interc onnec tions between the stages in eac h major c irc uit
and  the rela tionship  of the front-panel c ontrols to the ind i-
vidua l stages.

A c omp lete b loc k d iagram is loc a ted  in the Diagrams
sec tion a t the rea r of this manua l. This b loc k d iagram shows
the overa ll rela tionship  between a ll of the c irc uits. Com-
p lete sc hematic s of eac h c irc uit a re a lso g iven in the Dia -
grams sec tion. Refer to these d iagrams throughout the
following c irc uit desc rip tion for elec tric a l va lues and  rela tion-
ship .

BLO C K D I A G RA M

G e n e ra l

The fo llowing  d isc ussion is p rovided  to a id  in understand ing
the overa ll c onc ep t of the Type 453 before the ind ividua l
c irc uits a re d isc ussed  in deta il. A basic  b loc k d iagram of
the Type 453 is shown in Fig . 3-1. Only the basic  inter-
c onnec tions between the ind ividua l b loc ks a re shown on
this d iagram. Eac h b loc k rep resents a  ma jor c irc uit w ithin
this instrument. The number on eac h b loc k refers to the
c omp lete c irc uit d iagram whic h is loc a ted  a t the rea r of
his manua l.

Signa ls to be d isp layed  on the CRT a re app lied  to either
the Channel 1 INPUT and / or the Channel 2 INPUT c on-
nec tors. The input signa ls a re then amp lified  by the Channel
1 Vertic a l Preamp and / or the Channel 2 Vertic a l Preamp
c irc uits. The VOLTS/ DIV switc h in eac h Vertic a l Preamp
c irc uit p rovides a ttenua tion, or switc hes ga in, to p rovide
the ind ic a ted  deflec tion fac tor. Eac h Vertic a l Preamp c irc uit
a lso inc ludes separa te position, input c oup ling , ga in, va riab le
a ttenua tion and  ba lanc e c ontrols. A trigger-p ic koff stage in
the Channel 1 Vertic a l p reamp c irc uit supp lies a  samp le of
the Channel 1 signa l to the Trigger Preamp c irc uit or the
CH 1 OUT c onnec tor. The output of both Vertic a l Preamp
c irc uits is c onnec ted  to the Vertic a l Switc hing c irc uit. This
c irc uit selec ts the c hannel(s) to be d isp layed . An output
signa l from this c irc uit is c onnec ted  to the Z Axis Amp lifier
c irc uit to b lank out the between-c hannel switc hing transients
when in the c hopped  mode a f opera tion. A trigger-p ic koff
stage a t the output of the Vertic a l Switc hing c irc uit p rovides
a  samp le of the d isp layed  signa l(s) to the Trigger Preamp
c irc uit.

The output of
to the Vertic a l

the Vertic a l Switc hing c irc uit is c onnec ted
Output Amp lifier through the Delay-Line

Driver stage and  the Delay Line. The Vertic a l Output Amp li-
fier c irc uit p rovides the fina l amp lific a tion for the signa l
before it is c onnec ted  to the vertic a l deflec tion p la tes of
the CRT. This c irc uit inc ludes the TRACE FINDER switc h whic h
c ompresses the vertic a l and  horizonta l deflec tion within
the viewing a rea  to a id  in loc a ting  an off-sec reen d isp lay.

The Trigger Preamp c irc uit p rovides amp lific a tion for the
inte rna l trig g er sig na l se lec ted  b y the  TRIGGER sw itc h.
This interna l trigger signa l is selec ted  from either the Channel
1 Vertic a l Preamp c irc uit or the Vertic a l Switc hing c irc uit.
Output from this c irc uit is c onnec ted  to the A Trigger Gen-
era tor c irc uit and  the B Trigger Genera tor c irc uit.

The A and  B Trigger Genera tor c irc uits p roduc e an output
pulse whic h initia tes the sweep  signa l p roduc ed  by the A
or B Sweep Genera tor c irc uits. The input signa l to the A
and  B Trigger Genera tor c irc uits c an be ind ividua lly selec ted
from the interna l trigger signa l from the Trigger Preamp
c irc uit, an externa l signa l app lied  to the EXT TRIG INPUT
c onnec tor, or a  samp le of the line voltage app lied  to the
instrument. Eac h trigger c irc uit c onta ins level, slope, c oup ling
and  sourc e c ontrols.

The A Sweep Genera tor c irc uit p roduc es a  linear saw-
tooth output signa l when initia ted  by the A Trigger Gen-
era tor c irc uit. The slope of the sawtooth p roduc ed  by the
A Sweep Genera tor c irc uit is c ontrolled  by the A TIME/ DIV
switc h. The opera ting mode of the A Sweep Genera tor c ir-
c uit is c ontrolled  by the A SWEEP MODE switc h. In the
AUTO TRIG position, the absenc e of an adequa te trigger
signa l c auses the sweep to free run. In the NORM TRIG
position, a  horizonta l sweep  is p resented  only when c orrec tly
trig g ered  b y a n a d eq ua te  trig g er sig na l. The  SINGLE
SWEEP position a llows one (and  only one) sweep  to be
initia ted  a fter the c irc uit is reset with the RESET button.

The B Sweep  Genera tor c irc uit is basic a lly the same as
the A Sweep Genera tor c irc uit. However, this c irc uit only
p roduc es a  sawtooth output signa l a fter a  delay time deter-
m ined  b y the  A TIME/ DIV sw itc h a nd  the  DELAY-TIME
MULTIPLIER d ia l. If the  B SWEEP MODE sw itc h is se t to
the  B STARTS AFTER DELAY TIME p osit ion, the  B Sweep
Genera tor beg ins to p roduc e the sweep  immed ia tely fo l-
lowing the selec ted  delay time. If this switc h is in the TRIG-
GERABLE AFTER DELAY TIME position, the B Sweep Gen-
era tor c irc uit does not p roduc e a  sweep  until it rec eives a
trigger pulse from the B Trigger Genera tor c irc uit a fter the
selec ted  delay time.

The output of either the A or B Sweep Genera tor c irc uit
is amp lified  by the Horizonta l Amp lifier c irc uit to p roduc e
horizonta l d e flec t ion fo r the  CRT in a ll p osit ions o f the
HORIZ DISPLAY switc h exc ep t EXT HORIZ. This c irc uit c on-
ta ins a  10 times magnifier to inc rease the sweep ra te ten
times in any A or B TIME/ DIV switc h position. Other hori-
zonta l deflec tion signa ls c an be c onnec ted  to the Horizonta l
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Amplifier by using  the EXT-HORIZ mode of opera tion. When
the B SOURCE switc h is set to INT, the X signa l is c onnec ted
to the Horizonta l Amp lifier c irc uit through the CH 1 Vertic a l
Preamp c irc uit, the Trigger Preamp c irc uit and  the B Trigger
Genera tor c irc uit (HORIZ DISPLAY switc h set to EXT HORIZ,
B SOURCE switc h set to INT and  the TRIGGER switc h set to
CH 1 ONLY). In the EXT or EXT ÷ 10 position of the B
SOURCE switc h, the X signa l is ob ta ined  from a  signa l c on-
nec ted  to the B EXT TRIG INPUT or EXT HORIZ c onnec tor.

The Z Axis Amp lifier c irc uit determines the CRT intensity
and  b lanking. The Z Axis Amp lifier c irc uit sums the c urrent
inputs from the INTENSITY c ontrol, Vertic a l Switc hing c irc uit
(c hopped  b lanking), A and  B Sweep  Genera tor c irc uits
(unb linking) and  the externa l Z AXIS INPUT b ind ing post.
The output level of the Z Axis Amp lifier c irc uit c ontrols the
trac e intensity through the CRT Circ uit. The CRT Circ uit
p rovides the voltages and  c onta ins the c ontrols nec essary for
he opera tion of the c a thode-ray tube.

The Power Supp ly c irc uit p rovides the low-voltage power
nec essary for opera tion of this instrument. This voltage is
d istributed  to a ll of the c irc uits in the instrument as shown
by the Power Distribution d iagram. The Ca lib ra tor c irc uit
p roduc es a  square-wave output with ac c ura te amp litude
and  frequenc y whic h c an be used  to c hec k the c a lib ra tion
of the instrument and  the c ompensa tion of p robes. The
PROBE LOOP provides an ac c ura te c urrent sourc e for c a li-
b ra tion of c urrent-measuring  p robe systems.

C I RC UI T O PERA TI O N

G e n e ra l

The following  c irc uit ana lysis is written a round the deta iled
b loc k d iagrams whic h a re g iven for eac h ma jor c irc uit. These
deta iled  b loc k d iagrams g ive the names of the ind ividua l
stages within the ma jor c irc uits and  show how they a re
c onnec ted  together. The b loc k d iagrams a lso show the
inputs and  outputs for eac h ma jor c irc uit and  the rela tion-
ship  of the front-panel c ontrols to the ind ividua l stages. The
c irc uit d iagrams from whic h the deta iled  b loc k d iagrams
are derived  a re shown in the Diagrams sec tion of this man-
ua l. The names assigned  to the ind ividua l stages on the
deta iled  b loc k d iagrams a re used  throughout the fo llowing
d isc ussion.

This sec tion desc ribes the elec tric a l opera tion and  rela tion-
ship  of the c irc uits in the Type 453. The theory of opera tion
fo r c irc uits w hic h a re  used  only in this instrument a re
desc ribed  in deta il in this d isc ussion. Circ uits whic h a re
c ommonly used  in the elec tronic s industry a re not desc ribed
in deta il. Instead , referenc es a re g iven to textbooks or other
sourc e materia l whic h
these c irc uits.

C H A N N EL

G e n e ra l

desc ribe the c omp lete opera tion of

1 VERTICAL PREAMP

Input signa ls for vertic a l deflec tion on the CRT c an be
c onnec ted  to the c hannel 1 INPUT c onnec tor. In the EXT
HORIZ mode of opera tion, this input signa l p rovides the
horizonta l (X-axis] deflec tion [HORIZ DISPLAY switc h set to

EXT HORlZ, B SOURCE sw itc h se t to  INT a nd  TRIGGER
switc h set to CH 1 ONLY). The Channel 1 Vertic a l Preamp
c irc uit p rovides c ontrol of input c oup ling , vertic a l deflec tion
fac tor, ba lanc e, vertic a l position and  vertic a l ga in. It a lso
c onta ins a  stage to p rovide a  samp le of the Channel 1 input
signa l to the Trigger Preamp c irc uit to p rovide interna l trig -
gering  from the Channel 1 signa l only. Fig . 3-2 shows a
deta iled  b loc k d iagram of the Channel 1 Vertic a l Preamp
c irc uit. A sc hematic  of this c irc uit is shown on d iagram 1 a t
the rea r of this manua l.

I n p u t

Input
can be

C o up ling

signa ls app lied  to the Channel 1 INPUT c onnec tor
AC-c oup led , DC-c oup led  or interna lly d isc onnec ted .

When the Input Coup ling  switc h, SW1, is in the DC position,
the input signa l is c oup led  d irec tly to the Input Attenua tor
stage. In the AC pasition, the input signa l passes through
c apac itor C1. This c apac itor p revents the DC c omponent of
the signa l from passing  to the amp lifier. The GND position
opens the signa l pa th and  the input to the amp lifier is c on-
nec ted  to ground . This p rovides a  ground  referenc e without
the need  to d isc onnec t the app lied  signa l from the INPUT
c onnec tor. Resistor R2, c onnec ted  ac ross the Input Coup ling
switc h, a llows C1 to be p rec harged  in the GND position so
the trac e rema ins on sc reen when switc hed  to the AC posi-
tion with a  high DC level app lied .

I n p u t  A t te n u a to r

The effec tive overa ll Channel 1 deflec tion fac tor of the
Type 453 is determined  by the CH 1 VOLTS/ DIV switc h.
In a ll positions of the CH 1 VOLTS/ DIV switc h above 20 mV,
the basic  deflec tion fac tor of the Vertic a l Deflec tion System
is 20 millivolts per d ivision of CRT deflec tion. To inc rease
this basic  deflec tion fac tor to the va lues ind ic a ted  on the
front panel, p rec ision a ttenua tors a re switc hed  into the c irc uit.
In the 5 and  10 mV positions, input a ttenua tion is not used .
Instead , the ga in of the Feedbac k Amplifier is c hanged  to
dec rease the deflec tion fac tor (see Feedbac k Amplifier
d isc ussion).

For the CH 1 VOLTS/ DIV switc h positions above 20 mV,
the a ttenua tors a re switc hed  into the c irc uit sing ly or in pa irs
to p roduc e the vertic a l deflec tion fac tor ind ic a ted  on the
front panel. These a ttenua tors a re frequenc y-c ompensa ted
voltage d ividers. For DC and  low-frequenc y signa ls, they
a re p rimarily resistanc e d ividers and  the voltage a ttenua tion
is determined  by the resistanc e ra tio in the c irc uit. The
reac tanc e of the c apac itors in the c irc uit is so high a t low
freq uenc ies tha t the ir e ffec t is neg lig ib le . However, a t,
higher frequenc ies, the reac tanc e of the c apac itors dec reases
and the a ttenuator bec omes primarily a  c apac itanc e voltage
d ivider.

In add ition to p rovid ing  c onstant a ttenua tion a t a ll fre-
quenc ies within the bandwid th of the instrument, the Input
Attenua tors a re designed  to ma inta in the same input RC
c harac teristic s (one megohm X 20 pF) for eac h setting  of
the CH 1 VOLTS/ DIV switc h. Eac h a ttenua tor c onta ins an
ad justab le series c apac itor to p rovide c orrec t a ttenua tion
a t high-frequenc ies and  an ad justab le shunt c apac itor to
provide c orrec t input c apac itanc e.

3 - 3



TM 1 1 - 6 6 2 5 - 1 7 2 2 - 1 5

Inp ut Sta g e

The Channel 1 signa l from the Input Attenua tor is c on-
nec ted  to the Input Stage through the network C17-C18-
C20-R16-R17-R18-R19-R20-R21. R16, R17 and  R20 p rovide
the input resistanc e for this stage. These resistors a re pa rt
of the a ttenua tion network a t a ll CH 1 VOLTS/ DIV switc h
positions. Va riab le c apac itor C17 ad justs the basic  input
time c onstant for a  nomina l va lue of one megohm X 20pF.
The d ivider ac tion of R16-R17-R20 a llows about 98% of DC
and  low-frequenc y signa ls to pass to the ga te of FET (field -
effec t transistor) Q23A. C18 with the stray c apac itanc e in
the c irc uit forms an AC d ivider whic h ma inta ins this same
voltage d ivision for high-frequenc y signa ls. R18 limits the
c urrent d rive to the ga te of Q23A. Diode D18 p rotec ts the
c irc uit by c lamp ing the ga te of Q23A a t about -12.5 volts
if a  high-amp litude nega tive signa l is app lied  to the Channel
1 INPUT c onnec tor. Over-voltage p rotec tion for high-amp li-
tude positive signa ls is p rovided  by forward  c onduc tion of
Q23A. The c urrent pa th is through R23, L23, D36 ond  D37.

FET Q23B is a  c onstant c urrent sourc e for Q23A and  a lso
provides tempera ture c ompensa tion for Q23A. The STEP
ATTEN BAL ad justment, R30, va ries the ga te level of Q23B
to p rovide a  zero-volt level a t the emitter of Q34 with no
signa l app lied . With a  zero-volt level a t the emitter of Q34,
the trac e position will not c hange when switc hing between
the 5, 10 and  20 mV positions of the CH 1 VOLTS/ DIV switc h.

DC and  Iow-frequenc y signa ls a re c onnec ted  from the
sourc e of Q23A to the Feedbac k Amplifier through R23,
L23, Q33 ond  R39.

L23 isola tes the base of Q33 from the sourc e of FET Q23A,
Diodes D34-D35 and  D36-D37 limit the dynamic  range of
the signa l a t the base of Q33 and  p revent the following
stages from being  damaged  by a  la rge voltage swing a t
the sourc e of Q23A. The signa l pa th for high-frequenc y
signa ls is through C23, Q43 and  C39. High-frequenc y signa ls
a t the emitter of Q43 a re c onnec ted  to the base of Q33
through C38. This a llows Q33 to be d riven a t high fre-
quenc ies while p reventing  the base c irc uitry of Q33 from
c apac itively load ing the input FET, Q23A. C38 is selec ted
to p rovide the same amp litude AC and  DC signa l a t the
hose of Q33. C24 c oup les high-frequenc y information to
the junc tion of R25-R26, thereby reduc ing the load ing a t the
base of Q43.

Fe e d b a c k  Am p lifie r

The Feedbac k Amplifier, Q34 and  Q54, c hanges the over-
a ll ga in of the Channel 1 Vertic a l Preamp to p rovide the c or-
rec t deflec tion fac tor in the 5 and  10 mV positions of the CH
1 VOLTS/ DIV switc h. Ga in of this stage is determined  by the
ra tio of R46-R50 to R43, R44 or R45. In the 5 mV position of
the CH 1 VOLTS/ DIV switc h, the network C43A-C43B-C43C-
C43D-C43E-L43A-R43A-R43C-R43E is c onnec ted  into the emit-
ter c irc uit of Q34. The ra tio between R46-R50 and  R43 p ro-
vides a  ga in of obout 10. C43A, C43C, L43A and  R43C a re
ad justab le to p rovide high-frequenc y peaking for the net-
work. In the 10 mV position, c ond itions a re the same ex-
c ep t tha t the network C44A-C44B-C44C-L44A-R44A-R44B-
R44C is c onnec ted  into the c irc uit in p lac e of the p revious net-
work. The ra tio between R46-R50 and  R44 p rovides a  ga in of
about 5 times in this CH 1 VOLTS/ DIV switc h position. C44A,
C44C and  R44C p rovide high frequenc y peaking for this
network. In the 20 mV and  higher CH 1 VOLTS/ DIV switc h

positions, the ga in of the Feedbac k Amp lifier is about 2.5
as estab lished  by the ra tio between R46-R50 and  R45. Ad-
justab le c apac itor C45A p rovides high-frequenc y peaking
for the Feedbac k Amp lifier stage. C49 and  R49 p rovide
high-frequenc y damp ing for the c irc uit. As mentioned  p re-
viously, the STEP ATTEN BAL ad justment is set to p rovide
zero volts a t the emitter of Q34 when the input is a t zero
volts. Sinc e there is no voltage d ifferenc e ac ross the emit-
ter resistors, R43, R44 or R45, c hanging the va lue of the
resistanc e does not c hange the c urrent in the c irc uit. There-
fore, the trac e position does not c hange when switc hing be-
tween the 5 mV, 10 mV and  20 mV positions of the CH 1
VOLTS/ DIV sw itc h if the  STEP ATTEN BAL c ontro l is c o r-
rec tly ad justed .

Vertic a l position of the trc c e is determined  by the setting
of the POSITION c ontrol, R40. This c ontrol c hanges the c ur-
rent into the emitter of Q34, a  Iow-lmpedanc e point, whic h
results in neg lig ib le voltage c hange a t this point. How-
ever, the c hange in c urrent from the POSITION c ontrol p ro-
duc es a  resultant DC voltage a t the output of the Feedbac k
Amplifier stoge to c hange the vertic a l position of the trac e.
The CH 1 Position Center ad justment, R55, is ad justed  to
p rovide a  c entered  d isp lay when the Channel 1 POSITlON
c ontrol is c entered  (with a  zero-volt DC input level).

Zener d iode D53 p rovides a  low-impedanc e sourc e for
Q54. Variab le c apac itor C54 p rovides feedbac k from the
c ollec tor to the base of Q54 for amp lifier stab tllza tion.The
output signa l from the Feedbac k Amp lifler stage is c on-
nec ted  to the Paraphrase Amplifier stage and  the Channel 1
Trigger Pic koff stage.

C h a n n e l  1  Trig g e r Pic k o ff

The signa l a t the c ollec tor of Q54 in the Feedbac k Amp li-
fier stage is c onnec ted  to the Channel 1 Trigger Pic koff
stage through D58 and  R59. This samp le of the Channel 1
input signa l p rovides interna l triggering  from the Channel 1
signa l or X-axis deflec tion for EXT HORIZ opera tion. Q63
is c onnec ed  as an emitter fo llower to p rovide isola tion be-
tween the Trigger Preamp c irc uit and  the Feedbac k Ampli-
fier stage. It a lso p rovides a  minimum load  for the Feed-
bac k Amp lifier stoge and  a  low output impedanc e to the
Trigger Preamp c irc uit. D58 p rovides therma l c ompensa tion
for Q63. The CH 1 Trigger DC Level ad justment, R60, ad -
justs the DC level a t the base of Q63 for a  zero-volt DC
output level from the Trigger Preamp c irc uit when the Chan-
nel 1 trac e is c entered  vertic a lly. Output from the Channel 1
Trigger Pic koff stage is c onnec ted  to the Trigger Preamp c ir-
c uit through the TRIGGER switc h, SW230B.

Pa ra p h a se  A m p l i f ie r

The output signa l from the Feedbac k Amp lifier stage is
c onnec ted  to the Paraphase Amplifier stage through the VAR-
IABLE c ontrol, R75. When the VARIABLE c ontrol is set to the
CAL position (fully c loc kwise), R75 is effec tively by-passed
and  maximum signa l c urrent reac hes the base of Q84.
Switc h SW75, ganged  with the VARIA8LE c ontrol, is open
and  the UNCAL neon bulb  is d isc onnec ted . As the VARIABLE
c ontrol is rota ted  c ounterc loc kwise from the CAL detent,
SW75 is c losed  and  the UNCAL light, B75, ignites to in-
d ic a te tha t the vertic a l deflec tion is unc a lib ra ted . The sig -
na l app lied  to the base of Q84 is c ontinuously reduc ed  as the
VARIABLE c ontrol is rota ted  c ounterc loc kwise.
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Q84 and  Q94 a re c onnec ted  as a  c ommon-emitter phase
inverter (pa raphase amp lifier)l to c onvert the sing le-ended
input signa l to a  push-pull output signa l. Ga in of this stage
is determined  by the emitter degenera tion. As the resistanc e
between the emitters of Q84 and  Q94 inc reases, emitter de-
genera tion inc reases a lso to result in less ga in through the
stage. The GAIN, ad justment, R90, va ries the resistanc e be-
tween the emitters to c ontrol the overa ll ga in of the Channel
1 Vertic a l Preamp.

C H A N N EL 2  V ERTI C A L PREA M P

G e ne ra l

The Channel 2 Vertic a l Preamp c irc uit is basic a lly the same
as the Channel 1 Vertic a l Preamp c irc uit. Only the d if-
ferenc es between the two c irc uits a re desc ribed  here. Por-
tions of this c irc uit not desc ribed  in the fo llowing desc rip tion
opera te in the same manner as for the Channel 1 Vertic a l
Preamp c irc uit [c orrespond ing c irc uit numbers assigned in the
100-199 range]. Fig . 3-3 shows a  deta iled  b loc k d iagram
of the Channel 2 Vertic a l Preamp c irc uit. A sc hematic  of
this c irc uit is shown in d iagram 3 a t the rea r of this manua l.

Fe e d b a c k  Am p lifie r

Basic a lly, the Channel 2 Feedbac k Amp lifier opera tes as
desc ribed  for Channel 1. However, the Channel 2 Vertic a l
3 Llo y d  P.  Hu n t e r ( e d . ) , “ Ha n d b o o k o f  Se m ic o n d uc t o r Ele c t ro n ic s” ,
se c o nd  e d it io n , M c G ra w -Hill, Ne w  Yo rk, p p . 11-94.

Preamp c irc uit does not have a  trigger p ic koff stage. To p ro-
vide a  load  a t the c ollec tor of Q154 simila r to the Ioc
the Channel 1 Trigger Pic koff stage p rovides a t the c ollec t
of Q54, C159 and  R159 a re c onnec ted  into the c irc uit.

Pa ra p h a se  A m p l i f ie r

The basic  Channel 2 Paraphase Amp lifier c onfigura tic
and  opera tion is the same as for Channel 1. However, the
INVERT switc h, SW195, has been added  in the Channel 2
c irc uit. This switc h a llows the d isp layed  signa l from Chan-
nel 2 to be inverted .

V ERTI C A L SW I TC H I N G

G e ne ra l

The Vertic a l Switc hing c irc uit determines if the CH 1 and /
or the CH 2 Vertic a l Preamp output signa l is c onnec ted  to
the Vertic a l Output Amp lifier c irc uit (through the Delay Line
Driver and  Delay Line stages). In the ALT and  CHOP posi-
tions of the MODE switc h, both c hannels a re a lterna tely d is-
p layed  on a  sha red -time basis. Fig . 3-4 shows a  deta iled
b loc k d iagram of the Vertic a l Switc hing c irc uit. A sc hematic
of this c irc uit is shown on d iagram 5 a t the rea r of this man-
ua l.

Dio d e  G a te s

The Diode Ga tes, c onsisting  of four d iodes eac h, c an be
thought of as switc hes whic h a llow either of the Vertic a l
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Preamp output signa ls to be c oup led  to the Vertic a l Output
Amplifier. D201 through D204 c ontrol the Channel 1 output
and  D206 through D209 c ontrol the Channel 2 output. These
d iodes a re in turn c ontrolled  by the Switc hing  Multivib ra tor
for dua l-trac e d isp lays, or by the MODE switc h for sing le-
trac e d isp lays.

CH 1. In the  CH 1 p osit ion o f the  MODE sw itc h, -12
volts is app lied  to the junc tion of D207-D208 in the Chan-
nel 2 Diode Ga te through R227 (see simp lified  d iagram in
Fig . 3-5]. This forward  b iases D207-D208 and  reverse b iases
D206-D209 sinc e the input to the Delay-Line Driver stage is
a t about -5.8 volts. D206-D209 b loc k the Channel 2 signa l
so it c annot pass to the Delay-Line Driver stage. At the
same time, in the Channel 1 Diode Gate, D202-D203 a re c an-
nec ted  to ground  through R212. D202-D203 a re held  reverse
b iased  while D201-D204 a re forward  b iased . Therefore, the
Channel 1 signa l posses to the Delay-Line Driver stage.

CH 2. In the CH 2 position of the MODE switc h, the above
c ond itions a re reversed . D202-D203 a re c onnec ted  to -12
volts through R217 and  D207-D208 a re c onnec ted  to ground
through R222. The Channel 1 Diode Gate b loc ks the signa l
and  the Channel 2 Diode Ga te a llows it to pass.

Sw itc h in g  M u lt iv ib ra to r

ALT. In this mode of opera tion, the Switc hing Multivib ra -
tor opera tes as a  b istab le multivib ra tor.2 In the ALT posi-
tion of the MODE switc h, -12 volts is app lied  to the emitter
of the Alterna te Trac e Switc hing Amplifier stage, Q234 by
the MODE switc h. Q234 is forward  b iased  to supp ly c urrent
to the "on" Switc hing-Multivib ra ta r transistor through R235,
D235 and  R218 or R228. For examp le if Q225 is c onduc ting ,
c urrent is supp lied  to Q225 through R228. The c urrent flow
through c ollec tor resistors R212 and  R222 d rops the D207-
D208 c a thode level nega tive so the Channel 2 Diode Gate is
b loc ked  as for Channel 1 only opera tion. The signa l passes
through the Channel 1 Diode Gate to the Delay-Line Driver
stage.

The a lterna te trac e sync  pulse is app lied  to Q234 through
D231 a t the end  of eac h sweep. This nega tive-going sync
pulse momenta rily interrup ts the c urrent through Q234 and
both Q215 and  Q225 a re turned  off. When Q234 turns on
aga in a fter the a lterna te-trac e sync  pulse, the c harge on
C218 determines whether Q215 or Q225 c onduc ts. For ex-
ample, when Q225 was c onduc ting, C218 was c harged nega-
tively on the D228 side to the emitter level of Q225 and
positively on the D218 side. This c harge is stored  while Q234
is off and  when c urrent flow through Q234 resumes, this
stored  c harge holds the anode of D228 more nega tive than
the anode of D218. D218 is forward  b iased  and  the emitter
of Q215 is pulled  more nega tive than the emitter of Q225
ta  switc h the multivib ra tor. The c ond itions desc ribed  p re-
viously a re reversed ; now the Channel 1 Diode Ga te is
reverse b iased  and  the Channel 2 signa l passes through the
Channel 2 Diode Ga te.

The Referenc e Feedbac k stage, Q253, p rovides c ommon-
mode voltage feedbac k from the Delay-Line Driver stage to
a llow the d iode ga tes to be switc hed  with a  minimum amp li-
tude switc hing signa l. The emitter level of Q253 is c on-
netted  to the junc tion of the Switc hing Multivib ra tor c ollec tor

2Ja c o b  M i l lm a n  a n d  He rb e rt  Ta u b , “ Pu lse , Dig it a l a nd  Sw it c h ing
Wa v e f o rm s”  M c G ra w -Hi l l ,  N e w  Yo rk ,  1965,  p p .  362-389.

resistors, R211-R212 and  R221-R222 through D213 or D223.
The c ollec tor level of the "on" Switc hing Multivib ra tor trans-
istor is nega tive and  either D213 or D223 is forward  b iased .
This c lamps the c a thode level of the forward -b iased  shunt
d iodes in the app lic ab le Diode Ga te about 0.5 volts more
nega tive than the emitter level of Q253. The shunt d iodes
are c lamped  near their switc hing level and  therefore they
c an be switc hed  very fast with a  minimum amp litude switc h-
ing signa l. The level a t the emitter of Q253 follows the
average voltage level a t the emitters of the Delay-Line
Driver stage. This ma inta ins about the same voltage d if-
ferenc e ac ross the Diode Gate shunt d iodes so they c an be
switc hed  with a  minimum amp litude switc hing  signa l regard -
less of the deflec tion signa l a t the anodes of the shunt d iodes.

CHOP. In the CHOP positian of the MODE switc h, the
Switc hing  Multivib ra ta r free runs as an astab le multivib ra tor3

a t about a  500-kHz ra te. The emitters of Q215 and  Q225
are c onnec ted  to -12 volts through R218 and  R228. At the
time of turn-on, one of the transistors beg ins to c onduc t; for
example, Q225. Q225 c onduc ts the Channel 2 c urrent and
prevents the Channel 2 signa l from reac hing the Delay-Line
Driver stage. Meanwhile, the Channel 1 Diode Gate passes
the Channel 1 signa l to the Delay-Line Driver.

The frequenc y-determining c omponents in the CHOP mode
are C218-R218-R228. Switc hing ac tion oc c urs as follows:
When Q225 is on, C218 a ttempts to c harge to -12 volts
through R218. The emitter of Q215 slowly goes toward  -12
volts as C218 c harges. The base a f Q215 is held  a t a  nega-
tive point determined  by voltage d ivider R215-R224 between
-12 volts and  the c ollec tor of Q225. When the emitter volt-
age of Q215 reac hes a  level slightly more nega tive than its
base, Q215 c onduc ts. The c ollec tor level of Q215 goes
nega tive and  pulls the base of Q225 nega tive a lso, through
d ivider R214-R225, to c ut Q225 off. When Q215 turns on,
its emitter is pulled  positive a long with C218. This ac tion
switc hes the Diode Gate stage to c onnec t the opposite ha lf
to the Delay-Line Driver stage. Aga in C218 beg ins to c harge
towards -12 volts but this time through R228. The emitter
of Q225 slowly goes nega tive as C218 c harges, until Q225
turns on. Q215 shuts off and  the c yc le beg ins aga in.

Diodes D218 and  D228 have no effec t in the CHOP mode.
Q253 opera tes the same in CHOP as in ALT, to a llow the
Diode Ga tes to be switc hed  with a  minimum signa l level.

The Chopped  Blanking  Amp lifier stage, Q244, p rovides
an output pulse to the Z Axis Amp lifier whic h b lanks out
the transition between the Channel 1 trac e and  the Channel
2 trac e. When the Switc hing Multivib ra tor c hanges sta tes,
the c urrent through T241 momenta rily c hanges. A nega tive
pulse is app lied  to the base of Q244, to turn it off. The wid th
of the pulse a t the base of Q244 is determined  by R241 and
C241. Q244 c lips the signa l app lied  to its base, and  the
positive-going output pulse, whic h is c oinc ident with trac e
switc hing , is app lied  to the Z Axis Amp lifier c irc uit through
R245.

ADD. In the ADD position of the MODE switc h, the Diode
Gate stage a llows both signa ls to pass to the Delay-Line
Driver stage. The Diode Ga tes a re both held  on by –12
volts app lied  to their c a thodes through R260 and  R270. Sinc e
both signa ls a re app lied  to the Delay-Line Driver stage, the
output signa l is the a lgebra ic  sum of the signa ls on both
Channel 1 and  2.
3 Ib id . ,  p p .  438-451.
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Fig .  3 -5 .  Ef f e c t  o f  D io d e  G a t e s o n  sig n a l  p a t h  ( sim p l i f ie d  V e rt ic a l  Sw i t c h in g  d ia g ra m ) .  C o n d i t io n s sh o w n  f o r C H 1  p o si t io n  o f  M O D E
sw itc h.

De la y - Lin e  Driv e r

Output of the Diode Ga te stage is app lied  to the Delay-
Line Driver stage, Q284 and  Q294. Q284 and  Q294 a re
c onnec ted  as opera tiona l amp lifiers with feedbac k p rovided
by R268-R269 and R278-R279 and the delay-line c ompensation
network. The delay-line c ompensa tion network, C261-C262-
C263-C264-C265-C266-R261-R262-R264-R265, p rovides high-
frequenc y c ompensa tion for the Delay Line. R289-C289 in
the c ollec tor c irc uit of Q284-Q294 improve the high-fre-
quenc y reverse termina tion of the Delay
the Delay-Line Driver stage is c onnec ted  to
put Amp lifier through the Delay Line.

N o rm a l  Trig g e r Pic k o ff N e tw o rk

Line. Output of
the Vertic a l Out-

The trigger signa l for NORM trigger opera tion is ob ta ined
from the c ollec tor of Q284. The Norma l Trigger DC Level
ad justment, R285, sets the DC level of the norma l trigger
output signa l so the sweep  is triggered  a t the zero-level of
the d isp layed  signa l when the Triggering  LEVEL c ontrol is set
to 0. The norma l trigger signa l is c onnec ted  to the Trigger
Preamp through SW230B. R294 and  R295 p rovide the same
DC load  for Q294 as p rovided  to Q284 by the Norma l Trig -
ger Pic koff Network.

V ERTI C A L O UTPUT A M PLI FI ER

G e ne ra l

The Vertic a l Output Amp lifier c irc uit p rovides the fina l
amp lific a tion for the vertic a l deflec tion signa l. This c irc uit
inc ludes the Delay Line and  the TRACE FINDER switc h. The
TRACE FINDER switc h c ompresses an oversc anned  d isp lay
within the viewing a rea  when p ressed  in. Fig . 3-6 shows a
deta iled  b loc k d iagram of the Vertic a l Output Amp lifier c ir-
c uit. A sc hematic  of this c irc uit is shown on d iagram 6 a t
the rea r of this manua l.

De la y  Lin e

The Delay Line p rovides approxima tely 140 nanosec onds
delay for the vertic a l signa l to a llow the Sweep  Genera tor
c irc uits time to initia te a  sweep  before the vertic a l signa l
reac hes the vertic a l deflec tion p la tes. This a llows the instru-
ment to d isp lay the lead ing  edge of the signa l orig ina ting
the trigger pulse when using interna l triggering.

Ph a se  Eq u a l ize r N e tw o rk

The Phase Equa lizer Network is c omprised  of L301-L302-
L311-C301-C302-C311-C312. This network c ompensa tes for

3 - 8



TM 11-6625-1722-15

Fig . 3-6. Ve rt ic a l O u t p u t  A m p lif ie r d e t a ile d  b lo c k d ia g ra m .

the phase d istortion of the Delay Line. C303-R303 and  C313-
R313 in series with the base-emitter resistanc e of Q304 and
Q314 p rovide the forward  termina tion for the Delay Line.

O u tp u t  A m p l i f ie r

Q304 and  Q314 a re c onnec ted  as c ommon-base amp li-
fiers to p rovide a  low input impedanc e to p roperly termina te
the Delay Line (a long with the Phase Equa lizer Network). It
a lso p rovides isola tion between the Delay Line and  the fo l-
lowing stages.

The output of Q304 and  Q314 is c onnec ted  to the bases
of Q324 and  Q334. The network C326-C327-C328-C336-
R328 provides high-frequenc y peaking to c ompensate for the
c apac itive load ing of the deflec tion p la tes on the output
stage. C328, C336 and  R328 a re ad justab le to p rovide op ti-
mum response. The TRACE FINDER switc h, SW330, reduc es
the quiesc ent c urrent of Q324 and  Q334, when p ressed , to
c ompress an off-sc reen d isp lay within the gra tic ule a rea .
Norma lly, the c ollec tor c urrent for Q324 and  Q334 is sup-
p lied  through R321, R322 and  the pa ra llel c omb ina tion of
R323 and  R333. When SW330 is p ressed , -12-volts is c on-
nec ted  to the c ollec tor c irc uit of Q324 and  Q334 through
R332. This limits the dynamic  range of Q324 and  Q334 to
c ompress the d isp lay vertic a lly within the gra tic ule a rea .
Although the d isp lay is nonlinea r, it p rovides a  method  of
loc a ting  a  signa l tha t is off sc reen vertic a lly due to inc or-
rec t positioning  or deflec tion fac tor.

Q344 and  Q354 amp lify the output of Q324 and  Q334.
The signa l a t the c ollec tors of Q344 and  Q354 is app lied
to the output transistors, Q364 and  Q374, through R344,
R354 and  T357. D344 and  D354 p revent sa tura tion of Q344
and  Q354 (to improve the rec overy of the Vertic a l Output
Amp lifier c irc uit) when la rge signa ls deflec t the d isp lay off
sc reen. T357 p rovides high-frequenc y ba lanc e for the Out-
put Amp lifier stage. Q364 and  Q374 p rovide the output sig -
na l voltage to d rive the CRT vertic a l deflec tion p la tes. LR367
and  LR377 p rovide damp ing for the leads c onnec ting  the
output signa l to the deflec tion p la tes.

TRI G G ER PREA M P

G e n e ra l

The Trigger Preamp c irc uit amp lifies the interna l trigger
signa l to the level nec essary to d rive the A and  B Trigger

Genera tor c irc uits. Input signa l for the Trigger Preamp c ir-
c uit is either a  samp le of the signa l app lied  to Channel 1 or
a  samp le of the c omposite vertic a l signa l from the Vertic a l
Switc hing  c irc uit. Fig . 3-7 shows a  deta iled  b loc k d iagram of
the Trigger Preamp c irc uit. A sc hematic  of this c irc uit is
shown in d iagram 7 a t the rea r of this manua l.

Inp ut C irc uitry

The interna l trigger signa l from the Vertic a l Deflec tion
System is c onnec ted  to the Trigger Preamp through the
TRIGGER sw itc h, SW230B. When the  TRIGGER sw itc h is
in the  NORM p osit ion, the  trig g er sig na l is a  sa mp le
of the c omposite vertic a l signa l in the Vertic a l Switc hing
c irc uit. This signa l is ob ta ined  from the c ollec tor of Q284 and
is a  samp le of the d isp layed  c hannel (or c hannels for dua l-
trac e opera tion). Sinc e the signa l sourc e follows the dua l-
trac e switc hing stage, the NORM trigger signa l a lso inc ludes
the c hopped  switc hing transients when opera ting  in the
CHOP mode. When the TRIGGER switc h is in the NORM
position, the CH 1 lights, B400 and  B401, a re d isc onnec ted .
Also, the samp le of the Channel 1 signa l is c onnec ted  to the
CH 1 OUT c onnec tor. This output signa l c an be used  to
monitor Channel 1 or it c an be used  to c asc ade with Chan-
nel 2 to p rovide a  one millivolt/ d ivision minimum deflec tion
fac tor (with reduc ed  bandwid th).

In the CH 1 ONLY position of the TRIGGER switc h, the
interna l trigger signa l is ob ta ined  from the emitter of Q63
in the CH 1 Vertic a l Preamp c irc uit. Now, the interna l trig -
ger signa l is a  samp le of only the signa l app lied  to the Chan-
nel 1 INPUT c onnec tor. The CH 1 lights a re turned  on to
ind ic a te tha t the TRIGGER switc h is in the CH 1 ONLY
position and  the CH 1 OUT c onnec tor is d isc onnec ted  from
the c irc uit.

R402, R403 and  R404 termina te the c oaxia l c ab les from
the trigger p ic koff stages to p rovide a  c onstant load  for
these stages. In the NORM position of the TRIGGER switc h,
the NORM trigger signa l (from the Vertic a l Switc hing c irc uit)
is termina ted  a t the input to the amp lifier by R404. The CH 1
ONLY trigger signa l (from the CH 1 Vertic a l Preamp c irc uit) is
termina ted  a t the CH 1 OUT c onnec tor by R402. In the CH
1 ONLY position, the CH 1 ONLY trigger signa l is termi-
na ted  a t the input to the amp lifier by R404 and  the NORM
trigger signa l is termina ted  by R403.
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Fi g .  3 - 7 .  Tr i g g e r  P r e a m p  d e t a i l e d  d i a g r a m

A m p lifie r C irc uitry

The interna l trigger signa l selec ted  by the TRIGGER switc h
is c onnec ted  to the base of Q404. Transistor Q404 c onverts
the trigger voltage signa l a t its base to a  c urrent d rive for
the rema inder of the Trigger Preamp. D408 in the emitter
c irc uit of Q404 p rovides therma l c ompensa tion for the
amplifier.

The signa l c urrent a t the c ollec tor of Q404 is c onnec ted  to
the base of Q414, Q413, Q414 and  Q423 a re c onnec ted  as
a  c urrent d riven, voltage output opera tiona l amp lifier. The
amplified  signa l a t the c ollec tor of Q414 is c onnec ted  d irec tly
to the base of Q413, and  to the base of Q423 through zener
d iode D421 This zener d iode p rovides a  DC voltage d rop
while the signa l is c onnec ted  to the base of Q423 with mini-
mum a ttenua tion. Q413 and  Q423 a re c onnec ted  as emitter
fo llowers in the c omp lementa ry symmetry amp lifier4 c o n-
figura tion. This c onfigura tion overc omes the basic  Iimita tion
of emitter fo llowers; inab ility to p rovide equa l response to
4 Llo y d  P.  Hu n t e r,  p p .  11-57—-11-62.

both positive- and  nega tive-going  portions of a  signa l. This
is remed ied  in this c onfigura tion by using  an NPN transistor
for one emitter fo llower, Q413, and  a  PNP transistor for the
other emitter fo llower, Q423. Sinc e Q413 is an NPN transis-
tor, it responds best to positive-going  signa ls and  Q423,
being  a  PNP transistor responds best to nega tive-going  sig -
na ls. The result is a  c irc uit whic h has equa lly fast response
to both positive- and  nega tive-going  trigger signa ls while
ma inta ining  a  low output impedanc e. Feedbac k from the
output of the Trigger Preamp c irc uit is c onnec ted  to the base
of Q414 through R419. This feedbac k p rovides more linear
op era t ion. To ta l overa ll g a in o f the  Trig g er Prea mp  is
about 10. The amp lified  interna l trigger signa l is c onnec ted
to the A and  B SOURCE switc hes through R427 and  R429.

A  TRI G G ER G EN ERA TO R

G e ne ra l

The A Trigger Genera tor c irc uit p roduc es trigger pulses
to sta rt the A Sweep Genera tor c irc uit. These trigger pulses
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Fig . 3-8. A Trigger Genera tor  deta iled  b loc k  d iagram.

a re derived  either from the interna l trigger signa l from the A COUPLING switc h should  not be in the LF REJ position
Vertic a l Deflec tion System, an externa l signa l c onnec ted  to
the EXT TRIG INPUT c onnec tor, or a  samp le of the line volt-
age app lied  to the instrument. Controls a re p rovided  in
this c irc uit to selec t trigger level, slope, c oup ling  and  sourc e.
Fig . 3-8. shows a  deta iled  b loc k d iagram of the A Trigger
Genera tor c irc uit. A sc hematic  of this c irc uit is shown on
d iagram 8 a t the rea r of this manua l.

Trig g e r So u rc e

The A SOURCE switc h, SW430, selec ts the sourc e of the
A trigger signa l. Three trigger sourc es a re ova ilab le; interna l,
line and  externa l. A fourth position of the A SOURCE switc h
provides 10 times a ttenua tion for the externa l trigger signa l.

The interna l trigger signa l is ab ta ined  from the Vertic a l
Deflec tion System through the Trigger Preamp c irc uit. This
signa l is a  samp le of the signa l(s) app lied  to the Channel 1
and / or Channel 2 INPUT c onnec tors. Further selec tion of the
interna l trigger sourc e is p rovided  by the TRIGGER switc h to
p rovide the interna l trigger signa l from both c hannels or
from Channel 1 only (see Trigger Preamp d isc ussion for
deta ils).

The line trigger is ob ta ined  from voltage d ivider R1104-
R1105 in the Power Supp ly c irc uit. This samp le of the line
frequenc y, about 1.5 volts RMS, is c oup led  to the A Trigger
Genera tor in, the LINE position of the A SOURCE switc h. The

when using this trigger sourc e.

Externa l trigger signa ls app lied  to the A EXT TRIG INPUT
c onnec tor c an be used  to p roduc e a  trigger in the EXT and
EXT ÷ 10 positions of the A SOURCE switc h. Input resistanc e
(DC) is about one megohm in both externa l positions. How-
ever, in the LF REJ position of the A COUPLING switc h, the
med ium and  high-frequenc y resistanc e d rops to about 90
kilohms due to the add ition of C436-R436 in the c irc uit. In
the EXT ÷ 10 position, a  10 times frequenc y c ompensa ted
a ttenua tor is c onnec ted  into the input c irc uit. This a ttenua tor
reduc es the input signa l amp litude 10 times to p rovide more
A LEVEL c ontrol range while ma inta ining the one-megohm
X 20 pF input RC c harac teristic s.

Trig g e r C o u p l in g

The A COUPLING switc h offers a  means of ac c ep ting  or
reiec ting  c erta in frequenc y c omponents of the trigger signa l.
In the AC and  LF REJ positions, the DC c omponent of the
trigger signa l is b loc ked  by c oup ling  c apac itors C435 or
C436. In the AC position, frequenc y c omponents below
about 30 hertz a re a ttenua ted . In the LF REJ position, fre-
quenc y c omponents below about 30 kilohertz a re a ttenuated .

The HF REJ position a ttenuates high-frequenc y c omponents
of the triggering  signa l. The trigger signa l is AC c oup led  to
the input, a ttenua ting  signa ls below about 30 hertz and
above about 50 kilohertz. The DC position p rovides equa l
c oup ling  for a ll signa ls from DC to 50 megahertz.
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I n p u t  Sta g e

The trigger signa l from the A COUPLING switc h is c on-
nec ted  to the Input Stage through the network C440-R438-
R439-R440-R441. R438-R439 p rovide the input resistanc e for
this stage. The voltage-d ivider ac tion of R438-R439 a llows
about 98% of DC or low frequenc y signa ls app lied  to R438
to be ava ilab le a t the junc tion of R438 and  R439. C440
a long with the stray c apac itanc e in the c irc uit forms an AC
d ivider whic h ma inta ins about this same voltage d ivision
for high-frequenc y signa ls. R440 limits the c urrent d rive to
the ga te of FET Q443. Diode D441 p rotec ts the c irc uit by
c lamp ing the ga te of Q443 a t about -12.5 volts if a  high-
amp litude nega tive signa l is app lied  to the EXT TRIG INPUT
c onnec tor. Over-voltage p rotec tion for high-amp litude posi-
tive signa ls is p rovided  by the forward  c onduc tion of FET
Q443.

Q443 is c onnec ted  as a  sourc e follower to p rovide a  high
input impedanc e and  a  low output impedanc e. As a  result,
this stage p rovides isola tion between the A Trigger Gen-
era tor c irc uit and  the trigger signa l sourc e. The output signa l
from Q443 is c onnec ted  to the Slope Compara tor stage
through emitter fo llower Q453. Diodes D449 and  D459 p ro-
vide p rotec tion for the Slope Compara tor stage transistors,
Q454 and  Q464.

Slo p e  C o m p a ra to r

Q454 and  Q464 a re c onnec ted  as a  d ifferenc e amp lifier
(c ompara tor) 5 to p rovide selec tion of the slope and  Ievel a t
whic h the sweep is triggered . The referenc e voltage for the
c ompara tor is p rovided  by the A LEVEL c ontrol, R460, and
the A Trigger Level Center ad justment, R462. The A Trigger
Level Center ad justment sets the level a t the base of Q464
so the d isp lay is triggered  a t the zero-volt DC level of the
inc oming trigger signa l when the A LEVEL c ontrol is c entered .
The A LEVEL c ontrol va ries the base level of Q464 to selec t
the point on the trigger signa l where triggering oc c urs.

R458 estab lishes the emitter c urrent of Q454 and  Q464.
The transistor with the most positive base c ontrols c onduc -
tion of the c ompara tor. For examp le, assume tha t the trigger
signa l from the Input Stage is positive going  and  Q454 is
forward  b iased . The inc reased  c urrent flow through R458
produc es a  la rger voltage d rop  and  the emitters of both
Q454 and  Q464 go more positive. A more positive voltage a t
the emitter of Q464 reverse b iases this transistor, sinc e its
base is held  a t the voltage set by the A LEVEL c ontrol, and
its c ollec tor c urrent dec reases. At the same time, Q454 is for-
ward  b iased  and  its c ollec tor c urrent inc reases. Notic e tha t
the signa l c urrents a t the c ollec tors of Q454 and  Q464 a re
oppos~te in phase, The sweep  c an be triggered  from either
the nega tive-going or positive-going slope of the input trig -
ger signa l by p roduc ing the trigger pulse from either the
signa l a t the c ollec tor of Q464 for - slope opera tion or
the signa l a t the c ollec tor of Q454 for + slope opera tion.
This selec tion is made by the SLOPE switc h, SW455.

When the A LEVEL c ontrol is set to 0 (mid range], the base
of Q464 is a t about one volt positive whic h c orresponds to
a  zero-volt level a t the input to this c irc uit (with c orrec t c a li-
b ra tion]. The base-emitter d rop  a f Q464 sets the c ommon
emitter level of Q454-Q464 to about +0.3 volts. Sinc e the

5Phillip  Cutler, “ Semic onduc tor Circ uit  Ana lysls” ,  Mc Graw-Hill,  New
York,  pp . 365-372.

base of Q454 must be about 0.65 volts more positive than
the emitter before it c an c onduc t, the c ompara tor switc hes
around  the zero-volt level of the trigger signa l (zero-volt
level an the trigger signa l c orresponds to about one volt
positive a t this point). As the A LEVEL c ontrol is turned
c loc kw ise  towa rd  +, the  vo lta g e  a t the  b a se  o f Q464
bec omes more positive. This inc reases the c urrent flow
through R458 to p roduc e a  more positive voltage on the
emitters of both Q454 and  Q464. Now the trigger signa l
must rise more positive before Q454 is b iased  on. The result-
ant CRT d isp lay sta rts a t a  more positive point on the d is-
p layed  signa l. When the A LEVEL c ontrol is in the - reg ion,
the effec t is the opposite to p roduc e a  resultant CRT d isp lay
whic h sta rts a t a  more nega tive point on the trigger signa l.

The slope of the input signa l whic h triggers the A sweep
is determined  by the A SLOPE switc h, SW455. When the A
SLOPE switc h is set to the – position, the c ollec tor of Q454
is c onnec ted  to the +12-volt supp ly through D456 and
R467. The anode of D466 is grounded  and  it is reverse
b iased . Now the c ollec tor c urrent a f Q464 must flow through
D465, R459, the pa ra llel c omb ina tion D475 and  R468-R469-
L469 and  R467 to the + 12-volt supp ly (see Fig . 3-9). Sinc e
the output pulse from the A Trigger Genera tor c irc uit is
derived  from the negative-going portion a f the signa l app lied
to the Trigger TD stage, the sweep is triggered  on the nega-
tive-going  portion of the input trigger signa l (signa l app lied
to Trigger TD stage is in phase with the input signa l for -
slope triggering). When the A SLOPE switc h is set to +, c on-
d itions a re reversed  (see Fig . 3-10). Q464 is c onnec ted  to the
+12-volt supp ly through D466 and  R467. The anode of
D456 is grounded  to d ivert the c ollec tor c urrent of Q454
through the Trigger TD stage. The signa l app lied  to the
Trigger TD stage is now 180° out of phase with the input
trigger signa l so the sweep  is triggered  on the positive-going
portion of the input signa l.

Tr i g g e r  TD

The Trigger TD stage shapes the output of the Slope Com-
para tor to p rovide a  trigger pulse with a  fast lead ing  edge.
Tunnel d iode D4756 is quiesc ently b iased  so it opera tes in
its low-voltage sta te. The c urrent from one of the transistors
in the Slope Compara tor stage is d iverted  through the Trig -
ger TD stage by the A SLOPE switc h. As this c urrent inc reases
due to a  c hange in the trigger signa l, tunnel d iode D475
switc hes to its high-voltage sta te. L469 opposes the sudden
c hange in c urrent whic h a llows more c urrent to pass through
D475 and  switc h it more quic kly. As the c urrent flow stab i-
lizes, L469 aga in c onduc ts the ma jor pa rt of the c urrent.
However, the c urrent through D475 rema ins high enough to
hold  it in its high-voltage sta te. The c irc uit rema ins in this
c ond ition until the c urrent from the Slope Compara tor stage
dec reases due to a  c hange in the trigger signa l app lied  to
the input. Then, the c urrent through D475 dec reases and  it
reverts to its low-voltage sta te.

Pu lse  A m p l i f ie r

The trigger signa l from the Trigger TD stage is c onnec ted
to the base of the Pulse Amplifier, Q473, through R472. The
trigger pulse a t this point is basic a lly a  nega tive-going  pulse
with a  fast rise. The wid th of the pulse depends upon the

‘Millman  and  Taub , pp . 452-455.
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Fi g .  3 - 9 .  Trigger pa th  for nega tive-slope  triggering  (simp lified  A Trigger Genera tor  d iagram).

waveshape of the input signa l and  the setting  of the A
LEVEL c ontrol. Q473 is c onnec ted  as an amp lifier with the
primary of pulse transformer T474 p rovid ing  the ma jor c ol-
lec tor load . The nega tive-going pulse a t the base of Q473
drives it into heavy c onduc tion and  the resulting  c urrent
inc rease of Q473 flows through T474, R474, Q473, C473 and
C467. Due to the short time c onstant of the RC network in-
volving C473, the c urrent of Q473 quic kly returns to the level
determined  by R473. The resultant signa l a t the c ollec tor of
Q473 is a  positive-going fast-rise pulse with the wid th deter-
mined  by the time c onstants of the RC network in the c ir-
c uit. T474 inverts the output pulse to p roduc e a  nega tive-
going trigger pulse whic h is c oinc ident with the rise of the
output signa l from the Trigger TD stage. This nega tive-going
trigger pulse is c onnec ted  to the A Sweep Genera tor c ir-
c uit through C476-R476. D474 limits the c ollec tor of Q473
from going  more positive than about +0.5 volts. A simul-
aneous nega tive-going pulse with the same wid th as the
trigger pulse is ava ilab le a t the emitter of Q473. This pulse
is c onnec ted  to the Auto Pulse Amplifier stage.

A u to  Pu lse  A m p l i f ie r

The nega tive-going trigger pulse from the emitter of Q473
is c onnec ted  to the base of Q484 through R481. This stage
is simila r to the Pulse Amp lifier stage. Induc tor L484 p ro-
vides the c ollec tor load  for this stage. The positive-going
portion of the trigger pulse is c oup led  to the Auto Multi-
vib ra tor stage through D484. D483 c lamps the c ollec tor of
Q484 a t about -0.5 volts to elimina te nega tive transients.

A u to  M u lt iv ib ra to r

The basic  c onfigura tion of the Auto Multivib ra tor stage is
a  monostob le multivib ra tor7 made up  of Q485 and  Q495.
This stage p roduc es the c ontrol ga te for the auto trigger
c irc uits loc a ted  in the A Sweep Genera tor c irc uit. Under
quiesc ent c ond itions (no trigger signa l), the base of Q495 is

‘ Ib id .,  pp . 405-438.
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Fi g .  3 - 1 0 .  Trigger pa th  for positive-slope  triggering  (simp lified  A Trigger Genera tor  d iagram)

near zero volts. The base of Q485 is held  a t about -0.65
volts by the forward  voltage d rop  of D484. Sinc e the base of
Q495 is the most positive, it c onduc ts and  ra ises the emitter
level of Q485 positive enough to hold  it off. C485 c harges
to about +13 volts where it is c lamped  by D486 and  D493.
The  b a se  o f Q494 is c la mp ed  a t a b out +12.6 vo lts b y
D493 whic h reverse b iases it. Sinc e there is no c urrent flow
through Q494, its c ollec tor level goes nega tive.

When a  trigger signa l is p resent, the positive-going pulses
from the Auto Pulse Amplifier stage turn Q485 on through
D484. The c ollec tor of Q485 goes nega tive and  C485 d is-
c harges rap id ly through Q485, R490 and  R485. As C485 d is-
c harges, the c urrent flow through R490 b iases Q495 off.
When C485 is fully d isc harged , the c urrent flow through
R490 c eases and  Q495 c omes bac k on to reset the multi-
vib ra tor. Now C485 beg ins to c harge towards +75 volts
through R486. Current a lso flows through R494 and  the base
of Q494 goes nega tive to b ias it on. The c ollec tor level of
Q494 rises positive to p roduc e the auto ga te output for the
A Sweep Genera tor c irc uit.

For low-frequenc y signa ls (below about 30 hertz), C485
rec harges to about +13 volts in about 85 millisec onds. Then
Q494 is b iased  off to end  the auto ga te (d isp lay free runs
or is unstab le). However, if a  repetitive trigger signa l turns
Q485 on aga in before C485 has c harged  to +13 volts, C485
is d isc harged  c omp letely aga in and  onc e more sta rts to
c harge towards +75 volts. Sinc e the base of Q494 rema ins
nega tive enough with a  repetitive trigger signa l to hold  it
in c onduc tion, the auto output level is c ontinuous for a  stab le
d isp lay (with c orrec t A LEVEL c ontrol setting).

A  SW EEP G EN ERA TO R

G e ne ra l

The A Sweep Genera tor c irc uit p roduc es a  sawtooth volt-
age whic h is amp lified  by the Horizonta l Amp lifier c irc uit
to p rovide horizonta l sweep  deflec tion on the CRT. This
output signa l is genera ted  on c ommand  (trigger pulse) from
the A Sweep Genera tor c irc uit. The A Sweep Genera tor c ir-
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Fig . 3-11. A Sweep  Genera tor  deta iled  b loc k d iagram.

c uit a lso p roduc es on unb lanking  ga te to unb lank the CRT
during  A sweep  time. In add ition-this c irc uit p roduc es severa l
c ontrol signa ls for other c irc uits within this instrument and
severa l output signa ls to the side-panel c onnec tors. Fig . 3-11
shows a  deta iled  b loc k d iagram of the A Sweep  Generotor
c irc uit. A sc hematic  of this c irc uit is shown on d iagram 9 a t
the rea r of this manua l.

The A SWEEP MODE switc h a llows three modes of opera -
tion. In the NORM TRIG position, a  sweep  is p roduc ed  only
when a  trigger pulse is rec eived  from the A Trigger Genera -
tor c irc uit. Opera tion in the AUTO TRIG position is muc h
the same as NORM TRIG exc ep t tha t a  free-running trac e
is d isp loyed  when a  trigger pulse is not p resent. In the SIN-
GLE SWEEP p osit ion, op era t ion is a lso  sim ila r to  NORM
TRIG exc ep t tha t the sweep is not rec urrent. The following
c irc uit desc rip tion is g iven with the A SWEEP MODE switc h
set to NORM TRIG. Differenc es in opera tion for the other
two modes a re then d isc ussed  la ter.

N o r m a l  T r i g g e r  M o d e  O p e r a t i o n

Sweep Gate. The nega tive-going trigger pulse genera ted
by the A Trigger Genera tor c irc uit is app lied  to the Sweep

Gate stage through D501. Tunnel d iode D505 is quiesc ently
b iased  on in its low-voltage sta te. When the nega tive-going
trigger pulse is app lied  to its c a thode, the c urrent through
D505 inc reases and  it rap id ly switc hes to its high-voltage
sta te where it rema ins until reset by the Sweep Reset Multi-
vib ra tor stage a t the end  of the sweep. The nega tive-going
level a t the c a thode of D505 is c onnec ted  to the base of
Q504 through C503 and  R503. Q504 is turned  on and  its
c ollec tor goes positive. This positive-going  step  is c on-
nec ted  to the Disc onnec t Diode through C509-R509 and  to
the Output Signa l Amp lifier through C506-R506.

Output Signal Amplifier. The positive-going ga te pulse
from the Sweep Gate stage app lied  to the base of Q514 p ro-
duc es a  nega tive-going  pulse a t its c ollec tor. This pulse is
c onnec ted  to the Z Axis Amplifier c irc uit through R519 to
unb lank the CRT during  sweep  time. It is a lso c onnec ted  to
the Holdoff Capac itor through R517 and  D517 to d isc harge it
c omp letely a t the beg inning of eac h sweep.

The positive-going  ga te pulse a t the base of Q514 is a lSO
c oup led  from the emitter of Q514 to the emitter of Q524.
The resulting  positive-going signa l a t the c ollec tor of Q524
is c oup led  to the Vertic a l Switc hing c irc uit through C526 to
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provide an a lterna te-trac e sync  pulse for dua l-trac e opera -
tion. It is a lso c oup led  to the A GATE output c onnec tor on
the side panel through R529. D528 and D-529 c lamp the ga te
signa l so it does not go more than about 0.5 volts nega tive
and  12.5 volts positive.

Disconnect Diode. The Disc onnec t Diode, D533, is quie-
sc ently c onduc ting c urrent through R506, R508, R509, R530
and  R531. The positive-going ga te signa l from Q504 reverse
b iases D533 and  interrup ts the quiesc ent c urrent flow. Now
the timing c urrent through the Timing Resistor beg ins to
c harge the Timing Capac itor, C530, so the Sawtaoth Sweep
Genera tor stage c an p roduc e a  sawtooth output signa l. The
pasitive-going  ga te signa l a lso reverse b iases D547 to d is-
c onnec t the Sweep Sta rt Amp lifier. The Disc onnec t Diode is
a  fast turn-off d iode with low reverse leakage to reduc e
switc hing  time and  improve timing linearity a t the sfa rt of the
sweep,

Sawtooth Sweep Genera tor. The basic  genera tor c ir-
c uit is a  Miller Integra tor c irc uit.8 When the  c urrent flow
through D533 is interrup ted  by the Sweep Gate signa l, the
Timing Capac itor, C530, beg ins to c harge through the Tim-
ing Resistor, R530, ond  the A Sweep Ca l Ad justment, R531.
The Timing Capac itor and  Resistor a re selec ted  by the A
TIME/ DIV switc h to c hange sweep ra te. The A Sweep Ca l
ad justment a llows c a lib ra tion for ac c ura te sweep  timing. The
A VARIABLE c ontrol, R530Y (see Timing Switc h d iagram), p ra -
vides va riab le sweep  ra tes by c hang ing the c harge time of
C530.

The pasitive-going voltage a t the R530 side of C530 as
it c harges toward  +75 volts is c onnec ted  to the ga te of FET
Q533. This p roduc es a  positive-going output voltage whic h
is c onnec ted  to the base of Q531 through R536. Q531 amp li-
fies and  inverts the voltage c hange a t its base to p roduc e a
nega tive-going  sawtooth output. To p rovide a  linea r c ha rg-
ing  ra te for the Timing Capac itor, the sweep  output signa l is
c onnec ted  to the nega tive side of C530. This feedbac k p ro-
vides a  c onstant c harg ing c urrent for C530 whic h ma inta ins
o c onstant c ha rge ra te to p roduc e a  lineor sawtooth output
signa l. The output voltage c ontinues to go nega tive until
the c irc uit is reset through the Sweep Reset Multivib ra tor
stage. The output signa l from the c ollec tor of Q531 is c on-
nec ted  to the Horizonta l Amp lifier c irc uit through R538 and
the Delay Pic koff Compara tor stage in the B Sweep  Genera -
tor c irc uit through R532.

Sweep Reset Emitter Follower. The nega tive-going saw-
tooth voltage a t the c ollec tor of Q531 is c onnec ted  to the
base of the Sweep Reset Emitter Fa llower stage, Q543. The
nega tive-going signa l a t the emitter of Q543 is c oup led  to
the Sweep Reset Multivib ra tor stage to determine sweep
Iength and  to the Sweep Sta rt Amplifier stage to set the sta rt-
ing  point for the sweep. D542 c onnec ted  to the base of
Q543 p rotec ts this stage during  instrument warmup,

Sweep Start Amplifier. The signa l a t the emitter of Q543
goes nega tive a long with the app lied  sawtooth signa l. This
inc reases the forward  b ias on D543 whic h in turn dec reases
the forward  b ias on D545 as the sawtooth goes nega tive,
When the anode of D543 reac hes a  level about one volt
more positive than the level on the base of Q544, it is
reverse b iased  to interrup t the c urrent flow through Q544.

‘ I b id .,  pp, 540-548.

The c irc uit rema ins in this c ond ition until
retrac e is c omplete. As the voltage a t the
returns to its orig ina l DC level a t the end  of
is aga in forward  b iased  and  Q544 c onduc ts

a fter the sweep
emitter of Q543
the sweep, D545
through D547 to

set the quiesc ent c urrent through the Disc onnec t Diode, D533.
This estab lishes the c orrec t sta rting  point for the sweep .
D546 c lamps the c ollec tor of Q544 a t about +0.5 volt. This
reduc es the voltage swing a t the c ollec tor of Q544 and  im-
proves the response time. The Sweep Sta rt ad justment, R758
(in the B Sweep Genera tor c irc uit), sets the base voltage level
of Q544. The c ollec tor of Q531 is held  a t this same voltage
level through the feedbac k loop  c omprised  of Q533 ond
Q531, thereby setting  the sta rting  point of the sawtooth out-
put signa l. The level estab lished  by the Sweep  Sta rt ad just-
ment is a lso c onnec ted  to the B Sweep Sta rt Amp lifier so the
B sweep sta rts a t the same voltage level as the A sweep.

Sweep Reset Multivibra tor. The neg a tive-g o ing  sa w-
tooth signa l a t the emitter of Q543 is c oup led  to the c a thodes
of D555 and  D556. These d iodes a re quiesc ently reverse
b iased  a t the sta rt of the sweep . As the sawtooth voltage
a t the c a thode of D555 goes nega tive, D555 is forward  b ias-
ed  a t a  level about 0.5 volts more nega tive than the base
level of Q575 (A SWEEP LENGTH c antrol in FULL position).
Then the nega tive-going sawtooth signa l from the Sweep Re-
set Emitter Follower stage is c onnec ted  to the base of Q575.
Q575 and  Q585 a re c onnec ted  as a  Sc hmitt b istab le multi-
vib ra ta r g. Quiesc ently, a t the sta rt of the sweep, Q585 is
c onduc ting  and  Q575 is b iased  off to p roduc e a  nega tive
level a t its c ollec tor. This nega tive level a llows the Sweep
Gate tunnel d iode, D505, to be switc hed  to p roduc e a  sweep
as d isc ussd  p reviously. When the nega tive-going sweep  sig -
na l is c onnec ted  to the base of Q575 through D555, Q575
is eventua lly b iased  on and  Q585 is b iased  off by the emitter
c oup ling between Q575 and  Q585. The c ollec tor of Q575
rises positive and  D505 is switc hed  bac k to its low-voltage
sta te through R502. D505 is held  in its low-voltage sta te so
it c annot ac c ept inc oming trigger pulses until a fter the Sweep
Reset Multivib ra ta r stage is reset. This ends the Sweep Gate
stage output and  the Disc onnec t Amp lifier stage is turned
on to rap id ly d isc ha rge the Timing  Capac itor and  pull the
ga te of Q533 rap id ly nega tive to its orig ina l level to p ro-
duc e the retrac e portion a f the sawtooth signa l. The Saw-
tooth Sweep  Genera tor stage is now ready to p roduc e
another sweep  as soon as the Sweep Reset Multivib ra tor
stage is reset and  another trigger pulse is rec eived .

When Q575 is turned  on to end  the sweep, it rema ins in
c onduc tion for a  period  of time to estab lish a  holdoff period
and  a llow a ll c irc uits to return to their orig ina l c ond itions
before the next sweep is p roduc ed . The holdoff time is deter-
mined  by the c harge ra te of the Holdoff Capac itor, C550. At
the sta rt of the sweep , C550 is c omp letely d isc harged  by the
unb linking  ga te a t the c ollec tor a f Q514. It is held  a t this
level throughout the sweep time. When the Sweep Gate
output ends, Q514 is c ut off and  C550 beg ins to c harge to-
ward  +75 volts through R552 and  R551. The positive-going
voltage ac ross he Holdoff Capac itor as it c ha rges is c on-
nec ted  to the base of Q575 through D552 and  D559. When
the base of Q575 rises positive enaugh so it is reverse b iased ,
its c ollec tor level d rops nega tive and  Q585 c omes bac k into
c onduc tion. The b ias on the Sweep Gate tunnel d iode, D505,
returns to a  level tha t a llows it to ac c ep t the next trigger
pulse (D505 is enab led ). The Holdoff Capac itor, C550, is

‘ Ib id .,  pp. 389-394,
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c hanged  by the A TIME/ DIV switc h for the va rious sweep
ra tes to p rovide the c orrec t holdoff time. Diagram 12 shows
a  c omplete d iagram of the A TIME/ DIV switc h.

As the A SWEEP LENGTH c ontrol is rota ted  c ounterc loc k-
wise from the FULL position, R555 p lac e as more positive
Level on the anode a f D556 than is on the anode of D555
so D555 rema ins reverse b iased . The Sweep Reset Multi-
vib ra tor is reset as desc ribed  for FULL sweep  length opera -
tion a t the point where D556 (instead  of D555) is forward
b iased . Sinc e this oc c urs a t a  more positive level on the
nega tive-going sawtooth, the d isp layed  sweep  is shorter.
Thus, R555 p rovides a  va riab le sweep length for the A Sweep
(from about 11 d ivisions in the FULL position to about four
d ivisions in the fully c loc kwise position-not in B ENDS A
detent). In the B ENDS A position (fully c ounterc loc kwise),
o nega tive-going pulse from the B Sweep Genera tor c irc uit
is c onnec ted  to the base of Q575 through D575 a t the end
of the B sweep time. If the A sweep is still running, this nega-
tive-going pulse turns Q575 on to end  the A sweep a lso.
Sinc e the A sweep ends immed ia tely following the end  of
the B sweep , this position p rovides the maximum repetition
ra te (b rightest trac e) for Delayed  Sweep mode opera tion.

The HF STAB c ontrol, R551, va ries the c harg ing ra te a f
the Holdoff Capac itor to p rovide a  stab le d isp lay a t fast
sweep  ra tes. This c hange in holdoff a llows sweep  sync hroni-
za tion for less d isp lay jitter a t the faster sweep  ra tes. The HF
STAB c ontrol has little effec t a t slow sweep ra tes.

Lamp Driver. The auto ga te level from the Auto Multi-
vib ra tor stage in the A Trigger Genera ta r c irc uit is c on-
nec ted  to the Lamp Driver stage, Q594, through D591 and
D594. This ga te level is c oinc ident with the trigger pulse
genera ted  by the A Trigger Genera tor c irc uit and  is p resent
only when the instrument is c orrec tly triggered . The positive-
going auto-ga te level sa tura tes Q594 and  its c ollec tor goes
nega tive to about zero volts. This app lies about 12 volts
ac ross B596, A SWEEP TRIG'D light, and  it c omes on. This
light rema ins on as long as the auto-ga te level is p resent.
When the auto-ga te level goes nega tive bec ause the instru-
ment is no longer triggered , D595 c lamps the base level of
Q594 a t about –0.5 volt and  Q594 is reverse b iased . The
c ollec tor of Q594 rises positive and  B596 goes off.

A u to  Trig g e r M o d e  O p e ra t io n

Opera tion of the A Sweep Genera tor c irc uit in the AUTO
TRIG position of the A SWEEP MODE switc h, is the same
as for the NORM TRIG position iust desc ribed  when a  trigger
p ulse  is a p p lied . How ever, w hen a  trig g er p ulse  is no t
p resent, a  free-running referenc e trac e is p roduc ed  in the
AUTO TRIG mode. This oc c urs as fo llows:

The auto-ga te level from the Auto Multivib ra tor stage in
the A Trigger Genera tor c irc uit is a lso c onnec ted  to D592.
When the auto-ga te level is positive (triggered), the c urrent
flowing through D592 and  R593 reverse b iases D593 and  the
Sweep Gate tunnel d iode, D505, opera tes as p reviously
desc ribed  for NORM TRIG opera tion. However, when the
instrument is not triggered , the auto-ga te level d rops nega-
tive and  the reduc tion in c urrent through D592 and  R593
a llow D593 to bec ome forward  b iased . Now, when the
Sweep Reset Multivib ra ta r stage resets a t the end  of the
ho ld o ff p e riod , the  a d d it iona l c urrent from R593-D593
flows through D505 and  is suffic ient to automatic a lly switc h

the Sweep Gate tunnel d iode bac k into its high-voltoge sta te.
The result is tha t the A Sweep Genera tor c irc uit is auto-
matic a lly retriggered  a t the end  of eac h holdoff period
and  a  free-running sweep is p roduc ed . Sinc e the sweep free
runs a t the sweep ra te of the A Sweep Genera tor c irc uit (as
selec ted  by the A TIME/ DIV switc h), a  b right referenc e trac e
is p roduc ed  even a t fast sweep  ra tes.

Sin g le  Sw e e p  O p e ra t io n

Ge ne ra l. Op era tion o f the  Sweep  Genera to r in the
SINGLE SWEEP position of the A SWEEP MODE switc h is
simila r to opera tion in the other modes. However, a fter one
sweep has been p roduc ed , the Sweep Reset Multivib ra tor
stage does not reset. All suc c eed ing trigger pulses a re loc ked
out until the RESET button is p ressed .

In the  SINGLE SWEEP p osit ion, the  A SWEEP MODE
switc h d isc onnec ts the c harg ing c urrent for the Holdoff
Capac itor. Now, Q575 rema ins on when it is forward  b iased
through D555 or D556 a t the end  of the sweep. With Q575
on, D505 is held  in its low-voltage sta te to loc k out any
inc oming trigger pulses. The c irc uit rema ins in this c ond ition
until reset by the Sing le-Sweep Reset Amplifier stage.

Single-Sweep Reset Amplifier. The Sing le-Sweep  Reset
Amplifier, Q564, p roduc es a  pulse to reset the Sweep Reset
Multivib ra tor stage so another sweep  c an be p roduc ed  in
the SINGLE SWEEP mode of opera tion. Quiesc ently, Q564
is b iased  off and  the RESET switc h is open. When the RESET
button is p ressed , B568 ignites and  the voltage a t the base
of Q564 goes nega tive. Q564 sa tura tes and  p roduc es a
positive-going  output pulse. This pulse has suffic ient amp li-
tude to shut off Q575 and  a llow Q585 to c onduc t and  enab le
the Sweep Gate tunnel d iode, D505. Now the A Sweep
Genera tor c irc uit c an be triggered  when the next trigger
pulse is rec eived .

Lamp Driver. In the SINGLE SWEEP mode, the c a thode of
D591 is c onnec ted  to ground  to b loc k the inc oming auto-ga te
level. The A SWEEP TRIG'D light, B596 is d isc onnec ted  from
the c ollec tor of Q594 and  the RESET light, B597, is c onnec ted
into the c irc uit. The anode of D595 is a lso d isc onnec ted  from
ground . Now the c ond ition of Q594 is determined  by the
Sweep Reset Multivib ra ta r stage. When Q585 is off before
the RESET button is p ressed , the c ollec tor level of Q585 is
negative. The c urrent through R594-D595-R587-R588 sets the
base level of Q594 nega tive enough to b ias it off. How-
ever, when the RESET button is p ressed  and  Q585 turns on,
its c ollec tor goes positive. This positive level a llows the
base of Q594 to go positive a lso and  it is b iased  on. The
c ollec tor of Q594 goes nega tive and  the RESET light c omes
on. Q594 and  the RESET light rema in on until Q585 turns
off aga in a t the end  of the next sweep.

B

G e ne ra l

TRI G G ER G EN ERA TO R

The B Trigger Genera ta r c irc uit is basic a lly the same as
the A Trigger Genera tor c irc uit. Only the d ifferenc es be-
tween the two c irc uits a re d isc ussed  here. Portions of the
c irc uit not desc ribed  in the fo llowing d isc ussion opera te in
the same manner as for the A Trigger Genera tor c irc uit
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Fig . 3-12. B Trigger Genera tor  deta iled  b loc k d iagram

(c orrespond ing c irc uit numbers a re assigned  in the 600-699
range). Fig . 3-12 shows a  deta iled  b loc k d iagram of the B
Trigger Genera tor c irc uit. A sc hematic  of this c irc uit is
shown on d iagram 10 a t the rea r of this manua l.

I n p u t  Sta g e

The B Input Stoge operotes in basic a lly the same manner
as desc ribed  for the A Trigger Genera ta r c irc uit. However,
in the  B Trig g er Genera to r c irc uit , the  HORIZ DISPLAY
switc h, SW801A and  D638, b loc k the B Trigger Genera tor
input signa l in the modes where B triggering  is not desired .
In the A position of the HORIZ DISPLAY switc h, -12 volts
is c onnec ted  to the c a thode a f D635 and  it is forward  b iased .
Sinc e the c a thode of D638 is c onnec ted  to +12 volts through
R638, D638 is reverse b iased  and  it b loc ks the trigger signa l.
In the A INTEN DURING B and  DELAYED SWEEP (B) posi-
ions, a  sec ond  switc h, B SWEEP MODE SW635 determines
whether the B trigger signa l is b loc ked  or passed  to the
Slope Compara tor stage. If the B SWEEP MODE switc h is
in the  B STARTS AFTER DELAY TIME p osit ion, the  trig g er
signa l is b loc ked  as in the A position. However, the B Sweep
Genera tor essentia lly free runs in this position as c ontrolled
by another portion of the B SWEEP MODE switc h loc a ted
in the B Sweep Genera tor c irc uit (see B Sweep Genera tor
d isc ussion). In the TRIGGERABLE AFTER DELAY TIME posi-
tion, -12 volts is c onnec ted  to the c a thode of D638 through
R639 ra ther than to D635. This forward  b iases D638 and
a llows the B trigger signa l to pass to the B Slope Compara tor
stage.

In a ll positions of the HORIZ DISPLAY switc h exc ep t EXT
HORIZ, D641 is bac k b iased  sinc e it is c onnec ted  to +12
vo lts throug h R641. In the  EXT HORIZ p osit ion, D638 is
reverse b iased  bec ause its c a thode rises positive toward
+12 vo lts a p p lied  throug h R638. There fo re , the  trig g er
signa l c an not pass through D638. D641 is forward  b iased
by –12 volts c onnec ted  to its c a thode through R642 by
SW801A. The signa l from the Input Stage is c onnec ted  to
the Horizonta l Amp lifier through D641 and  the Externa l
Horizonta l Ga in Network, R644-R645-R646. Ga in o f the
Externa l Horizonta l c irc uit is set by R645, Ext Horiz Ga in,
so a  signa l app lied  to the Channel 1 INPUT c onnec tor p ro-
duc es the ind ic a ted  horizonta l deflec tion.

The externa l horizonta l signa l c an be ob ta ined  either
externa lly from the B EXT TRIG INPUT or EXT HORIZ c on-
nec tor when the B SOURCE switc h is set to EXT or EXT ÷
10, or interna lly from Channel 1 when the TRIGGER switc h
is in the CH 1 ONLY position and  the B SOURCE switc h is
set to INT.

Pu lse  A m p l i f ie r

The Pulse Amplifier in the B Trigger Genera tor opera tes
muc h the same as in the A Trigger Genera tor. However,
sinc e there is no Auto c irc uit in the B Trigger Genera tor, a
pulse is ava ilab le only a t the c ollec tor of Q684. The output
pulse is app lied  to the B Sweep Genera tor through T686
and  R688-C688.
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B SW EEP G EN ERA TO R

G e n e r a l

The B Sweep  Genera tor c irc uit is basic a lly the same as
the A Sweep Genera tor c irc uit. Only the d ifferenc es be-
tween the two c irc uits a re d isc usssd  here. The following

c irc uits opera te as desc ribed  for the A Sweep Genera tor
c o rresp ond ing  c irc uit  numb ers a ssig ned  in the  700-799
range): Sweep Gate [D705, Q704), Disc onnec t Diode (D742),
Sawtooth Sweep Genera tor (Q743 and  Q741), Sweep Reset
Emitte r Fo llower (Q753) a nd  the  Sweep  Sta rt Amp lifie r
(Q754). Fig . 3-13 shows a  deta iled  b loc k d iagram of the B
Sweep Genera tor c irc uit. A sc hematic  of this c irc uit is shown
on d iagram 11 a t the rea r of this manua l.

O u tp u t  Sig n a l  A m p l i f ie r

Basic a lly, the B Output Signa l Amp lifier is the same as
the c orrespond ing c irc uit in the A Sweep Genera tor c irc uit.
Two unb lanking  ga tes a re ava ilab le from the c ollec tor of
Q714. An unb lanking ga te is c onnec ted  to the Z Axis Amp-

lifier c irc uit through R717 and  the HORIZ DISPLAY switc h
to unb lank the CRT to d isp lay the B sweep . For A INTEN
DURING B opera tion, add itiona l unb linking  c urrent is added
to the A unb linking ga te during  the B sweep time. This
p roduc es a  d isp lay whic h is pa rtia lly unb lanked  during  A
sweep time and  further unb lanked  during  B sweep  time to
p roduc e a  d isp lay whic h has an intensified  portion c oinc i-
dent with the B sweep time.

De la y - Pic k o ff C o m p a ra to r

The Delay-Pic koff Compara tor stage a llows selec tion of
the amount of delay from the sta rt of the A sweep before
the B Sweep Genera tor is turned  on. This stage a llows the
sta rt of B sweep to be delayed  between 0.20 and  10.20 times
the setting of the A TIME/ DIV switc h. Then, the B Sweep
Genera ta r is turned  on and  opera tes a t a  sweep   ra te inde-
pendent of the A Sweep Genera tor (determined  by setting  of
B TIME/ DIV switc h).

Q764A and  B a re c onnec ted  as a  voltage c ompara tor.
In this c onfigura tion, the transistor with the most positive

Fi g .  3 - 1 3 .  B Sweep Generc c tor  deta iled  b loc k d iagram.
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base c ontrols c onduc tion. A dua l transistor, Q764, and  a
dua l d iode, D764, p rovide tempera ture stab ility for the
c ompara tor c irc uit. Q769 ma inta ins a  c onstant c urrent
through the c onduc ting transistor. Referenc e voltage for
the c ompara tor c irc uit is p rovid ed  b y the  DELAY-TIME
MULTIPLIER c ontro l, R760. The  vo lta g e  to  this c ontro l is
filtered  by R759-C759 to hold  it c onstant and  a llow p rec ise
delay p ic koff. The instrument is c a lib ra ted  so tha t the ma jor
d ia l markings of R760 c orrespond  to the ma jor d ivisions
of horizonta l deflec tion on the gra tic ule. For examp le,
if the  DELAY-TIME MULTIPLIER d ia l is se t to  5.00, the  B
Sweep Genera tor is delayed  five d ivisions of the A sweep
time before it c an p roduc e a  sweep  (B sweep  delay time
equa ls five times setting  of A TIME/ DIV switc h).

The output sawtooth from the A Sawtooth Sweep Gen-
era tor stage is c onnec ted  to the base of Q764A. The qui-
esc ent level of the A sawtooth b iases Q764A on and  its
c ollec tor is nega tive enaugh to hold  Q772 in the Delay
Multivib ra tor stage in c onduc tion. As the A sweep  output
sawtooth beg ins to run down, the base of Q764A a lso goes
nega tive. When it goes more nega tive than Ihe level a t
the base of Q764B (estab lished  by the DELAY-TIME Multi-
p lier c ontrol), Q764B takes over c onduc tion of the c om-
para tor and  Q764A shuts off. This a lso switc hes the Delay
Multivib ra ta r stage to p roduc e a  nega tive-going reset pulse
to the B Sweep Reset Multivib ra tor.

When the A sweep resets, Q764A is aga in returned  to
c onduc tion and  Q764B is turned  off. This a lso resets the
Delay Multivib ra tor to p roduc e a  positive-going  output
pulse. If the B sweep  is still running, this positive-going
pulse forc es the B Sweep Reset Multivib ra tor to reset and  end
the B sweep  a lso.

De la y  M u lt iv ib ra to r

The De la y Mult ivib ra to r, Q768 a nd  Q772, p rovid es a
loc kout for the B Sweep Genera tor c irc uit during the A
Sweep Genera tor reset and  holdoff time to a llow ac c ura te
delayed-sweep measurements when the DELAY-TIME Multi-
p lier d ia l is set near 0. This stage p revents the B Sweep
Genera tor from being triggered  before the A Sweep Gen-
era tor is triggered  (B Sweep Genera tor must a lways be
triggered  a fter the A Sweep Genera tor is triggered). This
c irc uit a lso p roduc es a  pulse whic h resets the B Sweep Reset
Multivib ra tor stage a fter the delay period  so the B Sweep
Gate tunnel d iode c an be enab led  to p roduc e a  sweep .

Transistors Q768 and  Q772 a re c onnec ted  as a  Sc hmitt
b istab le multivib ra tor. Quiesc ently, Q772 is held  on by the
nega tive level a t the c ollec tor of Q764A and  Q768 rema ins
off. The c irc uit rema ins in this c ond ition until the inc oming
A Sweep  switc hes the Delay-Pic koff Compara tor (see Delay-
Pic koff Compara tor d isc ussion). Then, the base of Q772
goes positive and  it turns off. At the same time, the base of
Q768 is pulled  nega tive by the c ollec tor level of Q764B
and  it turns on. The c ollec tor of Q772 goes nega tive and  a
nega tive-going output pulse is c oup led  to the B Sweep
Reset Multivib ra tor stage through C774. This pulse resets the
B Sweep Reset Multivib ra tor whic h in turn enab les the B
Sweep Gate stage.

Sw e e p  Re se t  M u lt iv ib ra to r

The basic  B Sweep  Reset Multivib ra !or c onfigura tion and
opera tion is the same as for the A Sweep Genera tor. How-

ever, severa l d ifferenc es do exist. The B Sweep Reset Multi-
vib ra tor dos not have a  sweep  length network for va riab le
sweep  length or a  Holdoff Capac itor and  assoc ia ted  c irc uit
to reset the B Sweep Reset Multivib ra tor a fter the retrac e.
Instead , the nega tive-going sweep from the B Sweep Reset
Emitter Follower, Q753, is c onnec ted  to the base of Q785
through D748. Diode D748 is forward  b iased  when the
sweep voltage a t the emitter of Q753 d rops about 0.5 volts,
more nega tive than the level a t the base of Q785 estab lished
by voltage d ivider R784-R785 between +12 volts and  the
c ollec tor of Q775. This nega tive-going sawtooth turns on
Q785 and  its c ollec tor goes positive to switc h the B Sweep
Gate tunnel d iode, D705 to its low-voltage sta te, whic h resets
the B Sweep. Q785 rema ins on and  holds the B Sweep
Gate tunnel d iode loc ked  out until the B Sweep Reset Multi-
vib ra tor is reset by the Delay Multivib ra tor.

When the B Sweep Reset Multivib ra tor is reset by the Delay
Mult ivib ra to r, Q775 c omes on a nd  Q785 turns o ff. The
c ollec tor of Q785 goes nega tive and  the B Sweep Gate
tunnel d iode, D705, is enab led . The sta te in whic h D705
rema ins depends upon the B SWEEP MODE switc h and  the
HORIZ DISPLAY switc h. When the B SWEEP MODE switc h,
SW635, is se t to  the  TRIGGERABLE AFTER DELAY TIME
position, D705 is b iased  so it c an be switc hed  to its high-
voltage sta te by the next trigger pulse from the B Trigger
Genera ta r. However, if the B SWEEP MODE switc h is set
to the B STARTS AFTER DELAY TIME position, the setting
of the HORIZ DISPLAY switc h, SW801A, determines opera -
tion of the B Sweep Gate tunnel d iode. In the A position, the
B trigger pulses a re b loc ked  in the B Trigger Genera tor
c irc uit so the B Sweep Genera tor c annot be triggered  and
does not p roduc e a  sweep. In the A INTEN DURING B
and  DELAYED SWEEP (B) position, -12 volts is c onnec ted
to the c a thode of D705 through R786 and  R789. This voltage
pulls the c a thode of D705 nega tive enough so tha t it auto-
matic a lly switc hes to its high-voltage sta te a fter it is enab led
by the B Sweep Reset Multivib ra tor stage. This p roduc es
a  free-running B sweep Reset simila r to the no trigger AUTO
TRIG mode in the A Sweep Genera tor. However, sinc e
the B Sweep is reset (and  automatic a lly retriggered ) a t a
fixed  point on the A sweep  sawtooth, the d isp lay is rela -
tively stab le. The best delayed  sweep  stab ility is p rovided
in the TRIGGERABLE AFTER DELAY TIME position, sinc e the
B sweep  is triggered  by the trigger signa l in this mode.

B En d s A  Pu lse  A m p l i f ie r

The positive-going voltage as the B unb lanking  ga te ends
is c oup led  to the B Ends A Pulse Amp lifier, Q734, through
C731 and  D731. When the A SWEEP LENGTH c ontrol is
in the  B ENDS A p osit ion, this p ulse  sa tura tes Q734 to
p roduc e a  nega tive-going  ouput pulse a t its c ollec tor. This
nega tive-going pulse is c onnec ted  to the A Sweep Reset
Multivib ra tor stage to reset the A sweep a t the end  of the
B sweep  for maximum delayed  sweep  repetition ra te.

H O RI ZO N TA L A M PLI FI ER

G e ne ra l
The Horizonta l Amp lifier c irc uit p rovides the output signa l

to the CRT horizonta l deflec tion p la tes. In a ll positions of
the  HORIZ DISPLAY sw itc h exc ep t EXT HORIZ, the  ho ri-
zonta l deflec tion signa l is a  sawtooth from either the A
Sweep Genera tor c irc uit or the B Sweep Genera tor c irc uit.
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Fi g .  3 - 1 4 .  Horizonta l  Amp lifier dota lled  b loc k  d iagram.

In the EXT HORIZ position, the horizonta l deflec tion signa l c irc uit is c onnec ted  to the base of the + Input Amplifier,
is ob ta ined  from the input Stage of the B Trigger Genera tor.
In add ition, this c irc uit c onta ins the horizonta l magnifier
c irc uit and  the horizonta l positioning  network. Fig . 3-14
shows a  deta iled  b loc k d iagram of the Horizonta l Amp lifier
c irc uit. A sc hematic  of this c irc uit is shown on d iagram 13
a t the rea r of this manua l.

I n p u t  A m p l i f ie rs

The input signa l for the Horizonta l Amp lifier is selec ted
by the HORIZ DISPLAY switc h, SW801A. In the A and  A
INTEN DURING B positions of the HORIZ DISPLAY switc h,
the sawtooth from the A Sweep Genera tor is c onnec ted  to
the base of the - Input Amplifier, Q814, through R803. In
the DELAYED SWEEP (B) position, the B sawtooth is c onnec ted
to the base of Q814. Whic hever sawtooth signa l is c on-
nec ted  to the base of Q814 produc es a  c urrent c hange whic h
is amp lified  to p roduc e a  positive-going  sawtooth voltage a t
the c ollec tor. This positive-going  sawtooth signa l is c on-
nec ted  ta  the base a f Q834 in the Paraphase Amplifier
stage.

In the EXT HORIZ position of the HORIZ DISPLAY switc h,
the externa l horizonta l signa l from the B Trigger Genera tor

Q824, throug h R821 The A a nd  B sa w too th sig na ls a re
grounded  by the HORIZ DISPLAY switc h. The B SOURCE
switc h selec ts either the interna l signa l from Channel 1
(TRIGGER switc h set to CH 1 ONLY) or an externa l signa l
c onnec ted  to the EXT HORIZ c onnec tor. When the interna l
signa l is selec ted , the Channel 1 deflec tion fac tor as ind i-
c a ted  by the CH 1 VOLTS/ DIV switc h app lies as Horizonta l
Volts/ Division. More information on the externa l horizonta l
c irc uitry is c onta ined  in the B Trigger Genera tor c irc uit
d isc ussion.

Horizonta l positioning  is p rovided  by the POSITION c on-
trol, R805A, and  the FINE c ontrol, R805B, c onnec ted  to the
base of Q814. These c ontrols va ry the quiesc ent DC level
a t the base of Q814 whic h in turn sets the DC level a t the
horizonta l deflec tion p la tes to determine the horizonta l
position of the trac e. C804-RB04 elimina te c ommon-mode
noise from the position c ontrols.

Pa ra p h a se  A m p l i f ie r

The outp ut o f the  + a nd  – Inp ut Amp lifie r sta g es is
c onnec ted  to the Paraphase Amplifier stage, Q834 and  Q844.
This stage c onverts the sing le-ended  input signa l from either
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Input Amp lifier stage to a  push-pull output signa l whic h is
nec essary to d rive the horizonta l deflec tion p la tes of the
CRT. In a ll positions of the HORIZ DISPLAY switc h exc ep t
EXT HORIZ, a  positive-going  sawtooth signa l is c onnec ted
to the base of Q834 through Q814. This p roduc es a  nega-
tive-going sawtooth va ltage a t the c ollec tor of Q834. At
the same time, the emitter of Q834 goes positive and  this
c hange is c onnec ted  to the emitter of Q844 through the
ga in-setting  network, R835-R836-R845-R846. In a ll positions
of the HORIZ DISPLAY switc h exc ep t EXT HORIZ, no signa l is
c onnec ted  to the base of Q844 thraugh Q824 so tha t Q844
opera tes as the emitter-d riven sec tion of a  pa raphase amp-
lifier. Then, the positive-going c hange a t its emitter is amp-
lified  to p roduc e a  positive-ga ing  sawtooth signa l a t the
c ollec tor. Thus the sing le-ended  input sawtooth signa l has
been amp lified  and  is ava ilab le as a  push-pull signa l a t the
c ollec tors of Q834 and  Q844.

In the EXT HORIZ position of the HORIZ DISPLAY switc h,
the externa l horizonta l deflec tion signa l is c onnec ted  to the
base of Q844 through Q824 and  the sawtooth signa l a t
the base of Q814 is d isc onnec ted . Now, the c irc uit opera tes
muc h the same as just desc ribed  with the sawtooth input.
A positive-going  externa l horizonta l deflec tion signa l p ro-
duc es a  nega tive-going c hange a t the base of Q844 whic h
dec reases the c urrent flow through this transistor. The c ol-
lec tor of Q844 goes positive while the emitter-c oup led  signa l
to Q834 p roduc es a  nega tive-going c hange a t the c ollec tor
of Q834.

This stage a lso p rovides ad justment to set the norma l and
magnified  ga in of the Horizonta l Amp lifier c irc uit, and  the
MAG switc h to p rovide a  horizonta l sweep  whic h is mag-
nified  10 times. For norma l sweep  opera tion [MAG switc h
set to OFF), R835 and  R836 c antrol the emitter degenera tion
between Q834 and  Q844 to set the ga in of the stage. R835,
Norma l Ga in, is ad justed  to p rovide c a lib ra ted  sweep  ra tes.
When the MAG switc h, SW801B, is set to the X10 position,
R845 and  R846 a re c onnec ted  in pa ra llel with R835 and
R836. This add itiona l resistanc e dec reases the emitter degen-
era tion of this stage and  inc reases the ga in of the c irc uit
10 times. R845, Mag Ga in, is ad justed  to p rovide c a lib ra ted
magnified  sweep  ra tes. When the MAG switc h is set to
X10, the MAG ON light, B849, is c onnec ted  to the +150-
volt supp ly through R849. B849 ignites to ind ic a te tha t the
sweep  is magnified . In the EXT HORIZ position of the HORIZ
DISPLAY switc h, the magnifier is c onnec ted  into the c irc uit
so the horizonta l ga in is c orrec t fa r externa l horizonta l
opera tion regard less of the setting  of the MAG switc h.
However, both sides of B1049 a re c onnec ted  to ground  so
it does not ignite.

O u tp u t  A m p l i f ie r

The push-pull output of the Paraphase Amp lifier is c on-
nec ted  to the Output Amp lifier. Eac h ha lf of the Output
Amp lifier c an be c onsidered  as a  sing le-ended , feedbac k
amp lifier whic h amp lifies the signa l c urrent a t the input to
p roduc e a  voltage output to d rive the horizonta l deflec tion
p la tes of the CRT. The amp lifiers have a  low input imped-
anc e and  require very little voltage c hange a t the input to
p roduc e the desired  output c hange. Diodes D851-D852 and
D861-D871 p rotec t the amp lifier from being overd riven by
exc essive c urrent swing a t the c ollec tors of Q834 and  Q844.
Nega tive feedbac k is p rovided  from the c ollec tors of the
fina l transistors, Q884 and  Q894, to the bases of the input

transistors through C882-R882 and  C892-R892. C882 and
C892 ad just the transient response of the amp lifier so it has
good  linea rity a t fast sweep  ra tes.

The Mag Register ad justment, R855, ba lanc es the quiesc ent
DC c urrent to the base of Q863 and  Q873 so a  c enter-sc reen
d isp lay does not c hange position when the MAG switc h is
c hanged  from X10 to OFF.

The TRACE FINDER sw itc h, SW330, red uc es ho rizonta l
sc an by limiting  the c urrent ava ilab le to Q884 and  Q894.
Norma lly the c ollec tors of these transistors a re returned  to
+150 volts. However, when the TRACE FINDER switc h is
p ressed  in, the power from the unregula ted  +150-volt supp ly
is interrup ted  and  the c ollec tor voltage for Q884 and  Q894
is supp lied  from +75 volts through D884. Sinc e the c ollec tors
a re returned  to a  lower potentia l, the output voltage swing
is reduc ed  to limit the horizonta l deflec tion within the gra ti-
cule area.

Z A X I S A M PLI FI ER

G e ne ra l

The Z Axis Amp lifie r c irc uit  c ontro ls the  CRT intensity
level from severa l inputs. The effec t of these input signa ls
is to either inc rease or dec rease the trac e intensity, or to
c omp letely b lank portions of the d isp lay. Fig . 3-15 shows a
deta iled  b loc k d iagram of the Z Axis Amp lifier c irc uit. A
sc hematic  of this c irc uit is shown on d iagram 16 a t the
rea r of this manua l.

I n p u t  A m p l i f ie r

The input transistor, Q1014, in the Input Amp lifier stage
is a  c urrent-d riven, low-input impedanc e amp lifier. It
p rovides termina tion for the input signa ls as well as isola -
tion between the input signa ls and  the following stages.
The c urrent signa ls from the va rious c entra l sourc es a re
c onnec ted  to the emitter of Q1014 and  the sum or d iffer-
enc e of the signa ls determines the c ollec tor c onduc tion
level. D1015 and  D1016 in the c ollec tor p rovide limiting
protec tion a t minimum intensity. When the INTENSITY c on-
trol is set fully c ounterc loc kwise (minimum), the c ollec tor
c urrent of Q1014 is reduc ed  and  its c ollec tor rises positive.
D1015 is reverse b iased  to b loc k the c ontrol c urrent a t the
base of Q1023, and  Q1016 is forward  b iased  to p rotec t
the c irc uit by c lamp ing the c ollec tor a f Q1014 about 0.5
volts more positive than the emitter level of Q1023. This
limiting  ac tion a lso takes p lac e when a  b lanking  signa l is
app lied . The c lamp ing of D1016 a llows Q1014 to rec over
faster to p roduc e a  sha rper d isp lay with sudden c hanges in
b lanking level. At norma l intensity levels, D1016 is reverse
b iased  and  the signa l from Q1014 is c oup led  to emitter
follower Q1023 through D1015.

The input signa ls va ry the c urrent d rive to the emitter of
Q1014, whic h p roduc es a  c ollec tor level tha t determines the
brillianc e of the d isp lay. The INTENSITY c ontrol sets the
quiesc ent level a t the emitter of Q1014. When R1005 is
turned  in the c loc kwise d irec tion, more c urrent from the
INTENSITY c ontrol is added  to the emitter c irc uit of Q1014
whic h results in an inc rease in c ollec tor c urrent to p rovide a
brighter trac e. However, the vertic a l c hopped  b lanking, Z
Axis Input and  A and  B unb lanking signa ls determine whether
the trac e is visib le. The vertic a l c hopped  b lanking  signa l
b lanks the trac e during  dua l-trac e switc hing . This signa l
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F i g .  3 - 1 5 .  Z Axis Amplifier deta iled  b loc k  d iagram.

dec reases the c urrent through Q101 4 during the trac e switc h-
ing  time to b lank the CRT d isp lay. The externa l b lanking
input a llows an externa l signa l c onnec ted  to the Z AXIS
INPUT c onnec tor to c hange the trac e intensity. A positive-
going signa l c onnec ted  to the Z AXIS INPUT c onnec tor
dec reases trac e intensity and  a  nega tive-going signa l in-
c reases trac e intensity. The A and  B unb lanking ga te signa ls
from the A and  B Sweep Genera tor c irc uits b lank the CRT
during  sweep  retrac e and  rec overy time so there is no d is-
p lay on the sc reen. When the Sweep Genera tor c irc uits a re
reset and  rec overed , (see A and  B Sweep Genera tor d is-
c ussion for more information) the next trigger initia tes the
sweep  and  an unb lanking  ga te signa l is genera ted  in the
A a r B Sweep Genera tor c irc uit tha t goes nega tive to a llow
the emitter c urrent to reac h the level estab lished  by the
INTENSITY c ontrol and  the other b lanking inputs.

O u t p u t  A m p l i f i e r

The resultant signa l p roduc ed  from the va rious inputs by
the Input Amplifier stage is c onnec ted  to the base of Q1024
through C1029 and  to the base of Q1034 through R1024.
These transistors a re c onnec ted  as a  c ollec tor-c oup led  c om-
p lementa ry amp lifier. This c onfigura tion p rovides a  linea r,
fast output signa l with minimum quiesc ent power.

The Z Axis Amp lifier c irc uit is a  shunt-feedbac k opera tiona l
amp lifier with feedbac k from the Output Amp lifier stage to
the Input Amplifier stage through C1036-C1037-R1036. The
output voltage is determined  by the input c urrent times the
feedbac k resistor and  is shown by the formula ;

is R1036. The unb lanking input c urrent c hange
is approxima tely two milliamperes. Therefore, the output

ad justs the feedbac k c irc uit for op timum high-frequenc y re-
sponse.

Zener d iode D1043 c onnec ted  between +75 volts and
+150 volts through D1044, R1044 and  R1043 p roduc es a
+90-volt level a t the c a thode of D1043. This voltage estab-
lishes the c orrec t opera ting  level for the Geometry ad just-
ment in the CRT Circ uit ond  estab lishes the c orrec t c ollec tor
level for Q1043. D1045 c onnec ted  from base to emitter of
Q1043 improves the response of Q1043 to nega tive-going
signa ls. When the base of Q1043 is d riven nega tive to c utoff,
D1045 is forward  b iased  and  c onduc ts the nega tive-going
portion of the unb lanking  signa l. This p rovides a  fast fa ll-
ing  edge on the unb lanking  ga te to quic kly turn the d isp lay
off. The output unb lanking ga te a t the emitter of Q1043
is c onnec ted  to the CRT c irc uit through R1046.

C RT C I RC UI T

G e ne ra l

The CRT Circ uit p rovides the high voltoge and  c ontrol
c irc uits nec essory for opera tion of the c a thode-ray tube
(CRT). Fig . 3-16 shows a  deta iled  b loc k d iagram of the CRT
Circ uit. A sc hematic , of this c irc uit is shown on d iagram 16
a t the rea r of this manua l.

Hig h - V o l ta g e  O sc i l la to r

Q930 and  assoc ia ted  c irc uitry c omprise a  c lass C osc illa -
to r10 to p roduc e the d rive for the high-voltage transformer,
T930. When the instrument is turned  on, the c urrent through
R925 c harges C913 positive and  Q930 is forward  b iased .
‘ “ Lloyd  P. Hunter, pp . 14-1  9—1 4-21.
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Fig . 3-16. CRT Circ uit  deta iled  b loc k  d iagram.

The c ollec tor c urrent of Q930 inc reoses and  a  voltage is is determined  by the average DC level a t the emitter of
developed  ac ross the c ollec tor wind ing of T930. This p ro- Q923.
duc es a  c orrespond ing voltage inc rease in the feedbac k wind-
ing of T930 whic h is c onnec ted  to the base of Q930, and  it
c onduc ts even harder. While Q930 is on, its base c urrent
exc eeds the c urrent through R925 and  C913 c harges nega-
tively. Eventua lly the ra te of c ollec tor c urrent inc rease in
Q930 bec omes less than tha t required  to ma inta in the volt-
age ac ross the c ollec tor wind ing and  the output voltage
drops. This turns off Q930 by way of the feedbac k voltage
to the base. The voltage waveform a t the c ollec tor of Q930
is a  sine wave a t the resonant frequenc y of T930. Q930 re-
ma ins off until a  little less than one c yc le la ter when C913
d isc harges suffic iently to ra ise the voltage a t the base of
Q930 positive enough to b ias Q930 into c onduc tion aga in.
The c yc le repea ts a t a  frequenc y of 40 to 50 kilohertz. The
amplitude of susta ined  osc illa tion depends upon the average
c urrent delivered  to the base of Q930.

Fuse F937 p rotec ts the +12-volt Supp ly if the High-Volt-
age Osc illa tor stage is shorted . C937 and  L937 p revent
the c urrent c hanges a t the c ollec tor of Q930 from a ffec ting
the +12-volt regula tor c irc uit.

Hig h - V o lta g e  Re g u la to r

Feedbac k from the sec ondary of T930 is c onnec ted  to the
base of Q914 through the voltage d ivider network R901-
R910. This samp le of the output voltage is c ompared  to
the  -12-vo lt  le ve l a t  the  e m it te r o f Q 914. It  is the n
amp lified  by Q914 and  Q913 and  app lied  to the base of
Q923. Amp litude of the osc illa tions a t the c ollec tor of Q930

Regula tion takes p lac e as fo llows: If the output voltage
a t the -1950V test point sta rts to go positive (less nega tive),
a  samp le of this positive-going  voltage is app lied  to the base
of Q914. Q914 is forward  b iased  and  it, in turn, forward
b iases Q913 to inc rease the c onduc tion of Q923. An in-
c rease in c urrent through Q923 ra ises the average voltage
level of its emitter whic h is c onnec ted  to the base of Q930
through the feedbac k wind ing of T930. A more positive
level a t the base of Q930 inc reases the c ollec tor c urrent to
p roduc e a  la rger induc ed  voltage in the sec ondary of T930.
This inc reased  voltage appears as a  more nega tive voltage
a t the -1950V test point to c orrec t the orig ina l positive-
going c hange. By samp ling  the output from the c a thode
supp ly in this manner, the tota l output of the high-voltage
supp ly is held  c onstant.

Output voltage level of the high-voltage supp ly is c on-
trolled  by the High Voltage ad justment, R900, in the base
c irc uit of Q914. This ad justment sets the c onduc tion level
of Q914 whic h c ontrols the quiesc ent c onduc tion of Q913,
Q923 and  Q930 simila r to the manner just desc ribed  for a
c hange in output voltage.

Hig h  V o l ta g e  Re c t i f ie rs a n d  O u tp u t

The high-voltage transformer, T930, has five output wind -
ings. Two of these wind ings p rovide filament voltage for
the rec tifier tubes V952 and  V962. A third  low-voltage wind -
ing  p rovides filament voltage for the c a thode-ray tube. The
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filament voltage c an be supp lied  from the high-voltage
supp ly sinc e the c a thode-ray tube has a  very low filament
c urrent d ra in. Two high-voltage wind ings p rovide the nega-
tive and  positive ac c elera ting  voltage and  the CRT grid  b ias
voltage. All of these outputs a re regula ted  by the High-
Voltage Regula tor stage in the p rimary of T930 to hold  the
output voltage c onstant.

Positive ac c elera ting potentia l is supp lied  by voltage doub-
ler V952 and  V962. Regula ted  voltage output is about +8
kilovolts. Ground  return for this supp ly is through the resis-
tive helix inside the c a thode-ray tube to p in 7 and  then to
ground  through R972.

The nega tive ac c elera ting  potentia l for the CRT c a thode
is supp lied  by the ha lf-wave rec tifier D952. Voltage output
is about -1.95 kilovolts. A samp le of this output voltage is
c onnec ted  to the High-Voltage Regula tor stage to p rovide a
regula ted  high-voltage output.

The ha lf-wave rec tifier D940 p rovides a  nega tive voltage
for the c ontrol g rid  of the CRT. Output level is ad justab le
by R940, CRT Grid  Bias ad justment. The neon bulbs B973,
B974 and  B975 p rovide p rotec tion if the voltage d ifferenc e
between the c ontrol g rid  and  c a thode exc eeds about 165
vo lts. The  unb la nking  g a te  from the  Z Axis Amp lifie r is
app lied  to the positive side of this c irc uit to p roduc e a
c hange in output voltage to c ontrol CRT intensity, unb lank-
ing , dua l-trac e b lanking  and  intensity modula tion.

C RT C o n tro l  C irc u i ts

Foc us of the CRT d isp lay is c ontrolled  by the FOCUS c on-
trol, R967. Divider R963-R968 is c onnec ted  between the CRT
c a thode supp ly and  ground . The voltage app lied  to the
foc us grid  is more positive (c loser to ground  level) than the
voltage on either the c ontrol g rid  or the CRT c a thode. The
ASTIG ad justment, R985, whic h is used  in c onjunc tion with
the FOCUS c ontrol to p rovide a  well-defined  d isp lay, va ries
the  p osit ive  leve l on the  a st ig ma tism g rid . The  +90-vo lt
sourc e for this c ontrol is p rovided  by zener d iode D1043 in
the Z Axis Amp lifier c irc uit.

Geometry ad justment, R982, va ries the positive level on
the horizonta l deflec tion p la te shields to c ontrol the overa ll
geometry of the d isp lay. Two ad justments c ontrol the trac e
a lignment by va rying  the magnetic  fields a round  the CRT.
The Y Axis Alig n a d justment, R989, c ontro ls the  c urrent
through L989 whic h a ffec ts the CRT beam a fter vertic a l de-
flec tion but before horizonta l deflec tion. The TRACE ROTA-
TION ad justment, R980, c ontrols the c urrent through L980
and  a ffec ts both vertic a l and  horizonta l rota tion of the beam.

Ex te rn a l  Z A x is I n p u t

A signa l app lied  to the Z AXIS INPUT c onnec tor (see Z
Axis Amp lifier sc hematic ) is app lied  to the CRT c a thode
through C979-C976-R976. DC and  low frequenc y Z-axis sig -
na ls a re b loc ked  from the CRT c irc uit by C979. They a re
c onnec ted  to the Z Axis Amp lifier c irc uit to p roduc e an in-
c rease or dec rease in intensity, depend ing upon pola rity.
C976 and  C979 c oup le high-frequenc y signa ls d irec tly to the
CRT c a thode to p roduc e the same resultant d isp lay as the
Z Axis Amp lifier c irc uit p roduc es for low-frequenc y signa ls.

This c onfigura tion opera tes as a  c rossover network to p rovide
nearly c onstant intensity modula tion from DC to 50 mega-
hertz.

LO W - V O LTA G E PO W ER SU PPLY

G e n e ra l

The low-voltage Power Supp ly c irc uit p rovides the opera t-
ing  power for this instrument from three regula ted  supp lies
and  one unregula ted  supp ly. Elec tronic  regula tion11 is used
to p rovide stab le, low-ripp le output voltages. Eac h regula ted
supp ly c onta ins a  short-p rotec tion c irc uit to p revent instru-
ment damage if a  supp ly is inadvertently shorted  to g round .
The Power Input stage inc ludes the Line Voltage Selec tor
assemb ly. This assemb ly a llows selec tion of the nomina l
opera ting  voltage and  regula ting  rc rnge for the instrument.
Fig . 3-17 shows a  deta iled  b loc k d iagram of the Power
Supp ly c irc uit. A sc hematic  of this c irc uit is shown on d ia -
gram 17 a t the rea r of this manua l.

Po w e r I n p u t

Power is app lied  to the p rimary of transformer T1101
through the 115-volt line fuse F1101, POWER switc h SW1101,
therma l c utout TK1101, Voltage Selec tor switc h SW1102 and
Range Selec tor switc h SW1103. The Voltage Selec tor switc h
SW1102 c onnec ts the sp lit p rimaries of T1101 in pa ra llel for
115-volt nomina l opera tion, or in series for 230-volt nomina l
opera tion. A sec ond  line fuse, F1102, is c onnec ted  into the
c irc uit when the Voltage Selec tor switc h is set to the 230 V
position to p rovide the c orrec t p rotec tion for 230-volt opera -
tion (F1102 c urrent ra ting  is one-ha lf of F1101). The fan is
c onnec ted  ac ross one ha lf of the sp lit p rimary wind ing  so it
a lways has about 115 volts app lied  to it.

The Range Selec tor switc h, SW1103, a llows the instrument
to regula te c orrec tly on higher or lower than norma l line
voltages. Eac h ha lf of the p rimary has taps above and
below the 115-volt (230) nomina l point. As the Range Selec -
tor switc h, SW1103, is switc hed  from LO to M to Hl, more
turns a re effec tively added  to the p rimary wind ing and  the
turns ra tio is dec reased . This p rovides a  fa irly c onstant volt-
age in the sec ondary of T1101 even through the p rimary
voltage has inc reased.

Therma l c utout TK1101 p rovides therma l p rotec tion for this
instrument. If the interna l tempera ture of the instrument ex-
c eeds a  sa fe opera ting  level, TK1101 opens to interrup t the
app lied  power. When the tempera ture returns to a  sa fe
level, TK1101 automatic a lly c loses to reapp ly the power.

-12-volt Supply

The -12-Volt Supp ly p rovides the referenc e voltage for
the rema ining  supp lies. The output from the sec ondary of
T1101 is rec tified  by b ridge rec tifier D112A-D. This voltage is
filtered  by C1112 and  then app lied  to the -12-Volt Series
Regula tor stage to p rovide a  stab le output voltage. The
Series Regula tor c an be c ompared  to a  va riab le resistanc e
whic h is c hanged  to c ontrol the output c urrent. The c urrent
through the Series Regula tor stage is c ontrolled  by the Error
Amplifier to p rovide the c orrec t regula ted  output voltage.

“ ~utler,  pp . 559-625.
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The Error Amp lifier is c onnec ted  as a  c ompara tor. Refer-
enc e voltage for the c ompara tor is p rovided  by zener d iode
D1114 whic h sets the base of Q1114 a t about –9 volts. The
base level of Q1124 is determined  by voltage d ivider R1121-
R1122-R1123 between the output of this supp ly and  ground .
R1122 is ad justab le to set the output voltage of this supp ly
to  -12 vo lts. R1119 is the  em itte r resisto r fo r b o th c om-
para tor transistors and  the c urrent through it d ivides be-
tween Q1114 and  Q1124. The output c urrent of the Error
Amplifier stage c ontrols the c onduc tion of the Series Regula -
tor stage (through Q1133). This output c urrent c hanges to
p rovide a  c anstant, low-ripp le –12-volt output level. This
oc c urs as fo llows: The -12-volt regula ta r ma inta ins equa l
voltage a t the bases of the Error Amp lifier transistors Q1114
and  Q1124. If the -12 Volts ad justment R1122, is turned
c loc kwise, the c urrent through Q1124 inc reases (Q1124 base
tends to go more positive than the base of Q1114) and  the
c urrent through Q1114 dec reases. Dec reased  c urrent through
Q1114 p roduc es less voltage d rop  ac ross R1117 and  the base
of Q1133 goes positive. The emitter of Q1133 pulls the base
of Q1137 positive to inc rease the c urrent through the load ,
thereby inc reasing the output voltage of the supp ly. This
p lac es more voltage ac ross d ivider R1121-R1122-R1123 and
the d ivider ac tion returns the base of Q1124 to about -9
volts. A simila r, but opposite, ac tion takes p lac e when R1122
is turned  c ounterc loc kwise so the base of Q1124 is more
nega tive than the base of Q1114. The -12 Volts ad justment
R1122, is set to p rovide a  -12-volt level a t the output of
this supp ly.

The output voltage is regula ted  to p rovide a  c onstant volt-
age to the load  by feed ing  a  samp le of the output bac k to
the Series Regula tor, Q1137. For example, assume tha t the
output voltage inc reases (more negative) bec ause of a  c hange
in load  or an inc rease in line voltage. This nega tive-going
level a t the output is app lied  ac ross the voltage d ivider
R1121-R1122-R1123 and  the base of Q1124 goes nega tive
a lso. This reduc es the c urrent flow through Q1124 whic h
a llows Q1114 to c onduc t more and  its c ollec tor goes nega-
tive. When the c ollec tor of Q1114 goes nega tive, the b ias
on Q1133 is reduc ed , resulting  in reduc ed  c urrent through
the Series Regula tor, Q1137. Reduc ed  c urrent through Q1137
a lso means tha t there is less c urrent through the load  and
the output voltage dec reases (less nega tive). In a  simila r
manner the Series Regula tor and  Error Amp lifier stages c om-
pensa te for output c hanges due to ripp le.

The Short-Protec tion Amplifier stage, Q1129, p rotec ts the
-12-Volt Supp ly if the output is shorted . For norma l opera -
tion, the emitter-base voltage of Q1129 is not enough to
b ias it on. However, when the output is shorted , high c urrent
is demanded  from the -12-Volt Supp ly, and  this c urrent
flows through R1129. The voltage d rop  ac ross R1129 bec omes
suffic ient to forward  b ias Q1129 and  its c ollec tor c urrent
p roduc es an inc reased  voltage d rop  ac ross R1117. The
inc reased  voltage d rop  ac ross R1117 reduc es the c urrent flow
of both Q1133 and  Q1137 to limit the output c urrent.

+12-Volt Supply

Rec tified  voltage for opera tion of the +12-Volt Supp ly is
p rovided  by D1142 A-D. This voltage is filtered  by C1142
and  c onnec ted  to the +12-Volt Supp ly Series Regula tor and
to the High-Voltage Osc illa tor stage in the CRT Circ uit. Ref-
erenc e voltage for this supp ly is p rovided  by voltage d ivider

R1151-R1152-R1153 between the regula ted  -12 volts and
the output of this supp ly. The -12 volts is held  stab le by the
–12-Vo lt  Sup p ly a s d isc ussed  p reviously. If the  +12-vo lt
output c hanges, a  samp le of this c hange appears a t the
base of Q1154 as an error signa l. Regula tion of the output
voltage is c ontrolled  by the +12-Volt Series Regula tor stage,
Q1167, in a  simila r manner to tha t desc ribed  for the –12-
Vo lt Sup p ly. The  +12 Vo lts a d justment, R1152, se ts the
output level to +12 volts. D1152 p rovides therma l c om-
pensa tion for the Error Amp lifier. C1164 improves response
of the regula tor c irc uit to AC c hanges a t the output.

Shorting  p rotec tion is p rovided  by Q1159 and  R1159. If
the output of this supp ly is shorted , Q1159 is b iased  on to
limit the c onduc tion of the Series Regula tor in the same man-
ner as desc ribed  for the -12-Volt Short-Protec tion Amp lifier.
D1164 p rotec ts Q1154 when the output of this supp ly is
shorted .

+75-Volt Supply

D1172 A-D p rovides the rec tified  voltage for the +75-
Volt Supp ly. C1172 filters the rec tified  voltage whic h is c on-
nec ted  to the +75-Volt Series Regula tor. Referenc e voltage
for this supp ly is p rovided  by voltage-d ivider R1181-R1182-
R1183 between the regula ted  -12 volts and  the output of
this supp ly. Sinc e the -12 volts is held  stab le by the -12-
Volt Regula tor c irc uit, any c hange a t the base of Error Amp li-
fier Q1184 is due to c hange a t the output of the +75-
Volt Supp ly. Regula tion of the output voltage is c ontrolled
b y Erro r Amp lifie r Q1184-Q1193 a nd  Series Reg ula to r,
Q1197, in a  manner simila r to tha t desc ribed  for the +12-
Vo lt Sup p ly. The  +75 Vo lts a d justment R1182, se ts the
quiesc ent c onduc tion level of the Error Amp lifier stage to p ro-
vide an output level of +75 volts. The output of the +150-
Volt Supp ly (unregula ted ) is c onnec ted  to the Error Amp li-
fier to p rovide the required  c ollec tor supp ly for stab le opera -
tion. Zener d iode D1209 estab lishes a  volage a t its c a thode
of about +108 volts. Then, R1186, zener d iode D1185 and
R1185 d rop  this voltage to the c orrec t level for the opera tion
of Q1184. D1182 p rovides therma l c ompensa tion for the
Error Amp lifier.

Q1189 p rovides c urrent limiting  for this supp ly through
D1188. Quiesc ently, Q1189 is off and  under norma l opera t-
ing  c ond itions, D1189 is c onduc ting  and  D1188 is reverse
b iased . However, when the output is shorted , the inc reased
c urrent flow thraugh R1187 b iases Q1189 on and  its c ollec tor
g oes neg a tive . This fo rwa rd  b ia ses D1188 a nd  reverse
b iases D1189. Now Q1189 limits the c ollec tor c urrent of
Q1197 through Q1193. F1172 a lso p rovides overload  p ro-
tec tion. D1198 p rotec ts the +75-volt supp ly from damage
if it  is sho rted  to  the  -12-vo lt  outp ut.

+150-Volt Unregulated Supply

Rec tifiers D1202 and  D1212 p rovide the unregula ted  out-
put for the +150-Volt Supp ly. The output of the +75-Volt
Supp ly is c onnec ted  to the nega tive side of the +150-Volt
Supp ly to eleva te the output level to +150 volts. Diodes
D1202 and D1212 are c onnec ted  as a  full-wave c enter-tapped
rec tifier and  the output is filtered  by C1202-C1204-R1204 to
hold  the output level a t about +150 volts. Fuse F1204 p ro-
tec ts this supp ly if the output is shorted .
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6 . 3 - V o l t  RM S A C  So u rc e

The 6.3-volt RMS sec ondary wind ing of T1101 p rovides
power for the POWER ON light, B1107, and  the sc a le illu-
mina tion lights, B1108 and  B1109. The c urrent through the
sc a le illumina tion lights is c ontrolled  by the SCALE ILLUM
c ontrol, R1108, to c hange the illumina tion of the gra tic ule
line voltage to the A and  B Trigger Genera ta r c irc uits for
line voltage to the A and  B Trigger Generaar c irc uits for
interna l triggering a t the line frequenc y. C1105 reduc es
noise on the line frequenc y signa l.

V O LTA G E D I STRI BUTI O N

Diagram 17 a lso shows the d istribution of the output volt-
ages from the Power Supp ly c irc uit to the c irc uit boards in
this instrument. The dec oup ling  networks whic h p rovide de-
c oup led  opera ting  voltages a re shown on this Diagram and
are not repea ted  on the ind ividua l c irc uit d iagrams.

C A LI BRA TO R

G e ne ra l

The Ca lib ra tor c irc uit p roduc es a  square-wave output with
ac c ura te amp litude and  frequenc y. This output is ava ilab le
as a  square-wave voltage a t the 1 kHz CAL c onnec tor or
as a  square-wave c urrent through the side-panel PROBE
LOOP. Fig . 3-18 shows a  deta iled  b loc k d iagram of the Ca li-
b ra ta r c irc uit. A sc hematic  of this c irc uit is shown on d ia -
gram 18 a t the rea r of this manua l.

O sc illa to r

Q1255 and  its assoc ia ted  c irc uitry c omprise a  tuned-c ol-
lec tor osc illa tor.12 Frequenc y of osc illa tion is determined  by
the LC c irc uit c omprised  of the p rimary of va riab le trans-
former T1255 in pa ra llel with C1255. The ac c urac y and  sta -

b ility required  to p rovide an ac c ura te time and  frequenc y
referenc e is ob ta ined  by using  a  c apac itor and  transformer
whic h have equa l but opposite tempera ture c oeffic ients.

The osc illa tions of the LC c irc uit, T1255-C1255, a re sus-
ta ined  by the feedbac k wind ing of T1255 c onnec ted  to the
base of Q1255. C1266 c onnec ts a  samp le of the output of
the LC c irc uit to the base of Q1265. The regenera tive feed-
bac k from the emitter of Q1265 to the emitter of Q1255 p ro-
duc es fast c hangeover between Q1255 and  Q1265 to p ro-
vide a  fast risetime on the output square wave. Frequenc y
of the output square wave c an be ad justed  by va rying  the
c oup ling  to the feedbac k wind ing of T1255. The square-
wave signa l a t the c ollec tor of Q1265 is c onnec ted  to the
Output Amp lifier.

O u tp u t  A m p l i f ie r

The output signa l from the osc illa tor stage sa tura tes Q1274
to p roduc e the ac c ura te square wave a t the output. When
the base of Q1274 goes positive, Q1274 is c ut off and  the
output signa l d rops nega tive to g round . When its base
goes nega tive, Q1274 is d riven into sa tura tion and  the out-
put signa l rises positive to about +12 volts. The output of
the +12-Volt Supp ly is ad justed  for an ac c ura te one-volt
output signa l a t the 1 kHz CAL c onnec tor when the Ca li-
b ra tor switc h is set to 1 V.

O u tp u t  D iv id e r

The Outp ut Divid er, R1275-R1276-R1277, p rovid es two
output voltages from the Ca lib ra tor c irc uit. In the 1 V CALl-
BRATOR switc h position, voltage is ob ta ined  from the c a l-
Iec tor of Q1274 through R1274. In the .1 V CALIBRATOR
switc h position, the output is ob ta ined  a t the junc tion of
voltage d ivider R1275 and  R1276-R1277 to p rovide one-tenth
of the p revious output voltage.

Co llec to r c urrent o f Q1274 flows throug h the  PROBE
LOOP on the side panel. Output c urrent is a  five-millampere

“ Lloyd  P. Hunterr pp.  14-3—1 4.7. sq ua re  w a ve .

3 - 2 8
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S E C T I O N  4

M A I N T E N A N C E

Intro d uc tio n

This sec tion of the manua l c onta ins ma intenanc e informa-
tion for use in p reventive ma intenanc e, c orrec tive ma inten-
anc e or troub leshooting  of the Type 453.

C o v e r Re m o v a l

The top  and  bottom c overs of the instrument a re held  in
p lac e by thumb sc rews loc a ted  on eac h side of the instru-
ment. To remove the c overs, loosen the thumb sc rews and
slide the c overs off the instrument. The c overs p rotec t the
instrument from dust in the interior. The c overs a lso d irec t
the flow of c ooling  a ir and  reduc e the EMI rad ia tion from
the instrument.

PREV EN TI V E M A I N TEN A N C E

G e n e ra l

Preventive ma intenanc e c onsists of c leaning, visua l inspec -
on, lub ric a tion, etc . Preventive ma intenanc e performed  on

a  regulor basis may p revent instrument b reakdown and  will
improve the reliab ility of this instrument. The severity of the
environment to whic h the Type
the frequenc y of ma intenanc e.

453 is sub jec ted  determines

C le a ning

Genera l. The Type 453 should  be c leaned  as a ften os
opera ting  c ond itions require. Ac c umula tion of d irt in the
instrument c an c ause overheating and  c omponent b reakdown.
Dirt on c omponents ac ts as an insula ting b lanket and  prevents
e ffic ient hea t d issip a t ion. It  a lso  p rovid es a n e lec tric a l
c onduc tion pa th.

CAUTION

Avoid  the use of c hemic a l c leaning agents whic h
might damage the p lastic s used  in this instrument.
Avoid  c hemic a ls whic h c onta in benzene, toluene,
xylene , a c e tone  o r sim ila r so lvents.

The top  and  bottom c overs p rovide p rotec tion aga inst dust
n the  inte rio r o f the  instrument. Op era tion w ithout the

c overs in p lac e nec essita tes more frequent c leaning. The
front c over p rovides dust p rotec tion for the front panel and
the CRT fac e. The front c over should  be insta lled  for stor-
age or transporta tion. The p lastic  c over supp lied  with the
Type 453 p rovides p rotec tion for the outside of the instru-
ment during  transporta tion or storage. The poc ket on the
side a lso p rovides a  c onvenient p lac e to c a rry this instruc -
tion manua l.

Air Filter. The a ir filter should  be visua lly c hec ked  every
few weeks and  c leaned  or rep lac ed  if d irty. More frequent
inspec tions a re required  under severe opera ting  c ond itions.
The following p roc edure is suggested  for c leaning the filter.

1. Remove the filter by pulling  it out of the reta ining
frame on the rea r panel. Be c a reful not to d rop  any of the
ac c umula ted  d irt into the instrument.

2. Flush the loose d irt from the filter with a  stream of hot
water.

3. Plac e the filter in a  solution of mild  detergent and  hot
wa ter and  let it soak for severa l minutes.

4.

5.

6.

7.

8.

Squeeze the filter to wash out any d irt whic h rema ins.

Rinse the filter in c lea r wa ter and  a llow it to d ry.

Coa t the d ry filter with an a ir-filter adhesive,:

Let the adhesive d ry thoroughly.

Re-insta ll the filter in the reta ining frame.

Exterior. Loose dust ac c umula ted  on the outside of the
Type 453 c an be removed  with a  soft c loth or sma ll pa int
b rush. The pa int b rush is pa rtic ula rly useful for d islodg ing
d irt on and  a round  the front-panel c ontrols. Dirt whic h re-
ma ins c an be removed  with a  soft c loth dampened  in a  mild
detergent and  wa ter solution. Abrasive c leaners should  not
be used .

CRT. Clean the p lastic  light filter, fac ep la te p rotec tor and
the CRT fac e with a  soft, lint-free c loth dampened  with de-
na tured  a lc ohol. The CRT mesh fiiter c an be c ieaned  in the
following manner.

1. Hold  the filter in a  vertic a l position and  b rush lightly
with a  soft #7 wa ter-c olor b rush to remove light c oa tings of
dust or lint.

2. Greasy residues or d ried -on d irt c an be removed  with
a  solution of warm wa ter and  a  neutra l-pH liquid  deter-
gent. Use the b rush to lightly sc rub  the filter.

3. Rinse the filter thoroughly in c lean wa ter and  a llow to
a ir d ry.

4. If any lint or d irt rema ins, use c lean low-p ressure a ir
to remove. Do not use tweezers or other ha rd  c leaning tools
on the filter, as the spec ia l finish may be damaged .

5. When not in use, store the mesh fiiter in a  lint-free,
dust-p roof c onta iner suc h as a  p lastic  bag.
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Inte rior. Du s t  in  th e in ter ior  of th e in s t ru m en t  s h ou ld  be
rem oved  occa s ion a lly du e to its  electr ica l con du ct ivity u n der
h igh -h u m id ity con d it ion s . Th e bes t  wa y to clea n  th e in ter ior
it  to b low off th e a ccu m u la ted  du s t  with  d ry, low-velocity
a ir . Rem ove a n y d ir t  wh ich  rem a in s  with  a  s oft  pa in t  b ru s h
or  a  cloth  dom pen ed  with  a  m ild  detergen t  a n d  wa ter  s olu -
t ion . A cot ton -t ipped  a pp lica tor  is  u s efu l for  clea n in g in
n a rrow s pa ces  or  for  clea n in g cera m ic term in a l s t r ip s  a n d
circu it  boa rds .

Th e h igh -volta ge circu its , pa r t icu la r ly pa r ts  loca ted  in
th e h igh -volta ge com pa r tm en t  a n d  th e a rea  s u r rou n d in g th e
pos t-deflect ion  a n ode con n ector , s h ou ld  receive s pecia l
a t ten t ion . Exces s ive d ir t  in  th es e a rea s  m a y ca u s e h igh -
volta ge a rcin g a n d  res u lt  in  im proper  in s t ru m en t  opera t ion .

Lu bri c a t i o n

Ge ne ral.  Th e relia b ility of poten t iom eters , rota ry s witch es
a n d  oth er  m ovin g pa r ts  ca n  be m a in ta in ed  if th ey a re kep t
p roper ly lu b r ica ted . Us e a  clea n in g-type lu b r ica n t  (e.g.,
Tek tron ix Pa r t  No. 006-0218-00) on  s witch  con ta cts . Lu br i-
ca te s witch  deten ts  with  a  h ea vier  grea s e (e.g., Tek tron ix
Pa r t  No. 006-0219-00). Poten t iom eters  wh ich  a re n ot  per-
m a n en t ly s ea led  s h ou ld  be lu b r ica ted  with  a  lu b r ica n t  wh ich
does  n ot  a ffect  elect r ica l ch a ra cter is t ics  (e.g., Tek tron ix Pa r t
No. 006-0220-00). Th e pot  lu br ica n t  ca n  a ls o be u s ed  on
s h a ft  bu s h in gs . Do n ot  over-lu b r ica te. A lu b r ica t ion  k it  con -
ta in in g th e n eces s a ry lu b r ica n ts  a n d  in s tru ct ion s  is  a va ila b le
from  Tek tron ix, In c. Order  Tek tron ix Pa r t  No. 003-0342-00 .

Fan. Th e fa n -m otor  bea r in gs  a re s ea led  a n d  do n ot  re-
qu ire lu br ica t ion .

Vi s u a l  In s p e c t i o n

Th e Type 453  s h ou ld  be in s pected  os s a s ion a lly for  s u ch
defects  a s  b roken  con n ect ion s , b roken  or  da m a ged  cera m ic
s tr ips , im proper ly s ea ted  t ra n s is tors , da m a ged  circu it  boa rds
a n d  h ea t-da m a ged  pa r ts .

Th e correct ive p recedu re for  m os t  vis ib le defects  is  obvi-
ou s ; h owever , pa r t icu la r  ca re m u s t  be ta ken  if h ea t-da m a ged
com pon en ts  a re fou n d . Overh ea t in g u s u a lly in d ica tes  oth er
t rou b le in  th e in s t ru m en t ; th erefore, it  is  im por ta n t  th a t  th e
ca u s e of over-h ea t in g be corrected  to p reven t  recu rren ce of
th e da m a ge.

Tra n s i s t o r Ch e c k s

Per iod ic ch ecks  of th e t ra n s is tors  in  th e Type 453  a re n ot
recom m en ded . Th e bes t  ch eck  of t ra n s is tor  perform a n ce is
its  a ctu a l opera t ion  in  th e in s tru m en t . More deta ils  on  ch eck-
in g t ra n s is tor  opera t ion  is  given  u n der  Trou b les h oot in g.

Re c a l i bra t i o n

To a s s u re a ccu ra te m ea s u rem en ts , ch eck  th e ca lib ra t ion  of
th is  in s t ru m en t  a fter  ea ch  1000  h ou rs  of opera t ion  or  every
s ix m on th s  if u s ed  in frequ en t ly. In  a dd it ion , rep la cem en t  of
com pon en ts  m a y n eces s ita te reca lib ra t ion  of th e a ffected
circu its . Com plete ca lib ra t ion  in s t ru ct ion s  a re given  in  th e
Ca lib ra t ion  s ect ion .

Th e ca lib ra t ion  p rocedu re ca n  a ls o be h elp fu l in  loca liz-
in g cera in  t rou b les  in  th e in s t ru m en t . In  s om e ca s es , m in or

trou b les  m a y be revea led  a n d / or  corrected  by reca lib ra -
t ion .

T R O U B LE S H O O T IN G

In t ro d u c t i o n

Th e followin g in form a t ion  is  p rovided  to fa cilita te t rou b le-
s h oot in g of th e Type 453 . In form a t ion  con ta in ed  in  oth er
s ect ion s  of th is  m a n u a l s h ou ld  be u s ed  a lon g with  th e fol-
lowin g in form a t ion  to a id  in  loca t in g th e defect ive com pon -
en t . An  u n ders ta n d in g of th e circu it  opera t ion  is  very h elp -
fu l in  loca t in g t rou b les . See th e Circu it  Des cr ip t ion  s ect ion
for  com plete in form a t ion .

Tro u b l e s h o o t i n g  Ai d s

Dia gra m s . Circu it  d ia gra m s  a re given  on  foldou t  pa ges
in  Sect ion  9 . Th e com pon en t  n u m ber  a n d  electr ica l va lu e of
ea ch  com pon en t  in  th is  in s t ru m en t  a re s h own  on  th e d ia -
gra m s . Ea ch  m a in  circu it  is  a s s ign ed  a  s er ies  of com pon en t
n u m bers . Ta b le 4 -1  lis ts  th e m a in  circu its  in  th e Type 453  a n d
th e s er ies  of com pon en t  n u m bers  a s s ign ed  to ea ch . Im por t-
a n t  volta ges  a n d  wa veform s  a re a ls o s h own  on  th e d ia gra m s .
Th e por t ion s  of th e circu it  m ou n ted  on  circu it  boa rds  a re
en clos ed  with  a  b lu e lin e.

TABLE 4 -1

Switc h  Wafe r Ide nt ific at ion . Switch  wa fers  s h own  on
th e d ia gra m s  a re coded  to in d ica te th e pos it ion  of th e wa fer
in  th e com plete s witch  a s s em bly. Th e n u m bered  por t ion  of
th e code refers  to th e wa fer  n u m ber  cou n t in g from  th e fron t ,
or  m ou n t in g en d  of th e s witch , towa rd  th e rea r . Th e let ters
F a n d  R in d ica te wh eth er  th e fron t  or  rea r  of th e wa fer  per -
form s  th e pa r t icu la r  s witch in g fu n ct ion . For  exa m ple, a  wa fer
des ign a ted  2R in d ica tes  th a t  th e rea r  of th e s econ d  wa fer
from  th e fron t  is  u s ed  for  th is  pa r t icu la r  s witch in g fu n ct ion .

Circ uit  Boards . Fig. 4 -6  th rou gh  4 -14  s h ow th e circu it
boa rds  u s ed  in  th e Type 453 . Fig. 4 -5  s h ows  th e loca t ion
of ea ch  boa rd  with in  th e in s t ru m en t . Ea ch  elect r ica l com -
pon en t  on  th e boa rds  is  iden t ified  by its  circu it  n u m ber .
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The c irc uit boa rds a re a lso outlined  on the d iagrams with a
b lue line. These p ic tures, used  a long with the d iagrams, a id
in loc a ting the c omponents mounted  on the c irc uit boards.

Wiring Color-Code. All insula ted  wire and  c ab le used
in the Type 453 is c olor-c oded  to fac ilita te c irc uit trac ing .
Signa l c a rrying  leads a re identified  with one or two c olored
stripes. Voltage supp ly leads a re identified  with three stripes
to ind ic a te the approximate voltage using  the EIA resistor
c olor c ode. A white bac kground  c olor ind ic a tes a  positive
voltage and  a  tan bac kground  ind ic a tes a  nega tive voltage.
The widest c olor stripe identifies the first c olor of the c ode.
Tab le 4-2 g ives the wiring  c olor-c ode for the power-supp ly
voltages used  in the Type 453.

TABLE 4- 2

Powe r Supply Wiring Color Code

Resistor Color-Code. In a d d it ion to  the  b row n c om-
position resistors, some meta l-film resistors and  some wire-
wound  resistors a re used  in the Type 453. The resistanc e
va lues of wire-wound  resistors a re p rinted  on the body of
the c omponent. The resistanc e va lues of c omposition resis-
tors and  meta l-film resistors a re c olor-c oded  on the c ompon-
ents with EIA c olor-c ode (some meta l-film resistors may have
the va lue p rinted  on the body). The c olor-c ode is read  sta rt-
ing  with the stripe nearest the end  of the resistor. Com-
position resistors have four stripes whic h c onsist of two signi-
fic ant figures, a  multip lier and  a  to leranc e va lue (see Fig .
4-1). Meta l-film resistors have five stripes c onsisting  of three
signific ant figures, a  multip lier and  a  to leranc e va lue.

Capacitor Marking. The c apac itanc e va lues of c ommon
d isc  c apac itors and  sma ll e lec rolytic s a re marked  in mic ro-
fa rads on the side of the c omponent body. The white c eramic
c apac itors used  in the Type 453 are c olor c oded in p ic ofa rads
using mod ified  EIA c ode (see Fig . 4-1).

Diode Color Code. The c a thode end  of eac h g lass-en-
c ased  d iode is ind ic a ted  by a  stripe, a  series of stripes or a
dot. For most silic on or germanium d iodes with a  series of
stripes, the c olor-c ode a lso ind ic a tes the type of d iode and
identifies the Tektronix Part Number using  the resistor c olor-
c ode system (e.g ., a  d iode c olor-c oded  b lue-b rown-gray-
green ind ic a tes d iode type 6185 with Tektronix Part Number

F i g .  4 - 1 .  Celor  c ad .  for resista rs and  c eramic  c apac itors.
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F i g .  4 - 2 .  Elec trode c onfigura tion  for semic onduc tors in this instrument.

152-0185-00). The c a thode and  anode end  of meta l-enc ased N O TE
d iodes c an be identified  by the d iode symbol marked  on the
b od y. A 20,000 ohms/ vo lt VOM c a n b e  used  to  c hec k

Tra nsistor Lea d Configura tion. Fig . 4-2 shows the lead
the  vo lta g es in this instrument if a llowa nc es a re

c onfigura tions of the transistors used  in this instrument. This
made for the c irc uit load ing of the VOM a t high-
impedanc e points.

view is as seen from the bottom of the transistors.

Tro u b le sh o o t in g  Eq u ip m e n t

The following equipment is useful for troub leshooting  the

Type 453.

1. Transistor Tester

Desc rip tion: Tektronix Type 575 Transistor-Curve Trac er
or equiva lent.

Purpose: To test the semic onduc tors used  in this instrument.

2. Multimeter

Desc rip tion: VTVM, 10 megohm input impedanc e and  0 to
500 volts range; ohmmeter, 0 to 50 megohms. Ac c urac y, with-
in 3%. Test p rods must be insula ted  to p revent ac c identa l
shorting .

Purpose: To c hec k voltages and  for genera l troub leshoot-
ing  in this instrument.

3. Test Osc illosc ope

Desc rip tion: DC to 20 MHz frequenc y response. 5 milli-
volts to 10 volts/ d ivision deflec tion fac tor. Use  a  10X
probe.

Purpose: To c hec k waveforms in this instrument.

Tro ub le sho o ting  Te c hniq ue s

This troub leshooting  p roc edure is a rranged  in an order
whic h c hec ks the simp le possib ilities before p roc eed ing with
extensive troub leshooting . The first few c hec ks assure p roper
c onnec tion, opera tion and  c a lib ra tion. If the troub le is not
loc a ted  by these c hec ks, the rema ining  steps a id  in loc a ting
the defec tive c omponent. When the defec tive c omponent is
loc a ted , it should  be rep lac ed  following the rep lac ement p ro-
c edures g iven under Correc tive Ma intenanc e.
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1. Check Control Settings. Inc orrec t c ontrol settings c an the page until a  step  is found  whic h is not c orrec t. Further
ind ic a te a  troub le tha t does not exist. If there is any question c hec ks and / or the c irc uit in whic h the troub le is p rabab ly
about the c orrec t func tian or opera tion of any c ontrol, see loc a ted  a re listed  to the right of this step .
the Opera ting  Instruc tions sec tion of this manua l.

After the defec tive c irc uit-has been loc a ted , p roc eed  with

2. Check Associated Equipment. Before p roc eed ing with steps 6 through 8 to loc a te the defec tive c omponent(s).

troub leshooting of the Type 453, c hec k tha t the equipment
used  with this instrument is opera ting  c orrec tly. Chec k tha t 6. Check Circuit Board Interconnections. Afte r the
the signa l is p roperly c onnec ted  and  tha t the interc onnec ting troub le has been isola ted  to a  pa rtic ula r c irc uit, c hec k the

c ab les a re not defec tive. Also, c hec k the power sourc e. p in c onnec tors on the c irc uit board  for c orrec t c onnec tion.
Figs. 4-8 through 4-16 show the c orrec t c onnec tions for eac h

3. Visual Check. Visua lly c hec k the portion of the instru-
ment in whic h the troub le is loc a ted . Many troub les c an be
loc a ted  by visua l ind ic a tions suc h as unsoldered  c onnec tions,
b roken wires, damaged c irc uit boards, damaged c omponents,
etc .

4. Check Instrument Calibration. Chec k the c a lib ra tion
of this instrument, or the a ffec ted  c irc uit if the troub le exists
in one c irc uit. The apparent troub le may only be a  result of
misad justment or may be c orrec ted  by c a lib ra tion. Complete
c a lib ra tion instruc tions a re g iven in the Ca lib ra tion sec tion
of this manua l.

5. Isolate Trouble to a Circuit. To isola te troub le to a
c irc uit, note the troub le symptom. The sympton often identi-
fies the c irc uit in whic h the troub le is loc a ted . For examp le,
poor foc us ind ic a tes tha t the CRT (inc ludes high voltage)
c irc uit is p robab ly a t fault. When troub le symptoms appear
in more than one c irc uit, c hec k a ffec ted  c irc uits by taking
voltage and  waveform read ings. Also c hec k for the c orrec t
output signa ls a t the side-panel output c onnec tors with a
test osc illosc ope. If the signa l is c orrec t, the c irc uit is work-
ing  c orrec tly up  to tha t point. For examp le, c orrec t amp li-
tude and  time of the A Gate out waveform ind ic a tes tha t
the A Trigger Genera ta r and  A Sweep Gate c irc uits a re
opera ting c orrec tly.

Inc orrec t opera tion of a ll c irc uits often ind ic a tes troub le in
the power supp ly. Chec k first for c orrec t voltage of the ind i-
vidua l supp lies. However, a  defec tive c omponent elsewhere
in the instrument c an appear as a  power-supp ly troub le
and  may a lso a ffec t the opera tion of other c irc uits. Tab le
4-3 lists the toleranc es of the power supp lies in this instru-
ment. [f a  power-supp ly voltage is within the listed  toleranc e,
the supp ly c an be assumed  to be working  c orrec tly. If out-
side the to leranc e, the supp ly may be misad justed  or opera t-
ing  inc orrec tly. Use the p roc edure g iven in the Ca lib ra tion
sec tion to ad just the power supp lies.

TABLE 4-3
Power Supply Tolerance

lAd@ed  for  eorreet  output  from the  Calibrator  circuit ;  see  Calibra-
t ion procedure.

Fig . 4-3 p rovides a  guide to a id  in loc a ting  a  defec tive
c irc uit. This c ha rt may not inc lude c hec ks for a ll possib le
defec ts; use steps 6-8 in suc h c ases. Sta rt from the top
of the c hart and  perform the g iven c hec ks on the left side of

board .

The p in c onnec tors used  in this instrument a lso p rovide a
c onvenient means of c irc uit isola tion. Fa r examp le, a  short
in a  power supp ly c an be isola ted  to the power supp ly itself
by d isc onnec ting  the p in c onnec tors for tha t voltage a t the
rema ining  boa rds.

7. Check Voltage and Waveforms. Often the d efec tive
c omponent c an be loc a ted  by c hec king for the c orrec t volt-
age or waveform in the c irc uit. Typ ic a l voltages and  wave-
forms a re g iven on the d iagrams.

NOTE

Vo lta g es a nd  w a ve fa rms g iven on the  d ia g ra ms
a re  no t a b so lute  a nd  ma y va ry slig ht ly b e tw een
instruments. To ob ta in opera ting  c ond itions simila r
to those used  to take these read ings, see the first
d iagram page.

8. Check Individual Components. The fo llow ing  p roc e-
dures desc ribe methods of c hec king  ind ividua l c omponents
in the Type 453. Components whic h a re soldered  in p lac e
are best c hec ked  by d isc onnec ting  one end . This isola tes the
measurement from the effec ts of surround ing c irc uitry.

A. TRANSISTORS. The best c hec k of transistor opera tion
is ac tua l performanc e under apera ting  c ond itions. If a
transistor is suspec ted  of being defec tive, it c an best be
c hec ked  by substituting  a  new c omponent or one whic h
has been c hec ked  p reviously. However, be sure tha t c irc uit
c ond itions a re not suc h tha t a  rep lac ement transistor might
a lso be damaged . If substitute transistors a re not ava ilab le,
use a  dynamic  tester (suc h as Tektronix Type 575). Sta tic -
type testers a re not rec ommended , sinc e they do not c hec k
opera tion under simula ted  opera ting  c ond itions.

B. DIODES. A d iode c an be c hec ked  for an open or
shorted  c ond ition by measuring  the resistanc e between
termina ls. With a n ohmmeter sc a le  ha ving  a n inte rna l
sourc e of between 800 millivolts and  3 volts, the resistanc e
should  be very high in one d irec tion and  very low when the
leads a re reversed .

C A UTIO N

Do no t use  a n ohmmeter sc a le  tha t ha s a  hig h
inte rna l c urrent. Hig h c urrents ma y d a ma g e the
d iode. Do not measure tunnel d iodes with an ohm-
meter; use a  dynamic  tester (suc h as a  Tektronix
Typ e  575 Tra nsisto r-C urve  Tra c e r).

C. RESISTORS. Chec k the  resisto rs w ith a n ohmmeter.
Chec k the Elec tric a l Parts List for the toleranc e of the resis-
tors used  in this instrument. Resistors norma lly do not need
to be rep lac ed  unless the measured  va lue va ries widely from
the spec ified  va lue.
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D. INDUCTORS. Chec k for
c ontinuity with an ohmmeter.

open induc tors by c hec king
Shorted  or pa rtia lly shorted

induc tors c an usua lly be found  by c hec king the waveform
response when high-frequenc y signa ls a re passed  through
the c irc uit. Partia l shorting  often reduc es high-frequenc y
response (roll-off).

E. CAPACITORS. A leaky or shorted  c apac itor c an best be
detec ted  by c hec king resistanc e with an ohmmeter on the
highest sc a le. Do not exc eed  the voltage ra ting  of the
c apac itor. The resistanc e read ing should  be high a fter
initia l c ha rge of the c apac itor. An open c apac itor c an best
be detec ted  with a  c apac itanc e meter or by c hec king whether
the c apac itor passes AC signa ls.

9. Repair and Readjust the Circuit. If  a ny d e fe c t ive
parts a re Ioc a ted , fo llow the rep lac ement p roc edures g iven
in this sec tion. Be sure to c hec k the performanc e of any c ir-
c uit tha t has been repa ired  or tha t has had  any elec tric a l
c omponents rep lac ed .

C O R R E C T I V E  M A I N T E N A N C E

G e n e r a l

Correc tive ma intenanc e c onsists of c omponent rep lac ement
and instrument repa ir. Spec ia l tec hniques required  to rep lac e
c omponents in this instrument a re g iven here.

Solder ing Techniques

WARNING

Disc onnec t the instrument from the power sourc e
b e fo re  so ld ering .

Circuit Boards. Use ord ina ry 60/ 40 solder and  a  35- to
40-wa tt penc il type soldering  iron on the c irc uit boa rds.
The tip  of the iron should  be c lean and  p roperly tinned  for
best hea t transfer to the solder jo int. A higher wa ttage
so ld ering  iron ma y sep a ra te  the  w iring  from the  b a se
materia l.

The following tec hnique should  be used  to rep lac e a
c omponent on a  c irc uit boa rd . Most c omponents c an be
rep lac ed  without removing the boards from the instrument.

1. Grip  the c omponent lead  with long-nose p liers. Touc h
the soldering  iron to the lead  a t the solder c onnec tion. Do
not lay the iron d irec tly on the board .

2. When the solder beg ins to melt, pull the lead  out
gently. This should  leave a  c lean hole in the board . If not,
the hole c an be c leaned by reheating the solder and  p lac ing
a  sha rp  ob jec t suc h as a  toothp ic k into the hole to c lean it
out. A vac uum-type resoldering  tool c an a lso be used  for
this purpose.

3. Bend  the leads of the new c omponent to fit the holes
in the board . If the c omponent is rep lac ed  while the board
is mounted  in the instrument, c ut the leads so they will just
p rotrude through the board . Insert the leads into the holes
in the board  so the c omponent is firmly sea ted  aga inst the
board  (or as positioned  orig ina lly). If it does not sea t p rop -
erly, hea t the solder and  gently p ress the c omponent into
p lac e.

4. Touc h the iron to the c onnec tion and  app ly a  sma ll
amount of solder to make a  firm solder jo int; do not app ly
too muc h solder. To p rotec t hea t-sensitive c omponents, hold
the lead  between the c omponent body and  the solder jo int
with a  pa ir of long nose p liers or other hea t sink.

5. Clip  the exc ess lead  tha t p rotrudes through the board .

6. Clean the a rea  a round  the solder c onnec tion with a
flux-remover solvent. Be c a reful not to remove information
printed  on the board .

Ceramic Termina l Strips. Solder used  on the c eramic
termina l strips should  c onta in about 3% silver. Use a  40-
to 75-wa tt soldering  iron with a
t ip . O rd in a ry  so ld e r sh o u ld  n o t  b e  u se d
o n the c eramic  termina l strips. If ord ina ry
solder is used  repea ted ly or if exc essive hea t is app lied ,
t h e  so ld e r-t o -c e ra m ic  b o n d  m a y  b e  b ro ke n .

A samp le ro ll of solder c onta ining  about 3% silver is
mounted  on the rea r subpanel of this instrument. Add itiona l
solder of the same type should  be ava ilab le loc a lly, or it
c a n  b e  p r o c u r e d  u n d e r  FSN  3 4 3 9 - 9 1 2 - 8 6 9 8 .
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Observe the following p rec autions when soldering  to
ceramic  termina l strips.

1. Use a  hot iron for a  shorT time. App ly only enough
hea t to make the solder flow freely.

2. Ma inta in a  c lean, p roperly tinned  tip .

3. Avoid  putting  p ressure on the c eramic  termina l strip .

4. Do not a ttempt to fill the termina l-strip  notc h with
solder; use only enough solder to c over the wires adequa tely.

5. C lea n the  flux from the  te rm ina l strip  w ith a  flux-
remover solvent.

Metal Terminals. When soldering  meta l termina ls (e.g .,
switc h termina ls, potentiometers, etc ), ord ina ry 60/ 40 solder
c an be used . Use a  soldering  iron with a  40- to 75-wa tt

Observe the following p rec autions when soldering  meta l
termina ls:

1. Ap p ly only enoug h hea t to  ma ke  the  so ld er flow
freely.

2. App ly only enough solder to form a  solid  c onnec tion.
Exc ess solder may impa ir the func tion of the pa rt.

3. If a  wire extends beyond  the solder jo int, c lip  off the
exc ess.

4. Clean the
solvent.

C o m p o n e n t

flux from the solder jo int with a  flux-remover

Re p la c e m e nt

WA RNING

Disc onnec t the  instrument from the  p ower sourc e
before rep lac ing  c omponents.

Re moving the  Re a r Pa ne l. The  re a r p a ne l m ust  b e
removed  for ac c ess to the rea r subpanel. This panel c an be
removed  by removing the Z Axis ground  strap  and  the four
sc rews loc a ted  near the rear feet.

Swing-Out Chassis. Some of the c ontrols and  c onnec tors
a re mounted  on a  swing-out c hassis on the right side of this
instrument. To reac h the rea r of this c hassis or the c om-
ponents mounted  behind  it, first remove the top  c over from
the instrument. Then, loosen the c ap tive sec uring sc rew so
the c hassis c an swing outward .

Ceramic Terminal Strip Replacement. A c omplete c er-
amic  termina l strip  assemb ly is shown in Fig . 4-4. Rep lac e-
ment strips (inc lud ing  studs) and  spac ers a re supp lied  under
separa te pa rt numbers. However, the old  spac ers may be
re-used  if they a re not damaged . The app lic ab le Tektronix

   Pa rt Numbers for the c eramic  strips and  spac ers used  in
  this instrument a re g iven in the Mec hanic a l Parts List.

To rep lac e a  c eramic  termina l strip , use the fo llowing
prac edure:

REMOVAL:

1. Unsolder a ll c omponents and  c onnec tions on the strip .
To a id  ih rep lac ing  the strip , it may be advisab le to mark

F i g .  4 - 4 .  Troubleshooting  chart for Type  453.

eac h lead  or d raw a  sketc h to show loc a tion of the c om-
ponents and  c onnec tions.

2. Pry or pull the damaged  strip  from the c hassis. Be
c areful not to damage the c hassis.

3. If the spac ers c ome out with the strip , remove them
from the stud  p ins for use on the new strip  (spac ers should
be rep lac ed  if they a re damaged).

REPLACEMENT:

1. Plac e the spac ers in the c hassis holes.

2. Carefully p ress the studs of the strip  into the spac ers
until they a re c omp letely sea ted . If nec essary, use a  soft
ma llet and  tap  lightly, d irec tly over the stud , to sea t the
strip  c omp letely.

3. If the stud  extends through the spac ers, c ut off the
exc ess.

4. Rep lac e a ll c omponents and  c onnec tions. Observe the
soldering  p rec autions g iven under Soldering  Tec hniques in
this sec tion.

Circuit Board Replacement. If a  c irc uit boa rd  is dam-
aged  beyond  repa ir, either the entire assemb ly inc lud ing  a ll
soldered-on c omponents, or the board  only, c an be rep lac ed .
Part numbers a re g iven in the Mec hanic a l Parts List for either
the c omp letely wired  or the unwired  board . Most of the
c omponents mounted  or, the c irc uit boards c an be rep lac ed
without removing the boards from the instrument. Observe
the soldering  p rec autions g iven under Soldering  Tec hniques
in this sec tion. However, if the bottom side of the board  must
be reac hed  or if the board  must be moved  to ga in ac c ess to
other a reas of the instrument, only the mounting sc rews need
to be removed . The interc onnec ting wires on most of the
boards a re long enough to a llow the board  to be moved  out
of the way or turned  over without d isc onnec ting  the p in
c onnec tors.

GENERAL:

Most of the c onnec tions to the c irc uit boards a re made
with p in c onnec tors. However, severa l c onnec tions a re
soldered  between the a ttenuators and  Vertic a l Preamp board .
See the spec ia l remova l instruc tions to remove these as a
unit.

Use the fo llowing p roc edure to remove a  c irc uit board .
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1. Disc onnec t a ll p in c onnec tors whic h c ome through holes
in the board .

2. Remove a II sc rews hold ing the board  to the c hassis.

3. The board  may now be lifted  for ma intenanc e or ac c ess
to a reas benea th the board .

4. To c ompletely remove the board , d isc onnec t the remain-
ing p in c onnec tors.

5. Lift the c irc uit board  out of the instrument. Do not
forc e or bend  the board .

6. To rep lac e the board , reverse the order of remova l.
Correc t loc a tion of the p in c onnec tors is shown in Fig . 4-8
through 4-16. Rep lac e the p in c onnec tors (c a refully so they
mate c orrec tly with the p ins. If forc ed  into p lac e inc orrec tly
positioned , the p in c onnec tors may be damaged .

VERTICAL PREAMP UNIT REMOVAL:

Use the following p roc edure to remove the Vertic a l Pre-
amp board  and  the a ttenua tors as a  unit.

1. Remove the sc rew (mounted  with a  washer) whic h holds
the MODE-TRIGGER switc h (rea r of board ) to the c hassis.
The other sc rew may be left in p lac e.

2. Remove the sc rew (with fiber washer) from the c enter
of the board .

3. Unsolder the c onnec tions on he MODE TRIGGER switc h
whic h do not go to the Vertic a l Prea rnp  board .

4. Disc onnec t a ll p in c onnec tors whic h lead  off of the
Vertic a l Preamp board .

5. Remove the a ttenua tor shield  and  remove the nuts (four)
loc a ted  under this shield  a t eac h side of the INPUT c on-
nec tors.

6. Remove the VARIABLE, CH 1 and  CH 2 VOLTS/ DIV,
POSITION, Input Coup ling , TRIGGER and  MODE knobs.

7. Remove the sec uring nuts on the VOLTS/ DIV switc hes
and  the STEP ATTEN BAL c ontrols.

8. Remove the three sc rews a t the rear of the board .

9. Lift up  on the rea r of the assemb ly and  slide it out
of the instrument.

10. The board  may now be removed  from the Vertic a l
Preamp unit as fo llows:

a . Disc onnec t a ll p in c onnec tors rema ining  on the
board .

b . Unsolder a ll c onnec tions on the rea r side of the
board  whic h c onnec t between the a ttenua tors and  the
board . Observe the soldering  p rec autions g iven in this
sec tion.

c . Remove the rema ining sc rew whic hi holds the MODE-
TRIGGER switc h to the board .

d . Remove the four sc rews hold ing the board  to the
attenua tors.

11. To rep lac e the unit, reverse the order of remova l.
Be sure the GAIN and  INVERT extensions a re positioned
c orrec tly in the c orrespond ing front-panel holes.

Cathode-Ray Tube Replacement. Use c are when han-
d ling  a  CRT. Protec tive c lothing  and  sa fety g lasses should

be worn. Avoid  striking  it on any ob jec t whic h might c ause
it to c roc k or imp lode. When storing  a  CRT, p lac e it fac e
down On a  smooth surfac e with a  p rotec tive c over or soft
mat under the fac ep la te to p rotec t it from sc ra tc hes.

The CRT shield  should  a lso be hand led  c a refully. This
shield  p rotec ts the CRT d isp lay from d istortion due to mag-
netic  interferenc e. If the shield  is d ropped  or struc k sharp ly,
it may lose its shield ing  ab ility.

The following p roc edure outlines the remova l and  rep lac e-
rnent of the c a thode-ray tube:

A. REMOVAL:

1. Remove the top  and  bottom c overs and  rea r panel as
desc ribed  previously.

2.

3.
and

4.

5.

Remove the light filter or fac ep la te p rotec tor.

Disc onnec t the CRT anode c onnec tor. Ground  this lead
the anode c onec tion to d isc harge any stored  c harge.

Unsolder the trac e-rota tion leads a t the CRT shield .

Unsolder the y-axis rota tion leads a t the Y Axis Align
c ontrol.

6. Disc onnec t the deflec tion-p la te c onnec tors. Be c a reful
not to bend  the deflec tion-p la te p ins.

7. Remove the CRT soc ket.

8. Remove the two nuts (by the gra tic ule iights) whic h
hold  the front of the CRT shield  to the subpanel.

9. Remove the gra tic ule lights from the studs and  position
them away from the shield .

10. Loosen the two hex-head  sc rews inside the rear of the
CRT shield . Remove the shield  ang le c lamps and  mounting
sc rews.

11. Slide the CRT assembly to the rea r of the instrument
until the fac ep la te c lea rs the mounting studs. Then, lift the
front of the CRT assemb ly up  and  slide it out of the instru-
ment.

12. Loosen the three sc rews on the CRT c lamp inside the
CRT shield . Do not remove the sc rews.

13. Hold  the left hand  on the CRT fac ep la te and  push
forward  on the CRT base with the right hand . As the CRT
sta rts out of the shield , g rasp  it firmly with the left hand .
When the CRT is free of the c lamp, slide the shield  c om-
p letely off the CRT. Be c a reful not to bend  the nec k p ins.

B. REPLACEMENT:

1. Insert the CRT into the shield . Be c a reful not to bend
the nec k p ins. Sea t the CRT firmly aga inst the shield .

2. Tighten the bottom c lamp sc rew-inside the CRT shield .
Rec ommended  tightening torque: 4 to 7 inc h-lbs. Do not
tighten the sc rews on the sides.

3. Plac e the light mask over the CRT fac ep la te.

4. Using  a  method  simila r to tha t for remova l (step  11)
re-insert the CRT assembly into the instrument. Be sure the
CRT

5.
CRT

fac ep la te sea ts p roperly in the subpanel.

Tighten the two rema ining sc rews on the inside of the
shield .
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6. Replac e the shield  angle c lamps and mounting sc rews
on the rear subpanel. Tighten the two hex-head  sc rews
in sid e  t h e  re a r o f  t h e  C RT sh ie ld .

7. Rep lac e the gra tic ule lights and  sec uring nuts.

8. Replac e the CRT soc ket.

9. Rec onnec t the anode c onnec tor. Align the jac k on the
CRT and  then p lug  in the c onnec tor and  p ress firmly on the
insula ted  c over to snap  the p lug  into p lac e.

10. Rec onnec t the trac e-rota tion and  y-axis leads.

11. Rec onnec t the deflec tion-p la te c onnec tors. Correc t
loc a tion is ind ic a ted  on the CRT shield .

12. Ad iust the High Voltage, TRACE ROTATION, ASTIG,
Y-Axis Align and  Geometry ad justment. Ad justment p roc e-
dure is g iven in the Ca lib ra tion sec tian. Also c hec k the basic
vertic a l and  horizonta l ga in.

Transistor Replacement. Transistors should  not be re-
p lac ed  unless ac tua lly defec tive. If removed  from their
soc kets during routine ma intenanc e, return them to their
orig ina l soc kets. Unnec essary rep lac ement of transistors
may a ffec t the c a lib ra tion of this instrument. When trans-
istors a re rep lac ed , c hec k the opera tion of tha t pa rt of the
instrument whic h may be a ffec ted .

C A UTIO N

POWER switc h must be turned  off before removing
o r rep la c ing  tra nsisto rs.

Rep lac ement transistors should  be of the orig ina l type
or a  d irec t rep lac ement. Fig . 4-2 shows the lead  c onfigura -
tion of the transistors used  in this instrument. Some p lastic
c ase transistors have lead  c onfigura tions whic h do not agree
with those shown here. If a  transistor is rep lac ed  by a
transistor whic h is made by a  d ifferent manufac turer than
the orig ina l, c hec k the manufac turer’ s basing  d iagram for
c orrec t basing. All transistor soc kets in this instrument a re
wired  for the basing  used  for meta l-c ase transistors. Trans-
istors whic h have hea t rad ia tors or a re mounted  on the
c hassis use silic one grease to inc rease hea t transfer. Rep lac e
the silic one grease when rep lac ing these transistors.

WA RNING

Ha nd le  silic one  g rea se  w ith c a re . Avo id  g e tt ing
silic one grease in the mouth or eyes. Wash hands
thoroug hly a fte r use .

Two transistors in both the Channel 1 and  Channel 2 Pre-
amp c irc uit (Vertic a l Preamp c irc uit boa rd ) a re permanently
mounted  in spec ia l tempera ture c ompensa tion b loc ks. These
transistors (a long with the tempera ture c ompensa tion b loc k)
must be rep lac ed  as a  unit. When rep lac ing  the unit, p lac e
it so the referenc e information fac es the left side of the
instrument and  the PNP transistor (labeled  on side of unit) is
toward  the front of the instrument.

Fuse Replacement. Tab le 4-4 g ives the ra ting , loc a tion,
and  func tion of the fuses used  in this instrument.

Rotary Switches. Ind ividua l wa fers or mec hanic a l pa rts
of rota ry switc hes a re norma lly not rep lac eab le. If a  switc h
is defec tive, rep lac e the entire assembly. Rep lac ement switc h-

es c an be ordered  either wired  or unwired ; refer to the
Parts List for the app lic ab le pa rt numbers.

When rep lac ing a  switc h, tag  the leads and  switc h termi-
na ls with c orrespond ing  identific a tion tags as the leads a re
d isc onnec ted . Then, use the old  switc h as a  guide for in-
sta lling  the new one. An a lterna tive method  is to d raw a
sketc h of the switc h layout and  rec ord  the wire c olor a t eac h
termina l. When soldering to the new switc h be c a reful tha t

TABLE 4-4

the solder does not flow beyond  the rivets on the switc h
termina ls. Spring  tension of the switc h c ontac t c an be des-
troyed  by exc essive solder.

The swing-out c hassis on the right side of the instrument
p rovides ac c ess to the side of the TIME/ DIV and  HORIZ
DISPLAY switc hes. The top  and  bottom of these switc hes
c an be reac hed  for easier repa ir or remova l by removing the
B Sweep  board  (top ) or the A Sweep  board  (bottom).

Power Transformer Replacement. The power transformer
in this instrument is warranted  for the life of the instrument.
If the power transformer bec omes defec tive, c ontac t your
loc a l Tektronix Field  Offic e or rep resenta tive for a  warranty
rep lac ement (see the Warranty note in the front of this man-
ua l). Be sure to rep lac e only with a  d irec t rep lac ement Tek-
tronix transformer.

When removing the transformer, tag the leads with the
c orrespond ing termina l numbers to a id  in c onnec ting the new
transformer. After the transformer is rep lac ed , c hec k the
performanc e of the c omplete instrument using the Perform-
anc e Chec k proc edure.

Power Chassis. The p ow er tra nsisto rs a nd  o ther hea t
d issipa ting power-supp ly c omponents a re mounted  below the
Low-Voltage Regula tor board . Remove the Low-Voltage
Regula tor board  to reac h these c omponents. To reac h the
underside of the c hassis, remove the fan through the rear
subpanel.

High-Voltage Compartment. The c omponents loc a ted  in
the high-voltage c ompartment c an be reac hed  for ma inten-
anc e or rep lac ement by using the following p roc edure.

1. Remove the bottom c over of the instrument as desc ribed
in this sec tion.

2. Remove the high-voltage

3. Remove the three sc rews
high-voltage c ompartment.

shield .

whic h hold  the c over on the
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4. To remove the c omp lete wiring  assembly from the high-
voltage c ompartment, unsolder the post-deflec tion anode
Iead  (heavily insula ted  lead  a t side of c ompartment). The
other leads a re long enough to a llow the ossemb ly to be
lifted  out of the c ompartment to reac h the parts on the
under side.

5. To rep lac e the high-voltage c ompartment, reverse the
order of remova l.

NO TE

All so ld er jo ints in the  hig h-vo lta g e  c omp a rtment
sho uld  ha ve  sm o o th surfa c e s. Any p ro t rusio ns
may c ause high-voltoge a rc ing  a t high a ltitudes.

R e c a l i b r a t i o n  A f t e r  R e p a i r

After any elec tric a l c omponent has been rep lac ed , the

well as the c a lib ra tion of other c losely rela ted  c irc uits. Sinc e
the Iow-voltage supp ly a ffec ts a ll c irc uits, c a lib ra tion of
the entire instrument should  be c hec ked  if work has been
done in the low-voltage supp ly or if the power transformer
has been rep lac ed . The Performanc e Chec k p roc edure in
Sec tion 5 p rovides a  quic k and  c onvenient means of c hec k-
ing  instrument opera tion.

I n s t r u m e n t  R e p a c k a g i n g

If the Type 453 is to be shipped  for long d istanc es by
c ommerc ia l means of transporta tion, it is rec ommended tha t
the instrument be repac kaged  in the orig ina l manner for
maximum protec tion. The orig ina l shipp ing  c a rton c an be
saved  and  used  for this purpose. Fig . 4-5 illustra tes how to
repac kage the Type 453 and  g ives the part number for the
pac kag ing c omponents if new items a re needed . Fig . 4-6
illustra tes how to repac kage the Type R453 and  the app li-

c a lib ra tian of tha t pa rtic ula r c irc uit should  be c hec ked , as cab le part numbers.

F i g .  4 - 5 .  Repackaging the Type  453 for shipment.
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F i g .  4 - 6 .  Repackaging the Type R453 for shipment.
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F i g .  4 - 7 .  Location  of circuit  boards  in Type  453.
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Fig. 4-8.
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Fig.  4-9 . Partial  Vertical  Preamp  circuit  board. Vertical  Switching  and partial  Vertical  Preamp  circuit  shown.
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Fig. 4-10.
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F i g .  4 - 1 1 .  Partial A Sweep  circuit  board.  A Sweep  Generatar and  Calibrator circuits  shown.
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Fig. 4-12.
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4 - 2 0

Fig.  4-13. Partial B Sweep  circuit  board. Horizontal  Amplifier  and partial  B Sweep  Generator  circuits  shown.



Fig. 4-14.
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F i g .  4 - 1 5 .  Z Axis  Amplifier  and  High-Voltage  Regulator circuit  board.



Fig. 4-16.
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S E C T I O N  5

PERFORM AN CE CH ECK

Introduction
This sec t ion o f the  ma nua l p rovid es a  p roc ed ure  fo r

rap id ly c hec king the performanc e of the Type 453. This
p roc edure c hec ks the opera tion of the instrument without
removing the c overs or making interna l ad justments. How-
ever, sc rewdriver ad justments whic h a re loc a ted  on the
front panel a re ad justed  in this p roc edure.

If the instrument does not meet the performanc e require-
ments g iven in this p roc edure, interna l c hec ks and / or ad -
justments a re required . See the Ca lib ra tion sec tion of this
manua l. All performanc e requirements g iven in this sec -
tion c orrespond  to those g iven in Sec tion 1 of this manua l.

NO TE

A ll w a ve fo rm s sho w n in  th is se c t io n a re  a c tua l
w a ve fo rm  p ho to g ra p hs ta ke n w ith  a  Te kt ro n ix
Osc illosc op e  Ca mera  System unless no ted  o ther-
w ise . Gra t ic ule  lines ha ve  b een p ho tog ra p hic a lly
retouc hed .

 Recommended Equipment
The following equipment is rec ommended  for a  c omp lete

performanc e c hec k. Spec ific a tions g iven a re the minimum
nec essa ry to  p erfo rm  this p roc ed ure . All eq uip ment is
assumed  to be c a lib ra ted  and  opera ting  within the g iven
spec ific a tions of the rec ommended equipment.

For the most ac c ura te and  c onvenient performanc e c hec k,
spec ia l Tektronix c a lib ra tion fixtures a re used  in this p ro-
c ed ure . These  sp ec ia l c a lib ra t ion fixtures a re  a va ila b le
from Tektronix, Inc . Order by pa rt number through your
loc a l Tektronix Field  Offic e or rep resenta tive.

1. Time-mark genera tor. Marker outputs, five sec onds to
10 nanosec onds; marker ac c urac y, within 0.1%. Tektronix
Type 184 Time-Mark Genera tor rec ommended .

2. Standard  amp litude c a lib ra tor. Amp litude ac c urac y,
within 0.25%; signa l amp litude, five millivolts to 50 volts;
output signa l, one-kilohertz square wave and  positive DC
voltage; must have mixed  d isp lay fea ture. Tektronix c a li-
b ra tion fixture 067-0502-00.

3. Square-wave genera tor. Frequenc y, one and  100 kilo-
hertz; risetime, 12 nanosec onds or less from high-amp litude

 output and  one nanosec ond  or less from fast-rise output;
 output amp litude, about 120 volts untermina ted  or 12 volts

into 50 ohms from high-amp litude output-50 to 500 milli-
volts from fast-rise output. Tektronix Type 106 Square-Wave

Genera tor rec ommended .

4. Constant-amp litude sine-wave genera tor. Frequenc y,
350 kilohertz to above 50 megahertz; referenc e frequenc y,
50 kilohertz; output amp litude, va riab le from five millivolts

to five volts into 50 ohms or 10 volts maximum untermina ted ;
 amp litude ac c urac y, within 3% a t 50 kilohertz and  from 350
kilohertz to above 50 megahertz. Tektronix Type 191 Con-
stant Amp litude Signa l Genera tor rec ommended .

5. Low-frequenc y sine-wave genera tor. Frequenc y 60 hertz
to one megahertz; output amp litude, va riab le from 0.5 volts
to 40 volts peak to peak; amp litude ac c urac y, within 3%
from 60 hertz to one megahertz. For example, Genera l
Rad io 1310-A Osc illa tor (use a  Genera l Rad io Type 274QBJ
Adap tor to p rovide BNC output).

6. 10X p ro b e  w ith  BNC  c o nne c to r. Te kt ro n ix P6010
Probe rec ommended.

7. Test osc illosc ope. Bandwid th, DC to 50 megahertz;
minimum deflec tion fac tor, five millivolts/ d ivision; ac c urac y,
within 3%. Tektronix Type 453 Osc illosc ope rec ommended .

8. Current-measuring  p robe with passive termina tion. Sen-
sitivity, two milliamperes/ millivolt; ac c urac y, within 3%. Tek-
tronix P6019 Current Probe with 011-0078-00 passive termina-
tion  rec ommended.

9. Cab le (two). Impedanc e, 50 ohms; type, RG-58/ U;
length, 42 inc hes; c onnec to rs, BNC. Tektronix Pa rt No .
012-0057-01.

10. BNC T c onnec tor. Tektronix Part No. 103-0030-00.

11. Cab le. Impedanc e, 50 ohms; type, RG-58/ U; length,
18 inc hes; c onnec tors, BNC. Tektronix Part No. 012-0076-00.

12. Cab le. Impedanc e, 50 ohms; type, RG-213/ U; elec -
tric a l length, five nanosec onds; c onnec tors, GR874. Tek-
tronix Part No. 017-0502-00.

13. In-1ine termina tion. Impedanc e, 50 ohms; wa ttage
ra ting , two wa tts; ac c urac y, ±3%; c onnec tors, GR874 in-
put with BNC ma le output. Tektronix Part No. 017-0083-00.

14. Input RC norma lizer. Time c onstant, 1 megohm X 20
pF; a ttenua tion, 2X; c onnec tors, BNC. Tektronix c a lib ra tion
fixture 067-0538-00.

15. 5X a ttenua tor. Impedanc e, 50 ohms; ac c urac y, ±3%;
c onnec tors, GR874. Tektronix Part No. 017-0079-00.

16. Dua l-input c oup ler. Ma tc hed  signa l transfer to eac h
input. Tektronix c a lib ra tion fixture 067-0525-00.

17. Adap ter. Adap ts GR874 c onnec tor to BNC fema le
c onnec tor. Tektronix Part No. 017-0064-00.

18. Termina tion. Impedanc e, 50 ohms; ac c urac y, ±3%;
c onnec tors, BNC. Tektronix Part No. 011-0049-00.

19. Adap ter. Connec tors, BNC fema le and  two a lliga tor
c lips. Tektronix Part No. 013-0076-00.

20. Sc rewdriver. Three-inc h sha ft,
sc rews. Tektronix Part No. 003-0192-00.
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P E R F O R M A N C E  C H E C K  P R O C E D U R E

G e n e r a l

In the following p roc edure, c ontrol settings or test equip -
ment c onnec tions should  not be c hanged  exc ep t as noted .
If only a  pa rtia l c hec k is desired , refer to the p rec ed ing
step(s). for setup  information. Type 453 front-panel c ontrol
titles referred  to in this p roc edure a re c ap ita lized  (e.g .,
VOLTS/ DIV).

The following p roc edure uses the equipment listed  under
Rec ommended  Equipment. If equipment is substituted , c on-
trol settings or setup  may need  to be a ltered  to meet the
requirements of the equipment used .

Prel iminary Procedure

1. Connec t the Type 453 to a  power sourc e whic h meets
the voltage and  frequenc y requirements of this instrument.

2. Set the Type 453 c ontrols as follows:

CRT controls

INTENSITY Counterc loc kwise
FOCUS Midrange
SCALE ILLUM As desired

Vertical controls (both channels if applicable)

VO LTS/ DIV 20 mV
VARIABLE CAL
PO SITIO N Midrange
Input Coup ling DC
MODE CH 1
TRIGGER NORM
INVERT Pushed  in

Triggering controls (both A and B if applicable)

LEVEL
S L O P E
COUPLING
SOURCE

Sweep controls

DELAY-TIME MULTIPLIER
A and  B TIME/ DIV
A VARIABLE
A SWEEP MODE
B SWEEP MODE

HORIZ DISPLAY
MAG
A SWEEP LENGTH
PO SITIO N
POWER

5 - 2

0
+
AC
IN T

Fully c ounterc loc kwise
1 ms
CAL
AUTO  TRIG
TRIGGERABLE AFTER

DELAY TIME
A
OFF
FULL
Midrange
o f f

Side-panel controls

B TIME/ DIV VARIABLE C A L
CALIBRATOR 1 V

3. Set the POWER switc h to ON. Allow a t least 20 min-
utes warm up  before p roc eed ing,

1 .  C h e c k  T r a c e  A l i g n m e n t

REQ UIREM ENT-Tra c e  p a ra lle l to  ho rizo nta l g ra t ic u le
lines.

a . Advanc e the INTENSITY c ontrol until the trac e is visi-
b le.

b . Turn the Channel 1 POSITION c ontrol to move the
trac e to the c enter horizonta l line.

c . Ad iust the FOCUS c ontro l for as sha rp  a  d isp lay as
possib le.

d . CHECK-The trac e should  be pa ra llel w ith the c enter
horizonta l line.

e. If nec essary, ad iust the TRACE ROTATION ad justment
(on side panel) so the trac e is pa ra lle l to the horizonta l
gra tic ule lines.

2 .  C h e c k  A s t i g m a t i s m

REQUIREMENT-Sharp , well-defined  d isp lay.

a . Connec t the time-mark genera tor (Type 184) to the
Channel 1 INPUT c onnec tor with the 42-inc h BNC c ab le.

b . Set the time-mark genera tor for output markers of 1
and  0.1 millisec ond .

c . Set the CH 1 VOLTS/ DIV switc h so the la rge markers
extend  beyond  the bottom and  top  of the gra tic ule a rea .

d . Set the A LEVEL c ontrol for a  stab le d isp lay.

e. CHECK-Markers should  be well defined  with op timum
setting  of FOCUS c ontrol.

f. If nec essa ry, a d just the  FOCUS c ontro l a nd  ASTIG
ad justment (on side panel) for best definition of markers.

3 .  C h e c k  Y  A x i s  A l i g n m e n t  a n d  G e o m e t r y

REQUIREMENT-Y a xis a lig nment, ma rkers p a ra lle l to
c enter vertic a l line within 0.1 d ivision; geometry, bowing
or tilt of markers a t left and  right extremes of d isp lay 0.1
d ivision or less.

a . Set the horizonta l POSITION c ontrol to move a  la rge
marker to the c enter vertic a l line.

b . CHECK-Markers pa ra llel to the c enter vertic a l line
within 0.1 d ivision (see Fig . 5-1).

c . Se t the  horizonta l POSITION a nd  A VARIABLE c on-
trols so a  la rge marker c oinc ides with eac h vertic a l g ra ti-
c ule line.

d .
p la y

e.

CHECK-Bow ing  a nd  t ilt  o f ma rkers over ent ire  d is-
a rea  0.1 d ivision or less (see Fig . 5-1).

Disc onnec t a ll test equipment.
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F i g .  5 - 1 .  Typical  CRT  display  showing  good  geometry and Y-axis
alignment.

4. Check Channel 1 and 2 Step Attenuator
Balance

REQUIREMENT-NO tra c e  shift  a s the  VOLTS/ DIV sw itc h
is c hanged  between 20mV and  5mV.

Input Coup ling  (CH 1 GND
and  2)

c . CHECK-Cha ng e the  CH 1 VOLTS/ DIV sw itc h from
20 mV to 5 mV. Trac e should  not move vertic a lly.

NO TE
Use the TRACE FINDER switc h to loc a te the trac e
if  it  is d e f le c te d  o ff  sc re e n w he n sw itc h ing  to
10 o r 5m V.

d . If there is trac e shift, ad just the Channel 1 STEP ATTEN
BAL ad justment (on front panel) for no trac e shift as the
CH 1 VOLTS/ DIV switc h is c hanged  from 20 mV to 5 mV.

e. Set the MODE switc h to CH 2.

f. Position the trac e to the c enter horizonta l line with
the Channel 2 POSITION c ontrol.

g . CHECK-Cha ng e the  CH 2 VOLTS/ DIV sw itc h from
20 mV to 5 mV. Trac e should  not move vertic a lly.

h. If there is trac e shift, ad just the Channel 2 STEP ATTEN
BAL ad justment (on front panel] for no trac e shift as the
CH 2 VOLTS/ DIV switc h is c hanged  from 20 mV to 5 mV.

  5 . Check Channel 1 and 2 Posit ion Center
REQUIREMENT-Trac e positioned  beyond  gra tic ule limits

a t both extremes of POSITION c ontrol rota tion.

a . Set the Channel 1 and  2 VARIABLE c ontrols for mini-
mum ga in (fully c ounterc loc kwise).

b . Set the CH 1 and  CH 2 VOLTS/ DIV switc hes to .1.

c . CHECK-Turn the Channel 2 POSITION c ontrol to eac h
extreme of rota tion; trac e should  be positioned  beyond  the
gra tic ule limits a t eac h extreme of rota tion.

d . Set the MODE switc h to CH 1.

e . C HEC K-Turn the  C ha nne l 1 PO SITIO N c o nt ro l to
eac h extreme of rota tion; trac e should  be positioned  beyond
the gra tic ule limits a t eac h extreme of rota tion.

6. Check Channel 1 and 2 Gain
REQUIREMENT-Correc t vertic a l deflec tion in the 20 mV

position of the CH 1 and  CH 2 VOLTS/ DIV switc hes.

a . Change the following

VOLTS/ DIV (CH 1 and
VARIABLE (CH 1 and
POSITION (CH 1 & CH
Input Coup ling  (CH 1

and  2)
A a nd  B TIME/ DIV

c ontrol settings:

2) 20 mV
2) CAL
2) Mid range

DC

.5 ms

b. Connec t the standard  amplitude c a lib ra tor (067-0502-00)
c utput c onnec tor to the Channel 1 and  2 INPUT c onnec tors
through a  BNC T c onnec tor and  two BNC c ab les.

c . Set the standard  amp litude c a lib ra tor for a  0.1-volt
square-wave output.

d . CHECK-CRT d isp la y fo r five  d ivisions o f d e flec t ion
(see Fig . 5-2).

F i g .  5 - 2 .  Typical  CRT display  showing  correct  vertical gain.

e. If nec essary, ad just the Channel 1 GAIN ad justment
(on front panel) for exac tly five d ivisions of deflec tion.

f. Set the MODE switc h to ADD.

g. Pull the INVERT switc h.

h. Center the  d isp la y w ith the  Cha nne l 2 POSITION
c ontro l.

i. CHECK-CRT d isp la y fo r stra ig ht line .
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i. If nec essary, ad just the Channel 2 GAIN ad justment
(on front panel) for stra ight line.

7 .  C h e c k  A d d e d  M o d e  O p e r a t i o n

REQUIREMENT-Correc t signa l add ition.

a . Push the INVERT switc h in.

b . Set the standard  amp litude c a lib ra tor fa r a  50-milli-
volt square-wave autput.

c . CHECK-CRT d isp lay five d ivisions in amp litude,

8 .  C h e c k  C h a n n e l  1  a n d  2  D e f l e c t i o n
A c c u r a c y

REQUIREMENT-Vert ic a l d e flec t ion fa c to r w ithin 3% o f
CH 1 and  CH 2 VOLTS/ DIV switc h ind ic a tion.

a . Set the MODE switc h to CH 1.

b . Set the Channel 1 Input Coup ling  switc h to GND.

c . CHECK-Using the CH 1 VOLTS/ DIV switc h and  stand -
a rd  amp litude c a lib ra tor settings g iven in Tab le 5-1, c hec k
vertic a l deflec tion fac tor within 3% in eac h position of the
CH 1 VOLTS/ DIV switc h.

d . Set the MODE switc h to CH 2.

e. Set the Channel 1 Input Coup ling  switc h to GND and
the Channel 2 Input Coup ling  switc h to DC.

f. CHECK-Using the CH 2 VOLTS/ DIV switc h and  stand -
a rd  amp litude c a lib ra tor settings g iven in Tab le 5-1, c hec k
the vertic a l deflec tion fac ta r within 3% in eac h position of
the CH 2 VOLTS/ DIV switc h.

TABLE 5-1

9 .  C h e c k  C h a n n e l  1  a n d  2  V a r i a b l e  V o l t s /
Div is ion Range

REQUIREMENT-Continuously va ria b le  d e flec t ion fa c to r
between the c a lib ra ted  steps.

a . Set the standard  amp litude c a lib ra tor for a  0.1-volt
square-wave output.

b . Change the following c entra l settings:

VOLTS/ DIV (CH 1 and  2) 20 mV
Input Coup ling  (CH 1

and  2) AC
MODE CH 1

c . CHECK-Turn the  Cha nne l 1 VARIABLE c ontro l fully
c ounterc loc kwise (minimum ga in). Disp la y should  b e  re -
duc ed  to two d ivisions or less (ind ic a tes adequa te range for
c ontinuously va riab le deflec tion fac tors between the c a l-
ib ra ted  steps; see Fig . 5-3); Channel 1 UNCAL light must be
on when the Channel 1 VARIABLE c ontrol is not in CAL
position.

F i g .  5 - 3 .  Typical CRT display showing  correct Channel 1 and 2
VARIABLE  control  range (double  exposure)

d . Set the MODE switc h to CH 2.

e . CHECK-Turn the  Cha nne l 2 VARIABLE c ontro l fully
c ounterc loc kwise (minimum ga in). Disp lay should  be reduc ed
to two d ivisions or less (ind ic a tes adequa te range for c on-
tinuously va riab le deflec tion fac tors between the c a lib ra ted
steps; see Fig . 5-3). Channel 2 UNCAL light must be on when
Channel 2 VARIABLE c ontrol is not in CAL position.

f. Disc onnec t the c ab le from the Channel 2 lNPUT c on-
nec to r.

1 0 .  C h e c k  C h a n n e l  1  a n d  2  C a s c a d e d
Deflect ion Factor

REQUIREMENT-One m illivo lt / d ivision o r less.

a . Cannec t the CH 1 OUT c onnec tor to the Channel 2
INPUT c onnec tor with the 18-inc h 50-ohm BNC c ab le.

b . Change the following c ontrol settings:

VOLTS/ DIV (CH 1 and  2) 5 mV
VARIABLE (CH 1 and  2) CAL
Input Coup ling (CH 1 DC

and  2)

c . Set the standard  amp litude c a lib ra tor for a  five-milli-
volt square-wave output.
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d .
tude
tor).

11.

CHECK-CRT d isp lay five d ivisions or g rea ter in amp li-
(one millivolt/ d ivision, or less, minimum deflec tion fac -

Check Channel 1 and 2 Input Coupling
Sw itch Operat ion

REQUIREMENT-Correc t signa l c oup ling  in eac h position
of the Channel 1 and  2 Input Coup ling  switc hes.

a . Set the CH 1 and  CH 2 VOLTS/ DIV switc hes to 20mV.

b . Disc onnec t the 18-inc h BNC c ab le and  rec onnec t the
standard  amp litude c a lib ra tor to the Channel 2 INPUT c on-
nec tor.

c . Set the standard  amp litude c a lib ra tor for a  50-millivolt
square-wave output.

d . Position the d isp lay with the Channel 2 POSITION c on-
trol so the bottom of the square-wave is a t the c enter hori-
zonta l line.

e. Set the Channel 2 Input Coup ling  switc h to GND.

f. CHECK-CRT d isp lay for stra ight line near the c enter
horizonta l line.

g . Set the Channel 2 Input Coup ling switc h to AC.

h. CHECK-CRT d isp lay c entered  about c enter horizonta l
line.

i. Set the MODE switc h to CH 1.

j. Position the d isp lay with the Channel 1 POSITION c on-
trol so the bottom of the square wave is a t the c enter hori-
zonta l line.

k. Set the Channel 1 Input Coup ling  switc h to GND.

l. CHECK-CRT d isp lay for stra ight line near the c enter
horizonta l line.

m. Set the Channel 1 Input Coup ling  switc h to AC.

n. CHECK-CRT d isp lay c entered  about c enter horizonta l
line.

12. Check Low -Frequency Vert ical Linearity
REQ UIREM ENT-0.15 d iv isio n, o r le ss, c o m p re ssio n o r

expansion of a  two-d ivision signa l (a t c enter sc reen) when
positioned  to the vertic a l extremes of the gra tic ule a rea .

a . Set the Channel 1 and  2 Input Coup ling  switc hes to DC.

b . Position the d isp lay to the c enter of the gra tic ule with
the Channel 1 POSITION c ontrol.

c . Ad iust the Channel 1 VARIABLE c ontrol fa r exac tly two
d ivisions of deflec tion.

d . Position the top  of the d isp lay to the top  horizonta l
line.

e . CHECK-Comp ression o r exp a nsion 0.15 d ivision o r
less (see Fig . 5-14).

f. Position the bottom of the d isp lay to the bottom hori-
zonta l line.

F i g .  5 - 4 .  Typical CRT display  showing  acceptable  compression  and
expansion. {A) Expansian, (B) correct  deflection  at center of
grccticule,  (C) compression.

g . CHECK-Comp ression o r exp a nsion 0.15 d ivisions o r
less (see Fig . 5-4).

h. Set the MODE switc h to CH 2.

i. Position the d isp lay to the c enter of the gra tic ule with
the Channel 2 POSITION c ontrol.

j. Ad iust the Channel 2 VARIABLE c ontrol for exac tly two
d ivisions of deflec tion.

k. Position the top  of the d isp lay to the top  horizonta l
line.

l. CHECK-Com p ression o r exp a nsion 0.15 d ivision o r
less (see Fig . 5-4).

m. Position the bottom of the d isp lay to the bottom hori-
zonta l line.
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n. CHECK-Comp ression o r exp a nsion 0.15 d ivision o r
less (see Fig . 5-4).

o. Disc onnec t a ll test equipment.

1 3 .  C h e c k  T r a c e  S h i f t  D u e  t o  I n p u t  G a t e
Current

REQUIREMENT-Neglig ib le trac e shift a t 5 mV/ DIV.

a . Change the following c ontrol settings:

VOLTS/ DIV (CH 1 and  2) 5 mV
VARIABLE (CH 1 a nd  2) CAL
Input Coup ling  (CH 1 GND

and  2)

b . Position the trac e to the c enter horizonta l line with the
Channel 2 POSITION c ontrol.

c . CHECK-Set the Channel 2 Input Coup ling  switc h to
DC. Trac e shift should  be neg lig ib le.

d . Set the MODE switc h to CH 1.

e. Position the trac e to the c enter horizonta l line with the
Channel 1 POSITION c ontrol.

f. CHECK-Set the Channel 1 Input Coup ling  switc h to
DC. Trac e shift should  be neg lig ib le.

1 4 .  C h e c k  A l t e r n a t e  O p e r a t i o n

REQUIREMENT-Trac e a lterna tion a t a ll sweep  ra tes.

a . Set the MODE switc h to ALT.

b . Position the trac es about two d ivisions apa rt.

c . Turn the A TIME/ DIV switc h throughout its range.

d . CHECK-Tra c e  a lte rna tion b e tw een Cha nne l 1 a nd
2 a t a ll sweep  ra tes. At faster sweep  ra tes, a lterna tion will
not be apparent; instead  d isp lay appears as two trac es
the sc reen.

1 5 .  C h e c k  C h a n n e l  1  V o l t s / D i v i s i o n  S w i t c h
C o m p e n s a t i o n

REQUIREMENT-370 o r less overshoo t, round ing  o r
in a ll positions of the CH 1 VOLTS/ DIV switc h.

a . Change the following c ontrol settings:

VOLTS/ DIV (CH 1 and  2) 20 mV
MODE CH 1
A a nd  B TIME/ DIV .2 ms

on

tilt

b . Connec t the square-wave genera tor (Type 106) high-
amp litude output c onnec tor to the Channel 1 INPUT c on-
nec tor through the five-nanosec ond  GR c ab le, 50-ohm in-
Iine termina tion and  20 pF input RC norma lizer, in g iven
order.

c . Set the square-wave genera tor for four d ivisions of
one-kilohertz signa l.

d . CHECK-CRT d isp lay a t eac h CH 1 VOLTS/ DIV switc h
position for 3% or less overshoot, ro lloff or tilt (see Fig . 5-5).
Ad just the  sq ua re -w a ve  g enera to r outp ut a mp litud e  a s

5 - 6

F i g .  5 - 5 .  (A) Typical CRT display showing  correct  compensation,
(B)  and (C) incorrect  compensation.

needed  to ma inta in a  four-d ivision d isp lay (exc ep t in 2,
5 and  10 positions where d isp lay will be less than four
d ivisions).

1 6 .  C h e c k  C h a n n e l  2  V o l t s / D i v i s i o n  S w i t c h
C o m p e n s a t i o n

REQ UIREM ENT-3% o r le ss o ve rsho o t , ro und ing  o r t ilt
in a ll positions of the CH 2 VOLTS/ DIV switc h,

a . Set the MODE switc h to CH 2.

b . Connec t the square-wave genera tor high-amp litude
output c onnec tor to the Channel 2 INPUT c onnec tor through
the five-nanosec ond  GR c ab le, 50-ohm in-line termina tion
and  20 pF input RC norma lizer, in g iven

c . Set the square-wave genera tor for
one-kilohertz signa l.

order.

four d ivisions o f
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d . CHECK-CRT
position for 3% or

d isp lay a t eac h CH 2 VOLTS/ DIV switc h
less overshoot, ro lloff or tilt (see Fig . 5-5).

Ad just the  sq ua re -w a ve  g enera ta r outp ut a mp litud e  a s
needed  to ma inta in a  four-d ivision d isp lay (exc ep t in 2, 5
and  10 positions where d isp lay will be less than four d ivi-
sions).

e. Disc onnec t a ll test equipment.

17. Check High-Frequency Compensation
REQUIREMENT-Optimum square-wave response a t high

frequenc ies.

a . Change the following c ontrol settings:

CH 1 VOLTS/ DIV 20 mV
MODE CH 1
A a nd  B TIME/ DIV
MAG X10

b. Connec t the square-wave genera tor fast-rise + output
to the Channel 1 INPUT c onnec tor through the five-nanosec -
ond  GR c ab le, 5X GR a ttenua tor and  the 50-ohm in-line
termina tion, in g iven order.

c . Set the square-wave genera tor for fast-rise opera tion
and  a  four-d ivision d isp lay a t 100 kilohertz.

d . CHECK-CRT d isp la y fo r op t imum sq ua re -w a ve  re -
sponse (see Fig . 5-6).

e. Set the CH 1 VOLTS/ DIV switc h to 10 mV.

f. Set the square-wave genera tor output amp litude for
four-d ivision d isp lay.

g . CHECK-CRT d isp la y fo r op t imum sq ua re -w a ve  re -
sponse (see Fig . 5-6).

h. Set the CH 2 VOLTS/ DIV switc h to 5 mV.

i. Set the square-wave genera tor output amp litude for
four-d ivision d isp lay.

j. CHECK-CRT d isp la y fo r op t imum sq ua re -w a ve  re -
sponse (see Fig . 5-6).

F i g .  5 - 6 .  Typkal  CRT  display  show ing  correct  high-frequency  com-
msat ian.

k. Set the MODE switc h to CH 2.

l. Disc onnec t the  50-ohm in-line  te rm ina tion from the
Channel 1 INPUT c onnec tor and  c onnec t it to the Chan-
nel 2 INPUT c onnec tor.

m. Set the CH 2 VOLTS/ DIV switc h to 5 mV.

n. CHECK-CRT d isp la y fo r op t imum sq ua re -w a ve  re -
sponse (see Fig . 5-6).

o. Set the CH 2 VOLTS/ DIV switc h to 10 mV.

p . Set the square-wave genera tor output amp litude for
a  four-d ivision d isp lay.

q . CHECK-CRT d isp la y fo r op t imum sq ua re -w a ve  re -
sponse (see Fig . 5-6).

r. Set the CH 2 VOLTS/ DIV switc h to 20 mV.

s. Set the square-wave genera tor output amp litude for
a  four-d ivision d isp lay.

t . CHECK-CRT d isp la y fo r op t imum sq ua re -w a ve  re -
sponse (see Fig . 5-6).

u. Disc onnec t a ll test equipment.

18. Check Upper Vertical Bandwidth Limit of
Channels 1 and 2

REQUIREMENT-20 mV, not more than –3 dB a t 50 meg-
ahertz; 10 mV, not more than -3 dB a t 45 megahertz; 5 mV,
not more than -3 dB a t 40 megahertz.

a . Change the following c ontrol settings:

CH 1 VOLTS/ DIV 20 mV
MODE CH 1
A and  B TIME/ DIV
MAG OFF

b. Connec t the c onstant-amp litude sine-wave genera tor
(Type 191) to the Channel 1 INPUT c onnec tor through the
five-nanosec ond  GR c ab le, 5X GR a ttenua tor and  the 50-
ohm in-line termina tion.

c . Set the c onstant-amp litude genera tor for a  four-d ivision
d isp lay a t its referenc e frequenc y (50 kHz).

d . Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the d isp lay is re-
duc ed  to 2.8 d ivisions (–3 dB point; see Fig . 5-7).

e. CHECK-Output frequenc y of genera tor must be 50
megahertz or higher. Ac tua l frequenc y,

f. Set the CH 1 VOLTS/ DIV switc h to 10 mV.

g. Set the c onstant-amp litude genera tor for a  four-d ivi-
sion d isp lay a t its referenc e frequenc y (50 kHz).

h. Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the d isp lay is re-
duc ed  to 2.8 d ivisions (–3 dB point).

i. CHECK-Outp ut freq uenc y o f g enera to r must b e  45
megahertz or higher. Ac tua l frequenc y,

j. Set the CH 1 VOLTS/ DIV switc h to 5 mV.

k. Set the c onstant-amp litude genera tor for a  four-d ivi-
sion d isp lay a t its referenc e frequenc y (50 kHz).

5 - 7
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F i g .  5 - 7 .  Typical CRT display when  checking  vertical frequency
response  (simulated  waveform)

l. Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the d isp lay is re-
duc ed  to 2.8 d ivisions (–3 dB point).

m. CHECK-Output frequenc y of genera tor must be 40
m e g a he rtz o r h ig he r, Ac tua l fre q ue nc y, megahertz.

n. Set the MODE switc h to CH 2.

o. Disc onnec t the output of the in-line termina tion from
the Channel 1 INPUT c onnec tor and  c onnec t it to the Chan-
nel 2 INPUT c onnec tor.

p . Set the c onstant amp litude genera tor for a  four-d ivi-
sion d isp lay a t its referenc e frequenc y (50 kHz).

q . Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point).

r. CHECK-Outp ut freq uenc y o f g enera to r must b e  50
meg a hertz o r hig her. Ac tua l freq uenc y, megahertz.

s. Set the CH 2 VOLTS/ DIV switc h to 10 mV.

t. Set the c onstant-amp litude genera tor fa r a  four-d ivi-
sion d isp lay a t its referenc e frequenc y (50 kHz).

u. Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the d isp lay is re-
duc ed  ta  2.8 d ivisions (–3 dB point).

v. CHECK-Output frequenc y of genera tor must be 45
m e g a he rtz o r h ig he r. Ac tua l fre q ue nc y, megahertz.

w. Set the CH 2 VOLTS/ DIV switc h to 5 mV.

x. Set the c onstant-amp litude genera tor for a  four-d ivi-
sion d isp lay a t its referenc e frequenc y (50 kHz).

y. Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point).

z. CHECK-Outp ut freq uenc y o f g enera to r must b e  40
megahertz or higher. Ac tua l frequenc y,

5 - 8

1 9 .  C h e c k  A d d e d  M o d e  U p p e r  B a n d w i d t h
Limit

REQUIREMENT-Not more  tha n -3 d B a t 50 meg a hertz.

a . Change the following c ontrol settings:

VOLTS/ DIV (CH 1 and  2) 20 mV
CH 1 POSITION Midrange
CH 1 Input Coup ling GND
MODE ADD

b. Set the c onstant-amp litude genera ta r for a  four-d ivi-
sion d isp lay a t its referenc e frequenc y (50 kHz).

c . Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is re-
duc ed  to 2.8 d ivisions (–3 dB point; see Fig . 5-7).

d . CHECK-Output frequenc y of genera tor must be 50
megahertz or higher. Ac tua l frequenc y,

e. Change the following

CH 2 POSITION
CH 1 Input Coup ling
CH 2 Input Coup ling

f. Disc onnec t the output

c ontrol settings:

Mid range
DC
GND

of the in-line termina tion from
the Channel 2 INPUT c onnec tor and  c onnec t it to the Chan-
nel 1 INPUT c onnec tor.

g . Set the c onstant-amp litude genera tor for a  four-d ivi-
sion d isp lay a t its referenc e frequenc y (50 kHz).

h. Without c ha ng ing  the  outp ut a mp litud e , inc rea se
the output frequenc y a f the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point),

i. CHECK-Outp ut freq uenc y o f g enera to r must b e  50
megahertz or higher. Ac tua l frequenc y,

2 0 .  C h e c k  C h a n n e l  1  a n d  2  C a s c a d e d  U p p e r
B a n d w i d t h  L i m i t

REQUIREMENT-Not more  tha n -3 d B a t 25 meg a hertz.

a . Connec t the CH 1 OUT c onnec tor to the Channel 2
INPUT c onnec tor with the 18-inc h 50-ohm BNC c ab le.

b . Set the MODE switc h to CH 2.

c . Set the c onstant-amp litude genera tor for a  four-d ivi-
sion d isp lay a t its referenc e frequenc y (50 kHz).

d . Withaut c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 5-7).

e. CHECK-Output frequenc y of genera tor must be 25
megahertz or higher. Ac tua l frequenc y,

f. Disc onnec t the c ab le from between the CH 1 OUT
and  Channel 2 INPUT c onnec tors.

2 1 .  C h e c k  C o m m o n - M o d e  R e j e c t i o n  R a t i o

REQUIREMENT-20:1 o r g rea te r a t 20 meg a hertz.

a . Change the following c ontrol settings:
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VOLTS/ DIV (CH 1 and  2) 50 mV
Input Coup ling  (CH 1 DC

and  2)
A and  B TIME/ DIV .1 ms

b . Connec t the c onstant-amp litude genera tor to the Chan-
nel 1 and  2 INPUT c onnec tors through the five-nanosec ond
GR c ab le, 50-ohm in-line termina tion and  the duel-input
c oup ler.

c . Set the c onstant-amp litude genera tor for a  3.2-d ivision
d isp lay a t 20 megahertz.

d . Change the following c ontrol settings:

VOLTS/ DIV (CH 1 and  2) 20 mV
MODE ADD
INVERT Pulled  out

e. CHECK-CRT d isp lay for 0.4-d ivision deflec tion, or less
(c ommon-mode reiec tion ra tio 20:1 or better; see Fig . 5-8).

NO TE

This c hec k a p p lies only w hen the  Cha nne l 1 a nd
2 g a in is c o rrec t a s g iven in step  6. If the  c om-
mon-mod e re iec t ion ra t io  is lo w e r t h a n  20 :1 ,
c hec k a nd  rea d just the  g a in. Then rec hec k this
step .

f. Disc onnec t the dua l-input c oup ler.

22. Check Attenuator Isolation Ratio
REQUIREMENT-10,000:1 o r g rea ter a t 20 meg a hertz.

a . Change the following

C H 1 VO LTS/ DIV
C H 2 VO LTS/ DIV
CH 2 Input Coup ling
MODE
INVERT

c ontrol settings:

1
5 mV
GND
CH 1
Pushed  in

b . Connec t the c onstant-amp litude genera tor to the Chan-
nel 1 INPUT c onnec tor through the five-nanosec ond  GR
c ab le and  the 50-ohm in-line termina tion.

F i g .  5 - 8 .  Typical CRT display  showing  correct  common-mode  reioc-
t ion  rat io.

c . Set the c onstant-amp litude genera tor for a  five-d ivision
d isp lay a t 20 megahertz (use the va riab le c ontrol of the
genera tor, if nec essa ry, to ob ta in a  five-d ivision d isp lay.

d . Set the MODE switc h to CH 2.

e. CHECK-CRT d isp lay for 0.1-d ivision deflec tion, or less
(a ttenua tor isola tion ra tio 10,000:1 or better; see Fig . 5-9).

f. Change the following c ontrol settings:

C H 1 VO LTS/ DIV 5 mV
C H 2 VO LTS/ DIV 1
CH 1 Input Coup ling GND
CH 2 Input Coup ling DC

F i g .  5 - 9 .  Typical CRT display  when checking  attenuator  Isolation
ratio and amplifier  crosstalk  ratio.

g. Disc onnec t the 50-ohm in-line termina tion from the
Channel 1 INPUT c onnec tor and  rec onnec t it to the Chan-
nel 2 INPUT c onnec tor.

h. Set the c onstant-amp litude genera tor for a  five-d ivi-
sion d isp lay a t 50 megahertz [use the va riab le c ontrol of
the genera tor, if nec essary, to ob ta in a  five-d ivision d is-
p lay).

i. Set the MODE switc h to CH 1.

j. CHECK-CRT d isp lay for a  0.1-d ivision deflec tion or
less (a ttenua tor isola tion ra tio 10,000:1 or better; see Fig .
5-9).

k. Disc onnec t a ll test equipment.

23. Check A and B Trigger Level Centering
REQUIREMENT-Sta b le  d isp la y in a c c o rd a nc e  w ith the

following p roc edure.

a . Change the following c ontrol settings:

VOLTS/ DIV (CH 1 and  2) 50 mV
CH 1 POSITION Midrange
INPUT C O UPLING  (C H 1 DC

and  2)
LEVEL (A and  B) 0
A and  B TIME/ DIV

5 - 9
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b . Connec t the c onstant-amp litude genera tor to the A
EXT TRIG INPUT c onnec tor through the five-nanosec ond  GR
c ab le, GR to BNC adap ter and  BNC T c onnec tor. Connec t
the output of the BNC T c onnec tor to the Channel l INPUT
c onnec tor through the 18-inc h 50-ohm BNC c ab le and  a
50-ohm BNC termina tion.

c . Set the c anstant-amp litude genera tor for a  0.2-d ivision
d isp lay a t 50 kilohertz.

d . Slowly rota te the A LEVEL c ontrol until a  stab le d is-
p lay is p resented  (A SWEEP TRIG’D light on).

e. CHECK-A LEVEL c ontrol must be near 0. This c hec k
ind ic a tes tha t the A Trigger Level Center ad justment is set
c orrec tly.

f. Change the following c ontrol settings:

TRIGGER CH 1 ONLY
A LEVEL 0
COUPLING (A and  B] DC

g. Slowly rota te the Channel 1 POSITION c ontrol until
a  stab le d isp lay is p resented  (A SWEEP TRIG’D light on).

h. CHECK-CRT d isp la y must b e  w ithin one  d ivision o f
the c enter horizonta l line (see Fig . 5-10). CH 1 light in both
A and  B Triggering  must be on. This c hec k ind ic a tes tha t
the Channel 1 Trigger DC Level ad justment is set c orrec tly.

i. Set the TRIGGER switc h to NORM.

j. Slowly rota te the Channel 1 POSITION c ontrol until a
stab le d isp lay is p resented  (A SWEEP TRIG’D light on).

k. CHECK-CRT d isp lay must be within two d ivisions of
the c enter horizonta l line (see Fig . 5-10). This c hec k ind ic a tes
tha t the Norma l Trigger DC Level ad justment is set c or-
rec tly.

l. Set the HORIZ DISPLAY switc h to DELAYED SWEEP (B).

m. Set the CH 1 POSITION c ontrol to mid range.

n. Slowly rota te the B LEVEL c ontrol until a  stab le d is-
p lay is p resented .

o. CHECK-B LEVEL c ontrol must be near 0. This c hec k
ind ic a tes tha t the B Trigger Level Center ad justment is set
c orrec tly.

F i g .  5 - 1 0 .  Typical  CRT display  when  checking  trigger  level  centering.

2 4 .  C h e c k  A  a n d  B  I n t e r n a l  T r i g g e r i n g
O p e r a t i o n

REQUIREMENT-Sta b le  d isp la y in AC, LF REJ a nd  DC
positions of the A and  B COUPLING switc hes with a  0.2-
d ivision d isp lay a t 10 megahertz and  a  one-d ivision d isp lay
a t 50 megahertz.

a . Set the c onstant-amp litude genera tor for a  0.2-d ivision
d isp lay a t 10 megahertz.

b . Change the fa llowing c ontrol settings:

TIME/ DIV
A SWEEP MODE NORM TRIG
HORIZ DISPLAY A

c . CHECK-Stab le CRT d isp lay (see Fig . 5-11A) c an be
ob ta ined  with the A COUPLING switc h set to AC, LF REJ
and  DC (A LEVEL c ontrol may be ad justed  as nec essary to
ob ta in stab le d isp lay). The A SWEEP TRIG’D light must be
on when the d isp lay is stab le.

d . Set the c anstant-amp litude genera tor for a  one-d ivision
d isp lay a t 50 megahertz.

e. Set the MAG switc h to X10.

f. CHECK-Sta b le  CRT d isp la y (see  Fig . 5-11B) c a n b e
ob ta ined  with the A COUPLING switc h set to AC, LF REJ
and  DC (A LEVEL and  HF STAB c ontrols may be ad iusted  as
nec essa ry to ob ta in a  stab le d isp lay). Disp lay jitter should
not exc eed  0.1 d ivision (one nanosec ond).

g . Change the following c ontrol settings:

A LEVEL Set for a  stab le A d isp lay
HORIZ DISPLAY DELAYED SWEEP (B)

h. Set the c onstant-amp litude genera tor for a  one-d ivision
d isp lay a t 50 megahertz (as set in pa rt d  above).

i. CHECK-Sta b le  CRT d isp la y (see  Fig . 5-11B) c a n b e
ob ta ined  wwith the B COUPLING switc h set to AC, LF REJ
and  DC (B LEVEL c ontrol may be ad justed  as nec essa ry to
ob ta in stab le d isp lay).

j. Set the c onstant-amp litude genera tor for a  0.2-d ivision
d isp lay a t 10 megahertz.

k. Set the MAG switc h to OFF.

l. CHECK-sta b le  CRT d isp la y (see  Fig . 5-11A) c a n b e
ob ta ined  with the B COUPLING switc h set to AC, LF REJ
and  DC (B LEVEL c ontrol may be ad justed  as nec essa ry to
ob ta in a  stab le d isp lay).

2 5 .  C h e c k  A  a n d  B  E x t e r n a l  T r i g g e r i n g
O p e r a t i o n

REQUIREMENT-Sta b le  d isp la y in AC, LF REJ a nd  DC
positions of A and  B COUPLING switc hes with a  50-milli-
volt signa l a t 10 megahertz and  a  200-millivolt signa l a t
50 megahertz.

a . Change the following c ontrol settings:

SOURCE (A and  B) EXT
HORIZ DISPLAY A
MAG OFF

5 - 1 0
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F i g .  5 - 1 1 .  (A) Typical CRT display  when checking  internal  10-mega-
trtx triggering,  (B)  typical CRT display  when  checking  internal
)-megahertz  triggering.

b . Set the c onstant-amp litude genera tor for a  one-d ivision
d isp lay (50 millivolts) a t 10 megahertz.

c . CHECK-Stab le CRT d isp lay (see Fig . 5-12A) c an be
ob ta ined  with the A COUPLING switc h set to AC, LF REJ
and  DC (A LEVEL c ontrol may be ad justed  as nec essary to
ob ta in stab le d isp lay).

d . Set the MAG switc h to X10.

e. Set the c onstant-amp litude genera tor for a  2.8-d ivision
d isp la y a t 50 meg a hertz (2.8-d ivision d isp la y ta kes into
ac c ount typ ic a l ro lloff in vertic a l response a t 50 MHz).

f. CHECK-Sta b le  CRT d isp la y (see  Fig . 5-12B) c a n b e
ob ta ined  with the A COUPLING switc h set to AC, LF REJ and
DC (A LEVEL and  HF STAB c ontrols may be ad justed  as
nec essa ry to ob ta in stab le d isp lay).

g . Disc onnec t the c onstant-amp litude genera tor signa l
from the A EXT TRIG INPUT c onnec tor and  rec onnec t it
to the B EXT TRIG INPUT c onnec tor.

h. Change the following c ontrol settings:

A SOURCE IN T
A LEVEL Set for a  stab le A d isp lay
HORIZ DISPLAY DELAYED SWEEP (B)

i. CHECK-Sta b le  CRT d isp la y (see  Fig . 5-12B) c a n b e
ob ta ined  with the B COUPLING switc h set to AC, LF REJ and
DC (B LEVEL c ontrol may be ad justed  as nec essa ry to ob ta in
stab le d isp lay).

j. Set the MAG switc h to OFF.

k. Set the c onstant-amp litude genera tor for a  one-d ivision
d isp lay a t 10 megahertz.

l. CHECK-Sta b le  CRT d isp la y (see  Fig . 5-12A) c a n b e
ob ta ined  with the B COUPLING switc h set to AC, LF REJ and
DC (B LEVEL c ontrol may be ad justed  as nec essa ry to ob ta in
stab le d isp lay; A LEVEL c ontrol must a lso be c orrec tly ad -
j u st e d ) .

m. Disc onnec t a ll test equipment.

F i g .  5 - 1 2 .  IA) Typical CRT  display  when checking  external  10.
megahertz  triggering,  (B] typical CRT display  when checking  ex-
ternal  50-megahertz  triggering.

26. Check A and B Low -Frequency Triggering
Operat ion

REQUIREMENT-lnterna l, stab le d isp lay in AC, HF REJ and
DC positions of the A and  B COUPLING switc hes with a
0.2-d ivision d isp lay; externa l, stab le d isp lay in AC, HF REJ
and  DC positions of A and  B COUPLING switc hes with a
50-millivolt signa l.

a . Connec t the low-frequenc y c onstant-amp litude gener-
a to r to  the  A EXT TRIG INPUT c onnec to r throug h a  42-
inc h 50-ohm BNC c ab le and  the BNC T c onnec tor. Con-
nec t the output of the BNC T c onnec tor to the Channel 1
INPUT c onnec tor through an 18-inc h 50-ohm BNC c ab le
and  a  50-ohm BNC termina tion.

b . Change the following c ontrol settings:

A and  B TIME/ DIV 5 ms
HORIZ DISPLAY A

c . Se t the  low -freq uenc y g enera to r fo r a  0.2-d ivision
d isp lay a t 60 hertz.

5 - 1 1
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d . CHECK-Stab le CRT d isp lay (see Fig . 5-13A) c an be
ob ta ined  with the A COUPLING switc h set to AC, HF REJ
and  DC (A LEVEL c ontrol may be ad justed  as nec essary to
ob ta in a  stab le d isp lay).

e. Set the A and  B SOURCE switc hes to EXT.

f. Set the low-frequenc y genera tor for a  one-d ivision
d isp lay a t 60 hertz (50 millivolts).

g . CHECK-Stab le CRT d isp lay (see Fig . 5-13B) c an be
ob ta ined  with the A COUPLING switc h set to AC, HF REJ and
DC (A LEVEL c ontrol may be ad justed  as nec essary to ob -
ta in stab le d isp lay).

h. Change the following c ontrol settings:

A SOURCE INT

A LEVEL Set for a  stab le A d isp lay
HORIZ DISPLAY DELAYED SWEEP (B)

i. Disc onnec t the low-frequenc y genera tor from the A
EXT TRIG INPUT c onnec tor and  rec onnec t it to the B EXT
TRIG INPUT c onnec tor.

j. CHECK-Sta b le  CRT d isp la y (see  Fig . 5-13B) c a n b e
ob ta ined  with the B COUPLING switc h set to AC, HF REJ
and  DC (B LEVEL c ontrol may be ad justed  as nec essa ry to
ob ta in stab le d isp lay).

k. Set the B SOURCE switc h to INT.

l. Se t the  low -freq uenc y g enera to r fo r a  0.2-d ivision
d isp lay a t 60 hertz.

F i g .  5 - 1 3 .  (A) Typical CRT displaay when  checking  internal  low-
frequency triggering at 60 hertz. (B)  Typical CRT display when
checking  external  low-frequency  triggering at 60 hertz.

m. CHECK--Stab le CRT d isp lay (see Fig , 5-13A) c an be
ob ta ined  with the B COUPLING switc h set to AC, HF REJ
and  DC (B LEVEL c ontrol may be ad justed  as nec essa ry to
ob ta in stab le d isp lay; A LEVEL c ontro l must a lso be c or-
rec tly ad iusted ).

2 7 .  C h e c k  A  a n d  B  H i g h - F r e q u e n c y  R e j e c t
O p e r a t i o n

REQ UIREM ENT-Sta b le  t rig g e ring  w ith  0.2-d iv isio n d is-
p lay a t 50 kilohertz; does not trigger a t one megahertz.

a . Change the following c ontrol settings:

COUPLING (A and  B) HF REJ
SOURCE (A and  B) INT
A and  B TIME/ DIV
A SWEEP MODE AUTO  TRIG

b. Set the low-frequenc y c onstant-amp litude genera tor
for a  0.2-d ivision d isp lay a t 50 kilohertz.

c . CHECK-Stab le CRT d isp lay (see Fig . 5-14) c an be ob -
ta ined  with the B LEVEL c ontrol,

d . Without c hang ing the output amp litude, set the low-
frequenc y genera ta r to one megahertz,

e . Set the  MAG sw itc h to  X10,

f. CHECK-Sta b le  CRT d isp la y c a nno t b e  ob ta ined  a t
any setting  of the B LEVEL c ontrol.

g . Change the following c ontrol settings:

A SWEEP MODE NORM TRIG
HORIZ DISPLAY A
MAG OFF

h. Set the low-frequenc y genera tor for a  0.2-d ivisian d is-
p lay a t 50 kilohertz.

i. CHECK-Sta b Ie  CRT d isp la y (see  Fig . 5-14) c a n b e
ob ta ined  with the A LEVEL c ontrol.

j. Without c hang ing the output amp litude, set the c on-
stant-amp litude genera tor to one megahertz.

k. Set the MAG switc h to X10.

l. CHECK-Sta b le  d isp la y c a nno t b e  ob ta ined  a t a ny
setting  of the A LEVEL c ontrol.

2 8 .  C h e c k  A  a n d  B  L o w - F r e q u e n c y  R e j e c t
O p e r a t i o n

REQUIREMENT-Sta b le  d isp la y w ith 0.2-d ivision d isp loy
a t 30 kilohertz; does not trigger a t 60 hertz.

a . Se t the  low -freq uenc y g enera to r fo r a  0,2-d ivision
d isp lay a t 30 kilohertz.

b . Change the following c ontrol settings:

COUPLING (A and  B) LF REJ
A and  B TIME/ DIV .1 ms
MAG OFF

c . CHECK-Sta b le  CRT d isp la y (see  Fig . 5-15) c a n b e
ob ta ined  with the A LEVEL c ontrol.

5-12
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F i g .  5 - 1 4 .  Typical CRT display  when  checking  high-frequency  roloct
oporatlan  at SO kilahwfx.

d . Without c hang ing the output amp litude, set the low-
frequenc y genera tor to 60 hertz.

e. Set the A and  B TIME/ DIV switc h to 2 ms.

f. CHECK-Sta b le  CRT d isp la y c a nno t b e  ob ta ined  a t
any setting  of the A LEVEL c ontrol.

g . Change the following

A and  B TIME/ DIV

HORIZ DISPLAY

h. Set the low-frequenc y
p lay a t 30 kilohertz.

c ontrol settings:

.1 ms

DELAYED SWEEP (B)

genera tor for a  0.2-d ivisian d is-

i. CHECK-Sta b le  CRT d isp la y (see  Fig . 5-15) c a n b e
ob ta ined  with the B LEVEL c ontrol.

j. Without c hang ing the output amp litude, set the low-
frequenc y genera tor to 60 hertz.

k. Set the A and  B TIME/ DIV switc h to 2 ms.

l. CHECK-Sta b le  CRT d isp la y c a nno t b e  ob ta ined  a t
any setting  of the B LEVEL c ontrol.

F i g .  5 - 1 5 .  Typical CRT display whm  chacking  Iow-frcquoncy  roioct
aporaflan at 30 kilahwtx.

29. Check Single Sweep Operation
REQUIREMENT-Sweep  trig g ers a t sa me A LEVEL c on-

tro l se tt ing  a s in AUTO TRIG; a fte r ea c h sweep , further
d isp lays a re loc ked  out until the RESET button is p ressed .

a . Change the following c ontrol settings:

COUPLING (A and  B) AC
A and  B TIME/ DIV 5 ms
HORIZ DISPLAY A

b. Set the low-frequenc y genera tor for a  five-d ivision
d isp lay a t one kilohertz.

c . Set the A LEVEL c ontrol fully c loc kwise.

d . Set the A SWEEP MODE switc h to SINGLE SWEEP.

e. Push the RESET button.

f. CHECK-RESET lig ht must c ome on w hen b utton is
p ressed  and  rema in on until sweep  is triggered .

g . Slowly rota te the A LEVEL c ontrol c ounterc loc kwise.

h. CHECK-A sing le-sweep  d isp lay (one sweep  only) is
p resented  when the A LEVEL c ontrol is in the triggerab le
reg ion. RESET light must go off a t the end  of the sweep
and  rema in off until the RESET button is p ressed  aga in.

30. Check A and B Slope Switch Operation
REQ UIREM ENT-Sta b le  t rig g e ring  o n c o rre c t  slo p e  o f

trigger signa l.

o. Change the following c ontrol settings:

A LEVEL 0
A SWEEP MODE AUTO  TRIG

b. Set the low-frequenc y genera tor for a  four-d ivision
d isp lay a t one kilohertz.

c . CHECK-CRT d isp la y sta rts on p osit ive  slop e  o f the
waveform (see Fig . 5-16A).

d . Set the A SLOPE switc h to –.

e. CHECK-CRT d isp lay sta rts on nega tive slope of the
waveform (see Fig . 5-16B).

f. Change the following c ontrol settings:

HORIZ DISPLAY DELAYED SWEEP (B)
A SWEEP MODE AUTO  TRIG

g . CHECK-CRT d isp la y sta rts on p osit ive  slop e  o f the
waveform (see Fig . 5-16A).

h. Se t the  B SLOPE sw itc h to  –.

i. CHECK-CRT d isp lay sta rts on nega tive slope of the
waveform (see Fig . 5-16B).

j. Disc onnec t a ll test equipment.

31. Check A and B Triggering Level Control
Range

REQ UIREM ENT-EXT, a t  le a st  + a nd  – 2 vo lts; EXT ÷
10, a t lea st + a nd  – 20 vo lts.

5 - 1 3
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F i g .  5 - 1 6 .  Typical CRT display when  checking  slope  switch opera-
tion. (A) SLOPE switch set to +, (B)  SLOPE switch  set to —.

a . Connec t the low-frequenc y genera tor to the B EXT
TRIG INPUT c onnec tor through a  42-inc h BNC c ab le and  the
BNC T c onnec tor. Connec t the output of the BNC T c on-
nec tor to the Channel 1 INPUT c onnec tor through an 18-
inc h BNC c ab le.

b . Change the following c ontrol settings:

CH 1 VOLTS/ DIV 1
LEVEL (A and  B) Midrange
COUPLING (A and  B) DC
SOURCE (A and  B) EXT

c . Set the low-frequenc y genera tor for a  four-d ivision
d isp lay (four volts peak to peak) a t one kilohertz.

d . CHECK-Ro ta te  the  B LEVEL c ontro l throug hout its
range and  c hec k tha t d isp lay c an be triggered  a t any point
a long the nega tive slope of the waveform (ind ic a tes B
LEVEL c ontrol range of a t least + and  - two volts). Dis-
p lay is not triggered  a t either extreme of rota tion.

e. Set the B SLOPE switc h to +.

f. CHECK-Ro ta te  the  B LEVEL c ontro l throug hout its
range and  c hec k tha t d isp lay c an be triggered  a t any point
a long the positive slope of the waveform. Disp lay is not
triggered  a t either extreme of rota tion.

g . Set the CH 1 VOLTS/ DIV switc h to 10.

h. Se t the  B SOURCE sw itc h to  EXT + 10.

i. Set the low-frequenc y genera tor for a  four-d ivision
d isp lay (40 volts peak to peak) a t one kilohertz.

5 - 1 4

j. C HEC K-Ro ta te
range and  c hec k tha t

the  B LEVEL c ontro l throug hout its
d isp lay c an be triggered  a t any point

a long the positive slope of the waveform (ind ic a tes B LEVEL
c ontro l ra ng e  o f a t lea st + a nd  - 20 vo lts). Disp la y is
not triggered  a t either extreme of rota tion.- -

k. Se t the  B SLOPE sw itc h to  -.

l. CHECK-Ro ta te  the  B LEVEL c ontro l throug hout its
range and  c hec k tha t d isp lay c an be triggered  a t any point
a long the nega tive slope of the waveform. Disp lay is not
triggered  a t either extreme of rota tion.

m. Change the following c ontrol settings:

A SOURCE EXT ÷ 10
A SWEEP MODE NORM TRIG
HORIZ DISPLAY A

n. Disc onnec t the low-frequenc y genera tor from the B
EXT TRIG INPUT c onnec tor and  rec onnec t it to the A EXT
TRIG INPUT c onnec tor.

o . CHECK-Ro ta te  the  A LEVEL c ontro l throug hout its
range and  c hec k tha t d isp lay c an be triggered  a t any point
a long the nega tive slope a f the waveform (ind ic a tes A
LEVEL c ontro l ra ng e  o f a t lea st + a nd  - 20 vo lts). Dis-
p lay is not triggered  a t either extreme of rota tion.

p . Set the A SLOPE switc h to +.

q . CHECK-Ro ta te  the  A LEVEL c ontro l throug hout its
range and  c hec k tha t d isp lay c an be triggered  a t any point
a long the positive slope of the waveform. Disp lay is not
triggered  a t either extreme of ra ta tion.

r. Change the following c ontrol settings:

CH 1 VOLTS/ DIV 1
A SOURCE EXT

s. Set the low-frequenc y genera tor for a  four-d ivision
d isp lay (four volts peak to peak) a t one kilohertz.

t . CHECK-Rota te  the  A LEVEL c ontro l throug hout its
range and  c hec k tha t d isp lay c an be triggered  a t any point
a long the positive slope of the waveform (ind ic a tes A LEVEL
c ontrol range of a t least + and  - two volts). Disp lay is
not triggered  a t either extreme of rota tion.

u. Set the A SLOPE switc h to -.

v. CHECK-Rota te  the  A LEVEL c ontro l throug hout its
range and  c hec k tha t d isp lay c an be triggered  a t any point
a long the nega tive slope of the waveform. Disp lay is not
triggered  a t either extreme of rota tion.

w. Disc onnec t a ll test equipment.

3 2 .  C h e c k  A  a n d  B  l i n e  T r i g g e r i n g  O p e r a t i o n

REQUIREMENT-Stab le d isp lay of line-frequenc y signa l,
triggered  on the c orrec t pola rity.

a . Connec t the  10X p rob e to  the  Cha nne l 1 INPUT
c onnec to r.

b . Change the following c ontrol settings:

CH 1 VOLT5/ DIV 10
SOURCE (A and  B) LINE
A and  B TIME/ DIV 2 ms
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c . Connec t the p robe tip  to the same line-voltage sourc e
whic h is c onnec ted  to this instrument.

d . CHECK-Stab le CRT d isp lay triggered  on the c orrec t
slope.

e . Se t the  HORIZ DISPLAY sw itc h to  DELAYED SWEEP
(B).

f. CHECK-Stab le CRT d isp lay triggered  on the c orrec t
slop e.

g . Disc onnec t a ll test equipment.

33. Check Auto Recovery Time and
Operat ion

REQUIREMENT-Sta b le  d isp la y w ith 50-m illisec ond  ma rk-
ers (20 hertz); free-running d isp lay with 0.1-sec ond  markers
(10 hertz).

a . Change the following c ontrol settings:

VO LTS/ DIV (C H 1 a nd  2) .2
SLOPE (A and  B) +
COUPLING (A and  B) AC
SOURCE (A and  B) INT
DELAY-TIME MULTIPLIER 1.00
A a nd  B TIME/ DIV
B SWEEP MODE B STARTS AFTER DELAY

TIME
HORIZ DISPLAY A

b. Connec t the time-mark genera tor to the Channel 1
INPUT c onnec tor through a  42-inc h 50-ohm BNC c ab le and
a  50-ohm BNC termina tion.

c . Set the time-mark genera tor for 50-millisec ond  mark-
ers.

C A UTIO N

To avoid  possib le burning  of the CRT phospor
a t slow  sw eep  ra tes, p osit ion the  b a se line  o f the
marker d isp lay below the viewing a rea .

d . CHECK-Sta b le  CRT d isp la y c a n b e  ob ta ined  w ith
the A LEVEL c ontrol. Marker must be a t the sta rt of the
sweep.

e. Set the time-mark genera tor for 0.1-sec ond  markers.

f. CHECK-Sw eep  free  runs a nd  sta b le  d isp la y c a nno t
be ob ta ined . If stab le d isp lay is ob ta ined , marker must not
be a t the sta rt of the sweep.

34. Check A Sw eep Timing Accuracy
REQUIREMENT-Within 3% over midd le eight d ivisions of

the d isp lay.

a . CHECK-Using the A TIME/ DIV switc h and  time-mark
genera tor settings g iven in Tab le 5-2, c hec k A sweep timing
within 0.24 d ivision, over the midd le eight d ivisions of the
d isp lay (within 3%). Fig . 5-17 shows a  typ ic a l CRT d isp lay
when c hec king sweep timing.

F ig .  5 - 1 7 .

Unle ss
zonta l

Typical  CRT  dkplay  show ing

NO TE

otherwise noted , use the
d ivisions when c hec king

TABLE 5- 2

corroct  A sw oop  t iming.

midd le eight hori-
t im ing .
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3 5 .  C h e c k  A  M a g n i f i e d  S w e e p  A c c u r a c y

REQUIREMENT-Within 4% over m id d le  e ig ht d ivisions
of the CRT d isp lay with the MAG switc h set to X10. Mag-
nifier light must be on.

a . Set the  MAG sw itc h to  X10.

b . CHECK-Using the A TIME/ DIV switc h and  time-mark
genera tor settings g iven in Tab le 5-3, c hec k A magnified
sweep timing within 0.32 d ivision over the midd le eight
d ivisions of the magnified  d isp lay (within 4%]. Note the
portions of the tota l magnified  sweep  length to be ex-
c luded  from the measurement. Magnifier light must be on.

TABLE 5- 3

f. CHECK-One marker eac h d ivision between the first-
and  ninth-d ivision vertic a l g ra tic ule lines; marker a t ninth-
d ivision vertic a l line must be within 0.32 d ivision [within 4%)
of the line when the marker a t the first-d ivision vertic a l line
is positioned  exac tly.

g . Repea t this c hec k for eac h eight-d ivision portion of
the tota l magnified  sweep length.

3 6 .  C h e c k  B  S w e e p  T i m i n g  A c c u r a c y

REQUIREMENT-Within 3% over m id d le  e ig ht d ivisions
of the d isp lay.

a . Set the MAG switc h to OFF.

b . Se t the  HORIZ DISPLAY sw itc h to  DELAYED SWEEP
(B).

c . C HEC K-Using  the  A  a nd  B TIM E/ DIV sw itc h a nd
time-mark genera tor settings g iven in Tab le 5-2, c hec k B
sweep timing within 0.24 d ivision over the midd le eight
d ivisions of the d isp lay [w ithin 3%).

3 7 .  C h e c k  B  M a g n i f i e d  S w e e p  A c c u r a c y

REQUIREMENT-Within 4% over m id d le  e ig ht d ivisions
of the CRT d isp lay with the MAG switc h set to X10.

a . Set the MAG switc h to X10.

b . CHECK-Using the A and  B TIME/ DIV switc h and  time-
mark genera tor settings g iven in Tab le 5-3, c hec k B mag-
nified  sweep  timing within 0.32 d ivision over the midd le
eight d ivisions of the magnified  d isp lay (within 4%). Note
the portions of the tota l magnified  sweep  length to be
exc luded  from the measurement.

3 8 .  C h e c k  D e l a y  T i m e  A c c u r a c y

REQ UIREM ENT-DELAY TIM E sw itc h (A  TIM E/ DIV) p o si-
to 20 ms, within 1.5%; .1s to 5s, within 2.5%.

a . Set the MAG switc h to OFF.

c . Set the time-mark genera ta r for 0.1-millisec ond  mark-
ers.

d . Set the A TIME/ DIV switc h to 1 ms.

e . Posit ion the  first  e ig ht-d ivision p o rt ion o f the  to ta l
magnified  sweep onto the viewing a rea .

5 - 1 6

b . C HEC K-Using  the  A  TIM E/ DIV sw itc h, B TIM E/ DIV
switc h and  time-mark genera tor settings g iven in Tab le 5-4,
c hec k delayed  sweep ac c urac y within the g iven toleranc e.
First set the DELAY-TIME MULTIPLIER d ia l to 1.00 and  rota te
the d ia l until the sweep  sta rts a t the top  of the sec ond  marker
(see Fig . 5-18). Note the d ia l read ing and  then set the d ia l
to 9.00 and  rota te slightly until the sweep  sta rts a t the top
o f the  tenth ma rker. DELAY-TIME MULTIPLIER d ia l se tt ing
must be 8.00 d ivisions higher, + or - the a llowab le error
g iven in Tab le 5-4.

NO TE

Sw e e p  w ill sta rt  a t  to p  o f th ird  m a rke r a t  1.00
a nd  n ine te e nth m a rke r a t  9.00 fo r sw e e p  ra te s
whic h a re  mult ip les o f 2 (e .g .,
e tc .). If in d oub t a s to  the  c o rrec t se tt ing  o f the
DELAY-TIM E M ULTIPLIER d ia l, se t  the  HO RIZ DIS-
PLAY sw itc h to  A  INTEN DURING  B a nd  c he c k
whic h ma rker is intensified .



F l g .  5 - 1 8 .  Typical CRT  display  w hen checking  delayed-sw eep  ac-
#rasy.

TABLE 5- 4

39. Check Delay-Time Mult iplier Incremental
Linearity

REQUIREMENT-Within 0.2%.

a . Change the

DELAY TIME
A TIME/ DIV
B TIME/ DIV

following c ontrol settings:

MULTIPLIER 9.00
1 ms

b . Set the time-mark genera tor
ers.

NO TE

TM 11-6625-1722-15

for one-millisec ond  mark-

If the d isp lay is not exac tly 8.00 d ia l d ivisions be-
tween 1.00 a nd  9.00 w ith the  A TIME/ DIV sw itc h
se t to  1 ms a s mea sured  in step  37, use  p a rts c
throug h k to  c omp ensa te  fo r this e rro r. Then the
inc rementa l linea rity o f the  DELAY-TIME MULTIPLIER
d ia l c an be read  d irec tly from the d ia l. If the d if-
fe re n c e  is e xa c t ly  e ig h t  d iv isio n s, p ro c e e d  t o
p a rt m .

c . Set the A TIME/ DIV switc h to .5 ms; then return the B
TIME/ DIV sw itc h to

F i g .  5 - 1 9 .  Typical CRT  display  w hen chocking  DELAY-TIME  Mult i-
plier dial  incremental  linearity.

d . Set the HORIZ DISPLAY switc h to A.

e. Set the A VARIABLE c ontrol for one marker eac h d ivi-
sion between the first- and  ninth-d ivision vertic a l lines.

f. Set the HORIZ DISPLAY switc h to DELAYED SWEEP (B).

g . Set the DELAY-TIME MULTIPLIER d ia l to 1.00 and  ro-
ta te slightly until a  marker is d isp layed  a t the sta rt a f the
sweep. Note the d ia l read ing.

h. Set the DELAY-TIME MULTIPLIER d ia l exac tly 8.00 d ia l
d ivisions higher than the read ing  in pa rt g .

i. Turn the  A VARIABLE c ontro l slig ht ly so  a  ma rker is
d isp layed  a t the sta rt of the sweep .

j. Se t the  HORIZ DISPLAY sw itc h to  A INTEN DURING
B and  c hec k for nine markers between the DELAY-TIME
MULTIPLIER d ia l positions of 1.00 and  9.00.

k. Return the HORIZ DISPLAY switc h to DELAYED SWEEP
(B) and  repea t pa rts g  through j until the d ifferenc e between
the markers a t about 1.00 and  9.00 is exac tly 8.00 d ia l
d ivisions.

l. Set the DELAY-TIME MULTIPLIER d ia l to 9.00.

m. Rota te the DELAY-TIME MULTIPLIER d ia l slightly so a
marker is d isp layed  a t the sta rt of the sweep  (see Fig . 5-19).

n. Note the exac t DELAY-TIME MULTIPLIER d ia l read ing.

5 - 1 7
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o . Se t the  DELAY-TIME MULTIPLIER d ia l to  8.00.

p . CHECK-Dia l rea d ing  should  b e  8.00 ±2 m ino r d ia l
d ivisions (within 0.2%). Take into ac c ount the basic  d ia l
error a t 9.00.

q . Repea t c hec k a t eac h ma jor d ia l d ivision between 8.00
and  1.00.

4 0 .  C h e c k  D e l a y - T i m e  J i t t e r

REQUIREMENT-One p a rt o r less in 20,000.

a . Change the following c ontrol settings:

DELAY TIME MULTIPLIER 1.00
A TIME/ DIV 1 ms
B TIME/ DIV
A VARIABLE CAL

b. Position the pulse near the c enter of the d isp lay a rea
w ith the  DELAY-TIME MULTIPLIER d ia l.

c . CHECK-Jitter on the lead ing edge of the pulse should
not exc eed  0.5 d ivision [1 pa rt in 20,000; see Fig . 5-20). Dis-
regard  slow d rift.

d . Turn the  DELAY-TIME MULTIPLIER d ia l to  9.00 a nd
ad just so the pulse is d isp layed  near the c enter a f the d is-
p lay a rea .

e. CHECK-Jitter on lead ing  edge of the pulse should
not exc eed  0.5 d ivision; see Fig . 5-20. Disregard  slow d rift.

4 1 .  C h e c k  M a g n i f i e r  R e g i s t e r

REQUIREMENT-Less tha n 0.2-d ivision shift  when sw itc h-
ing MAG switc h from X10 to OFF.

a . Set the time-mark genera tor for five-millisec ond  markers.

b . Change the following c ontrol settings:

HORIZ DISPLAY A
MAG X 1 0

c . Position the midd le marker (three markers on tota l
sweep) to the c enter vertic a l line with the horizonta l POSl-
TION and  FINE c ontrols (see Fig . 5-21A).

d . Set the MAG switc h to OFF.

e . CHECK-Tra c e  shift  less tha n 0.2 d ivision (see  Fig .
5-21B).

4 2 .  C h e c k  A  S w e e p  L e n g t h

REQUIREMENT-Va ria b le  from  four d ivisions o r less to
11.0 d ivisions, ±0.5 d ivision.

a . Set the time-mark genera tor for 1- and  0.1-millisec ond
markers.

b . Set the A LEVEL c ontrol for a  stab le d isp lay.

c . Move the eleventh marker to the c enter vertic a l line
with the horizonta l POSITION c ontrol (see Fig . 5-22). La rge
markers ind ic a te d ivisions and  sma ll markers ind ic a te 0.1
d ivision.

5 - 1 8

Fig.  5-20.  Typical CRT display  when  checking  delay-time litter,

d . CHECK-A sweep length must be between 10.5 and
11.5 d ivisions as shown by 0.5 to 1.5 d ivisions of d isp lay to
the right of the c enter vertic a l line (see Fig . 5-22).

e. Reposition the first marker to the left g ra tic ule line.

f. Turn the  A SWEEP LENGTH c ontro l to  4 DIV (no t in
B ENDS A detent).

g . CHECK-A sweep  length must be four d ivisions or less.

4 3 .  C h e c k  B  S w e e p  L e n g t h

REQ UIREM ENT-11.0 d iv isio ns, ±0.5 d iv isio n.

a . Change the following c ontrol settings:

DELAY-TIME MULTIPLIER Fully c ounterc loc kwise
A TIME/ DIV 2 ms
B TIME/ DIV 1 ms
B SWEEP MODE TRIGGERABLE AFTER

DELAY TIME
HORIZ DISPLAY DELAYED SWEEP (B)
A SWEEP LENGTH FULL

b . Ad just the B LEVEL c ontrol for a  stab le d isp lay.

q . Move the eleventh la rge marker to the c enter vertic a l
line with the horizonta l POSITION c ontrol (see Fig . 5-22).

d . CHECK-B sweep length must be between 10.5 and
11.5 d ivisions as shown by 0.5 to 1.5 d ivisions of d isp lay to
the right of the c enter vertic a l line (see Fig . 5-22).

4 4 .  C h e c k  B  E n d s  A  O p e r a t i o n

REQUIREMENT-A sweep ends immed ia tely a fter the end
of the B sweep when the A SWEEP LENGTH c ontrol is set
to B ENDS A.

a . Change the following c ontrol settings:

A  TIME/ DIV 1 ms
B TIME/ DIV .1 ms
B SWEEP MODE B STARTS AFTER

DELAY TIME
HORIZ DISPLAY A INTEN DURING  B
A SWEEP LENGTH B ENDS A
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F i g .  5 - 2 1 .  Typical CRT display  showing  correct  magnifier  rog-
Mration.  (A) MAG switch  set  to Xl O, (B] MAG switch  sat  to OFF.

b . Ro ta te  the  DELAY-TIME MULTIPLIER d ia l throug hout
its range.

c . CHECK-CRT d isp lay ends a fter the intensified  portion
a t a ll DELAY-TIME MULTIPLIER d ia l se tt ing s.

45. Check A Variable Control Range

REQUIREMENT-Continuously va ria b le  sw eep  ra te  b e-
tween c a lib ra ted  A TIME/ DIV switc h settings.

F i g .  5 - 2 2 . Typical  CRT display  when checking  A and B sweep
length.

a . Change the following c ontrol settings:

DELAY-TIME MULTIPLIER Fully c ounterc loc kwise
B TIME/ DIV 1 ms
HORIZ DISPLAY A
A SWEEP LENGTH FULL

b. Set the time-mark genera tor for 10-millisec ond  markers.

c . Set the A LEVEL c ontrol for a  stab le d isp lay.

d . Position the markers to the fa r left and  right g ra tic ule
lines with the horizonta l POSITION c ontrol.

e. Turn the A VARIABLE c ontrol fully c ounterc loc kwise.

f. CHECK-CRT d isp lay for four-d ivisions maximum spac ing
between markers (ind ic a tes adequa te range for c ontinuously
variab le sweep  ra te between the c a lib ra ted  steps; see Fig .
5-23). UNCAL A OR B Iight must be on when A VARIABLE
c ontrol is not in CAL position.

F i g .  5 - 2 3 .  Typical CRT  display  when chocking  A and B VARiABLE
control  ranga.

46. Check B Variable Control Range
REQUIREMENT-Continuously va riab le sweep  ra te between

c a lib ra ted  B TIME/ DIV switc h settings.

a . Change the following c ontrol settings:

A  TIME/ DIV 5 ms
B TIME/ DIV 1 ms
A VARIABLE CAL
B SWEEP MODE TRIGGERABLE AFTER

DELAY TIME
HORIZ DISPLAY DELAYED SWEEP (B)

b .
lines

C .
fully

d .

Position the markers to the fa r left and  right g ra tic ule
w ith the  ho rizonta l POSITION c ontro l.

Turn the B TIME/ DIV VARIABLE c ontrol (on side panel)
c ounterc loc kwise.

CHECK-CRT d isp lay for four-d ivision maximum spac ing
between markers (ind ic a tes adequa te range for c ontinuously
variab le sweep  ra te between the c a lib ra ted  steps; see Fig .

5 - 1 9
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5-23). UNCAL A OR B light must be on when B VARIABLE
c ontrol is not in CAL position.

4 7 .  C h e c k  X  G a i n

REQ UIREM ENT-C o rre c t  ho rizo nta l d e f le c t io n fo r EXT
HORIZ mod e op era tion in the  20 mV CH 1 VOLTS/ DIV
switc h position.

a . Chonge the following c ontrol settings:

VO LTS/ DIV 20 mV
MODE CH 2
TRIGGER CH 1 ONLY
B COUPLING DC
HORIZ DISPLAY EXT HO RIZ

b . Connec t the standard  amp litude c a lib ra tor to the
Channel 1 INPUT c onnec tor with the 42-inc h BNC c ab le.

c . Set the standard  amp litude c a lib ra tor for a  0.1-volt
square-wave output.

d . Inc rease the INTENSITY c ontrol setting  until the d is-
p lay (two dots about five d ivisions apa rt] is visib le.

e. Move the d isp lay to the c enter of the gra tic ule with
the Channel 1 POSITION c ontrol.

f. CHECK-CRT d isp la y fo r five  d ivisions ho rizonta l d e -
flec tion (see Fig . 5-24).

Fig.  5-24.  Typical CRT display showing  correct X Gain.

4 8 .  C h e c k  E x t e r n a l  H o r i z o n t a l  O p e r a t i o n

a . Set the B SOURCE switc h to EXT.

b . Connec t the standard  amp litude c a lib ra tor to the EXT
HORIZ input c onnec tor (B EXT TRIG INPUT).

c . Set the standard  amp litude c a lib ra tor for a  two-volt
square-wave output.

d . CHECK-CRT d isp la y fo r ho rizonta l d e flec t ion b e -
tween 6.5 and  8.7 d ivisions (270 millivolts/ d ivision, ±15%).

e. Set the standard  amp litude c a lib ra tor for a  20-volt
square-wave output.

5 - 2 0

f. Set the B SOURCE switc h to EXT ÷ 10.

g . CHECK-CRT d isp la y fo r ho rizonta l d e flec t ion b e -
tween 6.2 and  9.2 d ivisions (2.7 volts/ d ivision, ±20%).

h. Disc onnec t a ll test equipment.

4 9 .  C h e c k  X - Y  P h a s i n g

REQUIREMENT-3° or less phase shift up  to two mega-
hertz.

a . Connec t the c onstant-amp litude sine-wave genera tor to
the Channel 1 and  2 INPUT c onnec tors through the five-
nanosec ond  GR c ab le, 50-ohm in-line termina tion and  the
dua l-input c oup ler.

b . Change the following c ontrol settings:

CH 1 VOLTS/ DIV 10mV
CH 2 VOLTS/ DIV 50 mV
B SOURCE IN T

c . Set the c onstant-amp litude genera tor for a  10-d ivision
horizonta l d isp lay a t 50 kilohertz.

d . Center the d isp lay vertic a lly and  horizonta lly with the
Channel 1 and  2 POSITION c ontrols.

e . CHECK-CRT d isp la y fo r a n op ening  a t the  c ente r
horizonta l line of 0.52 d ivision a r less (3° or less phase shift;
see Fig . 5-25).

Fig.  5-25.  Typical CRT display  when checking  X-Y phasing,

5 0 .  C h e c k  X  B a n d w i d t h  i n  X - Y  M o d e

REQUIREMENT-Not more than -3 dB a t five megahertz.

a . Disc onnec t the dua l-input c oup ler from the Channel
2 INPUT c onnec tor.

b . Set the c onstant-amp litude genera tor for a  six-d ivision
horizonta l d isp lay a t its referenc e frequenc y (50 kHz).

c . Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the horizonta l deflec -
tion is reduc ed  to 4.2 d ivisions (–3 dB point; see Fig . 5-26).
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F i g .  5 - 2 6 .  Typical  CRT display  when chocking l xt.mal horizontal
bandwidth  (deublo  l xposuro).

d . CHECK-Output frequenc y of genera tor must be five
megahertz or higher.

51. Check Trace Finder Operat ion
REQUIREMENT-Disp la y rema ins w ithin g ra t ic ule  a rea

when TRACE FINDER button is depressed  regard less of the
deflec tion fac tor or POSITION c ontrol settings.

a . Rec onnec t the dua l-input c oup ler to the Channel 2
INPUT c onnec tor.

b . While hold ing  the TRACE FINDER button depressed ,
rota te the Channel 1 and  2 POSITION c ontrols and  CH 1 and
CH 2 VOLTS/ DIV switc hes throughout their range.

c . C HEC K-C RT d isp la y re m a ins w ith in  the  g ra t ic u le
a rea .

d . While hold ing  the TRACE FINDER button depressed ,
ad just the positioning  c ontrols until the d isp lay is c entered
about the gra tic ule c enter lines. Then, inc rease the X and
Y deflec tion fac tors until the d isp lay is reduc ed  to about two
d ivisions vertic a lly and  about four d ivisions horizonta lly.

e. Release the TRACE FINDER button.

f. CHECK-CRT d isp lay must rema in within the gra tic ule
area .

g . Reduc e the INTENSITY c ontrol to a  norma l setting .

h. Disc onnec t a ll test equipment.

52. Check Chopped Operat ion
REQUIREMENT-Chop p ed  rep e tit ion ra te , 500 kilohertz,

±20%; switc hing  transients b lanked  out.

a . Change the following c ontrol settings:

MODE CHOP
TRIGGER NORM
A and  B TIME/ DIV
HORIZ DISPLAY A
B TIME/ DIV VARIABLE CAL

b . Position the trac es about four d ivisions apa rt.

c . Set the A LEVEL c ontrol for a  stab le d isp lay.

d . CHECK-Eac h c yc le for dura tion of 3.4 to 5 d ivisions
(500 kilohertz, ±20%; see Fig . 5-27).

e. CHECK-CRT d isp lay for c omp lete b lanking  of switc hing
transients between c hopped  segments (see Fig . 5-27).

F i g .  5 - 2 7 .  Typical  CRT  display  w hen chocking  choppod repet it ion
rat-  and blanking.

53. Check Calibrator Repet it ion Rate
REQ UIREM ENT-O ne  kilo he rtz, ±0.5%.

a . Change the following c ontrol settings:

CH 1 VOLTS/ DIV .5
CH 2 VOLTS/ DIV .2
MODE ALT
B COUPLING AC
A and  B TIME/ DIV .1 ms

b . Connec t the 1 kHz CAL c onnec tor to the Channel 1
INPUT c onnec tor with an 18-inc h 50-ohm BNC c ab le.

c . Connec t the time-mark genera tor to the Channel 2
INPUT c onnec tor through a  42-inc h 50-ohm BNC c ab le and
a  50-ohm BNC termina tion.

d . Se t the  t ime-ma rk g enera to r fo r one-m illisec ond
markers.

e. Position the d isp lay vertic a lly so the tips of the mark-
ers fa ll just below the rising  portions of the square wave.

f. Set the A LEVEL c ontrol so both waveforms sta rt a t
the same point.

g . Position the rising  portion of the sec ond  c a lib ra tor c yc le
to the c enter vertic a l line.

h. Set the MAG switc h to X10.

i. C HEC K-Se p a ra t io n b e tween Ca lib ra to r wa ve fo rm
lead ing edge and  the marker lead ing edge not to exc eed
0.5 d ivision (0.5% ac c urac y; see Fig . 5-28).

j. Disc onnec t the time-mark genera tor.

5 - 2 1
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Fig.  5-28.  Typical CRT display showing  correct calibrator  repetition Fig. 5-29. Typical CRT display when  checking  calibrator  duty  cycle.
rata.

5 4 .  C h e c k  C a l i b r a t o r  D u t y  C y c l e

REQ UIREM ENT-49% to  51%.

a . Change the following c ontrol settings:

d . CHECK-CRT d isp lay for five d ivisions or less between
the 10% and  90% points on the lead ing edge of the c a li-
b ra tor waveform (one mic rosec ond  or less risetime; see
Fig . 5-30),

CH 1 VOLTS/ DIV .2
MODE CH 1
MAG OFF

b. Center the d isp lay vertic a lly with the Channel 1 POSl-
TION c ontrol.

c . Set the A LEVEL c ontrol so the d isp lay sta rts a t the
50% point on the rising  portion of the waveform (the lNTEN-
SITY c ontrol may need  to be advanc ed  slightly to see the
rising  portion of the waveform).

d . Set the MAG switc h to X10.

e. Position the 50% point on the fa lling  edge of the Ca li-
b ra tor waveform to the c enter vertic a l line.

f. Set the A SLOPE switc h to –.

g . CHECK-50% point on rising  edge now d isp layed  not
d isp lac ed  more than two d ivisions from the c enter vertic a l
line (duty c yc le 49% to 51%; see Fig . 5-29).

5 5 .  C h e c k  C a l i b r a t o r  R i s e t i m e

REQUIREMENT-One mic rosec ond  or less.

a . Change the following c ontrol settings:

A SLOPE +
A and  B TIME/ DIV
M A G OFF

b. Set the A LEVEL c ontrol so a ll of the rising  portion of
the Ca lib ra tor waveform is visib le.

C . Position the 10% point of the lead ing edge to a  verti-
c a l g ra tic ule line.

F i g .  5 - 3 0 .  Typical  CRT display when  checking  calibrator  risetime.

5 6 .  C h e c k  C a l i b r a t o r  V o l t a g e  O u t p u t

REQ UIREM ENT-O ne  vo lt , ±1%.

a . Change the following c ontrol settings:

CH 1 VOLTS/ DIV .1
A SOURCE LINE
A and  B TIME/ DIV 5 ms
CALIBRATOR 1 V

b . Connec t the 1 kHz CAL c onnec tor to the unknown in-
put c onnec tor of the standard  amp litude c a lib ra tor with a
42-inc h BNC c ab le.

c . Set the standard  amp litude c a lib ra tor for a  positive
one-volt DC output in the mixed  mode.

5 - 2 2
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d . Connec t the standord  amp litude c a lib ra tor output to
the Channel 1 INPUT c onnec tor.

e. Set the A LEVEL c ontrol for a  stab le d isp lay.

f. Posit ion the  top  o f the  w a ve fo rm  onto  the  d isp la y
area  with the Channel 1 POSITION c ontrol.

g . CHECK-Differenc e between the standard  amp litude
c a lib ra tor output level and  the TYpe 453 Ca lib ra tor output
is 0.1 d ivision or less (one volt output, ±1%; see Fig . 5-31).

h. Set the CALIBRATOR switc h (side panel) to .1 V.

i. Set the standard  amp litude c a lib ra tor for a  positive,
0.1-volt DC output in the mixed  mode.

j. Posit ion the  top  o f the  w a ve fo rm  onto  the  d isp la y
area  with the Channel 1 POSITION c ontrol.

k. CHECK-Differenc e between the standard  amp litude
c a lib ra tor output level and  the Type 453 Ca lib ra tor output
is 0.1 d ivision or less (0.1 volt output, ±1%; see Fig . 5-31).

F i g .  5 - 3 1 .  Typical CRT display  when chocking  voltago output of
calibrator.

57. Check Current Through Probe Loop
REQUIREMENT-Five  m illia mp eres.

a . Connec t the c urrent-measuring  p robe and  passive ter-
mina tion to the Channel 1 INPUT c onnec tor.

b . Set the passive termina tion for a  sensitivity of 2mA/ mV.

c . Clip  the c urrent-measuring  p robe a round  the PROBE
LOOP on the side panel.

d . Change the following c ontrol settings:

CH 1 VOLTS/ DIV 5 mV
A SOURCE IN T

e. CHECK-CRT d isp la y 0.5 d ivision in a mp litud e  (five
milliamperes; see Fig . 5-32).

NO TE

This step  c hec ks fa r the p resenc e of c urrent in the
PRO BE LO O P. Th is c urre nt  w ill re m a in  w ith in  the

F i g .  5 - 3 2 .  Typical CRT display  when checking  calibrator current.

sta ted  1% a c c ura c y d ue  to  the  to le ra nc e  o f the
d ivid e r resisto rs a nd  to le ra nc e  o f the  Ca lib ra to r
output voltage. If it is nec essary to verify the ac c u-
rac y of the Ca lib ra tor c urrent, use a  c urrent-meas-
uring  meter w ith a n a c c ura c y o f a t lea st 0.25%.

f. Disc onnec t a ll test equipment.

58. Check External Z Axis Operation
REQUIREMENT-No tic ea b le  tra c e  mod ula t ion w ith five -

volt signa l from DC to 50 megahertz or g rea ter.

a . Cha ng e the  fo llow ing  c ontro l se tt ing s:

A SOURCE EXT
A and  B TIME/ DIV

b . Set the INTENSITY c ontrol to a  norma l setting .

c . Connec t the c onstant-amp litude genera ta r to the A
EXT TRIG INPUT c onnec to r throug h the  five -na nosec ond
GR c ab le, 50-ohm in-line termina tion ond  BNC T c onnec tor.
Connec t the output of the BNC T c onnec tor to the Z AXIS
INPUT b ind ing  p osts throug h a  42-inc h BNC c a b le  a nd
the BNC to a lliga tor c lip  adap ter (c onnec t b lac k lead  of
a lliga tor c lip  adap ter to g round  post).

d . Remove the ground  strap  from between the b ind ing
posts.

e. Set the c onstant-amp litude genera tor for five volts
output a t 50 kilohertz (use c a lib ra ted  position of genera tor
amplitude c ontrol).

f. CHECK-CRT d isp lay for notic eab le intensity modula -
t ion (see  Fig . 5-33A). The INTENSITY c ontro l se tt ing  ma y
need  to be reduc ed  to view trac e modula tion.

g . Set the c onstant-amp litude genera tor for five volts
output a t 50 megahertz (use c a lib ra ted  position of genera tor
amplitude c ontrol).

h. Set the A and  B TIME/ DIV switc h to .1.

i. CHECK-CRT d isp lay for notic eab le intensity modula -
t ion (see  Fig . 5-33B). The  INTENSITY c ontro l se tt ing  ma y
need  to be reduc ed  to view trac e modula tion.

5 - 2 3
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F i g .  5 - 3 3 .  (A) Typical  CRT  display  when  chocking  Z-axis  operation
@t 50 kilohertz, (B 1 typical CRT display  when  checking  Z-axis  oP-
● ra4i0a ● t 50 megalwrtz.

i. Disc o nne c t  a ll t e st  e q u ip m e nt  a nd  re p la c e  g ro und
stra p .

59. Check A Gate Output Signal
REQ UIREM ENT-Po la rit y ,  p o sit iv e  g o in g ;  a m p lit u d e ,  12

vo lts ±10%; d ura t ion, a b out 11 t im es the  A TIME/ DIV sw itc h
se tt ing .

a . Set the A and  B TIME/ DIV switc h to 1 ms. Be sure
the  A  SWEEP LENG TH c o nt ro l is se t  to  FULL.

b . Connec t the  A GATE c onnec to r (on sid e  p a ne l) to  the
test osc illosc ope input c onnec tor w ith the 42-inc h BNC c ab le.

c . Se t the  test  osc illo sc op e  fo r a  ve rt ic a l d e flec t ion fa c -
to r o f five  vo lts/ d ivision a t a  sw eep  ra te  o f tw o  m illisec ond s/
d ivision.

d .  C HEC K-Te st  o sc il lo sc o p e  d isp la y  f o r 2.4 d iv isio n s
±0.24 d iv isio n , ve rt ic a l d e f le c t io n  w ith  t he  b o t to m  o f  t he
w a ve fo rm  ne a r t he  ze ro -vo lt  le ve l (12 vo lt s ±10%; se e  Fig .
5-34) . G a te  d ura t io n  sho u ld  b e  a b o u t  5.5 d iv isio ns (a b o u t
11 t im e s the  A  TIM E/ DIV sw it c h  se t t ing ) .

F i g .  5 - 3 4 .  Typical  test  oscilloscope  display  when  checking  A and
B GATE  output  amplitude  and  duration (vertical  deflection factor,
five volts/division;  sweep  rate, two  millseconds/division)  .

60. Check B Gate Output Signal
REQ UIREM ENT-Po la rit y ,  p o sit iv e  g o in g ;  a m p lit u d e ,  12

v o l t s ± 1 0 %;  d u ra t io n ,  a b o u t  1 1  t im e s t h e  B TIM E/ D IV
sw itc h se tt ing .

a . Connec t the  B GATE c onnec to r (on sid e  p a ne l) to  the
te st  o sc illo sc o p e  inp u t  c o nne c to r w it h  t he  42-inc h  BNC
c ab le.

b . Cha ng e  the  fo llow ing  c ontro l se t t ing s:

A  TIM E/ D IV 2 ms

B TIM E/ DIV 1 ms

HO RIZ D ISPLA Y DELA YED SWEEP (B)

c .  C HEC K-Te st  o sc il lo sc o p e  d isp la y  f o r 2.4 d iv isio n s
±0.24 d iv isio n  ve rt ic a l d e f le c t io n  w ith  t he  b o t to m  o f  t he
w a v e f o rm  n e a r t h e  ze ro -v o lt  le v e l ( 12 v o lt s ± 10%; se e
Fig .  5-34) .  G a t e  d u ra t io n  sh o u ld  b e  a b o u t  5.5 d iv isio n s
(a b out 11 t im es the  B TIME/ DIV sw itc h se tt ing ).

This c om p le tes the  p e rfo rm a nc e  c hec k p roc ed ure  fo r the
Typ e  453. If  t he  inst rum e nt  ha s m e t  a ll p e rfo rm a nc e  re -
q uirem ents g iven in this p roc ed ure , it  is c o rrec t ly c a lib ra ted
a nd  w ithin the  sp ec ified  to le ra nc es.

5 - 2 4
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S E C T I O N  6

C A L I B R A T I O N

Introduction
Complete c a lib ra tion information for the Type 453 is g iven

in this sec tion. This p roc edure c a lib ra tes the instrument to
the performanc e requirements listed  in the Charac teristic s sec -
tion. The Type 453 c an be returned  to orig ina l performanc e
standards by c omp letion of eac h step  in this p roc edure. If it
is desired  to merely touc h up  the c a lib ra tion, perform only
those steps entitled  “ Ad iust . . .“ . A short-form c a lib ra tion
proc edure is a lso p rovided  in this sec tion for the c onvenienc e
of the experienc ed  c a lib ra tor.

The Type 453 should  be c hec ked, and  rec a lib ra ted  if nec es-
sa ry, a fter eac h 1000 hours of opera tion, or every six months
if used  infrequently, to assure c orrec t opera tion and  ac c urac y.
The Performanc e Chec k sec tion of this manua l p rovides a
c omplete c hec k of instrument performanc e without making
interna l ad justments. Use the performanc e c hec k p roc edure
to verify the c a lib ra tion of the Type 453 and  determine if
rec a lib ra tion is required .

TEST EQUIPMENT

General
The following test equipment, or

REQUIRED

its equiva lent, is required
for c omp lete c a lib ra tion of the Type 453 (see Figs. 6-1 and
6-2). Spec ific a tions g iven a re the minimum nec essary for ac -
c ura te c a lib ra tion of this instrument. All test equipment is
assumed  to be c orrec tly c a lib ra ted  and  opera ting  within the
g iven spec ific a tions. If equipment is substituted , it must meet
or exc eed  the spec ific a tions of the rec ommended equipment.

For the quic kest and  most ac c ura te c a lib ra tion, spec ia l
Tektronix c a lib ra tion fixtures a re used  where nec essary. These
spec ia l c a lib ra tion fixtures a re ava ilab le from Tektronix, Inc .
Order by pa rt number through your loc a l Tektronix Field
Offic e or representa tive.

1. Va riab le autotransformer. Must be c apab le of supp ly-
ing  200 volt-amperes over a  range of 90 to 137 volts (180 to
274 volts for 230-volt nomina l line). (If autotransformer does
not have an AC voltmeter to ind ic a te output voltage, monitor
the output with an AC voltmeter with range of a t least 137 or
274 vo lts, RMS.) Fo r exa mp le , Genera l Ra d io  W10MT3W
Metered  Variac  Autotransformer (note tha t the full c urrent
c apab ilities of this unit a re not required ).

2. Prec ision DC vo ltmeter. Ac c ura c y, w ithin ±0.057%;
meter resolution, 50 mic rovolt; range, zero to two kilovolts.
For examp le, Fluke Model 825A Differentia l DC Voltmeter
[use Fluke Model 80E-2 Voltage Divider to measure voltages
above 500 volts).

3. Test Osc illosc ope. Bandwid th, DC to 50 megahertz;
minimum deflec tion fac tor, five millivolts/ d ivision; ac c urac y,
within 3%. Tektronix Type 453 Osc illosc ope rec ommended .

4. 1 X Probe with BNC c onnec tor. Tektronix P6011 Probe
rec ommended.

5. 10X Probe with BNC c onnec tor. Tektronix P6010 Probe
rec ommended.

6. Time-mark genera tor. Marker outputs, five sec onds to
10 nanosec onds; marker ac c urac y, within 0.1%. Tektronix
Type 184 Time-Mark Genera tor rec ommended .

7. Standard  amp litude c a lib ra tor. Amp litude ac c urac y,
within 0.25%; signa l amp litude, five millivolts to 50 volts;
output signa l, one-kilohertz square wave and  positive DC
voltage. Tektronix c a lib ra tion fixture 067-0502-00 rec om-
mend ed .

8. Square-wave genera tor. Frequenc y, one and  100 kilo-
hertz; risetime, 12 nanosec onds or less from high-amp litude
output and  one nanosec ond  or less from fast-rise output (into
50 ohms); output amp litude, about 120 volts untermina ted  or
12 volts into 50 ohms from high-amp litude output-50 to 500
millivolts into 50 ohms from fast-rise output. Tektronix Type
106 Square-Wave Genera tor rec ommended.

9. Constant-amp litude sine-wave genera tor. Frequenc y,
350 kilohertz to above 50 megahertz; referenc e frequenc y,
50 kilohertz; output amp litude, va riab le from five millivolts
to five volts into 50 ohms or 10 volts untermina ted ; amp litude
ac c urac y, within 3% a t 50 kilohertz and  from 350 kilohertz
to above 50 megahertz. Tektronix Type 191 Constant Amp li-
tude Signa l Genera tor rec ommended.

10. Low-frequenc y sine-wave genera tor. Frequenc y, 60
hertz to one megahertz; output amp litude, va riab le from 0.5
volts to 40 volts peak to peak; amp litude ac c urac y, within
3% from 60 hertz to one megahertz. For example, Genera l
Rad io 1310-A Osc illa tor (use a  Genera l Rad io Type 274 QBJ
Adap tor to p rovide BNC output).

11. Current-measuring  p robe with passive termina tion. Sen-
sitivity, two milliamperes/ millivolt ac c urac y, within 3%. Tek-
tronix P6019 Current Probe with 011-0078-00 passive termina-
tion rec ommended .

12. Cab le (two). Impedanc e, 50 ohms; type, RG-58/ U;
length, 42 inc hes; c onnec tors, BNC. Tektronix Part No. 012-
0057-01.

13. BNC T c onnec tor. Tektronix Part No. 103-0030-00.

14. Cab le. Impedanc e, 50 ohms; type, RG-58/ U; length,
18 inc hes; c onnec tors, BNC. Tektronix Part No. 012-00764-00.

15. Cab le. Impedanc e, 50 ohms; type, RG-213/ U; elec tric a l
length, five nanosec onds; c onnec tors, GR874. Tektronix Part
No. 017-0502-00.

16. In-1ine termina tion. Impedanc e, 50 ohms; wa ttage ra t-
ing , two wa tts; ac c urac y, ±3%; c onnec tors, GR874 input
with BNC ma le output. Tektronix Part No. 017-0083-00.
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Fig. 6-1. Recommended  test equipment.  l!ems 1 through 12.
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F i g .  6 - 2 .  Recommended test equipment.  Items 13 through  26.
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17. Inp ut RC no rm a lize r. Tim e  c onsta nt, 1 m eg ohm  X 20
p F; a t tenua t ion, 2X; c onnec to rs, BNC. Tektronix c a lib ra t ion
f ixtu re  067-0538-00.

18. 5X a ttenua to r. Im p ed a nc e , 50 ohm s; a c c ura c y, ±3%;
c onnec to rs, GR874. Tektronix Pa rt  No . 017-0079-00.

19. Dua l-inp ut c o up le r. Ma tc hed  sig na l t ra nsfe r to  ea c h
inp u t . Te kt ro n ix c a lib ra t io n  f ixtu re  067-0525-00.

20. A d a p te r. A d a p ts G R874 c o nne c to r t o  BNC  fe m a le
c o nne c to r. Te kt ro n ix Pa rt  No . 017-0064-00.

21. Te rm ina t io n . Im p e d a nc e , 50 o hm s; a c c ura c y, ±3%;
c onnec to rs, BNC. Tektronix Pa rt  No . 011-0049-00.

22. A d a p te r. C o nne c to rs, BNC  fe m a le  a nd  tw o  a llig a to r
c lip s. Te kt ro n ix Pa rt  No . 013-0076-00.

23. Sc re w d rive r. Thre e -inc h  sha f t ,
sc re w s. Te kt ro n ix Pa rt  No . 003-0192-00.

24. Low -c a p a c ita nc e  sc rew d rive r.
Pa rt  No . 003-0000-00.

25. Tun ing  ro d . Five -inc h , fo r 0.100-inc h  ( ID)  he x slug s.
Te kt ro n ix Pa rt  No . 003-0301-00.

26. Tun ing  to o l. Ha nd le  a nd  inse rt  fo r
c o re s. Te kt ro n ix Pa rt  No s. 003-0307-00 a nd  033-0310-00.

SHORT-FORM CALIBRATION PROCEDURE
Th is sho rt -fo rm  c a lib ra t io n  p ro c e d ure  is p ro v id e d  to  a id

in c hec king  the  op e ra t ion o f the  Typ e  453. It  m a y b e  used
a s a  c a lib ra t io n g uid e  b y the  exp e rienc ed  c a lib ra to r, o r it
m a y b e  use d  a s a  re c o rd  o f  c a lib ra t io n . Sinc e  the  ste p
num b e rs a nd  t it le s use d  he re  c o rre sp o nd  to  t ho se  use d
in  t he  c o m p le te  p ro c e d ure , t h is p ro c e d ure  a lso  se rve s a s
an index to loc a te a  step  in the c omp lete Ca lib ra tion Proc e-
d ure . Pe rfo rm a nc e  req uirem ents c o rresp ond  to  those  g iven
in Sec t ion 1 o f this m a nua l.
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A d iust  –12-Vo lt  Po w e r Sup p ly (R1122).

-12 v o lt s,  ± 0.02 v o lt .

A d iust  +12-Vo lt  Po w e r Sup p ly (R1152).

A d iu st  f o r  + 1  v o l t ,  ± 0 .002  v o l t ,  a t
c o nne c to r w ith  Q 1255 re m o ve d . C he c k
vo lt s, ±0.12 vo lt , o u tp u t  f ro m  sup p ly.

A d just  +75-Vo lt  Po w e r Sup p ly (R1182).

+75 v o lt s,  ± 0.2 v o lt .

Ad iust  Hig h-Vo lta g e  Sup p ly a nd  Chec k
Reg ula t ion (R900).

-1950 v o lt s,  ± 20 v o lt s.  M u st  m a in t a in
leve l ove r inp ut line  vo lta g e  ra ng e  a nd
c ontro l c hanges.

Pa g e  6-8

Pa g e  6-8

1 kHz CAL
f o r  + 12 .1

Pa g e  6-9

Pa g e  6-10

this outp ut
IN TEN SITY

 5 .

❑ 6.

❑ 7.

8.

❑ 9.

❑ 10.

❑ 11.

❑ 12.

❑ 13.

❑ 14.

 15.

❑ 16.

17.

❑ 18.

Ad just CRT Grid  Bia s (R940). Pa g e  6-10

See p roc edure.

Chec k-Low -Vo lta g e  Pow er-Sup p ly Rip p le  Pa g e  6-11

Tw o  m illivo lt  p e a k-to -p e a k m a xim um  rip p le  o n  the
12-, +12- and  +75-volt supp lies.

Ad just Tra c e  Alig nm ent [R980). Pa g e  6-12

Tra c e  p a ra lle l to  ho rizonta l g ra t ic ule  lines.

Ad just Ast ig m a tism  (R985). Pa g e  6-13

Sha rp , w e ll-d e fined  d isp la y.

Ad just Y Axis Alig nm ent (R989). Pa g e  6-14

Ma rke rs p a ra lle l to  the  c ente r ve rt ic a l line .

Ad just CRT Geom etry (R982). Pa g e  6-14

Minim um  b ow ing  o r t ilt  o f m a rke rs a t  le ft  a nd  rig ht
extrem es o f d isp la y.

Ad iust Channel 1 and  2 Step  Atten- Pa g e  6-14
ua to r Ba la nc e  (R30, R130).

No  t ra c e  sh if t  a s C H 1 o r C H 2 VO LTS/ DIV sw it c h
is c hanged  from 20 mV to 5 mV.

Ad just Cha nne l 1 a nd  2 Posit ion Cente r Pa g e  6-15
(R55, R155).

Tra c e  a t  c ente r ho rizonta l line  w ith Cha nne l 1 a nd
2 PO SITIO N c o nt ro ls c e n te re d .

Ad just Cha nne l 1 a nd  2 Ga in (R90, R190). Pa g e  6-17

C o rre c t  ve rt ic a l d e f le c t io n  in  t he  20 m V p o sit io ns
o f  the  C H 1 a nd  C H 2 VO LTS/ DIV sw it c he s.

Chec k Ad d ed  Mod e  Op era t ion. Pa g e  6-18

Correc t  sig na l a d d it ion.

Chec k Cha nne l 1 a nd  2 De flec t io n Pa g e  6-18
Ac c urac y.

Ve rt ic a l d e f le c t io n  w ith in  3% o f  C H 1 a nd  C H 2
VO LTS/ DiV sw it c h  ind ic a t io n .

Chec k Cha nne l 1 a nd  2 Va ria b le Pa g e  6-18
Vo lt s/ Div isio n  Ra ng e .

Cont inuously va ria b le  d e flec t ion fa c to r b e tw een the
c a lib ra ted  step s.

Chec k Cha nne l 1 a nd  2 Ca sc a d ed Pa g e  6-19
De flec t ion Fa c to r.

O ne  m illivo lt / d iv isio n  o r le ss.

Chec k Channel 1 and  2 Input Coup ling Pa g e  6-19
Sw itc h Op era t ion.

Correc t signa l c oup ling  in eac h position of the Chan-
ne l 1 a nd  2 Inp u t  C o up ling  sw it c he s.
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❑ 19.

   ❑ 20.

❑ 21.

❑ 22.

❑ 23.

❑ 24.

❑ 25.

❑ 26.

❑ 27.

❑ 28.

❑ 29.

❑ 30.

  ❑ 31.

Chec k Low-Frequenc y Vertic a l Linearity. Page 6-19

0.15 d ivision, or less c ompression or expansion of a
two-d ivision signa l (a t c enter sc reen) when positioned
to the vertic a l extremes of the gra tic ule a rea .

Chec k Trac e Shift Due to Input Gate Page 6-20
Current.

Trac e shift neg lig ib le.

Chec k Alterna te Opera tion. Page 6-20

Trac e a lterna tion a t a ll sweep  ra tes.

Ad just Channel 1 Volts/ Division Switc h Page 6-21
Compensa tion (C6B, C6C, C7B, C7C, C8B, C8C,
C9B, C9C, C11, C17).

Op timum Channel 1 square-wave response.

Ad just Channel 2 Volts/ Division Switc h Page 6-22
Compensa tion (C106B, C106C, C107B, C107C, C108B,
C108C, C109B, C109C, C111, C117).

Op timum Channel 2 square-wave response.

Ad just High-Frequenc y Compensa tion Page 6-23
C43A, C43C, C44A, C44C, C45A, C49, C54, C143A,
C143C, C144A, C144C, C145A, C149, C154, C263,
C265, C328, C336, L43A, L143A, R43C, R49, R44C,
R143C, R144C, R149, R328).

Optimum square-wave response.

Chec k Upper Vertic a l Bandwid th Limit Page 6-26
of Channel 1 and  2.

20 mV, no t more  tha n -3 d B a t 50 meg a hertz;
10 mV, not more than –3 dB a t 45 megahertz; 5 mV,
not more than –3 dB a t 40 megahertz.

Chec k Upper Added  Mode Bandwid th Page 6-27
Limit.

Not more than –3 dB a t 50 megahertz.

Chec k Upper Channel 1 and  2 Casc aded  Page 6-27
Bandwid th Limit.

Not more than -3 dB a t 25 megahertz.

Chec k Common-Mode Rejec tion Ra tio. Page 6-28

20:1 or grea ter a t 20 megahertz.

Chec k Attenua tor Isola tion Ra tio. Page 6-29

10,000:1 or grea ter a t 20 megahertz.

Ad just A and  B Trigger Level Centering Page 6-30
[R462, R662).

Correc t opera tion of trigger c irc uits; see p roc edure.

Ad just Channel 1 Trigger DC Level Page 6-31
a nd  Norma l Trig g er

Correc t opera tian of

DC Level (R60, R285).

trigger c irc uits; see p roc edure.

❑ 32.

❑ 33.

❑ 34.

35.

❑ 36.

❑ 37.

❑ 38.

❑ 39.

❑ 40.

❑ 41.

❑ 42.

❑ 43.

Chec k A and  B Interna l Triggering Page 6-31
Opera tion.

Stab le d isp lay in AC, LF REJ and  DC positions of
A and  B COUPLING switc hes with 0.2-d ivision d is-
p lay a t 10 megahertz and  one-d ivision d isp lay a t
50 megahertz.

Chec k A and  B Externa l Triggering Page 6-32
Opera tion.

Stab le d isp lay in AC, LF REJ and  DC positions of
A a nd  B COUPLING sw itc hes w ith a  50-m illivo lt
signa l a t 10 megahertz and  a  200-millivolt signa l
a t 50 megahertz.

Chec k A and  B Low Frequenc y Triggering Page 6-33
Opera tion.

Interna l, stab le d isp lay in AC, HF REJ and  DC posi-
t ions o f A a nd  B COUPLING sw itc hes w ith 0.2-
d ivision d isp lay a t 60 hertz; externa l, stab le d isp lay
in AC, HF REJ and  DC positions of A and  B
COUPLING switc hes with a  50-millivolt signa l a t 60
hertz.

Chec k A and  B High-Frequenc y Rejec t Page 6-33
Opera tion.

Stab le d isp lay with 0.2-d ivision d isp lay a t 50 kilo-
hertz; does not trigger a t one megahertz.

Chec k A and  B Low-Frequenc y Rejec t Page 6-34
Opera tion.

Stab le d isp lay with 0.2-d ivision d isp lay a t 30 kilo-
hertz; does not trigger a t 60 hertz.

Chec k Sing le Sweep Opera tion. Page 6-34

Sweep triggers a t same A LEVEL c ontrol setting  as
in AUTO TRIG; a fter eac h sweep , further d isp lays
a re loc ked  out until the RESET button is p ressed .

Chec k A and  B Slope Switc h Opera tion. Page 6-34

Stab le triggering  on c orrec t slope of trigger signa l.

Chec k A and  B Level Control Range. Page 6-35

EXT, a t least + and  – 2 volts; EXT ± 10, a t least
+ a nd  – 20 vo lts.

Chec k Line Triggering  Opera tian. Page 6-35

Stab le d isp lay of line-frequenc y signa l, triggered  on
the c orrec t pola rity.

Chec k Auto Rec overy Time and  Opera tion. Page 6-37

Stab le d isp lay with 50-millisec ond  markers (20 hertz);
free-running d isp lay with 0.1 -sec ond markers.

Ad iust Sweep Sta rt and  A Sweep Ca li- Page 6-37
bra tion (R531, R758).

Correc t opera tion of sweep  c irc uits; see p roc edure.

Ad just Norma l Ga in (R835). Page 6-38

Correc t A sweep timing a t 1 ms/ DIV.
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❑ 44.

❑ 45.

❑ 46.

47.

❑ 48.

❑ 49.

❑ 50.

❑ 51.

❑ 52.

❑ 53.

❑ 54.

❑ 55.

❑ 56.

57.

❑ 58.

6 - 6

Ad just Magnified  Ga in (R845). Page 6-38

Correc t A sweep timing a t 1 ms/ DIV with the MAG
switc h set to X 10.

Ad just Magnifier Register (R855). Page 6-39

Less tha n 0.2-d ivision shift  when sw itc hing  MAG
switc h from X10 to OFF.

Ad just B Sweep  Ca lib ra tion (R741]. Page 6-39

Correc t B sweep timing a t 1 ms/ DIV.

Chec k B Sweep Length. Page 6-39

11.0 d ivisions, ±0.5 d ivision.

Chec k A Sweep Length. Page 6-39

Variab le from four d ivisions, or less, to 11.0 d ivisions,
±0.5 d ivision.

Chec k B Ends A Opera tion. Page 6-40

A sweep ends immed ia tely a fter the end  of B sweep
when the A SWEEP LENGTH c ontrol is set to B ENDS
A.

Chec k A Variab le Control Range. Page 6-40

Continuously va riab le sweep  ra tes between the c a li-
b ra ted  A TIME/ DIV switc h settings.

Chec k B Variab le Control Range. Page 6-41

Continuously va riab le sweep  ra tes between the c a li-
b ra ted  B TIME/ DIV switc h settings.

Ad just A and  B One Mic rosec ond  Timing Page 6-41
(C530A, C740A).

Correc t A and  B sweep  timing a t

Ad just High-Speed  Linearity (C882, C892). Page 6-42

Optimum linearity over the c enter eight d ivisions.

Chec k A Sweep Timing Ac c urac y. Page 6-42

Wthin 3% over midd le eight d ivisions of the d isp lay.

Chec k A Magnified  Sweep Ac c urac y. Page 6-42

Within 4% over midd le eight d ivisions of the CRT
d isp lay with the MAG switc h set to X10. Magnifier
light must be on.

Chec k B Sweep Timing Ac c urac y. Page 6-43

Within 3% over midd le eight d ivisions of the d isp lay.

Chec k B Magnified  Sweep Ac c urac y. Page 6-43

Within 4% over midd le eight d ivisions of the CRT
d isp lay with the MAG switc h set to X10.

Chec k Delay-Time Ac c urac y. Page 6-43

DELAY TIME switc h (A TIME/ DIV) settings of
50 ms, within 1.5%; .1 s to 5 s, within 2.5%.

❑ 59.

❑ 60.

❑ 61.

❑ 62.

❑ 63.

❑ 64.

❑ 65.

❑ 66.

❑ 67.

❑ 68.

❑ 69.

❑ 70.

❑ 71.

❑ 72.

❑ 73.

Chec k Delay-Time Multip lier Inc rementa l  Page 6-44
Linearity.

Within 0.2%.

Chec k Delay-Time Jitter. Page 6-44

One part, or less, in 20,000.

Ad just Externa l Horizonta l Ga in (R645). Page 6-46

Correc t horizonta l deflec tion for externa l horizonta l
mod e op era tion in the  20 mV CH 1 VOLTS/ DIV
switc h position.

Chec k Externa l Horizonta l Opera tion. Page 6-47

B SOURCE switc h set to EXT, 270 millivolts/ d ivision,
±15%; B SOURCE switc h set to EXT ÷ 10, 2.7 volts/
d iv isio n, ±20%.

Chec k X-Y Phasing. Page 6-47

3° or less phase shift up  to 50 kilohertz.

Chec k X Bandwid th in Externa l Hori- Page 6-47
zonta l Mode.

Not more than -3 dB a t five megahertz.

Chec k Beam Finder Opera tion. Page 6-47

Disp lay rema ins within g ra tic ule a rea  when TRACE
FINDER button is depressed  regard less of the deflec -
tion fac tor or POSITION c ontrol settings.

Chec k Chopped  Opera tion. Page 6-48

Chopped  repetition ra te, 500 kilohertz ±20%; time
segment d isp layed  from eac h c hannel, about one
mic rosec ond ; switc hing  transients b lanked  out.

Ad just Ca lib ra tor Repetition Ra te (T1255). Page 6-49

One kilohertz, ±0.57%.

Chec k Ca lib ra tor Duty Cyc le.

49% to  51%.

Chec k Ca lib ra tor Risetime.

One mic rosec ond  or less.

Chec k Current Through Probe Loop .

Five milliamperes.

Ad just Z Axis Compensa tion (C1036).

Page 6-50

Page 6-50

Page 6-51

Page 6-52

Optimum square c orner on b lanking  pulse.

Chec k Externa l Z Axis Opera tion. Page 6-53

Notic eab le trac e modula tion with five-volt signa l from
DC to 50 megahertz.

Chec k A Gate Output Signa l. Page 6-53

Pola rity, positive going ; amp litude, 12 volts ±10%;
d ura tion, a b out 11 t imes the  A TIME/ DIV sw itc h
setting .
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 74. Chec k B + Gate Output Signa l. Page 6-54

Pola rity, positive going ; amp litude, 12 volts, ±10%;
dura tiom about 11 times the B TIME/ DIV switc h
setting .

General
The fo llowing  p roc edure is a rranged  in a  sequenc e whic h

a llows the Type 453 to be c a lib ra ted  with the least inter-
ac tion of ad justments and  rec onnec tion of equipment. How-
ever, some ad justments a ffec t the c a lib ra tion of other c irc uits
within the instrument. In this c ase, it w ill be nec essary to
c hec k the opera tion of other pa rts of the instrument. When
a  step  interac ts with others, the steps whic h need  to be
c hec ked  a re noted  under “ INTERACTION-. . .“ .

Any needed  ma intenanc e should  be performed  before
proc eed ing with c a lib ra tion. Troub les whic h bec ome apparent
during  c a lib ra tion should  be c orrec ted  using  the tec hniques
given in the Ma intenanc e sec tion.

p rovide a  c hec k of instrument performanc e, whenever pos-

to identify the steps in whic h an ad justment is made. To p re-
vent rec a lib ra tion of other c irc uits when performing a  pa rtia l
c a lib ra tion, read iust only if the listed  to leranc e is not met.
However, when performing a  c omplete c a lib ra tion, best over-
a ll performanc e will be p rovided  if eac h ad justment is made
to the exac t setting , even if the “ CHECK- . . .“  is w ithin the
a llowab le toleranc e.

in the fo llowing  p roc edure, a  test equipment setup  p ic ture
is shown for eac h ma jor g roup  of ad justments and  c hec ks.
Benea th eac h setup  p ic ture is a  c omp lete list of front-panel

c ontrol settings for the Type 453. To a id  in loc a ting  ind ividua l
c ontrols whic h have been c hanged during c omplete c a lib ra -
tion, these c ontro l names a re p rinted  in bold  type. If only
a  pa rtia l c a lib ra tion is performed , sta rt w ith the nea rest set-
up  p rec ed ing  the desired  portion. Type 453 front-panel c on-
tro l titles referred  to in this p roc edure a re c ap ita lized  (e.g .,
HORIZ DISPLAY). Interna l ad justment titles a re initia l c ap ita l-
ized  only (e.g ., Norma l Ga in).

The fo llowing  p roc edure uses the equipment listed  under
Equipment Required . If equipment is substituted , c ontrol set-
tings or test equipment setup  may need  to be a ltered  to meet
the requirements of the equipment used .

N O TE

All wavefa rms shown in this p roc edure a re ac tua l
waveforms photographs taken with a  Tektronix
Osc illosc ope Camera  System unless otherwise
noted . Gra tic ule lines have been photographic a lly
retouc hed .

Preliminary Procedure
1. Remove the top  and  bottom c overs from the Type 453.

2. Connec t the autotransformer to a  suitab le power sourc e.

3. Connec t the Type 453 to the autotransformer output.

4. Set the autotransformer output voltage to the c enter
voltage of the range selec ted  by the line Voltage Selelc tor
assemb ly on the rea r panel.

5. Set the Type 453 POWER switc h to ON (set INTENSITY
c ontrol fully c ounterc loc kwise). Allow a t least 20 minutes
warmup a t 25° C, ±5° C, for c hec king the instrument to the
given ac c urac y.

NOTES

6 - 7
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CRT c ontro ls

IN TEN SITY Counte rc loc kw ise
FO C US Mid rong e
SC A LE ILLUM As d esired

Vert ic a l c ontro ls [b o th c honne ls if a p p lic a b le )

V O LTS/ D IV 20 mV
VA RIA BLE CAL
PO SITIO N Mid ra ng e
Inp ut Co up ling DC
M O DE CH 1
TRIG G ER N O RM
IN V ERT Pushed  in

Trig g e ring  c ontro ls [b o th A a nd  B if a p p lic a b le )

LEVEL Fully c loc kw ise
SLO PE
C O UPLIN G AC
SO URC E I N T

Sw eep  c ontro ls

DELA Y-TIM E M ULTIPLIER Fully c ounte rc loc kw ise
A  a n d  B TIM E/ DIV 1 ms
A  VA RIA BLE CAL
A  SWEEP M O DE N O RM  TRIG
B SWEEP M O DE TRIG G ERA BLE A FTER

DELA Y TIM E
HO RIZ D ISPLA Y A

6 - 8

M A G O FF
A  SW EEP LEN G TH FULL
PO SITIO N Mid ra ng e
PO WER O N

Sid e -p a ne l c ontro ls

B TIM E/ DIV  VA RIA BLE C AL
C A LIBRA TO R 1 V

1. Adjust - 12-Volt Power Supply

a . Test eq uip m ent se tup  is show n in Fig . 6-3.

b , Connec t the  p rec ision DC vo ltm e te r from  the  -12-vo lt
test  p o int  (p in c onnec to r ‘ H’ , Low -Vo lta g e  Reg ula to r b oa rd ;
see  Fig . 6-4) to  c ha ssis g round .

c .  C HEC K-M e t e r re a d in g ;  -12 v o lt s,  ± 0.02 v o lt .

d . A DJUST- –12 Vo lt s a d justm e nt , R1122 (se e  Fig . 6-4) ,
f o r –12 v o lt s.

lNTERA C TIO N-M a y  a f f e c t  o p e ra t io n  o f  a ll c irc u it se.
w ithin the  Typ e  453.

2. Adjust +12-Volt Power Supply

a . Connec t the p rec ision DC voltmeter from the c enter c on-
tac t of the 1 kHz CAL c onnec tor to c hassis g round .
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F i g .  6 - 4 .  Low-voltage  power supply  test  points  and adjustments  (Low-Voltage  Regulator circuit  board).

b . Remove Q1255 [see Fig . 6-5) from the Ca lib ra tor sec -
tion of the A Sweep c irc uit board .

c . CHECK-Meter read ing; +1 volt, ±0.002 volt.

d . ADJUST- +12 Volts ad justment, R1152 (see Fig . 6-4),
for a  +1 volt meter read ing.

e. Set the CALIBRATOR switc h (on side panel) to .1 V.

f. CHECK-Meter rea d ing ; +0.1 vo lt, ±0.001 vo lt.

g . Rep lac e Q1255.

h. Connec t the p rec ision DC voltmeter from the +12-volt
test point (p in c onnec tor 'D', Low-Voltage Regula tor board ;
see Fig . 6-4) to c hassis ground .

i. CHECK-Meter rea d ing ; +12.1 vo lts, ±0.12 vo lt .

j. lNTERACTION-Ma y a ffec t op era t ion o f a ll c irc uits
within the Type 453.

3. Adjust  +75-Volt  Pow er Supply
a . Connec t the p rec ision DC voltmeter from the +75-volt

test point (p in c onnec tor 'B', Low-Voltage Regula tor c irc uit
board ; see Fig . 6-4) to c hassis g round .

b . CHECK-Meter rea d ing ; +75 vo lts, ±0.2 vo lt .

c . ADJUST- +75 Volts ad justment, R1182 (see Fig . 6-4],
fo r +75 vo lts.

d . Rec hec k a ll supp lies and  read just if nec essary.

e . lNTERACTION-Ma y a ffec t op era tion o f a ll c irc uits
within the Type 453.

f. Disc onnec t a ll test equipment.

F i g .  6 - 5 .  Location  of QI 255 (Calibrator  section  of A Sweep  circuit
beard).

6 - 9
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4. Adjust
Check

F i g .  6 - 6 .  Location  of  high-voltage  adiustmenb  and test  points  (bottom).

High-Voltage supply and
Regulat ion

a. Connect the DC voltmeter (use the precision 2 kV divi-
der) from the -1950 V test point (see Fig. 6-6) to chassis
ground.

b. CHECK-Meter reading; -1950 volts, ±20 volts.

c. ADJUST-High-Voltage adjustment, R900 (see Fig. 6-6),
for -1950 volts.

d. lNTERACTION-May affect operation of all circuits
within the Type 453.

e. CHECK-Change the autotransformer output voltage
throughout the regulating range selected by the Line Voltage
Selector assembly on the rear panel and check for less than
±20 volts change in the high-voltage output level. AlSO vary
the INTENSITY control throughout its range at the maximum
and minimum line voltage; check that regulation remains with-
in given limits.

NOTE

If the high-voltage supply is out of regulation,
check the regulation of the low-voltage supplies

(step 6) before troubleshooting in the high-volt-
age supply.

f. Return the autotransformer output voltage to the center
of the regulating range selected by the Line Voltage Selector
assembly.

5. Adjust  CRT Grid Bias
a. Connect the precision DC voltmeter from TP1047 (Z

Axis Amplifier board; see Fig. 6-6) to chassis ground.
b. Set the A SWEEP MODE switch to SINGLE SWEEP.
c. Set the INTENSITY control for a meter reading of +12

volts.
d. ADJUST-CRT Grid Bias adjustment, R940 (see Fig. 6-6),

so the spot just disappears (it may be necessary to turn the
horizontal POSITION control clockwise to bring the spot
onto the viewing area).

CAUTION
Do not allow a bright spot to remain stationary
for an extended period, as it may burn the CRT
phosphor.

e. INTERACTION-Check steps 65, 71 and 72.
f. Disconnect the precision DC voltmeter.

6 - 1 0
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F i g .  6 - 7 .  Test equipment  setup for  steps 6 and 7.

CRT c ontrols HORIZ DISPLAY

INTENSITY
MAG

Counterclockwise
FOCUS Midrange

A SWEEP LENGTH

SCALE ILLUM
POSITION

As desired POWER

Vertical controls (both channels if app lic ab le) Side-panel c ontrols

VO LTS/ DIV 20 mV
VARIABLE

B TIME/ DIV VARIABLE
CAL

PO SITIO N
CALIBRATOR

Midrange
Input Coup ling DC
MODE CH 1 6. Check Low-Voltage
TRIGGER NORM

A
OFF
FULL
Midrange
O N

CAL
.1 V

Power Supply Ripple

INVERT Pushed  in NO TE

Triggering  c ontrols (both A and  B if app lic ab le)
This step  a lso  c hec ks reg ula t ion o f the  low -vo lt-
a g e  sup p lies.

LEVEL Fully c loc kwise
SLOPE +

a. Test equipment setup  is shown in Fig . 6-7.

COUPLING
SOURCE

Sweep c ontrols

DELAY-TIME MULTIPLIER
A and  B TIME/ DIV
A VARIABLE
A SWEEP MODE
B SWEEP MODE

AC
IN T

Fully c ounterc loc kwise
1 ms
CAL
NORM TRIG
TRIGGERABLE AFTER

DELAY TIME

b. Connec t the 1X p robe to the test osc illosc ope input.

c . Set the test osc illosc ope for a  vertic a l deflec tion of
0.005 volts/ d ivision, AC c oup led , a t a  sweep  ra te of five
millisec onds/ d ivision. Use line-frequenc y triggering  to p ro-
duc e a  stab le d isp lay.

d . CHECK-Two millivo lts (0.4 d ivision) peak-to-peak maxi-
mum line frequenc y ripp le on the -12-volt, +12-volt and
+75-volt supp lies while c hang ing the autotransformer output
voltage throughout the regula ting  range selec ted  by the Line

6 - 1 1
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F i g .  6 - 8 .  Typkal  test  oscilloscope  display  of  power-supply  ripple
(60-cycle line). Vertical 0.005 volt/divisian;  sweep  rate, five
milliseconds/division.

Vo lta g e  Se lec to r a ssem b ly on the  rea r p a ne l. Pow er-sup p ly
test points a re shown in Fig . 6-4. Fig . 6-8 shows a  typ ic a l test
osc illo sc op e  d isp la y o f rip p le .

e . Re turn a uto tra nsfo rm er outp ut vo lta g e  to  the  c ente r o f
the  reg ula t ing  ra ng e  se lec ted  b y the  Line  Vo lta g e  Se lec to r
a ssem b ly. (If the  line  vo lta g e  is nea r the  c ente r o f the  reg -
ula ting  range, the Type 453 may be c onnec ted  d irec tly to the
line ; o the rw ise , lea ve  the  instrum ent c onnec ted  to  the  a uto -
tra nsfo rm er fo r the  rem a ind e r o f this p roc ed ure .)

f. Disc onnec t a ll test  eq uip m ent.

7. Adjust Trace Alignment
a . Se t  t he  A  SWEEP M O DE sw it c h t o  A UTO  TRIG .

F i g .  6 - 9 .  Location  of  TRACE  ROTATION adjustment  ( side  panel)  .

b . Ad va nc e  the  INTENSITY c ontro l unt il the  troc e  is visib le .

c . Turn the Channel 1 POSITION c ontro l to move the trac e
to  the  c ente r ho rizonta l line .

d . Se t the  FOCUS c ontro l fo r a s sha rp  a  d isp la y a s p os-
sib le .

e . C HEC K-The  t ra c e  sho u ld  b e  p a ra lle l w it h  t he  c e n te r
ho rizonta l line .

f . A DJUST-TRA C E RO TA TIO N a d justm e nt , R980 (se e  Fig .
6-9), so  the  t ra c e  is p a ra lle l to  the  ho rizonta l g ra t ic ule  lines.

6 - 1 2
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F i g .  6 - 1 0 .  Init ia l  test  equipment  setup  for  steps  8 through  12.

CRT c ontrols

INTENSITY Midrange
FOCUS Adjust  for focused dis-

play
SCALE ILLUM As desired

Vertic a l c ontrols [both c hannels if app lic ab le)

VO LTS/ DIV 20 mV
VARIABLE CAL
PO SITIO N Midrange
Input Coup ling DC
MODE CH 1
TRIGGER NORM
INVERT Pushed  in

Triggering  c ontrols (ba th A and  B if app lic ab le)

LEVEL 0
SLOPE +
COUPLING
SOURCE

Sweep c ontrols

AC
IN T

DELAY-TIME MULTIPLIER Fully c ounterc loc kwise
A a nd  B TIME/ DIV 1 ms
A VARIABLE CAL
A SWEEP MODE AUTO  TRIG
B SWEEP MODE TRIGGERABLE AFTER

DELAY TIME

HORIZ DISPLAY A
MAG OFF
A SWEEP LENGTH FULL
PO SITIO N Midrange
POWER O N

Side-panel c ontrols

B TIME/ DIV VARIABLE CAL
CALIBRATOR .1 v

8. Adjust  Ast igmatism

a . Test equipment setup  is shown in Fig . 6-10.

b . Connec t the time-mark genera tor (Type 184) to the
Channel 1 INPUT c onnec tor with a  42-inc h BNC c ab le.

c . Set the time-mark genera tor for 1- and  0.1-millisec ond
markers.

d . Set the CH 1 VOLTS/ DIV switc h so the la rge markers
extend  beyond  the bottom and  the top  of the gra tic ule a rea .

e. Set the A LEVEL c ontrol for a  stab le d isp lay.

f. CHECK-Markers should  be well defined  with op timum
setting  of FOCUS c ontrol.

g . ADJUST-FOCUS c ontrol and  ASTIG ad justment, R985
(see Fig . 6-11), for best definition of the markers.

6 - 1 3
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F i g .  6 - 1 1 .  Location  of  ASTIG  adjustment  (side panel)

9. Adjust Y Axis Alignment

a . C HEC K-The  m a rke rs sho u ld  b e  p a ra lle l t o  t he  c e n te r
vertic a l line (see Fig . 6-12A).

b . A DJUST-Y A xis A lig n  a d justm e nt , R989[ se e  Fig . 6-12B),
to a lign the markers with the c enter vertic a l line.

10. Adiust CRT Geometry

a . Se t the  ho rizonta l POSITION a nd  the  A VARIABLE c on-
tro ls so a  la rge marker c oinc ides with eac h vertic a l g ra tic ule
line.

b . C HEC K-Bo w ing  a nd  t ilt  o f  m a rke rs a t  le f t  a nd  rig h t
ed g es o f the  g ra t ic ule . Fig . 6-13 show s a  typ ic a l d isp la y o f
g ood  g eom etry a s w e ll a s exa m p les o f p oo r g eom etry.

c . A DJUST-G e o m e t ry a d justm e nt , R982 (se e  Fig . 6-13D),
for minimum bowing  of the trac e a t the left and  right edges
of the g ra tic ule.

d .  INTERA C TIO N-Re c h e c k st e p  9.

e . Disc onnec t the  t im e -m a rk g ene ra to r.

f. Position the trac e to the top  of the g ra tic ule a rea .

g . CHECK-Devia t ion from  stra ig ht  line  should  no t exc eed
0.1 d iv isio n .

h. Position the trac e to the bottom of the g ra tic ule a rea .

i. CHECK-Devia t ion from  stra ig ht  line  should  no t exc eed
0.1 d iv isio n .

11. Adjust Channel 1 and 2 Step
Attenuator Balance

a . Posit ion the  t ra c e  to  the  c ente r ho rizonta l line  w ith the
C ha nne l 1 PO SITIO N c o n t ro l.

F i g .  6 - 1 2 .  (A) Typical  CRT display  showing  correct  Y-axis  align-
ment,  [B)  location  of  Y Axis  Align adjustment  (left side)  .

b . Cha ng e  the  fo llow ing  c ontro l se t t ing s:

V O LTS/ D IV
(CH 1 a nd  2) 20 mV

Inp ut Co up ling
(CH 1 and  2) G N D

c . C HEC K-C ha ng e  the  C H 1 VO LTS/ DIV sw it c h  f ro m  20
m V to  5 m V. Tra c e  should  no t m ove  ve rt ic a lly.

N O TE

Use  t h e  TRA C E FINDER sw it c h  t o  lo c a t e  t h e  t ra c e
if  i t  is d e f le c t e d  o f f  sc re e n  w h e n  sw it c h in g  t o  10
o r 5 m V.

d . A DJUST-C ha nne l 1 STEP A TTEN BA L a d justm e nt , R30
(se e  Fig . 6-14) , fo r no  t ra c e  sh if t  a s the  C H 1 VO LTS/ DIV
switc h is c hanged  from 20 mV to 5 mV.

e . Se t the  MODE sw itc h to  CH 2.

f. Posit ion the  tra c e  to  the  c ente r ho rizonta l line
C ha nne l 2 PO SITIO N c o n t ro l.

g . C HEC K-C ha ng e  the  C H 2 VO LTS/ DIV sw it c h
mV to 5 mV. Trac e should  not move vertic a lly.

w ith the

from 20

6 - 1 4
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6 - 1 3 .  (A) Typical CRT  display  show ing  good  geometry; (B)  and  ( Cl  poor  geometry; (D] Locat ion  of  Geometry  adjustment  (Z  Axis
Amplifier  circuit  board).

h. ADJUST-Channe1 2 STEP ATTEN BAL ad justment, R130
(see Fig . 6-14), for no trac e shift as the CH 2 VOLTS/ DIV
switc h is c hanged  from 20 mV to 5 mV.

12. Adjust Channel 1 and 2
Position Center

a . Connec t the p rec ision DC voltmeter between the Chan-
nel 2 position c enter test point (p in c onnec tor 'Z') on the Verti-
c a l Preamp board  (see Fig . 6-15) and  c hassis g round .

b . Set the Channel 2 POSITION c ontrol for a  meter read-
ing  of zero volts. (The dot on the POSITION c ontrol should
be c entered  mec hanic a lly. If not, loosen the set sc rew and
reposition the knob .)

c . CHECK-Trac e should  be a t the c enter horizonta l line.
d . ADJUST-CH 2 Position Center ad justment, R155 (see

Fig . 6-1 5), to position the trac e to the c enter line.
e. Set the MODE switc h to CH 1.
f. Connec t the p rec ision DC voltmeter between the Chan-

nel 1 position c enter test point (p in c onnec tor 'W') on the
Vertic a l Preamp board  (see Fig . 6-15) and  c hassis g round .

g . Set the Channel 1 POSITION c ontrol for a  meter read-
ing  of zero volts. (The dot on the POSITION c ontrol should
be c entered  mec hanic a lly. If not, loosen the set sc rew and
reposition the knob .)

h. CHECK-Trac e should  be a t the c enter horizonta l line.
i. ADJUST-CH 1 Posit ion Cente r a d justment, R55 (see

Fig . 6-15), to position the trac e to the c enter line.
j. INTERACTION-Rec hec k step  11.
k. Disc onnec t a ll test equipment.

F i g .  6 - 1 4 .  Locat ion  of Channel  1 and  2 STEP ATTEN  BAL adjust-
ments (front  panel].

6 - 1 5
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F i g .  6 - 1 5 .  Locat ion  of  Channel  1 and  2 posit ion center test  points  and adjustments  [Vert ical  Preamp  circuit  board).

NOTES

6 - 1 6
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Fi g .  6 - 1 6 .  Init ia l  test  equipment  setup  for  steps  13 through  21.

CRT c ontrols

INTENSITY Midrange
FOCUS Ad just for foc used  d isp lay
SCALE ILLUM As desired

Vertic a l c ontrols (both c hannels if app lic ab le]

VOLTS/ DIV 20 mV
VARIABLE CAL
PO SITIO N Midrange
Input Coupling DC
MODE CH 1
TRIGGER NORM
INVERT Pushed  in

Triggering  c ontrols (both A and  B if app lic ab le)

LEVEL 0
SLOPE
COUPLING AC
SOURCE

Sweep c ontrols

IN T

DELAY-TIME MULTIPLIER Fully c ounterc loc kwise
A and B TIME/ DIV .5 ms
A VARIABLE CAL
A SWEEP MODE AUTO  TRIG
B SWEEP MODE TRIGGERABLE AFTER

DELAY TIME

HORIZ DISPLAY
MAG
A SWEEP LENGTH
PO SITIO N
POWER

Side-panel c ontrols

B TIME/ DN VARIABLE
CALIBRATOR

13. Adjust  Channel 1

A
OFF
FULL
Midrange
O N

CAL
.1 V

and 2 Gain
a . Test equipment setup  is shown in Fig . 6-16.

b . Connec t the standard  amplitude c a lib ra tor (067-0502-00)
output c onnec tor to the Channel 1 and  2 INPUT c onnec tors
through a  BNC T c onnec tor and  two 42-inc h BNC c ab les.

c . Set the standard  amp litude c a lib ra tor for a  0.1-volt
square-wave output.

d . Position the d isp lay to the c enter of the gra tic ule with
the Channel 1 POSITION c ontrol.

e. CHECK-CRT d isp lay exac tly five d ivisions in amp litude
(see Fig . 6-17A).

f. ADJUST-Cha nne l 1 GAIN a d justment, R90 (see  Fig .
6-17B], for exac tly five d ivisions of deflec tion.

g . Set the MODE switc h to ADD.

6 - 1 7
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F i g .  6 - 1 7 .  (Al  Typical  CRT  display  show ing correct  gain  adjust -
ments;  (B) locat ion  of Channel-l  and 2 G~l  N  adjustments  (front
panel  ) .

h. Pull the  lNVERT sw itc h.

i.  C HEC K-C RT d isp la y  f o r st ra ig h t  l in e .

j. A DJUST-C ha nne l 2 G A IN a d justm e nt , R190 (se e  Fig .
6-17B), fo r stra ig ht line  d isp la y.

14. Check Added Mode Operation
a . Push the  INVERT sw itc h in.

b . Se t  t he  sta nd a rd  a m p lit ud e  c a lib ra to r fo r a  50-m illi-
vo lt  sq ua re -w a ve  outp ut.

c . C HEC K-C RT d isp la y f ive  d iv isio ns in  a m p lit ud e .

15. Check Chanel 1 and 2 Deflect ion
Accuracy

a . Se t the  MODE sw itc h to  CH 1.

b . Set the Channel 2 Input Coup ling  switc h to GND.

c . C HEC K-Using  the  C H 1 VO LTS/ DIV sw it c h  a nd  sta nd -
a rd  a m p litud e  c a lib ra to r se t t ing s g iven in Ta b le  6-1, c hec k
ve rt ic a l d e flec t ion w ithin 3% in ea c h p osit ion o f the  CH 1
VO LTS/ DIV  sw it c h .

d . Se t the  MODE sw itc h to  CH 2.

6 - 1 8

e . Se t the  Cha nne l 1 Inp ut Coup ling  sw itc h to  GND a nd
Channel 2 Input Coup ling  switc h to DC.

f . C HEC K-Using  the  C H 2 VO LTS/ DIV sw it c h  a nd  sta nd -
a rd  a m p litud e  c a lib ra to r se t t ing s g iven in Ta b le  6-1, c hec k
ve rt ic a l d e flec t ion w ithin 3% in ea c h p osit ion o f the  CH 2
VO LTS/ DIV sw itc h .

TABLE 6-1

16. Check Channel 1 and 2 Variable Volts/
Division Range

a . Se t  t he  sta nd a rd  a m p lit ud e  c a lib ra to r fo r a  0.1-vo lt
sq ua re -w a ve  outp ut.

b . Cha ng e  the  fo llow ing  c ontro l se t t ing s:

V O LTS/ D IV
(CH 1 a nd  2) 20 mV

Inp ut Co up ling
(CH 1 a nd  2) AC

M O DE CH 1

c .  C HEC K- Tu rn  t h e  C h a n n e l  1  V A RIA BLE V O LTS/ D IV
c ontro l fully c ounte rc loc kw ise . Disp la y should  b e  red uc ed  to
tw o  d ivisions o r less (see  Fig . 6-18). Cha nne l 1 UNCAL lig ht
m ust b e  on w hen Cha nne l 1 VARIABLE c ontro l is no t in CAL
p osit ion.

d . Se t the  MODE sw itc h to  CH 2

e .  C HEC K- Tu rn  t h e  C h a n n e l  2  V A RIA BLE V O LTS/ D IV
c ontro l fully c ounte rc loc kw ise . Disp la y should  b e  red uc ed  to
tw o  d ivisions o r less (see  Fig . 6-18). Cha nne l 2 UNCAL lig ht
m ust b e  on w hen Cha nne l 2 VARIABLE c ontro l is no t in CAL
p osit ion.

f. Disc onnec t the  c a b le  from  the  Cha nne l 2 lNPUT c on-
nec tor.

17. Check Channel 1  and 2 Cascaded Deflec-
t ion Factor

a . Connec t the  CH 1 OUT c onnec to r to  the  Cha nne l 1
INPUT c onnec to r w ith the  18-inc h 50-ohm  BNC c a b le .
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Fig. 6-18. Typical CRT display  showing  adequate Channel 1 and 2
VARIABLE  control  range (doublo  ● xposuro).

b . Change the following c ontrol settings:

VO LTS/ DIV
(CH 1 and  2) 5 mV

VARIABLE (CH 1 and  2) C A L
Input Coup ling

(CH 1 and  2) DC

18. Check Channel 1 and 2 Input Coupling
S w i t c h  O p e r a t i o n

a. Set the CH 1 and  CH 2 VOLTS/ DIV switc hes to 20 mV.

b . Disc onnec t the 18-inc h BNC c ab le from the Channel 2
INPUT c onnec tor and  rec onnec t the standard  amp litude c a li-
b ra tor to the Chonnel 2 INPUT c onnec tor.

c . Set the standard  amp litude c a lib ra tor for a  50-millivolt
square-wave output.

d . Position the d isp lay with the Channel 2 POSITION c on-
  tro l so the bottom of the square wave is a t the c enter hori-

zonta l line.

e. Set the Channel 2 Input Coup ling  switc h to GND.

f. CHECK-CRT d isp lay for stra ight line near the c enter
horizonta l line.

g . Set the Channel 2 Input Coup ling switc h to AC.

h. CHECK-CRT d isp lay c entered  about c enter horizonta l
line.

i. Set the MODE switc h to CH 1.

j. Position the d isp lay with the Channel 1 POSITION c on-
trol so the bottom of the square wave is a t the c enter hori-
zonta l line.

k. Set the Channel 1 Input Coup ling  switc h to GND.

l. CHECK-CRT d isp lay for stra ight line near the c enter
horizonta l line.

19.

a .

b . Position the d isp lay to the c enter of the gra tic ule with
the Channel 1 POSITION c ontrol.

Set the Channel 1 Input Coup ling  switc h to AC.

CHECK-CRT d isp lay c entered  about c enter horizonta l

Check Low-Frequency Vertical Linearity

Set the Channel 1 and  2 Input Coup ling  switc hes to DC.

F i g .  6 - 1 9 .  Typical  CRT display  showing  acceptable  compression and
expansion. (A)  Expansion,  (B) correct  deflection  at center of
graticulc,  (C) compression.

6 - 1 9
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c . Ad just the Channel 1 VARIABLE c ontrol for exac tly two
d ivisions of deflec tion.

d . Position the top  of the d isp lay to the top  horizona l Iine.

e . CHECK-Comp ression o r exp a nsion
less (see Fig . 6-19).

f. Position the bottom of the d isp lay to
zona l line.

g . CHECK-Com p ression o r exp a nsion
less (see Fig . 6-19).

h. Set the MODE switc h to CH 2.

0.15 d ivision o r

the bottom hori-

0.15 d ivision o r

i. Posit ion the  d isp la y to  the  c ente r o f the  g ra t ic ule
with the Channel 2 POSITION c ontrol.

j. Set the Channel 2 VARIABLE c ontrol for exac tly two
d ivisions of deflec tion.

k.
line.

l.

Position the top  of the d isp lay to the top  horizonta l

CHECK-Com p ression o r exp a nsion 0.15 d ivision o r
less (see Fig .

m. Position
zonta l line.

6-19).

the bottom of the d isp lay to the bottom hori-

n. CHECK-Comp ression o r exp a nsion 0.15 d ivision o r
less (see Fig . 6-19].

o. Disc onnec t a ll test equipment.

20. Check Trace Shift  Due to Input Gate
Current

a . Change the following c ontrol settings:

VO LTS/ DIV
(CH 1 and  2)

VARIABLE (CH 1
Input Coup ling

(CH 1 and  2)

5 mV
and  2) CAL

GND

b. Position the trac e to the c enter horizonta l line with the
Channel 2 POSITION, c ontrol.

c . CHECK-Set the Channel 2 Input Coup ling  switc h to
DC. Trac e shift should  be neg lig ib le.

d . Set the MODE switc h to CH 1.

e. Position the trac e to the c enter horizonta l line with the
Channel 1 POSITION c ontrol.

f. CHECK-Set the Channel 1 Input Coup ling  switc h to DC.
Trac e shift should  be neg lig ib le.

21.
a .

b .

c .

d .

Check Alternate , Operat ion
Set the MODE switc h to ALT.

Position the trac es about two d ivisions

Turn the A TIME/ DIV switc h throughout

a p a rt.

its range.

CHECK-Trac e a lterna tion between Channel 1 and  2 a t
a ll sweep  ra tes. At faster sweep  ra tes, a lterna tion is not
apparent; instead  d isp lay appears as two trac es on the sc reen.

NOTES

6 - 2 0
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F i g .  6 - 2 0 .  Init ia l  test  equipment  setup  for  steps  22  through  24.

CRT controls

INTENSITY Midrange
FOCUS Adjust for focused display
SCALE ILLUM As desired

Vertical controls (both channels if applicable)

VOLTS/DIV 20 mV
VARIABLE CAL
POSITION Midrange
Input Coupling
MODE CH 1
TRIGGER NORM
INVERT Pushed in

Triggering controls (both A and B if applicable)

LEVEL Clockwise
SLOPE
COUPLING AC
SOURCE INT

Sweep controls

DELAY-TIME MULTIPLIER Fully counterclockwise
A and B TIME/DIV .2 ms
A VARIABLE CAL
A SWEEP MODE AUTO TRIG
B SWEEP MODE TRIGGERABLE AFTER

DELAY TIME

HORIZ DISPLAY A
M A G OFF
A SWEEP LENGTH FULL
POSITION Midrange
POWER O N

Side-panel controls

B TIME/DIV VARIABLE CAL
CALIBRATOR .1 V

22. Adjust  Channel 1 and 2 Volts/
Division Sw itch Series Compensat ion

a. Test equipment setup is shown in Fig. 6-20.

b. Connect the square-wave generator (Type 106) high-
amplitude output connector to the Channel 1 INPUT con-
nector through the five-nanosecond GR cable, 5X GR attenu-
ator and 50-ohm in-line termination in given order.

c. Set the square-wave generator for four divisions of one-
kilohertz signal.

d. Set the A LEVEL control for a stable display.

e. CHECK-CRT display at each CH 1 VOLTS/DIV switch
setting listed in Table 6-2 for optimum square corner (see Fig.
6-21A, B and C).

6 - 2 1
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F i g .  6 - 2 1 .  (A) Typical  CRT  display  showing  correct  compensation; ( B) and (C) incorrect  compensation;  ID) Iocafion  of  variable capacitors
[bottom  view ).

f . A DJUST-C H 1 VO LTS/ DIV sw it c h  se rie s c o m p e nsa t io n
a s g iven in Ta b le  6-2 fo r op t im um  sq ua re  c o rne r on the  d is-
p lay. Read just the genera tor output w ith eac h setting  of the
CH 1 VOLTS/ DIV sw itc h (rem ove  5X a ttenua to r a s req uired )
to  p rovid e  four d ivisions o f d e flec t ion. Fig . 6-21D show s the
loc a tion of the va riab le c apac itors.

g . Disc onnec t the  sig na l from  the  Cha nne l 1 INPUT c on-
nec to r a nd  rec onnec t it  to  the  Cha nne l 2 INPUT c onnec to r
throug h the  five -na nosec ond  GR c a b le , 5X GR a ttenua to r
a nd  50-ohm  in-line  te rm ina t ion.

h. Se t the  MODE sw itc h to  CH 2.

i. C HEC K-C RT d isp la y a t  e a c h  C H 2 VO LTS/ DIV sw it c h
setting  listed  in Tab le 6-2 for op timum square c orner (see Fig .
6-21A, B and  C).

TA BLE 6 - 2

6 - 2 2

j. A DJUST-C H 2 VO LTS/ DIV sw it c h  se rie s c o m p e nsa t io n
a s g ive n  in  Ta b le  6-2 fo r o p t im um  sq ua re  c o rne r o n  the
d isp la y. Rea d just  the  g ene ra to r outp ut w ith ea c h se t t ing  o f
t h e  C H 2 VO LTS/ DIV  sw it c h  ( re m o v e  5X a t t e n u a t o r a s
req uired ) to  p rovid e  four d ivisions o f d e flec t ion. Fig . 6-21D
show s the  loc a t ion o f the  va ria b le  c a p a c ito rs.

k. Disc onnec t the test equipment from the Channel 2 INPUT
c onnec ta r.

23. Adjust Cha nne l 1 a nd 2 Volts/
Division Shunt Compensa tion

a . Connec t the squa re-wave genera tor high-amp litude out-
p ut  c onnec to r to  the  Cha nne l 2 INPUT c onnec to r throug h
the  five -na nosec ond  GR c a b le , 5X GR a ttenua to r, 50-ohm
in-line  te rm ina t ion a nd  20 p F inp ut RC no rm a lize r, in g iven
o rd er.

b . Se t  the  C H 2 VO LTS/ DIV sw it c h  to  20 m V.

c . Se t  t he  sq ua re -w a ve  g e ne ra to r fo r fo ur d iv isio ns o f
one -kilohe rtz sig na l.

d . C HEC K-C RT d isp la y a t  e a c h  C H 2 VO LTS/ DIV sw it c h
setting  listed  in Tab le 6-3 for op timum fla t top  (see Fig . 6-21A,
B and  C).

e . A DJUST-C H 2 VO LTS/ DIV sw it c h  shun t  c o m p e nsa t io n
a s g iven in Ta b le  6-3 fo r op t im um  fla t  top  on the  d isp la y.
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Read just the genera tor output with eac h setting  of the CH 2
VOLTS/ DIV switc h [remove the 5X a ttenua tor as required )
to p rovide four d ivisions of deflec tion (only about three
d ivisions ob ta inab le in 2 position]. Fig . 6-21D shows the
loc a tion of the va riab le c apac itors.

f. Disc onnec t the signa l from the Channel 2 INPUT c on-
nec tor and  rec onnec t it to the Channel 1 INPUT c onnec tor
through the five-nanosec ond  GR c ab le, 5X GR a ttenua tor,
50-ohm in-line termina tion and  20 pF input RC norma lizer,
in g iven order.

g . Set the MODE switc h to CH 1.

h. CHECK-CRT d isp lay a t eac h CH 1 VOLTS/ DIV switc h
setting  listed  in Tob le 6-3 for op timum square c orner (see
Fig . 6-21A, B and  C).

i. ADJUST-CH 1 VOLTS/ DIV switc h shunt c ompensa tion
as g iven in Tab le 6-3 for op timum fla t top  on the d isp lay.
Read just the genera tor output with eac h setting  of the CH
1 VOLTS/ DIV switc h (remove 5X a ttenua tor as required ) to
p rovide four d ivisions of deflec tion (only about three d ivi-
sions ob ta inab le in 2 position). Fig . 6-21D shows the loc a tion
of the va riab le c apac itors.

j. Disc onnec t a ll test equipment.

TABLE 6-3

Cha nne l 2 VOLTS/ DIV Shunt Comp ensa tion

CH 2 1 Channel 1 Cha nne l 2
VO LTS/ DIV shunt shunt

Sw itc h Setting c ompensa tion c ompensa tion
20 mV C17 C117
50 mV C6B C106B                        
.1 C7B C107B
.2 C8B C108B                       

. 5 Ad iust C11 for Ad just C111 for
1 best c ompromise best c ompromise
2 C9B C109B

24. Adjust High-Frequency Compensation

SELEC TED C O M PO NENTS

The Vertic a l Preamp c irc uit board  has four selec ted
c omp onents whic h p rovid e  hig h-freq uenc y c om-
p ensa tion fo r va rious d evic es w ithin the  Vert ic a l
Deflec t ion System. It  should  no t b e  nec essa ry to
re-selec t these c omponents unless the devic es for
whic h they c ompensa te have been c hanged . Use
Ta b le  6-4 to  se le c t  the se  c o m p o ne nts. If  m o re
than one c omponent needs to be selec ted , selec t
the  c omp onents in the  o rd er g iven in this ta b le .
All o f the  se lec ted  c omp onents exc ep t R195 a re
mounted  in soc kets in the c irc uit boa rd  to fac ilita te
selec tion. The Ioc a tian of eac h selec ted  c omponent
is shown on Fig . 6-22. Tab le 6-4 lists the range of
c amponent va lues whic h p rovide c orrec t c ompen-
sa tion.

C38 a nd  C138 a re  se lec ted  from a mong  the  fo l-
lowing  c apac itors.

.001 µF 283-0067-00 200 V ±10%

.0015 283-0114-00 200 V ±20%

.0022 283-0119-00 200 V ±5%

.0027 283-0142-00 200 V ± 5%

.0033 283-0041-00 500 V ±5%

.0047 283-0083-00 500 V ±5 %

.01 283-0079-00 250 V ±20%

C264 is selec ted  from among the following c apac i-
to rs.

14 pF 281-0577-00 500 V ± 5 %
18 pF 281-0578-00 500 V + 5 %
22 pF 281-0511-00 500 V ± 2.2 p F
27 pF 281-0512-00 500 V ± 2.7 p F
33 pF 281-0629-00 600 V + 5 %
39 pF 281-0603-00 500 V ±5%
47 pF 281-0519-00 500 V ± 4.7 p F

TABLE 6-4

Selec ted Ra ng e  o f Va lue s (to Devic e(s) for whic h Cond it ions fo r se lec t-
Component

Selec tion p roc edure
p rovide a  2 to 3% th is p ro v id e s a  c o m - ing  (20 mV/ DIV, four-
tota l c ompensa ting  ef- pensa ting effec t d iv isio n 100 kHz, sig -
fec t ) na l a p p lied )

1. C38 .001 to .01 pF Q23, Q33 MODE CH 1 Selec t for best fla t top
10 µs/ DIV over first 2 to 5 mic ro-
MAG OFF sec onds

2. C264 14 to 47 pF Delay line MODE CH 1 Selec t fa r best fla t top
2 µs/ DIV over first 0.2 to 0.6 mic ro-
MAG OFF sec ond

3. C138 .001 to .01 µF Q123, Q133 MODE CH 2 Selec t for best fla t top
10 µs/ DIV over first 2 to 5 mic ro-
MAG OFF sec onds

4. R195 24 k to 300 Q84, Q94, Q184, Q194 MODE CH 2 Selec t for best matc h of
2 µs/ DIV Channel 2 to Channel 1
MAG OFF over first 0.5 m ic rosec -

ond

6 - 2 3
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F i g .  6 - 2 2 .  (A) Typical  CRT  display  showing  correct  high-frequency  compensation  (0.5
showing  correct  high-frequency  compensation ( 10 nanoseconds  fdivisionl  ; (C) location
selected  components  (Vertical  Preamp  circuit  board)  ; (D) location  of R328,  C328 and

6 - 2 4

microseconds/division)  ; [B)  typical CRT display
of high-frequency  compensation  odiustments  and
C336 (Vertical  Output  Amplifier  circuit  board)  .
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NOTEa. Change the following control settings:

VOLTS/DIV(CH 1 and 2) 2 0  m V

MODE CH 1

A and B TIME/DIV .5 µs

b. Connect the square-wave generator fast-rise + output
to the Channel 1 INPUT connector through the five-nano-
second GR cable, 5X GR attenuator and 50-ohm in-line
termination, in given order.

c. Set the square-wave generator for fast-rise operation
and four-division display at 100 kilohertz.

d. CHECK-CRT display for optimum flat top (see Fig.
6-22A.

e. ADJUST-C263 and C265 (see Fig. 6-22C) for optimum
flat top.

f. Change the following control settings:

A and B TIME/DIV .2 µs

M A G X 1 0

g. CHECK-CRT display for optimum square corner and
flat top (see Fig. 6-22B).

N O T E

In the fol lowing steps, change the MAG switch
from X10 to OFF and compare the response at
both sweep rates. Then adjust for the best overall
response.

h. ADJUST-R49, C49, R328, C336, C328, C54 and C45A,
in given order, (see Fig. 6-22C and D) for optimum square
corner and flat top. Repeat this adjustment until optimum
high-frequency response is obtained (similar to Fig. 6-22B).

i. Set the MODE switch to CH 2.

j. Disconnect the 50-ohm in-line termination from the
Channel 1 INPUT connector and connect it to the Channel 2
INPUT connector.

k. CHECK-CRT display for optimum square-wave re-
sponse similar to Channel 1 response (see Fig. 6-22B).

l. ADJUST-R149, C149, C154 and C145A (see Fig. 6-22C)
for optimum square-wave response similar to Channel 1
response. Repeat this adjustment until optimum response is
obtained.

If response of Channel 1 and 2 cannot be correctly
matched using this adjustment procedure, see the
procedure for reselecting R195 given in Table 6-4.

m. Set the CH 2 VOLTS/DIV switch to 10 mV.

n. Set the square-wave generator for a four-division
display.

o. CHECK-CRT display for optimum square-wave re-
sponse (see Fig. 6-22B).

p. ADJUST-R144C, C144C and C144A, in given order,
(see Fig. 6-22C for optimum square-wave response. Repeat
this adjustment until optimum response is obtained.

q. Set the CH 2 VOLTS/DIV switch to 5 mV.

r. Set the square-wave generator for a four-division
display.

s. CHECK-CRT display for optimum square-wave re-
sponse (see Fig. 6-22B).

t. ADJUST-R143C, C143C, C143A and L143A (see Fig.
6-22C) for optimum square-wave response. Repeat this
adjustment until optimum response is obtained.

u. Change the following control settings:

MODE CH 1
CH 1 VOLTS/DIV 5 mV

v. Disconnect the 50-ohm in-line termination from the
Channel 2 INPUT connector and connect it to the Channel
1 INPUT connector.

w. CHECK-CRT display for optimum square-wave re-
sponse (see Fig. 6-22B).

x. ADJUST-R43C, C43C, C43A and L43A (see Fig. 6-22C)
for optimum square-wave response. Repeat this adjustment
until optimum response is obtained.

y. Set the CH 1 VOLTS/DIV switch to 10 mV.

z. Set the square-wave generator for a four-division dis-
play.

aa. CHECK-CRT display for optimum square-wave re-
sponse (see Fig. 6-22 B).

ab. ADJUST-R44C, C44C, and C44A (see Fig. 6-22C) for
optimum square-wave response. Repeat this adjustment until
optimum response is obtained.

ac. Disconnect all test equipment.

NOTES
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F i g .  6 - 2 3 .  Init ia l  test  equipment  setup for  stops  25  through  27.

CRT c ontrols
I N T E N S I T Y Midrange
FOCUS Ad just for foc used  d isp lay
SCALE ILLUM As desired

Vertic a l c ontrols (both c hannels if app lic ab le)
VOLTS/DIV 20 mV
VARIABLE CAL
PO SITIO N Midrange
Input Coup ling DC
MODE CH 1
TRIGGER NORM
INVERT Pushed  in

Triggering  c ontrols (both A and  B if app lic ab le)
LEVEL Fully clockwise
SLOPE
COUPLING AC
SOURCE IN T

Sweep Controls
DELAY-TIME MULTIPLIER Fully c ounterc loc kwise
A and B TIME/DIV 20 µs
A VARIABLE CAL
A SWEEP MODE AUTO  TRIG
B SWEEP MODE TRIGGERABLE AFTER

DELAY TIME
HORIZ DISPLAY A
MAG OFF

A SWEEP LENG TH FULL
PO SITIO N Midrange
POWER O N

Side-panel c ontrols
B TIME/ DIV VARIABLE CAL
CALIBRATOR .1 V

25. Check Upper Vertical Bandwidth Limit of
Channel 1 and 2

a . Test equipment setup  is shown in Fig . 6-23.

b . Connec t the c onstant-amp litude sine-wave genera tor
(Type 191) to the Channel 1 INPUT c onnec tor through the
five-nanosec ond  GR cable, 5X GR a ttenua tor and  the 50-
ohm in-line termina tion.

c . Set the c onstant-amp litude genera tor for a  four-d ivision
d isp lay a t its referenc e frequenc y (50 kHz).

d . Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 6-24).

e. CHECK-Output frequenc y of genera tor must be 50
megahertz or higher.

f. Set the CH 1 VOLTS/ DIV switc h to 10 mV.

g. Set the c onstant-amp litude genera tor for a  four d ivision
d isp lay a t its referenc e frequenc y (50 kHz).

6 - 2 6
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F i g .  6 - 2 4 .  Typical CRT display when chocking  vertical bandwidth
(simuletod  waveform).

h. Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 6-24).

i. CHECK-Outp ut freq uenc y o f g enera to r must b e  45
megahertz or higher.

j. Set the CH 1 VOLTS/ DIV switc h to 5 mV.

k. Set the c onstant-amp litude genera tor for a  four d ivision
d isp lay a t its referenc e frequenc y (50 kHz).

l. Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 6-24).

m. CHECK-Output frequenc y of genera tor must be 40
megahertz or higher.

n. Set the MODE switc h to CH 2.

o. Disc onnec t the output of the in-line termina tion from
the Channel 1 INPUT c onnec tor and  c onnec t it to the Chan-
nel 2 INPUT c onnec tor.

p . Set the c onstant-amp litude genera tor for a  four-d ivision
d isp lay a t its referenc e frequenc y (50 kHz).

q . Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 6-24).

r. CHECK-Outp ut freq uenc y o f g enera to r must b e  50
megahertz or higher.

s. Set the  CH 2 VOLTS/ DIV sw itc h to  10 mV.

t. Set the c onstant-amp litude genera tor for a  four-d ivision
d isp lay a t its referenc e frequenc y (50 kHz).

u. Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 6-24).

v. CHECK-Output frequenc y of genera tor must be 45
megahertz or higher.

w. Set the CH 2 VOLTS/ DIV switc h to 5 mV.

x. Set the c onstant-amp litude genera tor for a  four-d ivision
d isp lay a t its referenc e frequenc y (50 kHz).

y. Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 6-24).

z. CHECK-Outp ut freq uenc y o f g enera to r must b e  40
megahertz or higher.

26. Check Added Mode Upper Bandw ith Limit
a . Change the following c ontrol settings:

VOLTS/ DIV (CH 1 and  2) 20 mV
CH 1 POSITION Midrange
CH 1 Input Coup ling GND
MODE ADD

b. Set the c onstant-amp litude genera tor for a  four-d ivision
d isp lay a t its referenc e frequenc y (50 kHz).

c . Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 6-24).

d . CHECK-Output frequenc y of genera tor must be 50
megahertz or higher.

e. Change the following c ontrol settings:

CH 2 POSITION Midrange
Ch 1 Input Coup ling DC
C H 2 Inp ut  C o up ling GND

f. Disc onnec t the output of the in-line termina tion from
the Channel 2 INPUT c onnec tor and  c onnec t it to the Chan-
nel 1 INPUT c onnec tor.

g . Set the c onstant-amp litude genera tor for a  four d ivi-
sion d isp lay a t its referenc e frequenc y (50 kHz).

h. Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 6-24).

i. CHECK-Outp ut freq uenc y o f g enera ta r must b e  50
megahertz or higher.

27. Check Channel 1 and 2 Cascaded Upper
Bandw idth limit

o. Connec t the CH 1 OUT c onnec tor to the Channel 2
INPUT c onnec tor with an 18-inc h, 50-ohm BNC c ab le.

b . Change the following c ontrol settings:

VO LTS/ DIV 5 mV
MODE CH 2

c . Set the c onstant-amp litude genera tor for a  four-d ivision
d isp lay a t its referenc e frequenc y (50 kHz).

d . Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the deflec tion is
reduc ed  to 2.8 d ivisions (-3 dB point; see Fig . 6-24).

e. CHECK-Output frequenc y of genera tor must be 25
megahertz or higher.

f. Disc onnec t the c ab le from between the CH 1 OUT and
Channel 2 INPUT c onnec tors.

6 - 2 7
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F i g .  6 - 2 5 .  Test  equipment  setup for  steps  28 and 29.

CRT c ontro ls

INTENSITY Midrange
FOCUS Ad just for foc used  d isp lay
SCALE ILLUM As desired

Vertic a l c ontrols (both c hannels if app lic ab le)

VO LTS/ DIV 50 mV
VARIABLE CAL
PO SITIO N Midrange
Input Coupling DC
MODE CH 1
TRIGGER NORM
INVERT Pushed  in

Triggering  c ontrols (both A and  B if app lic ab le)

LEVEL
SLOPE
COUPLING
SOURCE

Sweep c ontrols

DELAY-TIME MULTIPLIER
A a nd  B TIM E/ DIV
A VARIABLE
A SWEEP MODE
B SWEEP MODE

HORIZ DISPLAY

Any position

A C
IN T

Fully c ounterc loc kwise
.1 ms
CAL
AUTO  TRIG
TRIGGERABLE AFTER

DELAY TIME
A

MAG OFF
A SWEEP LENGTH FULL
PO SITIO N Midrange
POWER O N

Side-panel c ontrols

B TIME/ DIV VARIABLE CAL
CALIBRATOR .1 V

2 8 .  C h e c k  C o m m o n - M o d e  R e j e c t i o n  R a t i o

a . Test equipment setup  is shown in Fig . 6-25.

b . Connec t the c onstant-amplitude genera tor to the Chan-
nel 1 and  2 INPUT c onnec tors through the five-nanosec ond
GR c ab le, 50-ohm in-line termina tion and  the dua l-input
c oup ler.

c . Set the c onstant-amp litude genera tor for a  3.2-d ivision
d isp lay a t 20 megahertz.

d . Change the following c ontrol settings:

VOLTS/ DIV (CH 1 and  2) 20 mV
ADD
Pulled  out

e. CHECK-CRT d isp lay for 0.4 d ivision deflec tion, or
less (c ommon-mode rejec tion ra tio 20:1 or better; see Fig .
6 - 2 6 ) .

6 - 2 8
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F i g .  6 - 2 6 .  Typical CRT display  when checking  common-mod.  rsioc- F i g .  6 - 2 7 .  Typical CRT display when chocking  attenuator  Isolation
tbr mtlo.

N O TE

This check applies anly when the Channel 1 and
2 ga in is correctly adjusted as given in step 13.
If the common-mode rejection ratio is lower than
20:1, check and readjust the ga in. Then recheck
this ste p . (Tra nsistors Q 43, Q 54, Q 143, Q 154
have the largest effect on common-mode rejection
ra tio.)

f. Disconnect the dual-input coupler.

29. Check Attenuator Isolat ion Rat io
a. Change the following control settings:

CH 1 VOLTS/ DIV 1
CH 2 VOLTS/ DIV 5 mV
CH 2 Input Coupling G ND
MODE CH 1
INVERT Pushed in

b. Connect the constant-amplitude generator to the Chan-
nel 1 INPUT connector through the five-nanosecond GR
cable and the 50-ohm in-line termination.

c. Set the constant-amplitude generator for a five-division

ratio.

display at 20 megahertz (use the variable control of the
generator, if necessary, to obtain a five-division display).

d. Set the MODE switch to CH 2.

e. CHECK-CRT display for 0.1-division deflection, or less
(attenuator isolation ratio 10,000:1 or better, see Fig. 6-27).

f. Change the following control settings:

CH 1 VOLTS/ DIV 5 mV
CH 2 VOLTS/ DIV 1
CH 1 Input Coupling G ND
CH 2 Input Caupling DC

g. Connect the constant-amplitude generator to the Chan-
nel 2 INPUT connector through the five-nanosecond GR
cable and the 50-ohm in-line termination.

h. Set the constant-amplitude generator for a five-division
display at 20 megahertz (use the variable control of the
generator, if necessary, to obtain a five-division display).

i. Set the MODE switch to CH 1.

j. CHECK-CRT display far 0.1-division deflection or less
(attenuator isolation 10,000:1 or better; see Fig. 6-27).

k. Disconnect all test equipment.

6 - 2 9
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F i g .  6 - 2 8 .  Initial  test  equipment setup  for steps  30 through  40.

CRT c ontrols

INTENSITY Midrange
FOCUS Ad just for foc used  d isp lay
SCALE ILLUM As desired

Vertic a l c ontrols (both c hannels if app lic ab le)

VO LTS/ DIV 50 mV
VARIABLE CAL
PO SITIO N Midrange
Input Coupling DC
MODE - CH 1
TRIGGER NORM
INVERT Pushed  in

Triggering  c ontrols (both A and  B if app lic ab le]

LEVEL 0
SLOPE
COUPLING ‘ AC
SOURCE INT

Sweep c ontrols

DELAY-TIME MULTIPLIER Fully c ounterc loc kwise
A a nd  B TIM E/ DIV 20 µs
A VARIABLE CAL
A SWEEP M O DE NO RM  TRIG
B SWEEP MODE TRIGGERABLE AFTER

DELAY TIME
HORIZ DISPLAY A

MAG OFF
A SWEEP LENGTH FULL
PO SITIO N Midrange
POWER O N

Side-panel c ontrols

B TIME/ DIV VARIABLE CAL
CALIBRATOR .1 V

3 0 .  A d ju st  A  a n d  B Trig g e r Le v e l
C e nte ring

a . Test equipment setup  is shown in Fig . 6-28.

b . Connec t the c onstant-amp litude genera tor to the A
EXT TRIG INPUT c onnec tor through the five-nanosec ond  GR
c ab le, GR to BNC adap ter and  BNC T c onnec tor. Connec t
the output of the BNC T c onnec tor to the Channel 1 INPUT
c onnec tor through an 18-inc h 50-ohm BNC c ab le and  a  50-
ohm BNC termina tion.

c . Set the c onstant-amp litude genera tor for a  0.2-d ivision
d isp lay a t 50 kilohertz (if nec essary, use AUTO TRIG position
to ob ta in 0.2-d ivision d isp lay).

d .

e.

f.
Fig .

Be sure the A LEVEL c ontrol is set to 0.

CHECK-Stab le CRT d isp lay (see Fig . 6-29A).

ADJUST-A Trigger Level Center ad justment, R462 (see
6 - 2 9 B ) ,  f o r  a  s t a b l e  d i s p l a y .

6 - 3 0
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F i g .  6 - 2 9 .  (A) Tydcal  CRT disday when chockhrss  trissrmr level
ce&hsg,  [B) Ioeation  of the  A Trigger Level  Ce;ter  ;~iustment
(A Sweep  circuit  board),  (C) location  of B Trigger Level  Center

ad@straents  of (B Sweep  circuit  board).

g. Set the HORIZ DISPLAY switc h to DELAYED SWEEP (B).
h.
i.

j.
Fig .

31.

a .

Be sure the B LEVEL c ontrol is set to 0.
CHECK-Stab le CRT d isp lay (see Fig . 6-29A).
ADJUST-B Trigger Level Center ad justment, R662 (see

6-29C), for a  stab le d isp lay.

Adjust Channel 1 Trigger DC
Level and Normal Trigger DC Level
Change the following c ontrol settings:

F i g .  6 - 3 0 .  Location  of Channel 1 Trigger and Normai  Trigger DC
level  (Vertical  Precrmp  circuit  board).

TRIGGER CH 1 ONLY
A COUPLING DC
A SWEEP MODE AUTO  TRIG
HORIZ DISPLAY A

b. Move the trac e to the c enter horizonta l line with the
CH 1 POSITION c ontrol.

c . CHECK-Sta b le  CRT d isp la y. CH 1 lig ht in b o th A
and  B Triggering  must be on.

d . ADJUST-Channel 1 Trigger DC Level ad justment, R60
(see Fig . 6-30), for a  stab le d isp lay.

e . CHECK-Sta b le  CRT d isp la y.

f. ADJUST-Norma l Trig g er DC Leve l a d justment, R285
(see Fig . 6-30), for a  stab le d isp lay.

32. Check A and B Internal Triggering
Operation

a . Set the c onstant-amp litude genera tor for a  0.2-d ivision
d isp lay a t 10 megahertz (use AUTO TRIG position, if nec es-
sa ry, to ob ta in d isp lay).

b . Set the A and  B TIME/ DIV switc h to .1 µs.

c . CHECK-Stab le CRT d isp lay (see Fig . 6-31A) c an be
ob ta ined  with the A COUPLING switc h set to AC, LF REJ
and  DC (A LEVEL c ontrol may be ad justed  as nec essary to
ob ta in stab le d isp lay). The A SWEEP TRIG'D light must be
on when the d isp lay is stab le.

d . Set the c onstant-amp litude genera tor for a  one-d ivision
d isp lay a t 50 megahertz.

e. Set the MAG switc h to X10.

f. CHECK-Sta b le  CRT d isp la y (see  Fig . 6-31B) c a n b e
ob ta ined  with the A COUPLING switc h set to AC, LF REJ
and  DC (A LEVEL and  HF STAB c ontrols may be ad justed  as
nec essa ry to ob ta in stab le d isp lay). Disp lay jitter should  not
exc eed  0.1 d ivision (one  na nosec ond ).

g . Change the following c ontrol settings:

A LEVEL Set for stab le A
HORIZ DISPLAY DELAYED SWEEP

d isp la y
(B)

6 - 3 1
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Fig. 6 -3 1 . ! A)  Typical  CRT  display  w hen  checking  internal 10
megahertz t riggering,  (B) typical  CRT  display  w hen  checking  internal
50  megahertz t riggering.

h. Se t the  c onsta nt-a m p litud e  g ene ra to r fo r one -d ivision
d isp lay a t 50 megahertz (as set in pa rt d  above).

i.  C HEC K-St a b le  C RT d isp la y  ( se e  Fig .  6-31B)  c a n  b e
o b ta ine d  w ith  the  B C O UPLING  sw it c h  se t  t o  A C , LF REJ
a nd  DC (B LEVEL c ontro l m a y b e  a d justed  a s nec essa ry to
ob ta in sta b le  d isp la y).

j. Se t the  c onsta nt-a m p litud e  g ene ra to r fo r a  0.2-d ivision
d isp la y a t  10 m eg a hertz.

k. Se t  the  M A G  sw it c h  to  O FF.

l.  C HEC K-St a b le  C RT d isp la y  ( se e  Fig .  6-31A )  c a n  b e
ob ta ined  with the B COUPLING switc h set to AC, LF REJ and
DC (B LEVEL c ontro l may be ad justed  as nec essa ry to ob ta in
a  sta b le  d isp la y).

33. Check A and B External Triggering
Operation

a . Cha ng e  the  fo llow ing  c ontro l se t t ing s:

SOURCE (A a nd  B) EXT
HO RIZ D ISPLA Y A
M A G O FF

b . Se t the  c onsta nt-a m p litud e  g ene ra to r fo r a  one -d ivision
d isp la y (50 m illivo lts) a t  10 m eg a hertz.

c . C HEC K-Sta b le  C RT d isp la y (se e  Fig . 6-32A ) c a n  b e
o b ta ine d  w ith  the  A  C O UPLING  sw it c h  se t  t o  A C , LF REJ
a nd  DC (A LEVEL c ontro l m a y b e  a d justed  a s nec essa ry to
ob ta in sta b le  d isp la y).

6 - 3 2

F i g .  6 - 3 2 .  (Al  Typical  CRT  display  w hen checking  external  10
megahertz t riggering,  (B)  typical  “CRT  display  w hen  checking  external
60  megahertz t riggering.

d . Se t  the  M A G  sw it c h  to  X10.

e . Se t the  c onsta nt-a m p litud e  g ene ra to r fo r a  2.8-d ivision
d isp la y a t  50 m e g a he rt z (2.8-d iv isio n  d isp la y t a ke s in to
oc c ount typ ic a l ro llo ff in ve rt ic a l resp onse  a t  50 m Hz).

f .  C HEC K-St a b le  C RT d isp la y  ( se e  Fig .  6-32B)  c a n  b e
o b ta ine d  w ith  the  A  C O UPLING  sw it c h  se t  t o  A C , LF REJ
a nd  DC (A LEVEL a nd  HF STAB c ontro ls m a y b e  a d justed  a s
ne c e ssa ry t o  o b ta in  sta b le  d isp la y) .

g . Disc onnec t the c onstant-amp litude genera tor signa l from
the  A EXT TRIG INPUT c onnec to r a nd  rec onnec t it  to  the  B
EXT TRIG  INPUT c o n n e c t o r.

h. Cha ng e  the  fo llow ing  c ontro l se t t ing s:

A  SO URC E I N T
A  LEVEL Se t  fo r sta b le  A  d isp la y
HO RIZ D ISPLA Y DELA YED SWEEP (B)

i.  C HEC K-St a b le  C RT d isp la y  ( se e  Fig .  6-32B)  c a n  b e
o b ta ine d  w ith  the  B C O UPLING  sw it c h  se t  t o  A C , LF REJ
a nd  DC (B LEVEL c ontro l m a y b e  a d justed  a s nec essa ry to
ob ta in sta b le  d isp la y).

j. Se t  the  M A G  sw it c h  to  O FF.

k. Se t the  c onsta nt-a m p litud e  g ene ra to r fo r a  one -d ivision
d isp la y a t  10 m eg a hertz.

l.  C HEC K-St a b le  C RT d isp la y  ( se e  Fig .  6-32A )  c a n  b e
o b ta ine d  w ith  the  B C O UPLING  sw it c h  se t  t o  A C , LF REJ
a nd  DC (B LEVEL c ontro l m a y b e  a d justed  a s nec essa ry to
ob ta in sta b le  d isp la y).

m. Disc onnec t a ll test equipment.
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Check A and B Low-Frequency
Triggering Operation

a. Connec t the Iow-frequenc y c onstant-amplitude genera tor
to the A EXT TRIG lNPUT c onnec tor through a  50-ohm BNC
c ab le and  the BNC T c onnec tor. Connec t the output of the
BNC T c onnec tor to the Channel 1 lNPUT c onnec tor through
an 18-inc h 50-ohm BNC c ab le and  a  50-ohm BNC termina tion.

b . Change the following c ontrol settings:

A and  B TIME/ DIV 5 ms
HORIZ DISPLAY A

c . Se t the  low -freq uenc y g enera to r fo r a  0.2-d ivision
d isp lay a t 60 hertz.

d . CHECK-Stab le CRT d isp lay (see Fig . 6-33A) c an be
ob ta ined  with the A COUPLING switc h set to AC, HF REJ
and  DC (A LEVEL c ontrol may be ad justed  as nec essary to
ob ta in stab le d isp lay).

e. Set the A and  B SOURCE switc hes to EXT.

f. Set the low-frequenc y genera ta r fa r a  one-d ivision
d isp la y a t 60 hertz (50 m illivo lts).

g . CHECK-Stab le CRT d isp lay (see Fig . 6-33B) c an be
ob ta ined  with the A COUPLING switc h set to AC, HF REJ
and  DC (A LEVEL c ontrol may be ad justed  as nec essary
to ob ta in stab le d isp lay).

h. Change the following c ontrol settings:

A SOURCE

A LEVEL Set for stab le A d isp lay
HORIZ DISPLAY DELAYED SWEEP (B)

i. Disc onnec t the low-frequenc y genera tor from the A
EXT TRIG INPUT c onnec tor and  rec onnec t it to the B EXT
TRIG INPUT c onnec tor.

j. CHECK-Sta b le  CRT d isp la y (see  Fig . 6-33B) c a n b e
ob ta ined  with the B COUPLING switc h set to AC, HF REJ
and  DC (B LEVEL c ontrol may be ad justed  as nec essa ry to
ob ta in stab le d isp lay).

k. Set the B SOURCE switc h to INT.

l. Set the low-frequenc y genera tor for a  0.2-d ivision d is-
p lay a t 60 hertz.

m. CHECK-Stab le CRT d isp lay (see Fig . 6-33A) c an be
ob ta ined  with the B COUPLING switc h set to AC, HF REJ
and  DC (B LEVEL c ontrol may be ad justed  as nec essa ry to
ob ta in stab le d isp lay).

35. Check A and B High-Frequency
Reject Operation

a . C ha ng e  the  fo llo w ing  c o nt ro l se t t ing s:

COUPLING (A and  B) HF REJ
A a nd  B TIME/ DIV 20 µs
A SWEEP MODE AUTO  TRIGIN T

b. Set the low-frequenc y c onstant-amp litude genera tor for
a  0.2-d ivision d isp lay a t 50 kilohertz.

c . CHECK-Sta b le  CRT d isp la y (see  Fig . 6-34) c a n b e
ob ta ined  with the B LEVEL c ontrol.

d . Without c hang ing the output amp litude, set the low-
frequenc y genera ta r to one megahertz.

e. Set the MAG switc h to X10.

f. CHECK-Sta b le  d isp la y c a nno t b e  ob ta ined  a t a ny
setting  of the B LEVEL c ontrol.

F i g .  6 - 3 3 .  (A) Typical  CRT display  w hen checking  internal law -
requency  t riggw ing  at  60  hertz,  (S)  typical  CRT  display  w h~n
Iseckiccg  axternal low -frequency  t riggering  ‘at  60  hertz.

F i g .  6 - 3 4 .  Typical  CRT  display  w hen  checking  high-frequency  reiect
operat ion  at  50  kilohertx.

6 - 3 3
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g . Cha ng e  the  fo llow ing  c ontro l se t t ing s:

A  SWEEP M O DE N O RM  TRIG
HO RIZ D ISPLA Y A
M A G O FF

h. Se t the  low -freq uenc y g ene ra to r fo r a  0.2-d ivision d is-
p la y a t  50 kilohe rtz.

i.  C HEC K-St a b le  C RT d isp la y  ( se e  Fig .  6-34)  c a n  b e
ob ta ined  w ith the  A LEVEL c ontro l.

j. Witho ut c ha ng ing  the  o utp ut  a m p litud e , se t  the  c o n-
stant-amp litude genera tor to one megahertz.

k. Se t  the  M A G  sw it c h  to  X10.

l.  C HEC K-St a b le  d isp la y  c a n n o t  b e  o b t a in e d  a t  a n y
se tt ing  o f the  A LEVEL c ontro l.

36. Check A and B
Reiect Operation

a . Se t the  low -freq uenc y
p la y a t  30 kilohe rtz.

b . Cha ng e  the  fo llow ing

C O UPLING  (A  a nd  B)
A  a nd  B TIM E/ DIV

C H EC K- St a b l e  C RT

Low-Frequency

g enera to r fo r a  0.2-d ivision d is-

c ontro l se tt ing s:

LF REJ
.1 ms

d isp la y (se e  Fig . 6-35)  c a n  b ec .
ob ta ined  w ith the  A LEVEL c ontro l.

d . Witho ut c ha ng ing  the  outp ut a m p litud e , se t  the  low -
freq uenc y g ene ra to r to  60 he rtz.

e . Se t  t he  A  a nd  B TIM E/ DIV sw it c h  to  2 m s.

f. CHECK-Sta b le  CRT d isp la y c a nno t b e  ob ta ined  a t  a ny
se tt ing  o f the  A LEVEL c ontro l.

g . Cha ng e  the  fo llow ing  c ontro l se t t ing s:

A  a nd  B TIM E/ DIV .1 ms
A  SWEEP M O DE A UTO  TRIG
HO RIZ D ISPLA Y DELA YED SWEEP [ B)

h . Se t  t he  lo w -f re q ue nc y g e ne ra to r fo r a  0.2-d iv isia n
d isp la y a t  30 kilohe rtz (a s se t in p a rt  a  o f this step ).

i.  C HEC K-St a b le  C RT d isp la y  ( se e  Fig .  6-35)  c a n  b e
ob ta ined  w ith the  B LEVEL c ontro l.

j. Witho u t  c ha ng ing  t he  o u tp u t  a m p lit ud e , se t  t he  lo w -
freq uenc y g ene ra ta r to  60 he rtz.

k. Se t the  A a nd  B TIME/ DIV sw itc h to  2 m s.

l.  C HEC K-St a b le  C RT d isp la y  c a n n o t  b e  o b t a in e d  a t
a ny se tt ing  o f the  B LEVEL c ontro l.

37. Check Single Sweep Operation
a . Cha ng e  the  fo llow ing  c ontro l se t t ing s:

C O UPLING  (A  a nd  B) AC
A  a nd  B TIM E/ DIV 5 ms
HO RIZ D ISPLA Y A

b . Se t  t he  lo w -f re q ue nc y g e ne ra to r fo r a  f ive -d iv isio n
d isp la y a t  one  kilohe rtz.

6-34

F i g .  6 - 3 5 .  Typical  CRT display when  checking  Iow-freauencv  reiect
operation  at 30 kilohertz.

c .

d .

e.

f.

Se t the  A LEVEL c ontro l fully c loc kw ise .

Se t  the  A  SWEEP M O DE sw it c h  to  SING LE SWEEP.

Push the  RESET b utton.

C HEC K-RESET lig h t  m u st  c o m e  o n  w h e n  b u t t o n  is
p re sse d  a nd  re m a in  o n  un t il sw e e p  is t rig g e re d .

g . Slow ly ro ta te  the  A LEVEL c ontro l c ounte rc loc kw ise .

h . C HEC K-A  sing le -sw e e p  d isp la y (o ne  sw e e p  o n ly)  is
p re se n te d  w he n  the  A  LEVEL c o n t ro l is in  t he  t rig g e ra b le
reg ion. RESET lig ht m ust g o  o ff a t  the  end  o f the  sw eep
a nd  rem a in o ff unt il the  RESET b utton is p ressed  a g a in.

38. Check A and B Slope Switch Operation

a . Cha ng e  the  fo llow ing  c ontro l se t t ing s:

A  LEVEL 0
A  SWEEP M O DE N O RM  TRIG

b . Se t  t he  lo w -f re q ue nc y g e ne ra to r fo r a  fo u r-d iv isio n
d isp la y a t  one  kilohe rtz.

c .  C HEC K-C RT d isp la y  st a rt s o n  t h e  p o sit iv e  slo p e  o f
the  w a ve fo rm  (see  Fig . 6-36A] .

d . Se t  the  A  SLO PE sw it c h  to  –.

e . C HEC K-C RT d isp la y sta rt s o n  the  ne g a t ive  slo p e  o f
the  w a ve fo rm  (see  Fig . 6-36B).

f .  Se t  t h e  A  SWEEP M O DE sw it c h  t o  A UTO  TRIG .

g . Se t the  HORIZ DISPLAY sw itc h to  DELAYED SWEEP (B).

h .  C HEC K-C RT d isp la y  st a rt s o n  t h e  p o sit iv e  slo p e  o f
the  w a ve fo rm  (see  Fig . 6-36A).

i.  Se t  t h e  B SLO PE sw it c h  t o  - .

j. C HEC K-C RT d isp la y sta rt s o n  the  ne g a t ive  slo p e  o f
the  w a ve fo rm  (see  Fig . 6-36B).

k. Disc onnec t a ll test  eq uip m ent.
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F i g .  6 - 3 6 .  Typical CRT display when checking  dopo switch opom-
fbn.  (A)  SLOPE  switch sot to +, (B) SLOPE  swikh sot  to -.

39. Check A and B Level Control Range

a. Connect the Iaw-frdquency generator to the B EXT
TRIG INPUT connector through a 42-inch BNC cable and
the BNC T connector. Connect the output of the BNC T
connector to the Channel 1 INPUT connector through an 18-
inch BNC cable.

b. Change the following control settings:

Cl-f 1 VOLTS/DIV 1
COUPLING (A and B) DC
LEVEL (A and B) M i d r a n g e
B SOURCE EXT

c. Set the low-frequency generator for a four-division
display [four volts peak to peak) at one kilohertz.

d. CHECK—Rotate the B LEVEL control throughout its
range and check that display can be triggered (stable dis-
play) at any point along the negative slope of the waveform
(indicates B LEVEL cantrol range of at least + and – twa
vabs). Display is not triggered at either extreme of ratation.

e. Set the B SLOPE switch to +.

f. Cl-lECK-Rotate the B LEVEL control throughout its
range and check that display can be triggered at any point
along the positive slope of the waveform. Display is not
triggered at either extreme of rotation.

g. Set the CH 1 VOLTS/DIV switch to 10.

h. Set the B SOURCE switch to EXT + 10.

i. Set the low-frequency generator for a four-division
display (40 volts peak to peak) at one kilohertz.

j. CHECK-Rotate the B LEVEL control throughout its
range and check that display can be triggered at any point
along the positive slope of the waveform (indicates B LEVEL
control range of at least + and -20 volts). Display is not
triggered at either extreme of rotation.

k. Set the B SLOPE switch to -.

l. CHECK-Rotate the B LEVEL control throughout its
range and check that display can be triggered at any point
along the negative slope of the waveform. Display is not
triggered at either extreme of rotation.

m. Change the following central settings:

A SOURCE EXT ÷ 10
A SWEEP MODE NORM TRIG
HORIZ DISPLAY A

n. Disconnect the low-frequency generator from the B
EXT TRIG INPUT connector and reconnect it to the A EXT
TRIG INPUT connector.

a. CHECK-Rotate the A LEVEL control throughout its
range and check that display can be triggered at any point
along the negative slope af the waveform (indicates A LEVEL
control range af at least + and - 20 volts). Display is not
triggered at either extreme of rotation.

p. Set the A SLOPE switch to +.

q. CHECK-Rotate the A LEVEL control throughout its
range and check that display can be triggered at any point
along the positive slope of the waveform. Display is not
triggered at either extreme of rotation.

r. Change the following control settings:

CH 1 VOLTS/DIV 1
A SOURCE EXT

s. Set the low-frequency generator for a four-division
display (four volts peak to peak) at one kilohertz.

t. CHECK-Rotate the A LEVEL control throughout its
range and check that display can be triggered at any point
along the positive slope of the waveform (indicates A LEVEL
control range of at least + and - two volts). Display is
not triggered at either extreme of rotation.

u. Set the A SLOPE switch to -.

v. CHECK-Rotate the A LEVEL control throughout its
range and check that display can be triggered at any point
along the negative slope of the waveform. Display is not
triggered at either extreme of rotation.

w. Disconnect all test equipment.

40. Check A and B line Triggering Operat ion

a. Connect the 10X probe to the Channel 1 INPUT con-
nector.

6 - 3 5
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b . Change the following

CH 1 VOLTS/ DIV
SOURCE (A and  B)
A and  B TIME/ DIV

c ontrol settings: d . CHECK-Sta b le
slope.

10
LINE

e. Set the  HORIZ

2 ms
(B).

f . C HEC K-Sta b le

CRT d isp lay triggered  on the c orrec t

DISPLAY sw itc h to  DELAYED SWEEP

C RT d isp la y t rig g e re d  o n the  c o rre c t

c . Connec t the p robe tip  to the same line-voltage sourc e slop e.

whic h is c onnec ted  to this instrument. g . Disc onnec t a ll test equipment.

CRT c ontrols

INTENSITY
FOCUS
SCALE ILLUM

Vertic a l c ontrols (both

VO LTS/ DIV
VARIABLE
PO SITIO N
Input Coup ling
MODE
TRIGGER
INVERT

Fi g .  6 - 3 7 .  Initia l  test  equipment setup for steps 41 through  60

Midrange
Ad just fa r foc used
As desired

channels if app licab le)

.2
CAL
Midrange
DC
CH 1
NORM
Pushed  in

COUPLING
SOURCE

d isp la y Sweep c ontrols

DELAY-TIME MULTIPLIER
A a nd  B TIM E/ DIV
A VARIABLE
A SWEEP M O DE
B SWEEP M O DE

HO RIZ DISPLAY
MAG
A SWEEP LENGTH
PO SITIO N
POWER

Triggering  c ontrols (both A and  B if app lic ab le) Side-panel c ontrols

LEVEL Stable  display B TIME/ DIV VARIABLE
SLOPE + CALIBRATOR

AC
I N T

Fully c ounterc loc kwise
50 µs
CAL
AUTO  TRIG
B STARTS AFTER

DELAY- TIME
A
OFF
FULL
Midrange
O N

CAL
.1 V

6 - 3 6



6-37

TM 1l-6625-1722-15

41.  C he c k  Auto  Re c o ve ry  Tim e  a nd  O p e ra tio n

a . Test equipment setup  is shown in Fig . 6-37.

b . Connec t the time-mark genera tor to the Channel 1
INPUT c onnec tor through the 42-inc h 50-ohm BNC c ab le
and  50-ohm BNC termina tion.

c . Set the time-mark genera tor for 50-millisec ond  markers.

C A UTIO N

To p revent p erma nent d a ma g e to  the  CRT p hos-
p hor a t slow  sw eep  ra tes, p osit ion the  b a se line
o f the  m a rke r d isp la y b e lo w  the  v ie w ing  a re a .

d . CHECK-Stab le d isp lay c an be ob ta ined  with the A
LEVEL c ontrol. Marker must be a t the sta rt a f the sweep.

e. Set the time-mark genera tor for 0.1-sec ond  markers.

f. CHECK-Sw eep  free  runs a nd  sta b le  d isp la y c a nno t
be ob ta ined . If stab le d isp lay is ob ta ined , marker must not
be a t the sta rt of the sweep.

4 2 .  A d j u st  Sw e e p  St a r t  a n d  A  Sw e e p
C a lib ra tio n

A TIME/ DIV 1 ms
B TIME/ DIV 5 µs
HORIZ DISPLAY A INTEN DURING  B

b . Turn the  DELAY-TIME MULTIPLIER d ia l fully c ounte r-
c loc kwise.

c . CHECK-DELAY-TIME MULTIPLIER d ia l se tt ing  0.20.

d . ADJUST-If  the  DELAY-TIM E M ULTIPLIER d ia l is no t
c orrec tly positioned  when fully c ounterc loc kwise, Ioosen the
set sc rew and  reposition the d ia l to 0.20.

e. Repea t pa rts b  through d  until the DELAY-TIME Multi-
p lier d ia l is c orrec tly positioned  a t 0.20.

f. Set the time-mark genera tor for one-millisec ond  markers.

g . Set the DELAY-TIME MULTIPLIER d ia l to 1.00.

h. CHECK-lntensified  portion of d isp lay sta rts a t sec and
marker (see Fig . 6-38A).

i. ADJUST-Sweep Sta rt ad justment, R758 (see Fig . 6-38C),
so intensified  portion sta rts a t sec ond  marker (p relimina ry
ad justment).

j. Se t DELAY-TIME MULTIPLIER d ia l to  9.00.

k. CHECK-lntensified  portion of d isp lay sta rts a t tenth
a . Change the following c ontrol settings: marker (see Fig . 6-38B).

F i g .  6 - 3 8 .  (Al Typ ic a l CRT d isp lay  showing  intensified  portion  c orrec tly  loc a ted  a t the  sec ond  marker,  (S1 typ ic a l  CRT d isp lay  showing
lntsc nslfred  portian c orrec tly  loc a ted  a t the  tenth marker,  (C) loc a tion  of Sweep Start  and  A Sweep Ca l ad justments  (B Sweep board),  ID)
fyp ic a i  CRT d isp lay  showing c orrec t  fina l ad justment  of Sweep Start  and  A Sweep Cal  da~ustments.
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1. ADJUST-A Sweep Ca l ad justment, R531 (see Fig . 6-
38C), so intensified  portion sta rts a t tenth marker (p relimina ry
ad justment].

m. Set the HORIZ DISPLAY switc h to DELAYED SWEEP (B).

n. Set the DELAY-TIME MULTIPLIER d ia l to 1.00.

o. CHECK-Disp layed  pulse sta rts a t the beg inning  of the
sweep (see Fig . 6-38 D).

p . ADJUST-Sweep Sta rt ad justment, R758 (see Fig . 6-38C),
so d isp layed  pulse sta rts a t the beg inning  of the sweep .

q . Set DELAY-TIME MULTIPLIER d ia l to 9.00.

r. CHECK-Disp layed  pulse sta rts a t the beg inning  of the
sweep (see Fig . 6-38D).

s. ADJUST-A Sweep  Ca l a d justment, R531 (see  Fig .
6-38C), so d isp layed  pulse sta rts a t the beg inning  of the
sweep.

t.

4 3 .

Rec hec k pa rts n through s and  read just if nec essary.

A d ju st  N o rm a l  G a in

Fi g .  6 - 3 9 .  (Al Typ ic a l  CRT d isp lay showing  c orrec t  norma l ga in;
[6) loc a tion  of Norma l  Ga in  ad justment  (B Sweep  c irc uit boa rd )  .

6 - 3 8

b . CHECK-CRT d isp la y fo r one  m a rke r ea c h d ivision
between the first-and  ninth-d ivision vertic a l lines (see Fig .
6-39A).

NO TE

Unless otherwise noted , use the midd le eight hori-
zonta l d ivisions when c hec king  or ad justing  timing.

c . ADJUST-Norma l Ga in ad justment, R835 (see Fig . 6-
39B), for one marker eac h d ivision. The sec ond  and  tenth
markers must c oinc ide exac tly with their respec tive gra tic ule
lines (repositian the d isp lay slightly with the horizonta l POSl-
TION c ontrol if nec essary).

d . iNTERAC TIO N-C he c k

4 4 .  A d ju st  M a g n ifie d

steps 44-59.

G a in

a . Set the time-mark genera tor for 0.1 millisec ond  markers.

b . Set the MAG switc h to X10.

c . CHECK-CRT d isp la y fo r one  ma rker ea c h d ivision
between the first and  ninth gra tic ule lines (see Fig . 6-40A).

Fig .  6 -40.  (A) Typ ic a l  CRT d isp lay  showing  c orrec t  magnified  ga in;
(B) loc a tion of Mc c g  Ga in  ad justment  ( B Sweep c irc uit board ).
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d . ADJUST-Mag Ga in ad justment, R845 (see Fig . 6-40B),
for one marker eac h d ivision. The sec ond  and  tenth markers
must c oinc ide exac tly with their respec tive gra tic ule lines
(rep osit ion the  d isp la y slig ht ly w ith the  ho rizonta l FINE
c ontrol if nec essary).

e . Posit ion the  first  e ig ht-d ivision p o rt ion o f the  to ta l
magnified  sweep onto the viewing a rea .

f. CHECK-One marker eac h d ivision between the first-
and  ninth-d ivision vertic a l lines; marker a t ninth-d ivision
vertic a l line must be within 0.12 d ivision (within 1.5%) of the
line when the marker a t the first-d ivision vertic a l line is
positioned  exac tly.

g . Repea t this c hec k for eac h eight d ivision portion of
the tota l magnified  sweep length.

h. INTERACTION-Chec k step s 45, 53, 55 a nd  57.

4 5 .  A d ju st  M a g n if ie r Re g iste r

a . Set the time-mark genera tor for five-millisec ond  markers.

b . Position the midd le marker (three markers on tota l mag-
nified  sweep) to the c enter vertic a l line (see Fig . 6-41A).

c . Set the MAG switc h to OFF.

d . CHECK-Midd le marker should  rema in a t the c enter
vertic a l line (see Fig . 6-41B).

e. ADJUST-Mag Register ad justment, R855 (see Fig . 6-
41C], to position the midd le marker to the c enter vertic a l line.

f. Set the  MAG sw itc h to  X10.

g . Repea t pa rts b  through e until no shift oc c urs when
MAG switc h is set to OFF.

4 6 .  A d ju st  B Sw e e p  C a l ib ra t io n

a . Change the following c ontrol settings:

DELAY-TIME MULTIPLIER Fully c ounterc loc kwise
A TIME/ DIV 2 ms
B TIME/ DIV 1 ms
B SWEEP MODE TRIGGERABLE AFTER

DELAY TIME
HORIZ DISPLAY DELAYED SWEEP (B)
MAG OFF

b. Set the time-mark genera tor for one-millisec ond  markers.

c . Set the B LEVEL c ontrol for a sta b le  d isp la y.

d . CHECK-CRT d isp la y fo r one  ma rke r ea c h d ivision.
between the first- and  ninth-d ivision vertic a l lines (see Fig .
6-42A].

e. ADJUST-B Sweep Ca l ad justment, R741 (see Fig . 6-42B),
for one marker eac h d ivision.

f. INTERACTION-Chec k step s 51 a nd  56.

4 7 .  C he c k  B Sw e e p  Le ng th

a . Set the time-mark genera tor for 1- and  0.1-millisec ond
markers.

b . Move the eleventh la rge marker to the c enter vertic a l
line with the horizonta l POSITION c ontrol (see Fig . 6-43).

Fig .  6 -41.  Typ ic a l  CRT d isp lay  showing  c orrec t  magnif  Ior mglster.
(A) MAG  switc h  ta  x 10, (B) MAG switc h set to  OFF, [C) loc a -
tian  of Mag Register ad justment  (B Sweep c irc uit  board ).

c . CHECK-B Sweep length must be between 10.5 and
11.5 d ivisions, as shown by 0.5 to 1.5 d ivisions of d isp lay to
the right of the c enter vertic a l line (see Fig . 6-43). Large
markers ind ic a te d ivisions and  sma ll markers ind ic a te 0.1
d ivision.

4 8 .  C he c k  A  Sw e e p  Le ng th

a. Set the HORIZ DISPLAY switc h to A.

b . Set the A TIME/ DIV switc h to 1 ms.

6 - 3 9
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F i g .  6 - 4 2 .  (A) Typical  CRT  display  showing  correct  B Sweep  cali-
bration,  (B) location  of  the  B Sweep  Cccl  adjustment of  (B Sweep
circuit  board]  .

c . Move the eleventh marker to the c enter vertic a l line
with the horizonta l POSITION c ontrol (see Fig . 6-43].

d . CHECK-A Sweep length must be between 10.5 and
11.5 d ivisions as shown by 0.5 to 1.5 d ivisions of d isp lay to
the right of the c enter vertic a l line.

e. Reposition the first marker to the left g ra tic ule line.

f. Turn the A SWEEP LENGTH c ontrol to 4 DIV (not in B
ENDS A detent).

g . CHECK-A Sweep  length must be four d ivisions or less.

49. Check B Ends A Operation
a . Change the following c ontrol settings:

B TIME/ DIV .1 ms
B SWEEP MODE B STARTS AFTER

DELAY TIME
HORIZ DISPLAY A INTEN DURING  B
A SWEEP LENGTH B ENDS A

b . Rota te the DELAY-TIME MULTIPLIER d ia l throughout its
range.

c . CHECK-CRT d isp lay ends a fter the intensified  portion
a t 011 DELAY-TIME MULTIPLIER d ia l settings.

F i g .  6 - 4 3 .  Typical  CRT display  when checking  A and B sweep
Ienglh.

50. Check A Variable Control Range

a . Change the following c ontrol settings:

DELAY-TIME MULTIPLIER Fully c ounterc loc kwise
B TIME/ DIV 1 ms
HORIZ DISPLAY A
A SWEEP LENGTH FULL

b. Set the time-mark genera tor for 10-millisec ond  markers.

c . Position the markers to the fa r left and  right g ra tic ule
lines with the horizonta l POSITION c ontrol.

d . Turn the A VARIABLE c ontrol fully c ounterc loc kwise.

e. CHECK-CRT d isp lay for four-d ivision maximum spac ing
between markers (ind ic a tes adequa te range for c ontinuously
va riab le sweep  ra tes between the c a lib ra ted  steps; see Fig .
6-44). UNCAL A OR B light must be on when A VARIABLE
c ontrol is not in CAL position.

6- 40
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5 1 .  C h e c k  B V a ria b le  C o n tro l  Ra n g e

a . Change the following c ontrol settings:

A TIME/ DIV 5  ms
B TIME/ DIV 1 ms
A VARIABLE CAL
B SWEEP MODE TRIGGERABLE AFTER

DELAY TIME
HORIZ DISPLAY DELAYED SWEEP (B)

b . Position markers to the fa r left and  right vertic a l lines
of the gra tic ule with the horizonta l POSITION c ontrol.

c . Turn the B TIME/ DIV VARIABLE c ontrol fully c ounter-
c loc kwise.

d . CHECK-CRT d isp lay for four-d ivision maximum spac ing
between markers (ind ic a tes adequa te range for c ontinuously
variab le sweep  ra te between the c a lib ra ted  steps; see Fig .
6-44). UNCAL A OR B light must be on when B TIME/ DIV
VARIABLE c ontrol is not in CAL position.

5 2 .  A d ju st  O n e - M ic ro se c o n d  Tim in g

a . Change the following c ontrol settings:

A and  B TIME/ DIV 1 µs

HORIZ DISPLAY A

B TIME/ DIV VARIABLE CAL

b. Set the time-mark genera tor for one-mic rosec ond  mark-
ers.

c . CHECK-CRT d isp la y fo r one  ma rker ea c h d ivision
between the first- and  ninth-d ivision vertic a l lines (see Fig .
6-45A).

d . ADJUST-C530A (see Fig . 6-45B) for one marker eac h
d ivision.

e. Set the HORIZ DISPLAY switc h to DELAYED SWEEP (B].

Fi g .  6 - 4 5 .  Twsic a l CRT d isrslc w  showing  c orrec t  one-mic rosec ond
ti;ing ,  (B) - “ loc a tion  of CS30A and  ~740A (behind  swing-out
side  panel).

f. CHECK-CRT d isp la y fo r one  ma rker ea c h d ivision
between the first- and  ninth-d ivision vertic a l lines (see Fig .
6-45A).

g . ADJUST-C740A (see Fig . 6-45B) for one marker eac h
d ivision.

N O TE S

6 - 4 1
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F i g .  6 - 4 6 .  (A) Typical  CRT dissdav  showirw correct  hiah mood
I irmarity, (B]  loca~on  of  C882  and-  C892  (B-Sw eep  circu~ bo& dl.

53. Adjust High-Speed Linearity o

a. Change the following c ontrol settings:

CH 1 VOLTS/ DIV 20 mV
A ond  B TIME/ DIV .1 p
HORIZ DISPLAY A

b. Set the time-mark genera tor for 10-nanosec ond  markers.

c . Position the d isp lay horizonta lly so the sweep  sta rts
a t the left edge of the gra tic ule.

d . Set the MAG switc h to X 10.

e . CHECK-CRT d isp la y fo r op t imum linea rity ove r the
c enter eight d ivisions of the gra tic ule (see Fig . 6-46A).

f. ADJUST-C882 and  C892 (see Fig . 6-46B) for op timum
linearity over the c enter eight d ivisions of the gra tic ule (a t-
tempt to keep  C882 and  C892 nearly equa l in c apac itanc e
by ad justing eac h c apac itor about the same amount).

54. Check A Sweep
a . Change the following

6- 42

liming Accuracy
c ontrol settings:

CH 1 VOLTS/ DIV .2
MAG OFF

b. CHECK-Using the A TIME/ DIV switc h and  time-mark
genera tor settings g iven in Tab le 6-5, c hec k A sweep timing
within 0.24 d ivision, over the midd le eight d ivisions of the
d isp lay (within 3%).

C A UTIO N

To p revent p ossib le  b urning  o f the  CRT p hosp hor
a t slow  sw eep  ra tes, p osit ion the  b a se line  o f the
marker d isp lay below the viewing a rea .

TABLE 6- 5

A a nd  B Tim ing  Ac c ura c y

55. Check A Magnified Sweep Accuracy

a. Set the MAG switc h to X 10.

b . CHECK-Using the A TIME/ DIV switc h and  time-mark
genera tor settings g iven in Tab le 6-6, c hec k A magnified
sweep timing within 0.32 d ivisions over the midd le eight
d ivisions of the magnified  d isp lay (within 4%). Note the por-
tion of the tota l magnified  sweep  length to be exc luded  from
the measurement. Magnifier light must be on.
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TABLE 6- 6

A a nd  B Ma g nified  Ac c ura c y

A and  B Tim e -M a rk C RT Disp la y Portions of tota l magnified
TIM E/ D IV Genera to r Outp ut (m a rke rs/ sweep  leng th to  exc lud e

Switc h Setting d ivision) from mea surement

.1 µs 10 nanosec ond 1 First and  last three d ivisions.

.2 µs 10 nanosec ond 2 First and  last 3.5 d ivisions.

.5 µs 50 nanosec ond 1 First two d ivisions.
1 µs 0.1 mic rosec ond 1 First d ivision.
2 µs 0.1 mic rosec ond 2
5 µ s 0.5 mic rosec ond 1

1 0 µ s 1 mic rosec ond 1
20 µs 1 mic rosec ond 2
50 µs 5 mic rosec ond 1
.1 ms 10 mic rosec ond 1
.2 ms 10 mic rosec ond 2
.5 ms 50 mic rosec ond 1
1 ms 0.1 millisec ond 1
2 ms 0.1 millisec ond 2
5 ms 0.5 millisec ond 1

10ms 1 millisec ond 1
20 ms 1 millisec ond 2
50 ms 5 millisec ond 1
.1 s 10 millisec ond 1
.2 s 10 millisec ond 2
.5 s 50 millisec ond 1

A  Sw e e p  O nly

1 s 0.1 sec ond 1
2 s 0.1 sec ond 2
5 s 0.5 sec ond 1

5 6 .  C h e c k  B Sw e e p  Tim in g  A c c u ra c y

a. Set the MAG switc h to OFF.
b . Set the HORIZ DISPLAY switc h to DELAYED SWEEP (B).

c . CHECK-Using the A and  B TIME/ DIV switc h and  time-
mark genera tor settings g iven in Tab le 6-5, c hec k B sweep
timing within 0.24 d ivision over the midd le eight d ivisions

of the d isp lay (within 3%).

5 7 .  C h e c k  B M a g n ifie d  Sw e e p  A c c u ra c y

a. Set the MAG switc h to X10.

b . CHECK-Using the A and  B TIME/ DIV switc h and  time-
mark genera tor settings g iven in Tab le 6-6, c hec k B magni-
fied  sweep  timing within 0.32 d ivision over the midd le eight
d ivisions of the magnified  d isp lay (within 4%). Note the
portions of the tota l magnified  sweep  length to be exc luded
from the measurement. 

5 8 .  C h e c k  D e la y - Tim e  A c c u ra c y

a . Set the MAG switc h to OFF.

b . Se t the  B SWEEP MODE sw itc h to  B STARTS AFTER
DELAY TIME.

c . C HEC K-Using  the  A  TIM E/ DIV sw itc h, B TIM E/ DIV
switc h and  time-mark genera tor settings g iven in Tab le 6-7,
c hec k delayed  sweep ac c urac y within the g iven toleranc e.
First set the DELAY-TIME MULTIPLIER d ia l to 1.00 and  rota te
the d ia l until the sweep  sta rts a t the top  of the sec ond
marker (see Fig . 6-47). Note the d ia l read ing and  then set
the d ia l to 9.00 and  rota te until the sweep  sta rts a t the top
o f the  tenth ma rker. DELAY-TIME MULTIPLIER d ia l se tt ing
must be 8.00 d ivisions higher; + or - the a llowab le error
g iven in Tab le 6-7.

NO TE

Sweep will sta rt a t top  of third  marker a t 1.00, and
nine teenth ma rker a t 9.00 fo r sweep  ra tes whic h
a re  mult ip les o f 2 (e .g ., 2 µs, 20 µs, .2 ms, e tc .).
If in doub t as to the c orrec t setting  a f the DELAY-
TIM E M ULTIPLIER d ia l, se t  t h e  HO RIZ DISPLA Y
sw itc h to  A  INTEN DURING  B a nd  c he c k w hic h
ma rker is intensified .

6 - 4 3
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TABLE 6- 7

Delayed  Sweep Ac c urac y

A  TIM E/ DIV B TIM E/ DIV Tim e -M a rk A llo w a b le  e rro r fo r
Sw itc h Setting Sw itc h Setting Genera to r Outp ut g iven ac c urac y

1 µs .1 µs 1 mic rosec ond –

2 µs .1 µs 1 mic rosec ond
5 µs .5 µs 5 mic rosec ond

10 µs 1 µs 10 mic rosec ond
20 µs 1 µs 10 mic rosec ond
50 µs 5 µs 50 mic rosec ond
.1 ms 10 µs 0.1 millisec ond ±12 m ino r d ia l d iv isio ns
.2 ms 10 µs 0.1 millisec ond (±1.5% over c enter e ig ht
.5 ms 50 µs 0.5 millisec ond d ivisions)
1 ms .1 ms 1 millisec ond
2 ms .1 ms 1 millisec ond
5 ms .5 ms 5 millisec ond

10 ms 1 ms 10 millisec ond
20  ms 1 ms 10 millisec ond
50 ms 5 ms 50 millisec ondI
.1  s 10 ms 0.1 sec ond
.2 s 10 ms 0.1 sec ond
.5  s 50  ms 0.5 sec ond ±20 m ino r d ia l d iv isio ns

1 s .1 s 1 sec ond (±2.5% over c enter e ig ht
d ivisions]

2  s I .1 s I 1 sec ond1 I
5  s .5  s 5  sec ond

De la y - Tim e  M ultip lie r Inc re m e nta l
Line a rity

a . Change the following c ontrol settings:

DELAY-TIME MULTIPLIER 9.00
A TIME/ DIV 1 ms
B TIME/ DIV 5  µs

b . Set the time-mark genera tor for one-millisec ond  markers.

c . Rota te the d ia l as nec essary to position the sta rt of the
pulse to the beg inning of the sweep (see Fig . 6-48).

d . CHECK-Devia tion of d ia l read ing  from 9.00 should
be within two minor d ia l d ivisions (±0.2%).

NO TE
A sweep  must be c orrec tly c a lib ra ted  to c hec k this
step  to the g iven ac c urac y.

e. Repea t c hec k a t eac h ma jor d ia l d ivision between 9.00
and  1.00.

Fig .  6 -47.  Typ ic a l  CRT d isp lay  when c hec king  delayed-sweep  ac c u-
rac y.

6 - 4 4

Fig .  6 - 4 8 .  Typ ic a l  CRT d isp lay  when c hec king  DELAY-TIME Multi-
p lier inc rementa l linea rity.
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60. C he c k De la y- Time  Jitte r

a. Change the following c ontrol settings:

b . Position the pulse near the c enter of the d isp lay a rea
with

c .

the  DELAY-TIME MULTIPLIER d ia l.

1.00
1 µs

CHECK-Jitter on the lead ing  edge of the pulse should
not exc eed  0.5 d ivision (one part in 20,000; see Fig . 6-49).
Disrega rd  slow d rift.

d . Turn the DELAY-TIME MULTIPLIER d ia l to 9.00 and  ad -
just so the pulse is d isp layed  near the c enter of the d isp lay
a rea .

e. CHECK-Jitter on lead ing  edge of the pulse should
not exc eed  0.5 d ivision (see Fig . 6-49]. Disregard  slow d rift.

f. Disc onnec t a ll test equipment. F i g .  6 - 4 9 .  Typ ic a l CRT d isp lay when  c hec king  delay-timo  Iittor,

N O TE S

6 - 4 5
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F i g .  6 - 5 0 .  Initial  to$t  l quipmwtt  setup  for steps  61 through  66.

CRT c ontrols HO RIZ DISPLAY EXT HO RIZ

INTENSITY
FOCUS
SCALE ILLUM

Midrange
MAG OFF

Ad just for foc used  d isp lay
A SWEEP LENGTH FULL

As desired
POSITION Midrange
POWER O N

Vertic a l c ontrols (both c hannels if app lic ab le)

VO LTS/ DIV 20 mV
VARIABLE CAL
PO SITIO N Midrange
INPUT COUPLING DC
MODE CH 2
TRIG G ER CH 1 ONLY
INVERT Pushed  in

Triggering  c ontrols (both A ond  B if app lic ab le)

LEVEL Any position
SLOPE
COUPLING DC
SOURCE IN T

Sweep c ontrols

DELAY-TIME MULTIPLIER 9.00
A TIME/ DIV 1 ms
B TIM E/ DIV 1 ms
A VARIABLE CAL
A SWEEP MODE AUTO  TRIG
B SWEEP MODE B STARTS AFTER

DELAY TIME

Side-panel c ontrols

B TIME/ DIV VARIABLE CAL
CALIBRATOR .1 v

61. Adjust Externa l Horizonta l Ga in o

a . Test setup  is shown in Fig . 6-50.

b . Connec t the standard  amp litude c a lib ra tor to the Chan-
nel 1 INPUT c onnec tor through the 42-inc h BNC c ab le.

c . Set the standard  amp litude c a lib ra tor for a  0.1 -volt
squore-wave output.

d . Inc rease the INTENSITY c ontrol setting  until the d isp lay
is visib le (two dots about five d ivisions apa rt).

e. Move the d isp lay to the c enter of the gra tic ule with the
Channel 1 POSITION c ontrol.

f. CHECK-CRT d isp lay for five d ivisions horizonta l deflec -
tion. (See Fig . 6-51A).

g . ADJUST-Ext Horiz Ga in a d justment, R645 (see  Fig .
6-51B), for five d ivisions horizonta l deflec tion.

6- 46 @
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Fi g .  6 - 5 1 .  (Al Typ ic a l CRT d isp lay  showing  c orrec t  externa l hori-
xorsta l  ~a in, (B) loc a tion  of Ext Horlz Ga in  ad justment  (B Sweep
sfsc ult bed).

6 2 .  C h e c k  Ex te rn a l  Ho rizo n ta l  O p e ra t io n

a . Set the B SOURCE switc h to EXT.

b . Connec t the standard  amp litude c a lib ra tor to the EXT
HORIZ input c onnec tor (B EXT TRIG INPUT).

c . Set the standard  amp litude c a lib ra tor for a two-vo lt
square-wave output.

d . CHECK-CRT d isp lay for horizonta l deflec tion between
6.5 and  8.7 d ivisions (270 millivolts/ d ivision, ±15%).

e. Set the standard  amp litude c a lib ra tor for a  20-volt
square-wave output.

f. Set the 8 SOURCE switc h to EXT ÷ 10.

g . CHECK-CRT d isp lay for horizonta l deflec tion between
6.2 and  9.2 d ivisions (2.7 voIts/ d ivision,

h. Disc onnec t a ll test equipment.

6 3 .  C he c k  X - Y Pha sing

÷ 2 0 %) .

a . Connec t the c onstant-amp litude sine wave genera tor to
the Channel 1 and  2 INPUT c onnec tors through the five-
nanosc eond  GR c ab le, 50-ohm in-line termina tion and  the
dua l-input c oup ler.

F i g .  6 - 5 2 .  Typ ic a l CRT d isp lay when  c hec king  X-Y phasing ,

b . Change the following c ontrol settings:

CH 1 VOLTS/ DIV 10 mV
CH 2 VOLTS/ DIV 50  mV
B SOURCE IN T

c . Set the med ium-frequenc y genera tor for a  10-d ivision
horizonta l d isp lay a t 50 kilohertz.

d . Center the d isp lay vertic a lly and  horizonta lly with the
Channel 1 and  2 POSITION c ontrols.

e. CHECK-CRT d isp lay for an opening  a t the c enter hori-
zonta l line of 0.52 d ivision or less (3° or less phase shift; see
Fig . 6-52).

6 4 .  C h e c k  X  Ba n d w id th  in  Ex te rn a l  Ho rizo n ta l
M o d e

a . Disc onnec t the dua l-input c oup ler from the Channel 2
INPUT c onnec tor.

b . Set the med ium-frequenc y genera tor for a  six-d ivision
horizonta l d isp lay a t its referenc e frequenc y (50 kHz).

c . Without c hang ing the output amp litude, inc rease the
output frequenc y of the genera tor until the horizonta l deflec -
tion is reduc ed  to 4.2 d ivisions (-3 dB point; see Fig . 6-53).

d . CHECK-Output frequenc y of genera tor must be five
megahertz or higher.

6 5 .  C h e c k  Tra c e  Fin d e r O p e ra t io n

a . Rec onnec t the dua l-input c oup ler to the Channel 2
INPUT c onnec tor.

b . While hold ing  the TRACE FINDER button depressed ,
rota te the Channel 1, Channel 2 and  horizonta l POSITION
c ontro ls a nd  the  CH 1 a nd  CH 2 VOLTS/ DIV sw itc hes
throughout their ranges.

c . CHECK-CRT d isp lay rema ins within the gra tic ule a rea .

d . While hold ing  the TRACE FINDER button depressed ,
ad just the positioning  c ontrols until the d isp lay is c entered
about the gra tic ule c enter lines. Then, inc rease the X and  Y

6 - 4 7
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Fi g .  6 - 5 3 .  Typ ic a l  CRT d isp lay  when c hec king  externa l horizonta l
bandwid th  ( doub le  exposure)  .

deflec tion fac tors until the d isp lay is reduc ed  to about two
d ivisions vertic a lly and  abaut four d ivisions horizonta lly.

e. Release the TRACE FINDER button.
f. CHECK-CRT d isp lay must rema in within the gra tic ule

area .
g . Reduc e the INTENSITY c ontrol to a  norma l setting  (about

mid range).
h. Disc onnec t a ll test equipment.

6 6 .  C h e c k  C h o p p e d  O p e ra t io n
a . Change the following c ontrol settings:

Fig .
ra te

b .

6 - 5 4 .  Typ ic a l  CRT d isp lay  when c hec king  c hopped repetition
and  b lanking .

MODE CHOP
TRIGGER NORM
A and  B TIME/ DIV .5 µs
HORIZ DISPLAY A

Position the trac es about four d ivisions apa rt.

c . Set the A LEVEL c ontrol for a  stab le d isp lay.

d . CHECK-Eac h c yc le for dura tion of 3.4 to 5 d ivisio
(500 kilohertz, ±20%; see Fig . 6-54).

e. CHECK-CRT d isp lay for c omp lete b lanking  of switc hing
transients between c hopped segments (see Fig . 6-54).

6 - 4 8
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Fig .  6 - 5 5 .  Initia l test  oquipm.nt  setup  for stops 67 through  70.

CRT c ontrols

INTENSITY Midrange
Fo c u s Ad just for foc used  d isp lay
SCALE ILLUM As desired

Vertic a l c ontrols (both c hannels if app lic ab le)

C H 1 VO LTS/ DIV 50 mV
C H 2 VO LTS/ DIV .2
VARIABLE CAL
PO SITIO N Midrange
Input Coup ling DC
M O DE A LT
TRIGGER NORM
INVERT Pushed  in

Triggering  c ontrols (both A and  B if app lic ab le)

LEVEL Stab le d isp lay
SLOPE
COUPLING AC
SOURCE IN T

Sweep c ontrols

D ELA Y-TIM E M ULTIPLIER 9.00
A a nd  B TIM E/ DIV 1 ms
A VARIABLE CAL
A SWEEP MODE AUTO  TRIG
B SWEEP MODE B STARTS AFTER

DELAY TIME

HORIZ DISPLAY
MAG
A SWEEP LENGTH
PO SITIO N
POWER

Side-panel c ontrols

B TIME/ DIV VARIABLE
CALIBRATOR

67 .  A d just C a lib ra to r Re p e titio n Ra te

A
OFF
FULL
Midrange
O N

CAL
.1 V

a . Test equipment setup  is shown in Fig . 6-55.

b . Connec t the 1 kHz CAL c onnec tor to the
INPUT c onnec tor with an 18-inc h BNC c ab le.

c . Connec t the time-mark genera tor to the
INPUT c onnec tor with a  42-inc h BNC c ab le.

Channel 1

Channel 2

d . Set the time-mark genera tor for one-millisec ond  markers.

e. Position the d isp lay so the tips of the markers fa ll iust
below the rising  portions of the square wave (see Fig . 6-56A).

f. CHECK-For one c yc le of c a lib ra tor waveform for eac h
marker (see Fig . 6-56A).

g . ADJUST-Ca lib ra tor Frequenc y ad justment, T1255 (see
Fig . 6-56B), for one c yc le of c a lib ra tor waveform for eac h
marker (p relimina ry ad justment).

6 - 4 9



Fig. 6-58
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Fig. 6-56. (Al Typical CRT display showing correct calibrator repe-
tition  rate, (B]  locat ion  of  Ca l ibra tor  Frequency  ccdiustment.

h. Set the TRIGGER switc h to CH 1 ONLY.

i. CHECK-CRT d isp la y fo r slow  d rift  o r no  d rift  o f the
time markers.

j. ADJUST-T1255 fo r m in im um  d rif t  o f  t im e  m a rke rs.
(fina l ad justment).

k. Disc onnec t the time-mark genera tor.

68. Check Calibrator Duty Cycle
a . Change the following c ontrol settings:

CH 1 VOLTS/ DIV 20 mV
MODE CH 1
A and  B TIME/ DIV .1 ms

b . Center the d isp lay vertic a lly with the Channel 1 POSl-
TION c ontrol.

c . Set the A LEVEL c ontrol so the d isp lay sta rts a t the
50% point on the rising  portion of the waveform (the INTEN-
SITY c ontrol may need  to be advanc ed  slightly to see the
rising  portion of the waveform).

d . Set the MAG switc h to X 10.

6- 50

e. Position the 50% point on the fa lling  edge of the Ca li-
b ra tor waveform to the c enter vertic a l line.

f. Set the A SLOPE switc h to -.

g . CHECK-50% point on rising  edge now d isp layed  not
d isp lac ed  more than two d ivisions from the c enter vertic a l
line (duty c yc le 49% to 51%; see Fig . 6-57).

69. Check Calibrator Risetime
a . Change the following c ontrol settings:

A SLOPE +
A and  B TIME/ DIV .2 ps
MAG OFF

b. Set the A LEVEL c ontrol so a ll of the rising  portion of
the Ca lib ra tor waveform is visib le.

c . Position the 10% point on the lead ing edge to a  verti-
c a l g ra tic ule line.

d . CHECK-CRT d isp lay for five d ivisions or less between
the 10% and  90% points an the lead ing edge of the c a li-
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F i g .  6 - 5 9 .  Typ ic a l CRT d isp lay when  c hoc king  c a lib ra tor c urrent.

b ra tor waveform (one mic rosec ond  or less, risetime; see Fig .
6-58).

e. Disc onnec t the 18-inc h BNC c ab le.

7 0 .  C h e c k  C u rre n t  th ro u g h  Pro b e  Lo o p

a. Connec t the c urrent-measuring probe and passive termi-
na tion to the Channel 1 INPUT c onnec tor.

b . Set the passive termina tion for a  sensitivity of 2mA/
mV.

c . Clip  the c urrent p robe a round  the PROBE LOOP on the
side panel.

d . Set the CH 1 VOLTS/ DIV switc h to 5 mV.

e. Set the A and  B TIME/ DIV switc h to .5 ms.

f. CHECK-CRT d isp la y 0.5 d ivision in a mp litud e  (five
millisec onds; see Fig . 6-59).

NO TE

This step  c hec ks for the p resenc e of c urrent in the
PROBE LOOP. This c urrent w ill rema in w ithin the
sta ted  1% a c c ura c y d ue  to  the  to le ra nc e  o f the
d ivid e r resisto rs a nd  to le ra nc e  o f the  c a lib ra to r
output voltage (ad justed  in step  2). If it is nec -
essary to verify the ac c urac y of the c a lib ra tor c ur-
rent, use  a  c urrent mea suring  meter w ith a n a c -
c ura c y o f a t lea st 0.25%.

g. Disc onnec t a ll test equipment.

N O TE S

6 - 5 1
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F i g .  6 - 6 0 .  Initia l test equipmsnt setup  for steps  71 through  74.

CRT c ontrols

INTENSITY Midrange
FOCUS Ad just for foc used  d isp lay
SCALE ILLUM As desired

Vertic a l c ontrols (both c hannels if app lic ab le]

VO LTS/ DIV 5 mV
VARIABLE CAL
PO SITIO N Midrange
INPUT COUPLING DC
MODE CH 1
TRIGGER NORM
INVERT Pushed  in

Triggering  c ontrols (both A and  B if app lic ab le)

LEVEL 0
SLOPE
COUPLING AC
SOURCE IN T

Sweep c ontrols

DELAY- TIME MULTIPLIER Fully counterclockwise
A a nd  B TIM E/ DIV .1 µs
A VARIABLE CAL
A SWEEP MODE AUTO  TRIG
B SWEEP MODE B STARTS AFTER

DELAY TIME

6 - 5 2

HORIZ DISPLAY A
MAG OFF
A SWEEP LENGTH FULL
PO SITIO N Midrange
POWER O N

Side-panel c ontrols

B TIME/ DIV VARIABLE CAL
CALIBRATOR .1 V

71.  Ad just Z Axis C o m p e nsa tio n

a . Test equipment setup  is shown in Fig . 6-60.

b . Connec t the 10X p robe to the input c onnec tor of the
test osc illosc ope.

c . Connec t the 10X probe to TP1047 (see Fig . 6-61A).

d . Set the test osc illosc ope for a  vertic a l deflec tion fac tor
of 0.5 volts/ d ivision (5 volts/ d ivision tota l w ith p robe) a t a
sweep  ra te of 0.1 mic rosec ond / d ivision.

e. Set the INTENSITY c ontrol so the test osc illosc ope d is-
p lay is three d ivisions in amp litude.

f. CHECK-Test osc illosc ope d isp lay for op timum square
c orner (slightly rounded) on b lanking ga te (see Fig . 6-61B).

g . ADJUST-C1036 (see Fig . 6-61A) for op timum square
c orner on the unb lanking ga te.
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F i g .  6 - 6 1 .  (A) Location  of  TP1  047 and Cl 036, (S)  tvPical te!
oscilloscope  display  showing  correct  adjustment of  Cl 036” [vertical
daflectiori, 5 volts/division,  sweep  rate, 0.1  microsecond/division  )

h. Disc onnec t a ll test equipment.

72. Check External Z Axis Operation
a . Set the INTENSITY c ontrol to a  norma l setting .

b . Set the A and  B TIME/ DIV switc h to 20 Ks.

c . Connec t the c onstant-amp litude genera tor to the A EXT
TRIG INPUT c onnec to r throug h the  five -na nosec ond  GR
c ab le, 50-ohm in-line termina tion and  BNC T c onnec tor. Con-
nec t the output of the BNC T c onnec tor to the Z AXIS INPUT
b ind ing  posts through a  42-inc h BNC c ab le and  the BNC
to a lliga tor c lips adap ter. (Connec t b lac k lead  a f a lliga tor
c lips adap ter to g round  post.)

d . Set the A SOURCE switc h to EXT.

e. Remove the ground  strap  from between the b ind ing
posts.

f. Se t the  c onsta nt-a mp litud e  g enera to r fo r five  vo lts
output a t 50 kilohertz (use c a lib ra ted  position of genera tor
amplitude c ontrol).

g . CHECK-CRT d isp lay for notic eab le intensity modula -
tion [see Fig . 6-62A). The INTENSITY c ontrol setting  may need
to be reduc ed  to view trac e modula tion.

@

F i g .  6 . 6 2 .  [A) Typical  CRT  display  when  checkh Z-axis  aP@ratiOn
at 50 kilohertz,  (B) typical CRT  display  when  checking  Z-axis  op*r-
ation at 50 megahertz.

h. Set the c onstant-amp litude genera tor for five volts
output a t 50 megahertz [use c a lib ra ted  position of genera tor
amplitude c ontrol).

i. Set the A and  B TIME/ DIV switc h to .1 PS.

j. CHECK-CRT d isp lay for notic eab le intensity modula -
t ion (see  Fig , 6-62B). The  INTENSITY c ontro l se tt ing  ma y
need  to be reduc ed  to view trac e modula tion.

k.

73.

a .

b .

Disc onnec t a ll test equipment and  rep lac e ground strap .

Check A Gate Output Signal

Set the A and  B TIME/ DIV switc h to 1 ms.

Connec t the A GATE c annec tor (on side panel) to the
test-osc illosc ope input c onnec tor with the 42-inc h BNC c ab le.

c . Set the test osc illosc ope for a  vertic a l deflec tion fac tor
of five volts/ d ivision a t a  sweep  ra te of twa  millisec onds/
d ivision.

d . CHECK-Test osc illosc op e  d isp la y fo r 2.4 d ivisions;
±0.24 d ivision, vertic a l deflec tion with the bottom of the
wa vefo rm nea r the  zero -vo lt leve l (12 vo lts, ±10%; see
Fig . 6-63). Ga te  d ura t ion should  b e  a b out 5.5 d ivisions
(about 11 times the A TIME/ DIV switc h setting).

6-53
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F i g .  6 - 6 3 .  Typical  CRT  disploy when  checking  gate  amplitude  and
duration [vertical deflection,  fivo
milliseconds/division)  .

volts  /divis~on; sweep  rate, two

74. Check B Gate Output Signa l
a . Cannec t the B GATE c onnec tor (on side panel) to the

test-osc illosc ope input c onnec tor with the 42-inc h BNC c ab le.

b . Change the following c ontrol settings:

A  TIME/ DIV 2 ms
B TIME/ DIV 1 ms
HORIZ DISPLAY DELAYED SWEEP (B)

c . CHECK-Test osc illosc op e  d isp la y fo r 2.4 d ivisions,
±0.24 d ivision, vertic a l deflec tion with the bottom of the
waveform near the zero-volt level (12 volts ±10%; see Fig .
6-63). Ga te dura tion should  be about 5.5 d ivisions (about
11 times the B TIME/ DIV switc h setting).

This c omp letes the c a lib ra tion p roc edure for the Type 453.
Disc onnec t a ll test equipment and  rep lac e the top  and  bottom
c overs. If the instrument has been c ompletely c hec ked  and
c a lib ra ted  to the to leranc es g iven in this p roc edure, it w ill
meet the elec tric a l c harac teristic s listed  in the Performanc e
Requirement c olumn of the Charac teristic s
manua l.

sec tion of this

NO TES
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S E C T I O N  7
P R E V E N T I V E  M A I N T E N A N C E  I N S T R U C T I O N S

7 - 1 .  Sc o p e  o f  M a i n t e n a n c e

The  m a in te na nc e  d ut ie s a ssig ne d  to  o p e ra to r a nd
o rg a n iza t io n a l c a t e g o rie s a re l i st e d  b e l o w ,
t o g e t h e r  w i t h  a  re f e re n c e  t o  t h e  p a ra g ra p h s
c o ve ring  the  sp e c if ic  m a inte na nc e  func t io ns.

a . D a ily  p re v e n t iv e  m a in t e n a n c e  c h e c ks a n d
se rv ic e s (p a ra  7–4) .

b . We e kly  p re v e n t iv e  m a in t e n a n c e  c h e c ks a n d
se rv ic e s (p a ra  7–5) .

c . M o n t h ly  p re v e n t iv e  m a in t e n a n c e  c h e c ks a n d
servic es (pa ra  7–6).

d . Q u a rt e rly  p re v e n t iv e  m a in t e n a n c e  c h e c ks
a nd  se rv ic e s (p a ra  7–7).

e. C le a n in g  (p a ra  7–8) .

f. To u c h u p  p a in t in g  ( p a ra  7–9) .

7 - 2 .  Pr e v e n t i v e  M a i n t e n a n c e

Pre v e n t iv e  m a in t e n a n c e  is t h e  sy st e m a t ic  c a re ,
se rv ic ing , a nd  insp e c t io n o f e q uip m e nt  to  p re ve nt
t h e  o c c u rre n c e  o f  t ro ub le , t o  re d uc e  d o w n t im e ,
a nd  to  a ssure  tha t  the  e q uip m e nt  is se rv ic e a b le .

a .  Sy st e m a t ic  C a re .  Th e  p ro c e d u re s g iv e n  in
p a ra g ra p h s 7–3 t h ro u g h  7–9 c o v e r ro u t in e  syst e -
m a t ic  c a re  a n d  c le a n in g  e sse n t ia l t o  p ro p e r u p -
ke e p  a nd  o p e ra t io n o f the  e q uip m e nt .

b .  Pre v e n t iv e  M a in t e n a n c e  C h e c ks a n d  Se r-
v ic e s. Th e  p re v e n t iv e  m a in t e n a n c e  c h e c ks a n d
se rv ic e s c h a rt s ( p a ra s 7–4 t h ro u g h  7–7)  o u t l in e
f u n c t io n s t o  b e  p e rf o rm e d  a t  sp e c i f ic  in t e rv a ls.
Th e se  c h e c ks a n d  se rv ic e s a re  t o  m a in t a in  A rm y
e le c t ro n ic  e q uip m e nt  in  a  c o m b a t -se rv ic e a b le  c o n-
d i t io n ;  t h a t  is,  in  g o o d  g e n e ra l  ( p h y sic a l)  c o n -
d it io n  a n d  in  g o o d  o p e ra t in g  c o n d it io n . To  a isist
o p e ra to rs in  m a in ta in ing  c o m b a t  se rv ic e a b ilit y, the
c ha rts ind ic a te  w ha t  to  c he c k, ho w  to  c he c k, a nd
w h a t  t h e  n o rm a l c o n d it io n s a re ; t h e  Re f e r e n c e s
c o lu m n  l i st s t h e  i l l u st ra t i o n s,  p a ra g ra p h s,  o r
m a n u a ls t h a t  c o n t a in  d e t a ile d  re p a ir o r re p la c e -
m e n t  p ro c e d u re s. I f  t h e  d e f e c t  c a n n o t  b e
re m e d ie d  b y  t h e  c o rre c t iv e  a c t io n s list e d , h ig h e r
c a t e g o ry  o f  m a in t e n a n c e  re p a i r  i s re q u i re d .
Re c o rd s a nd  re p o rts o f the se  c he c ks a nd  se rv ic e s
m u st  b e  m a d e  in  a c c o rd a n c e  w it h  t h e  re q u ire -
m e n t s se t  f o rt h  in  TM  38–750.

7 – 3 .  Pr e v e n t i v e  M a i n t e n a n c e  C h e c k s
a nd  Se rv ic e s Pe rio d s

Pre ve nt ive  m a inte na nc e  c he c ks a nd  se rv ic e s o f the
e q u ip m e n t  a re  re q u ire d  d a i ly ,  w e e k ly ,  m o n t h ly ,
a n d  q u a rt e rly .

a . Pa ra g ra p h  7 –4  sp e c i f i e s t h e  c h e c k s a n d
se rv ic e s t h a t  m u st  b e  a c c o m p lish e d  d a ily  (o r a t
le a st  o n c e  e a c h  w e e k if  t h e  e q u ip m e n t  is m a in -
ta ine d  in  sta nd b y c o nd it io n).

b . Pa ra g ra p h s 7 –5 , 7 – 6 ,  sn d  7 – 7  sp e c i f y
a d d it io n a l c he c ks a nd  se rv ic e s tha t  m ust  b e  p e r-
fo rm e d  w e e kly , m o n t h ly , a n d  q u a rt e rly .

7 - 4 .  D a i l y  Pre v e n t i v e  M a i n t e n a n c e  C h e c k s a n d  Se rv i c e s C h a rt

Sequence
no.

1

2

3

4

Item to be inspec ted

Completeness . . . . . . . . . . . . .

Exterior surfac es. . . . . . . . . . .

Connec tors . . . . . . . . . . . . . .

Controls . . . . . . . . . . . . . . . . .

Opera tion . . . . . . . . . . . . . . . .

Proc edure

See tha t the equipment is c omp lete (app . B).

Clean the exterior surfac es (pa ra  7–8)

Chec k the tightness of a ll c onnec tors.

While makhg the opera ting  c hec k (sequenc e
No. 5), c hec k to see tha t the mec hanic a l
a c t ion o f ea c h knob , d ia l, a nd  sw itc h is
smoo th a nd  free  o f exte rna l o r inte rna l
b ind ing , a nd  tha t there  is no  exc essive
looseness.

Opera te the equipment ac c ord ing to sec tion 2.

Referenc es

None.

7 - 1
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7 –5 .  We e k l y  Pre v e n t i v e  M a i n t e n a n c e  C h e c k s a n d  Se rv i c e s C h a rt

Sequenc e
no. .

2

3

Item to be inspec ted

Cab les and  p robes . . . . . . . . .

Hand les and  la tc hes . . . . . . . .

Meta l surfac es . . . . . . . . . . . .

Proc edure Referenc es

Inspec t c ords, c ab les, p robes, and  wires for
chafed , c ra c ked , o r fra yed insula t ion.
Rep lac e c onnec tors tha t a re b roken, a rc ed ,
stripped , or worn exc essively.

Insp e c t  ha nd le s fo r lo o se ne ss. Re p la c e  o r
tighten as nec essary.

Inspec t exposed  meta l surfac es for rust and
c o rrosion. C lea n a nd  touc h up  p a int a s
required .

Pa ra s 7–8 a nd  7-9.

7 –6 .  M o n t h l y  Pre v e n t i v e  M a i n t e n a n c e  C h e c k s a n d  Se rv i c e s C h a rt

Sequenc e
no.

1

2

3

4

5

6

7

Item to be inspec ted

Pluc kout items . . . . . . . . . . .

Jac ks . . . . . . . . . . . . . . . . . . .

Transformer termina ls. . . . . .

Termina l b loc ks . . . . . . . . . .

Resistors and  c apac itors . . .

Va riab le c apac itors . . . . . . . .

Interior . . . . . . . . . . . . . . . .

Proc edure

Inspec t sea ting  of p luc kout items.

Inspec t jac ks for snug fit and  good  c ontac t.

Insp ec t te rm ina ls on the  tra nsfo rmers. There
should  be no evidenc e of d irt or c orrosion.

Inspec t termina l b loc ks for loose c onnec tions
and  c rac ked  or b roken insula tion.

Insp ec t resisto rs a nd  c a p a c ito rs fo r c ra c ks,
 b listering , or other defec ts.

Inspec t va riab le c apac itors for d irt, c orrosion,
and  deformed p la tes.

Clean interior of c hassis and  c ab inet.

7 –7 .  Q u a rt e r l y  Pre v e n t i v e  M a i n t e n a n c e  C h e c k s a n d  Se rv i c e s C h a rt

Sequenc e
no.

1

2

3

7 - 2

Item to be inspec ted

Pub lic a tions . . . . . .

Mod ific a tions . . . . . . . . . .

Spare pa rts . . . . . .

—

Proc edure

Se e  t h a t  a ll p u b lic a t io n s a re  c o m p le t e ,
servic eab le, and  c urrent.

Chec k DA Pam 310–7 to determine whether
new app lic ab le MWO's have been pub lished .
A ll URG ENT M WO 'S m u st  b e  a p p lie d
immed ia tely. All NORMAL MWO'S must be
sc heduled .

C he c k a ll sp a re  p a rts (o p e ra to r a nd  o rg -
a n iza t io na l)  fo r g e ne ra l c o nd it io n  a nd
method  of storage. No overstoc k should  be
evident, and  a ll shortages must be on va lid
req uisit ions.

References

None.

Referenc es

DA Pa m 310–4.

TM 38–750 a nd
DA Pa m  310–7.
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7 - 8 .  C l e a n i n g

I n sp e c t  t h e  e x t e r i o r  o f  t h e  e q u i p m e n t .  Th e
e xt e rio r su rf a c e s sh o u ld  b e  f re e  o f  d irt ,  g re a se ,
a n d  f u n g u s.

a .  Re m o v e  d u st  a n d  o t h e r  l o o se  d i r t  w i t h  a
c le a n  so f t  c lo t h .

W A R N I N G
A d e q u a t e  v e n t i l a t i o n  sh o u l d  b e  p r o -
v i d e d  w h i l e  u s i n g  T R I C H L O R O T R I -
FLUO RO ETH A N E.  Pr o l o n g e d  b r e a t h i n g  o f
v a p o r sh o u ld  b e  a v o id e d . Th e  so lv e n t  sh o u ld
n o t  b e  u se d  n e a r h e a t  o r o p e n  f la m e ;  t h e
p ro d u c t s o f  d e c o m p o si t i o n  a re  t o x i c  a n d
i r r i t a t i n g . Si n c e T R I C H L O R O T R I -
FL U O RO ETH A N E d i sso l v e s  n a t u r a l  o i l s ,
p r o l o n g e d  c o n t a c t  w i t h  sk i n  sh o u l d  b e
a v o id e d . Wh e n  n e c e ssa ry , u se  g lo v e s w h ic h
the  so lve nt  c a nno t  p e ne t ra te . If  the  so lve nt  is
t a k e n  i n t e rn a l l y ,  c o n su l t  a  p h y si c i a n  im -
m e d ia t e ly .

b .  Re m o v e  g re a se ,  f u n g u s,  a n d  g ro u n d - in  d irt
f ro m  t h e  c a se s; u se  a  c lo t h  d a m p e n e d  (n o t  w e t )
w i t h  c le a n in g  c o m p o u n d .

c .  Re m o v e  d u st  o r d irt  f ro m  p lu g s a n d  ja c ks
w it h  a  b ru sh .

d . C le a n the  fro nt  p a ne l a nd  c o nt ro l kno b s; use
a  so f t ,  c le a n  c lo t h . If  d irt  is d if f ic u lt  t o  re m o v e ,
d a m p e n  t h e  c lo t h  w it h  w a t e r; m ild  so a p  m a y  b e
use d  fo r m o re  e f fe c t iv e  c le a n in g .

7 - 9 .  To u c h u p  Pa i n t i n g  I n s t r u c t i o n s

Re m o v e  ru st  a n d  c o rro sio n  f ro m  m e t a l  su rf a c e s
b y  l i g h t l y  sa n d in g  t h e m  w i t h  f i n e  sa n d p a p e r .
Brush tw o  th in  c o a ts o f p a in t  o n the  b a re  m e ta l to
p ro t e c t  i t  f ro m  f u r t h e r  c o r ro sio n .  Re f e r  t o  t h e
a p p l i c a b le  c le a n in g  a n d  re f i n i sh in g  p ra c t i c e s
sp e c i f ie d  in  TB 43-0118.
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SECTION 8
MECHANICAL PARTS LIST

FIGURE FO-1 FRONT

Q
Index  Tektronix Seria l/ Mod lel  No. t
No.

Desc rip tion
Part  No. Eff Disc Y 12345

-1

2

3
4
5

6

7

8

12

13-

14

15

16
17
18

19

366-0153-00

213-&4M
----- -

210-0583:00
210-0940-00
210-0046-00

366-0153-00

i13-&tioi
366-0153-00

-.
i13-&-oo
366-0189-00
. ..-. .
213-0020-00
364-0322-00

-.. .
213-0004-00
366-0153-00

;13-G4M
366-0189-00

. . . .
213-0020-00
366-0322-00
. . ..- .
213-0004-00
366-0153-00

i13-tii4:m”
366-0189-00

ili-(itio:(xi
366-0322-00

213-(M’4G
366-0215-01
366-0215-01
366-0038-00

213-(i0&&-
366-0194-00

213-tii4&-

1

i
3

2
1
1

1

1
1

1
1

1
1

1
1

i
1

1
1

i
I

1
1

1
1

1
1

;

;
1

1

KNOB,  c harc oa l—lNTENSITY
knob  inc ludes:
SCREW, set, 6-32 x 3/ 16 inc h, HSS

RESISTOR,  variab le
mounting  hardware  for eac h: (not inc luded  w/ resistor)
NUT, hex.,  1/ 4-32 x ‘ / ld  inc h
WASHER,  fla t, l/ i ID x 3/ 8 inc h  OD
LOCKWASHER,  interna l,  l/ . ID x 0.400 inc h  OD

KNOB,  c harc oa l—FOCUS
knob  inc ludes:
SCREW,  set, 6-32 x 3/ 14 inc h, HSS

KNOB,  c harc oa l—SCALE  ILLUM
knob  inc ludes:
SCREW,  set, 6-32 x 3/ 14 inc h, HSS

KNOB,  red—VARIABLE  (CH 1)
knob  inc ludes:
SCREW, set, 6-32 x % inc h, HSS

KNOB,  c harc oa l—VOLTS/ DIV  (CH 1)
knob  inc ludes:
SCREW, set, 6-32 x 3/ lA inc h, HSS

KNOB,  c harc oa l—POSITION  (CH 1)
knob  inc ludes:
SCREW,  set, 6-32 x 3/ 16 inc h, HSS

KNOB,  red—VARIABLE  (CH 2)
knob  inc ludes:
SCREW,  set, 6-32 x % inc h, HSS

KNOB, c harc oa I—VOLTS/ DIV  (CH 2)
knob  inc ludes:
SCREW,  set, 6-32 x 3/ M inc h, HSS

KNOB, c harc oa l—POSITION  (CH 2)
knob  inc ludes:
SCREW,  set, 6-32 x 3/,4  inc h, HSS

KNOB,  red—TRIGGER
knob  inc ludes:
SCRiEW, set, 6-32x% inc h, HSS

KNOB,  c harc oa l—MODE
knob  inc ludes:
SCREW,  set, 6-32 x 3/ 1$ inc h, HSS

KNOB,  c harc ool-AC  GND  DC (CH 1)
KNOB,  c :ha rc oa l–AC  GND  DC  (CH 2)
KNOB,  r,ad—A VARIABLE

knob  inc ludes:
SCREW,  set, 6-32 x 3/,4  inc h, HSS

KNOB,  c ho  rc oa l—B  TIME/ DIV
knob  inc llldes:
SCREW, st?t, 6-32x ~/ 14 inc h, HSS

8 - 1



TM 11-6625-1722-15

FIGURE FO-1 FRONT (cont)

Q
Index  Tektronix Seria l/ Model No.
No. Pa rt No. Eff Disc

t Desc rip tion
Y 12345

DIAL, window  krrob -A  TIME/ DIV
d ia l inc ludes:
SCREW, set, 4-40  x ‘ / ld  inc h, HSS

SWITCH, wired–A  AND  B TIME/ DIV
switc h inc ludes:
SWITCH, unwired
CONNECTOR,  sing le  c ontac t,  female
CONNECTOR,  ‘~ermina l  standoff
mounting  hardware  for each: (not included w/connector)
BUSHING, p lastic

20 331-0092-00

213-ri22--oi
21 262-0724-01

----- .
260-0694-00

22 131-0371-00
23 131-0181-00

-.. . . .
24 358-0136-00

1

i
1

1

25 179-1122-00
26 384-0262-00
27 ------

28 210-04 ;3iKi
29 210-0012-00

1
1
1

CABLE HARNE!X
ROD, extensiori
RESISTOR,  va riab le
mounting  ha rd tva re  (not  inc luded  w/ resistor)
NUT, hex,, s/ 8-32 x 1/ 2 inc h
LOCKWASHF3{,  interna l,  3/ 8 ID x 1/ 2 inc h OD

30 407-0148-00

iliMiI06ii
31 210-0202-00
32 210-0449-00

1 BRACKET
mounting  ha lrdware:  (not  inc luded  w/ brac ket)
LC)CKWASH ER, interna l,  #6 (not  shown)
LUG,  solder,  SE #6
NUT, hex., 5-40 x 1/ 4 inc h

33 ------

34 21 O-OO;8:G
35 210-0524-00

2 CAPACITOR
mounting  hardware  for eac h: (not  inc luded  w/ c apac itor)
LOCKWASHIER,  interna l,  5~d  inc h
NUT, hex., sfiA-24 x 1/ 2 inc h

1
1

36 376-0014-00
37 ------

1
1

COUPLING
CAPACITOR
mounting  hardware: (not  inc luded  w/ c apac itor)
NUT, keps,  632x s/ id  inc h38 210-0457~~ 2
GROMMET,  p lastic ,  1/ 4 inc h

mounting  hardware:  (not  inc luded  w/ switc h)
SCREW, 6-32 x 5/ id inc h, PHS (not  shown)
LOCKWASHER,  interna l,  s/ 8 inc h
NUT, hex., %-24 x 3/ 4 inc h

39 348-0055-00
---- --
211-0507-00

40 210-0049-00
41 210-0579-00

1

2
1
1

42 331-0139-00
---- .-
213-0048-00

43 . . . . -.

1 DIAL—DELAY  TIME MULTIPLIER
dia l inc ludes:
SCREW,  set, 4-40 x % inc h, HSS

RESISTOIR,  variab le
mounting  hardware: (not  inc luded  w/ resistor)
LOCKWASHER,  interna l,  3/ 8 ID x 1/ 2 inc h OD

-----  -
44 210-0012-00 i

45 366-0220-00
-..

;1 3-0020-00

1

i

KNOPJ, c harc oa l—LEVEL  (B TRIGGERING)
knc ,b  inc ludes:
SCREW,  set, 6-32 x l/ * inc h, HSS

8 - 2



FIGURE FO-1 FRONT (cont)
TM 11-6625-1722-15

Q
t Description
Y12345

Index Tektronix SerioVModel No.
No. Port No. Eff Disc

RESISTOR,  variable
mounting hardware for each: (not included w/resistor)
LOCKWASHER, internal, ‘/8 IDx% inch OD
WASHER, flat, ~/8 lDxl/2  inch OD
NUT, hex., $/s-32 xv14 inch

46

47
48
49

. . . . . . 2

1-
1
1

kiioi2ii
210-0978-00
2100590-00

50

51

366-0148-00 1 KNOB, charcaal-A  SWEEP LENGTH
knob includes:
SCREW,  set, 6-32x%*  inch, HSS

SWITCH, wired—A SWEEP LENGTH
switch includes:
SWITCH, unwired
RESISTOR,  variable
mounting hardware:  (not included w/resistor)
LOCKWASHER, internal, % ID x 1/2 inch OD
NUT, hex., %-32 x ~ld inch

COUPLING
mounting hardware:  (not included w/switch)
WASHER, flat, ‘/8 ID x l/a inch OD
NUT, hex., $/8-32 x ~li inch

ilififiti
262-0726-02

i
1

&i-&7ill- 1-
1. . . . . .

il-&i2G
210-0590-00

376-001440 1

i
1

il-i-iihii
210-0590-00

54 366-0189-00 1 KNOB,  red—MAG
knob includes
SCREW,  set, 6-32 x 1/8 inch, HSS

KNOB, charcool-HORIZ  DISPLAY
knob includes
SCREW,  set, &32 x ~/ld inch, HSS

SWITCH, wired-HORIZ  DISPLAY
switch includex
SWITCH, unwired

mounting hardware:  (not included w/switch)
WASHER, flat, $/8 ID x 1/2 inch OD
NUT, hex., $/8-32 x 71’ inch

ii(iioii
366-032240

ilti”
262-0725-02

1-
1

i
1

55

56

M-i&ii i

il-tiii
210-Om-00

57
58

59 366-0319-00

ilia
366-0138-00

il”ti

1 KNOB, red-FINE
knob includes
SCREW,  set, &32 x 1/. inch, HSS

KNOB, charcooI-POSITION
knob includes:
SCREW, set, &32 x 3/1, inch, HSS

60

i

8 - 3
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TM 11-6625-1722-15

FIGURE  FO-1 FRONT (cont)

Q
Index Tektronix Seria l/ Model No. t
No. Pa rt  No. Eff Disc

Desc rip tion
Y 12345

61 ------

62 210-00 i2:Oi
63 210-0494-00  20000

129-0167-00  26130
210-0013-00  20000

64 210-0012-00 22040
65 210-0840-00
66 358-0029-05

67 366-0319-00
----- .
213-0020-00

68 366-0138-00

213-ooo4:&
69 366-0215-01
70 260-0472-00

71 220-04i3~d

72 366-0215-01
73 366-0215-01

262-0723-00

74 260-07&;O0
75 260-0698-01
76 131-0371-00

77 ;20-04;3~O0

78 366-0215-01
79 260-0699-00

80 ;20-04;3~i

81 366-0215-01
82 260-0587-00

83 220-04i  3;~

84 366-0215-01
85 260-0472-00

86 ;20-04; 3;00

1
.
1

26129 1
1

22039 ● 1
261 29X 1

1
1

1

1
1
1

i

:

4

1
1

2
1
1

2

1
1

2

RESISTOR,  variab le
mounting  hardware: (not  inc luded  w/ resistor)
LOCKWASHER,  interna l,  %-32x l/ z inc h  OD
NUT, hex., s/ 8-32  x 1/ 2 x 1 l/ l& inc h OD
POST,  metollic
LOCKWASHER,  interna l,  % ID x 1 I/ lt inc h OD
LOCKWASHER,  interna l,  s/ 8 ID x l/ z inc h  OD
WASHER,  fla t, 0.390 ID x 9/ }6 inc h  OD
BUSHING,  hex.,  1/ 2 inc h  long

KNOB,  red—HF STAB
knob  inc ludes:
SCREW, set, 6-32 x 1/ 8 inc h, HSS

KNOB,  c harc oa l—LEVEL  (A TRIGGERING]
knob  inc ludes:
SCREW, set, 6-32 x 3/ lA inc h, HSS

KN08, c harc oa l—SLOPE  (A TRIGGERING]
SWITCH,  lever—SLOPE
mounting  hardware: (not  inc luded  w/ switc h)
NUT, switc h, 4-40 x s/ it  x 0.562 inc h

KN08, c ha rc oa l—COUPLING  (A TRIGGERING)
KNOB,  c harc oa l—SOURCE  (A TRIGGERING]
SWITCH, wired—COUPLING  & SOURCE

switc h  inc ludes:
SWITCH,  lever—COUPLING
SWITCH,  lever—SOURCE
CONNECTOR,  sing le  c ontoc t,  female

mounting  hardware: (not  inc luded  w/ switc h)
NUT, switc h,  4-40 x s/ lA x 0.562 inc h

KNOB,  c horc oa l—A  SWEEP  MODE
SWITCH, lever—A  SWEEP  MODE
mounting  hardwore: (not  inc luded  w/ switc h)
NUT, switc h, 4-40 x s/ id  x 0.562 inc h

KNOB,  charcoa l—B SWEEP MODE
SWITCH, lever—B SWEEP MODE
mounting  hardware: (not  inc luded  w/ switc h)
NUT, switc h,  4-40 x 3/ 1*x 0.562 inc h

KNOB,  c harc oa l—SLOPE  (8 TRIGGERING)
SWITCH, lever—SLOPE
mounting  hardware: [not  inc luded  w/ switc h)
NUT, switc h, 4-40 x s/ lA  x 0.562 inc h



TM 1 1 - 6 6 2 5 - 1 7 2 2 - 1 5

FIGURE FO-1 FRONT (c ont)

Q
Index  Tektronix Serial/Model No. t
No. Part No. Eff Disc

Desc rip tion
Y 12345

87 36&0215-01
88 366-0215-01

262-0723-00
. . . . . .

89 260-0700-00
90 260-0698-01
91 131-0371-00

93 260-0834-00

94 ;lo-ti:w-
95 210-0940-00
96 210-0562-00

97 131-0352-01
98 378-0541-00
99 378-0541-01
100 352-0084-00
101 352-0084-01
102 200-0609-00
103 129-0103-00

ioiil 03ii
129-0077-00

iliMii6ii
210-0455-00

104 358-0216-00
105 260-0717-00

. .
106 ilo-b i2-oo
107 210-0978-00
108 210-0590-00

I 09 260-o&8-oo
. ..-

Ilo 210-0011-00
If I 210-0940-00
f/2 210-0583-00

113 200-0608-00
114-------

1
1
1

i
1
2

4

1

i
1
1

3
4
1

:
5
1

1
1

1
1

2
1

i
1
1

1

;
1
2

1
1

KNOB,  c ha rc oa l—COUPLiNG  (B TRIGGERING]
KNOB,  c harc oa l—SOURCE  (B TRIGGERING)
SWITCH, wired—COUPLING  & SOURCE

switc h inc ludes:
SWITCH, lever—COUPLING
SWITCH, lever—SOURCE
CONNECTOR,  sing le  c ontac t,  female

mounting  hardware: (not  inc luded  w/ switc h)
NUT, switc h,  4-40 x s/ lA x 0.562 inc h

SWITCH, togg le—POWER ON
mounting  hardware: (not  inc luded  w/ switc h)
LOCKWASHER,  interna l,  1/ 4 ID x 0.400 inc h OD
WASHER,  fla t, 1/ . ID x s/ . inc h OD
NUT, hex., 1/ 4-40 x s/ id  inc h

CONNECTOR,  c oaxia l,
FILTER,  lens, c lear
FILTER,  lens, green
HOLDER,  neon,  b lac k
HOLDER,  neon, white
COVER, neon  holder

1 c ontac t  BNC,  (w/hordware)

ASSEMBLY,  b ind ing  post
assembly  inc ludes:
CAP
POST

mounting  hardware: (not  inc luded  w/ assembly)
LOCKWASHER,  interna l,  1/ 4 ID x 0.400 inc h  OD
NUT, hex.,  1/ 4-28 x s/ e  inc h

BUSHING, gray
SWITCH, push—RESH
mounting  hardware: (not  inc luded  w/ switc h)
LOCKWASHER,  internol,  3/ 8 ID x l/ z inc h OD
WASHER,  fla t, 3/ 8 ID x l/ z inc h  OD
NUT, hex.,  s/ o-32 x ~ld  inc h

SWITCH, push—TRACE FINDER
mounting  hardware: (not  inc luded  w/ switc h)
LOCKWASHER,  interna l,  l/ d  ID x ‘ s/ 31 inc h  OD
WASHER,  fla t, 1/ 4 ID x s/ a  inc h OD
NUT, hex.,  1/ 4-32 x ‘ / ,4 inc h

COVER,  variab le  resistor
FILTER,  mesh  (See Standard  Ac c essories  Page)

8 - 5



TM 11-6625-1722-15

FIG URE FO -1 FRO N T ( c o n t )

Q
Index ‘ ic kironix Seria l/ Model No. t
No. Fart  No. Eff Disc

Desc rip tion
Y 12345—

115 2140654-00
214-0996-00

116  333-0891-00
117  3860208-00
118 1360223-00

119 210-0223-00
120 210-0562-00

121 214-0335-00

122 210-055300
123 361-0059-00
124 210-0849-00
125 210-0994-00
126 210-0201-00
127  210-0442-00

128 ------
..-.

129 210-0223-00
130 358-0075-00

131 260-0447-00
---- --
210-0406-00

132 ------
---- -.

133 358-0075-00

134  131-0274-00
135 343-0005-00

---- . .
136 210-0863-00
137  210-0457-00

138 366-0236-00

213-00;0:00
139 333-0977-00
140 426-0267-00

20000 25629 1
25630 1

1

;

1
1

1

2
1
2
2
2
2

1

1
1

1

2

1

1

3
1

1
1

1

1
1
1

SPRIFJG, filter
SPRING, filter
PANEL, front
PLATE, sub -panei  front
SOCKET, light
mounting  ha rdware:  (not  inc luded  w/ soc ket)
LUG, solder,  ‘ / 4 ID x 7/ 1* inc h OD, SE
NUT, hex., 1/ 4-40 x s/ 14 inc h

BOLT, c urrent  loop
mounting  ha rdware:  (not  inc luded  w/ bolt)
NUT, hex., 3-48  x ‘ / 4 inc h
SPACER
WASHER, fiber,  shouldered ,  #4
WASHER, fla t,  0.125 ID x 0.250  inc h OD
LUG, solder,  SE #4
NLJT, hex., 3-48  x 3/ lA inc h

RESISTOR, va riab le
mounting  ha rdware:  (not  inc luded  w/ resistor)
LUG, solder,  l/ d  inc h
BUSHING

SWITCH, slide—CAL18RATOR
mounting  ha rdware:  (not inc luded  w/ switc h)
NUT, hex., 4-40 x 3/ 1* inc h

RESISTOR, va riab le
mounting  ha rdware:  (not  inc luded  w/ resistor)
BUSHING

CONNECTOR, c oaxia l,  BNC  (w/ ha rdware)
CLAMP,  c ab le,  p lastic ,  ~1~ inc h
mounting  ha rdware:  (not  inc luded  w/ c lamp)
WASHER, “ D”  shape, 0.191 ID x 33/64 x 33/64 inc h  [ong
NUT, keps, 6-32x S/ ld  inc h

KNOB, c ha rc oa l—B  TIME/ DIV
knob  inc ludes:
SCREW, set, 6-32  x l/ ~ inc h, HSS

PANEL, front  (c a lib ra tor  frame)
FRAME,  c a lib ra tor

8 - 6



TM 11-6625-1722-15

FIGURE FO-1 FRONT (cont)

Q
In&x Tektronix Seriol/ Model No. t
No. Pa rt  No. Eff Disc Y

Desc rip tion
12345

141 211-0598-00
142 210-0869-00
143 354-0163-00
144 214-0573-00
145 210-0805-00
146 354-0165-00
147 179-0996-01

. ..-. -
148 131-0371-00

1
1
1
1
1
1
1

12

SCREW, c aptive,  6-32 x 3/ e  inc h, FHS
WASHER,  p lastic ,  ‘ / az ID x 3/ 8 inc h OD
RING,  reta ining
PIN,  hinge
WASHER,  fla t, 0.204 ID x 0.438 inc h CM)
RING,  reta ining
CABLE HARNESS,  ma in

c ab le  harness inc ludes:
CONNECTOR,  sing le c ontac t,  female

8 - 7



TM 11-6625-1722-15

FIGURE FO-2. ATTENUATOR PREAMPLIFIER ASSEMBLY

Q
Index Tektronix Serial/Model No. t
No. Part  No. Eff Disc

Description
Y 12345

644-0413-01
. . . . . .

1 131-0352-00
. . .

. . . . . .
2 166-0402-00

644-0412-01
. . . . . .

3 262-0728-01
. . . . -.
260-0720-01

4 214-0599-00
5 . . . . . .

. ..- -.
6 210-0223-00
7 . 210-0046-00
8 210-0583-00

9 386-1284-00
. . . .

;1 0-0053-00
210-0405-00

10 131-0157-00
610-0473-01
. . . . -.

11 131-0180-00

;58-01 35:00

12 260-0621-00

21 i -0105:00
210-0004-00
210-0406-00

13 214-0456-00
14 441-0639-00
15 378-0541-00
16 352-0067-00

17 il_l -0109:00
210-0406-00

18 ------
..-. .-

19 210-0583-00

1

1

2

1

i
2
2

1
1
1

1

2
2
1
1

1

1

1

2
2
2

5
1
2
2

1
2

2

1

ASSEM8LY, attenuator  preamplifier
assembly includes:
CONNECTOR,  coaxial,  1 contact,  8NC, female
w/mounting hardware
mounting  hardware  for  each: (not included  w/connector)
SPACER, BNC connector

ASSEMBLY,  attenuator  switch and chassis (CH 1 & CH 2)
each assembly includes:
SWITCH, wired-VOLTS/DIV

switch includes:
SWITCH, unwired
SPRING, switch shaft ground
RESISTOR,  variable
mounting  hardware  for  each: (not included  w/resistor)
LUG, solder, 1/4 ID x ?/if inch OD,  SE
LOCKWASHER, internal,  1/4 ID x 0.400 inch OD
NUT, hex., 1/4-32 x 5/],4 inch

PLATE, mounting,  plastic
mounting  hardware:  (not included  w/plate)
LOCKWASHER, split,  #2 (not shown)
NUT, hex., 2-56 x 3/,4 inch (not shown)

CONNECTOR,  terminal,  stand off
ASSEMBLY,  attenuator  chassis

assembly includes:
CONNECTOR,  terminal
mounting  hardware:  (not included  w/connector)
BUSHING,  plastic  (not shown)

SWITCH, Iever—AC  GND  DC
mounting  hardware:  (not included  w/switch)
SCREW, 4-40 x 3/1,6 inch, 100° csk,  FHS (not shown)
LOCKWASHER, internal,  #4 (not shown)
NUT, hex., 4-40 x 3/lA inch (not shown)

FASTENER, press, plastic
CHASSIS, attenuator

FILTER, lens, clear
HOLDER, neon, single
mounting  harware  for each: (not included  w/holder)
SCREW, 4-40 x ~. inch, 100° csk, FHS
NUT, hex., 4-40 x 3/M inch (not shown)

RESISTOR,  variable
mounting  hardware:  (not included  w/resistor)
NUT, hex., 1/4-32 x 5/id inch

8 - 8



TM 11-6625-1722-15

FIGURE FO-2. ATTENUATOR PREAMPLIFIER ASSEMBLY (c ont)

Q
Index  Tektronix Seria l/ Model No. t
No. Pa rt  No. Eff Disc

Desc rip tion
Y 12345”

20

21

22
23
24
25
26
27

28
-29

30
31

32

33
34
35

36

37

38

39
40
41
42

386-0225-00

262-0727-01

;6;-~6;5-_Ol-
131-0371-00
407-0157-00
210-0012-00
210-0413-00
384-0679-00
376-0050-00

;G-ozil --w-
376-0046-00
213-0022-00
384-0360-00
376-0029-00 20000
376-0053-00 21220

;1 ;-&~8~W-
348-0056-00
337-0774-00

;1 ;-;586~W-

337-0768-01

;1 i-~1 :m-
210-0586-00

337-0769-00
384-0357-00
670-0419-04

;8~-&&-_Ol-
260-0447-00
. . . . . -
406-0949-00
210-0054-00
210-0406-00

214-0563-00
214-0506-00
214-0579-00
131-0182-00

;4-61 i5-&

1

1

:
1
2
1
2
2

i
1
4
2

21219 2
1

2
1
1

i

1

1
4

2
1
1

1
1

1
2
2

1
31

8
4

1

PLATE, a ttenuator

SWITCH, wired—MODE
switc h inc ludes:
SWITCH, unwired
CONNECTOR,  sing le  c ontac t,  female
8RACKET,  switc h .
LOCKWASHER,  interna l,  3/ . ID x l/ z inc h  OD
NUT, hex.,  3/ 8-32 x l/ z inc h

SHAFT,  extension
ASSEMBLY,  c oup ling

eac h assembly  inc ludes:
RING,  c oup ling
COUPLING,  p lastic
SCREW, set, 4-40 x s/ lA  inc h, HSS

ROD, extension, w/ gray  knob
COUPLING,  sha ft
COUPLING,  sha ft

eac h c oup ling  inc ludes:
SCREW, set, 4-40 x 1/ 0 inc h, ‘HSS

GROMMET,  p lastic ,  3/ 8 inc h  d iameter
SHIELD,  a ttenuator,  side
mounting  hardware: (not  inc luded  w/ shield )
NUT, keps, 4-40x l/ d  inc h  (not  shown)

SHIELD,  a ttenuator,  c enter
mounting  hardware: (not  inc luded  w/ shield ]
LUG, solder, SE #4 (not  shown)
NUT, keps, 4-40x l/ d  inc h (not  shown)

SHIELD,  a ttenua tor
ROD, extension, w/ knob
ASSEMBLY,  c irc uit  boa rd—VERTICAL PREAMP

assembly  inc ludes:
80ARD,  c irc uit
SWITCH, slide—lNVERT
mounting  hardware: (not  inc luded  w/ switc h)
BRACKET
LOCKWASHER,  sp lit, #4
NUT, hex.,  4-40 x j/ lA inc h

ACTUATOR,  slide  switc h
PIN, c onnec tor
PIN, test point
CONNECTOR,  termina l,  feed-thru
mounting  hardware  for eac h: (not  inc luded  w/ c onnec tor)
8USHING, p lastic  (not  shown)

8 - 9



TM 11-6625-1722-15

FIGURE FO-2. ATTENUATOR PREAMPLIFIER

Q
Index Tektronix Serial/Model No. t
No. Part  No. Eff Disc Y 12345

43 131-0235-00

;58-01;5:00

44 136-0235-01
45 136-0235-00
46 136-0183-00
47 136-0220-00
48 136-0261-00
49 200-0642-00

50 ;I ; -;1 ;6~O~

51 343-0088-00
52 179-0992-01

53 i 3; -i3;l :m-
54 210-0012-00
55 210-0590-00

56 ------

57 ;1 O-;2;3~O;
210-0016-00

58 220-0440-00

;1 ;-01 ;6-_O;
210-1001-00
210-0457-00

59 337-0767-00 20000
337-0767-04 23850

;1 ; -ioi7:o;

23849

2

1

2
2
2

14
6
1

5

1
1

11
2
2

2

1
1
1

3
3
4

1
1

5

ASSEMBLY (cont)

Description

CONNECTOR,  terminal
mounting  hardware  for each: (not included  w/connector)
8USHING,  plastic  (not shown)

SOCKET, diode,  6 contact,  plastic
SOCKET, diode,  6 contact
SOCKET, transistor,  3 pin
SOCKET, transistor,  3 pin
SOCKET, connector  pin
CAP

mounting  hardware:  (not included  w/assembly)
SCREW, sems, 4-40x S/l,d inch, PH8

CLAMP, cable
CA8LE HARNESS, vertical  preamp

cable  harness includes:
CONNECTOR,  single  contact,  female

LOCKWASHER, internal,  3/8 ID  x 1/2 inch OD
NUT, hex., ‘s/8-32 x ~ld inch

RESISTOR,  variable
mounting  hardware  for each: (not included  w/resistor)
LUG, solder, 1/4 ID x ~1~ inch OD, SE
LOCKWASHER, split,  1/, inch ID
NUT, hex., 1/4-32 x 13/32  inch

mounting  hardware:  (not included  w/atten preamp  assembly)
SCREW, sems, 4-40x s/lA inch, PH8 (not shown)
WASHER,  flat, 0.119 ID x 3/~ inch OD (not shown)
NUT, keps, 6-32x S/lA inch (not shown)

SHIELD, attenuator
SHIELD, attenuator
mounting  hardware:  (not included  w/shield)
SCREW, 4-40 x s/id inch, PHS (not shown)

8 - 1 0



TM 11-6625-17’22-15

FIGURE FO-3 CRT SHIELD

Q
Index  Tektronix Serial/Model  No. t
No. Part No. Eff Disc

Description
Y 12345

., ;
3
4
5

10

11
12
13

14
15

16
17

“20
21
22
23

24
25
26

27

28

, 31

337-0754-00
337-0954-01
348-0070-01
331-0141-00
-----  .

;l i -~5;o~w-
211-0589-00
210-0863-00
343-0042-00

343-0131-00

;l i -05;o&
210-0006-00
210-0407-00

358-0281-00
343-0124-00

;1 i - i5Xm-
220-0444-00

352-0091-01

;I i -05b&

343-0123-01
2200444-00
211-0600-00
343-0122-01
213-0049-00
210-0949-00
211-0510-00
136-0205-00

;1 i-i5k:m”

175-0582-00
175-0583-00
175-0584-00
175-0596-00
. . . . . .
131-0049-00
179-1001-00
179-0997-02

. .
;3; -f% -00

1
1
4
1
1

2

I
1

1

2
2
2

1
1

i
2

2

i

2
1
1“
2

;
2
2

1

1
1
1
1

1
1
1

;

S~lELD, CRT
SHIELD,  CRT (outer)
CUSHION, CRT
MASK,  csraticule
COIL -
mounting  hardware: (not included w/ coil)
SCREW,  6-32 x I/ d inch, PHS
SCREW,  6-32 x 0.312 inch, PHS
WASHER, D shape, 0.191 ID x s3/ A4 x ss/ d4  inch long
CLAMP, cable, plastic,  s/ l, inch (halfl

CLAMP,  coil form
mounting  hardware: (not included  w/ clamp)  .
SCREW,  6-32 x ‘j4 inch, PHS
LOCKWASHER,  internal,  #6
NUT, hex., 6-32 x l/ i inch

BUSHING
CLAMP, retainer
mounting  hardware: (not included w/ clamp)
SCREW,  6-32 x 3/ 4 inch, FIL HS
NUT, square,  6-32 x 1/ , inch

HOLDER,  CRT retainer
mounting hardware  for each: (not included w/ holder)
SCREW,  6-32 x 1/ 4 inch, PHS

CLAMP, CRT retainer
NUT, squore, 6-32x  1A inch
SCREW,  6-32 x 2 inches, FIL HS
CLAMP’
SCREW,  6-32 x s/ id  inch HHS (not shown)
WASHER, flat,  ‘/ 44 ID x % inch OD
SCREW,  6-32 x 3/0 inch, PHS
SOCKET,  graticule  lamp
mounting  hardware  for each: (not included  w/ socket)
NUT, keps,  4-40x  1A inch

WIRE, CRT lead
WIRE, CRT lead
WIRE, CRT Ieod
WIRE, CRT lead

each wire  includes:
CONNECTOR,  single  contact, female

CABLE HARNESS,  graticule lights
CABLE HARNESS,  anode

cable  harness includes:
CONNECTOR,  single  contact, femole

8 - 1 1



TM 11-6625-1722-15

FIGURE FO-3 CRT SHIELD (cont)

Q
Index Tektronix Seria l/ Model No. t
No. Part No. Eff Disc

Desc rip tion
Y 12345

33 131-0406-00

131-0206-00
175-0012-00
200-0544-00

34 136-0227-01
. . . . . .
136-0202-01
.-. . .

136-0202-00
214-0464-00

35 200-0616-00

1

F+
1
1

1

1
14

1

CONNECTOR, anode
{ c onnec tor inc ludes:

CONNECTOR, anode  c lip
CABLE,  high  voltage
COVER,  a ;ode c onnec tor

ASSEMBLY, CRT soc ket
assemb ly  inc ludes:
SOCKET, CRT

soc ket  inc ludes:
SOCKET, CRT
CONTACT, CRT

COVER,  CRT soc ket

8 - 1 2



TM 11-6625-1722-15

FIGURE FO-4. A & B SWEEPS

Q
Index Tektronix Serial/ Model No. t
No. Part  No. Eff Disc Description

Y 12345

3
4
5

6
7
8
9
10

11

12
13

;:
16
17
18
19

20

21
22
23

24

25

26

30
31
32

386-1268-00
214-0317-00
210-0627-00
343-0097-00
352-0062-00
. ..-. .
211-0033-00
211-0012-00
210-0004-00
214-0368-00
210-0599-00

670-0418-02

3&ti5:02
136-0220-00
136-0235-00
214-0506-00
214-0579-00
214-0565-00
344-0119-00
210-1014-00
337-0763-00

21; -i i&i

343-0089-00
343-0088-00
407-0144-00

21; i5&:4

344-0116-00

21; %74
210-0586-00

200-0255-00
200-0257-00
. . . . . .
----- .
211:0534-00
386-0252-00
210-0006-00
210-0407-00

1
2

2

2
2
4
1
2

7
2
1

4

2
2
4

i
1
2
2

SUPPORT,  chassis
HEAT SINK
RIVET,  heat sink
CLAMP,  heat srnk
HOLDER,  heat sink
mounting  hardware  for each: (not included w/ hoIder)
SCREW,  sems,  4-40x  ‘/ 14 inch, PHS
SCREW,  4-40 x 3/ 8 inch, PHS
LOCKKWASHER,  internal, #4
SPRING,  heat sink
NUT, sleeve

ASSEMBLY,  circuit  board—B Sweep
assembly  includes:
BOARD,  circuit
SOCKET,  transistor,  3 pin
SOCKET,  transistor,  6 pin ,
PIN,  connector
PIN,  test point
FASTENER,  pin dress
CLIP, electrical
WASHER,  plastic,  0.094 ID x 5/ J*  inch, PHB
SHIELD

mounting  hardware: (not included  w/ assembly)
SCREW,  sems,  4-40x  5/14 inch, PHB

CLAMP,  cable, plastic,  large
CLAMP,  cable, plastic,  small
BRACKET capacitor mounting
mounting  hardware: (not included w/ bracket)
SCREW,  6-32 x 1/ 4 inch, PHS

CLIP, capacitor mounting
mounting hardware: (not included w/ clip)
SCREW,  4-40 x a/ l*  inch, PHS
NUT, keps,  4-40x  1/ , inch [not  shown)

COVER, capacitor,  1 inch diameter x 31/ 31 inches long
COVER, capacitor,  1 inch diameter x 21 %Z inches long
CAPACITOR
mounting  hardware  for each: (not included w/ capocitor)
SCREW,  sems,  6-32x  ‘/Id  inch, PHS
PLATE,  fiber, smell
LOCKKWASHER,  internal,  #6
NUT, hex., 6-32 x $’4 inch ‘

8 - 1 3



TM 11-6625-1722-15

FIGURE FO-4. A  &  B SW EEPS ( c o n t )

inde x  Tektronix Seria l/ Model No.
No. Pc stt N(1, Eff Disc——.——.————.

33 179-09?()  (!1

34 131 -03;1 :00
35 17’9-0994-00

41 6ZMM i 7-01
“ .-..
3884X44-O?

42 136-02?0-0!}
43 136-01 83-W
44 214-NX16-W
45 214-0579-00
46 214-W65-00
47 337’ -0762-00
48 34.3 -0043-IX1

. . .
49 211 -0’ ! 1 &-(l{)

Q
t

—y—12345

1

3
1

27
2

36
1

F-i
2

Desc rip tion

CABLE  HARNESS, c apac itor  c hassis
c ab le ha rness  inc ludes:
CONNECTOR, sing le  c ontac t,  fema le

CABLE  HARNESS, B Sweep
c ob le ha rness  inc ludes:
CONNECTOR, sing le  c ontac t,  fema le

CABLE  HARNESS, A  Sweep
c ab le  ha rness inc ludes:
CONNECTOR, sing le  c ontac t,  fema le

BRACKET, outer  suppa rt
b rac ket  inc ludes:
NEOPRENE, extruded ,  0.208  foot

mounting  ha rdware:  (not  inc luded  w/ b rac ket)
SCREW, 6-32  x 1/ , inc h, PHS (not  shown)

1 ASSEMBLY, c irc uit  boa rd—A Sweep
assemb ly  inc ludes:

1 BOARD, c irc uit
26 SOCKET, transistor, 3 p in

1 SOCKET, transistor, 3 p in
47 PIN, c onnec tor

8 PIN, test  point
2 FASTENER, p in p ress
1 SHIELD
1 CLAMP,  neon bulb

mounting  ha rdware:  (not
6 SCREW, sems, 6-32x ‘ / ,d

inc luded  w/ assemb ly)
inc h, PHB

8 - 1 4



TM 11-6625-1722-15

FIGURE FO-5. HIGH VOLTAGE ASSEMBLY

Q
lndox Tektronix Serial/ Model  No. t
No. Part No. Eff Disc

Description
Y 12345

7

8
~
10
11
12

13
14

15

16
17

22

23

621-0424-01

-kin-i
179-09BB-01
3B1 -0243-00
392-0169-00

. .
-1 ;&l %00
124-0175-00

;1; G

392-0170-00
. .

-v-til k-oo
124-0164-00
131-0227-00
131-0359-00
35B-0176-LM

210-0966-00
. . . . . .

;1-=
21 0-0%3-00

3460032-00
-- . . . .

;1; ~5~2-&
210-0869-00
35B-0231  -00

337-0752-00

ili-b3G

3
1

i
1

4
1

2
2
4

ASSEMBLY,  high voltage
assembly  inc ludes:
HOUSING, p lostic
CABLE HARNESS
BAR, heat sink
BOARD, high voltage, p lastic

board  inc ludes:
STRIP,  c eramic , ~lA inc h h, w/ 4  notc hes
STRIP,  c eramic , 7,6 inc h h, w/ 2 notc hes

mounting  hardware: (not inc luded  w/ board )
SCREW, 4-40 x 1/ 2 inc h, BH p lastic

BOARD, high voltage, p lastic
board  inc ludes:
STRIP,  c eramic , 2 notc hes
STRIP,  c eramic , 4 notc hes
CONNKTOR,  termina l stand  off
CONNECTOR,  termina l feed  thru
BUSHING, p lastic  (not  shown)

WASHER,  rubber
RESISTOR,  variab le
mounting  hardware: (not inc luded  w/ resistor)
LOCKWASHER,  interna l,  1/ , ID x 0.400 inc h OD
NUT, hex.,  1/ .-32 x ‘ / 14 inc h

STRAP,  rubber
TRANSFORMER
mounting  hardware: (not inc luded  w/ transformer)
SCREW, 6-32 x 2 inc hes, PHS
WASHER,  p lastic ,  ‘ / 32 ID x ~/ 8 inc h OD
BUSHING, rubber

COVER,  p lastic , high voltage supp ly
mounting  hardware: (not  inc luded  (w/ c over)
SCREW, 6-32 x 2 inc hes, PHS

SHIELD,  high  voltage  supp ly
mounting  hardware: (not  inc luded  w/ shield )
SCREW, 6-32 x %4 inc h, PHS (not  shawn)

8 - 1 5



TM 11-6625-1722-15

FIGURE FO-6. REAR CHASSIS

Q
Index Tektronix Serial/Model  No. t
No. Part No. Eff Disc Description

Y 12345

1 441-0719-00

2 211-0504-00
a5-0433-oo

3 369-00;5~O0
---- -

213-0126-00
4 407-0308-01
5 147-0027-00

---- .
6 211 -OOOd-00
7 210-0054-00

.-. . --
8 211-0012-00
9 210-0851-00
10 348-0093-00
11 220-0471-00

12 380-0114-00
13 ------

. . . . .-
14 213-0044-00

15 ------
. . . . . .

16 211-0510-00
17 387-0345-00
19 210-0802-00
18 210-0811-00
20 210-0202-00
21 210-0006-00
22 210-0407-00

23 ------

21 O-0223-_OO
24 210-0940-00
25 210-0583-00

26 352-0031-00
. . . . . .

27 211-0507-00

28 358-0215-00

1

2
1

1

1
1
1

3
3

1
1

2

3

2
1
2
2
1

;

1

i
1
1

1

1

2

CHASSIS, rear

SCREW, 6-32  x 1/ 4 inc h, PHS
ASSEM8LY, fan

assemb ly  inc ludes:
IMPELLER,  fan, axia l

impeller  inc ludes:
SCREW, set, 6-32  x 0.250  inc h, HSS

BRACKET, fan motor
MOTOR, fan
mounting  ha rdware:  (not  inc luded  w/ motor)
SCREW, 4-40 x l/ , inc h, PHS
LOCKWASHER, #4 sp lit

mounting  ha rdware:  (not  inc luded  w/ assemb ly)
SCREW, 4-40 x 3/ 8 inc h, PHS
WASHER, fla t,  0.119  ID x 3/ 8 inc h OD
GROMMET,  rubber,  shoc k mount, 0.140  ID x 0.375  inc h OD
NUT, stepped , round ,  4-40  x 0.217  inc h long

HOUSING, a ir flow
SWITCH, thermosta tic
mounting  ha rdware:  not  inc luded  w/ switc h]
SCREW, thread  c utting , 5-32  x 3/ lA inc h, PHS

TRANSISTOR
mounting  ha rdware  for eac h: (not inc luded  w/ transistor)
SCREW, 6-32  x 3/ 8 inc h, PHS
PLATE, insula tor
WASHER, fiber,  shouldered ,  #6
WASHER, fla t,  0.150 ID x 5/ 1, inc h OD
LUG, solder,  SE #6
LOCKWASHER, interna l,  #6
NUT, hex.,  6-32  x 1/ 4 inc h

RESISTOR, va riab le
mounting  ha rdware:  (not  inc luded  w/ resistor)
LUG, solder,  1/ 4 ID x ~lt  inc h OD, SE
WASHER, fla t,  l/ d  ID x 3/ 8 inc h OD
NUT, hex.,  1/ 4-32 x 5/ 14 inc h

HOLDER,  fuse single
mounting hardware: (not included w/holder)
SCREW, 6-32  x 5/ ,4 inc h, PHS

BUSHING, p lastic

8 - 1 6



TM 11-6625-1722-15

FIGURE FO-6. REAR CHASSIS (c o n t )

Q
Index  Tektronix Seria l/ Model No. t
No. Pa rt  No. Eff Disc

Desc rip tion
Y 12345

214-0210-00

ili-02&:oo

36;  -047;&

ASSEMBLY,  solder  spool
assembly  inc ludes:
SPOOL, solder

mounting  hardware: (not  inc luded  w/ assembly)
SPACER, p lastic ,  0.156 inc h long

29

30

1

i

i

1 STRIP,  c eramic , ~ld  inc h h, w/ 13 notc hes
strip  inc ludes:
STUD,  p lastic

mounting  hardware: (not  inc luded  w/ strip )
SPACER, p lastic ,  0.156 inc h  long

31 124-0145-00

35i-&4Loo

36;  -k7~&

2

2

2

STRIP,  c eramic , ~1~ inc h  h, w/ 20 notc hes
eac h strip  inc ludes:
STUD,  p lastic

mounting  hardware  fa r eac h: (not  inc luded  w/ strip )
SPACER, p lastic ,  0.156 inc h long

LUG, solder, SE #6
mounting  hardware: (not  inc luded  w/ lug)
SCREW, thread  forming,  5-32 x s/ lA  inc h, PHS

32

33

210-0202-00

;13-00L:4

348-0063-00
348-0064-00
407-0143-00

21;  -044:00

5
2
1

4

GROMMET,  p lastic ,  1/ 2 inc h
GROMMET,  p lastic ,  % inc h
BRACKET, regula tor
mounting  hardware: (not  inc luded  w/ brac ket)
SCREW, 6-32 x 1/ 4 inc h, PHS -

GROMMET,  p lastic ,  0.354 ID x 0.406 inc h OD
RESISTOR
mounting  hardware  for eac h: (not  inc luded  w/ resistor)
SCREW, 6-32 x 5/ ,, inc h, PHS

37
38

348-0056-00
. . . . . -

21;  -0507:&
210-0478-00
210-0601-00
211-0553-00

1
2

i
1
1

39
40 NUT, hex., ‘ / l.d  x ‘ i/ ~2 inc h long

EYELET
SCREW, 6-32 x 11/ 2 inc h, RHS

41 214-0289-00

220-04;O;k

2 HEAT SINK, transistor
mounting  hardware  for eac h: (not inc luded  w/ hea t  sink)
NUT, keps, 10-32x  ‘3/ e inc h1

CABLE HARNESS,  regula tor  b rac ket
STRIP,  c eramic , ~ld  inc h h, w/ 13 notc hes

strip  inc ludes:
STUD,  p lastic

mounting  hardware: (not  inc luded  w/ strip ]
SPACER, p lastic ,  0.406 inc h long

42
43

179-0991-01
124-0147-00

iis-kk:i

36; -ti~&

1
1

2
2

8 - 1 7
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F IGURE  F O-6. REAR CHASSIS (c ont)

Q
Index Tektronix Seria l/ Model No. T
No. Part No. Eff Disc

Desc rip tion
Y 12345

44 124-0119-00

355-0046~00
. . . . . .
316-0007-00

45 ------
-.. . . .

46 211-0510-00
47 386-0143-00
48 210-0983-00

210-0802-00
49 210-0202-00

210-0006-00
50 2J  0-0407-00

51 670-0415-00
---- .-
388-0642-00

;88-06;2~Ol”
52 214-0506-00
53 136-0183-00
54 136-0220-00

55 21_l -Ooio:oo
56 214-0781-00

57 343-0088-00
58 179-0987-02
59 407-0146-00
60 407-0147-00
61 670-0416-00

388-O&~Ol_
62 214-0506-00
63 136-0220-00
64 344-0119-00

65 21_l -01; 6~00

66 ------
. . . . . .

67 212-0576-00 20000
212-0553-00 25610

68 220-0410-00

69 407-0323-00
. . . . . .

70 212-0004-00

25609

1

i

i

1

2
1
2
2
1
1
2

1

1

i
21

4
4

3
3

6
1
1
1
1

i
6
6
4

4

1

4
4
4

1

4

STRIP,  c eramic , ~14 inc h  h, w/ 2 notc hes
strip  inc ludes:
STUD,  p lostic

mounting  hardware:  (not  inc luded  w/ strip )
SPACER, p lastic ,  0.188 inc h  long

TRANSISTOR
mounting  hardware:  (not  inc luded  w/ transistor)
SCREW, 6-32 x 3/ 8 inc h, PHS
PLATE, mic a  insula tor
WASHER,  shouldered
WASHER,  fla t, 0.150 ID x s/ id  inc h  OD
LUG, solder, SE #6
LOCKWASHER,  interna l,  #6
NUT, hex., 6-32 x 1/ 4 inc h

ASSEMBLY,  c irc uit boa rd—LOW  VOLTAGE  REGULATOR
assembly  inc ludes:
BOARD, c irc uit

board  inc ludes:
BOARD, c irc uit,  w/ o p ins
PIN, c onnec tor

SOCK13, transistor,  3 p in
SOCKET,  transistor,  3 p in

mounting  hardware:  (not  inc luded  w/ board )
SCREW, 4-40 x 1/ 4 inc h, BH p lastic
INSULATOR, p lastic

CLAMP, cable,  small
CABLE HARNESS,  low  voltage regulator
BRACKET,  upper, vertical preamp board
BRACKET,  upper, vertical preamp board
ASSEMBLY,  circuit board—VERT OUTPUT AMP

assembly  includes:
BOARD,  circuit
PIN, connector
SOCKET,  transistor,  3 pin
CLIP, electrical

mounting  hardware: (not included w/ assembly)
SCREW,  4-40 x 5/ 16 inch, PHS w/ loc kwasher

TRANSFORMER
mounting  hardware: (not included w/ transformer)
SCREW,  10-32 x 13/ 0 inches,  HHS
SCREW,  10-32 x 11/ 2 inches,  RHS
NUT, keps,  10-32x s/ a  inch

BRACKET,  transformer
mounting  hardware: (not included w/ bracket)
SCREW,  8-32 x 5/ lJ inch, PHS

8 - 1 8
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FIGURE FO-6. REAR CHASSIS (cont)

Q
index  Tektronix Serial/Model No. t
No. Part No. Eff Disc

Description
Y 12345 -

71

72
73

352-0031-00

21-1 -048;4
210-0006-00
210-0407-00

2 HOLDER,  fuse, single
mounting hardware  for each:  (not included w/holder)
SCREW,  6-32 x s/id inch, 100”  csk, FHS
LOCKWASHER,  internal,  #6
NUT, hex., 6-32 x 1/, inch

2
2

74 2

75 670-0414-04

ii-~1 :&
214-050$00
214-0579-00
136-0183-00
136-0220-00
. . . . . .
211-0116-00

1

1-
20
3
4
4

3

ASSEM8LY, circuit boord-Z  AXIS
assembly includes:
BOARD,  circuit
PIN, connector
PIN, test point
SOCKET,  transistor,  3 pin
SOCKET,  transistor,  3 pin

mounting hardware: (nat included w/socket)
SCREW,  sems,  4-40x  ‘/lt inch, PH8

76
77
78
79

80

81 179-0995-02
. . . . . .
131-0371-00

CA8LE HARNESS,  A sweep
cable harness includes:
CONNECTOR,  single  contact,  female

PLATE,  center bulk head82
83

386-0202-01
348-0064-00
348-0056-00
348-0055-00
131-0181-00

34-01 &:&

1
2 GROMMET,  plostic,  ‘/s inch

GROMMET,  plastic, 0.354 ID x 0.406 inch OD
GROMMET,  plastic, 1A inch
CONNECTOR,  terminal,  standoff
mounting hardware: (not included
BUSHING, plastic

iii
85
86

2
1
1

w/connector)

w/clamp)

i

87 343-m-oo 1 CLAMP, cable, %4 inch
mounting hardware: (not included
SCREW,  &32  x 5/16 inch, PHS
WASHER,  “D” type, 0.191  ID x ss/d4 x 3s/A4  inch long
NUT, keps, 6-32x s/16 inch

21;  -047:&
210-0863-00
210-0457-00

POST,  terminal, tie off
mounting hardware for each: (not included w/post)
SPACER,  plastic, 0.188 inch long

91 129-0069-00

36; ~7;&

3

1-

92 210-0201-00

i13ti:i

1 LUG,  solder, SE #4
mounting  hardware: (nat included  w/lug)
SCREW,  thread forming,  5-32 x 3/1’ inch, PHSi

93
94

214-0317-00
352-0062-00

;1; &h-
211-0012-00
210-0004-00
210-0406-00

2
2

2
2
4
4

HEAT SINK
HOLDER,  heat sink
mounting hardware for each: (not included w/holder)
SCREW,  sems, 4-40x ‘/16 inch, PHS
SCREW,  4-40 x ~/@ inch, PHS
LOCKWASHER,  internal, #4
NUT, hex., 4-40 x 3/16 inch

8 - 1 9
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F I G U R E  F O - 6 . REAR CHASSIS (cont)

Q
Index Tektronix Serial/Model No. t
No. Part  No. Eff Disc Description

Y 12345

95 343-0097-00
96 214-0368-00

210-0627-00
97 210-0599-00

98 202-0142-01

99 210-0504:00

100 343-0013-00
. . . . .-

101 211-0507-00
102 210-0863-00
103 210-0473-00

104 ------
---- .-
211-0504-00
210-0006-00
210-0407-00

105 407-0145-00
. . . . . .

106 358-0282-00
. . . . . .
211-0097-00
210-0851-00
210-0935-00
211-0507-00
213-0049-00

107 348-0055-00

2
4
2
4

1

6

3

1
1
1

1

2
2
2

1

1

i
1
1
1
1

2

CLAMP, heat  sink
SPRING, heat sink
RIVET, heat  sink (not shown)
NUT, sleeve

BOX, high voltage
mounting  hardware:  (not included  w/box)
SCREW, 6-32 x 1/, inch, PHS

CLAMP, cable,  3/8 inch
mounting  hardware  for each: (not included  w/clamp)
SCREW, 6-32 x ‘/lA inch, PHS
WASHEfS, “D” type,  0.191 x ss/64 x ss/A4 inch long
NUT, keps, 12 sided, ‘5/sz-32 x 0.634 inch

CAPACITOR
mounting  hardware:  (not included  w/capacitor)
SCREW, 6-32 x 1/, inch, PHS
LOCKWASHER, internal,  #6
NUT, hex., 6-32 x 1/4 inch

BRACKET, delay  line
bracket  includes:
BUSHING,  insulating

mounting  hardware:  (not included  w/bracket)
SCREW, 4-40 x ‘/,6 inch
WASHER,  flat, 0.119 ID x s/B inch OD
WASHER,  fiber,  0.140 ID x 0.375 inch OD
SCREW, 6-32 x 5/if inch, PHS
SCREW, 6-32 x 5/,4 inch, HHS

GROMMET, plastic,  1/, inch

8 - 2 0
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Index Tektronix
Part No.~~

119-0029-00

10B -ti&9%
109 200-04B2-00

-,- - - - -
110 211-0513-00

21 W407-00

111 131-0272-00

;l i-& 7& i
210—m4—00

112 21 O—O4WOO

113 131-0271-00

;1; G%
21tmM4-00
21 O-O4WOO

114 131-0157-00
131-015B-00

115 211-0517-00
210-0407-00

ili&b%

FIGURE FO-6. REAR CHASSIS (c ont)

Q
SeriaVMadel  No. t

Eff Disc Y
Description

12345

1

1-
1

i
4

1

i
1
1

1

i
1
1

2
2
1
1

1-

ASSEMBLY,  delay line
assembly  inc ludes:
HOUSING, delay  line
COVER,  delay  line
mounting  hardware: (not,  inc luded  w/ c over)
SCREW, 6-32 x 5/ 8 inc h, PHS
NUT, hex.,  6-32 x 1/ 4 inc h

CONNECTOR,  left  hand  mounting
mounting  ha rdware  (not inc luded  w/ c onnec tor)
SCREW,  4-40 x ‘ / 16 inc h, PHS
LOCKWASHER,  interna l,  #4
NUT, hex.,  4-40 x 3/ 16 inc h

CONNECTOR,  right hand  mounting
mounting  hardware: (not  inc luded  w/ c onnec torJ
SCREW,  4-40 x 5/ lA inc h, PHS
LOCKWASHER,  interna l,  #4
NUT, hex.,  4-40 x 3/ 14 inc h

CONNECTOR,  termina l  standoff
CONNECTOR,  termina l,  feed-thru
SCREW,  6-32 x 1 inc h, PHS
NUT, hex.,  6-32 x 1A inc h

mounting  hardware: (not  inc luded  w/ assembly)
NUT, keps, 6-32x $/ ld inc h

8 - 2 1
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FIGURE FO-7. CABINET & FRAME

Q
Index  Tektronix Seria l/ Model No. t
No. Pa rt  No. Eff Disc Description

Y 12345

1 200-0633-02
. ..-. -

2 214-0531-01
3 348-0013430
4 214-0755-00
5 252-0571-00
6 348-0091-00
7 200-0710-00

8 ;5;-&3:&
9 204-0282-00
10 214-0787-00
11 348-0118-00
12 386-1177-00
13 348-0080-01

----- .
210-0005-00

14 211-0504-00

15 386-1178-00
16 367-0058-00

. . . . . -
17 211-0512-00

18 200-0602-00
19 214-0516-00
20 214-0578-00
21 214-0513-00

;1 i-ii i9:oi’

22 214-0910-01
354-0175-00

23 426-0260-00
. .

24 ;l;-~5:0-00
212-0506-00

25 426-0317-01
26 348-0078-00

348-0078-01
27 348-0079-00

348-0079-01
28 212-0082-00

212-0001-00
129-0146-00

29 129-0020-00

i&-io;2-’bo-
355-0503-00

30 ;2;-04;O&

20000
23180

20000
22990
20000
22990
20000
22990
)(22990

1

:
2

FT
1
1

1
1
1
1
1
4

1
1

;

4

2
2
2

23179 4
4

1
22989 4

4
22989 4

4
22989 4

4
4

1

i
1

i

ASSEMBLY,  front cover (type  453 only)
assembly  inc ludes:
LATCH ASSEMBLY
FOOT,  rubber
PIN, hinge, p lastic
EXTENSION, neopre~e, 3 feet
CUSHION,  cover, bottom
DOOR, ac c essory  storage

door inc ludes:
HOLDER, fuse  storage
BODY, la tc h
STEM,  la tc h
CUSHION,  cover

PLATE, c ab inet, bottom
FOOT,  rubber
mounting  hordware  for eac h: (not  inc luded  w/ foot)
LOCKWASHER,  externa l,  #6
SCREW, 6-32 x ‘ / 4 inc h, PHS.

PLATE, c ab inet, top
HANDLE,  carrying
mounting  hardware: (not  inc luded  w/ hand le)
SCREW, 6-32 x l/ z inc h, 100”  c sk, FHS

COVER, hand le
SPRING,  hand le  index
HUB,  index  hand le
INDEX,  hand le  ring
mounting  hardware  for eac h: (not  inc luded  w/ hub)
SCREW, hex., soc ket head , l/ 4-20 x 3/ 4 inc h

SCREW, c ab inet  la tc h
RING,  reta ining
FRAME, ra il
mounting  hardware  for eac h: (not  inc luded  w/ frame)
SCREW, 10-32 x 5/ id  inc h, 100”  c sk, FHS
SCREW, 10-32 x 3/ 8 inc h, 100”  c sk, FHS

FRAME, c ab inet, rear
FOOT,  body  & cord  holder
FOOT,  body & cord  holder
FOOT,  c ap
FOOT,  c ap
SCREW, 8-32 x 11/ 4 inc hes, PHS
SCREW, 8-32 x 1/ , inc h, PHS
POST,  meta l,  3/ d  inc h  long  (not  shown)

POST, b ind ing
post inc ludes:
CAP, b ind ing  post
STEM, adapter

mounting  hardware: (not  inc luded  w/ post)
NUT, keps,  10-32x  t/ a  inc h

8 - 2 2
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FIGURE FO-7. CABINET & FRAME

Q
Index  Tektronix Serial/Madel No. t
No. Part No. Eff Disc Y

Description
12345

al

32

33

34
35

36

37

38

39
40
41

42

43

47

50

129-0064-00

iil-iilill ii
210-0203-00
210-0457-00

346-0043-00
386-1187-00

;1; i&5:i

358-0323-00
161-0033-00
204-0279-00

;1 i)-(kim
210-0407-00

200-0704-00

isiiil ik:oli

ili-iltiti
378-003$01
380-0082-00

i13-iili7&i

179-1140-00
343#04-oo

ii ;5ioM
210-0863-00
210-0457-00

1

;
1
1

1
1
1

2
2

1
1

i
1
1

POST,  binding
mounting hardware: (not included w/post)
BUSHING, plastic
LUG, solder, SE #6 long
NUT, keps, 6-32x  s/16 inch

STRAP,  ground
PLATE,  rear panel
mounting hardware: (not included w/plate)
SCREW, 6-32 x l/i inch, THS

PLATE
mounting hardware: (not included w/plate)
SCREW, 6-32 x 1/, inch, PHS

FASTENER,  pawer cord
CORD, power,  3 conductor
BODY,  line voltage selectar
mounting hardware: (nat included w/body)
LOCKWASHER,  internal,  #6 (not shown)
NUT, hex., 6-32 x 1A inch (nat shown)

COVER,  line voltage selector
cover includes:
HOLDER,  fuse, plastic
mounting hardware far edch:  (not included w/holder)
SCREW,  thread cutting, 4-40 x 1/4 inch (not shown)

FILTER, air
HOUSING,  fan filter
mounting hardware: (not included w/housing)
SCREW,  thread forming,  4-40 x ‘/z inch, FHS

CABLE HARNESS,  w/connector, line voltage selector
CLAMP, cable, plastic, ‘/ld inch diameter
mounting hardware: (not included w/clamp)
SCREW,  6-32 x 3/8 inch, PHS
WASHER,  “D”  shape, 0.191  ID x 3s/t4  x 33/c4 inch long
NUT, keps, 6-32x  s/14 inch

8 - 2 3
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FIGURE

Index  Tektronix Seria l/ Model No.
No. Part  No. Eff Disc Y 17345 /

FO-8. TYPE R453

Q
t Desc rip tion

1 ..-. --
426-0297-00

; 386-1059-00
----- -

4 211-0503-00

5 386-1063-00
---- --

6 212-0002-00

7 386-1062-00

8 ;1;-0002:00

9 200-0668-00
. . . . .-

10 212-0001-00
211-0502-00

11 200-0667-00
----- .

12 212-0001-00
13 211-0502-00

14 386-1064-00
. ..- . .

15 212-0043-00
16 212-0040-00
17 212-0023-00
18 210-0458-00

19 351-0104-00
20 426-0291-02

22 426-0291-01

23 ;1 ;-OO~O;~

1
1
1

3

1

1

1

1

1

2
1

1

1

4
1
1
6

1
1

4

1

4

TYPE 453 OSCILLOSCOPE
FRAME, front
PLATE, shield
mounting  hardware:  (not  inc luded  w/ p la te)
SCREW, 6-32 x 3/ ,6 inc h, PHS

PLATE, front  frame  bac king, top
mounting  hardware:  (not  inc luded  w/ p la te)
SCREW, 8-32 x 1/ 4 inc h, 100”  c sk, FHS

PLATE, front  frame  bac king, bottom
mounting  hardware:  (not  inc luded  w/ p la te) “
SCREW, 8-32 x 1/ 4 inc h, 100° c sk, FHS

COVER, bottom
mounting  hardware:  (not  inc luded  w/ c over)
SCREW, 8-32 x 1/ , inc h, PHS
SCREW, 6-32 x 3/ ,6 inc h, 100”  c sk, FHS (not  shown)”

COVER, top
mounting  hardware:  (not  inc luded  w/ c over)
SCREW, 8-32 x 1/ 4 inc h, PHS
SCREW, 6-32 x 3/ lA inc h, 100° c sk, FHS

PLATE, side
mounting  hordware:  (not  inc luded  w/ p la te)
SCREW, 8-32 x 1/ 2 inc h, 100”  c sk, FHS
SCREW, 8-32 x 3/ L7 inc h, 100”  c sk, FHS
SCREW, 8-32 x 3/ s inc h, PHS
NUT, keps,  8-32x 11/ 3z inc h

GUIDE,  w/ mounting  hardware  (poir)
FRAME,  support,  right
mounting  hardware:  (not  inc luded  w/ frame)
SCREW, 8-32 x ‘ / 8 inc h, 100”  c sk, FHS

FRAME,  support,  left
mounting  hardware: (not  inc luded  w/ frame)
SCREW, 8-32 x 3/ 0 inc h, 100”  c sk, FHS

8 - 2 4
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FIGURE FO-8. TYPE R453 (cont)

Q
index  Tektronix Serial/Model No. t
No. Part No. Eff Disc

Description
Y 12345

24 213-0129-00
25 361-0120-00
26 386-1061-00

27 ili -&&s

28 358-0215-00
29 211-0507-00
30 134-0067-00
31 386-1261-00
32 212-0010-00
33 210-0808-00

34 ;l i ~47&-
35 210-0457-00

36 386-1066-OO

37 iliti:i

4
2
1

i

1
1
4
1
4
1

;
1

SCREW,  ‘A-20 x ~/4 inch, HSS
SPACER,  stepped
PLATE,  hinge
mounting hardware  (not included w/plate)
SCREW,  6-32 x 3/16 inch, PHS

BUSHING,  black plastic
SCREW,  6-32 x ‘/16 inch, PHS
PLUG, gray plastic
PLATE,  rear
SCREW,  8-32 x ‘/8 inch, PHS
WASHER,  centering
mounting hardware: (not included w/washer)
SCREW,  6-32 x ‘/Id inch, PHS
NUT,  keps, 632x ‘/,6 inch

PLATE,  pin retaining
mounting hardware for each: (not included  w/plate)
SCREW,  8-32 x % inch, PHS

HANDLE
mounting hardware  for each: (not included w/handle)
SCREW,  10-32  x % inch, HHS

8 - 2 5





T M  1 1 - 6 6 2 5 - 1 7 2 2 - 1 5

S E C T I O N  9

DIAGRAMS

T h i s  s e c t i o n  c o n s i s t s  o f  t h e  f o l l o w i n g  f o l d - o u t  d i a g r a m s  ( a p p l i c a b l e  t o

e q u i p m e n t s  s e r i a l - n u m b e r e d  2 0 , 0 0 0  a n d  u p )  l o c a t e d  a t  t h e  b a c k  o f  t h e  t e x t .

F O - 1 0  B l o c k  D i a g r a m F O - 2 1  B  S w e e p  C e n e r a t o r

F O - 1 1  C h a n n e l  1  V e r t i c a l  P r e a m p F O - 2 2  A a n d  B  T i m i n g
S w i t c h

F O - 1 2  C h a n n e l  1  A t t e n u a t o r s F O - 2 3  H o r i z o n t a l  A m p l i f i e r

F O - 1 3  C h a n n e l  2  V e r t i c a l  P r e a m p F O - 2 4  H o r i z o n t a l  D i s p l a y
S w i t c h

F O - 1 4  C h a n n e l  2  A t t e n u a t o r s F O - 2 5  Z  A x i s  A m p l i f i e r

F O - 1 5  V e r t i c a l  S w i t c h i n g FO-26  CRT Circu it

F O - 1 6  V e r t i c a l  O u t p u t  Am p l i f i e r F O - 2 7  P o w e r  S u p p l y  a n d
D i s t r i b u t i o n

F O - 1 7  T r i g g e r  P r e a m p F O - 2 8  C a l i b r a t o r

F O - 1 8  T r i g g e r  G e n e r a t o r  ( A )

F O - 1 9  A  S w e e p  G e n e r a t o r

F O - 2 0  T r i g g e r  G e n e r a t o r  ( B )

9 - 1
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S E C T I O N  1 0

R A C K M O U N T I N G

Intro d uc tio n

The Tektronix Type R453 Osc illosc ope is designed  to mount
in a  standard  19-inc h rac k. When mounted  in ac c ordanc e
with the following mounting  p roc edure this instrument will
meet a ll elec tric a l and  environmenta l c harac teristic s g iven
in Sec tion 1 of this manua l.

Ra c k  Dim e nsio ns

Height. At least seven inc hes of vertic a l spac e is required
to  m o unt  th is inst rum e nt  in  a  ra c k.

Width. Minimum wid th of the opening between the left
and  right front ra ils of the rac k must be
a llows room on eac h side of the instrument for the slide-out
trac ks to opera te freely, permitting  the instrument to move
smoothly in and  out of the rac k.

Depth. Tota l dep th nec essary to mount the Type R453
in a  c ab inet rac k is 18 inc hes. This a llows room for a ir c ir-
c ula tion, power c ord  c onnec tions and  the nec essary mount-
ing  ha rdware.

Slid e - o ut Tra c k s

Fig . 10-1 shows the Type R453 insta lled  in a  c ab inet-type
rac k. The slide-out trac ks p rovided  with the Type R453 per-
mit it to be extended  out of the rac k for ma intenanc e or
c a lib ra tion without removing the instrument from the rac k.
In the fully extended  position, the Type R453 c an be tilted
up  so the bottom of the instrument c an be reac hed  for
ma intenanc e or c a lib ra tion. To opera te the Type R453 in the
extended  position, be sure the power c ord  and  any inter-
c onnec ting  c ab les a re long enough for this purpase. When
not extended , the instrument is held  in the rac k with four
sec uring sc rews (see Fig . 10-1A).

The slide-out trac ks c onsist of two assemb lies-one for the
left side of the instrument and  one for the right side. Fig .
10-2 shows the c omp lete slide-out trac k assemb lies. The
sta tionary sec tion of eac h assembly a ttac hes to the front and
rea r ra ils of the rac k, and  the c hassis sec tion is a ttac hed  to
the instrument. The intermed ia te sec tian slides between the
sta tiona ry and  c hassis sec tions and  a llows the Type R453 to
be extended  out of the rac k. When the instrument is ship -
ped , the sta tionary and  intermed ia te sec tions of the trac ks
are pac kaged as matc hed  sets and  should  not be separa ted .
Ta  identify the left or right assemb ly, note the position of the
automatic  la tc h (see Fig . 10-2). When mounted  in the rac k,
the automatic  la tc h should  be a t the top  of both assemb lies.
The c hassis sec tions a re insta lled  on the instrument a t the
fa c to ry.

The hardware needed  to mount the slide-out trac ks is
shown in Fig . 10-3. Sinc e the ha rdware supp lied  is intended  to
make the trac ks c ompatib le with a  va riety of c ab inet rac ks
and  insta lla tion methods, not a ll of it w ill be needed  for this

insta lla tion. Use only the ha rdware tha t is required  for the
mounting  method  used .

M o u n t in g  Pro c e d u re

The following mounting  p roc edure uses the rea r support
kit (see Fig . 10-4 and  10-7] to meet the environmenta l c har-
ac teristic s of the instrument (shoc k and  vib ra tion). Two a lter-
na tive mounting  methods a re desc ribed  a t the end  of this
p roc edure. However, when mounted  ac c ord ing to these
a lterna tive methods, the instrument may not meet the g iven
environmenta l c ha rac teristic s for shoc k and  vib ra tion.

The mounting  flanges of the sta tionary sec tions may be
mounted  in front of or behind  the front ra ils of the rac k,
depend ing on the type of rac k. If the front ra ils of the rac k
are tapped for 10-32 sc rews, the mounting flanges are p lac ed
in front of the ra ils. If the front ra ils of the rac k a re not tap -
ped  for 10-32 sc rews, the mounting flanges are p lac ed  behind
the front ra il and  a  ba r nut is used . Fig . 10-5 shows these
methods of mounting  the sta tionary sec tions.

The rea r of the sta tionary sec tions must be firmly sup-
ported  to p rovide a  shoc k-mounted  insta lla tion. This rea r
support must be loc a ted  17.471 inc hes, ±0.031 inc hes, from
the outside surfac e of the front ra il when the mounting flange
is mounted  outside of the ra il, or 17.531 inc hes, ±0.031
inc hes, from the rear surfac e of the front ra il when the mount-
ing  flange is mounted  behind  the front ra il. If the c ab inet
rac k does not have a  strong supporting  member loc a ted  the
c orrec t d istanc e from the front ra il, an add itiona l support
must be added . The instrument will not meet the environ-
menta l spec ific a tions unless firmly supported  a t this point.
Fig . 10-4 illustra tes a  typ ic a l rea r insta lla tion using  the rea r
support kit and  g ives the nec essary d imensions.

Use the following p roc edure to insta ll the Type R453 in
a  rac k:

1. Selec t the p roper front-ra il mounting  holes for the sta -
tionary sec tions using the measurements shown in Fig . 10-6.

2a . If the mounting  flanges of the sta tionary sec tions a re
to be mounted  in front of the front ra ils (ra ils tapped  for
10-32 sc rews), mount eac h sta tionary sec tion as shown in
Fig . 10-5A.

2b . If the mounting  flanges of the sta tionary sec tions a re
to be mounted  behind  the front ra ils (ra ils not tapped  for
10-32 sc rews), mount eac h sta tionary sec tion as shown in
Fig . 10-5B.

3. Attac h an ang le b rac ket to both rea r ra ils of the rac k
through the spac er b loc k, sta tiona ry sec tion and  into the rea r
ra il of the rac k. Note tha t the holes in the spac er b loc k
are not c entered . Be sure to mount the b loc k with the nar-
row edge toward  the front of the rac k; otherwise, the instru-
ment may not slide a ll the way into the rac k. Do not tighten
the mounting sc rews. Fig . 10-7 shows the parts in the rear
support kit and  the order in whic h they a re assemb led .
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4. Assemb le the support p in to the ang le b rac ket in the
order shown in Fig . 10-7. Leave the spac er (washer) off,
but insta ll the neoprene washer.

5. Insta ll a  support b loc k on eac h side of the instrumenta l
shown in Fig . 10-8.

6. Refer to Fig . 10-9 to insert the instrument into the rac k.
Do not c onnec t the power c ord  or insta ll the sec uring  sc rews
until a ll ad justments have been made.

7. With the instrument pushed  a ll the way into the rac k,
ad just the ang le b rac kets so the neoprene washers on the
support p ins a re sea ted  firmly aga inst the rea r of the instru-
ment and  the support p ins a re c orrec tly positioned  in the
support b loc k on the rea r of the instrument. Tighten a ll
sc rews.

8. Pull the instrument pa rtia lly out of the rac k.

9. Remove the neoprene washers from the support p ins and
p lac e the spac ers on the p ins. Rep lac e the neoprene washers.

10. Position the instrument so the p ivot sc rews (widest
pa rt of instrument) a re approximately even with the front
ra ils.

11. Ad just the a lignment of the sta tionary sec tions ac -
c ord ing to the p roc edure outlined  in Fig . 10-10. (If the rear
a lignment is c hanged , rec hec k the rea r support p ins for
c orrec t a lignment.)

12. After the trac ks opera te smoothly, c onnec t the power
c ord  to the power sourc e.

13. Push the instrument a ll the way into the rac k and
sec ure it to the rac k with the sec uring sc rews and  washers as
shown in Fig . 10-9C.

NO TE

The sec uring  sc rews a re an important pa rt of the
shoc k-mounted  insta lla t ion. If the  front ra ils a re
no t ta p p ed  fo r the  10-32 sec uring  sc rews, o ther
means must be p rovided  for sec uring  the instrument
to  the  ra c k.

A lte rn a t iv e  Re a r M o u n t in g  M e th o d s

C A UTIO N

Altho ug h the  fo llo w ing  m e tho d s p ro v id e  sa t is-
fa c to ry mounting  und er no rma l c ond it ions, they
d o  no t p rovid e  so lid  sup p ort a t the  rea r o f the
instrument. If the instrument is sub jec ted  to severe
shoc k o r vib ra t ion w hen mounted  using  the  fo l-
lowing  methods, it may be damaged .

An a lterna tive method  of supporting  the rea r of the instru-
ment is shown in Fig . 10-11. The  rea r sup p ort b ra c ke ts
supp lied  with the instrument a llow it to be mounted  in a  rac k
whic h has a  spac ing between the front and  rea r ra ils of 11
to 24 inc hes. Fig . 10-11A illustra tes the mounting method
if the rea r ra ils a re tapped  for 10-32 sc rews, and  Fig . 10-
11 B illustra tes the mounting  method  if the rea r ra ils a re
not tapped  for 10-32 sc rews. The rea r support kit is not
used  for this insta lla tion.

If the rac k does not have a  rea r ra il, of if the d istanc e
between the front and  rea r ra ils is too la rge, the instrument
may be mounted  without the use of the slide-out trac ks.
Fasten the instrument to the front ra ils of the rac k with the
sec uring  sc rews and  washers. This mountina  method  should
be used  only if the instrument will not be sub jec ted  to shoc k
or vib ra tion and  if it is insta lled  in a  sta tiona ry loc a tion.

Re m o ving  o r Insta lling  the  Instrum e nt

After initia l insta lla tion and  ad justment of the slide-out
trac ks, the Type R453 c an be removed  or insta lled  by fo l-
lowing the instruc tions g iven in Fig . 10-9. No further ad -
justments a re required  under norma l c ond itions.

Slid e - o ut Tra c k  Lub ric a tio n

The slide-out trac ks norma lly require no lub ric a tion. The
spec ia l finish on the slid ing  surfac es p rovides permanent
lub ric a tion. However, if the trac ks do not slide smoothly
even a fter p roper ad justment, a  thin c oa ting  of pa ra ffin rub -
bed  onto the slid ing  surfac es may improve opera tion.
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Fig. 10-2.
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Fig. 10-3. Hardw are needed to mount  the instrument  in the cabinet rack.

Fig. 1 0 -4 .  Support ing t he  re a r of t he  st a t iona ry se c t ions: (A) Dimensions necessary; (B) completed installat ion.
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Fig. 10-5. Methods of mount ing the stat ionary sect ion to the front  ra ils.

Fig. 10-6. Locat ing the mount ing holes for the left  stat ionary sect ion. Same dimensions apply to right  stat ionary sect ion.
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Fig. 10-7. Rear support kit.

Fig. 10-8. Installing the support black on the Instrument.
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Fig. 10-9. Procedure for inserting or removing the instrument after the slideout tracks have been installed.
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Fig. 10-10. Alignment adjustments for correct operation.

Fig. 10-11. Alternative method of installing the instrument using rear support brackets.
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Figure 10-13. Pivoting Dimensions.
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A P P E N D I X  A
R E F E R E N C E S

DA Pam 310-4

DA Pam 310-7

SB 38-100

TB SIG 355-1
TB SIG 355-2
TB SIG 355-3

TB 43-0118

TB 43-180
TM 11-6625-938-15

TM 11-6625-1549-15

TM 11-6625-1615-15

TM 11-6625-2376-15

TM 11-6625-2381-15

TM 11-6625-2383-15

TM 11-6625-2384-15

TM 11-6625-2385-15

TM 11-6625-2386-15

TM 11-6625-2399-15

TM 11-6625-2400-15

TM 38-750
TM 740-90-1
TM 750-244-2

Index of Technica l Manua ls, Technica l Bullet ins, Supply Manua ls (Types
7, 8, and 9), Supply Bullet ins, and Lubr ica t ion  Orders.

Milit a ry Publica t ions: US Army Equipment  Index of Modifica t ion  Work
Or der s.

Preserva t ion , Packaging, Packing and Marking Mater ia ls, Supplies and
Equipment  Used by the Army.

Depot  In spect ion  St a n da r d for  Repa ir ed Sign a l E qu ipm en t .
Depot  Inspect ion  Standard for  Refin ish ing Repa ired Signa l Equipment .
Depot  In spect ion  St a n da r d for  Moist u r e a n d F u n gu s Resis t a n t  Tr ea t -

m en t .
F ield In st r u ct ion s for  P a in t in g a n d P r eser vin g E lect r on ics  Com m a n d

E qu ipm en t  I n clu d in g Ca m ou fla ge  P a t t er n  P a in t in g of E lect r ica l
E qu ipm en t  Sh elt er s .

Ca libra t ion  Requirements for  the Main tenance of Army Mater iel
Oper a t or , Or ga n iza t ion a l, Dir ect  Su ppor t , Gen er a l Su ppor t , a n d Depot

Ma in t en a n ce Ma n u a l: Tr a n spor t a ble Ma in t en a n ce Ca libr a t ion  F a cil-
it y, AN/TSM-55A.

Opera tor ’s, Organ iza t iona l, Direct  Suppor t , Genera l Suppor t , and Depot
Main tenance Manua l: Test  Set , Radio Frequency Power  AN/USM-260.

Or ga n iza t ion a l, DS , GS , a n d  Depot  Ma in t en a n ce  Ma n u a l: H ewlet t -
Packard Oscilloscope Model 130C.

Oper a t or ’s , Or ga n iza t ion a l, DS, GS, a n d Depot  Ma in t en a n ce Ma n u a l,
I n clu d in g Repa ir  P a r t s  a n d  Specia l Tools  Lis t s : S ign a l Gen er a t or
AN/USM-256.

Oper a t or ’s , Or ga n iza t ion a l, DS, GS, a n d Depot  Ma in t en a n ce Ma n u a l,
I n clu d in g Repa ir  P a r t s  a n d  Specia l Tools  Lis t s : S ign a l Gen er a t or
AN/USM-269.

Oper a t or ’s , Or ga n iza t ion a l, DS, GS, a n d Depot  Ma in t en a n ce Ma n u a l:
E lect r on ic Ma r ker  Gen er a t or  AN/USM-271.

Opera tor ’s, Organ iza t iona l, DS, GS, and Depot  Main tenance Manua l,
I n clu d in g Repa ir  P a r t s  a n d  Specia l Tools  Lis t s : S ign a l Gen er a t or
AN/USM-272.

Opera tor ’s, Organ iza t iona l, Direct  Suppor t , Genera l Suppor t , and Depot
Main tenance Manua l: Mult imeter , ME-333/U (NSN 6625-00-935-1425)
and J -Omega  Volt -Ohmmeter , Types 213A, 215A, and 219A.

Opera tor ’s, Organ iza t iona l, Direct  Suppor t , Genera l Suppor t , and Depot
Main tenance Manua l: Mult imeter  ME-338/U (NSN 6625-00-054-3486).

Opera tor ’s, Organ iza t iona l, Direct  Suppor t , Genera l Suppor t , and Depot
Main tenance Manua l (Including Repa ir  Par t s and Specia l Tool List s):
E lect r ica l Meter  Test  Set , TS-2734/U.

Opera tor ’s, Organ iza t iona l, Direct  Suppor t , Genera l Suppor t , and Depot
Main tenance Manua l (Including Repa ir  Par t s and Specia l Tools List s):
Volt m et er  TS-2843/U.

Th e Ar m y Ma in t en a n ce Ma n a gem en t  Syst em  (TAMMS).
Adm in is t r a t ive St or a ge of E qu ipm en t .
Procedures for  Dest ruct ion  of E lect ron ics Mater iel to Preven t  Enemy

Use (E lect r on ics  Com m a n d).
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APPENDIX B

ITEMS COMPRISING AN OPERABLE EQUIPMENT

Oscilloscope AN/USM-273 Tektronix Model 453
1 ea
2 ea
1 e a
1 ea
1 ea
2 e a
1 ea
1 ea

Oscilloscope OS-188/U Major equipment less accessories
Adapter, Connector UG-1825/U TEK 103-0033-00
Adapter, Connector UG-1826/U TEK 012-0092-00
Adapter, Connector UG-1867/U TEK 103-0013-00
Cable Assembly, (SP) Electrical CX-10551/U TEK 161-0024-00
Lead, Test CX-10552/U TEK 010-0188-00
Cable Assembly, RF CG-3363/U TEK 012-0076-00
Cover, Oscilloscope CU-931/U TEK 016-0074-01

The followlng additional items were furnished with the equipments supplied in
Transportable Maintenance Calibration Facility AN/TSM-55 (V).

1 ea CRT Ring TEK 354-0269-00
1 ea Mesh Filter TEK 378-0573-00
1 ea Light Filter TEK 376-0576-00
1 ea CRT Protector Plate TEK 386-0218-00
2 ea Fuse, fast-blo, 2 amp, 3 A(3 TEK 159-0021-00
1 ea Fuse, fast-blo, 1 amp, 3 AG TEK 159-0022-00
1 ea Fuse, fast-blo, TEK 159-0025-00
1 ea Fuse, fast-blo, TEK 159-0026-00
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A P P E N D I X  C
M A I N T E N A N C E  A L L O C A T I O N

Section I .  INTRODUCTION

C-1. General
This appendix provides a  summary of the main te-
n a n ce oper a t ion s  for  Oscilloscope AN/USM-273
(Tekt ron ix 453). It  au thor izes ca tegor ies of main-
t en a n ce for  specific m a in t en a n ce fu n ct ion s on
repa irable it ems and components and the tools and
equipment  requ ired to per form each  funct ion .This
a ppen dix m a y be u sed a s  a n  a id  in  pla n n in g
main tenance opera t ions.

C-2. Maintenance Function
Ma in t en a n ce fu n ct ion s  will be lim it ed t o a n d
defined as follows:

a. Inspect. To determine the serviceability of an
item by compar ing it s physica l, mechanica l, and/or
elect r ica l character ist ics with  established stand-
ards th rough  examina t ion .

b. Test. To ver ify ser vicea bilit y a n d t o det ect
incipien t  fa ilu re by measur ing the mechanica l or
elect r ica l character ist ics of an  it em and compar ing
those character ist ics with  prescr ibed standards.

c. S ervice. Oper a t ion s  r equ ir ed per iodica lly t o
keep an  it em in  proper  opera t ing condit ion ; i.e., to
clean  (decontamina te), to preserve, to dra in , to
pa in t , or  to replen ish  fuel, lubr ican ts, hydrau lic
flu ids, or  compressed a ir  supplies.

d. Adjust. To main ta in , with in  prescr ibed limit s,
by br inging in to proper  or  exact  posit ion , or  by
s e t t in g  t h e  op e r a t in g  ch a r a ct e r i s t ics  t o t h e
specified pa rameters.

e. Align . To adjust  specified va r iable elements of
a n  it em  t o br in g a bou t  op t im u m  or  des ir ed
per for m a n ce.

f. Calibrate. To determine and cause cor rect ions
to be made or  to be adjusted on  inst ruments or  t est
m ea su r in g a n d dia gn ost ic equ ipm en t s  u sed in
precision  measurement . Consist s of compar isons of
t wo in s t r u m en t s , on e  of wh ich  is  a  cer t ified
standard of known accuracy, to detect  and adjust
any discrepancy in  the accuracy of the inst rument
being compared.

g. Install. The act  of emplacing, sea t ing, or  fixing
in to posit ion  an  it em, pa r t , module (component  or
a s sem bly) in  a  m a n n er  t o a llow t h e  p r oper
funct ion ing of the equ ipment  or  system.

h. R eplace. The act  of subst itu t ing a  serviceable
like type par t , subassembly, or  module (component
or  assembly) for  an  unserviceable counterpar t .

i. R epair. The applica t ion  of main tenance serv-

ices (inspect , t est , service, adjust , a lign , ca libra te,
replace) or  other  main tenance act ions (welding,
gr in d in g, r ivet in g, s t r a igh t en in g, fa cin g, r e-
m a ch in in g ,  or  r e s u r fa cin g) t o r e s t or e  s e r v-
iceability to an  it em by cor rect ing specific damage,
fau lt , malfunct ion , or  fa ilu re in  a  par t , subassem-
bly, module (component  or  assembly), end it em, or
system.

j. Overhaul. Th a t  m a in t en a n ce effor t  (ser vice/
act ion) necessa ry to restore an  it em to a  completely
serviceable/opera t iona l condit ion  as prescr ibed by
main tenance standards (i.e., DMWR) in  appropr i-
a te t echnica l publica t ions. Overhaul is normally
the h ighest  degree of main tenance per formed by
the Army. Overhaul does not  normally retu rn  an
item to like new condit ion .

k . R ebuild . Con sis t s  of t h ose ser vices/a ct ion s
n ecessa r y for  t h e r es t or a t ion  of u n ser vicea ble
equ ipment  to a  like new condit ion  in  accordance
with  or igina l manufactur ing standards. Rebuild is
t h e  h igh es t  degr ee  of m a t er ie l  m a in t en a n ce
applied to Army equ ipment . The rebu ild opera t ion
includes the act  of retu rn ing to zero those age
measurements (hours, miles, etc.) considered in
classifying Army equipments/components.

C-3. Column Entries
a. Colu m n  1, Grou p N u m ber. Colu m n  1 lis t s

group numbers, the purpose of which  is to iden t ify
components, a ssemblies, subassemblies, and mod-
u les with  the next  h igher  assembly.

b. Colum n 2, Com ponent/ Assem bly. Column 2
con t a in s  t h e  n ou n  n a m es  of com pon en t s , a s -
semblies, subassemblies, and modules for  which
main tenance is au thor ized.

c. Colum n 3, Main tenance Functions. Column 3
list s the funct ions to be per formed on  the it em
listed in  column 2. When  it ems a re list ed without
main tenance funct ions, it  is solely for  purpose of
having the group numbers in  the MAC and RPSTL
coincide.

d. Colum n 4, Main tenance Category. Column 4
specifies, by the list ing of a  “work t ime” figure in
the appropr ia te subcolumn(s), the lowest  level of
main tenance au thor ized to per form the funct ion
listed in  column 3. This figure represen ts the act ive
t ime requ ired to per form tha t  main tenance func-
t ion  a t  the indica ted ca tegory of main tenance. If
the number  or  complexity of the t asks with in  the
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lis t ed m a in t en a n ce fu n ct ion  va r y a t  differ en t
main tenance ca tegor ies, appropr ia te “work t ime”
figu r es  will be sh own  for  ea ch  ca t egor y. Th e
number  of t a sk-hours specified by the “work t ime”
figu r e r epr esen t s  t h e a ver a ge t im e r equ ir ed t o
restore an  it em (assembly, subassembly, compo-
nen t , module, end it em or  system) to a  serviceable
condit ion  under  typica l field opera t ing condit ions.
Th is  t im e in clu des pr epa r a t ion  t im e, t r ou ble-
shoot ing t ime, and qua lity assurance/qua lity con-
t r ol t im e in  a ddit ion  t o t h e t im e r equ ir ed t o
p er for m  t h e  s p ecific t a s k s  id en t ified  for  t h e
main tenance funct ions au thor ized in  the main te-
nance a lloca t ion  char t . Subcolumns of column 4
are as follows:

C - Oper a t or /Cr ew
O - Or ga n iza t ion a l
F  - Dir ect  Su ppor t
H - Genera l Suppor t
D - Depot

e. Colum n 5, T ools and  Equipm ent. Colu m n  5
specifies  by code, t h ose com m on  t ool set s  (n ot
individua l tools) and specia l tools, t est , and suppor t
equ ipm en t  r equ ir ed t o per for m  t h e design a t ed
fu n ct ion .

f. Colum n 6, R em ark s. Colu m n  6 con t a in s  a n
a lph a bet ic code wh ich  lea ds t o t h e r em a r k  in
sect ion  IV, Remarks, which  is per t inen t  to the it em
opposit e the pa r t icu la r  code.

C-4 Tool and Test Equipment Requirements
(Sec III)

a. T ool or T est Equipm ent R eference Code. Th e
numbers in  th is column coincide with  the numbers
used in  the tools and equ ipment  column of the
MAC. The numbers indica te the applicable tool or
test  equ ipment  for  the main tenance funct ions.

b. M a in t en an ce Ca tegory . Th e codes in  t h is
column indica te the main tenance ca tegory a llo-
ca ted the tool or  t est  equ ipment .

c. N om en clatu re. Th is  colu m n  lis t s  t h e n ou n
n a m e a n d n om en cla t u r e of t h e t ools  a n d t es t
equ ipment  requ ired to per form the main tenance
fu n ct ion s.

d. N ational/ N AT O S tock  N um ber. This column
lis t s  t h e Na t ion a l/NATO st ock  n u m ber  of t h e
specific tool or  t est  equ ipment .

e. T ool N um ber. This column list s the manufac-
tu rer ’s pa r t  number  of the tool followed by the
Federa l Supply Code for  manufactu rer s (5-digit ) in
pa r en t h eses .

C-5. Remarks (Sec IV)
a . R eferen ce Cod e. Th is  code r efer s  t o t h e

appropr ia te it em in  sect ion  II, column 6.
b. R em arks. This column provides the requ ired

explana tory in format ion  necessa ry to cla r ify it ems
appear ing in  sect ion  II.

(Ne xt prin te d page  is  C-3)
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SECTION II MAINTENANCE ALLOCATION CHART

OSCILSLW

(2)
COhlPONEIW/ASSEMBLY

OSCIL1OSCOPE AN/USN-Z73

CIRCUIT  CARD  AWEki8LV  670-0419-00  (80009)

PRINTEO  80ARD

PRINTEO  BOARO

FOR
E AWUSM-273 (TEKTRONIX 453)
SN 6625-00-930-6637)

(3)
MAINTENANCE

FUNCTION

Inspect
Test
Test
Adjust
Install
Replace
Repair
Overhaul

Test
Replace

Test
Replace

Test
Repl ace

(4)
MA! NTENANCE C4TEGORY

c o

0.2
0.3

0.1
0.1

F H

1.0
1.0

2.0

0.4
0.3

0.4
0.3

0.4
0.3

D

4.0

(5)
TOOL!3

AND
EQPT.

thru  1
thru  1

6,17
6,17
thru  1
thru  1

thru  1
6,17

thru  1
6,17

thru  1
6,17

(6)
REMARKS

A
B

Change 1 C-3
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SECTION III TOOL AND TEST EQUIPMENT REQUIREMENTS
FOR

OSCILLOSCOPE AN/USM-273 (TEKTRONIX  453)
(NSN 6625-00-930-6637)

OOL OR TEST MAINTENANCE
EQUIPMENT NOMENCLATURE

NATI ONA L/NATO
CATEGORY

REF CODE
STOCK NUMBER TOOL NUMBER

1 H,O TRANSFORMER, VARIABLE  POWER TF-510/U (GR W1OMT3A)  OR EQUAL 6120-00-054-7794

2 H,O GENERATOR, ELECTRONIC MARKER AN/usM-271 (TEKTRONIX  184) OR EQUAL 6625-00-982-1543

3 H.O TRANSFORMER, RAT[O oEcAoE TF-515u  (S INGER-GERTSCH RT60) OR EquAL 5950-00-087-5433

4 H,O GENERATOR,  SIGNAL  AN/USM-272 (TEKTRONIX  191) OR EQUAL 6625-00-957-0421

5 H,o GENERATOR, SIGNAL  AN/usM-269 (GR-1310A) 6625-00-054-3476

6 H,O COUNTER,  ELECTRONIC REAOOUT AN/ USM-257A (SYSTEM  00NNER 1037) 6625-00-935-1457

7 H,O OSCILLOSCOPE AN/USM-254 (HP 130C)  OR EQUAL 6625-00-069-5477

8 H,O MULTI METER ME-333/U OR EQUAL 6625-00-935-1425

9 H,O GENERATOR, SIGNAL  AN/USM-264 (HP 652A) OR EQUAL 6625-00-935-4214

10 H,O TEST SET ELEcTRICAL METER TS-2734 (FLUKE 760A) OR EQUAL 6625-00-054-4976

11 H,D VOLTMETER TS-2843  (FLUKE 883AB OR 887AB) OR EQUAL 6625 -00-965  -B304

12 H,O GENERATOR, SIGNAL AN/usM-358 (TEKTRONt  X 106) OR EQuAL 6625-00-455-7302

13 H,O CALIBRATOR, AMPLITUOE-COMPARATOR  AN/USM-360 6625 -00-192  -0B66
(TEKTRONIX  067-0502-01) OR EQUAL

14 H,o TEST SET,  ELECTRON TU8E TV-70/U OR EQUAL 6625-00-820-0064

15 H,O TEST SET,  TRANSISTOR TS-18360/U OR EQUAL 6625 -00-13  B-7320

16 O,H, O TOOL KIT, TK-100/G 5180-00-605-0079

17 O,H, O TOOLS AND TEST EQUIPMENT AVAILABLE TO THE REPAIRMAN IN HIS
ASSIGNED MISSION.

C-4 Change 1
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REfERENCE
COOE

A

B

SECTION IV. REMARKS

REMARKS

VISUAL INSPECTION

OPERATIONAL TEST

Change 1 C-5
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By Order  of the Secreta ry of the Army:

Officia l:
VERNE L. BOWERS,
Major General, United States Army,
The Adjutant General.
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FIG. FO-1 FRONT TM 11-6625-1722-15



FIG. FO-2 ATTENUATOR PREAMPLIFIER ASSEMBLY
TM 11-6625-1722-15

TYPE 453/ R453 OSCILLOSCOPE



FIG. FO-3 CRT SHIELD
TM 11-6625-1722-15

TYPE 453/ R453 O SC ILLO SC O PE
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FIG. FO-5 HIGH VOLTAGE ASSEMBLY

TYPE 453/ R453 OSCILLOSCOPE
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FIG. FO-6 REAR CHASSIS

TYPE 453/ R453 OSCILLOSCOPE
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FIG. FO-7 FRAME & CABINET

TYPE 453/ R453 OSCILLOSCOPE



FIG. FO-8 R453 MECHANICAL PARTS TM 11-6625-1722-15

TYPE 453/ R453 OSCILLOSCOPE
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VOLTAGE AND WAVEFORM
TEST CONDTIONS

Typ ic a l voltage measurements and  waveform photographs
wore ob ta ined  under the fo llowing c ond itions unless noted
otherwise on the ind ividua l d iagram:

Test Oscilloscope (With 10   Probe)

Ve rtic a l Controls (both c ha nne ls if a pplic a ble )

VO LTS/ DIV 20 mV
VARIABLE CAL

PO SITIO N Midrange

Input Coup ling DC
MODE CH 1

TRIGGER NORM
INVERT Pushed  in

Triggering Controls (both A and B If applicable)

Frequenc y response
Deflec tion fac tor

(with p robe)
Input impedanc e

Dc  to 20 MHz
50 millivolts to 10 volts/

d ivision
10 Megohms, 735 p ic o-

fa rads
Type 453 c hassis ground
Externa l from A GATE

c onnec tor to ind ic a te
true time rela tionship
between signa ls

Tektronix Type 545B with
Type 1A1 p lug-in unit

Probe ground
Trigger Sourc e

LEVEL
SLOPE

COUPLING
SOURCE

Sweep Controls

DELAY-TIME MULTIPLIER
A TIME/ DIV
B TIME/ DIV
A VARIABLE
A SWEEP MODE
B SWEEP MODE

HORIZ DISPLAY

MAG
A SWEEP LENGTH
PO SITIO N
FINE
POWER

Side-PaneI Controls

B TIME/ DIV VARIABLE

CALIBRATOR

0

+
AC

IN T

Rec ommended type
(as used  for waveforms
on d iagrams)

Veltmeter

Typ e 0.20
1 ms

1 ms
CAL
AUTO  TRIG
TRIGGERABLE AFTER

DELAY TIME
A
OFF
FULL
Midrange

Non-load ing AC (RMS)-
DC VTVM

20,000 ohms/ volt
0 to 300 volts
Type 452 c hassis ground
Genera l Rad io Type 1806-

A Elec tronic  Voltmeter

Sensitivity
Ra ng e
Referenc e voltage
Rec ommended type

(as used  for voltages
on d iagrams)

Type 453 Conditions

Line voltage
Signa l app lied

115 volts
Ca lib ra tor output signa l

c onnec ted  to Channel
1 a nd  2 INPUT c on-
nec tors for waveforms O N
Only

No c onnec tions
(exc ept as above)

Centered
AS fa llows exc ep t as

noted  otherwise on
d ividua l d iagrams:

Midrange

Trac e position
Control settings

CAL
1 V

in-
All voltages g iven on the d iagrams a re in volts. Waveforms
shown a re ac tua l waveform photographs taken with a  Tek-
tronix Osc illosc ope Camera  System and  Projec ted  Gra tic ule.
Voltages and  waveforms on the d iagrams (shown in b lue)
are not absolute and  may vary between instruments bec ause
of d iffering  c omponent to leranc es, interna l c a lib ra tion or
front-panel c ontrol settings.

CRT Controls

INTENSITY
FOCUS
SCALE ILLUM

Adjust for foc used  d isp lay
AS desired TY P E 4 5 3  O SC I L L O SC O P E FIG. FO-11. CHANNEL 1 VERTICAL PREAMP
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TYPE 453 OSCILLOSCOPE
FIG. FO-12 CHANNEL 1 ATTENUATORS
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FIG. FO-13 CHANNEL 2 VERTICAL PREAMPTYPE 453 OSCILLOSCOPE



FIG. FO-14

TM 11-6625-1722-15



FIG. FO-15

TM 11-6625-1722-15
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FIG. FO-16 VERTICAL OUTPUT AMPLIFIER



FIG. FO-17
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FIG. FO-18 A TRIGGER GENERATORTYPE 453 OSCILLOSCOPE



FIG. FO-19

TM 11-6625-1722-15
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FIG. FO-20

B TRIGGER GENERATOR



FIG. FO-21
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FIG. FO-22
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FIG. FO-23

TM 11-6625-1722-15



FIG. FO-24

TM 11-6625-1722-15



FIG. FO-25

TM 11-6625-1722-15



FIG. FO-26

TM 11-6625-1722-15
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T Y PE 4 5 3  OSCI LLOSCOPE FIG. FO-27.



FIG. FO-28.

TM 11-6625-1722-15

TYPE 453 OSCILLOSCOPE
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