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Type 321A 

SECTION I 

CHARACTERISTICS 
lntrodudion 

The Tektronix Type 321A is a high-performance, dc-to-6 
me, transistorized oscilloscope. Its light weight, small size 
and abil ity to operate from o variety of power sources make 
it a versatile field and laboratory instrument. The oscillo­
scope con operate from its internally-contained rechargeable 
battery pock, on external de source or from o 115/ 230-volt 
50-800 cycle ac line. Regulated power supplies in the instru­
ment, a ccurate calibration, and precise linearity assure exact 
time and amplitude measurements despite normal voltage­
source and power-supply-load changes that occur under 
odual operating conditions. 

Operating temperature range derived from tests indicates 
optimum performance and reliability on its self-contained 
batteries from o· to + 40° c ot altitudes up to 15,000 feet . 
Temperature range without batteries when operating from on 
external source is - 15 • C to +55 • C. Non-operating tem­
perature range is -55" C to +75" C without batteries 
and -40• C to + 60" C with batteries at altitudes to 
50,000 feet. 

For the operator's convenience, a front-panel battery lighl 
indicates when the internal batteries ore low. If external de 
or a c operation is being used instead of the batteries, the 
light turns on if the external voltage source drops too low 
for proper power supply regulation. 

A 4-position power switch on the front panel permits 
convenient selection of charging rote and/or power source. 

Vertical Deflection System 

Bandpass- De to at least 6 me (3-db down) using de cou­
pling; using oc coupling, low-frequency 3-db down poinl 

is 2 cps typical from a 1-kc reference. 

Sensitivity-0.01 v/div to 20 v/div in 11 calibrated steps; 
occurocy is within 3"/o of front -panel markings. Con­
tinuously variable from 0.01 v/div to about 50 v/div 
uncolibroted. 

Input lmpedance-35 pf nomina l paralleled by 1 megohm 
(:.t 1 "/o), 8.2 pf nominal paralleled by 10 megohms 
(±2%1 when using the P6006 lO X Probe. 

Maximum Allowable Input Voltage Roting-600 volts com­
bined de and peak oc; 600 volts (not 1200 volts) peak-to­
peak oc. 

Triggering 

Type-Automatic, or amplitude-level selection using pre­
set stability. 

Modo-Ac-coupled or De-coupled. 

Slope-Plus, from rising slope of triggering waveform, or 
minus from negative slope of triggering waveform. 

Source- Internal from vertical signal, or external from 
triggering signal. 

Signal Requirements- Internal: 0.2 major division vertical 
deflection a t 1 kc increasing to 1 major division at 6 me. 

External: 1 volt peok-to-peak at l kc increasing to 3 volts 
peak-to-peak at 6 me. Nominal input impedance: 5 pf 
paralleled by 100 kilohms (± 20%). 

Sweep 

Type- Miller Integrator. 

Sweep Rotes-0.5JLsec/div to O.S sei:/div in 19 calibrated 
steps. Accurate 5X sweep magnifier extends calibrated 
range to 0.1 p.sec/div. Calibrated sweep-rote accuracy 
is :t:3"/o. Sweep time adjustable between steps and to 
~ 1.5 sec/div uncolibrated. 

External Horizontal Input 

Bandpass-De to at least 1 me (3-db down). 

Deflection Foetor-! vfdv + 10"/o with 5X magnifier an. 

Input lmpedanc&-30 pf typical paralleled by 100 kilohms 
1± 5% ). 

Amplitude Calibrator 

Square Wove-Frequency about 2 kc. 

Amplitude-500 mv peak-to-peak. Also 40 mv peok-to· 
peak internally coupled in CAL4 DIV position of VOLTS/ 
DIV switch. Peak-to-peok amplitude a ccuracy is ± 3%. 

Cathode-Ray Tube 

Type-Special Tektronix-manufactured 13211 . 3" flat-face, 
post-deflection accelerator. l ow healer power. 

Accelerating Potcntiol-4 kv. 

Z-Axis Modulation- External terminal permits RC coupling 
to crt grid. 

Unblonking-Deflection unblanking. 

Phosphor- Type P31 normally furnished; PI, P2, P7, and 
Pl l phosphors optional. Other phosphors furnished on 
special order. 

Graticule 

Illumination- Variable edge lighting when operating from 
ac line. 

Display Area- Marked In 6-vertical and 1 0-horizontol 1/ 4 " 

divisions. 

Power Requirements 

Source-Operates from I 0 size D flashlight cells, or 10 
size D rechargeable cells (approximately 3 hours using 
2.5 ampere-hour cells; approximately 5 hours using 4 
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ampere-hour cells), or 11.5 to 35 volts de (aircraft, auto, 
boot, etc.), or 103.5 to 126.5 volts or 207 to 253 volts, 
rms, 50 to 800 cycles, single-phose oc. 

Power Consumption-Approximately 700 mo from internal 
batteries or eldernol de source; 20 watts nominal a t 
115-volt ac line. 

T emperalure Protection-Thermal cutout switch interrupts 
power if ambient temperature exceeds 131" F (55" C). 

Built-in battery charger is standard equipment. 

Environmental Capabilities 

Vibration (operating)-0.025" peak-to-peale, 10 to 55 to 
10 cps in 1 minute sweeps (4. G's) for 15 minutes on 
each axis.. Three-minute vibration at resonance or 
55 cps on each axis. 

Shock (operoting}-20 G's, lj2 sine, 11-msec duration. 

1-2 

Two shocks ea ch direction along each of the three 
ma jor axis: bollom, lop, left side, right side, front 
and rear. Total of 12 shocks. 

Shock lnon-operaling)-60 G's, 1f2 sine, 11 -msec duro­
lion. One shock each direction a long each of the three 
major axis; total of 6 shocks. 

Humidity (non-operating)-Meets Mii-Std-2028, method 
106A (except freezing and vibration) through 5 cycles 
(120 hours). 

Transit (non-operoting}-Meets Notional Sofe Transit lest 
when factory packaged. Vibration for one hour at 

slightly greater than one G. Eighteen-inch drop in any 
orientation. 

Mechanical Spe(ificotions 

Construction-Aluminum alloy chassis and cabinet. 

Finish- Anodized panel, blue vinyl-finish cabinet. 

Dimensions-Slf," high, 53//' wide, 16" deep overall. 

ACCESSORIES 
Information on accessories fo r use with this instrument is 

included a t the rear of the mechanical ports list. 



SECTION 2 

PRELIMINARY INSTRUCTIONS 
Power Requirements 

The regulated power supplies in the Type 321 A will ope rote 
form 115-v or 230-v rms oc l ine, from on external de source 
(11.5 to 35 volts), or from o ''battery pock'' consisting of 
either 10 size D flashlight cells or 10 size D rechargeable 
cells. 

Fuse Data 

Use only the recommended fuses in the Type 321A Oscil­
loscope. The upper fuse, F621 (see Fig. 2-1 ), is a 1.5-amp 
3AG Fast-Blo; the lower fuse, F601 , is a .25-omp 3AG Fast­
Bio. Neither fuse needs to be changed if the oscilloscope 
is converted from one line voltage to the other (115 v and 
230v). 

fig . 2- 1 . location of funs and Charger t witch lleft-slde view ) . 

Ac Operation 

Unless togged otherwise, your instrument is connected ot 
the factory lor operation ot 1 03.5 to 126.5 volts, 50 to 800 
cycles oc (11 5 volts nominal). However, provisions ore mode 
for easy conversion to operate at 207 to 253 volts, 50 to 
800 cycles (230 volts nominal). The power transformer T601 
is provided with split input windings which ore normally 
connected in parallel for 115-volt operation, but which can 
be connected in series for 230-volt operation. 

The primary windings ore marked l, 2, 3, and 4. T erminols 
1 and 3 ore connected to one winding and terminals 2 and 4 
ore connected to the second winding. The oc input leads ore 
connected to terminals 1 and 4 for both 115-volt one 230-

® 

volt operation, so these connections do not hove to be 
changed when converting from one line voltage to the other. 

When wired for 115-volt operation, terminals 1 and 2 are 
joined by o bare bus wire, ond terminals 3 and 4 ore simi­
larly joined, as shown in Fig. 2-21o). To convert to 230-
volt operation, remove the bore bus wires between these 
terminals and substitute a single connecting wire between 
terminals 2 and 3, as shown in Fig. 2-2(b). 

To turn on the Type 321A when the power cord is con­
nected to the oscilloscope power connector and to the oc 
voltage source, set the POWER switch to EXT ON. To turn 
off the oscilloscope, set the POWER switch .to TRICKLE. The 
TRICKLE position con be regarded as the normal "off" posi­
tion for the instrument. 

To 115-v AC 

(al 

To 230-v AC 

Flg. 2-2. (al Transformer connection for operation from 103.5-
126.5 volt oc line; lb) tonneclions for operation from 207-253 
volt ac line. 

As long as the oc power cord is connected to the oc line, 
power is being applied to the power transformer T 601, ac­
rectifier circuit, and groticule lights for oil positions of the 
POWER switch. Application of power to these circuit is re­
quired to provide battery-charger operation for the internal 
batteries; the groticule lights provide visual indication that 
these circuits ore ··on" . Power to the battery charger itself is 
controlled by o Charger switch (see Fig. 2·1). If the switch 
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1s set to LOW or HIGH, the ac rectifier is connected to the 
battery charger circuit which, in turn, provides charging cur­
rent to the internal rechargeable batteries. 

NOTE 

If dry cells ore used instead of rechargeable bat­
teries, then the Charger switch must be set to DRY 
CELLS to disconnect the charger circuit. For further 
information about battery operation, refer to the 
topics tilled "Battery Operation" and "Battery 
Charger" appearing in this section of the manual. 

If the Type 321 A is being operated exclusively from the 
oc line and the internal batteries ore removed, the Charger 
switch can remain in the DRY CELLS position to disconnect 
the charger circuit. If you prefer to completely turn off 
oil power to the Type 321 A, set the POWER switch to 
TRICKlE and either disconnect the power cord from the 
ac line or turn off the power at o wall switch (or equiv­
alent). 

Battery Operation 
Operation from the internal battery source can be accom­

plished by using: 

1. Ten size D flashlight cells (approximately 1/ 1-hour con­
tinuous operation, more with intermittent operation), or 

2. Ten size D Alkaline cells such as Eveready E95, Burgess 
Al-2, or Mallory MN-1300 (about 21/ 2 hours continuous 
operation), or 

3. Ten size D nickel-cadmium rechargeable cells (up to 
about 5 hours continuous operation, depending on the 
type used). 

The nickel-cadmium cells ore the most practical type where 
considerable battery operation is planned . 

To install the cells, ftrst open the battery cover as illus­
trated in Fig. 2-3. Next, install the batteries by following 
the procedure given in Fig. 2-4. 

CAUTION 

Be sure to observe cell po larity indicated on the 
battery cover. 

To turn on the Type 321A when operating from the internal 
batteries, set the POWER switch to BATT ON. To turn off the 
oscilloscope, set the POWER switch to one of the OFF posi­
tions-FULL or TRICKLE. These OFF positions disconnect 
the batteries from the oscilloscope load (1 0-volt regulated 
supply) so there is no battery drain. To charge the recharge­
able batteries, refer to the next topic titled " Battery Charger" . 

Fig. 2·3 • .Removing lhe baii••Y cover from the Typ• 321 A Oscllloltope. 
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Preliminary Instructions- Type 321 A 

Fig. 2-4. Proced11re for lnstolllng the bo»eries. 

Battery Charger 

As mentioned previously, the battery charger is connected 
to the internal batteries as long as the oc power cord is 
connected to an ac power source and the Charger switch 
(see Fig. 2-1) is set to HIGH or LOW. No charging occurs if 
the Charger switch is set to DRY CELLS. 

Table 2-1 summarizes the charging currents that con be 
obtained by using various line voltages in combination with 
various settings of the POWER and Charger switches. The 
table shows the Type 321A wired for 115-volt nominal line 
operation. If the oscilloscope is wired for 230-volt nominal 
line operation, the charging currents will still be the some 
but the ac line voltages will be twice the amount shown in 
the table. 

Use Table 2-1 as on aid in determining the proper posi· 
lion for the POWER and Charger switches for the particular 
brand or type of rechargeable batteries being used in the 
Type 321A. After setting the switches to their proper posi­
tion, the line voltage con then be set to the charging rote 
recommended by the manufacturer of the cells. An auto­
transformer having a rating of at least I ampere and 
equipped with on rms-reoding oc voltmeter con be used to 
set the line voltage. 

When using rechargeable batteries, sixteen hours of 
charging at the full rated charging current recommended 
by the manufacturers should be adequate to fully charge 
the batteries. Excess charging may damage the batteries. 

One method for determining charge conditions of the bat­
teries is to set the POWER switch to BAIT ON and then 
measure the voltage across the battery terminals (sec Fig. 
2-4). A reading higher than 13 volts indicates that the 
batteries are fully charged. A reading lower than 13 volts 
indicates that more charging time is required. 

As mentioned previously, if dry cells ore installed in the 
battery holder and the Type 321A is being operated from 
the ac line, the Charger switch must be set to the DRY CELLS 
position. This position disconnects the charging circuit from 
the batteries. 

TABLE 2-1 

Charging Currents 

POWER • Charger Aproximote Charging 
Switch Switch Current in Ma 

Position Positio!:' ... ]_0~.5- " ... )-~(~~;~(~.-~·.·.;:, 12 ~~1 126.5 v 
-Low ······ ·2o · ··········2:.~··r-·v 31 · 33 

EXT ON - - .. ······----·-··-- -- · 

-- --· ·-·- · -[6~r----·;f.- ;: '--1§--·- ~~ L- ---·---!~ ····-
TRICKLE - - ··-········- -

HIGH 34 37 1 41 4A 48 

~~~-~~~~--- ·.·.·.· .. -~J-~~--:r;~-=-~~- -- -·---·-~~~ 
"The BATl ON po•llion is not Included in the table becouae the 
Type 3 21 A should not be operored from the oc tine ond lho 
bollories or the some limo. Reosona Bollory drain oxc::eod• chorg· 
lng role. 
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De Operation 

Operation from on external de source is ocompli1hed by 
connecting the special pigtail-type de power cord in the 
proper manner. For 11.5- to 20-volt operation, the block 
1+1 and white 1-) leads ore connected to the voltage 
source; for 20- to 35-volr operation, the green 1+1 and white 
1-·) leads ore connected to 1hc voltage source. When the 
connections to the external de voltage source arc properly 
mode, the external de source is floating with respect to the 
Type 321A chassis. Up to 600 volts difference is permissi­
ble, if necessary. 

To turn on the Type 321 A, set the POWER switch to EXT 
ON. To turn off the oscilloscope, set the POWER switch to 
one of the OFF positions- TRICKLE or FULL. 

When operating from the external de source, the ac line 
cord should be disconnected. That is, only one of the exter­
nal sources should be used rather than both at the some time. 

2-4 

NOTE 

The internal battery charger circuit is d isconnected 
during external de operation . Therefore, external 
batteries ( if used as the de source l cannot be 
charged by connecting the line cord to the oc line. 
Also, on external de source cannot be used to 
charge the internal batteries since the POWER 
switch does not electrically connect the twa 
sources together. 

LOW BATTERIES Ught 
The LOW BATTERIES light turns on when the following 

conditions exist: 

1. Tho POWER switch is set to BATI ON and the internal 
batteries drop to 11.5 v (:!.:.0.2 v) or lower. 

2. The POWER switch is set to EXT ON and the external 
source voltage is low enough to cause the Type 321A un­
regulated voltage to drop to about 11.5 v or lower. 



SECTION 3 

OPERATING INSTRUCTIONS 

General Information 

The Type 321A Oscilloscope is an extremely versatile in­
strument, adaptable to a great number of applications. How­
ever, to make full use of the instrument, it is neces.sary that· 
you understand completely the operation of eoch front-panel 
control. This portion of the manual is intended to provide 
you with the basic information you require. If you ore 
familiar with other Tektronix oscilloscopes, you should have 
very little difficulty in understanding the operation of the 
Type 321 A. The function of many controls is the same as 
the function of corr~sponding controls on other Tektronix 
instruments. A front-panel view of the Type 321 A is shown 
in Fig. 3-1. 

Intensity Control 

The INTENSITY control is used to adjust the trace bright­
ness. This permits adjustment of trace intensity to suit the 
ambient light conditions and changes in intensity caused 
by changes in the sweep triggering rote (sweep duty cycle). 
Clockwise rotation increases the intensity and counterclock-· 
wise rotation decreases the intensity. 

Focus and Astigmatism Controls 

The FOCUS and ASTIGMATISM controls operate in con­
junction with each other to allow you to obtoin o sharp. 
clearly defined spot or trace. To odiust these controls: 

1. Adjust the INTENSITY control for the most pleasing level. 

2. Set the ASTIGMATISM control to midscale. 

3. Adiust the FOCUS control for sharpest detail. 

4. Adjust the ASTIGMATISM control as necessary for best 
overall focus. 

Groticule Illumination Control 

The graticule used with the Type 321 A is accurately 
marked with 10 horizontal and 6 vertical divisions, with 0.2-
division markers on the centerlines. These groticule markings 
allow you to obtain time and voltage measurements from 
the oscilloscope screen. 

Graticule illumination is adjusted by the SCALE ILLUM 
control, located just to the right of the oscilloscope screen. 
Rotating the control clockwise increases the brightness of the 
graticule markings and counterclockwise rotation decreases. 
the brightness. 

NOTE 

The graticule is Illuminated only when operating 
from on oc line. This permits longer operation 
when on batteries. 

Positioning Controls 

Two controls are used with the Type 321 A Oscilloscope 
to position the trace or spot on the screen. 

The HORIZONTAL POSITION control moves the trace to 
the right when it is rotated clockwise and to the left when it 
is rotated counterclockwise. This control has o positioning 
range of approximately 15 divisions with the sweep magnifier 
off, ond approximately 75 divisions with the sweep magnifier 
on. 

The HORIZONTAL POSITION control is a combination 
coarse/vernier type of control. Built-in blacldash between 
its two sections permits 30° of vernier adjustment for o given 
coarse setting. IF a 30° range is exceeded, the coarse ad­
justment tokes over to provide fast positioning of the trace. 

The VERTICAL POSITION control has sufficient range to 
position the trace completely off the top or bottom of the 
screen, or to any intermediate point. The trace moves up 
when the control is rotated clockwise and down with the 
counterclockwise rotation. 

Intensity Modulation 

The crt display of the Type 321 A Oscilloscope con be in­
tensity modulated by on external signal to display additional 
information. This is accomplished by disconnecting the 
grounding bar from the CRT GRID connector at the rear of 
the instrument and connecting the external signal to this 
terminal. A negative signal of approximately 30 volts peak 
is required to cut off the beam from maximum intensity, less 
with lower intensity levels. Negative-going signals as low as 
5 volts peak will accomplish intensity modulation. 

HORIZONTAl DEFLECTION SYSTEM 

Horizontal Sweep 

The usual oscilloscope display is a graphical presentation 
of instantaneous voltage versus time. Voltage is represented 
by vertical deflection of the trace and time is represented 
by horizontal deflection. To obtain o useful display, the spot 
formed by the electron beam is deflected horizontally at a 
known rote, so that any horizontal distance on the screen 
represents a definite known period of time. The trace formed 
by the deflection of the spot across the screen is known as 
the horizontal sweep. Since the horizontal deflection of the 
spot bears o definite relationship to time, and provides the 
means for making time measurements from the screen, the 
horizontal sweep is also known as the time bose. (See Fig. 
3-2). 

The rote at which tho spot is deflected across the screen 
is accurately controlled by the setting of the TIME/DIV con­
trol. Tho setting of the TIME/DIY control determines the 
sweep rote, and thus the number of cycles displayed on the 
crt screen. The control is set to display the portion of the 
waveform you wish to observe. 
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CRT CONTROLS 

FOCUS - Controls aharpneu of 
spot or trace . 

ASTIGMATISM-·lhed In conjunc• 
lion with FOCUS to obtain overall 
focus. 

VERTICAL CONTROLS 

VERTICAL POSITION 
trace vertically. 

AC-OC- GND-Selecls tither AC or ---+~•.J 
OC Input coupling. Tho GND posl· 
tion connectt the Vertical Amplifier 
to ground b111 does not ground 
the input sigrtal. 

90LTS/DIV a nd VARIABlE - Se­
lects vertical defle<lion fa <lor and 
calibrator signal. 

INPUT - Terminal for accepting 
wavefo rms to be displayed on crt. 

CAL OUT 500 MY-Terminal pro­
vides 500-mv sq11are wave for 
compensating probe. 

DC BAL-I'otentlometer for setting 
de balance of Vertica l Amplifier. 

INTENSITY-Controls brightneu of 
trace. 

SCAlE llLUM--Adjuate brlghtneu 
of gratfcule markings !when oper­
at ing from AC Hnel . 

HORIZONTAL POSITION--Coarse­
vernier type of control that posf· 
lions trace horlaontally. 

POWER-Switch tuma regulated 
10-~olt power on and off. Also, 
selects charging rate. 

EXT HORIZ INPUT- Terminal for 
accepting external horizontal sig­
nal. 

CONTROLS 

SLOPE--Oetermines whether sweep 
is triggered on + or - slope of 
triggering signa l. 

AC-OC-Seleds AC or DC co upling 
for triggering signa l. 

STA8t l tTY-Potentlometer for set· 
ling de level of sweep genef'Citor. 

INPUT- Terminal for accepting ex­
ternal triggering signal. 

Fig . 3- 1. functions of the Type 321 A Oscilloscope fron t-panel controls. 
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Fig . 3-2 . The osdllo~eope plots Instantaneous voltoge vertus time, 
thereby serving both a s o vo ltmeter o nd a timer. 

The Time Ba~e has 19 accurately calibrated sweep rates 
ranging from .5 JJ.Sec/div to .5 sec/div. These calibrated 
sweep rates ore obtained when the VARIABLE (TIME/DIY) 
control is fully clockwise in the CALIS position. The TIME/ 
DIY switch selects the cal ibrated sweep rates and can be 
rotated 360 • since there are no mechanical stops. The VARI· 
ABLE control permits you to vary the sweep rote continuously 
between .5 11-Sec/div and approximately 1.5 sec/div. All 
sweep rates obtained with the VARIABLE control in any 
position other than fully clockwise ore uncalibroted. 

Sweep Magnifier 

The sweep magnifier allows you to expand any two· 
division portion of the d isplayed waveform to the full ten· 
division width of the grolicule. This is accomplished by first 
using the HORIZONTAL POSITION control to move the par· 
lion of the display you wish to expand to the center of the 
graticule, then placing the 5 X MAG switch in the ··on" posi­
tion (pull out the red VARIABLE TIME/ DIY knob; see Fig. 
3-3). Any portion of the display magnified by the horizonta l 
sweep con then be observed by rotating the HORIZONTAl 
POSITION control. 

In magnified sweep operation, the sweep rote indicated 
by the position of the TIME/DIY switch must be divided by 
5 to obtain the actual time required for the spot to move 
one division. For example, if the TIME/ DIY switch is set to 
5 MILLI SEC, the actual time per division is 5 milliseconds 
divided by 5, or 1 millisecond per division. The actual time­
per-division must be used for all time measurements. 

External Horizontal Input 

For special applications you can deflect the trace hori­
zonta lly with some externally derived waveform rather than 
by means of the internal sweep sawtooth. This allows you 
to use the oscilloscope to plot one function versus another. 

To use the external horizontal input, connect the externally 
derived waveform to the EXT HORIZ INPUT connector and 
place the TIME/DIY switch in the EXT position. The hori­
zontal deflection foetor is approximately 1 volt /division with 
the 5 X MAG on. 

Operating Instructions- Type 321 A 
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Fig. 3 · 3. Operotlon of the sweep magnifier. 

Sweep Triggering 

The oscilloscope display is formed by the repetitive sweep 
of the spot across the oscilloscope screen. If the sweeps ore 
allowed to occur at random, or a rote unrelated to the input 
waveform, the displayed waveform will be !raced out at a 
different point on the screen with each sweep. This will 
either cause the waveform to drift across the screen or to be 
ind istinguishable. 

In most cases it is desirable for repetitive waveforms to 
appear stationary on the oscilloscope screen so that the 
characteristics of the waveform can be examined in delail. 
As a necessary condition for this type of display, the start 
of the sweep must bear a definite, fixed-time relationship to 
the observed waveform. This means that each sweep must 
start at the some time, relative to some point on lhe observed 
waveform. In the Type 321 A, this is accomplished by start­
ing or triggering the sweep with the displayed waveform, or 
with another waveform bearing o definite time relationship 
to the displayed waveform. 

The waveform used to start the horizonlal sweep is called 
a "triggering signal'' (whether it is lhe waveform being ob­
served, or some other waveform). The following instructions 
tell you how to select the triggering signal source. 

Selecting the Triggering Source 

In preparing the Type 321 A Oscilloscope for triggered 
operation of the sweep, it is first necessary to select lhe 
triggering signal source which will provide the best display 
for the particular application. The sweep con be triggered 
by the displayed waveform, or by on externally derived 
waveform. This selection is mode by the setting of the INT. 
EXT switch (see Fig. 3-4). Each type of triggering has certain 
advantages for some applications. 

Triggering from the displayed waveform is the mel hod 
mosl commonly used. The displayed waveform is selected 
when the tNT-EXT switch is in the INT posit ion. Interna l tr ig-
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gering is convenient since no external triggering connections 
ore required. Satisfactory results ore obtained in most appli­
cations. 

To trigger the sweep from some elCternal waveform, con­
nect the triggering waveform to the !TRIGGERING) INPUT 
connedor and place the !NT-EXT switch in the EXT position. 
!External triggering provides definite advantages over in­
ternal triggeriog in certain cases.) With external triggering, 
the triggering signal usually remains constant in amplitude 
and shape. It is thereby possible to observe the shaping and 
amplification of o signal in on external circuit without reset­
ting the oscilloscope triggering controls for each observation. 
Also, time and phose relationships betvtccn the waveforms at 
different points in the circuit can be seen. If, for example, 
the external triggering signal is derived from the waveform 
at the input to o circuit, the time relationship and phose of 
the waveforms at each point in the circuit ore compared to 
the input signal by the display presented on the oscilloscope 
screen. 

Selecting the Triggering Slope 

The horizontal sweep con be triggered on either the rising 
or falling portion of the triggering waveform. When the 
SLOPE switch is in the + position, the sweep is triggered 
on the rising portion of the triggenng waveform; when the 

Displayed Waveform 

-

'--- "----

tNT 

SLOPE switch is in the - posit ion, the sweep is triggered on 
the fatting portion of the waveform (see Fig. 3-5). 

In many applications the triggering slope is not important 
since triggering on either slope witt provide o display .suitable 
to the application. 

Selecting the Triggering Mode 

Automatic Mode 

Automatic triggering is obtained by rotating the (TRIG­
GERING! LEVEL control fully counterclockwise to the AUTO 
position. 

This mode allows triggering ot the average voltage point 
of the applied waveform. Also, the sweep runs at approxi­
mately a 50-cycle rote when no triggering signals ore Op· 
plied; this produces a reference trace or baseline on the 
screen. Automatic triggering con be used with both internal 
and external triggering signals, but for most waveforms 
tt is useful only for triggering at frequencies above 50 cycles. 
Automatic triggering saves considerable time in observing 
a series of waveforms since it is not necessary to reset the 
triggering level for each observation. For this reason it is 
the mode that is normally used. Other modes ore generally 
used only for special applications, or where stable trigger­
ing is not attainable in the automatic mode. 

Extema l Triggering Waveform 

EXT------------~ 

I NT-EXT 
Switch 

INPUT 

Os<llloscope 
Sw.ep·Starting 

Circyih 

Fig. 3-4 The triggering sillr>af Is selected from two ponible soYrcet with the INT-EXT switch. 
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Ac Mode 

Ac-mode triggering is obtained by setting the AC-DC 
switch to the AC position. This mode provides stable trig­
gering on virtually all types of waveforms. As o general 
rule, however, the oc mode is unsa tisfactory for triggering 
with low amplitude waveforms at frequencies below approxi­
mately 15 cycles. This figure will vary depending upon the 
amplitude and shape of the triggering waveform and should 
not therefore be set as on absolute standard. Triggering a~ 
frequenc.it?s below 15 cycles con be accomplished when 
higher amplitude triggering signals ore used. 

In the oc mode, the triggering point depends on the 
overage voltage level of the triggering signals. If the trig­
gering signals occur or random, the average voltage level 
will vary causing the triggering point to vary also. This shift 
of the triggering point moy be enough so that it is impossible 
to maintain o stable display. In such cases you should use 
the de mode, 

De Mode 

De mode triggering is obtained by selling the AC.DC 
switch to the DC position. This mode of triggering is par­
ticularly useful in triggering from waveforms which ore no~ 
adoptable to the oc mode, such os random pulse trains or 
very low-frequency waveforms. Random pulse trains pose 
o special problem in the oc mode since the random occur­
rence of the input waveforms causes the overage voltage 
level to shift. This in turn may cou~e the triggering level to 
shift to on unstable point. This problem is not encountered! 
in the de mode since the triggering point is determined only 
by instantaneous voltages. 

In the de mode, when the triggering signal is obtained 
from the Vertical Amplifier, varying the VERTICAL POSITION 
control will change the triggering point. For th is reason, 
you may find it necessary to readjust the LEVEL control when1 
you change the vertical position of the trace. To eliminate 
this effect, you con use the oc mode provided the triggering 
signal is otherwise suitable for this mode of operation. In 
the de mode, the de level of the external triggering signals: 
will also effect the trigger ing point. Generally, when the 
triggering signal is small compared to its de level, the oc 
mode should be used. 

How to Set the Triggering Level 

In the oc and de triggering modes, the LEVEL control 
determines the voltage le'lel on the triggering wo•teform at 
which the sweep is triggered. Using this control, the sweep 
con be continuously triggered at any point on the waveform 
so long as the slope of the waveform is great enough to 
provide stable triggering. In the de mode, the ~weep cannot 
be triggered with any degree of stability ot the top of o 
square wove, for example, because the time that the voltage­
remains constant is comparatively long. As a result, the 
sweep triggers ot random points along the top of the square 
wove, producing considerable trace jitte r. 

You can use the some metnod to set the LEVEL control for 
e ither the oc or de. mode. After selecting the triggering1 
slope, rotate the LEVEL control fully counterclockwise to the 
AUTO position. Then rotate the LEVEL control clockwise 
unti l the sweep no longer triggers. Continue to rotate the 

control in the clockwise direction until the sweep again trig­
gers and o stable display is obtained. Further rotation of the 
control in the clockwise direction causes the sweep to trigger 
ot more positive points on the triggering waveform. ln the 
fully clockwise direction the trace will free run (Fig. 3-51. 

FREE-RUNNING OPERATION 

W ith the Type 321 A, you con get o periodic, free-running 
sweep, independent of any external triggering or synchroniz­
ing signal, by rotating the LEVEL control fully clockwise to 
the FREE RUN position. This permits you to observe the trace 
without on input signal. This trace con then be used to posi· 
lion the sweep or to e~toblish o voltage reference line. The 
difference between the traces produced in the AUTO position 
and the FREE RUN position is the repetition rote. The repet i­
tion rate in the FREE RUN position is dependent upon the 
setting of the timing switch. The repeti tion role in the AUTO 
position is fixed ot approximately 50 cycles. At the fester 
sweep roles, the trace in the AUTO position will appear to 
be dim. In the FREE RUN position the trace intensity remains 
essentially constant for all sweep rates. 

VERTICAL DEFLECTION SYSTEM 

Input Coupling 

Input signals to the Vertical Amplifier con be either ac- or 
de-coupled by placing the AC·DC.GND switch in the ap­
propriate AC or DC position. De coupling applies both the 
oc and de components of the input signal to the vertical 
amplifier circuit . This permits measurement of the de voltage 
level os well os the amplitude of the oc component. It is 
sometimes neither necessary nor desirable to display the de 
component, however, ond in such cases as coupling should 
be used. This is accomplished by setting the AC-DC-GND 
switch to AC. With oc coupling, a capacitor is placed in 
series with the input connector to block the de component 
while allowing the oc component to be displayed. 

Placing the AC-DC-GND switch to the GND position 
g rounds the input circuit of the vertical amplifier to provide 
o de zero reference. In this posit ion the switch interna lly dis. 
connects, but does not ground, the applied signal to the 
input connector. Thus, the GND position eliminates the usual 
need for externally grounding the (Vertical Amplifier} INPUT 
connec1or of the Type 321 A or the probe tip to establish o 
ground reference. 

Deflection Factor 

The electrical waveform to be observed is applied to the 
(Vertical Amplifier) INPUT connector. The waveform is then 
applied through the vertical-deflection system to cause the 
spot to be deflected vertically lo trace out the waveform on 
the screen o f the crt. The VOLTS/DIV switch controls the 
vertical deflection foetor in accurate ly calibrated steps. The 
VARIABLE control provides uncalibroted variable deflection 
fac1ors between the fixed steps of the VOLTS/DIV switch. 
The VARIABLE control has 360° rotat ion range and o detent 
position when the control is set to CALIB. 



NOTE 

To make the deflection foetor equal to that indi­
cated by the VOL TS/ DIV switch, set the VARIABLE 
control to the CALIS detent position. 

De Balance Adjustment 

The need for adjustment of the DC BAL control is indi­
cated by a vertical shift in the position of the trace as the 
VARIABLE (VOl TS/DIV) control is rotated. This adjustment 
should be made as follows: 

1. Set the AC-DC-GND switch to GND. 

2. Set the oscilloscope controls for a free-running trace. 

3. Rotate the VARIABLE (VOLTS/DIV) control bock and forth, 
and adjust the DC BAL control simultaneously until the 
trace position is no longer affected by rotation of the 
VARIABLE control. 

Input Signal Connections 

Certain precautions must be observed when you are con· 
necting the oscilloscope to on input signal source. This is 
to insure that accurate information is obtained from the 
oscilloscope display. This is particularly true when you 
are observing low·level signals, or waveforms containing 
high· or extremely low-frequency components. For applica­
tions where you ore observing low-level signals, shielded 
cables should be used whenever possible, with the shield 
connected to the chassis of both the oscilloscope and thre 
signal source. Unshielded input leads ore generally unsatis­
factory due to their tendency to pick up story signals which 
produce erroneous oscilloscope displays. Regardless of the 
type of input used, the leads should be kept as short os 
possible. 

Distortion of the input waveform may result if: 

1. Very low-frequency input signals ore oc-coupled to the 
oscilloscope. 

2. High-frequency waveforms ore not properly terminated. 

3. The input waveform contains high-frequency components 
which exceed the bandpass of the oscilloscope. 

You must be aware of the limitations of the instrumenl. 

In analyzing the displayed waveform, you must consider 
the loading effect of the oscilloscope on the input signal 
source. In most cases this loading effect is negligible; how­
ever, in some applications loading caused by the oscilloscope 
may materially alter the results obtained. In such cases you 
may wish to reduce the amount of loading to a negligible 
amount through the use of o probe. 

Use of Probes 

Occasionally connecting the input of an oscilloscope to 
a signal source loods the source sufficiently to adversely 
affect both the operation of the source and the waveform 
displayed on the oscilloscope. In such cases an altenuotor 
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probe may be used to decrease both the capacit ive and resis­
tive loading caused by the oscilloscope to a negligible value. 

In addition to providing isolation of the oscilloscope from 
the signal source, on ottenuator probe also decreases the 
amplitude of the displayed waveform by the attenuation 
foetor of the probe. Use of the probe allows you to increase 
the vertical-deflection factors of the oscilloscope to observe 
large·amplitude signals beyond the normal limits of the 
oscilloscope. Signal amplitudes, however, must be limited to 
the maximum allowable value of the probe used. When 
making amplitude measurements with on attenuator probe, 
be sure to multiply the observed amplitude by the attenua­
tion of the probe. 

If the waveform being d isplayed has rapidly rising or 
falling voltages, it is generally necessary to clip the probe 
ground lead to the chassis of the equipment being tested. 
Select a ground point near the point of measurement, as 
shown in Fig. 3-6. 

Fig. 3-6. Connecting a probe to the Input signa l source. 

Before using a probe you must check (and adjust if neces­
sary) the compensation of the probe to prevent distortion of 
the applied waveform. The probe is compensated by adjust­
ing the control located in the body of the probe. Adjustment 
of the probe compensates for variations in input copocitonce 
from one instrument to another. To insure the accuracy of 
pulse and transient measurements, this adjustment should be 
checked frequently. 

To adjust the probe compensation, set the VOLTS/DIY con· 
trol to the .01 position and the LEVEL control to the AUTO 
position. Set the SLOPE switch to + and the lNT-EXT switch 
to INT. Connect the probe tip to the CAL OUT 500 MV con· 
nectar. Set the TIME/DIV switch to .5 M ILLI SEC ond adjust 
the probe to obtain flat tops on the displayed square wove· 
form (see Fig. 3-7.) 
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Voltage Measurements 

The Type 321 A Oscilloscope can be used to measure the 
voltage of the input waveform by using the calibrated ver­
tical-deflection factors of the oscilloscope. The method 
used for all voltage measurements is basically the some 
although the actual techniques vary somewhat depending on 
the types of voltage measurements, i.e., ac-component volt­
age measurements, or instantaneous voltage measurements 
w ith respect to some reference potential. Mony waveforms 
contain both ac and de voltage components, and it is often 
necessary to measure one or both of these components. 

When making voltage measurements, you should display 
the waveform over as large a vert ical portion of the scree111 
os possible for ma)(imum accuracy. Also, it is important that 
you do not include the width of the trace in your measure­
ments. You should consistent ly make all measurements from 
one side of the trace. If the bottom side of the trace is used 
for one reading, it should be used for all succeeding read­
ings. The VARIABLE (VOLTS/DIVl control must be in the 
CALIB detent position. 

Ac Component Voltage Measurements 

To measure the oc component of a waveform, the AC-DC­
GND switch should be set to the AC position. In this position 
only the oc components of the input waveform are displayed 
on rhe oscil loscope ~<:rcen. However, when the ac componeni 
of the input waveform is very low in frequency, i• will be 
necessary lor you to make voltage meosuremenh with the 
AC DC-GND switch in the DC position. 

To mo~e o peok·la·pcak voltage measurement on the oc 
component of a waveform, perform the following steps (see 
Ftg. 3-81. 

lncorre<t Adfu•ted Corredly 

1. With the aid of the groticule, measure the vertical dis­
tance in divisions from the positive peck to the negative 
peak. 

2. Multiply the setting of the VOLTS/DIY control by the dis­
tance measured to obtain the indicated voltage. 

3. Multiply the indicated voltage by the attenuation foetor 
of the probe you are using to ontain the true peale-to-peak 
voltage. 

As on example of this method, assume that using the 
P6006 Probe and a deflection foetor of 1 volt per division, 
you measure o vertical distance between peaks of 4 divisions. 
In this case, then, 4 divisions multiplied by 1 volt per divi­
sion gives you on indicated voltage of 4 volts peale-to-peak. 
The indicated voltage multiplied by the probe"s attenuation 
factor of 10 then gives you the true peak-to-peak amplitude 
of 40 volts. 

When sinusotdal waveforms ore measured, the peak-to­
peak voltage obtained con be converted to peak, rms, or 
overage voltage through use of standard conversion fae1ors. 

Instantaneous Voltage Measurements 

The method used to measure instantaneous voltages is 
virtually identical to the method described previously for 
the measurement of the ac componenl$ of a Vtoveform. How­
e.,.er, for instantaneous voltage measurements the AC-DC­
GND swi tch must be placed in the DC position. Also, since 
instantaneous voltages ore measured with respect to some 
potential (usually ground), a reference line must be 
established on the oscilloscope screen which corresponds to 
that potential. If, for example, voltage measurements ore to 
be mode with respect to + 100 volts, lhe reference line would 
correspond to + 100 volts. In the following procedure a 
method is presented for es!ablisning this reference li ne at 
ground, since measurements with respect to ground ore the 

P6006 Probe--Mold probe barrel ond 
loosen locking sleeve stverot turns. Hold 
probe bose while odufstlng prob • barrel 
for flat-top square wave s. Hold prob • 
barrel and carefully tighten locking 
al .. vt. 

F/9. 3-7. Th~ probe is odfusted to ob tain o, undl<torod ptese,tallon of the c,a Hb rolor squarewavo. 
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Fig. 3 · 8. Mea suring the peak-to-peak at voltage of on applied waveform. 

most common type. The some general method may be used 
to measure voltage with respect to any other potential, how­
ever, so long os that potential is used to establish the ref. 
erence line. 

To obtain on intantoneous voltage measurement with res· 
pect to ground, or some other voltage, perform the following 
steps (see Fig. 3-9). 

1. To establish a ground reference line, set the A C-DC~ 

GND switch to GND. Or, to establish a reference line 
which represents a voltage other than ground, touch the 
probe tip to the voltage and leove the AC-DC-GND 
switch ot DC. Then adjust the oscilloscope controls to 
obtain o free-running sweep. Vertically position the trace 

to a convenient point on the oscilloscope screen. This 
point will depend on the polarity and amplitude of the in­
put signal, but should a lways be chosen so that the trace 
lies along one of the major divisions of the groticule. 
The graticule division corresponding to the position of 
the trace is the voltage reference line and all voltage 
measurements must be mode with respect to th is line. 
(Do not odjust the VERTICAL POSITION control ofter the 
reference line has been established.) 

2. If ground reference was established, set the AC.DC-GND 
switch to DC; if a reference line o ther than ground was 
established, remove the probe tip from this voltage and 
connect it to the signal source. Adjust the LEVEL control 
for o stable display. 

Probe Atte nuorion Factor VOLTS / OIV Switch Selling Vertical Oefledlon 
From Reference llno 

Instantaneous 
Voltage With = Re1pect To 

Reference Voltage 

Fig. 3-9. Meosuring the ln•tanlaneous voltage with respect to g round lor some othor roferenco voltage I . 
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3. Measure the vertical distance in divisions from the desired 
point on the waveform to the voltage reference line. 

4. Multiply the setting of the VOL TS/DIV control by the dis· 
tonce measured to obtain the indicated voltage. 

S. Mulhply the indicated voltage by the attenuation foetor 
of the probe you ore using to obtain the actual voltage 
with respect to ground (or other reference voltage). 

As on example of this method, assume you ore using the 
P6006 Probe and a deflection foetor of 0.2 volt per division. 
Alter setting the voltage reference line ot the second from 
bottom division of the graticule, you meo~ure o distance of 
3 divisions to the point you wish to check. In this case, 
3 divisions multipl ied by 0.2 volt per division gives you on 
indicated 0.6 vol t. Since the voltage point is above the 
voltage reference line the polarity is indicated to be posi­
tive. The indico•ed voltage multiplied by the probe attenua­
tion foetor of 10 then gives you the actual voltage of +6 
volts. 

App ropriate TIME/ DIV Switch SeHing 

Time Measurements 

Tho calibrated sweep of the Type 321A Oscilloscope causes 
any horizontal distance on the screen to represent o definite 
known interval of time. Using this feature you con accurately 
measure the time lapse between two events displayed on 
the oscilloscope screen. One method which produces suf­
ficient accuracy for most opplicotions is as follows (see 
Fig. 3-10). 

1. Meosure the horizontal distance between the two dis­
played events whose time interval you wish to find. 

2. Multipl y the distance measured by the seHing of the 
TIME/ DIY control to obtain the apparent time interval. 
(The VARIABLE TIME/DIY control must in the CALIS posi· 
tion.l 

NOTE 

Divide the apparent time interval by 5 if the mag· 
nifier is on . 

Horl~ontal Distance 

n me 

Fig. 3· 1 0 . Measuring the interva l between even I$ d isplayed o n the oultlo,cope " run. 
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For example, assume the TIME/OIV switch setting is 1 
Mllll SEC, the magnifier is on, and you measure a horizontal 
distonce of 5 division between events. In this example, then, 
5 divisions multiplied by 1 millisecond per division g ives 
you on apparent time interval of 5 milliseconds. The op­
porent time divided by 5 then gives you the actual time 
interva l of 1 millisecond. 

Operating Instructions- Type 321 A 

Frequency Measurements 
The frequency of a periodically recurrent waveform con 

be determined if the time interval (period) of one complete 
cycle of the waveform is known. This time interva l con be 
measured by means of the the procedure described in the 
preceding paragraph. The frequency of a waveform is the 
reciprocal of its time interval, i.e., f = 1/t. 
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SECTION 4 

CIRCUIT DESCRIPTION 

Block Diagram 

The block diagram in Section 7 of this manual shows the 
main sections of the Type 321A Oscilloscope. Waveforms to 
be displayed ore connected to the Vertical Amplifier INPUT 
terminal, located on the front panel of the instrument. Lorge 
signals ore attenuated the desired amount (up to 2000 times) 
in the attenuotor networks. The signal is then amplified in 
the Vertical Amplifier and fed push-pull to the vertical de­
flection plates of the crt. 

A trigger-pickoff circuit in the Vertical Amplifier applies 
a sample of the input signal to the Time-Bose Trigger circuit. 
This sample signal is instrumental in starting the horizontal 
sweep. An external triggering signal connected to the Trig­
gering INPUT terminal may also be used for this purpose. 

Signals of widely varying shapes and ampl itudes may be 
applied to the Time-Bose Trigger circuit. This circuit in turn 
produces constant-amplitude output pulses which ore used 
to start the horizontal sweep at the proper time to insure 
o stable display of the vertical-input waveform. 

The output pulses from the Time-Bose Trigger circuit ore 
applied to the Time-Base Generator to initiate the sawtooth 
horizontal-sweep waveform. The sawtooth waveform is 
then amplified in the Horizontal Amplifier and applied push­
pull to the horizontal deflection plates of the crt. For X-Y 
applications of the instrument on externally-generated signal 
con be applied to the EXT HORIZ INPUT terminal. The 
external signal is then amplified by the Horizontal Amplifier 
and applied to the horizontal deflection plates of the cr~. 

The gain of the Horizontal Amplifier con be increased five 
times by pulling the (Time Bose) VARIABLE control outward 
to the SX MAG position. 

The Calibrator produces o square wove output of constant 
amplitude which can be used to check the gain of the Verti­
cal Amplifier and compensate the probe. A 40-mv peak­
to-peak square wove, is coupled internally to the Vertical 
Amplifier when the VOLTS/ DIY switch is set to the CAL 4 
DIY position. If the gain of the ampl ifier is properly adjusted, 
this will produce a deflection of exactly 4 divisions when the 
(Vertical Amplifier] VARIABLE control is set to the CALIB 
detent position. A square wove having a peak-to-peak am­
plitude of 500 mv is available ot the CAL OUT terminal on 
the front panel of the instrument; this waveform can be used 
to compensate the probe. 

The regulated power supplies in the Type 321 A will operate 
from a 11 5-v or a 230-v rms oc line, from on external de 
source [11 .5 v to 35 v), or from a " battery pock" consisting 
of either 10 size D flashlight cells or 10 size D rechargeable 
cells. A built-in battery charger charges the "rechargeable" 
cells when the instrument is connected to an ac source 
(liS v or 230 v) . 

VERTICAL AMPLIFIER 

Input Coupling 

Input signals to the Vertical Amplifier can be either ac­
coupled, de-coupled, or internally disconnected. When 

the AC.DC.GND switch SW401 (see Vertical Amplifier circuit 
diagram) is in the DC position, input signals are directly 
coupled to the VOLTS/DIY switch. In the AC position input 
signals ore coupled through a blocking capacitor C401 . In 
the GND position the signal path is opened and the input 
circuit is grounded. 

Input Circuit 

The Vertical Amplifier requires an input signal of 0.01 
volt, peak-to-peak, to produce 1 division of calibrated de­
flection on the crt. To satisfy this condition, yet make the 
instrument applicable to a wide range of input voltages, 
a precision attenuation network is incorporated into the 
vertical deflection system. 

When the VOLTS/DIY switch (SW410) is in the .01 posi­
tion, the signal is coupled "straight through" {without atten­
uation) to the grid of V423. For oil other settings of the 
VOLTS/DIY switch {except CAL 4 DIY) the Attenuotors are 
switched into the input circuit, either singly or in tandem 
pairs, so that the input signal voltage to the Vertical Am­
plif ier is always O.Dl volts for each division of crt deflection 
when the VARIABLE knob is in the CALIS detent position. 

The Attenuators are frequency-compensated voltage divi­
ders. For de and low-frequency signals they ore resistance 
dividers, and the degree of attenuation is determined by the 
resistance value$. The impedanee of the c:opacitors, at de 
and low frequencies, is so high that their effect in the circuit 
is negligible. As the frequency of the input signals increases, 
however, the impedance of the capacitors decreases and 
their effect in the circuit becomes more pronounced. For 
high-frequency signals the impedance of the capacitors 
is so low, compared to the resistance in the circuit, that the 
Attenuators become capacitive reactance dividers. 

In addition to providing the proper degree of ollenuation, 
the res istance values in the Atlenuators are chosen to provide 
the same input resistance 11 megohm) regardless of the setting 
of the VOLTS/DIY switch. Moreover, the variable capacitor 
at the input to each network provides a means for adjusting 
the input time constant so that it is the same value !nominally 
35 pf X 1 meg) for all settings of the switch. 

Input Cathode Follower 

A nuvistor, V-423, is used as a cathode-follower input 
stage. This stage presents a high-impedance, low-capaci­
tance load to the input circuit and isolates the input circuit 
from the main amplifier. R422 is the 1-megohm input re­
sistor. This resistor becomes o part of each attenuation 
network when the VOLTS/ DIY switch is turned away from 
the .01 position. R423, bypassed by C423, prevents the 
grid of V423 from drawing excessive current (in the event 
the stage is overdriven) when de input coupling is used. 
R424 is o parasitic suppressor. 
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Input Emitter Follower 

An emitter-follower stage Q443 couples the Input C.F. to 
the Input Amplifier. The output impedance of 0443 is very 
nearly equal to the output impedance of V423 divided by 
the f3 of 0443. This stage thus provides the necessary low­
impedance drive (approximately 20 n) for the bose of Q464. 
one-half of the Input Amplifer stage. The opposite emitter­
follower 0453 couples a de voltage, adjustable by means oF 
the DC BAL control, to the bose of 0474 {the other half of 
the Input Amplifier stogej. The purpose of this de voltage 
will be discussed in the following sect ion. 

Input Amplifier 

The Input Amplifier consists of 0464 and 0474 connected 
as on emitter-coupled porophase omplifer. In addition to 
amplifying the signal, this stage converts the single-ended 
input a t the bose of 0464 to a push-pull output signa~ 
between the two collector circuits. 0474 operates essentially 
as o grounded-bose omplifer (grounded through the low out­
put impedance of 04531: the input signal to 0474 is devel­
oped across the impedance in its emitter circu it. 

There ore two gain controls located in the common emitter 
circuit of the Input Amplifier. One is the front-panel VARI­
ABLE control R478: the other is the VERT GAIN R468, on 
internal screwdriver-adjust potentiometer. Both controls 
vary the emitter degeneration and thus affect the gain of the 
stage. The VERT GAIN control i~ adjusted so that the amount 
of crt deflection agrees with the setting of the VOLTS/DIY 
switch when the VARIABLE control is turned to the CALIS 
detent position. 

The DC BAL control R432 is used to adjust the de lever 
of Q474 so that its emitter will be ol the some vohoge os 
1hc emiller of 0464 when no inpu1 signal is apphed to the 
instrumem. With th~ emitters at the ~ome voltage there 
vnlf be no current through the VARIABLE conirol. With this 
cor.figurotion on adjustment of the VARIABLE control will not 
affect the de level in the collector circuit of the Input Am­
plifier aod will therefore not affect the positioning of the 
beam. 

Vertical Positioning 

The VERTICAL POSITION control is a dual control, con­
neCled bct·...-een -1 0 ond -r I 0 volts. It is connected elec­
trically so that as the voltage or one arm changes in the: 
d irection toward - 10 volts the voltage at the other arm 
changes in tne positive direction. This causes the voltage at 
the emitter of 0464 to change in the opposile direcrion to 
the voltage at the emitter of 0474. The change in emitter 
voltages in the Input Amplifier stage 0464/ 0474 wi ll be 
reflected as a change in deflection voltage a t the crt, since 
direCl coupling is employed between these two points. 

Second Amplifier 

The Second Amplifier stage 0484/0494 provides a high­
impedance, low-copocitonce load for the lnpu1 Amplifier, 
and provide~ a low-impedance drive for the bose of the 
Output Amplifier. 

Output Amplifier 

The Output Amplifier 0504/0514 is o conventional col­
lector-loaded, push-pull amplifier to drive the vertical deflec-
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tion plates of the crt. A transistor, 0519, sets the emitter cur· 
rent for 0504 and 0514. There are two lime-constant 
networks connected between the two emitters. 

One network consists of diodes 0505 and 0506, connected 
bock to back across RSOS in series with R504. This network 
reduces the emitter-to-emitter in1pedonce when tho trace is 
positioned to the top or bottom of the graticule. Thus the 
gain of the stage is increased at the upper and lower deflec­
tion limits to offset crt compression. As a result, the displayed 
waveform will not chango in amplitude regardless of trace 
location. 

The other network consists of R506, C506, C507, and C508. 
This is on extremely short time-constant network (a fraction 
of o microsecond) and affects only fast-rise signals. The 
capacitive branches of this network offer le~s degeneration 
ot high frequencies ond thus improve the high-frequency re­
sponse of the stage. The amount of high-frequency com· 
pensotion can be adjusted by means of variable capacitor 
C506. 

The de level of lhe Output Amplifier is es1oblished, in 
port, by the divider in the base circuit of the Second Am­
plifier (R479 and R482 on one side and R489 and R492 on the 
other). These dividers help set de level of 0504 and 0514 so 
that the maximum swing in collector voltage can be obtained. 

TRIGGERING 

Time-Base Trigger 

The Time-Bose Trigger circuit consists of o Trigger Input 
Amplifier stage 014/024 and a rectangular-pulse Trigger 
Multivibrotor 035/045. The moin function of the trigger 
circuitry is to produce a positive-going rectangular pulse 
ol the collector of 045 whose repetition rate is the some os 
that of the triggering signal. The positive step is then dif­
ferentiated to produce o very sharp positive spike (trigger) 
which is used to trigger or start the sweep. 

Triggering Signals 

The triggering-input signal, from which the rectangular 
output is produced, may be obtained from an external source 
through the (Triggering} INPUT terminal, or it may be 
obtained from the Vertical Amplifier. When the INT-EXT 
switch SW2 is in the EXT position, the input circuit is 
arranged to receive external signals. In the INT position, the 
signal is received internally from the Vertical Amplifier. A 
Trigger-Pickoff stage 0524 (shown on the Vertical Ampilfier 
diagram) receives a sample of the vertical-output signal from 
the collector circuit of 0514. The signal at the emitter of 
0524, which is in phose with the vertical input signal at 
the grid of V423, is then coupled to the Time-Bose Trigger 
circuit. 

When the AC-DC switch SWB is in the AC position trig· 
ger input signals ore oc-coupled through C8; in the DC posi­
tion C8 is bypassed with a direct connection. 

Trigger Multivibrator 

When the (Triggering) LEVEL control is set between AUTO 
and FREE RUN for tnggercd operation, the Trigger Multivi 



brotor Q35/Q45 is a bistable Schmitt Circuit. It is forced 
from one of its stable states into the other by the trigger­
ing signal applied to the bose of Q35. In the first stable 
slate (ready to receive a signal) Q35 is cut off and its col­
lector voltage is up (near ground). This holds up the 
base of Q45, since the two circuits ore de-coupled, and 045 
conducts. With Q45 conducting its collector voltage is down; 
hence no output is being produced. 

A positive-going signal is required at the base of Q35 
to force the multivibrator into its second stable stole to 
produce the positive step at the collector of 045. However, 
since the signal at the base of Q35 is on amplification of 
the triggering signal, it contains both positive- and nega­
tive-going portions. 

The positive-going portion of the triggering signal will 
drive the base of 035 in the positive direction. When the 
bose voltage is just out of cutoff, 035 starts conducting 
and its emitter voltage will rise, following the bose. This 
pulls up the emitter of 045, since the two emitters ore 
stropped together. 

At the some time the collector voltage of 035 starts to 
drop, carrying with it the bose voltage of 045. W ith the 
bose of 045 down and its emitter up, 045 cuts off. As Q 45 
cuts off its collector voltage rises, creating o positive step 
at the output. This transition occurs very rapidly, regardless 
of how slowly the bose signal of Q35 moy rise. 

When the signal ot the bose of Q35 starts in the negative 
direction just the opposite chain of events occurs. Q35 cuts 
off and its collector voltage rises. This pulls the bose of 045 
out of cutoff and 045 conducts. As 045 conducts its col­
lector voltage drops; this completes the positive step-voltage 
output from the Trigger Multivibrator circuil. 

Trigger-Input Amplifier 
Although the output of the Trigger Multivibrolor is always 

a positive step votloge, the start of the step may be initiated 
by either the rising (positive-going) or falling (negative-going) 
portion of the triggering signal. The amplified triggering sig­
nal is always taken from the collector of Q24, but the base 
of either transistor (014 or 024) con be connected to the 
input circuit When the SLOPE switch SW15 is in the + posi­
tion the bose of 014 is connected to the input circuit and the 
bose of 024 is connected to o bios source odjusable by 
means of the LEVEL control. With this configuration Q14/ 
024 is a differential amplifier and the signal at the collector 
of Q24 is in phase with the signal ot the bose of 014. A 
positive-going signal at the input will therefore produce o 
positive-going signal at the bose of 035 and, os explained 
previously, this is the action that initiates the sweep. The 
sweep will therefore start on the positive slope (rising por­
tion) of the triggering signal when the SLOPE switch is in 
the + position. 

When it is desired to trigger the sweep on the falling or 
negative-going portion of the triggering signal, the signal at 
the bose of Q35 must be opposite in polarity to the signa l 
at the input circuit. This is accomplished by placing the 
SLOPE switch in the - position. W ith this arrangement the 
bose of 024 is connected to the input circuit and the bose o6 
014 is connected to the bios source. The configuration is 
still a differential amplifier and gain is the some os before, 
but the output signal is now opposite in polarity to the base 
signal. 

Operating Instructions - Type 321A 

Triggering level 

The seHing of the (Triggering) LEVEL control determines 
the point (instantaneous voltage) on the triggering signal 
cof which the sweep is started. This is accomplished as fol ­
lows: 

The quiescent state of the Trigger-Input Amplifier is such 
that the collector voltage of 024 is about in the center of 
the hysteresis of the multivibrotor. An adjustment of the 
LEVEL control will vory the bios on the transistor to which 
it is connected. This in turn will vary the de level at the 
collector of 024 to within the hysteresis range of the multivi­
brotor. By adjusting the LEVEL control, the operator can 
select the point on the waveform ol which he wishes to trig­
ger the sweep. 

Automatic Triggering 

The sweep con be triggered automatica lly, instead of 
manua lly, by turning the LEVEL control fvll left to the AUTO 
position. In the AUTO posi tion SW17 is opened, which 
alters the circuit configuration os follows: (o) the switch end 
of R38 is disconnected from the -10-volt decoupled supply 
to provide feedback from the collector of Q45 to its bose; (b) 
the LEVEL control R17 is disconnected from the circuit; and 
(c) all triggering-input signals are oc-coupled through CS 
regardless of the setting of the AC-DC switch. 

In the automatic (AUTO) triggering mode, the Trigger 
Multivibrotor is converted from o bistable configuration to 
o recurrent (free-running) configuration. (This is not to be 
confused with FREE RUN position of the LEVEL control; in 
the Iotter position the Time·Bose Generator free runs). 

The charging and discha rging action of C30, fed to the 
bose of 045 ond driving it, sets the Trigger Multivibrotor 
recurrent rate at about SO cps when no signal or low-am­
plitude signal is applied to the bose of Q35. When a signal 
of sufficient amplitude to overcome the hysteresis of Q35 is 
applied, then the repetition rote of the applied signal (if 
it is higher thon 50 cps) takes over ond controls the switch­
ing rote of the multivibrotor circuit. 

Assume no signal is applied to the base of 035 for exam­
ple. Also, assume that Q35 has just turned off and 0 45 has 
turned on. Under these conditions, for the first hoff cycle 
(duration is about 10 msec), C30 is charging to the voltage 
set by divider R33, R34, and the collector of Q45. As C30 
charges, it is driving 045 bose toward cut off. 035 emitter, 
through direct coupling to the emitter of 045, is moving in 
o direction which will eventually turn Q35 on; the bose of 
035 meanwhile is set at o fixed level by 024 collector. 
After about 10-msec charging time, C30 cuts off Q45 and 
Q35 turns on. 

Now, for the next hoff cycle C30 is d ischarging toward 
the voltage set by divider resistors R32, R43, R33, and R34. 
As C30 is discharging, (30 is driving Q45 toward its forward 
bios point. After about 10 msec discharging time, C30 dis­
charges sufficiently to drive 045 into conduction and (35 
cuts off. This completes one cycle of the 50-cps output of 
the multivibrator. 

As mentioned earlier, when o signal of sufficient ampli­
tude is applied to the base of 035 and the repetition rote 
of the signal is higher than 50 cps, the signal drives the 
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bose ot 035 and controls the switching rote of the Trigger 
Multivibrotor. Capacitor C30 under these conditions hos 
negligible effect on controlling the multivibrotor action. 

W ith this configuration just described, the sweep con be 
triggered with repetitive signals, over o wide range of fre­
quencies, without readjustment. When no signal is applied 
to the bose of 035, the sweep continues ot opproxrmotely a 
50-cycle rotc because the Trigger Multivibrotor provides the 
trrgger signal which triggers the Time·Bose Generator. Thus, 
the sweep generates a bose line which indicates that the 
mstrument is ready to display any signal (within the volt­
age and frequency limits of the instrument) thai might be 
connected to the vertical deflection system. 

SWEEP GENERATION 

Time-Base Generator 

The positive-going pulses produced by the Time-Bose 
Trigger circuit ore differentiated in the base circuit of 
0135. The sharp positive spikes produced by the differentia­
tion process are used to stan the sweep; the negative spikes 
ore not used. 

The Time-Bose Generator consists of three main circuits .. . 
o bistable Sweep-Gating Multivibrator, o Miller lntegrotorr 
Circuit, and a Hold-OH Circuit. Transistors Q135 and Ql45 
make up the S·weep-Gating Multivibrator. In the stable slate 
immediately following a sweep Q 135 is nonconducting and 
0145 is conducting. 

The essential components in the Miller Circuit are the Miller 
transistors 0161 and Ql63, the emitter-follower 0173, 
the gating transistor 0153, the "disconnect" diode 0153, tho 
Timing Capacitor C160, and the Timing Resistor R160. The 
Hold-Off Circuit consists mainly of the emitter-follower Ql Bl 
and the Hold-Off Capacitors C1 B0 and C181. 

In the quiescent .state the gating transistor 0153 is held 
in conduction (by the conducting multivibrotor transistor 
Q14S) and its emitter vol tage is negative. This holds the 
cathode of Dl53 negative and forces the diode to conduct. 
In this sta•e the low forward impedance of Q 153 and D 153 
shunts the Timing Capacitor and prevents it from charging. 
This action also clamps the Miller Circuit in such o way that 
the emit'er-followers Q163 and 0173 conduct very little and 
the amplifier Ql6l conducts heavily. 

Sweep Generation 

The next positive trigger to arrive at the base of 0135 
will force the Sweep-Gating Multivibrator into its second 
stable slate in which Q145 is cut off. The rise in voltage at 
the collecor of 0145 pulls up the bose of Q153 and this 
stage cuts off. The rise in voltage at the emitter of Q153 
then bock-bioses 0153 and the diode stops conducting. This 
action unclomps the Miller Circuit and permits it to seck 
its own voltages. 

The bose of 0163 then starts positive, since it is connected 
through the Timing Resistor to the + 45-volt bus (when the 
VARIABLE control is in the CAUB position). The emitter of 
Q163 and the bose of Q161 also stort positive, following 
the base of 0163. The collector of 0161 then starts negative, 
carrying with it the base and emitter of 0173. This causes 
the voltage at the lower side of the Timing Capacitor to 
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increase in the negative direction which in turn pulls down 
tho bose of Q 163 and prevents it from going positive. The 
gain of the Miller Circuit is such that the feedback network 
maintains the voltage a t the bose of Ql63 virtually constant 
(within about one-tenth of a volt). 

The Timing Capacitor then start charging with current 
through the Timmg Resistor and the emitter-follower Ql73. 
Since the voltage at the bose of 0163 remains essentially 
consta nt, the voltage across the Timing Resistor, and hence 
the charging current through it, remains essentially constant. 
The Timing Capacitor therefore charges linearly, ond the 
voltage a t the emitter of 0173 increases linearly (in the 
negative direction). Any departure from a linear increase 
in the volloge at this point will produce a change in the 
voltage ot the bose of 0163 in a direction to correct for 
the error. 

The linear increase in voltage at the emitter of Q173 
is used os the sweep time bose. Timing Capa citor C160 and 
Timing Resistor R 160 ore selected by the setting of the 
TIME/DIY switch SW160. The Timing Resistor determines 
the current that charges the Timing Capacitor. By means of 
the TIME/DIY switch, both tho size of the capacitor being 
charged and the cha rging current con be selected to cover o 
wide range of sweep speeds. The setting of the TIME/DIY 
switch therefore determines the speed at which the spot 
moves across the crt. 

If uncolibroted sweep rates ore desired the VARIABLE 
control R160V con be turned away from the CALIS position. 
This connects the Timing Resistor to o voltage adjustable be­
tween +45 v and + 10 v, which varies the sweep rote over 
about o 4 to 1 range. 

Retrace 

The length of the sweep--the dista nce the spot moves 
ocros,s the crt-is determined by the setting of the SWP 
LENGTH control R176. As the sweep voltage increases nega­
tively at the emitter of 0173 there will be a linear increase 
in voltage at the arm of Rl76 and at the bose of 0183. This 
will pull down the voltage at the emitter of Q183 and ot the 
bose of 0135. When the voltage at the base of 0135 falls 
:o cutofl, the Sweep-Gating Multivibrator will rapidly revert 
to its odginol stole with 0135 cut off and 01.45 conducting. 
The voltage at the collector of 0145 will then drop, carrying 
with it the bose of 0153. This will gate on Ql53 and the 
diode 0153 end provide a discorge path for (160. 

The resistance through which C160 discharges (R153 and 
the forward resistance of Q153 and Dl53) is much less than 
that through which it charges (Rl60, R178, and the forward 
resistance of Q173l. The capa citor current during discharge 
will therefore be much larger than during charge, and the 
Miller transistors will return rapidly to their quiescent state. 
This produces the retoce portion of tho sweep sawtooth, dur· 
ing which time the crt beam returns rapidly to its starting 
point. 

Hold-Off 

The Hold-Off Circuit prevents the Time-Bose Generator 
from being triggered during the retrace interval. In addi­
tion, the hold-off allows a finite time for the sweep circuits 
to regain o state of equilibrium after the completion of a 
sweep. 



During the trace portion of the sweep sawtooth the Hold­
Off Capacitors Cl80-Cl81 charge through 0183 as o resuft 
of the drop in voltage at the emitter of 0183. This pulls the 
bose of 0135 negative until 0135 cuts off. As explained 
previously, this is the action that initiates the retrace. 

AI the start of the retrace Cl80 and C181 start discharg­
ing thorugh Rl81. The time-constant of this circuit is such 
that during the retrace, and for a short period after the 
completion of the retrace, the bose of 0135 is held for 
enough below cutoff that positive triggers cannot switch the 
Sweep-Gating Multivibrotor. When the Hold-Off Copocitor:s 
hove discharge to a predetermined voltage (established by 
the setting of the STABILITY control) the effect of the heidi­
off is removed. This returns the Sweep-Gating Multivibrotor 
to its quiescent state in which it con be triggered by the 
next positive trigger to arrive a t the bose of 0135. 

Stability Control 

The STABILITY control R111 regulates the de level at the 
bose of 0135 within the hysteresis of the Sweep-Gating 
Multivibrotor. When this control is properly adjusted, the 
bose of 0135 is held just negative enough that 0135 is bock­
biased and nonconducting; this prevents the circuit from free 
running. The bose voltage must be sufficiently close to cut­
off so that positive triggers con pull 0135 out of cutoff and 
force the multivibrotor into its other state to initote the 
sweep. 

During the trace portion of the sweep sawtooth, when the 
Hold-Off Capacitors ore charging, the emitter of 0183 is 
forced negative. When the emitter of 0183 is more negative 
than the arm of the STABILITY control diode Dill is bock 
biased; this disconnects the STABILITY control from the 
Multivibrotor circuit. 

During the retrace portion of the sweep sawtooth the 
Hold-Off Capacitors discharge. When the voltage at the 
emitter of 0183 rises to the voltage at the arm of the ST A­
BILITY control diode Dill conducts and clamps the Hold!­
Off Circuit at this voltage. With the bose of Q135 clamped 
in this manner, o sweep con only be produced when a 
positive trigger pulls 0135 out of cutoff. 

However, should a free-running trace be desired, the 
(Triggering) LEVEL control can be turned full right to the 
FREE RUN position. This opens switch SWI7 and forces the 
arm of the STABILITY control to ground potential. This per­
mils the bose of Q135 to rise to cutoff immediately upon 
removal of the hold-off vol tage, at which point the nex:t 
sweep is initiated. 

Unblanking 

The crt in the Type 321 A contains a second set of hori­
zontal deflection pla tes (pins 6 and 10; see d iagram for 
Crt Circuit). Pin I 0 is connected to + 10 volts; pin 6 is con­
nected to the Unblonking Amplifier (shown on the Time­
Bose Generator d iagram). In the interval between sweeps, 
pin 6 rests ot about - 20 volts; the crt beam is therefore 
deflected off the screen and is not visible. 

When a positive trigger switches the Sweep Gating 
Multivibrotor to start a sweep, the negative gate at the 
collector of Q135 is coupled to the bose of Q194. This 
results in o 30-voh positive gate at the collector of 0194, 

Circuit Description- Type 321A 

which in turn is fed to pin 6 of the crt. The 30-volt posi­
tive gate, whose start and duration ore coincident with 
the start and duration of the sweep, pulls pin 6 of the crt 
up to + 10 volts, the some os pin 10. This deflects the crt 
beam bock into the range of visibility for the trace portion 
of the sweep sawtooth. 

Transistor 0199 is connected os o lood·stabilizer. Q199 
conducts when 0194 is nonconducting. When 0194 con­
ducts, during sweep time, 0199 is nonconducting. This 
circuit prevents the switching of 0194 from changing the 
load on the power supply, and therefore prevents crosstalk 
to the Vertical Amplifier. 

HORIZONTAL AMPLIFIER 

Input Circuit 

The Horizontal Amplifier consists of on emitter-follower 
input stage Q313 and on emitter-coupled porophose ompli· 
fier Q334/ 0344. For all sweep-time settings of the TIME/ 
DIV switch, the negative-going sweep sawtooth produced 
by the Miller Circuit is coupled to the Input E.F. 0313 vic 
the frequency-compensated voltage d ivider R311 -R312. In 
the EXT HORIZ INPUT setting of the switch, Q313 receives 
its signal from the EXT HORIZ INPUT connector. This setting 
of the switch also produces the following results: (I) The 
Time-Sose Generator is rendered inoperative; 12) The emitter 
of 0194 (Unblonking circuit) is clamped ot about + 10 
volts, thus removing the blanking potentia l at pin 6 of the 
crt. 

Emitter-follower 0323 balances the Horizontal Amplifier 
for de potentials. This stage a lso couples the positionin9 
voltage from the HORIZONTAL POSITION control R321 to 
the amplifier circuit. 

Output Amplifier 

0334 and 0344 ore connected os on emitter-coupled 
porophose amplifier to provide the push·pull drive for the 
horizontal deflection plates of the crt. The setting of the 
HORIZ GAIN control R338 determines the emitter degenera­
tion and thus sets the gain of the stage. A second gain 
control R348 (MAG GAIN) is connected in the emitter circuit 
when the VARIABLE timing control is pulled out to close 
SW348. This action decreases the degeneration and in­
creases the gain 5 times to provide 5X sweep magnification. 

REGULATOR CIRCUIT 

Power Sources 

The function of the Regulator circuit in the Type 321 A is 
to provide a regulated 10 volts de for the converter-type 
power supply. The Regulator is designed to operate from 
a self-contained battery pock, from on external 11.5·v to 
35-v de source, or from either a 115-v or a 230-v rms, 50-800 
cycle oc line. 

To operate from the internal batteries only, the POWER 
switch SW621 is set to BATT ON. The POWER switch 
connects the internal batteries directly to the Regulator cir­
cuit via TK621 and F621 . TK621 is a thermal cutout switch 
that opens il the ambient temperature of the Type 321 A 
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rises to about 131 o F (± 5°) and closes when the chassis 
temperature drops to 120° F 1±8°). Normally, for internal 
battery mode of operation other voltage sources ore not 
connected to the Type 321A at this time. 

Operation from on external de source is accomplished 
by connecting the special pigtail-type de power cord in the 
proper manner. For 11.5- to 20-<~ operation, the black I+ )I 
and white {--·) leads ore connected to the voltage source; 
for 2().. and 35-v operation, the green (+) and white (-) 
leads ore connected to the source. The oc line cord is not· 
used during this mode of operation. To turn on the Type 
321 A the POWER switch is set to EXT ON. The switch 
connects the de sou rce to the regulator circuit. Diode 0620 
is normally back-biased to keep T601 disconnected since the 
T601 secondary portion of the circuit is not used ot this 
time. 

For oc line operation the oc power cord is connected to 
the oc line and line power is applied through F601 to the 
T601 primary winding. The primary of power transformer 
T601 has split input windings; these may be connected in 
parallel for operation from a 103.5-126.5 volt line, or in 
series foro 207-253 volt line. 

Groticule lights and on ac rectifier ore connected to the 
secondary windings of T601 . The oc rectifier is a conven­
tional fu ll-wove type, with a capacitor-input filter. When 
the POWER switch is set to EXT ON, the output of the oc 
rectifier is applied through 0620, the POWER switch, TR621 
and F621 to the Regulator circuit. At nominal line voltages 
the oc rectifier provides o voltage of about 14.5 volts across. 
C696, 

Voltage Regulation 
The Regulator circuit is designed to respond both to 

changes in supply voltage and to changes in loading. 
Reference voltage for the Regulator circuit is furnished by 
Zener diode 0629. This diode provides o constant de 
voltage of about + 5.1 volts (with respect to the common 
negative bus) at the base of 0624, one-half of a d ifference 
amplifier. The base voltage for the other half of the differ­
ence amplifier, 0634, is obtained from a divider R650, R651 , 
and R652. The 10 V ADJ control R651 determines the per­
centage of total voltage 1hat appears at the bose of 06341 
and thus determines the total voltage ocroS3 the divider. 
This control is adjusted so that the output is exactly 10 
volts. 

The regulation of the output, in the presence of line­
voltage or load changes, is accomplished by varying the 
impedance of 0657 in o direction to compensate for the 
change, For example, assume the output voltage tends to 
decrease. Tli is will lower the bose voltage of 06.34 and 
alter the current distribution through the difference ampli­
fier. That is, the current through 0634 will decrease and 
the current through 0624 will increase. 

The resultant drop in <~o ltoge at the collector of 0624 
will pull down the base and emitter of 0654. This action 
drives the bose of 0657 toward its collector, which increases 
the current through 0657 and lowers its impedance. 

The unregulated voltage is equal to rhe output voltage 
plus the drop across 0657. The decrease in impedance of 
0657 lowers its emirter-to-colfector <~oltoge, which causes 
the output voltage to increase to its proper value. 
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If the output voltage tends to increase, just the opposite 
will occur. The base voltage of 0634 will increase, more 
current will flow through Q634 and less current will flow 
through 0624. The r ise in voltage at the collector of 0624 
will pull up the base and emitter of 0654, and the bose of 
0657. This decreases the current through Q657 and in· 
creases its impedance. 

As the impedance of 0657 increases its voltage drop in­
creases. This in turn lowers the output voltage to its proper 
value. 

Battery Charger 

When the Type 321 A is connected to a source of oc 
power and the POWER switch is turned to TRICKLE or FULL, 
the rectified output of T601 is sufficient to cause a bock cur­
rent through the 12-volt battery, resulting in a charging of 
the cells !if rechargeable cells ore used). The resistive net· 
work of R692, R693, and the internal resistance of the cells 
determine the amount of charging current which will flow. 
When the POWER switch is set to FULL and the Charger 
switch is in the LOW position, 200 mo wil l flow through 
the battery a t nominal line voltage. When the Charging 
switch is in the HIGH position, 360 mo will flow through the 
battery. When the Charger switch is in the DRY CELLS 
position, the circuit is opened up and no current will flow. 

When the POWER switch is turned to TRICKLE, R694 is 
inserted in series with R692 and/or R693 and the current 
is limited to about 40 mo, just enough to maintain the 
existing charge on the cells. 

Low-Batteries Light 

Transistor 0614 and associated circuitry constitute the 
low-batteries warning-light system. The emitter of 0614 is 
held constant by the 10-volt regulated supply, the bose is 
controlled by a voltage dividing network consisting of R695, 
R696, and R697. The network connects across the unregulot. 
ed supply voltage. The LOW BATIERIES 8699) light is con­
nected in the collector circuit of 0614. 

Under normal conditions when the internal batteries pro­
vide o voltage of more than 11.5 volts (±0.2 v), transistor 
0614 is cut off and the LOW BATTERIES light is off. How­
ever, if the unregulated voltage drops to about 11.5 volts 
or less due to low batteries, Q614 bose-emitter junction 
forv.·ord biases and 0614 conducts, thus turning on the 
light. 

As o secondary function of this circuitry, the LOW BAT· 
TERIES light acts as a warning light for either of these 
conditions: {1) If the Type 321 A is operated from a low 
external ac line source or (2) from a low external de source. 
If either condition causes the unregulated voltage to 
fall to about 11 .5 volts, or lower, 061 4 will conduct and 
turn on the LOW BA TIER IE$ light. 

Diode 0614 is a protection diode for 0614. Normally 
the diode is forward-biased to limit the reverse-bios voltage 
across the bose-emitter junction of 0614 during cut off. 
When the unregulated vc.ltoge drops lo about 11 .5 volts 
or lower, 0614 reverse bioses and 0614 bose-emitter junc­
tion becomes forward-biased to turn on the l ight. 



CONVERTER 

The regulated 10 volts output of the Regulator circuit is 
applied to the Converter transistors 0700-0710. Both 
transistors ore biased in the forward direction when power 
is a pplied, but because of slight difference in characteristics 
~ne will sta rt conducting before the other. Current flowing 
tn the collector circuit of the conducting transistor will then 
induce o voltage into the bose windings lterminofs 5, 6, 
and 7} of transformer T701 . The polarity of the bose volt­
ages induced will be such that the conducting transistor will 
conduct more, and the nonconducting transistor will be 
driven into cutoff. 

The buildup of current in the conducting transistor will 
continue until the transformer saturates. At saturation the 
induced vol tage in the bose windings wi ll start decoying 
and the conducting transistor will accord ingly conduct less. 
The collapsing field will then induce voltages of the oppo· 
site polarity in the bose windings. This will dr ive the tronsis· 
tor that hod been conducting into cutoff, and turn on the 
transistor that hod previously been cut off. The circuit will 
then produce o secondary voltage of the opposite polarity. 
The repetition rote of the circuit is about 2 kc. 

The transistor current, flowing in the prima ry circuit of 
T701 ,_ is somewhat trapezoidal in shape; the secondary volt­
age IS therefore nearly a square wove. A full-wove rectifier 
with capacitor-input fi lters provides de output voltages of 
- 47.5, -45, - 10, + 5.8, +10, and +45 volts. An addi­
tional hoff-wove rectifier circuit provides -720 volts for 
the crt gun. 

Orcuit D.scription - Type 321 A 

An oc signal of approximately 100 volts, peak-to -peak, 
is coupled from terminal 10 of T701 to the Calibrator cir· 
cuit !shown on the Vertical Amplifier a nd Calibra tor die· 
gram). The 100-volt a c signal square wave is clipped in 
0874 and divided down to provide the 500-millivolt ex· 
lerna I signal ovoifoble at the CAL OUT 500 MV terminal, 
and the 40-millivoft square wove interna lly coupled to the 
Vertical Amplifier in the CAl 4 DIV position of the VOlTS/ 
DIV switch. 

CRT CIRCUIT 

Crt Control Circuits 

The INTENSITY control R844, part of a divider connected 
between - 720 volts and ground, varies the crt grid-to· 
cathode voltage to regula te the beam current. The FOCUS 
control R842 varies the voltage at the focusing anode to 
set the second cross-over point right at the crt screen. The 
ASTIGMATISM control R864 varies the voltage at the 
astigmatism anode to focus the spot in both dimensions 
simultaneously. The GEOM ADJ R861 varies the field the 
beam encounters as it emerges from the deflection system to 
control the linearity a t the extremes of deflection. 

High Voltage Supply 

A pentuplcr, starting with the volta ge ot Terminal 16 of 
T701 , builds up a potential of 3350 volts for the post­
deflection a ccelerator in the crt. This provides an accelerat­
ing potential of approximately 4 KV, since the cathode volt· 
age is a bout - 670 volts. 
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SECTION 5 

MAINTENANCE 

PREVENTIVE MAINTENANCE 

Recalibration 

The Type 321 A Oscilloscope is o stable instrument and 
wi ll provide many hours of trouble-free operation. To 
insure the reliability of measurements obtained on the Type 
321 A however, we suggest its calibration be checked after 
each 500 hours of operation, or ot leas-t every six months 
if used intermittently. A check of the calibration also pro­
vides a means for checking the operation of each circuit. 
Minor operational deficiencies that ore not apparent in 
normal use ore often detected during a calibration check:. 

A complete step by step procedure for checking the coli· 
brotion of the instrument is included in Section 6 of this 
manual. 

Soldering Precautions 

In the production of Tektronix instruments o special si lver­
bearing solder is used to establish a bond to the ceramic 
terminal str ips. This bond may be broken by repeated use 
of ordinary tin-lead solder, or by excessive heating of the 
terminal strip with a soldering iron. However, occasional 
use of ordinary solder will not break the bond if too much 
heat is not applied. 

In those shops responsible for the maintenance of several 
Tektronix instruments it is advisable to hove a stock of 
solder containing about 3 '/'o silver. This type of solder is 
used frequently in printed-circuit work and is generally 
available. Or it con be purchased from Tektronix in one­
pound rolls; order by port number 251-514. 

REMOVAL AND REPLACEMENT OF PARTS 

General Information 

Procedures required for replacement of most ports in the 
Type 321 A Oscilloscope ore obvious. Deta iled instructions 
for their removal ore therefore not required. Other ports, 
however, con best be removed if o definite procedure is 
followed. Instructions for removal of some of these ports 
ore contained in the follow ing paragraphs. Because of the 
nature of the instrument, replacement of certain ports will 
require that you recolibrote portions of the oscilloscope to 
insure proper operation (refer to the Calibration procedure 
portion of this manual). 

Removal of Panels 

The panels of the Type 321A Oscilloscope ore held in 
place by small screwheod fasteners. To remove the side 
panels, use a screwdriver to rotate the fasteners approxi­
mately two turns counterclockwise; then pull the upper por­
tion of the panel outward from the carrying handles. Panels 
ore replaced by reversing the order of rheir removal. 

To remove the battery cover, loosen the thumb screw a t 
the front of the cover a nd pull the front end out for o short 
distance. Then slide the cover forward to clear the clips 
a t the reor end (see Fig. 2-3 in Section 2). 

Replacement of the Cathode-Ray Tube 

To remove the crt, first disconnect the tube socket and 
all leads connected to the neck of the tube. loosen the 
tube clomp a t the bose of the crt and remove the groticule 
cover and groticule. (Remove the groticule cover by re­
moving the phill ips head screw located on the lower port 
of the cover.) Pull the crt straight out through the front 
panel. When the new crt is in place, the leads con be 
properly connected to the neck of the tube by following the 
color code information provided on the tube shield. After 
replacement of the crt, it will be necessary to check the 
calibration of the oscilloscope. 

Replacement of Switches 

Methods for remova l of defective switches ore, for the 
most port, obvious and only a norma l amount of core is 
required. Single wafers ore normally not replaced on the 
switches. If one wafer is defective the entire switch should 
be replaced. Switches can be order from Tektronix either 
wired or unwired, as desired. 

Replacement of Ceramic Terminal Strips 

To remove a ceramic terminal strip, unsolder all com­
ponents and connections, then pry the strip with studs 
attached out of the chassis. An alternative method is to 
use d iagonal cutters to cut off one side of each stud to 
free the strip. Try not to damage the spacer. After remov­
ing the strip, the remainder of each stud con be easily 
extracted from the chassis with a pair of pliers. The studs 
need not be salvaged since new ones ore furnished with 
the new strips. II the spacers ore not damaged, they can 
be reused as long as they hold the strip assembly securely. 

fig. 5 - l . lnsto lto llon of o cera mic strip. 
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To install a new strip, place the spacers in the chassis 
holes, insert the stud through the spacers, and press down 
on lop of the strip above the studs. Use a plastic or hard 
rubbber mallei, if necessary, to seat the studs firmly. Be 
sure to lap lightly directly above the studs and drive them 
down in equal increments to keep from placing lao great 
o strain on the strip. Fig. 5-l illustrates the way the parts 
fit together. If desired, the extending portion of the stud 
pins can be cut off to within about an eighth of on inch of 
the lower end of the spacers. 

Observe all soldering precautions described earlier when 
soldering leads to the strip. 

RELACEMENT PARTS 

Standard Parts 

Replacement parts con be obta ined from Tektronix at 
current net prices. However, since most of the components 
ore standard ports they can usually be purchased locally. 
Before ordering or purchasing parts, be sure to consult the 
Pans List to determine the tolerances required. 

Tektronix-Manufactured Parts 

Tektronix manufactures almost all of the mechanical parts, 
and some of the electronic components, used in your instru­
ment. When ordering mechanical ports, be sure to describe 
the port completely lo prevent delays in filling your order. 

The Tektronix-manufactured electronic components ore so 
noted in the Parts list. These components, as well os the 
mechanical ports, must be obtained from the local Tektronix 
Field Engineering Office. 

Parts Ordering Information 

Each component in this instrument has o six-digit Tektronix 
part number. This number, together with a description of 
the port, will be found in the Ports list. To expedite filling 
your order be sure to include the following information 
when ordering ports: 

1. A description of the part. 

2. The port number. 

3. The ins1rument type and serial number. 

For example, o certain resistor should be order as follows: 
R735, a 470 n, 1/. watt, Fixed, Comp resistor, tolerance 10% , 
port number 316-471 for o Type 321A Oscilloscope, seria l 
number . . . • . . . . . . . When parts ore ordered in this manner 
we ore able to fill the order promptly and delays tha't 
might result from transposed digit~ in the port number ore 
avoided. 

NOTE 
Always include the instrument TYPE an d SERIAl 
NUMBER In any correspondence concerning this 
instrument. 

Since the production of this instrument some of the com­
ponents moy hove been superseded with newer, improved 
components. If we receive on order for a component that 
has been superseded by a newer one, the new one will be 
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shipped in place of the original. All Tektronix field offices 
hove knowledge of these changes, and your local Field 
Engineer may coli you if o change in your purchase order 
is necessary. 

Replacement information notes sometimes accompany the 
new components to aid in their installation. 

TROUBLESHOOTING PROCEDURE 

lntrodudion 

This section of the manual contains information for 
troubleshooting the Type 321 A Oscilloscope. Before attempt­
ing to troubleshoot the instrument, however, make sure 
that any apparent trouble is actually due to a malfunction 
w ithin tho instrument and not due to improper control 
settings. Operating instructions for the Type 321 A, and 
general information concerning batteries and the botlery 
charger, are contained in other sections of this manual. 

The component number of each resistor, inductor, capaci­
tor, transistor, vacuum tube, control, and switch is shown 
on the circuit diagrams. The following chart lis1s the com­
ponent numbers associated with each circui t: 

All numbers less 
than 100 

All 100 numbers 

All 300 numbers 

All 400 and 500 
numbers 

All 600 numbers 

All 700 numbers 

All BOO numbers 

Time-Base Trigger 

Time-Base Generator and 
TIME/DIV switch 

Horizontal Amplifier 

Vertical Amplifier 

Regulator Circuit and Charger 

Converter Circuit 

Crt Circuit and Calibrator 

Resistance Measurements 

Tobie 5·1 lists the typical resis1oncc measurements obtain­
ed between the test points ond ground when using a 
20,000 H/v VOM. There is one exception, however, because 
the battery-terminal readings were measured between the 
terminals. 

The lost two columns in the table ore reserved for your 
own measurements that con be obtained ot any time when 
the Type 321 A is operating normally. 

Before checking the resistances, disconnect the power cord 
and remove the batteries. Set the POWER switch to BATI 
ON. When checking the resistances in o circuit where 
filter capacitors ore port of the circuit, allow some time for 
the capacitors to charge before listing the measurement. 

CIRCUIT TROUBLESHOOTING 
Although the Type 321 A is o complex instrument, it con 

be thought of as consisting of seven main circuits. in addi­
tion to the Calibrator circuit and Battery Charger. The moin 
circuits ore os follows: 



1. Regula tor Circuit 

2. Converter Circuit 

3. Crt Circuit a nd High-Volta ge Supply 

4. Vertica l Amplifier 

5. Time-Base Trigger Circuit 

6. Time-Bose Genera tor 

7. Horizontal Amplifier 

The first circuit to check, for practically a ny type of 
trouble, is the 10-Volt Regulator circuit. An improper out­
put voltage from this supply will a ffect the operation of 
the entire instrument. 

In some cases on improper voltage from the Converter 
moy affect one circuit more then the others. In these cases, 
va luable time con be saved by checking the supply voltages 
first. 

On the o ther hand, the crt display ca n often be used to 
isolate trouble to one pa rticular circuit when trouble obvious­
ly exists in thcrt circuit. If there is no vertical deflection, 
for example, when the intensity and horizontal deflection 
oppeor to be normal, it is a pparent that on open condit ion 
exists in the Vertica l Amplifier and this circuit should be 
investigated first. 

The materia l tha t follows contains information for trouble­
shooting ea ch circuit for troubles that moy be ca used by o 
defect in the circuit. A method is described, in some in­
sta nces, for loca ting the stage in which the trouble may 
be originating; once the stage a t fault is known, the com­
ponents causing the trouble con be located by volta ge and 
resistance mea surements or by substitution. In certain other 
instances the informa tion is more specific a nd the trouble 
con be traced to o particular component. 

Circuit failu re ma y be caused by tra nsistor fa ilure. If 
replacement of a defective transistor does not correct the 
trouble, then check the components associa ted with the 
transistors. 
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TROUBLESHOOTING THE REGULATOR CIRCUIT 

Proper operation of every circuit in the Type 321 A depends 
on proper operation of the Regulator circuit and the Con­
verter. The de voltages must rema in within their specified 
tolerances for the instrument to reta in its ca librat ion. 

Open Power Circuit (Dead Circuit) 
With the AC llSV (or 230V) line connected, on increase 

in the SCALE tLLUM control (cw) should brighten the groti­
cule lights. If the g raticule lights do not come on, check 
the source of power, power connection, a nd the fuse F601 . 

NOTE 

Disconnect the power cord when working o n the 
transfo rmer T60 1 or a ssociated circuits. If the fuse 
is b lown, repla ce it with one o f the proper va lue 
and re conne ct the ac li ne cord. If the new fuse 
blows immediate ly, check the power transformer 
for shorted primary or secondary windings. Short­
ed rectifiers in the second ary ci rcuit will also blow 
the fuse F601 . Check for an open prima ry w ind­
ing in the p ower transforme r if the fuse is good . 

Incorrect Voltage 

With the POWER switch in the EXT ON position, you 
should mea sure exactly 10 volts across C657; (see Fig. 6-1 , 
Section 6). If this voltage is not present, check for an open 
fuse F621 or thermal cutout switch TK62l. (Resistance of the 
therma l cutout switch is about 0.1 0). If the fuse is blown, 
replace it with one of the proper value and turn the instru­
ment on a gain. If the new fuse blows immediately, dis­
connect e ither the Converter circuit or the Crt circuit, or 
both, from the Regulator circuit to isola te the trouble (see 
Fig. 5-2). If the fuse continues to blow, the trouble lies in 
the Regulator circuit. If the Regulator circuit is free of 
trouble connect, one a t a time, the Converter and the Crt 
circuit to loca te the source of trouble. Once the circuit at 
fault is known, you con then troubleshoot within this circuit 

TABLE 5· 1 

Test 
Po int 

Typical Resista nces 

Type of Meter: 
Mfr: 

Location Type of Me ter: 20,000 Model No.: 
(Fig . No . ) 0/v VOM Type 321A Ser. No .: 

Read ings• Used Readings Used 
:-Re-~i;t-~nce I Ohm~ ... Ronge Resistance 1 Ohms Ra nge. 

~~ .~.~-"''··· 6-2 ... · ·2oor1. 6k .. :r.=.=.=~~gt~--- .·.=_·.=.=~=~=====--=,=--~~.=.=.=.=.=.=:___ 
!~~:····· ~~ .. ~:~i 2~on ..... ·-····-~~·~- .. ~ ··········---

·-··:::.::ro v 6-2 ········-f\.4k, 450ii·-·· RXl K ... .. --
- 45 v I '6-_2 __ 6k, i':6'k:-- - RXl K .. -, ·····-+-----· 

_ - no .. ::-.... _r·······-6-2~ _49._s6:.··~~~-~k... RXHiok ,'·--······---
• ·sa ttery Term. u '+V" RXI 

*lteverte the ohmmeter loa ds to got both readings. 

• • Moa«ured a tre n tho Interna l battery te1111lnats locCI1e d at tho boHom rea r portion o f tho lnlfrumont. 
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to locale the defective component(s). The Circuit Descrip·· 
lion (see Section 4} of the circuit involved may prove useful 
when troubleshooting within a given circuit. 

Fig. 5·2. Tro .. bteshootlng the Regulator clrtuit I rear right-side view I. 

If varying the line voltage between 103.5 and 126.5 volts 
(or 207 and 253 volts for 2JO.v operation) varies the output 
of the 10-Volt Regulated supply, check for defective transis­
tors in the Regulator circuit. Transistors Q700 and 0710 in 
the Converter circuit may also affect the regulation of the 
I O.Yolt Regulated supply. 

TROUBLESHOOTING THE CONVERTER 
The Converter voltages depend upon the operation of 

0700 and Q710. These are the convener transistors and 
failure to operate will result in zero output 

Test points for checking the converter voltages are located 
on the right side of the oscil loscope (see Fig. 6-2 in Section 
6). If the converter transistors, 0700 and 0710, ore inopera­
tive, check to see if the regulated 1 0 volts is being applied 
across the converter transistors. Also checl: for shorted 
primary or secondary windings (T710). A short in any recti­
f ier circuit wi ll also cause the converter to be inoperative. 
If on improper voltage reading is obtained at any of the: 
indicated points, check ihe 1 OV ADJ control R651 for correct' 
sett ing. 

TROUBLESHOOTING THE CRT CIRCUIT 
The intensity, focus. geometry, and calibration of tha crl 

display depend on proper operation of the - 720-volt supply 
and the high-voltage supply in the crl circuit. The -720 
volts is dependent upon the converter for proper operation. 
For trouble m this supply refer to the converter trouble­
shoo•ing procedure. 
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No Intensity 

If the fow-voltoge power supply is operating normally, 
but no spot or trace is visible on the crt, the trouble could 
be o defective crt, o defect in the crt circuit including the 
·-720-volt supply, on unbalanced condition in either or both 
of the deflection amplifiers, o defect in the Time-Bose Gen­
erator circuit, or o defective unblanking circuit {to produce 
a spot or trace on the screen the crt must be unblonked). 

To determine which circuit is at fault, turn the INTENSITY 
control full right. Set the LEVEL control to FREE RUN and 
the TIME/DIY control to 1 MILL! SEC. Short the vertical de­
flection plates together (of the neck pins on the crt) with o 
screwdriver. Be extremely careful not to short either pin 
to the metal shield around the crt. Adjust the HORIZONTAL 
POSITION control and see if o spot or trace appears on 
the crt. If so, a state of unbalance in the vertical deflection 
system is indicated. {Refer to Troubleshooting the Vertical 
Amplifier.) 

If a spot or trace does not appear with the vertical de­
flec tion plates shorted, turn the instrument off and remove 
the leads that connect to the horizontal deflection plates. 
(Make sure that the metal clip on the end of each lead does 
not touch the chassis.) Turn the instrument back on and 
(after wormupl adjust the VERTICAL POSITION control. If 
o spot now appears on the crt, the Horizontal Amplifier is 
causing the trouble. If a spot does not appear, turn the 
instrument off and reconnect the leads lo the horizontal de­
flection plates. Then turn the instrument bock on and set 
the TIME/DIV switch to tho EXT HORIZ INPUT position. If 
o spot now appears on the crt, after warmup lit may be 
necessary to adjust VERTICAL POSITION control), the Time­
Bose Generator is the circuit ot fault. Refer to the appro­
priate troubleshooting section for trouble in either of these cir­
cuits. 

If none of the previous checks indicates the source of the 
trouble, o defective crt or trouble in the high-voltage circuit 
is indicated. Measurement of the high voltage can be mode 
ot the top end or R720 {see Fig. S-2). The voltage at this HV 
TEST PT should be approximately +3050 volts (when mea­
sured with a 20,000 !1/v VOM}. If the voltage is present, o 
defective crt is indicated. Also a defe-cti"c rectifier 0714, 
0715, 0717, 0718, or 0719, will cause the high voltage to 
be inoperative. 

TROUBLESHOOTING THE VERTICAL AMPLIFIER 

No Spot or Trace Visible on Crt 

If all power-supply voltages ore normal, ond the crl is 
known to be good, failure to obtain a srot or trace on the 
screen will be due to the Time-Bose Generator and unblonk­
ing circuit or to improper positioning voltages. The Iotter con­
ditions is caused by a de unbalance in either or both of the 
deflection amplifier circuits. 

To determine which circuit is at fault refer to "Trouble­
shooting the Crt Circuit " for the procedure to check the 
balance of rhe vertical and horizontal amplifiers. 

If it is determined that the vertical deflection circuit is 
unbalanced, the next step is to check each 5tage for un­
balance. Fig. 5-3 is o simpified diagram of the Vertical Am-



plifier showing test points for checking the balance of the 
amplifier. For this check it is convenient to have a short lead 
(about 8 to 10 inches) w ith a rubber-covered alligator clip on 
each end, and a voltmeter (5000 n per volt or better). 

Connect the voltmeter beween the bose of Q504 and the 
base of Q514, and set the VERTICAL POSITION control to 
mid-position. A reading of less than 0.06 volt would indicate 
unbalance in the output stage (Q504, Q51 4). Check for de­
fective transistors and associated circuit ports. A reading 
of 0.06 volt or more on the voltmeter ind icates unbalance 
ahead (toward the input stage) of the voltmeter. Reconnect 
the voltmeter between the bose of 0 484 and 0494. A read­
ing of less than 0.02 volt indicates unbalance in that stage. A 
reading of more than 0.02 volt ind icates unbalance toward 
the input stage. 

The next step is to connect together the collector of 0464 
and the collector of 0474 with the shorting strop. If the 
trace appears on the crt (it may be necessary to adjust the 
VERTICAL POSITION control) the trouble lies either in one of 
the transistors or in some component ahead of this stage. 
From this point it is advisable to troubleshoot by substitution. 
Do not connect other points on opposite sides of the circuit 
together, as on improper voltage on one side could damage 
transistors on the other. 

Insufficient or No Vertical Deflection 

Insufficient vertical deflection indicates a change in the 
gain characteristics of the Vertical Amplifier. If there is only 
o slight deficiency in the deflection, as will usua lly be the 
case, the amplifier con generally be recalibrated for gain. 

+ 

0414 

Short to 
chec.k DC 
balance 
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Refer to Section 6 for this. However, if the amplifier cannot 
be recolibrated, or if the decrease in gain is more pro­
nounced. it will be necessary to check the transistors, tube, 
ond circuit components. 

If there is no vertical deflection on the crt, on inoperative 
condition in the vertica l deflection system is indicated. If 
the trace con be moved with the VERTICAL POSITION con­
rei, the trouble is originating ahead of the control in one 
of tho input stages of the Vertical Amplifier (input d., input 
e.f.}. 

If the trace cannot be moved with the VERTICAL POSI­
TION control, one of the stages following the control is in­
operative. In either of the above cases the tube or transistor 
should first be replaced, then circuit components should be 
checked. 

TROUBLESHOOTING THE HORIZONTAL AMPLI­
FIER 

No Spot or Trace on the Crt 

To determine that the Horizontal Amplifier ts tn a stole 
of de unbalance, turn the instrument off and remove the 
leads thai connect to the horizontal deflection plates. (Make 
sure that the metal clips on the end of each lead do not 
touch the chassis.) Turn the instrument bock on and (after 
warmup), adjust the VERTICAL POSITION control. If a spot 
now appears on the crt, the trouble lies in either the Hori­
zontal Amplifier or the Time-Bose Generator. To determine 
which circuit is at fault, reconnect the leads to the hori-

v v 

To Lower 
.--..,---Deflection 

Short to 
check DC balance 
of Vortlcot 
Amplifier 

Plot• 

To Upper 
..__..._ _ __ Deflection 

Plato 

Fig •. "1~3 . Simplified diagram of the Vertical Amplillor showing test points for checking tho de balance of the amplifier. 
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zontol deflection plates and turn the TIME/DIY control to 
EXT HORIZ INPUT position. If the spot now appears, the 
Horizontal Amplifier is in balance and the trouble is being 
caused by on inoperative condition in the Time-Bose Gen­
erator (refer to Troubleshooting the Time-Bose Generator) 

If no spot appeared on the crt with the TIME/DIY control 
in the EXT HORIZ INPUT position, the Horizontal Amplifier i:s 
causing the trouble. The procedure for troubleshooting the 
Horizontal Amplifier to locate the defective stage, is simi­
lor to that explained for troubleshooting the Vertical Ampli­
fier for unbalance. A voltmeter (5000 U per volt or beHer) 
is used to determine which stage is unbolonccd. Fig. S-4 is 
a simplified diagram of the Horizontal Amplifier showing 
test points for checking the balance of the amplifier. Con­
nect the voltmeter bet•.vcen the bose of 0334 and the bose 
of 0344. Set the HORIZONTAL POSITION control to mid ­
position. A reading of 1.5 vol ts or over will indicate on un· 
balance in the lirsr stage (Q313, Q323). A reading of less 
than 1.5 volrs will indicate an unbalance condition in the out· 
put stage (0334, 0344). When the stage o t fault is deter· 
mined, check for defective transistors and components OS· 

sociated with thot stage. 

Insufficient or No Horizontal Deflection 

If the gain of the Horizontal Amplifier decreases, the 
rroce will not extend from the left to the right side of the 
groticule. In addition, the timing will no longer correspond 
lo the calibrated value indicated by the TIME/DIV switch. 

If the change is slight, os indicated by improper timing 
and a slightly decreased sweep, the amplifier con usually be 
rccalibrotcd. Since the gain o f the Horizontal Amplifier 
regulates the timing of the sweep, <::ore must be taken to 
insure that the gain adjustments ore accurately mode. Be 
sure to refer to Section 6 if it is necessary to adjust the gain 
of the Horizontal Amplifier. 

If there is no horizontal deflection on the crt the circuit at 
fault could be the Hori;r;ontol Amplifier or the Time-Base Gen­
erator. 

The operation of the Time-Bose Generator con be checked 
be measuring the voltage o t the ernitter of Q 173. Set the 

+ 

v 

+ 

TIME/DIV control to .1 SEC and the LEVEL control to FREE 
RUN. Connect a voltmeter between the emitter o f Q173 (see 
Fig. 5-5) and ground. If the voltage varies between zero and 
-20 volts, as the Miller Circuit runs down and bock, the 
Time·Bose Generator is operating properly and the trouble 
lies in the Horizontal Amplifier. 

Fig . 5-S. Chotklng the operation of tho Tim .. Bu1o Generator by 
measuring the voltage at the emitter qf QITJ (upper right-side 
view) . 

When the trouble has been isolated to either the Time-Bose 
Generator (refer to troubleshooting the Time-Base Generator 
or the Horizonta l Amplifier, a check of the transistors and 
circuit components should be mode. 

If there is some horizontal deflection on the crt, but not 
enough to cover the ten-division length of the graticule, the 

To left~Hol\d 
.... -----,,----+- DeffecJion 

Short to check 
DC bolonce of 

Horixon1al 
Amplifier 

Plate 

To Right-Hand 
.,_ ___ -J. ___ ...,. Deflection 

Plato 

Fig . 5-4. SIMplified diagram of tho Hornontal Amplifier showing tftl points for chedcing the de balance of the amplifier. TIME/ OIV swlkh 
is ce t to EXT. 
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trouble either be due to insufficient outpul from the Time­
Bose Generator. or to insufficient gain in the Horizontal 
Amplifier. 

The Time-Bose Generator con be checked in the some man­
ner as described previously. That is, by measuring for a 20-
volt variation at the emitter of 0173, at o slow sweep rote. 
If this reading is not obtained, the Time-Bose Generator is at 
fault, and its circuitry con be investigated. The SWP LENGTH 
control (R1761 is very important and its setting should be 
checked first. For the proper adjustment of this control, refer 
to Section 6. 

If the voltmeter indicates the proper reading (see Fig. 5-5) 
the Horizontal Amplifier will be the circuit at fa ult. Check 
for defective transistors and circuit components. 

TROUBLESHOOTING THE TIME-BASE TRIGGER 

Improper Triggering 

If the waveform you ore observing cannot be triggered 
(locked into position) properly, the trouble can be: (l) mis­
odjustment of the STABILITY control. (2) the trigger p ickoff cir­
cuit (trigger amplifier 05241 in the Vert ica l Amplifier, (31 
Time-Bose Generator, or (4) the Time-Bose Trigger circuit. 

Refer to •Section 6 for misodjustment of the STABILITY con­
trol. The operation of the trigger pickoff circuit con be 
checked as follows: connect on external triggering signal 
(preferably the signal input waveform) to the (Triggering) 
INPUT connector. Set the INT-EXT switch to the EXT position. 
Check to see if the waveform can now be triggered. If so, 
the trigger pickoff stage 0524 is at fault; it is not passing the 
internal signal that develops the triggering pulse. 

If the waveform cannot be triggered in either the INT or 
EXT position, some circuit in the Time-Base Trigger or the 
Time-Base Generator is not operating properly. 

If the sweep can be turned off and on with the LEVEL 
control, the sweep generator is capable of being triggered. 
This indicates the Time-Base Trigger is not functioning 
properly. Check for defect ive transistors and circuit com­
ponents. 

TROUBLESHOOTING THE TIME-BASE GENERA­
TOR 

No Horizontal Sweep 

It is important that you understand the operation of the 
Time-Bose Generator before proceeding with any extensive 
investigation of the circuit. For this reason we suggest that 
you thoroughly study that portion of the Circuit Description 
pertaining to this circuit. 

If the Time-Base Generator is not producing a sawtooth 
sweep when the LEVEL control is in the FREE RUN position, 
some defect is rendering the circuit inoperative. The timing 
components (R160-C160) and the hold-off capacitor (C180) 
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can be checked by rotating the TIME/DIV switch through its 
range. If o trace appears in some positions of the switch, 
the trouble will lie in the components associated with the 
inoperative positioo(s) of the switch. 

If no trace appears in any position of the TIME/OIV 
switch, the generator is '"hung up"' either at the low end or 
at the high end of the sweep. Set the TIME/DIV switch to 
.5 MILLI SEC and measure the voltage at the emitter o f 0173. 
If this voltage is very close to zero, the circuit is hung up 
at low end of the sawtooth; that is, the sweep cannot get 
started. In this cose, voltage reading at key points in the 
circuit may help to isolate the source of trouble. Connect a 
o voltmeter to the base of 0135 and turn the LEVEL con­
trol just slightly to the left, away from the FREE RUN posi­
tion. Then vary the setting of the STABILITY potentiomet~r. 
The voltage at the bose of 0135 should vary between about 
-3.5 volts ond about -7.5 volts. Voltages outside of this range 
indicate trouble in the stability-control circuit ... R111, R131, 
D111, D131. Also, check transistors 0135 and 0183; check 
D183 and R181 in the emitter circuit of 0183. 

The operation of the Sweep-Gating Multivibrotor con be 
checked by connecting the voltmeter to the collector of 0145 
or base of 0153 and varying the setting of the STABILITY 
potentiometer. II no trouble exists in the multivibrator circuit, 
it will be forced from one stable stole to the o ther as the 
STABILITY control is varied from one end of its range to the 
other. This will cause the collector voltage of 0145 to vary 
from about -1.1 to +1.6 volts. The bose voltage of 0153 
will vary from about -0.6 to +2 volts. Normal operation 
of the gating transistor 0153 is indicated by a voltage change 
ot its emitter equal to about -0.32 to +0.6 volt. 

II the voltage range at emitter of 0153 appears to be 
normal, the hong-vp is occurring in the Miller circuit. A check 
of the voltages, at the points indicated on the circuit diagram, 
may indicate the source of the trouble. If not, check by sub­
stitution transistors 0161, 0163, and 0173, and Diode D153. 

II the voltage at the emitter of 0173 is from - 20 to about 
- 40 volts, the circuit is hung up ot the high (most negative) 
end of the sawtooth. This indicates that the discharge path 
of the Timing Capacitor C160 is blocked. Since the Timing 
Capacitor discharges through 0153, R153, and D153, these 
components should be checked first. Then check the action of 
the Sweep-Gating Multivibrolor by the method mentioned 
previously. If the multivibrator is locked up so that 0145 is 
conducting, 0153 will be back-biased and will block the dis­
charge path. 

Improper Triggering 

If the sweep cannot be triggered properly, the gating pulse 
from the Multivibrotor (0134-0145) is not turning the diode 
D1 53 off and on properly. The start of the gating pulse, 
which turns lhe diode off ond starts the sweep, is initiated by 
the triggering pulse at the base of 0135. The end of the 
gating pulse, which turns the diode on and initiates the re­
trace, is controlled by the hold-off waveform at the base of 
0135. The main component to check, in addition to the 
transistors, is the differentiating capacitor Cl31. 
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TROUBLESHOOnNG THE CAUBRATOR 

lnsuHicient or No Calibrator Output 

The Converter circuit supplies the signal to the Calibrator 
circuit. To check the Calibrator, turn the VOL TS/DIV control 
to the CAL4 DIV position. Set the LEVEL control to the AUTO 

position. There should now be displayed on the crt 4 vertical 
divisions of calibrator signal. If not, and the Vertical Am· 
plifier is known to be working, check for a defective transistor 
0874 and associated circui t components. For adjustment 
of the CAL ADJ control refer to Section 6. The CAL ADJ con· 
trol will componsotc for slight changes in the calibrator out· 
put. If the change is more pronounced, the transistor Q874 
should be checked. 



SECTION 6 

CALIBRATION 

EQUIPMENT REQUIRED 
The following equipment is required for o full recolibrotion 

of the Type 321 A Oscilloscope. 

1. De voltmeter (sensitivity at least 20,000 !2/ v) calibrated 
for on accuracy of at least 1% ot 5.8, 10, 45, 720. and 
3300 volts. Be sure the meter is accurate; few portable 
meters hove comparable accuracy, particularly after o 
period of use. 

2. Accurate rms-reading oc voltmeter, 0-150 volts (0-250 or 
0-300 volts for 230-volt operation]. 

3. Variable autotransformer having a rating of at least 1 
ampere. 

4. Test oscilloscope with 1 X and lOX probes, accurately 
calibrated for vertical gain at 5, 10, 20, 50, and 100 
mv per division. Bandwidth: de to about 100 kc or higher. 

5. Type P6006 lOX passive probe (Tektronix part number 
010-127 BNC) for use with the Type 321 A. As a usefu I 
accessory, include on adopter (Tektronix port number 
013-056) which adopts probe tip to fit a BNC jack. 

6. Square-wove generator, Tektronix Type 105 or equivalent. 
If a Tektronix Type 105 is not available, it will be neces­
sary to substitute a generator with the following charac­
teristics: Output frequencies of about l kc and 400 kc; 
risetime 13 nsec or foster into a 50-ohm (nominal) cable 
terminated at both ends; output voltage variable from 1 0 
to 100 volts across on internal 600-ohm load. 

7. Constant-amplitude signal generator, Tektronix Type 190A 
or 1908 or equivalent. If a Tektronix Type 190A or 1908 
is not available, it will be necessary to substitute o gen­
erator that provides up to 5 volts signal output. The 
output must be adjustable (manually or automatically) 
for constant amplitude within a frequency range of 500 kc 
to 6 me, including o reference frequency of about 50 kc. 

8. Time-mark generator, Tektronix Type 180 or 180A or 
equivalent. Markers required at 500, 100, 50, 10, 5,, 
and 1 msec, 500, 100, 50, 1 0, 5, and 1 JLSec. All outputs 
must have a time accuracy of at least 0.1 %. 

9. 50-ohm (nominal impedance! coaxial cable, 42 inches 
long with BNC plug connectors on each end, Tektronix 
port number 012-057. 

10. 50-ohm termination with one BNC plug and one BNC jock 
connector fittings, Tektronix port number 011 -049. 

11. 50-ohm 10:1 allenuotor with one BNC plug and one BNC 
jock connector fittings, Tektronix port number 011-059. 

12. Connector adapter, single binding post fitted with o BNC 
plug. Binding post accepts banana plug. Tektronix port 
number 103-033. 

13. Connector adopter with BNC jock and UHF plug con­
nector fittings, accepts BNC plug and fits UHF jock. Tek­
tronix part number 1 03-015. 

14. Clip-lead adopter for the Type 190A or 1908 to perform 
step 19. Choose connector type that fits allenuotor unit of 
generator; either a UHF type (Tektronix port number 013-
003) or o BNC type (Tektronix part number 013-076). 

15. Patch cord, 6" long, with banana plug-and-jock com­
bination at each end. Tektronix port number 012-024. 

16. Miscellaneous Items (one each) 

Small screwdriver with 1/ 8 " wide bit. 

Lorge screwdriver with a 1//'wide bit. 

Nut driver, !>j16", to fit locking hex nut on lOV ADJ 
control. 

Plastic rod, 1//' diameter, about 6" long, with a chisel 
tip. 

Joco No. 125 insulated low-copacitance-type screwdriver 
with a 1 1j2 " long shank and 1/ 8 " wide metal tip. Total 
length is about 5". Tektronix port number 003-000. 

ADJUSTMENT PROCEDURE 

Preliminary Instructions 

Remove the side covers from the Type 321 A. Set up the 
front-panel controls as follows: 

INTENSITY Full left (ccw) 

HORIZONTAl POSI- Midrange 
liON 

POWER EXT ON 

TIME/DIV 1 MILLI SEC 

VARIABLE (TIME/DIV) CALIS (full right) 

5X MAG Knob pushed in 

TRIGGERING 

LEVEL Midrange 

SLOPE + 
A C-DC AC 

I NT-EXT INT 

VOLTS/DIY .1 

VARIABLE (VOLTS/DIV) CALIS 

AC.DC-GND DC 

VERTICAL POSITION Midrange 

NOTE 

Controls not listed above are not pertinent to this 
portion of the procedure and may be left in any 
position. Adjustment of these controls will be 
made at the appropriate time in the f ollowing 
procedure. 
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Conned the Type 321 A and oc voltmeter to the auto­
transformer, and turn on all equipment. Set the output of the 
autotransformer to the design center voltage for which your 
instrument is wi red (115 or 230 vi. 

If the instru'Ticnt foils to whbrote in any of the following 
steps, refer to the Troubleshooting Procedure portion of this 
manual for information concerning the circuit involved. 

FIG. 6-1. Test point and adjustm•nt locations for preformlng steps: 
1 and 3 I upper left side view I . 

1. Adjust 1 O.Volt Regulated Supply (Regulated Circuit l 

a. Connect a de voltmeter across the 1 0-volt regulated! 
supply of the points shown in Fig. 6-l. 

b. Adjust the 1 OV ADJ R651 control [see Fig. 6-1) for 
o reading of exactly 10 volts. Usc a voltmeter 
known to be accurate. 

NOTE 
It will be necessary to loosen the lock nul before 
the 1 OV ADJ control can be ad justed. Set the 

POWER switch to TRICKLE when loosening or tight· 
ening the lock nut. 

c. Che<:k the regulation of the supply by slowly vary­
ing the output of the variable autolransformer be­
tween 103.5 and 126.5 volts [or 207 and 253 volts). 
These line-voltage ranges are equivalent to 1 0'7', 
below and above design-center voltage for which 
the Type 321 A is wirtld. As the line voltage is 
varied, the 1 0-volt regulated supply should not 
vary any more than ± 0.5% (:.t;SO mv). 

NOTE 

When checking for proper regulation of the power 
supplies at the lower line-voltage l imit, the ac line 
voltage should contain no more than 1 % sine­
wave distortion. 

d. Reset the autotransformer to design-center line volt­
age. 

c. Disconnect the de voltmeter. 

2 . Check Supply Voltage and Ripple of Other Supplies 
(Converter J 

o. Using Table 6-1 as a guide, check the supply voltage 
and output voltage ripple of each of the supplies 
listed. Refer to Fig. 6-2 for location of all test points 
except 3.3 kv which con be found by referring to 
Fig. 5-2 or Fig. 6·6. Use the de vol tmeter to check 
the supply voltages. Use the test oscilloscope with 
o 1 X probe to check ripple voltage. 

b. Disconnect the de vol tmeter and I X probe. 

3 . Adjust Calibrator Amplitude (Calibrator Circuit) 

a. Connect the test oscilloscope 1 X probe tip to the 
CAL OUT 500 MY connector. Connect the probe 
ground lead to the Type 321A GND connector. 

b. Set the test oscilloscope front-panel controls to ob­
tain a stable display of several cycles of the wove 
form. 

c. Adjust the CAL AMPL R884 control (see Fig. 6-1) for 
exactly 500 mv peak-to-peak vertical deflection of 

TABLE 6-1 

• Meo,ured with o 20.000!2/ Y VOM. 
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the waveform displayed on the test oscilloscope. 
(Be sure the test oscilloscope itself is accurate.) 

Disconnect the probe from the CAL OUT 500 MV 
connector. 

d. Connect the 1 X probe to the CAL 4 DIV test point 
shown in Fig. 6-1. Ad just the test oscilloscope lor 
stable display at a vertical deflection foetor of 10 
mvf cm. The amplitude at this point should be 40 
mv, ± 3%. 

e. Disconnect the probe from the Type 321A. 

4. Adjust De Balance (Ve rtical Amplifier} 

o. Rotate the LEVEL control fully clockwise to the FREE 
RUN position. 

b. Turn up the INTENSITY control until the trace is 
visible. Check that the VERTICAL POSITION control 
is set to midrange. Adjust the FOCUS, ASTIGMAT­
ISM and INTENSITY controls for a well defined 
trace of normal intensity. 

NOTE 
If the trace is not visible because i t is above or 
below the crt viewing area, preadjust the DC SAL 
control (front-panel screwdriver adjustment I to 
position the trace near graticule center. 

c. Using the HORIZONTAL POSITION control, position 
the trace to start at the left edge of the groticule 
(0-cm graticule line). 

d. Rotate the VARIABLE (VOLTS/DIV) control sl ightly 
clockwise out of the detent CALIS position and l;>ock 
again. If any vertical displacement of the trace is 
apparent, adjust the DC BAL control until the trace 
remains stationary as the VARIABLE (VOLTS/DIV) 
control is rotated bock and forth. 

e. Set the VARIABLE (VOLTS/DIV) control to the CALIS 
position. 

Calibration- Type 321A 

S. Che ck Crt Alignment CCrt Circuit} 

a. Adjust the FOCUS and ASTIGMATISM controls for 
sharpest trace (narrowest trace width). 

b. Using the VERTICAL POSITION control, position the 
trace directly behind the center groticule line. 

c. If the trace and groticule line do not coincide over 
the length of the groticule, loosen the crt bose clamp 
and rotate the crt. 

d. When the trace and groticule line ore in coincidence, 
hold the bottom of the graticule cover in place so 
the crt does not d islodge it and push the crt for­
word using o ploslic rod as a lever behind the crt 
socket. The crt face should rest snugly against the 
groticule. 

e. Recheck alignment of the trace but do not tighten 
the crt bose clomp until after the next step. 

6. Adjust Geometry C Crt Circuit} 

o. Using the VERTICAL POSITION control, position the 
trace to the top groticule line. 

b. If any curvature is present in the trace, adjust the 
GEOM ADJ R861 control for minimum ctJrvature. 

c. Position the trace to the bottom graticule line and, 
if necessary, repeat the previous step. 

NOTE 

A compromise setting of the GEOM A DJ control 
may be necessary for best over-all linearity. 

d. Position the trace to groticule center and recheck 
alignment of the trace. If the trace and graticule line 
coincide, tighten the crt base clomp. If the trace does 
not coincide, rotate the crt slightly for proper coin­
cidence and then tighten the bose clomp. 

Fig. 6-2. Test point locations for checking tho Converter output voltage• (bottom rlght-sldo vlowl. 
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7. Adjust Stability Clime-Base Generator! 

a. Connect a 6" patch cord from the (Triggering) 
INPUT connector to the front-panel GND connector. 

b. Set the front-ponel controls as follows: 

TIME/DIY 

TRIGGERING 

INT-EXT 

LEVEL 

STABILITY 

. 1 Mllll SEC 

EXT 

AUTO 

Fully ccw 

c. Set the test oscilloscope Input Coupling switch to 
DC, the Volts/Div switch to .05 and the Time/Div 
switch to 2 Millisec. 

d. Connect a lOX probe (in place of the 1 X probe) 
to the test oscilloscope. 

e. Connect the probe tip to the junction of D131 and 
the base of Q135 [see Fig. 6-6, page 6-8 in this 
section). 

f. Slowly rotate the STABILITY control in a clockwise 
direction until a point is reached where a trace is 
first displayed on the Type 321 A crt. This is the 
point where automatic sweep triggering first occurs. 

g. Using the test oscilloscope controls, position the 
waveform so the base line of the negative-going 
sawtooth waveform (displayed on the test oscillo­
scope crt) is located at a convenient point near the 
bottom of the groticule. Note the location of the 
waveform base line displayed on the test oscillo­
scope crt. 

h. Continue to slowly rotate the STABILITY control in 
a clockwise direction until the trace displayed on the 
Type 321A crt brightens. This is the point where 
the time bose free runs. 

1. Note the base-line position of the negative-going 
sawtooth waveforms displayed on the test oscillo­
scope crt. 

j. Rotate the STABILITY control in a counterclockwise 
direction unti l the base line of the test oscilloscope 
waveform display is located half way between the 
location noted in step 7g and the one noted in step 
7i. 

k. Disconnect the test oscilloscope lOX probe and the 
patch cord. 

NOTE 

As on alternative method for use in the field when 
a test oscilloscope is not available, the STABILITY 
control con be adjusted with acceptable accuracy 
by setting the control half way between the point 
where the trace first appeared (as in step 7f) 
and the point where the trace brightens (as in 
step 7h). 

8. Adjust Vertical Gain (Ve rtical Amplifier) 
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a. Set lhe VOLTS/DIY switch to the CAL 4 DIY posi· 
tion. 

b. Set the lNT-EXT switch to INT and the TIME/DIY 
switch to .5 MILLI SEC. Adjust the Type 321 A CRT 
controls for a stable well defined display. 

c. Approximately 4 divisions of signal should be dis­
played. Adjust the VERT GAIN R-468 control (see 
Fig. 6-5) for exactly 4 divisions of vertical deflection . 

d. As on extra check to setting the gain, set the VOLTS/ 
DIV switch to .1 and connect the CAL OUT 500 MV 
jock to the (Vertical Amplifier) INPUT connector 
through the binding-post adaptor and the 6u patch 
cord. The displayed signal should now be five 
divisions in amplitude. 

e. Disconnect the binding post adapter and patch cord. 

9 . Adiust High-Frequency Compensation C508 (Verti­
cal Amplifier) 

o. Turn on the Type 105 Square-Wave Generator or 
equivalent. Set the Type 105 for an output frequency 
of 400 kc and the signal output to minimum. 

b. Conned the following items, starting from the Type 
105 signal output connector, in this order-50-ohm 
coaxial cable, 1 0:1 attenuator, and 50-ohm termina­
tion-to the Type 321A (Vertical Ampl ifier) INPUT 
connector. 

c. Set the Type 321A VOLTS/DIY switch to .01 and the 
TIME/DIY switch to .5 p.sec. 

d. Set the Type 105 output amplitude to produce a dis­
play 4 major divisions in amplitude on the Type 
321A. 

e. Adjust CSOB (sec Fig. 6-5) for best square-wave res­
ponse; that is, for squarest leading top corner on 
the waveform. 

f. Disconnect the Type 105 signal from the Type 321A. 

10. Adjust Probe and VOLTS/ OIV Attenuator (Verti­
cal Amplifierl 

a. Set the TIME/DIY switch to 1 MILL! SEC. 

b. Connect the cable end of a P6006 Probe to the (Verti­
cal Amplifier) INPUT connector. 

c. Set the Type 105 for an output frequency of 1 kc and 
the signal output to minimum. 

d. Connect the probe tip through a 50-ohm termination 
and 10:1 attenuator (in that order to the Type 105 
signal output connector. Use adopters, if needed, 
to moke proper signal and ground connections be· 
tween the two instruments. 

e. Set the Type 105 signal output to produce a deflec­
tion of about .4 major divisions on the Type 321A 
crt. 

f. Compensate the probe os instructed under "Use of 
Probes" in Section 3 and illustrated in Fig. 3-7. 

g. Set the VOLTS/DIY switch to .02. 

h. Adjust the output amplitude of the Type 1 05 so the 
display is about 4 divisions in amplitude. 
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Under Co mpentated Adluated Correctly o ... r Compenaat.d 

-
_.._ __ ___ __ .... 

,_ ,.. ,... ,... ,... ,... ,.. ,... ,.. ,.. 

. .. ' ' ' ' ~ ' 'f- ' ... 

Fig. 6 -3. Standardizing the Input time ' onstant. 

1. Using the information given in Table 6·2, adjust the 
two capacitors for each position (starting with the 
.02 VOLTS/DIY position) for best square-wove 
response. location of the variable capacitors i s 
shown in Fig. 6-5. Then, continue in a similar 
manner for the remaining VOLTS/DIY switch posi­
tions listed in the table. Maintain 4 divisions of 
deflection for each switch position provid ing the 
generator has sufficient output. 

TABLE 6-2 

Input Time-Constant Standardization 
and Attenuafor Compensation 

VOLTS/D} V Ad just for I Ad just for Optimum 
Switch Optimum Flat Top l Leading Square Cor-

Position (see Fig . 6-3) ner (see Fig. 6-4 ) 
.. .o{::.... .., ...... cilSA ······f ····===~:== 

.... --_as··-·-1 ...... C416A ·····--~--·······C4 1 6C ... _ 

:~~~-~:~~ =r=-s : = 
• Remove the 10.1 ottenuotor for thio and rema ini119 lwitch positions. 
Turn off the Type 105 de output when removing the otlenuator to 
avoid a shock hazard. 

• • Remove the SO-ohm termination for this and following switch 
position. Avoi d shock haxard as described previously. 

• • • Maximum amplitude of the dilplay is I major divis ion since 100 
valls Is the maximum output omplltude from I he Type 105. 

Under Compenaat.d 

1-+--1-+-1--J'--1-· ..... ·-f--- ---

j. Turn off the Type lOS; disconnect the probe from 
the Type 105 and the Type 321A. 

11 . Check Frequency Response !Vertical Amplifie r) 

a. Set the Attenuator switch of the Type l90A (or 1908 
or equivalent) Constant-Amplitude Signal Generator 
to the 0.1-volt peak-to-peak position. 

b. Connect the Type 190A Attenuator unit through a 
50-ohm termination to the Type 321 A (Vertical Am­
plifier) INPUT connector. Use a connector adopter, 
if needed, to make proper connections. 

c. Set the Signal Generator for an output frequency 
of SO kc. 

d. Set up the Type 321 A front-panel controls as follows: 

(TRIGGERING) LEVEL 

VARIABLE (TIME/DIV) 

VOLTS/DIY 

VARIABLE (VOLTS/DIV) 

FREE RUN 

CALIB 

.01 

CAUB 

e. Adjust the Type 190A to produce a deflection of 
exactly 4 major divisions on the Type 321 A. 

f. Using the VERTICAL POSITION control, position the 
display so the deflection extends over the middle 
4 divisions. 

Over Compen&ot• d 

Fig. 6-4. Compensating the Attenuator hlgh -f requ•n(y response. 
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g. Increase the Signal Generator output frequency to 
6mc. 

h. The deflection should now be 2.8 major divisions 
or more. This is equivalent to an upper bandpos.s 
of 6 me or more at 3 db down. 

•· Disconnect the Type 190A signal. 

12. Adjust Horizontal Gain (Horizontal Amplifier) 

a. Set up the front-panel controls of the Type 321 A as 
follows: 

TIME/DIY 1 MILLI SEC 

VARIABLE [TIME/DIY) CALIS 

SX MAG Knob pushed in 

TRIGGERING 

I NT-EXT INT 

AC-DC AC 

SLOPE + 
AC-DC.GND DC 

b. Apply 1-millisec and 100 J.LSec markers from the Type 
180A Time-Mark Generator, or equivalent, through a 
coaxial cable to the Type 321 A (Vertical Amplifier) 
INPUT connector. 

c. Set up the following controls for best presentation 
which is about 3 major divisions in amplitude: 
VOLTS/DIY, VARIABLE (VOLTS/DIY), VERTICAL 
POSITION, HORIZONTAL POSITION, (TRIGGER­
ING) LEVEl, FOCUS, INTENSITY, ASTIGMATISM. 
and SCALE ILLUM. 

d. Adjust the HORIZ GAIN R338 control (see Fig. 6-6) 
for one highest [1 millisec) marker per division. 
Use the HORIZONTAL POSITION control to align 
the 1-millisec markers with the groticule lines. The 
circuit must calibrate between the 1- ond 9-division 
graticule lines in this step and when performing 
steps 15, 17, and 18. 

13. Adjust Sweep Length ITimeNBose Generator) 

o. Using the HORIZONTAL POSITION control, posi­
tion the 11th 1-milliscc marker (located at the 10-
division graticule line) to graticule center. 

b. Adjust the SWEEP LENGTH Rl76 control (see Fig. 
6-6) for five short (1 00-JJ-sec) markers after the 11 thi 
1-milliscc marker. This is equivalent to o sweep 
length of 10.5 major divisions. 

c. Position the display to start ot the 0-division grati­
cule marking. 

14. Adjust Magnifier Gain (Horizontal Amplifier I 

o, Pull the SX MAG knob to its outward position. 

b. Adjust the MAG GAIN R348 control (see Fig. 6·6) 
for 1 highest (l.millisecl marker per 5 major divisions 
and 2 short (1 00-,usec) markers per 1 major division. 

Calibration - Type 321 A 

Use the HORIZONTAl POST! ON control to align the 
1-mill isec markers with the o., 5-, and 10-major­
division groticule lines. 

1 5. Check Magnified Sweep linearity (Horizonta l Am­
plfier) 

o. Using the HORIZONTAL POSITION control, position 
the display to the right until the sweep starts at the 
1-major-division graticule line. 

b. Check sweep linearity over the first 8-major-division 
portion of the display. Non-linearity should not 
exceed ± 2% or ± 0.16 major division. 

c. Position the display to the left and check linearity 
for the remaining portions of the display. Non­
linearity should not exceed ± 2"/o over any 8-mojor­
division portion of the display. 

16. Check Normal-Magnified Sweep Registration ( HoriN 
zontal Amplifier) 

a. Set the Type 180A for 5-millisec time-marker output. 

b. Adjust the VOLTS/DIY, VARIABLE !VOLTS/DIY), and 
(TRIGGERING) LEVEL controls for o stable display 
about 3 major divisions in amplitude. 

c. Push the 5 X MAG knob inward and position the 
display to start at the 0-division groticule line. 

d. Note the marker located at the center IS-division) 
graticule line. Using the HORIZONTAL POSITION 
control carefully position this marker so it coin­
cides exactly behind the center graticule line. 

e. Pull the 5 X MAG knob outward and note the dis­
tance that the marker shifted. Marker shift should 
be less than ± 2.5 major divisions. 

f. Push the 5 X MAG knob inward. 

17. Adjust .5 JJ-Sec SweepNRote Timing (TIME/ OIV 
Switch ) 

o. Set the Type 180A for 1-p.sec time-marker output. 

b. Set the Type 321 A TIME/DIY switch to .5 p.SEC. 

c. Set the VOLTS/DIY, VARIABLE (VOLTS/DIY), and 
(TRIGGERING) LEVEL controls for a stable display 
about 3 major divisions in amplitude. 

d. Adjust Cl60L [see Fig. 6-6) for 1 marker per 2 
major divisions over the center 8-mojor division 
portion of the groticule. 

18. Check Sweep-Rate Timing Accura cy I TIME/ OIV 
Switch) 

a. Table 6-3 lists the time markers to be applied for 
the indicated setting of the TIME/ DIY switch, and 
the number of markers per division to be observed 
for each setting. There ore no adjustments to be 
mode in this step. This is o check of the TIME/DIY 
switch ond associated circuitry; particularly the 
Rl60- and Cl60-scries components that are switched 
into the circuit. 
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Calibration - Type 321 A 

Fig 6·6. Rlght·llde view of tho Type 321 A O•dllouope. The numb•rs In pcuenthe•l• refer to •tepc in the Colibral!on pro~edure. 
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TABLE 6-3 

TIME/D IY Time Markers ' Markers for 
Switch from j Major Division 
Position Type 180A ( Accuracy ± 3% I 

1 JLSEC I 1 JLSeC 1 
2 JLSEC 1 p.sec 2 
5 JLSEC 5 p.sec 1 

10 JLSEC 10 p.sec 1 
20 p.SEC 10 p.sec 2 
50 p.SEC SO p.sec 1 
.1 MILLI SEC 100 JLSeC 1 
.2 MILLI SEC 100 p.sec 2 
.5 MILLI SEC I 500 p.sec 1 
1 MILLI SEC 1 msec 1 
2 MILLI SEC 1 mesc 2 
5 MILLI SEC 5 msec 

10 MILLI SEC 10 msec 
20 MILLI SEC 10 msec 2 
50 MILLI SEC 50 msec 1 
. 1 SEC 100 msec 1 
.2 SEC 100 msec 2 
. 5 SEC 500 msec 

b. Disconnect the Type 180A signal. 
19. Check Extemal Horizontal Deflection Factor I Hori­

zontal Amplifier) 

a. Set the TIME/DIV switch to .1 MILLI SEC, the VOlTS/' 
DIV switch to 1, and the VARIABLE (VOLTS/DIV)to 
CALIS. 

b. Apply a 5-volt peak-to-peak 50-kc signal from the 
Type 190A, or equivalent, (through a suitable con­
nector adapter, if needed) to the Type 321 A (Verti­
cal Amplifier) INPUT connector. 

c. Adjust the Signal Generator output amplitude to 
obtain exactly 5 major divisions of vertical deflec­
tion on the Type 321 A crt. Use the (TRIGGERING) 
lEVEl control to make the display stable and the 
VERTICAL POSITION control to center the display 
while setting up the Type 321 A to obtain the correct 
deflection. Adjust the INTENSITY control for pleasing 
display brightness. 

NOTE 

The Type 190A is now set up so its output ampli­
tude is exactly 5 volts peak -to-peak ( ± 3% ). 
This signal can now be used to check the externa l 
horizontal deflection factor. Do not move the 
Type 190A control until steps 19d through 19h 
are completed . 

d. Disconnect the Type 190A signal from the (Vertical 
Amplifier) INPUT connector. 

e. Apply the Type 190A signal through a suitable clip­
lead adopter to the Type 321 A EXT HORIZ INPUT 
connector. Connect the ground lead of the clip-lead 
adopter to the Type 321 A GND connector. 

Calibration- Type 321A 

f. Set the TIME/DIV switch to EXT HORIZ INPUT and 
pull the 5 X MAG knob outward. 

g. Set the VERTICAL POSITION and HORIZONTAl 
POSITION controls so the trace is located .nea r 
graticule center. Use the INTENSITY control to ad­
just the brightness of the trace to o suitable level. 

h. Check that the horizontal deflection of the trace is 
5 major divisions long within a tolerance of ± 10% 
or ± 0.5 major division. 

20. Check External Horizontal Frequency Response 
I Horizontal Amplifier) 

o. Reduce the output amplitude of the Type 190A until 
the horizontal deflection of the trace is exactly 4 
major division long. 

b. Increase the output frequency of the Type 190A 
until there are 2.8 major divisions of horizontal 
deflection. 

c. Check the Type 190A output frequency. The Ire· 
quency should be 1 me or higher . 

d. Set the TIME/DIV switch to 1 MILLI SEC and push the 
5 X MAG knob to the inward position . 

e. Disconnect the Type 190A signal. 

21 . Check Battery Charger I Regulator Circuit) 

This is an optional check that should be mode if you plan 
to operate the Type 321 A from its internal rechargeable 
cells. This step checks the charging current by measuring 
the voltage drop across R693, a resistor connected in series 
with the batteries. 

a . Set the POWER switch to TRICKlE. 

b. Disconnect the ac line cord from the Type 321A and 
insert rechargeable cells in the battery holder. 

c. Reconnect the line cord to the Type 321 A. Check 
that the autotransformer is set to design-center line 
voltage. 

e. Connect the de voltmeter across R693. See Fig. 6-5 
for location of R693 and polarity of voltage. Use 
Table 6-4 as a guide for typical voltage readings 
that should be obtained for the various switch posi­
tions. 

TABLE 6-4 

POWER Charger Typical 
Switch Switch Voltage 

Position Position Reading 

LOW 4.45 
TRICKLE HIGH 2.2 

DRY CELlS 0 
LOW 23.4 

FUll HIGH 19.4 
DRY CEllS 0 

LOW 3.2 
EXT ON HIGH 1.6 

DRY CELLS 0 
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o or amp 
BHS 
c 
cer 
em 
comp 
cps 
crt 
CSK 
dio 
div 
EMC 
EMT 
ext 
f 
F&l 
FHS 
Fil HS 
g or G 
Ge 
GMV 
h 
hex 
HHS 
HSS 
HV 
10 
incd 
int 
k or K 
kc 
m 
me 

SECTION 7 
PARTS liST and DIAGRAMS 

PARTS ORDERING INFORMATION 
Replacement parts are available from or through your local T elctronix Field Office. 

Changes to Tektronix instruments are sometimes made to accommodate improved 
components as they become available, and to give you the benefit of the latest circuit 
improvements developed in our engineering deportment. It is therefore important, when 
ordering ports, to include the following information in your order: Part number including 
any suHix, instrument type, seria l number, and modification number if applicable. 

If a part you have ordered has been replaced with o new or improved port, your 
local Tektronix Field Office will contact you concerning any change in port number. 

ABBREVIATIONS AND SYMBOLS 
amperes mm 
binding head steel meg or M 
carbon met. 
ceramic p. 
centimeter n 
composition n 
cycles per second 00 
cathode-roy tube OHS 
counter sunk p 
diameter PHS 
division piv 
electrolytic, metal cased plstc 
electroyltic, metal tubular PMC 
external poly 
forod Prec 
focus and intensity PT 
flat head steel PTM 
fillister head steel RHS 
giga, or 109 rms 
germanium sec 
guaranteed minimum value Si 
henry S/ N 
hexagonal t or T 
hex head steel TO 
hex socket steel THS 
high voltage tub. 
inside d iameter v or V 
incandescent Vor 
internal w 
kilohms or kilo (1 Ql) wf 
kilocycle w/o 
milli, or 10"1 ww 
megacycle 

SPI:CIAL NOTES AND SYMBOLS 

xooo 
ooox 

Part first added at this serial number. 

Port removed after this serial number. 

millimeter 
megohms or mega (106) 

metal 
micro, or 10-• 
nano, or 1 0"9 

ohm 
outside diameter 
oval head steel 
pi co, or I 0 11 

pan head steel 
peak inverse voltage 
p last ic 
paper, metal cased 
polystyrene 
precision 
paper tubular 
paper or plastic, tubular, 
round head steel 
root mean square 
second 
silicon 
seria l number 
tera, or 1011 

toroid 
truss head steel 
tubular 
volt 
variable 
watt 
with 
without 
wire-wound 

molded 

•()()(). ()()() Asterisk preceding Tektronix Part Number indicates manufactured by or for Tektronix, 
or reworked or checked components. 

Use 000-000 Part number indicated is d irect replacement. 

Internal screwdriver adjustment. 

Front-panel ad justment or connector. 



T pe 321A Parts list - Y 

7-2 

FRONT & REAR 



Parts Ust - Type 321A 

FRONT & REAR 

IEf. 'A IT 
SIIIAJ./ MOOIL NO. Q 

NO. NO. 
T OISCII"ION 

Iff. DISC. Y. 

1 366-203 1 KNOB, gray- FOCUS 
........ . Includes: 
213.075 1 SCREW, set, 4-40 x ll32 inch HSS 

2 .. ... .. . . Mounting Hardware For Pot: 
210-046 1 LOCKWASHER, internal, .400 00 x .261 10 
210-583 1 NUT, hex, 11.-32 x 5l 14 inch 
210-940 1 WASHER, 11• 10 x 'Ia inch 00 

3 366-203 1 KNOB, gray - ASTIGMATISM 
... . .. .. . Includes: 
213.075 1 SCREW, set, 4-40 x %2 inch HSS 

4 366-203 1 KNOB, gray - INTENSITY 
. . ... . . Includes: 
213.075 1 SCREW, set, 4-40 x 3l 32 inch HSS 

5 366-203 1 KNOB, gray- SCALE ILLUM 
.. . .. ... . lnclude.s: 
213-075 1 SCREW, set, 4-40 x %2 inch HSS 

6 366-270 1 KNOB, charcoal - VERTICAL POSITION 
. - . .. - Includes: 
213.075 1 SCREW, set, 4-40 x %2 inch HSS 

7 ... . ... - - Mounting Hardware For Pot: 
210.046 1 LOCKW ASHER, internal, .400 00 x .261 10 
210-223 1 LUG, solder, '!4 inch 
210-583 1 NUT, hex, 114-32 x 5lt, inch 

8 366-270 1 KNOB, charcool - HORIZONTAL POSITION 
.. ... - .. - Includes: 
213.075 1 SCREW, set, 4-40 x 3132 inch HSS 

9 366-270 1 KNOB, charcool - POWER ON 
... - ... - - Includes: 
213.075 1 SCREW, set, 4-40 x %2 inch HSS 

10 260·617 1 SWITCH, unwired- POWER ON 
... .. . . - Mounting Hardware: (not included) 
210-583 1 NUT, hex, 1/.-J2 x 5114 inch 
210.940 1 WASHER, 1/ 4 10 x 311 inch 00 

11 366-081 1 KNOB, red -VARIABLE 
... . ... ... . Includes: 
213-004 1 SCREW, set, 6-32 x 3/t, inch HSS 

12 366-230 1 KNOB, charcoal - VOLTS/DIV 
. ... ... - - Includes: 
213-004 1 SCREW, set, 6-32 x 3114 inch HSS 

13 262-661 1 SWITCH, wired - VOLTS/DIV 
. ... . .. - Includes: 
260-625 1 SWITCH, unwired- VOLTS/DIV 

14 214-153 10 FASTENER, delrin 
15 337-332 1 SHIELD, a ttenuotor 

... ... ... .. . Mounting Hardware: (not included) 
211-008 2 SCREW, 4-40 x 114 inch BHS 

16 407-060 1 BRACKET, a ttenuator 
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Parts Ust - Type 321A 

FRONT & REAR (Cont'd) 

lEF. SUIAl/ MOOEL NO. Q 

NO. PAlT NO. T OES CRIPTION 
EFF. OISC. Y. 

17 441-0581-00 1 CHASSIS, a ttenuator 
.. . - .. .. .. - Mounting Hardware: (not included) 
210-0004-00 2 LOCKWASHER, internal, #4 
210-0406-00 2 NUT, hex, 4-40 x 3/ 16 inch 
211 -0008-00 2 SCREW, 4-40 x 3/ 16 inch BHS 
210-0201-00 1 LUG, solder, SE # 4 
... - - - . - - Mounting Hardware For Switch: (not included) 
210-0012-00 1 LOCKWASHER, internal, % x '/, inch 
210-0413-00 l NUT, hex, %-32 x '/2 inch 
210-0840-00 1 WASHER, .390 10 x '/16 inch OD 
211-0008-00 2 SCREW, 4-40 x 1/~ inch BHS 

18 366-0276-00 1 KNOB, red- VARIABLE 
.......... - .. - Includes: 
213-()()()4-00 1 SCREW, set, 6-32 x lf16 inch HSS 

19 366-0230-00 1 KNOB, charcooi- TIME/ OIV 
... ... .. .. .. ... - Includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/ 16 inch HSS 

20 262-0660-00 1 SWITCH, wired- TIME/DIV 
.. .. - ... ... .. - Includes: 
260-037 6-00 1 SWITCH, unwired-TIME/DIV 

21 384-0197-00 1 ROD, extension 
... ... .. .. .. ... - Mounting Hardware: (not included) 
213-0075-00 1 SCREW, set, 4--40 x 3/ 32 inch HSS 

22 348-0055-00 1 GROMMET, nylon, 1/" inch 
23 406-0024-00 1 BRACKET 

........ .. ... ..._ - Mounting Hardware: (not included) 
21 0-0006-00 2 LOCKWASHER, internal, #6 
210-0407-00 2 NUT, hex, 6-32 x 1/~ inch 

24 .. - .. ....... - Mounting hardware For Pot: 
210-0413-00 2 NUT, hex, %-32 x 1/ 2 inch 
21 0.0840-00 1 WASHER, .390 10 x 9/ 16 inch 00 
.. - ... - - ... . Mounting Hardware For Switch: (not included) 
21 0-0012-00 1 LOCKWASHER, internal, lfs x 1/ 1 inch 
21 0-0413-00 1 NUT, hex, 3/ 8-32 x 9/ 16 inch 
211-0504-00 2 SCREW, 6-32 x 1/ . inch 

25 366-0148-00 I KNOB, charcoal- AUTO (LEVEL) 
... ... .. .. ... .. . Includes: 
213-0004-00 1 SCREW, set, 6-32 x 3f16 inch HSS 

26 262-0662-00 1 SWITCH, wired- AUTO (LEVEL) 
.......... - .. - Includes: 
260-0296-00 1 SWITCH, unwired- AUTO (LEVEL) 

27 376-0014-00 1 COUPLING 
28 ............... - Mounting Hardware For Miniature Pot: 

21 0-0046-00 1 LOCKWASHER, internal, .400 OD x .261 ID 
210-0583-00 2 NUT, hex, brass, 1/ 4 -32 x Sf16 inch 
.. - .. .. ... .. - Mounting Hardware For Switch: (not included) 
210-0012-00 1 LOCKWASHER, internal, 3fa x 1/ 1 inch 
210-0413-00 1 NUT. hex, %-32 x 1/, inch 
21 0-0840-00 1 WASHER, .390 10 x 9/ 16 inch OD 
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Parts Ust - Type 321 A 

FRONT & REAR (Cont'd] 

tEF. SERIAl/MODEl NO. 
Q 

,,UT NO. T OESCR.,TION 
NO. EFF. DISC. Y. 

29 260-0448-00 1 SWITCH, unwired-AC-DC-GND 
... - ... ... ... - - Mounting Hardware: lnot included) 
210-0406-00 2 NUT, hex, 4-40 x 3J14 inch 

30 260.().4.4 9-00 1 SWITCH, unwired- INT·EXT 
... ... .. ... .. ... - Mounting Hardware: lnot included) 
210-0406-00 2 NUT, hex, 4-40 x 3/ 16 inch 

31 260-0449-00 1 SWITCH, unwired- AC-DC 
... .. ... ... ... ... . Mounting Hardware: (not included) 
21 0-0406-00 2 NUT, hex, 4-40 x 3J14 inch 

32 260-0447-00 1 SWITCH, unwired- SLOPE 
... - ... . ... .. - Mounting Hardware: (not included) 
210.0406-00 2 NUT, hex, 4-40 x 3/ 16 inch 

33 131-0106-00 1 CONNECTOR, chaJsis mounted, BNC 
.. ... ... .. ... .. Mounting Hardware: (not included) 
210-0255-00 1 lUG, solder 
210-0423-00 1 NUT, hex, lfe-32 x lj2 inch 

34 136-0140-00 3 SOCKET, banana jack oss'y 
... ... ... .. - .. - Mounting Hardware For Each: (not included) 
210-0223-00 1 LUG, solder, 1/ 4 inch 
210-0465-00 2 NUT, hex, 1/ 4-32 x 3/ 1 inch 
210-0895-00 1 WASHER, insulating, block 

35 150-0038-00 1 liGHT, LOW BATIERIES 
36 129-0053-00 1 POST, binding, assembly 

.. .. ... ... .. .. . Includes: 
200-01 03-00 1 CAP, binding post 
21 0-001 1-00 1 LOCKWASHER, interna l, 1/ 4 inch 
210-0455-00 1 NUT, hex, 1/ 4-28 x 3/ 1 inch 
355-0507-00 1 STEM, binding post adapter 

37 333-0830-00 1 PANEL, front 
38 358-0075-00 2 BUSHING, miniature pot 
39 387-0940-00 1 PLATE, front 
40 136-0135-00 1 SOCKET, 2 pin (not shown) 

- .......... . mounting hardware: (not incl uded w/socket) 
213-0113-00 2 SCREW, thread forming , 2-32 x 5f14 inch, RHS 
387-0345-00 1 PLATE, mica 

41 200.0196-00 1 COVER, transistor 
- .. ... .. .. .. . Mounting Hardware: (not included) 
211-0510-00 2 SCREW, 6-32 x 3fe inch BHS 

42 136-0140-00 1 SOCKET, banana jack oss'y 
.... - ...... - Mounting Hardware: lnot included) 
210-0223-00 1 LUG, solder, 1/, inch 
21 0-0465-00 2 NUT, hex, 1/, -32 x 3/a inch 

43 136-0139-00 1 SOCKET, banana jock ass'y 
.. .. .. .. .. .. - Mounting Hardware: (not included) 
210-0223-00 1 LUG, solder, 1/ 4 inch 
210-0465-00 2 NUT, hex, 1/4·32 x 3/ 8-inch 
21 0-0898-00 1 WASHER, insulating, red 

44 334-0715-00 1 TAG, crt grid 
45 387 -0948·-00 1 PLATE, rear 
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Parb List - Type 321 A 

FRONT & REAR (Cont'd) 

REF. SERIAL/MODEL NO. Q 
PART NO. T DESCRIPTION 

NO. EFF. DISC. Y. 

46 337-0652-00 1 SHIELD, switch 
.._ ............ . Mounting Hardware: (not included) 
211 -0504-00 3 SCREW, 6-32 x 1/ 4 inch PHS 

47 387-0938-00 1 PLATE, bulkhead, front 
- ... - .. ... .. . Includes: 
214-0210-00 1 SPOOL, solder assembly 
.. ......... ..... . Mounting Hardware: (not included) 
361 -0007-00 1 SPACER 
..... ...... .. . Mounting Hardware: (not included) 
211.0504-00 4 SCREW, 6-32 x 1/. inch PHS 

48 348-0056-00 1 GROMMET, 3J8 inch 
49 348-0055-00 1 GROMMET, 1/ 4 inch 
so 122-0123-00 2 ANGLE, roil bottom 

.. .. .. - ... - . Mounting Hardware For Each: (not included) 
211 -0504-00 2 SCREW, 6-32 x 1/ 4 inch PHS 
334-0931 -00 1 TAG, voltage rating !left roil, not shown) 

51 124.0109-00 1 STRIP, felt, 41/ 16 inches 
124-0115-00 1 STRIP, felt, 2% inches 

52 131-0084-00 1 CONNECTOR, cable, 12 inch anode 
53 200-0197-00 1 COVER, crt anode 
54 200-0584-00 1 COVER, groticule 
55 331 -0055-00 1 GRATICULE 
56 337-0336-00 1 SHIELD, crt 

- . - - .. - . Mounting Hardware: (not included) 
211-0504-00 2 SCREW, 6-32 x 1/ 4 inch PHS 

57 343-0029-00 1 CLAMP, crt socket 
... ... .. .. .. - - Mounting Hardware: (not tncludedl 
210-0457-00 4 NUT, keps, 6-32 x Sj 16 inch 
21 0-0501 -00 !I NUT, square, 10-32 x 3/ 8 inch 
21 0-0803-00 WASHER, 6L x % inch 
211-0534-00 4 SCREW, 6-32 x s; " inch PHS 
212-0557-00 1 SCREW, 10-32 x 1/, inch RHS 

58 381 -0277-00 1 BAR, alum., extruded handle assembly 
..- - - .. .. .. . Includes: 

59 344-0098-00 2 CLIP 
212-0566-00 1009 2799 2 SCREW, 10-32 x 5/ 16 inch RHS 
212-0507-00 2800 2 SCREW, 10-32 x % inch PHS 
21 0-0010-00 X2800 2 LOCKWASHER, internal, #1 0 

60 367-0037-00 1 HANDLE 
.... ... ........ . Mounting Hardware· (not included) 
211-0504-00 4 SCREW, 6-32 x 1/ . inch PHS 

61 387-0941 -00 1 PLATE, bulkhead, rear 
- - - - .. - - Mounting Hardware: (not included) 
211 -0504-00 4 SCREW, 6-32 x 1/ 4 inch PHS 
210-0202-00 X400 1 LUG, solder, SE6 

62 348-0026-00 2 FOOT, gray, flip-stand pivot block, left 
348-0027-00 2 FOOT, gray, fl ip-stand pivot block, left 

63 348-0062-00 4 FOOT, plastic 
............. Mounting Hardware Far Each: !not included) 
210-0457-00 1 NUT keps, 6-32 x s/16 inch 
211-0532-00 1 SCREW, 6-32 x 3/ • inch Fil HS 

64 348-0030-00 1 GROMMET, polyethylene, crt shield 
65 348-0056-00 2 GROMMET, delrin 
66 354-0095-00 1 RING, crt rotating 
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Parts Ust- Type 321A 

FRONT & REAR (Cont'd) 

liEF. SEIIAL/ MODEL NO. Q 
P.UT NO. T DESC.IPTION NO. EFF. DISC. Y. 

67 .............. .. - Mounting Hordwore For 5 Wott Resistor: 
21 0-0478-00 1 NUT, hex, olum., resistor mounting: 
21 0-0601-00 1 EYELET 
211-0507-00 1 SCREW, 6-32 x 5/ 16 inch BHS 
211-0553-00 1 SCREW, 6-32 x 11/ 2 inches RHS, phillips 

68 337-0654-00 1 SH IElD 
... ... - ... - ... . Mounting Hardware: (not included) 
211-0504-00 2 SCREW, 6-32 x 1/~ inch BHS 

69 352-0080-00 1 HOl DER, battery assembly 
- .. ... - ... ... - Includes: 
21 0.0006-00 4 lOCKWASHER, internal, #6 
213-0045-00 6 SCREW, self-topping, 4-40 x 5/ 16 inch PHS phillips 
213-0133-00 4 SCREW, contact, 6-32 
214-0501 -00 4 SPRING, contact 
352-0079-00 1 HOLDER, battery 
387-0967-00 1 PLATE, contact 

70 387-0966-00 1 PlATE, bottom assembly 
... - .. .. .. ... - Includes: 
210.0006-00 1 LOCKWASHER, internal, #6 
213-0131 -00 1 SCREW, contact, 6-32 

71 391-0060-00 1 BLOCK, contact assembly 
72 361-0078-00 1 SPACER, battery 
73 ... .. ... . ... .. - Mounting Hardware For Capacitor: 

21 0.0018·00 1 LOCKWASHER, steel, 5f14 inch 
220.0415-00 1 NUT, hex, brass, 5/16"32 x 7/ 16 inch 

74 387-0969-00 2 PLATE, cabinet, side 
.. ... ........ - Each Includes: 
1 05·0009-00 2 STOP, %6 lD x 11f32 inch OD 
210-0470-00 2 NUT, cabinet fastener 
21 0-0870-00 2 WASHER, %~ ID x 5/ 16 inch OD 
213-0040-00 2 SCREW, fasten ing, 6-32 x 1/ 2 inch 

75 150-0020-00 1 BULB, pilot light assembly 
76 134-001 2-00 1 PLUG, banana, male, twin 
77 406-0020.00 1 BRACKET, atlenuator 
78 348-0024-00 1 FOOT 
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Parts Ust- Type 321A 

CHASSIS 
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Parts Ust - Type 321 A 

CHASSIS 

REf. ..ART SERIAL/ MODEL NO. Q 

NO. NO. T OESCRiniON 
IFF. DISC. Y. 

1 136-035 2 SOCKET, graticule light 
. .. ... ... . Mounting Hardware: {not included) 
210-457 1 NUT, hex, 6-32 x 5/, 6 inch 
210-803 1 WASHER, 6l x % inch 
211-510 1 SCREW, 6-32 x 3fa in<:h BHS 

2 136-101 1 SOCKET, 5 pin 
......... - Mounting Hardware: {not included) 
213-055 2 SCREW, 2-32 x 3/1~ inch PHS, phillips 

3 214-153 1 FASTENER, snap 
4 260-450 1 SWITCH, unwired- Charger 

.. . .. . - Mounting Hardware: {not included) 
210-004 2 LOCKWASHER, internal, # 4 
210-406 2 NUT, hex, 4-40 x 3/ 16 inch 
211-008 2 SCREW, 6-32 x 1/ 4 inch BHS 

5 343-044 16 CLAMP, mounting 
- .. ... .. - Mounting Hardware For Each: {not included) 
210-586 1 NUT, hex, 4-40 x 1/ 4 inch 
211-008 1 SCREW, 4-40 x '/4 inch BHS 

6 352-077 4 HOLDER, transistor 
7 352-078 11 HOLDER, transistor 
8 344-016 1 CLAMP, 11/32 x 11/ 16 inches diameter 

. .. . .. - Mounting Hardware: {not included) 
210-006 1 LOCKWASHER, internal, #6 
210-407 1 ·NUT, hex, 6-32 x 1/ 4 inch 
211-504 1 SCREW, 6-32 x 1/~, inch BHS 

9 348-055 3 GROMMET, plastic, 1/ 4 inch diameter 
10 348-056 3 GROMMET, delrin, .406 OD x .353 inch ID 
11 348-031 4 GROMMET, polypropylene, 1/~, inch diameter 
12 352-025 1 HOLDER, fuse, dual 3AG 

......... - Mounting Hardware: (not included) 
21 1-507 2 SCREW, 6-32 x 5/ 16 inch BHS 

13 ......... - Mounting Hardware For Miniature Pot: 
210-046 1 LOCKWASHER, .400 OD x .261 inch ID 
210-583 1 NUT, hex, 1/~.-32 x 5/ 16 inch 
210-940 1 WASHER, 1/ 4 ID x 3/ 8 inch 00 

14 210-202 7 LUG, solder, SE #6 
........ - Mounting Hardware For Each: {not included) 
213-044 1 SCREW, thread cutting, 5-32 x 3/ 16 inch PHS, phillips 

15 406-685 1 BRACKET, transformer 
........ - Mounting Hardware: {not included) 
211-507 4 SCREW, 6-3.2 x 5/ 16 inch BHS 

16 200-532 1 COVER, capacitor, polyethylene, 21/ 32 x 1 inch diameter 
17 386-252 1 PLATE, fiber, small 

.. . .. ... - Mounting Hardware: {not included) 
210-006 2 LOCK WASHER, internal, # 6 
210-407 2 NUT, hex, 6-32 x 1/~, inch 
211-534 2 SCREW, 6-32 x 5/ 16 inch PHS with lockwasher 

18 200-293 1 COVER, capacitor, polyethylene, 29/ 16 x 1.365 inches 10 
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Parts List - Type 321 A 

CHASSIS (Cont'd} 

UF. PART StatAl/ MODEL NO. Q 

NO. NO. T OESCit tPTtON 
IFF. DISC. Y. 

19 386-254 l PLATE, fiber, Iorge 
. . .. ,. . Mounting Hardware: (not included) 
210.006 2 LOCKWASHER, internal, #6 
210-407 2 NUT, hex, 6-32 x 1/~ inch 
211-534 2 SCREW, 6-32 x 5/ 16 inch PHS with lockwasher 

20 343-088 3 CLAMP, cable, delrin 
21 441-557 1 CHASSIS. power 

- . - . . Mounting Hardware: (not included) 
211 -507 6 SCREW, 6-32 x 5/ 16 inch BHS 

22 337-653 1 SHIELD. insulation 
23 441-558 1 CHASSIS, high voltage 

- . . .... - Mounting Hardware: (not included) 
211-507 4 SCREW, 6-32 x Sj16 inch BHS 

24 337-655 1 SHIELD, sweep 
- - . .. . Mounting Hardware: (not included) 
211-507 5 SCREW, 6-32 x 5/ 16 inch BHS 

25 . - .... - Mounting Hardware For Miniature Pot: 
210-223 1 LUG, solder, 1/~ inch 
210-583 1 NUT, hex, 1/.-32 x 5/, 6 inch 

26 ... . .. .. . Mounting Hardware For Transformer: 
210-006 2 LOCKWASHER, internal, #6 
210-407 2 NUT, hex, 6-32 x 1/~ inch 

27 .. - . . . Mounting Hardware For Transistor: 
210-006 1 LOCKWASHER, internal, 6 
210-202 1 LUG. solder, SE #6 
210-407 4 NUT, hex, 6-32 x 1/ 4 inch 
210-811 4 WASHER, fiber, #6 
210-812 2 WASHER, fiber, # 10 
211-511 2 SCREW, 6-32 x 1/ 1 inch BHS 

28 337-651 1 SHIELD, high voltage 
- ... .. - . Mounting Hardware: (not included) 
210-586 3 NUT, keps, 4-40 x 1/ 4 inch 

29 441-556 1 CHASSIS, sweep 
...... ... . Mounting Hardware: (not included) 
211-507 5 SCREW. 6-32 x 5/ 16 inch BHS 

30 348.012 1 GROMMET, rubber, % inch 
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Parts Ust - Type 321 A 
CABLE HARNESS & CERAMIC STRIPS 

3 

Cb 
HI VOLTAGE C~SSIS 

SWEEP C~SSIS 
CRT CHASSIS 

D~ 
~·-----CD-1 I TIME /BASE CHASSIS 

POWER CHASSIS 
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Parts List - Type 321 A 

CABLE HARNESS & CERAMIC STRIPS 

REF. SEIII Al / MODEl NO. Q 
PART NO. T DESCRIPTI ON 

NO. EFF. DISC. Y. 

1 179-0883-00 100 1999 1 CABLE HARN ESS, sweep 
179-0883-01 2000 1 CABLE HARNESS, sweep 

2 179-0886-00 l CABLE HARNESS, transformer 
3 124-01 45-00 7 STRIP, ceramic, 1/ 16 inch x 20 notches 

. ... ... .. - .. - Each Includes: 
355-0046-00 2 STUD, nylon 
. .. .. ... ... .. Mounting Hardware For Each: (not included) 
361-0007-00 2 SPACER, nylon 

4 124-0146-00 3 STRIP, ceramic, 7/ 16 inch x 16 notches 
.. .. .. ... .. - . Eoch Includes: 
355-0046-00 2 STUD, nylon 
.. .. . .. .. .. . Mounting Hardwa re For Each: (not included) 
361 -0007-00 2 SPACER, nylon 

5 124-0147-00 2 STRIP, ceramic, 7/ 16 inch x 13 notches 
... .. .. .. - ... . Each Includes: 
355-0046-00 2 STUD, nylon 
... . . . . Mounting Hardware For Each: (not included) 
361 -0007-00 2 SPACER, nylon 

6 124-0149-00 3 STRIP, ceramic, 7/ 11, inch x 7 notches 
.. .. .. ... .. - . Each Includes: 
355-0046-00 2 STUD, nylon 
.. ... .. ... ... - . Mounting Hardware For Each: (not included) 
361-0007-00 2 SPACER, nylon 

7 124-0146-00 3 STRIP, ceramic, 7/ 16 inch x 16 notches 
.. .... .. .... Each Includes: 
355-0046-00 2 STUD, nylon 
.. .. .. .. . - . Mounting Hardware For Each: (not included) 
361-0009-00 2 SPACER. nylon 

8 124-0092-00 2 STRIP, ceramic, 7/ 16 inch x 3 notches 
......... . - Each Includes: 
355-0046-00 1 STUD, nylon 
.. .. .. ... .. .. - Mounting Hardware For Each: (not included) 
361-0007-00 1 SPACER, nylon 

9 124-0145-00 6 STRIP, ceramic, 7/ 16 inch x 20 notches 
.. ... .. - - .. . Each Includes: 
355-0046-00 2 STUD, nylon 
.. .. .. .. .. - . Mounting Hardware For Each: (not included) 
361-0007-00 2 SPACER, nylon 

10 124-0146-00 2 STRIP, ceramic, 7/ 16 ioch x 16 notches 
.......... Each Includes: 
355-0046-00 

~ I 
STUD, nylon 

. .. .. .. ... - Mounting Hardware For Each: (not included) 
361-0007 .oo SPACER, nylon 

11 124-0147-00 4 STRIP, ceramic, 7/ 16 inch x 13 notches 
. . . . . . Each Includes: 
355-0046-00 2 STUD, nylon 
.. .. .. .. .. ... . Mounting Hardware For Each: not included) 
361 -0007 .()Q 2 SPACER, nylon 
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Parts List - Type 321 A 

CABLE HARNESS & CERAMIC STRIPS (Cont'd) 

ltEF. PAitT SEit iA1. / MOOEl NO. 0 

NO. NO. 
T OESCitiPTION 

EFF. DISC. Y. 

12 124-1 48 4 STRIP, ceramic, 7/ 16 inch x 9 notches 
.. .. - . - Each Includes: 
355-046 2 STUD, nylon 
- ... ... .. - Mounting Hardware For Each: (nol included} 
361-007 2 SPACER, nylon 

13 179-885 1 CABLE HARNESS, power connector 
14 392-164 1 BOARD (AC/DC Connector) 
15 179-B82 1 CABLE, harness, vertical amplifier 
16 124-1 49 2 STRIP, ceramic, 7/ 16 i nch x 7 notches 

.. .. .. ... - Each Includes: 
355-046 2 STUD, nylon 
.. .. ... ... - Mounting Hardware For Each: (not included) 
361-007 2 SPA CER, nylon 

17 179-884 1 CABLE, harness, timing switch 
18 179-887 1 CABLE, harness, crt 

....... - - Includes: 
19 136-081 1 SOCKET, crt, 12 pin with 24 inch leads 
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Ports Ust - Type 321 A 

STANDARD ACCESSORIES 

<~ ~ ~ 
..;~"' _., (. 1.· 

.· ·~ ,r.;-

2 

Q 
1----...,;;..;_-..:.-,..;.._- -----l T DESCRIPTION 

'( , 

liEF. PART NO 
SERIAL/ MO DEL NO. 

NO. £FF. DISC. 

I 010-0127-00 1 PROBE, package, P6006 
2 103-0013-00 1 ADAPTER, 3 to 2 wire 
3 161-0015-00 100 1672 1 CORD, power, AC 

161-0015-01 1673 1 CORD, power, AC 
4 161-0016-00 100 1672 1 CORD, power, DC 

161-0016-0l 1673 1 CORD, power, DC 
5 012-0031-00 100 949 1 CORD, patch 

012-0091-00 950 2 CORD, patch, BNC to banana plug, 18 inches, red 
6 1 03-0033-00 100 949X 1 ADAPTER, BNC to binding post 
7 378-0547-00 1 FILTER, light, groticvle 
8 378-0577-00 X2508 1 FILTER, mesh (installed) 
.. 070-0425-00 2 MANUAL, instruction (not shown) 
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Parts Ust - Type 321 A 

ELECTRICAL PARTS 

Values are fixed unless marked Variable. 

Tektronix 
Ckt. No. Part No. Description SIN Range 

Bulbs 

8424 150-027 Neon, NE-23 
8601 150-001 Incandescent, #47 Graticule light 
8602 150-001 Incandescent, #47 Groticule light 
8699 150-038 Assy w/GE 680 lamp LOW BA TIERIES 
8714 150-027 Neon, NE-23 
8845 150-020 Neon, FML-1-AFC.OOO Pilot light 

Capacitors 

Tolerance ± 20% unless otherwise indicated. 

Tolerance of all electrolytic capacitors as follows (with exceptions): 

JV- 50V = - 10%, + 250% 
51 V- 350V = -10%, +100% 

351 V - 450V = - 10%, +50% 

C2 281 -501 4.7 pf Cer 500v ± 1 pf 
C8 283-008 0.1 f'f Cer 500v 
C20 283-003 0.01 p.f Cer 150 v 
C23 281 -518 47 pf Cer 500v 10% 
CJO 290-026 5 f'f EMT 25v -10% +75% 

C37 281-516 39 pf Cer 500v 10% 
C43 281-549 68 pf Cer 500v 10% 
C131 281 -549 68 pf Cer 500v 10% 
C141 281-516 39 pf Cer 500v 10% 
C147 281 -589 167 pf Cer 500v 5% 

C160A 

} 
1011f 

}Timi"g S.riot 
C1 60C 1 f'f 
C160E *295-078 0.1 p.f 
C160G 0.01 p.f 
C160J 0.001 f'f 

C160l 281 -022 8-50 pf Cer Var 
Cl 60M Use 281-631 470 pf Cer 1000v 5% 100-3029 
C160M 283-0148-00 470pf Cer 1000v 5% 3030-up 
C165 281 -51 2 27 pf Cer 500v 10•/o 
C170 281-512 27 pf Cer 500v 10% 
C180A 290-121 2 f'f EMT 25v -10% + 150% 

C100C 28.5-633 0.22 f'f EMT 100 v 10% 
C180E 283-058 0.027 f'f Cer 100 v 10% 
C180G 283-051 0.0033 f'f Cer 100 v 
C181 281-524 150 pf Cer 500v 
C193 281 -525 470 pf Cer 500v 
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Pam Ust- Type 321 A 

Capacitors (Cont'd) 

Tektronix 
Ckt. No. Part No. Description SIN Range 

C300 281-513 27 pf Cer 500v 
C311 281-501 4.7 pf Cer 500v ± 1 pf 
C312 Use 281..0506..00 12 pf Cer 500v 10% 
C401 Use*285-0672-00 0.1 p.f PTM 600v 
C410A 281..012 7-45 pf Cer Var 

C410C 281..005 1.5-7 pf Cer Vor 
C410E 281 -536 0.001 p.f Cer 500v 10% 
C410F 281-536 0.001 p.f Cer 500v 10% 
C412A 281-010 4.5-25 pf Cer Va r 
C412C 281-005 1.5-7 pf Cer Vor 

C412E 281-543 270 pf Cer 500v 10% 
C414A 281..010 4.5-25 pf Cer Var 
C414C 281..007 3-12 pf Cer Vor 
C414E 281 -518 47 pf Cer 500v 
C416A 281..007 3-12 pf Cer Va r 

C416C 281..007 3-12 pf Cer Var 
C418A 281..005 1.5-7 pf Cer Vor 
C418C 281-010 4.5-25 pf Cer Var 
(422 281-534 3.3 pf Cer ± 0.25 pf 
C423 283.041 0.0033 p.f Cer 500v 5% 

(436 283.059 1 p.f Cer 25v 
(462 283..003 0.01 p.f Cer 150 v 
C472 283-003 0.01 p.f Cer 150v 
(479 283-081 0.1 p.f Cer 25 v 
C483 283-010 0.05 p.f Cer 50v 
(484 283-026 0.2~-tf Cer 25v 

C504 281 -516 39 pf Cer SOOv 10% X850-up 
C506 281..012 7-45 pf Cer Vor 
C507 281-549 68 pf Cer 500v 10% 
(508 281 -549 68 pf Cer 500v 10% 
C517 283.059 1 p.f Cer 25 v X400-up 
C522 283-059 1 p.f Cer 25 v X400-up 

C524 283.003 0.01 p.f Cer 150v 
C612 Use 290.0086-00 2000 p.f EMC 30v 
C621 Use *285-0672-00 0.1 p.f PTM 600v 
(629 290-1 06 10 p.f EMT 15 v 
C654 283.000 0.001 p.f Cer SOOv 
C657 290-201 100 p.f EMT 15v 

(660 290-218 500 p.f EMT 30v 
C696 Use 290-0118..()() 2 X 100 p.f EMC 50v 
(701 283.001 0.005 p.f Cer 500v 
C707 283.()()() 0.001 p.f Cer 500v 
C714 283-034 0.005 p.f Cer 4000v 
C715 283.034 0.005 p.f Cer 4000v 

C716 283-02:2 0.02 p.f Cer 1400v 
C717 283..034 0.005 p.f Cer 4000v 
C718 283.013 0.01 p.f Cer lOOOv 
C719 285-575 0.1 p.f PTM 1000v 
C720 283-034 0.005 p.f Cer 4000v 
C724 283-000 0.001 f.'f Cer 500 v 
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Parts List - Type 321 A 

Capacitors (Cont'd) 

Tektronix 
Ckt. No. Part No. Description S/N Range 

C730 290-117 50 l'f EMT 50v 
C731 290-117 50 p.f EMT 50v 
C734 290-117 50 p.f EMT 50v 
C735 290-117 50 p.f EMT 50v 
C737 290-167 10 1-lf EMT 15 v 

C738 290-201 100 p.f EMT 15 v 
C739 290-201 100 1-lf EMT 15 v 
C742 290-217 250 1-lf EMT 12 v 
C743 290-138 330 p.f EMT 6v 
C745 290-140 120 p.f EMT 10v 

C750 290-201 100 1-lf EMT 15v 
C751 290-201 100 llf EMT 15 v 
C753 290-137 100 1-lf EMT 30v 
C754 290-201 100 llf EMT 15v 
C756 290-11 7 50 llf EMT 50v 
C757 290-117 50 llf EMT 50v 

C758 290-117 50 l'f EMT 50v X400-up 
C852 283-022 0.02 l'f Cer 1400v 
C854 283-013 0.01 p.f Cer 1000v 
C864 283-003 0.01 p.f Cer 150v 
C871 281-525 470 pf Cer 500v 
C874 290-114 47 Mf EMT 6v 

!Diodes 

0111 Use *152-185 Silicon Replaceable by 1 N3605 
0131 152-008 Germanium 
0144 Use *152-185 Silicon Replaceable by 1 N3605 
0145 Use *152-185 Silicon Replaceable by 1 N3605 
0148 Use *152-185 Silicon Replaceable by 1 N3605 

0149 Use *152-185 Silicon Replaceable by 1 N3605 
0150 152-008 Germanium 
0153 Use *152-185 Silicon Replaceable by 1 N360S 
0183 Use *152-185 Silicon Replaceable by 1 N3605 
0194 152-008 Germanium 

0443 152-008 Germanium 
0505 *152-075 Germanium Tek Spec 
0506 *152-075 Germanium Tek Spec 
0610 152-066 Silicon 1N3194 
0611 152-066 Silicon 1NJ194 

0614 Use 152-008 Germanium 
0620 152-066 Silicon 1N3194 
0629 152-139 Zener 1N751 0.4w, 5.1 v, 10% 
0660 152-066 Silicon 1N3194 
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Pa rts Ust - Type 321 A 

Diodes (Cont'd) 

Tektronix 
Ckt. No. Part No. Description S/N Range 

0661 152.066 Silicon 1N3194 
0692 152.066 Silicon 1N3194 
0700 152-001 Germanium 1N91 
0710 152.008 Germanium 100-399 
0710 152-141 Silicon 1N3605 400-vp 

0711 152-008 Garmanium 100-399 
0711 152-141 Silicon 1N3605 400-up 
0712 1 52·008 Germanium 100-399 
0712 152-141 Silicon 1N3605 400-vp 
0713 152-008 Germanium 100-399 
0713 152-141 Silicon 1N3605 400-vp 

0714 152-002 Silicon 1N1329 
0715 152·002 Silicon 1Nl329 
0716 152-002 Silicon 1N1329 
0717 152.002 Silicon 1N1329 
0718 152-002 Silicon 1N1329 
0719 152-002 Silicon 1N1329 

0720 152..066 Silicon 1N3194 
0721 152-066 Silicon 1N3194 
0724 152.066 Silicon 1N3194 
0726 152-066 Silicon 1N3194 
0728 152-001 Germanium 1N91 
0882 Use *152-185 Silicon Replaceable by 1 N3605 

Fuses 

F601 159.028 0.25 Amp 3AG Fast Blo 
F621 159.016 1.5 Amp 3AG Fast Blo 

Inductors 

l24 *108-237 80 p.h X400-up 
L743 *108-200 40p.h 
l745 *108-200 40 p.h 

Transistors 

Q14 *151·133 Selected from 2N3251 
Q24 *151-133 Selected from 2N3251 
Q35 *151-108 Replaceable by 2N2501 
Q45 *151-126 Replaceable by 2N2484 
Q135 *151-108 Replaceable by 2N2501 

Q145 *151-108 Replaceable by 2N2501 
Q153 151-063 2N2207 
Q161 151-063 2N2207 
Q163 *151-126 Replaceable by 2N2484 
Q173 151-063 2N2207 
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Ports Ust- Type 321A 

TrantJstors (Cont'd} 

Tektronix 
Ckt. No. Part No. Description S/N Range 

Q183 151-063 2N2207 
Q194 151.063 2N2207 
Q199 151.on 2N1305 
Q313 151-063 2NZ207 
Q323 151-063 2N2207 

Q334 151-063 2N2207 
Q344 151-063 2N2207 
0443 151-063 2N2207 
Q453 151-063 2N2207 
Q464 151-063 2N2207 

Q474 151-063 2N2207 
Q484 *151-108 Replaceable by 2N2501 
Q494 *151-108 Replaceable by 2N2501 
Q504 151-063 2N2207 
Q514 151-063 2N2207 

Q519 151-063 2N2207 
Q524 *151 -126 Replaceable by 2N2484 
Q614 151-063 2N2207 
Q624 151-136 2N3053 
Q634 151-136 2N3053 

Q654 *151-087 Selected from 2N1131 
Q657 151-101 2N2137 
Q700 151 -101 2N2137 
Q710 151-101 2N2137 
Q874 •151-108 Replaceable by 2N2501 

Retlstors 

Resistors ore fixed, composition, ± 10% unless otherwise indicated. 

R2 Use 315-913 91 k 'I.e w 5% 
R14 31~ 3.3 meg 'hw X400-up 
R15 316-103 10 k 'hw 
R17 311 -345 20k Vor LEVEL 
R19 316-4n 4.7 k 'I.e w 
R20 315-202 2k 'hw 5% 

R23 315-473 47lc 1/.c w 5% 
R24 315-2n 2.7k '1.c w 5% 
R25 316-681 6800 'I.e w 
R32 323-232 2.55 k '!,w Prec 1% 
R33 323-276 7.32 k '/,w Prec 1% 

R34 323-333 28.7 k •;,w Prec 1% 
R35 315-332 3.3 k "l.cw 5% 
R37 315-433 43k 'I.e w 5% 
R38 31 5-103 10 k 'I.e w 5% 
R43 323-251 4.02 k %w Prec 1% 
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Parts Ust- Type 321A 

Resistors (Cont'd) 

Tektronix 
Ckt. No. Part No. Description SIN Range 

R46 315-183 18k 'kw 5% 
R110 316-682 6.8k '!~. w 
R111 311-159 20 k Var STABILITY 
Rll3 316-562 5.6k 1hw 
R131 316-392 3.9k 

'"' w 

R133 302-821 8200 'f2w 
R134 316-102 1 k 'h w 
R135 315-103 10 k '/.w 5% 
R141 315-393 39 k 

'"' w 
5% 

R143 315-184 180 k '/.;.W 5% 

R144 315..:393 39 k ''• w 5% 
R147 316-153 15 k 

'"' w R148 315-621 6200 '/.~.w 5% 
R151 315-102 1 k '/~, w 5% 
R152 316-273 27k '/~, w 

R153 315-330 330 '/~,w 5% 
R160A 323-486 1.13 meg '12 w Prec 1% 
R160C 323-448 453 k 1/2 w Prec 1% 
R160E 322-419 226k 

'"' w 
Prec 1% 

R160G 323-390 113 k 'f,w Prec 1% 

R160J 323-352 45.3k 1/2 w Pree 1% 
R160l 323-323 22.6k 1/2 w Prec 1% 
R160R 316-223 22k '/.w 
R160S 316-273 27k '/~,w 
R160T 316-473 47 k 1hw 

R160U 316-223 22 k '!.. w 
R160V 311-166 20 k Vor VARIABLE (Time/Div) 
R160Z 316-473 47k '/~ow 
R161 316-151 1500 '/~, w 
R162 316-186 18meg '/~,w 

R165 316-563 56 k 1f.. w 
Rl 67 316-104 100 k '/~,w 
R169 316-273 27k 1j~,w 

R174 316-683 68k 1f. w 
R176 311 -153 10 k Vor SWEEP LENGTH 

R177 316-103 10 k 1j~,w 

R178 316-272 2.7 k '/~, w 
R181 316-104 100 k 1f.w 
R182 316-153 15 k 1/.w 
R183 316-333 33 k '!. w 

R190 316-103 10 k '/~,w 
R193 316-151 1500 1/~o w 
R194 316-223 22 k '/•w 
R196 316-331 3300 '!.w 
R197 316-333 33k '/. w 
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Parts Ust - Type 321 A 

Resisto rs (Cont'd} 

Tektronix 
Ckt. No. Part No. Description SIN Range 

R198 315-243 24 k 1J~ w 5% 
R199 316-273 27 k 1/. w 
R300 Use 322-365 61.9 k llj. w Prec 1% 
R301 323-442 392k lj,w Prec 1% 
R302 315-684 680 k v~ w 5% X1130-up 
R311 323-348 41 .2 k lj,w Prec 1% 

R312 323-286 9.31 k y,w Prec 1% 
R316 323-346 39.2 k 1f2 w Prec 1% 
R317 316-472 4.7 k lj~ w 

R322A 100 k 
Vor} 

VERNIER 
311-429 HORIZONTAL POSITION R322B 10 k COARSE 

R323 316-392 3.9k 1J. w 
R324 316-183 18 k 1J~ w 
R325 315-103 10 k 1J. w 5% 
R326 315-103 10 k '1. w 5% 
R327 316-472 4.7 k 1/. w 

R328 321-177 681 n ''• w Prec 1% 
R333 323-289 10 k lf2w Prec 1% 
R336 323-308 15.8 k 1/2 w Prec 1% 
R338 311 -328 1 k Vor HORIZ GAIN 
R343 323-286 9.31 1c 1/2 w Prec 1% 

R346 323-308 15.6 k lj, w Prec 1% 
R347 321 -117 1620 ,,. w Prec 1% 
R348 311-461 250 0 Vor MAG GAIN 
R410C 323-481 1 meg lj, w Prec 1% 
R410E 323-193 1 k %w Prec 1% 

R412C 323-614 990k %w Prec 1% 
R412E 322-605 10.1 k 

''· w 
Prec 1% 

R414C 323-611 900 k '/,w Prec 1% 
R414E 323-610 ll k '/, w Prec 1% 
R416C 323-620 800 k 1f2 w Prec 1% 

R416E 322-614 250 k 1/. w Prec 1% 
R418C 322-610 500k 

''· w 
Prec 1% 

R418E 323-481 1 meg '/,w Prec 1% 
R420 316-470 47k v. w 
R422 323-481 1 meg %w Prec 1% 

R423 316-394 390k •;. w 
R424 316-470 47 0 v. w 
R427 316-103 10 lc •;. w 
R432 Use 311-387 Sk Vor DC BAL 
R434 323-329 26.1 k Y2w Prec 1% 

R435 301-514 510 k Y,w 5% 
R436 323-221 1.961c y, w Prec 1% 
R437 322-298 12.4 k v. w Prec 1% 
R443 316-682 6.8k v.w 
R453 316-682 6.8 k v. w 
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Parts Ust - Type 321A 

Resistors (Confd) 

Tektronix 
Ckt. No. Part No. Description SIN Range 

R454 315-223 22k '!. w 5% 
R455 311-346 2 X 20k 0.2w Var VERTICAL POSITION 
R457 315-223 22k •;. w 5% 
R462 315-392 3.9k '!. w 5% 
R464 321-109 133 o •;. w Prec 1% 
R466 311-477 7800 Var ww VARIABLE 

R468 311-258 1000 Var VERT GAIN 
R472 315-392 3.9k '14 w 5% 
R476 323-284 8.87 k '12 w Prec 1% 
R478 323-284 8.87k 1

/2 w Prec 1% 
R479 323-221 1.96 k '12 w Prec 1% 

R482 323-233 2.61 k 112 w Prec 1% 
R483 323-197 l.lk 112 w Prec 1% 
R484 323-231 2.49k '12 w Prec 1% 
R489 323-221 1.96 k lflw Prec 1% 
R492 323-233 2.61 k .,2 w Prec 1% 

R494 323-231 2.49k '12 w Prec 1% 
R502 323-245 3.48k 1/2w Prec 1% 
RS04 321-107 1270 v. w Prec 1% 
R505 321-081 68.10 1/a w Prec 1% 
R506 315-151 1500 1/ 4 w 5% 

R509 323-146 324(2 'fzw Prec 1% 
R511 323-146 324n '12w Prec 1% 
R512 323-245 3.48k '/,w Prec 1% 
R516 313-160 453n '/,w Prec 1% 
R517 323-223 2.05k 112 w Prec 1% 
R519 323-200 1.18 k '12 w Prec 1% 

R520 321-381 90.9 k v. w Prec 1% 
R521 321-318 20 k 1/a w Prec 1% 
R522 321-333 28.7k 'Is w Prec 1% 100-399 
R522 321-331 27.4k 'Ia w Prec 1% 400-up 
R523 321-204 1.3 k v. w Prec 1% X400-up 
R524 316-222 2.2 k '!. w 

R525 316-682 6.8k '!. w 
R602 311-344 lOOn Var ww SCALE ILLUM 
R610 308-175 10n lOw ww 5% 
R612 302-682 6.8 k '/,w X171-up 
R622 315-241 240n 1/4 w 5% 
R624 316-102 1 k '~ w 

R631 315-112 l.lk '!. w 5% 
R635 308-012 40n l Ow ww 5% 
R644 316-470 470 '!. w 
R650 323-202 1.24 k '/,w Prec 1% 
R651 311-380 soon Vor ww 10 V AOJ 

R652 323-204 1.3 k .,, w Prec 1% 
R692 308-110 100n 8w ww 5% 
R693 308-174 117 n Bw ww 5% 
R694 306-681 680!1 2w 
R695 323-163 487C2 1/,w Prec 1% 
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Pam Ust- Type 321 A 

Resistors (Cont'd) 

Tektronix 
Ckt. No. Part No. Description S/N Range 

R696 323-163 4870 '~flw Prec 1% 
R697 323-204 1.3 k %w Prec 1% 
R699 302-101 1000 1/2w 
R700 316-331 3300 If-. w 
R701 302-100 100 1/2w 
R707 316-223 22 k ,,., w 

R714 302-104 100 k Y2w 
R718 316-105 1 meg '/-. w 
R719 316-472 4.7k '/-. w 
R720 302-105 1 meg 112 w 
R731 316-101 100 o '~/-. w 100-399 
R731 315-221 2200 '!-. w 5% 400-up 

R735 316-471 4700 '!-. w 
R737 316-560 560 '/-. w 
R739 316-390 390 '!-. w 100-399 
R739 315-330 330 'f,.w 5% 400-up 
R751 316-470 470 '~/-. w 
R753 316-331 3300 lj,. w 

R754 316-221 2200 1/-. w 100-399 
R754 315-121 1200 1/-. w 5% 400-up 
R757 316-101 1000 '1-. w 100-399 
R757 315-0181-00 1800 1Y-. w 5% 400-up 
R758 316-100 10 0 '/-. w X400-up 
R841 301-225 2.2 meg '/,w 5% 

R842 311-349 2meg 0.2w Var FOCUS 
R843 301-624 620k y,w 5% 100-1999X 
R844 311-451 500 k Var INTENSITY 100-1999 
R844 311-0589-00 250k Var INTENSITY 2000-up 
R848 301-156 15 meg lf,w 5% 
R849 301-186 18 meg 'hw 5% 

R851 316-105 1 meg v .. w 
R854 302-105 1 meg '/, w 
R861 311 -1 57 100 k Var GEOM AOJ 
R864 311-347 100 k 0.2w Var ASTIGMATISM 
R871 316-104 100 k 1hw 
R874 316-1 51 1500 '/-. w 

R881 316-222 2.2 k '/-. w 
R882 323-272 6.65k '~/2w Prec 1% 
R884 311-323 1.5 k Var ww CAL AMPL 
R886 321-169 5620 'Ia w Prec 1% 
R887 316-274 270k 1/-.w 
R888 321-067 48.7 0 'Ia w Prec 1% 

Switches 

Unwired Wired 

SW2 260-4-49 Slide INT-·EXT 
swa 260-449 Slide A C-DC 
SW15 260-447 Slide SLOPE 
SW17 260-296 •262-662 Rotary AUTO (Level) 
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Parts Ust - Type 321 A 

Ckt. No. 
Tektronix 
Part No. 

Unwired Wired 

SW160} 
SW348 
SW401 
SW410 
SW621 
SW692 
TK621 

T601 
T701 

V423 
V859 

7-24 

260..:376 "'262-660 
260-448 
260·625 "'262-661 
260-617 
260-450 
260-611 

*1 20-152 
•120·210 

Use*154-0306-02 
• 154-433 

Rotary 

Switches (Cont'd) 

De scription 

TIME/DIV 
X 5 MAG 

Slide AC-DC-GND 
Rotary VOLTS/DIV 
Rotary POWER 
Slide CHARGER 
Thermal Cutout 155°F ± 8of 

Power 
Converter 

7586, Aged 

Transfonners 

Electron Tubes 

T321 1..:31 Crt Standard Phosphor 

S/ N Ra nge 



IMPORTANT 

All circuit voltages were obtained with o 20,000 Q/v VOM. 
All readings are in volts. 

Actual photographs of waveforms are shown. 

Voltage and waveform measurements may vary due to normal com­
ponent tolerances. Measurements were obtained by setting up the Type 
321 A for the following general conditions: 

AC line voltage 

POWER 

Charger switch 

FOCUS 

ASTIGMATISM 

INTENSITY 

TIME/ DIV 

VARIABLE (TIME/DIV) 

SX MAG knob 

TRIGGERING 

INT-EXT 

A C-DC 

SLOPE 

VARIABLE (VOLTS/DIY) 

AC-DC-GND 

Design center 
(11 S v or 230 v) 

ON EXT 

DRY CELLS 

Midrange 

Midrange 

Midrange 

.2 MILLI SEC 

CALIB 

Pushed in 

INT 

AC 

+ 
CALIB 

GND 

Refer to the schematic diagram of the circuit being checked to f ind the 
remaining conditions under which voltage and waveform measure­
ments were obtained. 
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VERTICAL AMPlifiER & CAliBRATOR 

Quiescent VOLTAGE READINGS were obtained with controls set as fol­
lows: 

VOLTS/DIY 

VERTICAl POSITION ccw {upper readings) 
cw (lower readings) 

WAVEFORMS were obtained with controls set as follows: 

VERTICAL POSITION 

YOLTS/DIV 

Midrange 

CAL 4 DIY 

Also, see IMPORTANT note on Block diagram. 
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TIME-BASE TRIGGER 

VOLTAGE & WAVEFORM dynamic measurements were obtained with 
controls set as follows : 

TRIGGERING LEVEl 

VOLTS/DIY 

AUTO 

CAL 4 DIV 

Also, see IMPORTANT note on Block diagram. 
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TIME-BASE GENERATOR 

Quiescent VOLT AGE READINGS were obtained with controls set as fal ­
lows: 

VOLTS/DIY 

TRIGGERING LEVEl 

CAL 4 DIV 

30° cw from AUTO 
(sweep not triggered) 

WAVEFORMS were obtained with controls set as follows: 

VOLTS/DIY 

TRIGGERING LEVEL 

CAL 4 DIY 

AUTO 

Also, see IMPORTANT note on .Block diagram. 
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HORIZONTAL AMPLIFIER 

Quiescent VOLTAGE READINGS were obtained with controls set as fol ­
lows: 

VOLTS/DIY 

TRIGGERING LEVEL 

HORIZONTAL POSITION 

CAL 4 DIV 

30° cw from AUTO 
(sweep not triggered) 

ccw (upper readings) 
cw (lower readings) 

WAVEFORMS were obtained with controls set as follows: 

VOLTS/DIY 

TRIGGERING LEVEL 

HORIZONTAL POSITION 

CAL 4 DIV 

AUTO 

Midrange 

Also, see IMPORTANT note on Block diagram. 
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REGULATOR 

VOLTAGE READINGS were taken with VOM negative lead connected 
to COMMON NEGATIVE bus. 

Also, see IMPORTANT note on Block diagram. 
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CONVERTER 

WAVEFORMS were token after inse~ting o 3-to-2 wire line cord adopter 
in series with the Type 321 A oc power cord to reduce hum modulation. 
If hum modulation is not reduced when using on adopter, unplug the 
adopter from the li ne, turn the plug 180o and reinsert it into the line. 

See IMPORTANT note on Block diagram. 
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See IMPORTANT note on Block diagram. 



~· Ct.PE...,OC.Nl' 0 '-l CO\.J'TROL 
~E.T'T<>-IC. 1;. M~.f<.l< I .. O A OING 

TYPE 3~ 1A OSC I L LOSCOPe: 

F'RO M 
F\72.0 

0 

1<.84 1 
2 .2.M 

.:. 

+ 3 ~SOV 

~ -5oo* 4 
Rei~~~----------------------------~--

~ 
~~---~' 

- 720V 

~U PAM$ t!S.l' fOR tA!ruft. 
VAHJ!:.'$ ANll Sf!:l..\1 MIMU~ 
:aAN!'H:S Of. P-ARtS MAIKf?ll 
wmf at.Uf: OUTUNfi, 

+IO V 

R8~1 
1M 

R 848 
te. M 

RB49 
I I!>M 

V8S 9 
T..3 211 

GI!O M / 
A D ..J . - 4 5 V 

l A5TIGMATI5~ +45V 

424... '\ 
--;---7------------------------~--+-~~~4 

12 

'-·· E L EV T O 
-720V 

6. !WAC 

c 

C85 4 
. 01 

C864 
. 0 1 

l ··~.:: e_: 

- 45V 

z 
"'Xt5 

rc;:rr-] 
~ 

REFE R E N C E. DI AGR AMS 

0 T IME - S A S E C.EJ..IER ATO R 

0 CO NVERTE R 

M R H 
120>5 

C RT ~ IRCUIT ,j§> 



MANUAL CHANGE INFORMATION 

At Tektronix, we continually strive to keep up with 
latest electronic developments by adding circuit and 
component improvements to our instruments as soon 
as they are developed and tested. 

Sometimes, due to printing and shipping require­
ments, we can't get these changes immediately into 
printed manuals. Hence, your manual may contain new 
change information on following pages. If it does not, 
your manual is correct as printed. 



TYPE 321A T.Bll'l' SR 2890 

PARtS LIST CORBBOI'IOR 

CHAXJE '1'0: 

R410C 323-0481-01 1MO 1/2 w 1/~ 
R4l<B 323-0193-01 1ltn 1/2 w 1/'i$ 
R412C 323-o614-01 990 ltO 1/2 w 1/2$ 
R412B 322-1289-01 10.1 k.O 1/2 w 1/2$ 
B414C 323-o6ll-01 900 kSl 1/2 w l/2$ 
R414B 323-1389-01 111 kSl 1/2 w 1/2fl, 
R416c 323-o620-0l 800 ltn 1/2 w 1/2$ 
R416E 322-o614-0l 250 ltn l/4 w 1/2$ 
R418C 322-o610-0l 500 k!1 l/4 w 1/2$ 
R418B 323-o481-01 1Mn 1/2 w 1/2$ 
R422 323-o481-01 1Mn 1/2 w 1/2$ 



TYPE 32l.A 

C:iAf~E TO: 

:160M 

TEN!' SN 3030 

PARTS LIST CORRECTI ON 

283- 0148- 00 470 pF Cer 



TYPE 321A TENT SN 3130 

l·!F.CHANICAL PARTS LIST CORRECTION 

Page 7-14, STANDARD ACCESSORIES , 

Change REF . NO . 1 to read& 

010..0203-00 1 PROBE, package, P6012 

1<11 ' 641/1166 



TYPE 32U 

ADD: 

Dl51 

Rl6(l( 

T:Em SN 3290 

PARTS LIST CORRECTION 

152-0185-00 Silicon 

316-0186-00 18 meg 

SCHEMATIC CORRECTION 
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1/4 w 10 % 

Rl60K ia added in parallel with Rl60J. 
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R i ::, l 

T l ME-BASE GENERAl-OR 

Ml.l,715/167 



TYPE321A 

e 6-MHz BANDWIDTH AT JO mVI DIV 

e SMAU. SIZE-LIGHT WEIGHT 

e AU. SOLID-STATE DESIGN 

e LOW POWER CONSUMPTION 

e AC" DC, OR BATTERY OPERATED 

e UP TO 8-HOURS OPERATION fROM INTERNAL 
BATTERIES 

e DESIGNE.D FOR SEVERE ENVIRONMENTS 

The Type 321 A is o high-performance DC·to-6 MHz Oscillo­
scope. Its rugged mechanical and electrical design plus o 
choice of power options make it ideal for field operations 
requiring accurate waveform measurements,. FET inputs provide 
low drift and fast stabilization time. With internal batteries, 
it weighs 17'/1 pounds; without batteries, it weighs 14 pounds. 

30 

BANDWIDTH-DC to 6 MHz. 

RISETIME- 58 ns 

CALIBRATED DEFLECTION FACTOR- 10 mV/div to 20 V/div, 
DC coupled. 

INPUT RC- 1 megohm porolleled by approx 35 pF. 

HORIZONTAL 
CALIBRATED TIME BASE-0.5 p.s/div to 0.5 s/div. 

X5 MAGNIFIER-Extends lime bose to 0.1 p.s/div. 

EXTERNAL INPUT- 1 V/dlv, DC to 1 MHz. 

CRT 
DISPLAY AREA-6 x 10 div. Each div equal to 1/ 4 inch. 

ACCELERATING VOLTAGE--4 kV. 

PHOSPHOR- P31 

OTHER 
AMPLITUDE CALIBRATOR-SOO-mV sqvorewave peck to pe< 

and internal 40-mV sqvorewave peak to peak ot appr< 
2kHz. 

POWER OPTIONS-10 sizeD batteries; external DC supply 
11 .5 to 35 V, ~700 mA; 115 VAC +1 0% or 230 VAC ± 10' 
45 to 800Hz, 20 W . 



VERTICAL DEFLECTION 

BANDW IDTH 
DC to 6 MHz ot 3-dB down. low-frequency 3·dB-down point 
with AC coupling is ::;2Hz, extended to =::;0.2 Hz when us­
ing the included lOX probe. 

RISETIME 
5 58ns. 

DEFLECTIO N FACTOR 
10 mV /div to 20 V /div in 11 ca librated steps (1·2-5 seq uence), 
a ccurate within 3%. Uncolibroted, continuously variable 
between steps and to opprox 50 V /div. 

INPUT RC 
1 megohm within 2%, paralleled by 41 pF within 6 pF. 

MAXIMUM INPUT VOLT AGE 
500 V (DC + peak AQ, < 500 V P-P A C. 

HORIZONTAl DEFLECTION 

TIME BASE 
0.5 p.s/div to 0.5 s/ div in 19 calibrated steps (1 -2-5 sequence), 
accurate within 3 % over center 8 divisions. Uncalibroted, 
continuously variable between steps and to opprox 1.5 s/div. 

X5 MAGN IFIER 
Extends oil time bose steps, the fastest to 0.1 JLS/div. 
Magnified display accurate within 5"/o over center 8 divisions. 

EXTERNAL INPUT 
1 V/div ±10% with X5 magnifier. DC to ~1 MHz at - 3d8. 
Input RC 100 kfl within 5% paralleled by 25 pF within 5 pF. 

TRIGGER 

MODES 
Automatic or manual level selection, or free run. Automatic 
operation is useful above 50 Hz, minimizes trigger adjustment 
for signals of different amplitudes, shapes, ond repetition 
rates. With no input, automatic triggering occurs ot on 
opprox 50-Hz rote, providing o convenient reference trace. 

COUPLING 
AC or DC 

SOURCES 
Internal or external. External trigger input RC 100 kn wi1hin 
20% paralleled by 9 pF within 4 pF. 

REQUIREMENTS 
0.2-div defledion or 1 V external from DC to 1 kHz, increasing 
to 1-div deflection or 3 V externa l at 6 MHz. Requirements 
increase below 1 kHz for internal AC coupled triggering, 
and below opprox 30Hz with external AC-coupled triggering. 

CRT 
TEKTRONIX CRT 

6 x 1 0-div display a reo; each div is 1/ 4 inch. 3·inch tube pro­
vides bright trace, utilizes low heater power. 4-kV a cceler­
ating potential. P31 phosphor normally supplied; P2, P7, or 
P11 ore optional without extra charge. Consult your Field 
Engineer, Representative, or Distributor for application in· 
formation ond availability. Z-oxis input is AC coupled, 5 V 
P-P at 1 kHz gives vi~ible trace modulation at normal inten­
sity. 

TYPE321A 
GRATICULE 

External; variable ed~e lighting when instrument is operated 
from AC line. Vertical and horizontal centerlines marked in 
5 minor divisions per major 1/4·inch division. 

ENVIRONMENTAl CAPABILITIES 

AMBIENT TEMPERATURE 
Operating (without baHeries) - 15•c to +5s• c . 

(with baHeries installed) Charge Range, o•c to 
+ 40•c; Discharge Range, - 1s•c to 40•c. 

Non-operating (without batteries) - ss•c to +7S•c. 
(with batteries installed) - ·m·c to +60•c. 

ALTITUDE 
Operating: 15,000 ft max. 
Non-operating: 50,000 ft max. 

VIBRATIO N 
Operating: 15 minutes along each of 3 axes at 0.025 in peak 
to peak displacement (4 g 's at 55 c/s), 10 to 55 to 10 c/s 
in 1-minute cycles. 

SHOCK 
Operating: 20 g's, '12 sine, 11-ms duration. Two guillotine­
type shocks per axis each direction for o total of 12 shocks. 
Non-operating: 60 g's, '/2 sine, 11 -ms duration. One guillo­
tine-type shock per axis each direction for a total of 6 shocks. 

HUMIDITY 
Non-operating: Meets electrical performance specifications 
after exposure to five cycles (120 hours) of Mii.Std-202C, 
Method 1068 (omit freezing and vibration, and allow o post· 
test drying period ot +20•c and 25% to 80% relative 
humidity). 

OTHER CHARACTERISTICS 
AMPLITUDE CALIBRATOR 

500 mV ot external jock; accurate within 3% throughout op­
erating range. 40 mV applied internally to vertical amplifier; 
accurate within 2% throughout operating range. S 1-p.s rise· 
time; 2 kHz ± 20% repetition rate; 45% to 55% d uty cycle. 

POWER O PTIO NS 
Wired for 115 V RMS ± 10%, 45 to 800Hz; topped Irons­
former also allows operation ot 230 V ± 10%; 20-W maxi­
mum power consumption for oscilloscope only, 30-W maxi· 
mum with internal batteries under full charge. Operates on 
external DC supply from 11.5 to 35 V DC; draws S 600 mA. 
Operates on 10 internal size D batteries. NiCd rechargeable 
cells provide opprox 8 hours continuous operation. Front­
panel light indicates when internal batteries ore low, or (using 
external power) when the voltage source drops too low for 
proper power supply regulation. Recharge requires ot least 
16 hours. 

BATTERY CHARGER 
Internal charger provides two different charging currents to 
the internal batteries. A trickle charge or o full charge is op­
plred to the internal botleries when the instrument is turned 
off, but connected to the AC line. 
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TYPE321A 
DIMENSIONS AND WEIGHTS 

Height 

Width 

Depth 

Net weight 

Domestic shipping weight 

Export packed weight 

83/ 4 in 

53/ 4 in 

161/ 2 in 

141/ .. lb 

~22 lb 

~33 lb 

INCLUDED STANDARD ACCESSORIES 

22.2cm 

14.6cm 

41.9cm 

6.5 kg 

~10.0 kg 

~15.0kg 

P6012 1 OX probe (01 0·0203-00); two 18-inch BNC-to-banono 
plug patch cords (012-0091-00); DC power cord (161..0016-
01); AC power cord (161 -0015-01); 3 to 2-wire adopter (103-
0013-00); smoke-gray light filter (378-0547 -00); mesh filler, 
installed {37B-05n..OO); two instruction manuals {070-0425-00). 

TYPE 321A OSCILLOSCOPE, without boHeries .... $975 

OPTIONAL ACCESSORIES 

Optional accessories increase measurement capability and 
provide added convenience. The standard lOX probe supplied 
with the instrument satisfies most measurement requirements; 
optional probes may be better suited for particular applica­
tions. In addition to the listed optional probes, other probes 
ore available for current and high-voltage measurements. See 
catalog accessory pages for additional information on these 
and other items. 

C-30A COMPACT CAMERA 
t/1.9 lens, magnification variable from 1.5:1 to 0.7:1, Polaroid 
Land* Pock-Film back for 3000-speed film, order C-30A-P . .. 
. ..... .. .... ........ .. .. .... ... ....... ..... . ..... $450 

321 A to C-30A Camero adopter, order 016-0242-00 .... $ 15 

•Rcgitlt!red Trodemo•k Polaroid Corporation 
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C-30A CAMERA CARRYING CASE 
Constructed of heavy-gage, high-impact plastic, has foam­
backed, vacuum-formed styrene liner. Holds C-30A Camera, 
all standard accessories and extra film. 
Order 016-0126-00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 35 

CARRYING CASE 
Protects Type 321 A, provides convenient accessory storage 
comportment, order 016-0026-00 . . . . . . . . . . . . . . . . . . . . $38 

RECHARGEABLE BATTERIES 
Eoch NiCd cell, order 146-0010-00 ............ ...... $ 7 
Set of 10 N iCd cells, order 016-0077-01 ............. $ 70 

PROBES 
P6007 100X Probe Package, order 010-0150-00 ...... . .. $26 

P601 I lX Miniature-Probe Package, order 010-0193-00 .. $19 

U.S. Sal"' Prices FOB Beovc:rlon, Oreaon 
Pleose refer to Tc:rm1 ond Shipment, Generol lnformohon page. 




