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1. GENERAL INFORMATION

1-1 INTRODUCTION

The LBO-325, shown in Figure 1-1. & a 60 MHz
dual-trace oscilloscope with many quality features: high
fidelity pulse response, dual timebases with sweep delay and
altcrnate sweep. flexible tniggering facilities, a bright CRT
display, channel | output. and a delay linc. Yet, alf these
features appear in a device small enough to fit in an atlache
case, and which weighs a mere nine pounds!

Amplitude measuremieut accuracy is enhanced by precision
step attenuators and a CRT with illuminated internal graticulc.
Similarly, rime-interval measurements are ¢nhanced by a
calibrated delay-time multiplier und sweep magnification.

The rigpering factlities of the LBO-325 include several
featurcs that provide a near guarantee of stable triggering
no matter what the signal characteristics, due w treguency-
sclective coupling filters, trigger holdoft. und a trigger pick-
off that alternates between the two vertical channuls.

1-2 SPECIFICATIONS

Specifications for the model LBO-325 oscilloscope arc
given in Table 1-1. Specifications for the mode) LP-060X
scope probes are given in Table 1-2.

Figure 1-1. Model LBO-325 Dual-irace Oscilloscope

Tabh: 1-1
LB(O-325 SPECIFICATIONS

Vertical Amplifiers (Ch. 1 & 2)

Bandwidth (-3 dB, 8div.)

DC coupled 12C to 60 MHz normal
13C to 5 MHz magnificd
AC coupled 10 Hz to 60 MHz nonnal
i0 Hz to 5 MHz magnified
Risetime 5.8 1S normal

10 nS magnified

s mV/om o S Viem in 10 cali-
brated steps. 1-2-5 sequence.
tConlinuously varalble between
steps. 5X magnificr adds |
nVjcm, and 2 mV/icm steps
‘or frequencies up to 5 MHz.
*+3% normal

+5% magnificd

i megohnt +1.5%, 30pF =5 pF
400V {DC plus AC ptak)

Deflection Coefficients

Accuracy

Input Impedance
Maximun [nput Voltage



Vertical Display Maodes

Channel | Gutput
Signal Delay

CH-1 only, CH-2 only, CH-1
& CH-2 displayed alternatcly,
CH-1 & CH-2 chopped
(switched at 250 kHz rate),
CH-1 & CH-2 added,

CH-1 & CH-2 subtracted (by
inverting CH-2)

50 mV/div into 50 ohms

20 nS noininal

Horizontal Amplifier (X-Y Mode)

Bandwidth (-3 dB)
DC coupled
AC coupled

Phase Shift

Deflection Coefficients
Accuracy

Input Impedance
Maximum Input Voltage

Timcbase Generators

Display Modes

Main (A) Timebase Speeds

Delayed (B) Timebase
Speeds

Magnifier

Accuracy
Delay Time

Delayed Timbase Jitter

Triggering

Sources

A Timebase Modes
B Timcbase Modes
Coupling

Slope
Hoidoff

DCio I Mllz

10 Hz 1o 1 MHz

= 3% ar 100 kHz

Same as Vertical Amplifier
Sanse as Vertical Amplifier
Same as Vertical Amplificr
Sarme as Vertical Amplifier

Main tmebase only, Main
timebase intensified and de-
layed timebase, Delayed time-
base only.

0.2u8/cm to 0.2 Sfem in 19
calibrated  steps, 1-2-5 se-
quence.  Continuously  van-
able between steps.

2pS/em to 0.5 mS/em in 1
calibrated  steps, 1-2-5  se-
quence.

10X deflection increase at any
timebase,  selling  extends
fastest sweep speeds of main
and delayed timebases to 20
nSfem.

+3% normal, £5% magnticd
Continuously-variable multi-
plicr with 1000 divisions. Ac-
curacy approximately *3%.

| part in 10,000

Channel 1, Channel 2, Aher-
nate, Line, External

Aute, Normal

Immediate (afier delay tine)
Triggered (after first trigper
occuring after delay time)
AC, HF Reject, TV Vertical,
TV Horizental

+ or —

Normal, Variable up to one
sweep

Sensitivity (INT trigger)
Sensitivity (EXT trigger)

Auto Trigger Cutoft
Input Impedance
Maximum Input Voltage

Calibrater
Output Voltage

Frequency
Waveform

Z-Axis Modulation
Level for Blanking

Coupling

Input Impedance
Bandwidth

Maximum Input Voltage
CRT Display

Type

Phosphor
Acccelerating Potential
Graticule

Graticule Nlumination

30 Hztw 10 MHz: 0.5 div.
2 Hz to 60 MHz: 1.5 div.

30Hz10 10MHz: 02V pp
2Hzto 60 MHz: 0.6 V p-p

30 Hz for above sensitivitics
1 megohm, 20 pF
400 ¥V (DC plus AC peak)

500 mV p-p x2%, positive-
going, ground referenced
Approximately 1 kHz
Fast-rise square wave

+2.5w+8V(TIL
compatible}

DC

18 k-chms

1 MH:z

50 V(DC plus AC peak)

3.5-inch PDA

P3|

12 kV/2 kY

Internal 6,35 mum square divi-
sions, 8 divs. high and 10 divs.
wide. Central axes subdivided
into 1.28 mm gradnations.

Continucusly variable

Physical & Envirenmental Data

Size (W X H x D)

Weight

Ambient Operating
Temperature

Power Requirements

Line Voltape

Line Frequency
Power Consumption

Supplied Accessories

9 » 3 x 1% inches
230 X 75 % 290 mm

9 tbs. (4.1 kg
0°-40°C (32°F - 1(4°F)

104, 120, 200, 220, 240 Vac
*+10%

50-60Hz
Nw

Instruction Manual

Two (2) type LP-060X Probes

Two (2) BNC-to-binding post
Adapters

Line Cord

Spare Fuse

Front Cover

Viewing Hood

Carrying Case



Table 1-2

LP-060X SPECIFICATIONS

10X Position

Inj ut Impedance [0 megohms in parallel with

25 pF
Veltage Division Ratio 1001 +2%
Bandwidth DC-60 MHz

M:.ximum Input Voltage 600 V {DC plus AC peak)

1X Position

Input Impedance

Bandwidth
Maximum Input Voltage

2. OPERATING INSTRUCTIONS

‘This section contains the information needed to operate the
1.1:0-325 and utilize it in a varicty of basic and advanced
mcasurement procedures. Included ane the identification and
furction of controls, connecters, and indicators, startup
procedures, basic operating routines, and sclected measure-
ment procedures.,

2-| FUNCTION OF CONTROLS,
CONNECTORS, AND INDICATORS

Before turning on this instrument, familiarize yourself
w1 h the controls, connectors, indicators, and other features
decribed in this section. The following descriptions are
ke sed to the items called out in Figures 2-1 10 24.

2- -1 Display Block
eferto Figure 2-1 for references () 1o (8).

(1I°  CAL connector Provides a fast-rise squarc
wave of precise amplitude for
probe adjustment and vertical

amplifier calibration.

(2;  INTEN control To adjust the brightness of the
CRT display. Clockwise ro-
tation  increases  brightness.
Push in 1o extend for making
adjustment, then push again o

recess.

(3

)

(3

(&)

(8)

FOCUS control

TRACE ROTATION
conlrol

ILLUM control

POWER lamp
POWER switch

CRT

I megshm {scope input resist-
ance) 'n parallel with approxi-
mately 250 pF (combined
probe and scope capacitance)
DC-5 vHz

600 V (DC plus AC peak)

To obtain maximum (race
sharpnzss. Push in to extend
for making adjustments, then
push apain to recess.

Providi:s screwdriver adjust-
ment ¢f trace alignment with
regard 0 the  honzental
graficule lines of the CRT.

To adjust graticule tilumina-
tion. (lockwise rowtion in-
creases graticule brightness.
Push in to extend for making
adjusiments, then push again
10 recCe:s.

Lights when power is on.

Push in to tum instrument
power 3n and off.

Display device having grati-
cule lines inscribed on the
inner sarface for parallax-free
measurements,  Blue  filter
provides good contrast and
pleasing display.

Figure 2-1. Display block



i-1-2 Vertical Amplifier Block

Reter to Figure 2-2 for refercnces (9) to (17). and Figure

<-4 for reference (18).

(9 CHlorXIN
connector

10y CHZorYIN
canncctor

1 VOLTS/DIY

switches

(12) VARIABLE controls

(12) PULL X5MAG

switches

For applying an input sighal 1o
vertical-amplifier channel 1,
or the X-axis thorizomtal) am-
phifier during X-Y operation.

For applying an input signal o
vertical-amplifier channel 2,
ar the Y-axis (vertical) ampli-
fier during X-Y operation.

To select the calibrated deflee-
tion factor of the input signals
fed to the vertical muplifiers.

Provide continuously-variable
adjusiment of deflection factor
between steps of the VOLTS/
DIV switches. VOLTS/DIV
calibrations are accurate anly
when the VARIABLE controls
are click-stopped in their fully
clockwise position.

To increase the vertical ampli-
fier sensitivity by 5 times. The
effective scale factor of the
most sensitive position of the
VOLTS/DIV switch 15 there-
by increased to | mV/div.

Figure 2-2. Vertical amplifier block

lrd

i ACIGND/DC
swilches

{1

(14) CH 1 Vertical

Position Control

CH 2 Vertical
or Y Position Control

(15)

(16) ¥V MODE switches

{17) CH 2 INV switch

To s:lect the method of
coupling the nput signals o
the vertical amplifiers

AC position connects a capa-
citer berween the input eonnec-
tor an 4 its asseciated amplifier
cireniry 1o block any DC
compnentin the input signal .
GND position connects the
amplitier input to  ground
mstead of the input connector.
30 a pround reference can be
¢stablished.

[XC position connects the am-
plifier mputs directly to the
associated  input  connector,
therehy passing all signal com-
ponents on to the amplifiers.

For vertically positioning trace
! on the CRT screen. Clock-
wisc rotation moves the trace
up  moperitive during X-Y
operition.

[ror vertically positioning trace
2 on the CRT screen. Clock-
wise rotation moves the trace
up. Adjusis the Y axis of the
trace during X-Y operation.

To select the vertical-ampli-
ticr display mode.

CH 1 pushbutton displays
only the channel 1 input signal
on the CRT when pressed.

CH 2 pushbutton displays
only the channed 2 input signal
on the CRT when pressed.
ADD mode is atained by
pressing bath the CH 1 and
CH 2 pushbuttons sumultan-
cously. The resulting single
trace: is the algebraic sum of
the channel 1 and channel 2
input signals. This results in a
difterential display if the CH 2
INV pushbutton is also pressed
in.

CHOP pushbutton displays the
input signuls of both channels
when pressed. The CRT beam
is switched between channels
at a 250 kHz rate during the
horizontal sweep to achieve
this multichanne! display.
ALT pushbutton also displays
the input signals of bath chan-
nels when pressed. However,
the CRT beam is switched
bet-veen channels at the end of
e¢ach sweep to achicve this
multi-channe! display.

Inverts the polanty of the
chznnel 2 signal when pushed
in.



( 8) CH ! OUTPUT
connector

Provides a channel | signal
outpul sutlable for driving
frequency  counter or  odher
Instrutnent.

:-1-3 Sweep and Trigger Block

Refer to Figure 2-3 for references (200 to (28) and (30) to
(34}, and to Figure 2-4 for reference (29).

(20) A TIME/DIV switch

(2139 B TIME/DIY switch

(22) Time YVARIABLE
control

123) DLY TIME MULT
control

24) Hornzontal or
X Position control

:24) PULL X10MAG
switch (on Hor.
Pos. control)

(25) TRACE SEP control

(26) HOR DISP switches

Te select either the cabbrated
sweep rate of the main {A)
timebase, the delay time range
for delayed-sweep operation,
or X-Y operation

To sclect 1he calibrated sweep
rate of the delayed (B) time-
base.

Provides continuously-vartable
adjustment of sweep rate be-
tween steps of the A TIME/
DIV swich. TIME/DIV cali-
hrations are  accurate  only
when the Time VARIABLE
control is ¢lick-stopped fully
clockwise.

To determine the exuct starling
point within the A timebase
delay range ar which the B
tlimebase will begin sweeping.
The absolute delay tiene s
equal to the sweep time rate (A
TIME/DIV) multiplied by the
DLY TIME MULT scuting,.

To adjust the horizontal posi-
tion of the traces displayed on
the CRT. Clockwise rotation
moves e traceds) to the right.
mong X Y operatuon, this
control  must be used  for
X-axis positioning.

To expand the horizontal de-
flection by 10 tines, thus in-
creasing horizantal sensitivity
by 10 times for X-Y operation.
The cffective sweep rale s
also increased by [0 times,
making 20 nS per div. the
highest sweep rate available.

Permits adjusting the distance
between cormesponding A and
B traces when the ALT sweep
mode is selected. Push in ta
extend for making adjustmeuts,
then push in again to recess

To select the sweep mode.

A pushbutton swecps the CRT
al the main (A) timehase rate
when pressed,

B pushbutton sweeps the CRT
al the rae selected by the B
TIME/DIV  swilch, after a
delay determined hy the A
TIME/DIV switch and DLY

(27) TRIG'D switch

TIME MULT control. The
trace(: } displayed over the full
CRT graticule width come-
sponds o the
section of A trace displayed
during ALT operation.

intensitied

ALT «weep is selected by
simultaneously pressing both
A anc B pushbuttons. This
displays A- and B-timchase
traces. with the section of the
A-timebase trace correspond-
ing 1o the B trace intensified.
The lozation of the intensified
section is determined by the
DLY TIME MULT control
and TRIG 12 swiwch settings.

When released, the B sweep
begins immediately after the
delay time. as determined hy
the A TIME/DIV switch and
DLY I'tME MULT control.

When pressed in, the B sweep
is tripgered by the firstirigger
pulse occuring after the delay
time. The effective delay time
is ad.ustable only in whole
increnients of the ume between
trigger pulses. Moreover, if
TV-V ripgger coupling 13

selected for the A timebase,
TV-H trigger coupling s
automatically inserted in the
B-timebase trigger circuils.

Figure 2-3, Sweep ar d trigger bock



(28) SOURCE switches

(2" EXT TRIGIN

connector

(3¢ COUPLING switches

CH 1 pushbutton selects the
channel 1 signal as the trigger
source when pressed.

CH 2 pushbutton sclects the
channel 2 signal as the trigger
source when pressed.
Simultancously pressing both
CH I and CH 2 pushbuttons
selects a trigger mode that
allows a stable display of rwo
asynchronous signals on the
CRT. Must be used inconjunc-
tion with the ALT ¥V MODE.
LINE pushbutten selects a
trigper denved from the AC
power line when pressed . This
permits the scope to stablely
display line-related compo-
nents of a signal even if they
are very small compared to
other components of  that
signal.

EXT pushbutton selects the
stpnal applied to the EXT

TRIG TN connector when
pressed.
Rear-pancl  connector  for

applying an extemnal signal w
the tngger eircuits.

To seleet the trequency char-
acteristics of the tnigger-circuit
coupling.

AC pushbutton inserts a large
capacitor in the ngger-coup-
ling chain to remove any DC
components from the tripger
signal. AC signals below 2 Hz
also are attenuated. as is the
case in atl of the follewing
trigger-coupling modes.

HF REJ pushbutton inserts a
filter in the rigger-coupling
chain that removes signal
componenis  higher in fre-
quency than 100 kHz.

TV 11 pushbutton inserts =
shaping filter (TY sync scpar-
ator) whose high-frequency
output is used for triggering.
HF REJ and TV H pushbuttons

(31} TRIG switch (on
LEVEL control}

(31) L.EVEL control

{32) SLOPE swilch

(33) HOLDOFF control

(34) TRIG D lamp

pressed simultaneously insert
a shaping filtler (TV sync
scparator)  whose  low-fre-
quency  output is used tor
triggenng.

To select the triggering mode.
When pushed in (AUTO posi-
tion), sweep free runs and a
bascline s displayed in the
absence of a signal. Auto-
matically switches to riggered
sweep when a signal of 30 Hz
or higher is present and other
tripper controls are properly
set.

When  pulled ot (NORM
positiot). sweep oceurs only
when a trigger signal s
present  and  other  trigger
control: arc properly set. No
trace is visible if any tigger
requirement is missing.

To select the trigger-signal
amplitude =t which triggering
occurs. When rolated clock-
wise, the hgger point moves
toward the positive peak of the
trigger  signat. When this
conirol s rotated counter-
clockwse, the trigrer poimt
moves towards the negative
puak of the trigger signal.

To sele:t the positive or nega-
tive slope of the trigger signal
for initiating swiep.

Allows Iriggening on certain
complex signals by changing
holdoft {dead time) of the main
(A) umcbase. This avoids
tnggenng  on intcrmediate
trigger  points  within  the
repetition cycle of the desired
display. The holdoff time s

increaszd  with  clockwise
rotation. Push in to extend for
making adjustinents,  then

push again lo recess.
NORM (fully counterclock-

wise otation) is best for
ordinary signals.
Indicat:s when the sweep

generator is being triggened.



2-1-4 Miscellaneous Features

Fefer to Figure 2-4 for references (35) to (42) and (19).

(35) FUSE Holder

(30) Power Connector

(37 FUSEDATA charn

Ga

Receptacle permits quick fuse
replacement without opening
case. Insert No. 2 Philips
serewdriver in cross slot and
rotate CCW (o remove cap and
fusc. When replacing fuse,
make sure s ratings match
those shown in the FUSE
DATA chart.

Permits removal or replace-
ment of AC power cord.
Indicates the proper fuse rating
for each operating-voltage
range.

{under)

(38) Back-panel Bumpers

(39) Bouom Feet

(A0 Side Feot

(41) Tiltstand

(42) Ground Conneclor

(1% 7 AXIS IN connector

Figure 2-4. Rear panel and case fealures

Suppor: the oscilloscope for
vertical operation and protects
the buc «-panel features,
Support the osceilloscope for
shelf mounting.

Supporl the oscilloscope in &
honzor tal position when used
with the carrying handle.
Front position stand angles the
oscilloscope for bench top
operation and the back posi-
non angzles the scope for verti-
cal ope-ation.

Provides an attachment point
for a separate ground lead.
For apglying signal to intensity
modulate the CRT

RO
shown)



2-2 INITIAL OPERATION

Befone the instrument is operated for the first time, por-
tom the following procedures in the order listed [0 ¢nsure
sati: faction and prevent damage to the instrument.

2-2.1 Power Connections

The instrunient is nonmaily shipped wired for a 120-volt
power source but can be adapted to operate from power
souices with +10% of the rated values given in Table 2-1.
Operation with a voltage fess than [0 of the rated value may
result in improper performance of the instrument and a vol-
tage more than 104 in cxcess of the rated value may damage
the power supply circuitry. To change the operating veltage,
comalt Leader service personne] at the address given on the
hacl: of this manual.

2-2-2 Installation

The LBO-325 will operate in either a horizontal or vertical
position, so it is highly suited for ficld or laboratory work.
The LBO-325 i shipped installed in a soft Carrying Case. 1t
can be operated while in this case by opening the protective
flaps at the front and back. In fact. the instrument can be
ope ated while suspended at waist height by looping the
sho1lder strap over the back of your neck! This is a great
con/enience when working with equipment too large (o be
put an a workbench.

E1 more conventional sttuations, the instrumenl can be
pos tioned on a benchtop, riser shelf, or on the floor. If the
inst wment is placed on a riser shelf above the workbeneh,
leave the Tilistand (41) in the closed position (as shipped).
For benchiop mounting, it is advantageous to have the front
of he msinnnent tilted upward for staight-on viewing.
Unlatch the Tilistand by lifting the bottom-most portien
awz y from the case, then snap the tah slot into the front catch
(Sc: Figure 2-5).

1 " lack of working space requires that the instrument be
plaized on the floor, you can stand the LBO-325 on end ax
shipped. The Back-panel Bumpers (38) will support the
instrument. You can also position the scope at a high tilt
angle by means of the Tiltstand. In this case the tab slot is
snaaped into the rear catch (Sce Figure 2-5).

The LBO-325 is designed to operale over a temperature
ran ze of 0°C to +40°C (32°F to 104°F} and a humidity range
of Q1o 90%,. Operation in a mose scvere environment may
shorten the life of the instrument.

Operalion in a powertul magnetic field may distort the
wa reform or tilt the trace. This is most likely te occur if the
insrument is operated close to equipment having large
MO 0TS Or piwer transformers.

2-;-3 Preliminary Control Settings and Ad justments

I3efore placing the instrument in use, set up and check the
tns rument as follows:

9.

Set the following controls as indicated.

VOLTS/DIV switches (11) 2V
VYARIABLE controls {12) Fully CW
PULL X5 MAG switches (12) Pushed in
AC/GND/DC swilches (13) AC

Vertical Position controls (14) and (15} Index up
V¥ MODE switches {16) ALT pressed

CH 2 INV switch (IT) Out

A TIME/DIV switch (20) 2mS

Time VARIABLE control (22) Fully CW
Horizental Position control (24) Index up
PULL X 10 MAG switch (24) Pushed in
HOR DISP switches (26) A pressed
SOURCE switches (28) CH 1 pressed
COUPLING switches (307 AC pressed
TRIG switch (31) Pushed in
LEVEL controd (31} Q

SLOPE switch (32} Out
HOLDOFF control (33} NORM
INTEN control (2) Mid rotation
FOCUS control (3) Mid rotation

ILLUM coentrol (5) Fully CCW

. Insert the Line Cord into the Power Connector (363, then

plug the Line Cord into a convenient AC receplacle.
Press in the POWER switch (7) Shortly, two traces
should appear. If the traces are extremely bright, wm
th: INTEN control (2) counterclockwise. Otherwise, et
the instrument warm up for a few minutes.

CAUTION: A burn-resisiant fluores-
cent material is used in the CRT. How-
ever, if the CRY is left with an extrernely
bright dot or trace for a very long time,
the flucrescent screcn may be damaged.
Therefore, if a measurernent requires
high brightness, be certain to turn down
the INTEN control immedi stely after-
ward. Also, get in the habit of wming
the brightness down if the szope s left
unattended for a long time .

. Furn the INTEN control 1o adjust the brightness to the

desired amount.

. Turn the FOCUS control (3) for a sharp trace.
. Turnthe CH 1 Vertical Position control (14) to move the

CH 1 trace two divisions down from the top of the
gratrcule. Turn the CH 2 Ventical Position control {15) 0
move the CH 2 trace two divisions up from the bottom of
the graticule.

. Sec if the traces are precisely parallel with the graticule

lines. If they are not, adjust the TRACE ROTATION
control (4) with a small screwdriver,

. Tumn the Horizontal Position contr ol (24) to align the left

edge of the traces with the lefi-most graticule line.
Connect the CH 1 or X IN{(9) ard CH 2 or Y IN (10)
connectors {o the CAL connector (1), Two squarc-wave
displays, cach two divisions in amplitude, should appear
on the screeu. If necessary, adjust the LEVEL control
(31) for a stable display.

. Disconnect the vertical inputs from the calibrator output.



Flgure 2-5, Tilistand vperation

DIRECTIONS FOR PLACING THE LBO-325
INITS CARRYING CASE

1. Unlatch the tiltstand from its closed position

2. Slowly insert the oscilloscope in the carrying
case making sure that you pass the unlatched
tiltstand through the middte {widcest) opening of
the bottom side of the case.

3. Gently push the scope n the case making sure
that the bottom fect of the oscilloscope (rear of
the oscilloscope) show through the openings at
the rear of the case.

4. Make sure that the tiltstand latches show through
the first and last openings of the bonoem side of
the case.

5. Latch the tiltsiand to its closed position using the
latch neatgest the back end of the oscilloscope.

6. Remove the profective plastic fromn the adhesive
side of the velero matenial {inner top side of the
case) and press the case against the oscilloscope
s That the adhesive side of the velero material
adheres to the scope surface.

7. Repeat Step No. 6 for the bottom side of the

casc.

8. Forvertical positioning pull tlistand ourand lock
tongue {inner portion) onto the rear latch.

9. For horizontal positioning pull tiltstand out
and lock tenguc (inner portion) into the front
latch.

2-3 BASIC OPERATING PROCEDURES

The following paragraphs in this section describe how 10
operate the LBO-325, beginning aith the most elementary
operating modes, and progressing o the luss frequently-used
and/for more complex modes.

2-3-1 Signal Connections

There are three metheds of conuecting an oscilloscope to
the signal you wish to observe. They are: 2 simple wire lead,
coaxial cable, and scope probes.

A simple lead wire may he sufficiemt when the signal fevel
1s high and the source impedance low (such as TTL circuilry),
but it is not ofien used. Unshield>d wire picks up hum and
noeisc; this distorts the observed signal when the signal level
is low. Also, there is the problem of making secure mechani-
cal connection to the input conn:ctors. A binding post-to-
BNC adapter (supplicd accessory | is advisable i this case.

Coaxial cable is the most popul ar methed of connecting an
oscilloscope to signal sources aml cquipnient having output
connectors. The outer conductor of the cable shiclds the
central signal conductor from hwn and nuise pickup. These
cables are usually fitted with BNC connectors on each end,
and specialized cables and adaptors are readily available for
mating with other types of connectors.

Scope probes are the most com mon methed of conneeting
the oscilloxcope to circuitry. These probes are available with
I1X atenuation (direction connection). 10X and 100X
attenuation. ‘Fhe 10X and 100X attenuator probes increase
the effective iuput impedance ol the probe/scope combina-
tion to 10 megohms shunted by a few picorafads. The
reduction tn Input capacitance is the most important reason
for using attcnuator probes at high freqnencies, where
capacitance is the major factor ir loading down a circuit and
distorting, the signal.

Despite their high input impedance, scope probes do not
pickup appreciahle hum or ne se. As was the case with
coaxial cable, the outer conductor ot the probe cable shiclds
th central signal conductor. Scope probes are also qnite
convenient from a mechanical standpoint. Quality probes
have a spring-loaded hock enc that gnickly and securely
holds the probe to wiring and component leads (see Figure
2-6). This hook can be removed to cxpose a straight tip,
excellent for use on the norcomponent side of a pe board or
for quickly moving from one pomt to another.

To determine if a direet connexction with shiclded cable is
permissible, you nust know the source impedance of the
circuil you are connecting to, the highest frequencies
mvolved, and the capacitance of the cable. If any of these
factors are unknown, use a 10X low-capacitance probe.

An altemative connection method at high frequencies is
terminated coaxial cablc. A fe:d-thru terminator having an
impedance cqual to that of the signal-source impedance is
connected to the oscilloscope input connector. A coaxial
cable of matching impedance connects the signal source to
thc terminator. This technigue allows using cahles of nearly
any practical length without signal loss.

If a low-resistance ground conmection between vscilloscope
and circuit is not established, enormous ameunts of hum
{noise) will appear in the display signal. Generally, the outer
conductor of shielded cable provides the ground connection.
If you are using plain lead wire, be certain to first connect a
ground wire between  the LBO-325 Ground  con-
nector (42) and the chassis or ground bus of the circuit
under test.



WARNING: The LBO-325 has an
carth- grounded chassis (via the 3-prong
powcr cord). Be certain the device to
which you connect the scope is trans-
forner operated. Do NOT connect this
oscilloscope or any other test equip-
ment o “AC/DXC," “"hat chassis, or
“transformerless™ devices. Similarly,
do NOT connect this scope directly te
the AC power line or any other circuitry
connected directly to the power line.
Damage 1o the instrurient and severe
injury to the operator may result from
failure 1o teed this waming.

2-3-2 Single-trace Operation

Single-trace operation with single timebase and internal
triggering is the most elementary operating mode of the
LBO-325. Usc this mode when you wish to observe only 4
single signal, and not be distracted by additional traces on the
CRT. Since the LBO-325 is fundamentally a two-chunncl
instrument, you have a choice for single channcl operation.
Channel | has an output terrninal; use channel | if you also
want to nieasure frequency with an external counter while
observing the waveform. Channel 2 has a polanity -inverting
switch. While this adds Mexibility, it is not used in ordinary
single-trace operation.

The LBO-325 is set up for single-trace operation as follows:
1. Set the following control as indiciated below . Any controls

not mentioned here or in the following steps can be

neglected. Note that the tngger source selected (CH 1 or

CH 2 SOURCE (28)) must march the single channel

(CH 1 orCH2VMODE(16)).

AC/GND/DC switches (13} AC
PULL X5 MAG switches (12) Pushed in
VARIABLE controls (12) Fully CW
YV MODE switch (16) CHI1(CH2)
CH Z INV switch (17) Out
INTEN control (2) APS*
FOCUS control (3) APS*
POWER switch (7) Pushed in
Time VARIABLE control (22) Fully CW
PULL X10 MAG switch {24) Pusbed in
Horizontal Position control (24) APS*

HOR DISF switches (26) A
COUPLING switches (30) AC
SOURCE switches (28) CH 1 (CH 2}
SLOPE switch (26) +

TRIG switch (31) Depressed
LEVEL controd (31) APS*
HOLDOQFF control {33) NORM

* As previously set. Adjustment may oceasionally be

necessary 1o suit the circumstances.

2. Use the corresponding Vertical Position control ([4) or
(15) to set the trace to the center of the CRT.

3. Conncect the signul to be observed o the corresponding
Inpnt connector (93 or (10), and adjust the correspond-
ing VOLTS/DIV switch (11) so the signal is displayed on
the CRT.

CAUTION: Do not apply a signal
greater than 400V (DC + AC peak).

4. Setthe A TIME/DIV switch (209 so the desined number of
cycles of signal are displayed. For seme mcasurements
50- 100 cycles (appears like a solid baud) works best.
Adjust the LEVEL conurol (31) if necessary for a stable
display.

5. If the signal you wish to ohserve is so weak thateven the 5
my position of the VOLTS/DIV switch cannot produce
sulficient trace height for triggenng or a useable display,
pull the VARIABLE control {12) knoh. This produces 2
mV/div sensitivity when the VOLTS/DIV switch is set 1o
10 mv, and [ mV/div when it 15 set to 5 mV/div. How-
ever, the channel bandwidth decreases to 5 MHz and noise
may become noticeable when this is done.

6. If the signal you wish to observe is so high in frequency
that even the .2uS position of the A TIME/DIV switch
results in o many cycles displayed, pull the PULL X 10
MAG switch (24). This increases the effective sweep
speed by a factor of 10, su .2 3/div becomes 20 nS/div,
SuS/div becomes 5O nS/div, :te. The 20 nS/div sweep
speed achieveable by maguification is fast enough 0
display a single eycle of 2 5 MHz signal across the CRT
face.

7. Ifthe signal you wish to observe is ¢ither DC or too low in
frequency that AC coupling attenuales or distorts the
signal, position the AC/GND/DXC switch (13) to DC.

CAUTION: If the observed waveform
is low-level AC, ensuic that it is ot
imposed on a  high-amplitude DC
voltage.

2-3-2 Triggering AMternatives

The LBQO-325 operator may ciweose from a wide selection
of trigger options. These are categonized as tngper-source
options, coupling oplions, trigge - mode, and trigger-point
selection.

Trigger Mode Selection. Whe 1 the NORM tripger mode
is selected, the CRT beam is not swept honizontally across
the face of the CRT until 2 satnple of the signal to be observed
trgegess the timebase. Tlowever this tripper mode may
somielimes be inconvenient because the trace does not appear
on the CRT screen in the absence of an input signal, or if the
trigger controls are improperly sel. Since the absence of the
trace can also be due to an improperly-set vertical Position
control or VOLTS/DHV switch, much time can be consumed
determining the cause, The AUTO trigger mode solves this
problem hy causing the timebase to automatically free mn
when not triggered. This yields a single horzontal line with
no signal, and a vertically-deflected hut non-synchronized
display when vertical signal is present but the trigger controls
improperly set. This immediately indicates what is wrong.
The only disadvantage with AUT') eperation is that signals
below 30 He cannot, and complex signals of any frequency
may not. reliably trigger the time »ase. Therefore, the usual
practice is to leave the TRIG switch (31) depressed, but pull
for NORM if any signal {particularly on¢ below 30 Hz) fails
to producc a stable display.

Trigger Source Options. Trigeer signal can be obtained
from the signal applicd to the vertical inputs, or from a
separate souree of the same or a harmonically-related
frequency. The SOURCE switch ( 28) offers several choices.

The CH I and CH 2 buttons uffcr a choice of one of the two
input channels as the trigger source. The choice of channels
remains cven if the triigger channel 1s not displayed: the only
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requirciment is that sipnal be applied 10 the ngger-source
channel and the associated VOLTS/DIV switch be set to
provide sufficient signal amplitude. The minimum trigger
amplitude is approximately half a major division below 10
MHz. and increases 1o 1% major divisions at 60 MHz. 1f
possible, use at least a full division below 10 MHz, and two
divisions above 10 MHz.

If hoth channels are displayed. and the 1wo signals are
different but barmonically-refated frequencies, tigger from
the lowest-frequency channel if possible. This will ensure
that both truces are stable.

Press the ALT bunton when you want to display two
signals mol harmonically related to cach other (720 Hz and
439 Hz, for example}. However, ALT ¥ MODE must be
used with ALT wigger source.

The LINE position provides trigger signal at the local
power line frequency. This is valuable when observing a
low-tevel ripple component imposed on a large DC voltage,
or within a mixture of other AC voltages. The line-frequency
trigger will sync a signal at any reasonable multiple of the
power-line frequency.

The EXT position uses whatever signal is applied to the
EXT TRIG IN connector (29) as the tripger source.

CAUTION: Do not apply a signal
greater than 400V (DC plus AC peak)
Further, use a 0. 1xF blocking capaci-
tor In series with this input if the ngper
stgnal consists of a small AC signal
imposed on a large DC level.

Using any trigger source mot derived fromn the channc) you
arc watching has the advantage that changes in the amplitude
of the signal under observation (cither directly or by resetting
the VOLTS/DIV switch) will not cause the display to losc
sync, even if the amplitude of the observed signal falls below
a screen division. External trigger has the advantage that
complex and/or noisy signals can be stably displayed as long
as the trigger signal is fres from noise.

Trigger Conpling Options. The various trigger coupling
options for the main (A) timebase increase the probability of
stable tnggering on extremely complex signals, such as those
comaining scveral frequencies and/or hunt and noise.

The COUPLING switches (30) insert freguency- selective
filters that pass certain frequencics on 1o the tigger circuitry
and reject others. The AC pushbution removes any DC
component in the trigger signal. Use AC coupling for most
signals.

The HF REJ pushbutton cuts off frequencies above 100
kHz, passing only signals in the 2 Hz to 20 kHz range. Use
this to remove high-frequency noise mixed with a low-fre-
quency signal.

TV ¥V and TV H coupling inserts a TV sync separator into
the tngper circuit, so a clean tigger signal at eithes the
vertical or horizontal rep rate can be removed from a
composite videe signal. TV ¥V coupling is also cffective in
securing stable triggenng at the low frequency (60 or 70 Hr)
of an audio intermodulation distortion test signal. To togger
the scope at the vertical (franie) rate, sirnulatameously press
the HF REJ and TV H pushbuttons. To trigger the scope at
the horizontal (line) rate, press the TV H pushbutton. When
either of the TV pushbutions are used, the SLOPE switch
(32) must be matched to the polarity of the video signal.
Leave the SLOPE pushbulton ont {+ position) for positive-
sync signals (Figure 2-7a), and depressed (— puosition) for
negative-sync video signals (Figure 2-7b).
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i ]

b. Posibon of SLOPE Switch (32):

Figure 2-7. Sclection of SLOPE Switch Position for TV Signals

Trigger Point Selection. For a stable display, the time-
basc must be triggered af the cxact same point on the recurment
waveform each tune the timebase s swept. This is sometimes
difficult so the [.LBO-325 has three controls that cnable the
operater to achieve this condition. They are the LEVEL
control (31), the SLLOPE switch (32), and the HOLDOFF
contrel (33).

The SLOPE switch determines whether the sweep will
hegin on a positive-going or negative-going slope of the
tripger signal (see Figurc 2-8). [n somc cases the choice of
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slope is unimportant. in others it is vitally important to attain
¢ stable and/or jitter-free display. Always sclect the steepest
=nd most stable slope or edge. For example, small changes in
11 amplitude of the sawtocth shown in Figure 2-Ba wil!
cause jittering if the timebase is triggered on the positive
(ramp) slope, but have no eftect if triggering occurs on the
- cpative slope (a tast-fall edge). In the example shown in
Figure 2-8b, both Jeading and trailing edges are very steep
([ast risc and fall tines). However, this panticular pulse is the
cutpul of a leading-edge triggered monosiable, and has
Tiherent pulse-width jitter. Triggering from the jitcring
tailing edge will cause the entire trace to jitter, making
r bservation difficult. Triggening from the stable leading
cdge (+ slope) yields a trace that has only the trailing-cdge
1 iter of the original signal. I you are ever in doubt, or have
i#n unsatisfactory display, try both slope settings to obtain the
o ptimurn display.

The LEVEL control determines the point on the selected
slope at which the main (A) timebase will be triggered. The
effect of the LEVEL control on the displayed trace is shown
i1 Figure 2-9a. The 0, + and — panel markings for this
control refer to the waveforn's center crossing and points on
L1e wavelonn more pusitive (+) and more negative (— ) than
t1is. If the trigger slope is very steep, as with square waves or
cigital pulses, there will be no apparent change in the
cisplayed trace unul the LEVEL control is rotated past the
1 10sL positive or most negative wigger point, whercupon the
visplay will free mn (AUTO sweep mode) or disappear
rompletely (NORM sweep mode). Try 1o tngger at the mid
romt of stow-risc wavelorms (such as sine and trmangular
viavelorms), since these are usually the areas on such wave
farms with the lowest noise level. As Figure 2-9b shows.
t-iggering on anoisy arca will cause instability in the display.
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Figure 2-9, LEVEL Control Adjustment
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The larger the amplitude of the trigger signal inpuited o
the trigger circuits, the greater is the degree of rotation
(control range) over which the LEVEL control will maintain
a stable display. With intemally-derived trigger. the actual
tigger amplitude is proportional to the number of graticuic
d visions occupied by the trace. Therefore, the trigger point
is more critical with small signals than larpe. This is one
riason why it is important to use as much trace height as
p actical for the number of traces displayed.

The HOLDOFF control 13 used for special circumstances
only. It allows the operator to adjust the mandatory sweep
retrace time between the end of one sweep and the start of the
next (in response to a trigger pulse). This prevents the
tr pgering of subsequent sweeps by the wrong trigger pulse in
a :omplex wavelorm. During the normal operarion, leave the
tte HOLDOFF control set at NORM. When viewing
complex waveforms containing multiple (figger points per
< petition, rofate the HOLDOFF control clockwise until the
proper waveform is secured, as shown in Figure 2-10. For
eample, the waveform shown contains three pulses in cach
group capable of triggering the timebasc, but sweep must
br:gin only on the first pulse in each burst to obtain the proper
d'splay. In the lower display, the sweep retrace time has been
e:ilended enough to make it impossible for the last pulse in
the second burst 1o start the next sweep.

2-3-4 Probe Compensation and Use

The LP-060X probes fumnished with the LBG-325 can be
st for either low-capacitance operation (10X attenuation) ot
d:rect connection (X attenuation). The sclection is made by
sliding the switch handle un the probe bedy (see Figure 2-6a)
t: the desired attenuation.

At cither attenuation setting you have a choice of spring-
lc aded hook tip or straight tip (see Figure 2-6b). The hook tip
is for **hands off™" connections te wiring, components, or
test points. Pull back the flange on the hook cover to expose
the hook 1o the circuit under observation.

When | X attenuation is sekected, the probe simply operates
a+ a sectron of a shielded cable. The signal source “*senses’™
the | megohm mput resistance of the LBO-325 in parallel
with 30 pF input capacitance and the 200 pF or so cable
cipacitance of the probe. Because of this capacitance, 1X
altenuation is gencrally used only at low frequencivs and/or
with low-impedance signal sources. Although many condi-
tims {source impedance, source capacitance, frequency.
allowable errer, etc.) are factors in attenuation choice, the
iripedance and frequency limits beyond which 1X operation
o' the LP-0G0X should generally be avoided are | MHz with
Si)-ohm seurces, and 50 kHz with 1000-ohm sources.

When 10X attenuation is sclecled, the probe fonns a
compensated voltage divider (see Figun: 2-6c¢) that has a
constant division ratio at all frequencies. Morcover, the
signal sources *'senses” only a fraction of the cable capaci-
tance (about 25 pF}, so error-causing capacitance loading of
h gh impedance sources is greatly reduced. Because of this,
11X probes are used for measurements and waveform obser-
vation much more than any other connecting device. Note
however, that the probes must be properly adjusted or
**compensated” (o achieve the error-reducing benefits of 1X
altenuation. To do this, proceed as follows:

I Connect a probe to the CH | or X-1N connector {9) and the
CAL connector (1).

NOTE: For best results, connect the
probe grournd lead to the other channel’s

inpul connector.

(28

. Set the channel | VOLTS/DIV switch (11) 10 2010V, and

the A TIME/DIV switch (203 to .2 mS.

3. Press the CH 1 V MODE pushbutton (16), and the CH |
SOURCE pushbutton (28).

4. With a small screwdriver, adjust the capacitance-comection
trimmer (Figure 2-6a) for a comrectlycompensated square
wave {Figure 2-6d).

5. Press the CH 2 ¥V MODE (16) and CH 2 SOURCE (28)

pushbutions, and perform Steps |, 2, and 4 for channel 2

with the other probe.

2-3-5 Dual-trace Operation

Dual-trace operation is the major operating mode of the
LBO-325. As was the case with Single-trace Operation,
you have a choice here too; not of channel selection, but of
how 1o display the two channels. The LBO-325 is sei up for
dual-trace operation as follows:

I. Set the following controls as indicated below. Any
contral not mentioned Frere or in the following steps can
be neglected for this procedure.

PULL X5 MAG switches (12) Pushed in
VARIABLE controls (12) Fully CW
AC/GND/DC switches (12 AC

CH 2 INV switch (17) Cut
INTEN control (2) APS*
FOCUS control (3} APSH
POWER swilch (7) Pushed in
Time VARIABLE conlrod (22) Fully CW
Herizontal Position controd (24} APS*
PULL X 10 MAG switch (74) Pushed in
HOR DISP switches (26) A pressed
COUPLING switches (30) AC pressed
SLOPE switch (32} +

TRIG switch (31) Pushed in
LEVEL control (31) Q0
HOLDOFF control (33) NORM

* As previously set. Adjustment may occasionally be

necessary (o suit the circumstances.

2. Press either ALT ot CHOP V MODE pushbution (16).
Press ALT for relatively high frequency displays (A
TIME/DIV switch set at .2 mS or faster); press CHOP
for relatively low-frequency displays (A TIME/DIV
switch sctat .5 mS or slower). If the CHOP pushbutton is
pressed when fast sweep speeds are used, the displayed
traces will appear broken (as in Figure 2-11) when
signals are applied. If the ALT pushbutton is pressed
when slow sweep speeds arc used, the display will
flicker excessively.

(r —
/ 24N N} a—cha
LA N
M e 7 p
—iCH-2
” 7 Ny
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Figure 2-11, CROP display at sweep : peeds above 0.5 mS/dty
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9.

. Use the vertical Position controls {14 and 15) Lo sct the

CH I rtrace about two divisions down from the top
graticule line, and the CH 2 trace about two divisions up
from the bottom graticule Jiaie.

. Connect the signals to he observed tothe CH 1 and CH 2

[M connectors (9) and (10), and adjust the VOLTS/DIV
switches (L1) so the displayed signals are roally on
screen and elear of each other.

CAUTION: Do not apply signals
preater than 400V (DC + AC peak).

. S the A TIME/DIV switch so the dusired number of

¢ucles are displayed. For seme measurcments just 2 or 3
crcles are best; for other measurements 50-100 cycles
(e ppearing like @ solid bard) works best. Be certain the
d xplay mode (ALT or CHOP) selected is consistent with
this sweep speed (as per Step 2). Adjust the LEVEL
comtrol (31, 1if necessary, for a stable display.

. It both channels are displaying signals of the same fre-

gency, trigger from the channel having the steepest-
slope waveform. If the sipgnals are different but har-
ronically-related frequencies, tnigger from the channel
cirrying the lowest frequency. Also, bear i mind that if
you disconnect the signal to the channel serving as the
lrigger source, the entire display will frec run.

. It the signals are different frequencies mot harmonically

rclated, press the ALT ¥V MODE and ALT SOURCE
(- 8) pushbuttons repardless of the A TIME/DIV switch
setting.

. I asignal you wish to observc is se low in amplitude that

cien the 5 mV position of the VOLTS/DIV swich
cinnot  produce  sufficient trace height for stable
triggering, pull the PULL X3 MAG switch (12). This
poduces 2 mV/div sensitivity when the VOLTS/DIV
s'vilch is set to 10 mV, and | mV/div whenitissetto 5
n V. Howcver, the channel bandwidth decreases o 5
MHz, and shght trace noise appears, when this is done.
If the signal you wish Lo observe is s¢ high in frequency
that even the .2 ¢S position of the A TIME/DIV switch
rosults in o many cycles displayed, pull the PULL X 10
NMAG switch (24). This increases the effective sweep
speed by a factor of 10, 50 .5 uS becomes 50 nS4div, 1 uS
becomes 100 nS/div, cte. The 20 nS/div sweep speed
achigveable hy magnification is fast cnough to display a
single cycle of a 5 MHz signal across the face of the
CRT.

. It the signal yon wish 10 observe is ¢ither DC or low

enough in frequency that AC coupling attenuates or dis-
tc ats the sipnal, set the AC/GND/DC switch (13) to DC.

CAUTION: If the observed waveform
is tow-level AC, make certain it is not
riding on a high-amplitude DC voltage.

2-} 6 Additive and Differential Operation

Additive and differential operation are forms of two-

channel opuration where two signals are combined to display
one trace. In additive operation, the resultant trace represents
the algebraic sum of the CH 1 and CH 2 signals. In differ-
entifl operation, the resultant trace represents the alpebraic
diff erence between the CH 1 and CH 2 signals.

To set up the LBO-3235 for additive cperation, proceed as

follows:

L.

2.

as

wn

Set up the dual-trace operation per pz ragraph 2-3-5, Steps
| ty6and Bio 10,

Make sure both VOLTS/DIV switches (1) are set to the
same position; and the VARIABLE controls (12) are
click-stopped in their CAL position. It the sipnal levels
are very different, set both VOLTS, DIV switches tw the
position producing a large on-screen display of the high-
amplitude signal.

. Trigper from the channel having tte highest-amplitude

signal

. Simultancously press the CH | and CH 2 V MODE

pushbuttons. The single trace resulting is the algebraic
sum al the channel | and channel 2 s gnals. Esther or both
of the Verical Position controls (14) and (15) can be uscd
to shift the resultant frace.

NOTE: [f the input signals are in-phasc,
the amplitude of the resultan race will
be the adthmetic sum of the individual
traces (¢.g., 4.2 div + 1.2 div = 5.4
div). If the input signals are 180° ont of
phase, the amplitude of the resultant
trace will be the antbmetic ditference
of the two traces (e.g., 4.2 div — 1.2
div = 3.0div).

. If the peak-to-peak amplilude of the resultant trace is very

low, tum both VOLTS/DIV switches to increase the
display height. Make sure both VOLTS/DIV controls are
sct 1o the same position, or the resultant display will
be erroncous.

To set up the LBO-325 for difterentiad operation, proceed
follows:

. Sct up for dual-trace operation per pzragraph 2-3-5, Steps

| te6and 810 10,

. Ensure that both VOLTS/DIV switches (1) are set o the

same position, and the VARIABLE controls (12) are
dutented in the CAL position. If the signal levels are very
different, temporarily set both VOLTS/DIY switches to
the position necded to produce alarge on-screcn display of
the highest amplitude signal.

. Trigger from tne channel having tte highest amplitude

signal.

. Press the CH 2 INV pushbutton (17)
. Simultanconsly press the CH t and CH 2 V MODE

pushbuttons. The single trace resultant 15 the algebraic
sum of the channel | and channel 2 signals. Either or both
of the Vertical Position controls (14) and (15) can be use
to shift the resultant trace.

NOTE: If the input signals an: in-phasc,
the amplitude of the resultan' trace will
be the arithmetic difference of the
individual traces (e.g.. 4.2 div — 1.2
div = 3.0div) If the input signals are
1807 out of phase, the amptitude of the
resultant trace will be the arithmetic
sum of the two traces (e.g., 4.2 div +
1.2 div = 5.4 div).

. [f the peak-to-peak amplitude of the resultant trace is very

low, tern both YOLTS/DIV switches to increase the
waveform display height. Ensure that both VOLTS/DIV
ronfrls are set to the same position.



2 3-7 Delayed-Sweep Operation

This ascilloscope has two timebases, arranged so one (the
A timebase) may provide a delay between a trigger cvent and
tbe beginning of sweep by the other (B) timehase. This
allows any selected protion of a waveform or pulse train tobe
spread over the entire screen. Delayed sweep can be used
with cither single-trace or dual-trace operation. For clarity,
the accompanying illustration will show a single vertical
channel.

The basic delayed sweep mode of the LBO-325 iy alternate
sweep, which displays both the main (A) and delayed (B}
ti nehase traces for cach vertical channel used. The next
precedure shows how to display only the delayed (B) trace,
but you must use alternate sweep first to determine exactly
which portion of the main (A) sweep will be displayed as the
B-sweep trace.

Alternate Sweep. To sinulancously display the A- and
B -timebase traces, proceed as follows:

1 Adjust the VOLTS/DIV switch{es) (113 so the Irace
height(s) does not exceed 4 screen divisions if one vertical
channel is used, or 2 screen divisions if both vertical
channcls arc used. This is simply to ensure that there is
o for all traces Jater.

2. For the same reason, position the trace(s) so there is tovn
near each trace currently displayed tor an additional trace
of equal amplitude. You can leave room cither above or
below the displayed traces, but it must be the same for
both traces if both vertical channels are used.

3. Make sure the TRIG'D pushbution (27) is out, the INTEN
control (2) is wmed up for a bright display, and the B
TIME/DIV switch (21) is set to a faster sweep than is the
A TIME/DIV switch.

4. Press the B HOR DISP pushbutton (26) while holding in
the A pushbutton (i.c., both the A and B HOR DISP
pushbuttons must be locked in the recessed position).

5. Use the TRACE SEP control (25) to move the delayed (B)
trace(s) to the vacant area(s) above or below the main (A)
timebase trace(s),

. The section of the main (A) timet-ase race(s) correspond-
ing to the B sweep time will be br.ghter than the rest of the
main limebase trace(s), as shown in Figure 2-12. Adjust
the INTEN control if necessary tor a proper display.

NOTE: The main {A) trace(s) will look
like a partial trace if orightness s
insufficient. If the brightness is ex-
cessive, Lhe B-inteusified portion of the
A trace(s) will be indistinguishable
from the rest of the A lrac 2(s). Further-
more, the intensified portion of the A
trace{s) will be quite small if there is a
large difference between the settings of
the A and B TIME/DIV switches.

7. Turn the B TIME/DIV switch (213 until the intensified
portion of the trace widens to an ameount cqual to the
partion of the trace you wish to magnity.

8. Tumn the DLY TIME MULT conirol (23} to position the
intensification over the portion of the A imebase trace(s)
you wish to magnify .

B Sweep Only. After you have seithe DLY TIME MULT
control and B TIME/DIV switch according to the Alternate
Sweep proccdure, you can reduce screen clutter by
eliminating the main (A} timebase trace(s). To do this,
simply press the B HOR DISP pushbutton again. The A
pushbutton will pup out and the A timebase trace(s) will
disappear. This allows you to increase the screen heipht of
the B timebase trace(s).

NOTE: The B timebase trace(s) will
move to the portion of the CRT screen
formerly occnpied by the A trace(s).

A sweep
instensified
by B sweep
J I
: |
|
| |
[ ~
| RN
~ MAIN (A)
l = SWEEP
| ~ N 50 uS/div
| ~.
i T
= —_— \\
h e N
\.\'—'
-4————defay Fme £ > b
frace
separation //
A B
} SWE
e uS/div
3

Figure 2-12. Delayced sweep

display of onc vertical channel
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Triggered B Sweep. In basic delayed sweep, the B
limebase is not triggered by asignal event; it begins when the
main sweep (A timebase) ends. This is readily seen in the
alternate sweep mode. The only problem with this is that
main timebase jitter becomes apparent in the B sweep when
at high ratios of A 10 B TIME/DIV switch scttings (100:] and
up}. To circumvent this, the B sweep can be tripgered by the
signal itself or a time-related trigger signal. The DLY TIME
MULT conurol then determines the minimum delay tme
between A and B sweeps; the actual delay time will be that
plus the additional time until the next available rigper. The
result bs that actual delay time is variable only with step
resolulion, in increments of the interval between triggers.

The B timebase is triggered intemally, using the same
trigger-signal suppiied 1o the A tincebase. Tor triggered B
sweep, proceed as follows:

1. Set up the scope for hasic delayed sweep as described in
the preceding paragraphs.

2. Press im the TRIG'D pushbutten (27). The B tmebase is
now triggering on a signal related in time to the A time-
base trigger. The start of the B sweep will always be a
leading or trailing cdge of the trigger signal, wming the
DLY TIME MULT control will not change this.

NOTE: If TV V tngger coupling is
sclected for the main {A) timebase, the
delayed (B) timebase will be triggered
by the TV H output of the sync separator.
This facilitates inspection of complex
signals containing composite sync, such
as VITS, VIRS, and various coding
sipnals found in the verical interval.

2-3-8 X-Y Operation

The internal imebases of the LBO-325 are not utilized in
X-Y operation; deflection in both the vertical and horizontal
directions is via external signals. One of the vertical input
channcls serves as the X-axis (horizontal) signal processor,
50 horizontal and vertical axes have identical control facilities.

All of the V MODE, HOR DISP, rrigger SOURCE,
tngger COUPLING, and intgger mode switches, as wel) as
their associated controls and connectors, are inoperalive in
the X-Y mode.

To set up the LBO-325 for X-Y operation, proceed as
follows:

1. Tum the A TIME/DIV switch (20) fully counter<lock-
wise to the X-Y position.

CAUTION: Reduce the trace inten-
sity, to reduce the nisk of undeflected
spot damage to the CRT phesphor.

2. Apply the vertical signal 1o the CH 2 or Y IN connector
(10), and the horizomtal signal to the CH 1 or X IN
connector (9). Once the spot is deflected, restore normal
brightness.

3. Adjust the trace hetght with the CH 2 VOLTS/DIV switch
(11, and the trace width with the CH | VOLTS/DIV
switch. The VARIABLE controls ([2) and PULL X5
MAG switches (12) for both channels can be used if
neaded.

NOTE: Furtther horizontal (X-axis)
magnification is available from the
PULL XI10 MAG switch (24), but 1s
unlikely to be needed.

4. Adjust the trace position vertically (Y-axis) with the CH 2
Vertical or Y Position control (15). Adjust the [race

position  horizontally (X-acis) with the Hotivontal
Position control (24); the CF 1 Veniical Position control
has no effect during X-Y ope ation.

5. The ventical (Y-axis) signal can be inveried via the CH 2
INV pushbuiton {17).

2-3-9 Intensity Modulation

intensity modulation, also kncwn as Z-axis modulation, is
an operational mode wherein an external signal controls the
brightness of the CRT trace. s main applications are in
video display and titne or frequency marking. When so used.
it is often tn conjunction with }-Y operation (described in
paragraph 2-3-8).

To intensity modulate the TRT. simply connect the
modulating signal to the Z AXIS IN comnector (19) on the
back panel. The necessary modulating signal amplitude for
minimuny/naximum trace brigh:ness is dependent upon the
frant pancl intensity control. At normal brightness levels, a
TTL signal will be sutficient.

CAUTION: Do not apply a signal
greater than 50V (DC + AC peak).

1A A LA
;.E;*:Iza; / \\ /i “J'Z{ST

Figure 2-13. Peak-to-peak voltage measurement
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Figure 2-14. Instantaneous: voltage measurement



2-4 MEASUREMENT APPLICATIONS

This contains instructions for using the LBO-325 for
specific measurement procedures. However, this is but a
smail sampling of the many apphcations possible for this
oscilloscope. These particular applications were selected to
demonstrate certain controls and features not fully covered
in BASIC OPERATING PROCEDURES. to clarity cer-
lain operations by cxample. or for their importance and
universality.

2-4-1 Amplitude Measurement

The modem triggered-sweep oseilloscope has two major
measurement tunctions. The first of these is ampliwde. The
oscilloscope has an advantage over most other forms of
amplitude measurenient in that complex as well as simple
waveforms can be totally characterized (i.c., eomplete
voltage information 15 availabie).

Oscilloscope voitage nieasurements generally fall into one
of two types: peak-to-peak or instantanecous. Peak-to-peak
(p-p) measurement simply notes the total amplitude between
extremes without regard o polarity reference. lnstantancoos
voltage measurement indicates the exact voltage measure-
ment from each and every point on the waveform to a ground
reference. When making either type of measurernent, ensure
that the VARTABLE controls (12) arc detented fully clock-
wise in the CAl position.

Peak-lo-Peak Voltages. To measure peak-1o-pesk voltage,
proceed as follows.

. Set up the LBO-325 for verical mode desired per the
imstructions in 2-3 BASIC OPERATING PROCEDURES.

2. Adjust the TIME/DIV switch {20) or (21) to display two
or three cycles of waveforin, and set the VOLTS/DIV
swilch (11} for the largest-possible totally-on-screcn
display.

3. Use the appropnate Vertical Position contrel (14) or (15)
to position the negative signal peaks on the ncarest
honzontal graticule line below the signal peaks. per
Figure 2-13.

4. Use the Horizontal Position control (24) to pusiticn one of
the positive peaks on the central vertical graticule line.
This line has additional calibration marks equal to (0.2
major division cach.

5. Count the number of divisions from the praticule line
touching the negative signal peaks to the intersection of
the positive signal wilh the central vetlical graticule line,
Multiply this number by the VOLTS/DIV switch setting
to obtain the peak-to-peak voltage of the waveform. For
example, if the VOLTS/DIV swich were set to 2V, the
waveform shown in Figure 2-13 would be 11.2V p-p
(5.6div x 2V).

6. If X5 vertical magnitication is used, divide the Siep 5
voltage by 5 to obtain the correct p-p voltage. However if
10X attenuator probes are used, multiply the VOLTS/
DIV by 10 1o obtain this correct p-p voltage.

7. If measuring a sine wave below 100 Hz, or a rectangular
wave below 1000 Hz, set the AC/GND/DC switch (13}
to DC.

CAUTION: Ensure that the waveform
is ot imposed on a higher-amplimde
DC voltage.

Instantanecus Voltages. To measure instantancous
vollage, proceed &5 follows.

1. Sctup the LBO-325 for the venical mode desired per the
instructions in -3 BASIC OPERATING PROCEDYURES.

2. Adjust the applicable TIME/DIV switch {20) or (21) for

onc complete cycle of waveform and set the VOLTS/MV
switch (11) four a trace amplitude of 4 1o 6 divisions (see
Figure 2-14).

. Set the AC/GND/DC switch (13) o GND.

4. Use the appropriate Vertical Position control (14) or
{15) to set the saseline on the central horizontal graticule
lire. However . if you know the signal voltage is wholly
positive, use the bottommost graticule line. If you know
the signal voltage to be negative, use the uppermost
gralicule line.

NOTE: The Vertical Position controls
must pot be touched again until the
measurement is completed.

5. Set the AC/GHD/DC switch to DC. The polarily of all
points above the ground reference line is positive; all
potnts below the ground-reference line are negative.

CAUTION: Ensure that the waveform
is not imposed on a high-amplitude
DC  woltage before  changing  the
AC/GMD/DC switch sening.

(78]

6. Use the Horizontal Position control (24} to powition any
point of interest on the central vertical graticule line, This
hine has additi snal cahbration marks equal 10 0.2 major
division ¢ach. The voltage relative to ground at any point
setected is equal to the nuinber of divisions from that point
1o the ground-reference line muliiplied by the VOLTS/
DIV setting. In the example used for Figure 2-14, the
voltage for a0 3V/div scale is 2.5V (5.0 div x 5V)

7. 1f X5 vertical magnification is used, divide the Swep 6
voltage by 5. However, if 10X attenuator probes are nsed,
multiply the voltage by 10.

2-4-2 Differential Measurement Technigues

Differential measurement technigues allow direct meas-
urement of the voltage drop across **floating™ compuonents
(both cnds above ground), and measurcinent of verv small
signals in clectrically-noisy cnvironments (such as exisis
near high-power AC machinery).

The control set ing Yor different operations were explained
m parugraph 2-3-6 Additive and DifTerential Operation.
The technique for making the physical connections are shown
in Figure 2-15. F gurc 2-15a shows the simple techmique for
measuring high-level signals on floating signals. In this
example, the AC voltage drop (ripple) across a pawer choke
is observed and measured. The ground terminals from the
two probes or cables are simply connected to the chassis or
ground bus of the circuit under observation. Figure 2-15b
shows the connection technique needed for low-leveel signals
tn a noisy cnvironment (sirong AC ficlds). Using a separate
ground connecticn and not connecting the probe shields o
the circuit under test avoids pround [oops and EMI pickup.

2-4-3 Time Interval Measurements

The second nuijor measurement function of the riggered-
sweep oscillosco »e is the measurement of time interval. This
is possible because of the calibrated timebase results in cach
division of the CRT screen representing a known time
interval.
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Figure 2-15. Connection techniques for differential measurements

Basic Technique. The basic technigue for measuning time
in’erval is described in the following steps. This same
te;hnique applies to the more specific procedures and
viriations that follow.

1. Set up the LBO-325 as described in 2-3-2 Single-trace
Operation.

2. Set the A TIME/DIV switch (20) so the interval you wish
10 measure 12 totally on screen and as large as possible.
[Ensure that the Time VARIABLE control (22) is detented
fully clockwise in the CAL position. IF not, any time
imterval measurements made under this condition will be
inaccurate.

3. Use the Vertical Position control (14} or (135) to position
the trace so the ecniral horizontal graticule line passes
through the points on the waveform between which you
wanl to make the measurement.

4. Use the Horizonial Position control (24) 10 sct the left-
most measurement point on a nearby vertical graticule
line.

5. Count the number of horizental graucule divisions be-
tween the Siep 4 graticule line and the second measure-
ment point. Measure to a tenth of a major division. Note
that cach minor division on the central horizontal graticale
line i3 0.2 major division.

6 To determine the ime interval between the two measure-
ment points, multiply the number of horizontal divisionx
counted in Step 5 by the setting of the A TIME/DIV

Period, Pulse Width, and Outy Cycle. The basic
technique described in the prec:ding puragraph can be
used to detennine pubse paanetens such as period, pulse
width, duty cycle, elc.

The peniod of a pulse or any ot ier waveform is the ime
it takes for ong full cycle of the signal. In Figure 2-16, the
distance between points (A) and (C) represent one cycle;
the time interval of this distance is the peniod. The tme
scale for the CRT display of Fipure 2-16 is 10 m§/div, so
the period is 70 milliseconds in this example.

Pulse width is the distance between points (A) and (B).
In our example it is convenicntly 1.5 divisions, so the
pulse width ts 15 milliseconds. However, 1.5 divisions is
a rather small distance for accurate measurements, 50 it is
adviscable to usc a Faster sweep for this paricular
measurement. Increasing the sweep speed to 2 mS/div as
in Figure 2-16b presents a large display, allowing more
accuraie measurement. An alternative technique useful
for pulses less than a division wide is to the pull the PULL
X10 MAG switch (24) for X10 magnification, and
repusalion the pulse on screen wit 1the Horizontal Position
control {24). Pulse width is also called on lime in somic
applications. The distznce between points (B) and (C) s
then called off time. This can b: measured in the same
manner as pulse width.

When pulse width and period timne: are known, duty cycle

switch. If the PULL X10 MAG switch (24) is pulled (X10 can be calculated. Duty cycle is the »rcentage of the period
magnification), be certain to divide the TIME/DIV switch (or total of on and off times) represe nted by the pulse width
setting by 10. (on time).

19



PW (100) _

: A— B (100)
Period

Duty cycle (52) = A LC

i 15 m& X100 -
Duty cycle of example = = 570 21 4%

wead and Lag Time. When two signals have the same
frequency, hut not the same phase, one signal is said to be
lexding. and the other lagging. To measure this leadflag
time, proceed as follows:
1. Set up the LBO-325 as desenbed in 2-3-5 Duoal-trace
Operation, connecting one stgnal to the CH-1 IN connec-
tor (9) and the other to the CH-2 1IN conneetor (10)

NOTE: At high frequencies use identi-
cal and correctly-compensated probes,
or cqual lengths of the same type of
coaxial cable to cnsure equal delay times.

2. Set the rigger SOURCE switch (28) for the chaonel with
the leading signal {CH- 1 in the Figure 2-17 example).

2. Use the A TIME/DIV switch (20) to display the time
difference as large as possible (Figure 2-17b).

4. Usc the CH-I Vertical Position control {14) 10 position the
hottom of the channel 1 trace slightly below the central
hotizantal graticule line, and the CH-2 Verticul Posinon
control (15) to position the top of the channel 2 truce
slightly above the Line.

5 Usc the Horizontal Position conuol (24) to align the left-
most race edge (of chanael | in this case) with a nearby
vertical graticule hine. The horizontal distance between
this line and the puint at which the leading edge of the
other trace crosses the central horizontal graticule line
represents the time difference between the two signals.

]
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Figure 2-16, Time Intervat Measurements
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The chanoel 1 signal may be said to be leading the chanoel

2 trace, or the channel 2 race may be said to be lagging the

channe! | trace.

6. Ensurc that the Time VARIABLE coentrol (22} is detented
fully clockwise in its CAL position. Then, count the
number of horizontal divisions between the leading cdges
of the traces and multiply this numiber by the setting of the
A TIME/DIV switch to determine the difference. For
example, the time difference in Figure 2-17b is [(kmicro-
seconds (5.0div x 2 p8).

[t the points between which th e time difference exists
are less than | major division :part and located in the
middle of complex waveforms that ane otherwise in phasc,
use the: defayced (B) timebase as described in 2-3-7 Delayed
Timebase Operation to scicet and expand that section of
the complex waveform. After do ng that, follow the same
technique as described in the prezeding paragraph. As an
alternative, puell the PULL X110 MAG switch (24) 10
cxpand the fraces, and reposition the section with the same
difference on sereen with the Hor.zontal Position control.

If the pomts between which the ume difference exists
are more than 1 but less than 5 major divisions apart, the
High Accoracy Technigue desciibed next will yicld the
greatest accuracy.

High Accuracy Technique. Closely spaced points within
a complex wavefonn can be measured using the DLY TIME
MULT cantrol. The lincarity error of this control is only a
fraction of a percent, far less than the error possible over a
small portion of the timebase sweep.

The delay-time technique can te used with singie-trace
time measurements (pulse width, feriod, ete.) or dual-trace
measurements {lead and lag time). The technique, after the
trace Or traces ane set up according to the desired procedure,
is as follows:
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Figure 2-17. Measuring lead and lag time
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Figure 2-19, Lissajous method of phase measurement

I Sci the B TIME/DIV switch (21) to a position 50 to 100
times (5 to 6 positions) faster than the A TIME/DIV
swilch setting.

Press both the A and B HOR DISP pushbuttons (26), then

position the intensificd arca over the first measurement

point by means of the DLY TIME MULT control (23).

3 Press the B HOR DISP pushbution and carefully adjust the
DLY TIME MULT control to position the first ineasme-
ment point ¢xactly over the central verticul graticule line.
Record the DLY TIME MULT dial reading.

4. Rotate the DLY TIME MULT control to position the
second measurement point over the central vertical
graticule line. Record the DLY TIME MULT dial reading..

5. Subtract the Step 3 reading from the Step 4 reading. For
example, if the DLY TIME MULT control setting was
4 .86 in Step 3, and 7.38 in Step 4, the differcnce is 2.52.

€. Multiply the Step 5 number by the A TIME/DIV switch
setting to find the time difference.

(5]

2-4-4 Phase Difference Measurrments

Phase difference or phase #ngle tetween two signals can
be measured using the dual tace feqture of the oscilloscope
or by operating the oscilloscope in the X-Y mede. When
measuring phase shift or signal-processing devicus, the test
setup shown in Figure 2-21 can be used.

Dual-trace Method. This method works with any type of
waveform (sine, tiangle. rectangulzr, complex pulse, ete.).
In fact, it will usually work even if different waveforns are
being compared. This method and it variations are effective
in measuring small or large differznces in phase, at any
frequency up to 60 MHz.

To measure phase difference by the dual-trace nethod,
proceed as follows:

1. Set up the LBO-325 as duscribed in 2-3-5 Dual-trace

Operation. connccting one signal 1o the CH 1 or X IN

connector (9) and the other 1o the CH 2 or Y IN connector

(10},
NOTE: At high frequencies use identi-

cal and correctly-comper sated probes,
or equal lengths of the same type of
coaxigl cable to ensure cequal delay
LINIES, OF €1TONCOUS Hme measurements
will result.

2. Set the tmipger SOURCE switch (28) to the channel with
the least noise and miost stable t-ace. Temporarily move
the other channel's trace off the screen by means of its
Vertical Position control

3. Center the stable (trigger sourcd ) trace with its Vertical
Position control, and adjust its amplitude to exacly 6
vertical division by means of its Y OLTS/DIV switch (11)
and VARIABLE control (12).

4. Use the LEVEL contral (31) to er sure the trace crosses the
central horizontal line at or near the beginning of the
sweep. (Sce Figupe 2-18.)

5. Use the A TIME/MV switch (20), the Time VARIABLE
control (22), and 1he Horizontal Position control (24} to
display one cycle of trace over 7.2 divisions. When thrs is
done, cach major horizontal div sion represents 507, and
cach minor division represents 147

6. Move the off-sereen trace back oz the CRT with us Vertical
Position Control, precisely centering it vertically. Use the
associated VOLTS/DIV switch and VARIABLE control
to adjust its amplitude to exactly 6 vertical divisions.

7. The horizonial distance between eorresponding paints on
the waveform is the phase difference. For example, 1n the
Figure 2-18 illustration the phase difference is 6 minor
divisions, or 60°. Use the Horizental Position control (24)
to align one of the mid-cycle zero crossings with a
graticule calibration to facilitate this measurement.

8. If the phase difference 15 less than 50° (one major divi-
sion}, pull the PULL X10 MAC switch (24} and usc the
Honzontal Positicn control {24) [if needed) to position the
measurement arca back on sereen. With 10X magnifica-
tien, cach major herizontal divition is 5°, and cach minor
division is 17,

Lissajous Pattern Methed. This method is used primarily
with sinc waves. Measurements are possible at frequencies
up o ! MHz, the bandwidth of the horizontal amplifier.

To mecasure phase difference by the Lissajous pattern
method, proceed as follows:

1. Turn the A TIME/DIV switck (20) fnlly counterclock-
wise to the X-Y position.

CAUTION: Reduce the trace intensity,
to reduce the risk of undeflected spot
damage to the CRT phosphor.
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Figure 2-20. Phase sngle nomograph

. Make certain the CH 2 INV switch (17) is out. This will

introduce a 180° crror if pushed in.

. Connect one signal to the CH | or X IN connector (9),

and Lhe other signal to the CH 2 or Y IN conpector (10).

. Center the trace vertically with the CH 2 Vertical Position

control (15), and adjust the CH 2 VOLTS/DIV switch
(11) and VARIABLE control {12) for a trace height of
exactly 6 divisions.

. Adjust the CH | VOLTS/DIV control {11) for the targest

possihle on-screen display.
the trace horizomally with the
Horizontal Position control (24).

. Count the number of divistons subtended by the trace

along the central vertical graticule line {dimension B).
You can now shift the trace vertically withthe CH2 or Y
Position control to a major division line for easicr counting.

. The phase difference (angic 0) between the two signals is

egual to the arc sine of dimension B + A (lhe Step 7
number divided by 6). For example, the Step 7 value of
the Figure 2-19a patiern is 2.0. Dividing this by 6 yiclds
.3334, whose arc sine is 19.5 degrees,

. The simple formula in Figure 2-19a works for angles less

than 90°. For angles over % (leftward tilt), add 90° to
the angle found in Step 7. Figure 2-19b shows the
Lissajous pattermns of various phasc angles; use this as a

guide in determining whether or not to add the additional
AP

. The sine-to-angle conversion can be accomplished by

using trig tables or a trig calculator. However, if the sinc
is between 0.1 and 1.0, you can use the Figure 2-20
monograph so the edge passes through the cross mark
and the number of divisions nwasured in Siep 7 (B
dimension). When this is done the edge will also inter-
sect the phasc-angle column.

2-4-5 Distortion Comparison

The dual-trace feature of the LBO-325 offers a quick
method of checking for distortion caused by a signal-process-
ing device (such as an amplifier;. To do this, proceed as
follows:

[. Connect the outpwt of a signa gencrator (ol frequency
suitable 1o the device under test) 1o the CH 1 or X IN
connector (9) and the input of the Device Under Test
{DUT).

. Connect the CH 2 or Y IN conrector (10) Lo the output of
the device or its load (see Figur: 2-21).

3. Increase the signal to the DUT until the channel 2 trace or

on RMS AC voltmeter indicate.; the desired output level.

4. If the DUT has reversed the phase, press the CH 2 IRV
pushbutton (17).

5. Superimpose the twe traces with the Vertical Position
controls {14) and (15). and us: the VARIABLE control
{12) of the highest amplitude trace 1o achieve the best
trace match.

6. Any uniform horizontal displacement of the trace is
simply phase difference (desciibed in paragraph 2-4-4).
Any other differences in shape indicate distortion caused
by the DUT, such as slew rat: or frequency distortion,
ringing, etc.
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2-4-6 Frequency Measuremernt

When a precise determination of frequency is needed, a
frequency counter is obviously the first choice. A counter
can be connected 1o the CH 1 OUTPUT connector (18) for
convenience when both scope and counter are used. How-
ever, an oscilloscope alone can be 11sed 1o measure frequency
when a counter is not available, o7 modulation and/or noise
makes a counter upuscable.

Frequency is the reciprocal of pertod. Simply measure the
period 7 of the unknown signal i s instructed in 2-4-3 Time
Inverval Mcasurements, and ca culate the frequency 'f
using the formula f = [/, If acalculator is available, simply
enter the period and press the 1/x «ey. Period wl seconds (S)
vields frequency in Hertz (Hz); period (n midliseconds (in8)
yields frequency in kilohentz (kH:); period in microseconds
(u8) yields frequency in megahertz (MHz). The accuracy of
this technique is limited by the timebase calibration aceuracy
(see Table of Specifications).

2-4-7 Risetime Measurement

Risctime is the time required for the leading edge of & pulse
10 rise from 10% to 90% of the total pulse amplitude. Fall-
time is the lime required for the Irailing edge of a pulse to
drop from 90% of total pulse amplitude to 10%. Risetime and
falltime, which may be collectiv:ly called transition time,
are measured in essentially the samne manner.

To measure rise and fall time, proceed as follows:

I. Connect the pulse to e measured to the CH [ or X IN
connector (9), and set the AC/GND/DC switch (13) 10
AC.

2. Adjust the A TIME/DIV switch (20} to display about 2
cycles of the pulse. Make cerlain the Time VARIABLE
control (22) is detented fully clockwise in the CAL
position.

3. Center the pulse vertically with the: channel 1 Vertical
Position control (14).

4. Adjust the CH 1 VOLTS/DIV switch (1)) to set the
positive pulse peak cxceed the 100% graticule line, and
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Figure 2-21, Test setup for distortion comparison and phase measpremen

the negative pulse peak exceed the 0% Jineg, then rotate
the VARIABLE control (12) counterclockwise until the
positive and negative pulse peaks rest exactly on the
1005 and 0% graticule lines. (See Figure 2-22a.)

5. Use the Horizental Position (24) conirels to shift the
trace so the leading edge passcs through the intersection
of the 10% and central vertical graticule lines.

. If the misetime is slow compared to the period, no further
control manipulations arc necessary. If the risetime is
fast {leading edge almost vertical), pull the PULL X10
MAG switch (24) for 10X magnification and reposition
the trace as in Step 5. (See Figure 2-22b.)

7. Count the number of horizontal divisions between the
ceniral vertical line (10% point) and the intersection of
the trace with the %0% line.

8. Multiply the number of divisions counted in Step 7 by the
setting of the A TIME/DIV switch to find the measured
risctime. If 10X magnification was used, divide the
TIME/DIY sctting by 10. Forexample, if the A timebase
setting in Figure 2-22b was .1 w8 (100 nS), the nsctime
would be 36 nanoseconds (100 nS =+ 10 = 10n5; 10 nS =
3.6div = 360S).

9. To measure {alltime, simply shift the trace horizontally
until a trailing edge passes threugh the 10% and central
vertical graticule lines, and repeat Steps 7 and 8.

. The nise and fall times measured thus far include the 5.8
n§ transition time of the LBO-325, and approxiinately
8.3 nS transition time of the scope/probe combination.
These errors are negligible if the measured rise and fall
times are 25 nS or longer. For shorter transition times,
correct the measured rise and fall times using one of the
following formulas:

SCOPE ONLY SCOPE & PROBE

1= N2, - 34 =NV, — 68

1. =correcied transition time  t,, =measurced transition time

Continuing with our example, the 36 nS risetime measured in
SL:p 8 represents an actual Asetime of 35.0 nS for the pulse
wen corrected for scope and probe risetime as follows:

1.=% 367 — 68 = \/1228 = 35.0n8

This is less than a 3% error, so the correction was really not
necessary. However, if the measured transition time were
wall below our 25 nS benchinark, say 14 nS, the resulting
ti ne difference {error) weuld be substantial (24% in the
fcdlowing example}.

=N 142~ 68 =3/ 128 = [1.3nS
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Figure 2-22, Risetime mensurement

2-4-§ —3dB Bandwidth Measur:ment

Bandwidth measurement usuatly involves finding the —3
dB response point in the frequency-response curve or a
circuit or device, This can easily be determined without the
need for calculations or dB conmversions by using the
following "“rick "

1. Cennect the output of & constant-arnplitude signal genera-
tor (of appropriate frequency ranpe) to the input of the
device under lest {DUT). Connect the output of the DUT
to the CH 1 IN connector (9).

2. Set the generator (o a frequency well within the passband
of the DUT, then adjust the gererator output level w0
produce the desired DUT output level.

3. Set the CH | VOLTS/DIV control (11) 1o the highest
setting that produces over 7 divislons trace height.

4. Use the CH | VARIABLE VOLTS/DIV conwrod (12) and
CH 1 Vertical Position contrel (14) 1o make the trace



height exactly 7 divisions, and touching the second
highest and bottom-most graticule lines.

5. Increase the generator frequency unti? the trace height
decreases to exactly 5 divisions. This is the upper -3 dB
response point, The frequency can be determined from the
signal-generator dial, or with a frequency counter con-
nected to the CH 1 QUTPUT connecior (18).

6. Restore the generator to its Step 2 frequency, then
decrease the generator frequency until the trace height
decreases to exactly 5 divisions. This is the lower —3 dB
response point.

2-4-9 HF Current Measurement

The normal method for measuning current with an oscillo-
scope is to pass the current through a resistor. and measure the
voltage drop across the resistor. This technique is applicable
to both AC and DC currents. However, an additional tech-
nigue is pussible with high-frequency AC. Instead of inserting
a resistor, a wire or companent lead carying the AC current,
is passed through a cumrent transformer. This has the
advantage of measuring the AC signal component without
upsetting the DX circuit conditions.

High-perfonnance current transfonners are commercially
available. For non-crtical applications you can build your
own. Construcetion details are given in Figure 2-23a for aunu
that provides a 1 V/1 A current-conversion ratio nto a 50-chm
termination over a 3 kHz w 30 MHz frequency range. This
device is flat within =0.2 dB from 19 kHz - 7 MHz, so will
provide fairly pood accuracy at the TV Tine frequency.

FERROMICS 11-122-B CORE INSULATING TUBING

To use the transtormer, connect the coax to the CH 1 or X
IN connector (9) via a S0-of m feed-thru termination.
Unsolder one end of the wire or component lead carrying the
current you wish to measurne, and pass it through the insulating
sleeve in the current transformer. Then resolder the lead and
energize the cireuit.

2-4-10 Percentage Meodulation Measurements

The wide vertical-amplificr tandwidth of the LBO-325
allows amplitude modulation measurements on RF carmiers
as high as 60 MHz. Either the rapezoidal {Figure 2-24a) or
envelope (Figure 2-24b) display technigue can be used; the
following proccdure gives a sewp that allows either ta be
selected at the flick of a switch, To measure the pereentage
amplitude modulation of a signal generator or wansmitler,
proceed as follows:

I. Connect a sample of the modu fated signal tothe CH 2 or Y
[N connector (10). Connect . sample of the audio modu-
lating signal to the CH 1 or X IN connector (9).

2. Press the ALT or CHOP V MODE pushbutton (16), the
CH 1 SOURCE pushbutton (2:8), and the AC COUPLING
pushbutton (30).

3. Adjust the VOLTS/DIV switzhes (11) for trace heights of
3 1 4 screen divisions, and center the channel 2 trace with
the CH 2 or Y Position control (15).

4. Set the A TIME/DIV switeh (20) to a seting that will
display about 2 cycles of the modulating signal. For the
400 Hz sinc wave commienly 1sed insignal generators and
for fransmitter testing, the suggested timebase setting is

PRESS-FITTED INTO CORE

50{ COAX

v i /

25 TURNS NO. 30
ENAMELED WIRE

50-OHM
FEED-THRU
TERMINATION

LBO-325

b. MEASUREMENT SETUP

50-0HM COAX

SHIELD BRAID

\ COAT WITH EPOXY

a. CONSTRUCTION DETAILS

CURRENT-CARRYING

/ LEAD WIRE
\ CURRENT

TRANSFORMER

Figure 2-23. HF current iransformer
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.5 mS/div. Adjust the LEVEL control (31) 1f necessary for
a stable display.

5. The scope now shows the eavelope dispiay and the

modulating (audio) signal. To display the (rapezoidal
pattern, rotate the A TIME/DIV switch fully CCW to its
X-Y position.

. The percentage modulation is calculated by mueasuring, the
A and B dimensions (see Figures 2-24a and 2-24b) of the

a. TRAPEZOIDAL DISPLAY

b. ENVELOPE DISPLAY

displayed waveforms against the Y-axis, and usmg the
measured values in the following formula:
A-B

Percent modulation = 2.2
A+ D

* 100

. Ovenmodulation (medulation exceeding HX0O%) cannot be

readily calculated, but is casily noticed. (Sce Figure
2-24c)

c. OVERMODULATICN

Figure 2-24. Amplitude modulation displuys



3. PARTS LIST

T-3553
POWER SUPPLY
Symbol
No. Description
RESISTORS
RI Carbonr 27K0 5% 1/6W
R2 Metal Glize 33IKRA) 3% 1w
R} Curbon 68501 5% 16w
R4 Metal Gluze Chip 10K1Y 3% HI6W
RS Metal Gluze Chip G KN 1% T8
RG Metal Glure DK 1% oW
RY Metal Glaze Chip KN 5% 1716%
R Mectal Glaze Chip B2KLL 1% 114
RY Meial Glaze Chip BIKL2 S& 116w
R1Q Metal Glaze Chip | B2K02 5% 1116w
R1l Metal Glaze Chip 22K82 5% 1116w
R12 Carbon il 5% 12w
R13 Metal Glaze Chip 22001 5% 1116w
R14 Metal Glaze Chip 22001 5% 1/ 16W
RIS Metal Glaze Chip 5600 5% 1/ 16%W
R16 Metal Glaze Chip 5600 5% 116w
Ki7 Carbon 11 5% 1:2W
RiB Carbon 141 5% 112W
Rl% Metad Glaze Chip 11KD | % 118w
R20 Metal Glaze Chip 27K 1% 1MW
R21 Melal Glaze Chip 3. 2K0 1% 1/8W
R22 Melal Glaze Chip 8.2K0 1% 13w
R23 Metal Glaze 2.2K(Y 5% 1w
R24 Carbon 4.302 5% 1/6%
R25 Meral Glaze Chip 10K} 5% 116W
R26 Meial Glaze Chip LIKR 1% W
R27 Melal Glage Clip VIOKEL 5% oW
R2y Metal Glaze SCK 1% HGW
R29 Meral Glaze Chip §.2K(1 1% 1iBW
R30 Carbon 3.3K0 5% 16w
R21 Mertal Glaze Chip 220401 5% 1/ 16W
R32 Meral Glaze Chip EX) 44 1% LISW
R33 Metal Glaze Chip 39K 1% 175W
R34 Not Used
R33 Not Used
R35 Nod Used
R17 Not Used
R348 Not Used
R39 Not Used
R40 Not Used
R4} Metal Glaze 212K4) 1% 172W
R42 Metal Glaze Chip 68041 5% 16w
R43 Metal Glaze Chip 4711 5% 1/16W
R44 Metal Glaze Chip 4.7K0 5% 116w
R4S Carbon BIK0D 5% 14M
Rds Metal Glare Chip Q1D 5% 1/16W
R47 Nul Used
R48 Meta) Glaze Chup 18011 S 1/ 16W
k49 Metal Glaze Chip 4712 5% 1/ 16W
R3O Metal Glaze Chap 22K 5% 16w
R31 Metal Glaze Chip 4701 5% 1/16W
RS2 Meral Glaxe Chip 6RO $% 1/16W
R53 Curbon [P 3% Li6W
VARIABLE RESISTORS
VRI Curbon Film § 46 Ay 173w
CAPACITORS
1 Electrolytic 47uF 250V
2 Ceramic Chip 0.01 I 50V
[8k] Ceramic Chip 0.001.F 50V
4 Electrolytic 100 F 200v
(8] Ceramic Chip Q.00 SOV
Co Ceramic Chip 0.001F 50V
Cc7 Ceramic Chip 0.0 uF S0v
Cy Electrolytic 2200uF sy
(o Eleetrolytic 4. 7uF 15Y
[S[] Elecuolytic 4. 7uF Isv
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Symbel
No, Pescription
Cll Eleciralylic 200uF 25V
2 Elecral ylic 2200ul 25Y
13 Electrolylic 10ul 25V
C14 Electrolytic 10F padd
Cls Electrolytic 4 Tl 25V
Cle Electrolytic ERmy 25V
CI7 Electrolytic 2 Jpel SOV
clg Electrolytic 100uF 16V
Cly Electrolytic 100uF 16V
2 Not Used
21 Electrolytic 22uF 250V
22 Electrolytic 10uF 200V
c23 Electrolytic 100 25v
Cc24 Ceramic 0.01ul 50V
c25 Mica 100pF S0V
{C26 - C4l Nt Used)
42 Ceramic 0.01uF 500V
43 Ceramic 0.0luF 500V
Ca4 Electrolylic 2.2uF 200V
C45 Ceramic Chip 0.01xF 50V
Ca6 Electrolytic 22uF 16V
c47 Elecirolytic TuF oV
C48 Ceramic Chip 0.01uF S0V
C49 Electralytic 22uF 16V
TRANSISTORS
Q1 NFN ISDESGC
2 NPN 25C 3138
23 NEN 2873138
4 pNP 1SA 1012
Qs PNP 2SA 1162-Y
Q6 NPN 28C 2562-Y
Q7 NPN 28C2712-Y
(81 NPN 25D 859-Q
o NPN 23C3138
010 NPN 25C 2138
a1l PNP 23541012
Q12 PNP 288 1162-Y
(Q13 ~ Q20 Not Used)
Q21 FNP 288 1245
222 PNP 25A 1209-5
Q23 NN 15C2911-8
Q24 NPN 25C3120
DIODES
m Dretector 1 GZ 6l
N2 Detector | GZ.61
ok} Drtector 1 GZ.61
x4 Detector 1 Gz 6l
Ds Dutector MA 151K
5] Detector MAISIK
D7 Bridge Reatifier 2W 02
DE Mot Used
D9 Bridge Rectifier 2w a2
(a3 1)] Detector 10701
{11 - Q20 Not Used)
Q21 Delector MAISIK
INTEGRATED CIRCUITS
IC1L Op. Amp MC 1458-CP1
1C2 Regularor M 5236-L
IC3 Regulator HA 7805-P
Ic4 Regulator M 5230-1.
FUSE
F1 MNormal BEQ U mA 100V - |20V
PRINTEL CIRCUIT BOARD
T-35583A POWER SUPPLY




Symbol
No. Description
¥ T L]
T-3590A
BLANKING
RESISTORS
R1 Metad Glaze Chip 100K 5% 1/16W
R2 Carbon 22K 5% /4w
R3 Metal Glaze Chip 22K 5% 116w
R4 Metul Glaze Chip 22K 5% 1/16W
R3S Metal Glaze Chip 18E4] 1% 1/8W
RG Metal Glaze Chip 10KA1 5% 1/16W
R? Metal Glaze Chip 1.2K11 5% 1/ 16W
RB Metal Glaze Chip 10K} 5% 1116W
RO Metal Glaze Chip 10K 5% 1/16W
RIOQ Meral Glaze Chip 100K 5% L/ 1
RUI Metal Glaze Chip 100K{} 5% 1/16W
RI2 Mctal Glaze Chip 27K 5% 1/16W
RI3 Mctal Glaze Chip 1K 5% 1/16W
Ri4 Mcztal Glaze Chip 16K 1% /W
R15 Metal Glaze Chap 470 5% I 16W
RI6 Metal Glaze Chip 11K 1% 178w
RI17 Mecial Glaze Chip 471} 5% 1/16W
K18 Metal Gtaze Chip 22K 5% L7 16w
R19 Mewd Glaze Chip 22K 5% 1/ 16W
CAPACLIORS
Cl1 Ceramic Chip 0.01uF S0V
2 Ceramic 0.1uF 50V
C3 Ceramic 0.1uF 50V
C4 Ceramic 0.01uF S0V
C5 Ceramic Chip 0.01:F 50V
Ch Ceramic Chip 0.01u:F 50V
C7 Tantalum 22ukF 20°E 16V
TRANSISTORS
Ql PNP 2SA 1245
Q2 NPN 28C2712-G
Q3 NPN 25C 3120
DIODES
Dt Detector MA 151WA
Dz Detector MA ISIWA
D3 Detector MA IS1WA
D4 Detector 1 S599
D5 Detector 18599
D6 Detector 18599
D7 Betector MA1SIK
INTEGRATED CIRCUITS
ICI H CMOS TC 14 HC 4P
1C2 H CMOS TC 74 HC 76P
1C2 H MOS8 TC 74 HC 02P
PRINTED CIRCUIT BOARD
T-3590A BLANKING
|
T-3591A
HIGH VOLTAGE
RESISTORS
R1 Carbon 2201 R0 172w
R2 Metal Glaze Chip 1000 R T16W
R3 Mot Used
R4 Carboen 47K} S% 12w
RS Carbon J0KE 5% 1/16W
R6 Metal Glaze Chip F6K(1 % 1/16W
R7 Carbon 1OML) 5% LI2W
R& Metal Glaze Chip 1.5K0N 3% L/tew
RS Mctal Glaze Chip DD 5% 1/16W
R10 Metal Glaze Chip 1K(E 5% L/ 16W
R Metal Glaze Chip 10001 5% L/16W
R(2 Carbon 2M 5% W
R13 Carbon 1,441 5% 1/4W
Rl14 Metal Glaze Chip 47KA2 5% 1/16W
RIS Mctal Glaze Chip 4K s® 1/16W
R16 Carbon 5.6M0  sx 172w
RI7 Carbon L1OMIY 5% W
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Symbol

No. Description
RI18 Metal Gluze Chipr 100£2 5% 1iaw
R19 Metal Gluze Chyp 75K} i% 118
R20 Mctad Gluze 2.2M0 1% 114w
R21 Mctal Glaze 2.2M80 1R 1/8W
K22 Mectal Gluze Chip 62K1) 1% 1AW
R23 Metal Glaze Chap 2211 5% 1/ 16%W
R24 Metal Gluze Chip 33K 5% 1/16W
YARIABLE RESISTORS
VRI Curbon Filin SOK(L 20% 113w
VR2 Carbon Film 10K} 20% [FRLS
VR3 Moural Film 1581 25% 112w
CAFPACITORS
Cl Electrolytic 37uF 25V
2 Ceramic 4700pF  10% KV
C3 Ceramic 1000pF 500V
C4 Ceramic 4700pF 0% 1KV
3 Ceramic 4700pF  10% JKY
C6 Ceramic 4700pF 0% KV
7 Ceramic 4700pF  10% 1KV
8 Cerannic +700pF s00v
C9 Plastic Film O 2ul SO0V
cCio Ceramic Chip 0.01uF S0V
[ Electrolytic 22ul A5y
c1z Metal Film 0.AuF  10% 63V
C13 Ceramic 470pF 10% IRV
Cl4 Ceramic 4700pF  10% IKV
TRANSISTORS
Ql NPN 28D 568-L
Q2 PNP 28A 1162-0.Y
Q3 NPN 28C2712-0.Y
Q4 ENI 15A1162-0Y
QS PRP 25A INRL-R
Q6 PNP 28A 1091-R
DIODES
D1 Rectifier ED-3TYV
D2 Rectifier ED-2TV
D3 Detector 185382
D Detector 15883
D3 Delector 18581
e Detector ! 5583
D7 Zener RD 36 EB (36V)
(83 Derector MA-151K
D9 Delector IS 1588
D10 Belector MA-ISIK
TRANSFORMERS
Tl Power Transfor rer IJ-529
TIST TERMINAL
™Y LC-2-S (ORANGE) |
PRINTED CIRCUIT BOARD
T-35% 1A HIGH YOLTAGE
T-3554
VERTICAL INPUT AMPLIFIERS
RESISTORS
Rl Carbon 0N 5% 1/6W
R2 Wot Used
R3 Metal Glaze 330K 1% 112W
R4 Metal Glare 1ML 0.5% 12w
RS Metal Glare Chip S.6HIY 5% 1116W
R6 Metal Glaze Chip S6K{t 5% 1/16W
.4 Metat Glare Chip Long % 1/16W
R& Meial Glaze Chip 10041 5% 1/16W
RY Mctal Glaze Chp 47(1 5% L/8W
RIO Meta) Glaze Ch'p 22K1} 5% t/16W
RLI Metal Glaze Chp  [22000 5% 1/16W
R12 Metal Glaze Ch p S6K(1 5% 16w
R13 Metal Glaze Ch p 68041 5% 1/16W




Symbol

No. Description
R4 Metat Glaze Chip 1206 5% 110w
RIS Muetal Glaze Chip 22K(L 5% 1716w
Rio Mutal Glaze Chip 22K 5% T16W
R17 Moctal Glaze Chip 22KE 3% H16W
K18 Metal Glaze Chip K12 5% HI16W
R19 Meal Graze Chip 1002 5% 116w
R20 Metal Glaze Chip | 24011 5% 1716W
R2| Mutal Glaze Chip 10442 5% 1716
R22 Metal Glaze Chip IIKG 1% 118w
KR21 Melai Glaze Chip 47102 5% 1116w
R24 Mutai Gluze Chip 12K(L 5% I/ 16W
R2S Metai Glaze Chip 1K) 5% 16w
R26 Not Used
R27 Metat Glaze Chip 271) 5% 1/16W
R2IR Metai Glaze Chip 6B 5% oW
R29 Metat Glaze Chip GBL) 3% 16w
R30 Metal Glaze Chip 471 3% 1716
R3| Metz) Glaze Chip 3300 5% 1716Y
R32 Muta! Glaze MG 0.5% 1AW
R33 Metal Glaze Chip 68KG 1% 178w
R3a Metal Gluze IR 0.5% 176W
R35 Metad Glaze Chip 12064 5% 1716w
R36 Mutal Glaze SI06E 0.5% 17O%W
R37 Meuad Glare Chip 380 5% 1716w
R33 Metad Glaze Chip 2201 5% 1716
R39 Metal Glaze Chip S1oct 1% 7RV
R40 Metal Glaze Chip 1300} 1% 17K
R4? Metal Glaze Chip 2211 5% 1/16W
Raz Metad Glaze Chip 2704: 5% 178V
R4 Metal Glaze Chip 821 5% 1{16%W
R4 Metad Glaze Chip 47K 3% 1 16W
R4S Metal Glaze Chip S6K ) 5% 1716W
Rd Metad Glaze Chip 33KAL 3% 1716W
R47 Metad Glare Chip 2708} 5% 17/16W
RaR Metul Glaze Chip TKOS2 5% 1/ 16W
R4 Metal Glaze Chip 22K 5% 116W
R30 Metal Glaze Chip 22K 5% 1716W
RS! Not Used
RS2 Metal Glaze Chip 15043 5% 116W
R53 Metal Glaze 30081 D.5% oW
RS54 Menal Glaze Chip 18K 5% 17 1aW
R53 Nog Used
RS56 Mutal Glaze 30082 0.5% /oW
RS7 Mutul Glaze Chip AT 5% 1716W
R5% Metal Glaze Chip 2704 5% 16w
RS9 Metal Glare Chip 33061 5% 1/ 16W
R6&0 Metal Glaze Chip 100} 5% 17/16W
R61 Mctal Glaze Chip | 47481 5% 1716W
{R6:2 - R10Q Not Used)
RIM Carbon 1012 5% 16w
R102 Noi Used
RIO2 Metal Glaze KN 1% 174w
R10w Metal Glaze 1M1 0. 5% 152
RIGS Metal Gluze Chip 56K 5% 1116w
Ri06 Moeral Glaze Chip 50K 5% 1/16W
R107 Metal Glaze Chip 10642 5% 16w
R10% Metal Glaze Chip 10002 5% 1/16W
RI109 Metal Glaze Chip | 4702 5% 18w
RIIO Moutal Glaze Chip 12K 5% 17/16W
RILI Mutal Glaze Chip 2200 5% 1716W
Rl112 Mectal Glaze Chip 50K 5% 1/16W
RII3 Metal Glaze Chip 68041 5% 1/16W
R114 Metl Glaze Chip 12001 5% 1/16W
RI15 Metul Glaze Chip 22Kt 5% 16w
RIIG Meul Glaze Chip 2.2K6E 5% 1/16W
RII7 Metal Glaze Chip 2IREE 3% 1/ 16W
R4 Metal Glaze Chip 1K{L 5% 1/16W
RI1Q Metal Glaze Chip 1002 5% LI16W
R120 Metal Glaze Chip 24002 5% 1716%
R121 Meral Glaze Chip 1004} 5% 1/16W
R122 Mutal Glaze Chip 13K 1% 1/8W
R123 Mutal Glaze Chip | 4702 5% 116W
R124 Meal Giaze Chip 12K1) 5% 1/16W
RI25 Metul Glaze Chip 1KA1Y 5% 1116W
R126 Not Used
R127 Metal Glaze Chip 4202 S LW
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Symbol
No. ¢ seription
R128 Moetal Glaze Chip N0 5% 16w
RI12% Metal Glaze Chip w3 34 1/16W
RO Metal Glaze Chip A7) 3% 1 16W
RI31 Metal Glaze Chip 3306y 3% 116w
R132 Metal Glaze 1.3 0.5% [FER
RI13 Metal Glaze Chip RR.1.843 1% 118w
RIY Metal Glaze 5K 035% 1/6W
RI35 Metal Glaze Clup 120K12 5% 17 16MW
K136 Meta Glaze S[0CE 5% 16w
R137 Metal Glaze Chip A0 5% H16W
R13K Metal Glaze Chip 12101 5% 1/ 16W
R139 Metal Glaze Chip A0 1% /8%
R140 Meial Glaze Chip k0] 1% iR
R141 Metal Glaze Chip 120 5% 116w
R142 Metal Glue Chep 2700 5% 1/EW
R143 Meial Glaze Chip $201 5% 11w
RI44 MLzl Glaze Chip ATKAL 5% 11ow
R 145 Muial Glaze Chip MK 5% 116w
Ri46 Meia) Glaxe Chip 13K{L 5% H16W
R147 Ml Glaze Chip 100 5% 1/16W
R148 Melal Glaze Chip 8041 5% 16w
R 149 Melal Glaze Chip LIKQ O 5% 1/16W
R!50 Mutal Glaze Chup S2KQ 5% 1716W
RI5} Not Used
R152 Metal Glaze Chip 012 5% 116
R153 Metal Glaze 10042 0.5% 1/6W
R154 Metal Glaze Chip 8Kl sw 1/16W
R155 Not Used
R156 Metal Glaze 002 0.5% 1/6%W
RIS57 Metal Glaze Chip A0 S% 1110w
Ri58 Melul Glane Chip 700 5% 1/16W
RI159 Mutal Glaze Chip 00 5% 1116
Rt Metai Glaze Chip 01l 5% 1 16W
Rlal Metai Glaze Chip 70 5% 1116W
ARIABLE. RESISTORS
VR Metal Glaze <700 25% 158
VR2 Meral Glaze V18] 25% 1/5%
VR3 Metal Glane DK} 25 15
VR4
VRS Mutal Glaze S2KGE 25% 115
(VR6 - VR 100 Not Used)
VRIOI Mutal Glaze < T08L 25% 1i5W
VRINZ | Metai Gluze 0011 25% 1/SW
VRIOI | Mewd Glaze 0K 25% 1/SW
VR104
VRI0S Metal Glaze TZKAY 25% 1iSW
CAPACITORS
<l Metal Film a01aF  10% 630V
2 Ceramic Chip OpF 5% 50V
o3 Ceramic Chip pE 0.25pF | 50V
4 Ceramic Chip (1.0 pk S0V
<5 Ceramic Chip 0]l 0V
6 {Leramic Chip 001k 0V
C7 Ceramic Chip D1k 0V
Cs Ceramic Chip HpF S 50V
cy Electraltyic M20uF 16y
e Ceramic Chip 001 uF sov
Cll Ceramic Chip .01 uF SOV
c12 Ceramic Chip 2pF 5% 30V
LS K] Ceramic Chip Q.01 xF S0V
Cla Ceramic Chip 0.01 s0Y
15 Not Used
16 Ceramic Chip pF 0 25pE | SOV
17 Not Used
C18 Tantelum 2uF  20% 16Y
1% Ceramic Chip N.01uF S0V
cz20 Tanlalum 12uF 2005 16V
21 Ceramic Chip 0.0l S0v
22 Elecrralytic 120 F 16V
23 Ceramic Chip 0.0 F SOV
24 Ceramic Chip 0.01F S0V
€25 Ceramic Chip 0.0 F S0V
C26 Ceramic Chap SpF Sk h
27 Ceraniic Chip 3pt 5% Sov
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28 Not Used
c29 Ceramic Chip Q.01 uF S0V
€30 Cerumic Chip 0.0k 50V
3 Ceramic Chip 0.0[uk 50%
32 Ceramic Chip 0.01uk s0v
33 Ceramic Chip 0.01uF SOV
(U3 - C100 Not Used)
1ol Metal Film 001k 10 630v
102 Ceramic Chip 100pF 54 S0V
103 Ceramic Chip IpF 0 25pF S0V
CliH Ceramic Chip 0.01uf S0V
Cl05 Ceramic Chip OLF S0V
Cl0% Ceramic Chip Q.01 ub Sov
107 Ceramic Chip 0. b SV
CI0R Ceramic Chip bHpF At 30V
Clog Electralytic 220ul 1uy
clhn Ceramic Chip Q.01uF 50V
Clll Ceramic Chip 0.01ul S0V
L2 Ceramic Chip 12pF R 50V
C113 Cerumic Chip 0.01uk 50V
4 Ceramic Chip 0.01ul S0V
Cl15 Mot Used

Cl16 Ceramic Chip ¥ 0.25pF S0V
C117 Not Used
Cl13 Tantalum 22ukF 20% 16Y
119 Ceramc Chip 0.01uF S0V
120 Tantalum 22uF 200 16V
crzi Ceramic Chip 0.00uF v
122 Elecuotytic 22uT 16V
123 Ceramic Chip Q01pf 50V
Cl24 Ceramie Chip 0.01uF S0V
125 Ceramic Chip 0.01uF SOV
Cl126 Ceramic Chip 15pF Lt 5NV
(& g Ceramic Chip 18pF 5% sov
C128 Noa Used

C129 Cerarnic Chip D01 v
C130 Ceramic Chup 0.0ruF SO
C13( Ceramic Chip 0.01uF S
cia2 Ceramic Chip 0.01uF S0V
133 Ceramic Chip Q.0 sV

VARIABLE CAPACITORS

Yl Cerampe 2¥ - 12pF 230V
vC2 Ceramic 2P - 12pF 230V
(VO3 = VOI01 Not Usead)

YCI102 g Ceramie 2y - 1z2pk 250V

TRANSITORS

Qi NPN 2503120

Q2 NPN 25C 3120

Q3 Dual FET uPATIAL

4 NPN 2 5C 1008

Qs Not Used

Q6 MNPN 2 5C 3098

Q7 NEN 28C1A120

(8] PNE L SA 1245

Qo NPW 15C 3120

QL0 PNP 2841245

Q11 NPN 28C3120

Qlz NPN 25C3120

Q13 NPN 25C 3120

(Q14 - Q100 Not Used)

Q1o MNEN 28C 220

Q102 | NPN 2503120

o103 Dual FET uPATIA-L

QI NPN 25C 3098

Qlos Not Used

Q106 NPN 15C 3K

QL7 NPN 25C 3120

Q108 PNP 28A 1245

Q109 MEN 28C 3120

Q1D | NP 28A 1245

Q111 NPN 28A3120

Qz NPN 2354 320

QI3 NPMN 2543120
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Na. Description
IMODES

D1 Delector MA ST
D2 Detector MaA 157
D3 Deteclor MA 157
Dy Deleclor MA IS1A
D5 Detecior MA 157
D6 Detector MA 157
[¥? Detector MA 57
{D8 - D100 Nat Used)
D101 Dretector MA (57
nioz Detector MA 157
Doz Detecior MA 157
D04 Delecior MA 1514
D10s Detecior MA 157
od Detector MA |57
o7 Derector MA {57

INTEGRATED CIRCUIT

1C1 OP AMP TLO71 CP
12 OF AMP TLO7I CP
EWITCHES
h| Rolary SRATC4 CH | YOLTS/TNY VAR
YR
82 Push -942 SPER-12 CH2INV
(83 - 5100 Mot Used)
Siol Roary SRA™MC4 CH 2 VOLTS/DIV VAR
PRINTED CIRCULT BOARD

T-3554A4 VERTICAL INPUT AMPLIFIERS
T-3562A VERTICA . AMPLIFIER SUBSECTION

MISICELLANEOUS
J10 Connector 554304 APB
T-3555
VERTICAL PREAMPLIFIERS
F ESISTORS
Rl Metal Glaze Chip 10000 5% 116w
R2 Meral Gluze Chip 22K0 5% 18w
R3 Meral Gluze Chip 2.2K0 5% 1/8W
R4 Metal Glaze Chip 10011 5% 1116w
RS Metal Glaze Chip 22KN 5% /16w
R6 Metal Glaze Chip o 5% 1/16W
R7 Metal Glaze Chip 18041 3% t/16W
RA Meral Glaze Chip 56041 3% | oW
R9 Metal Glaze Chip 2.7K0 3% | 116w
R10 Metal Glaze Chip 41 3% | 116w
Ri1 Meral Glaze Chip 4.7K0 5% 1/16W
RI12 Metal Glaze Chip 56011 5% | 16w
RIZ Meral Glaze Chip 39001 5% 1 16W
R4 Metal Glaze Chip 474y 5% 1/ 16W
Ri% Moetal Glaze Chip 56001 % THBW
Ri6 Meral Glaze Chip A90LE 5% 116w
R17 Meral Glaze Chip 4702 5% | 116w
RI1% Metal Glaze Chip 1.2K0 5% HEW
RiY Metal Glaze Chip 1.2KN 5% | 1AW
R20 Mutal Glaze Chip 10K} 5% | 1/16W
RZI Metal Glaze Chip 3900 5% 1/16W
R22 Faclory Adjust
R2z Metal Glaze Chip 2700 5% 1 16W
R24 Metal Glaze Chip 56080 5% 1/ 16W
R25 Metal Glaze Chip 2700} 5% 1/16W
R26 Metal Glaze Chip 3600 5% /16w
R27 Metal Glaze Chip 470 5% | 1716w
R28 Mutal Glaze Chip 3.3K0 5% 1/16W
R29 Metal Glaze Chip 4.7K0 5% 1116w
R30 Mutal Glaze Chip 10041 5% 1116w
R3] Metal Glaze Chip 308 5% | IHtew
R32 Metal Glaze Chip 2.7K1) 5% 1/ 16W
R33 Metal Glaze Chip 2.7K0 5% 1/16W
R} Metal Glaze Chip 100£) 5% 1/ 16W
R3S Meual Glaze Chip 10K{} 5% 1/ 16W
R3S Metal Glaze Chip 4. 7K LT3 116w
R37 Metal Gluze Chip am sy 116




S rmbod
I_ Mo, Description

KR8 Metal Glaze Chip 411 5% 1116w
R G Metal Glaze Chip G801 5% 116w
RW Metal Glaze Chip 1.5K{} 5% 1716w
R Meial Gluze Chip 1.5K{} 5% 1/ 16W
Ri2 Metal Glaze Chip 68K} 5% 1/16W
R13 Metal Glaze Chip | 3304) 5% | 116w
R Metal Glaze Chip 27K 5% 116w
RS Meral Glaze Chip 2.2K1) 5% 1/ 16W
Ri6 Mural Glaze Chip 12K{} 5% 1/ 16W
R17 Muetal Glaze Chip 8200} 5% 1AW
R48 Metul Glare Chap 2.2K0 5% 17 16W
R49 Metul Glaze Chip 2.2K5 5% 116w
R50 Muiat Glaze Chip 471} 5% 116w
R31I Mettl Glaze Chip 68K 5% 1116W
RS2 Melal Glaze Chip 47(1 5% 116w
RS Melal Glaze Chip 15K 5% 1/1ew
RS54 Metal Glaze Chip 4701 3% 1/16W
RS3 Metal Glaze Chip | 43K 1% | 1/RW
K56 Metal Glaze Chip | 6.3K12 1% | 173w
K5 Metal Glaze Chip 5.6K0 1% /AW
K53 Metud Glaze Chip 10K 5% | 1/16W
k59 Mol Glaze Chip 47K11 5% H16W
F 6} Meral Glaze Chip 4TKLL 5% T 16W
F 61 Metal Glaze Chip 1K 5% 178w
F 62 Meta! Uilare Uhip 1K1} % | 1w
k63 Metad Gluare Chip 100t 5% 1/8%W
Eed Meial Glaze Chap S6011 5% /AW
F6S Metul Glaze Chip 47101 5% 116W
Fa6 Carbon 270K 5% 172
ko7 Metal Glaze Chip | 4701 5% | 16w
F.68 Merul Glaze Chip 56001 3% 178w
.69 Metal Glaze 62012 1% ¢ 1/2W
E70 Mesa) Glare Chip 9102 1% 118w
k.71 Faciory Adjusi

172 Metal Gluze Chip | 914) 1% | 118w
1:73 Metal Glare 62001 1% 2%
174 Melal Glaze Chip 5. 8K 5% 1/ 16W
[:75 Melal Glaze Chip 33041 5% 1/16W
176 Melul Glaze Chup 10002 5% 1/16W
b7 Mutal Glaze Chip 2K11 5% 1{BW
178 Mewl Glaze Chip 2K 5% 1/BW
179 Meral Glaze Chip LDOSY % 1/ 16W
(R4 Metal Glaze Chip 2.2KN 5% |/ I6W
18l Meral Glaz Chip B2(k S 116w
142 Metal Glazn: Chip 1¥H2 5% 116w
1183 Metal Glaze Chip 56001 5% 1716w
1184 Metal Glaze Chip 56011 5% 17/10%W
1185 Meurl Glaze Chip Exitl 5% 1716
14 Moetal Gluze Chip 470 5% 1/16W
1187 Metul Gluze Chip 33K 5% 1 16W
188 Metul! Glaze Chip 3K 5% 1/16W
189 Metal Glaze Chip 3500 5% 16w
1190 Meial Glaze Chip 56011 | % 11w
19l Mcial Glaze Chip 39012 5% 116W
192 Melal Glaze Chip 471t 5% 116W
1193 Metal Glaze Chip 2.7KN 5% { 1/16W
He) Metal Glaze Chip 27K S% | oW
95 Meral Glaze Chip 47K 5% 16w
196 Merl Giaze Chip 47K 5% 116w
297 Metal Glaze Chip 12K 5% /16w
98 Mectal Glaze Chip 1.2K0 5% oW
Y Factory Adjust

U0 Mewl Glaze Chip 10KN 5% 1/16W
101 Metal Glaze Chip 35041 5% 1/16W
X102 Metal Gtaze Chip | 27001 5% | I/16W
1103 Metai Glaze Chip 27001 5% 16w
k104 Metal Glaze Chip 6011 % | 116w
L1035 Melal Gluze Chup 6.8K() % /16w
106 Metul Gluare Chip 56001 5% 1/16W
R107 Metal Glaze Chip | 3.3K{} 5% | 116w
108 Muotal Glaze Chip 40 5% L/16%W
109 Metal Glaze Chip 4. 7KL S% 1/16W
2110 Metal Glaze Chip 1004} 5% | 1/16W
UL Metal Glaze Chip 300 5% | 1/16W
2 Mctal Glaze Chip 10042 5% 1{16W
113 Metal Glaze Chip 27K bl 1/ 16W
R4 Metal Glaze Chip 2 7KN % 1/16W

B
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No. Dexcripthn
RI113 Metal Glaze Chip 10K (L 5% 1/ 16W
R116 Metal Glare Chip 47Kl 5% 1/16W
R117 Mewl Glaze Chip 27K 5% 1/ 16W
R11% Meral Glaze Chp 1KLY 5% 1/16W
RIS Curbon [OKAY 5% /oW
R120 Carbon 10K 5% 1/6W
RI21 Metl Glaze Chip 330 5% 1/16W
R122 Metad Glaze Chip 33t 5% 1 16W
R123 Not Used
R124 Mctal Glaze Chip 1002 5% 113w
R1i25 Mctal Gluze Chip 47 5% 1/16W
RI126 Meral Glaze Chip 33001 5% 1 16W
RI127 Metal Glaze Chip 5.6K10 5% 116w
R128 Metal Glaze Chip 5.6K1l 5% 1/ EOW]
RI129 Metul Glaze Chip 10K 5% /16w
R130 Metal Giaze Chip ain 5% 1116W
R131 Carbon kxit} 5% 16w
k132 Carbon 4KN 5% Li6W
(R 133 - R150 Now Used)
RI15] Metul Glaze Chip 4711 5% 1116w
R1S2 Metul Glaze Chip § 47(1 5% L/ 16%
RIS3 Metal Gluze Chip 750101 5% 1/RW
RI54 Menl Glaze Chip | 75011 5% 1/HW
R155 Metal Gluze Chip 1008} S 1116w
RL56 Melal Glaze Chip Lvat. b “F 1716W
RIS7 Metal Gluze Chip | 8204} 5% 1716W
K158 Mctail Glaze Chip G012 5% 1/BW
RI159 Metal Glaze Chip 68041 5% HEW
R1GG Metal Glaze Chip | 4711 5% 6w
RG] Metal Glaze Chip 47000 5% H16W
RIG62 Metal Glaze Chip 27Kl 3% 1H16W
Ri61 Metal Glaze Chip 5.6K1) 5% 1w
Ri4 Metal Glaze Chip 82041 5% 116w
RI6S Metal Glaze Chip ] 002 5% 1/16W
R166 Metal Glaze Chip | 22000 5% 118W
R167 Meial Glaze Chip 22K 5% 1H16W
R168 Mewal Glare Chip 1193 5% 1/16W
R169 Metal Glaze Chip 1.5K( 5% 1/8W
RI70 Meial Glaze Chip 1.BK(} 5% 1/16W
RI17I Mctal Gluze Chip 22001 5% 173w
RI72 Mctal Glaye Chip 1K{) 5% 113w
R173 Mcial Glaze Chip 4711 5% 1716w
RI174 Metal Glaze Chip 471} 5% 1/ 16W
RI175 Metul Glare Chip 470} 5% LI16W
R176 Mectul Glaze Chip | 75002 5% 1AW
RI77 Melal Glaze Cliip 75041 5% L/BW
RI78 Meial Gluze Chip 10012 5% 16W
k179 Moetal Glaze Chip 3304) 5% 1/16W
RI80 Mctal Glaze Chip 2002 5% 1/16W
R181 Metal Glaze Chip 82002 5% 1/16W
RI82 Metal Glaze Chip 68011 % 1/8W
R183 Metal Glaze Chip 680L1 5% 17RW
R184 Metul Glaze Chip 4712 5% 1/16W
RI185 Meral Glaze Chip 47001 5% 116W
Ri86 Metul Glaze Chip 2.7K4] 5% 1/16W
R187 Metal Glaze Chip | 5.6K(} 5% 1/ 1ow
R188 Metal Glaze Chip 2.2K101 5% H16W
R189 Metal Glaze Chip IK{} 5% 1/8W
R %G Metul Glaze Chip | 2200 3% 1/8W
RI51 Metal Glaze Chip | 6812 5% 16w
R192 Mecial Glaze Chip 27 5% 116w
RIO3 Metal Glaze Chip 5611 5% 1716W
R154 Metal Glaze Chip | 5641 5% 1716W
R19% Meral Gluze Chip 15K4 5% 1/8W
R 196 Metad Glaze Chip A 5% 1/16W

VARIABLE RESISTORS

YRI Curbon 50012 20% 1AW
VR2 Carbon 2KN 20% 1/3%
VR3 Carbon 30062 20% 113w
VR4 Carbon 50001 20% 1/3%
VRS Carbon 2K0 20% 1/3W
VRé Curbon o0 20% 1/3W
(VR7 - VR20 Nt Used)
VR2I Carbon 2000} 20% 113w
VR22 Carbon 1K 206 1AW
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CAPACITORS

Cl Electrolytic 22ut 25V
2 Ceramic Chip 0.0 uk S0V
(o) Ceramic Chip Q.0uk S0V
C4 Ceramic Chip 5pF 0. 5pF SOV
s Ceramic Chip 001uF S0V
C6 Ceramic Chip Q.01uF 50V
7 Ceramic Chip 0.01uF 50%
C8 Ceramc Chip a01uk SOV
9 Electrolytic 22ul* 25Y
cro Ceramic Chip Q.00 pl S0V
1l Ceramic Chip 0.01F S0V
Cl2 Ceramic Chip 0.01uF v
Cl3 Ceramic Chip Factory Adjust v
Clt Ceramic Chip OOl SOV
Cls Electrolytic 22uF 25V
C1e Ceramic Chip 001pF v
C17 Ceramic Chip 0.01uF 50V
Cls Electrolytic 22ulF 25V
e Ceramic Chip 0.01ul 50V
C20 Ceramic Chip G.01uF SOV
21 Ceramic Chip .0l S0V
c22 Ceramic Chip 0.0 uF 50V
c23 Ceramic Chip [Factory Adjust S0V
c Elecuolytc 22uf 75y
25 Cerumic Chip Factory Adjus) SV
C26 Ceramic Chip Factory Adjusi 50V
27 Ceramic Chip 0.0ipF 50V
C28 Electrolyvtic 22k 28Y
czy Ceramic Chip 0.0|uF SOV
cin Ceramic Chip 0.01uF S0¥
<31 Ceramic Chip Spl O.5pF 50
ci2 Ceramic Chip DOIRF SOV
€33 Ceramic Chip 0.0iuF S0V
CcH Cecamuic Clup gl SNy
C35 Ceramic Chip 0.01xF v
C36 Ceramic Chip 0.01:F 0y
37 Ceramic Chip 0.01uF SV
C3s Ceramic Chip 0.0]uF sav
i Electralytic 22ul hLAY
Ca0 Cerunic Chip Factory Adjust sV
C31 Ceramic Chip 0.01eF SOV
Ci2 Ceramic Chip 0.01uF S0V
a3 Ceramic Chip 0.01uF S0V
4 Elecurolytic 22uF 25V
Cas Ceramic Chip 0.01uF 0V
a6 Electrolytic 22:F 25V
Ca7 Ceramic Chip 0.01pul s0v
48 Electrolytic 22uF 5V
39 Ceramic Chip 001k SOV
{50 Cerumic Chip 0.tul 50V
Cs1 Ceramic Chip 0. 1uF SOV
32 Ceramic Chip 33pF 5% S0V
Cs3 Ceramic Chip IpE 5% 50V
C54 Ceramic 0 1uF s0v
S8 Ceramic 0. lul 50V
C56 Eleclralytic 22uF 25V
[SF) Ceramic Chip 001uF SOV
C58 Electrolytic 22uF 25V
C59 Ceramic Chip QN F 50V
CH Electrolytic 22ul 25V
C6l Ceramic Chip 0.01uF v
cal Electrolytic 4TuF 10v
C63 Ceramic Chip 091l s0v
Coa Clectrolytic 22ulk 2V
Cos Not Used
66 Ceramic Chip 22pF 5% SOV
67 Ceramic Chip 22pT 5% SOV
CeR Ceramic Ol 30
C69 Ceramic Ol uF Sy
{C70 - (90 Not Used)
Ca94 Ceramic Chip 0.91uF Qv
92 Ceramic Chip Mpk: 0.5pF S0V
93 Ceramic Chip Q.01 uf SOV
Q8] Ceramic Chip 0.01pub 50V
95 Ceramic Chip 0.01uF oV
Cu6 Ceramic Chip 0.01 4T SOV
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97 Ceramic Chip Frctory Adjust S0V
o Electrolyic 22uF 75V
oy Ceramic Chip 0.0 uF 0V
Cloa Ceramic Chip Faclory Adyust v
1 Ceramic Chip 0.0l S0V
12 Ceramic Chip 10pE 0.5pF S0V
cinz Ceramic Chip 0.01uk S0%
Crod Nol Used
C105 | Ceramic Chip 0.01uF (Y
] Ceramic Chip 0.0l 50V
107 Electrolytic 22ufF 25V
CI08 Ceramic Chip 001 50V
cim Ceramic Chip Factory Adjus 50V
Clio Mica 22pF S00Y
<l Mica 22pF hlLe
VARIABLE CAPACITORS
vCl Cexamic 2-12pF 250%
VL2 Ceramic 2 12pF 250V
VCa Ceramic 2.5-20.3pk 250v
VC4 Ceramic 2-12pk 250%
TRANSISTORS
Q1 NPN 25C 220
Q2 NI'N 28C Y20
o NPN 25C 3120
(93] NPN 25C 3120
Qs PNE 28A1226-3 4
Q6 I'NE Z8A1226-1.4
Q7 PNP 25A 1226-3.4
Q8 PNP 25A1226-3.4
.Y NPN 280271207
Q10 NPN 28C 27120,
Qll NPN 25C 162134
QI2 NPN 28C 271240
Q11 NPN 2NC2T20Y
Q4 NPN 28C2712.0Y
Qis NPN 2802712-0Y
Q16 PNP 25A1226-34
Q17 PNP 284122034
Q18 NPN 28C 120X
Q19 PNP 25A1162-Y.0
Q0 NPN 2501907
Q2] NPN 28C 197
22 NPN 28C 1621-3.4
Q23 NPN 28C 3120
Q24 NEN 28C 3120
Qs NPN 23C3120
Q26 PN 28ChX
Q27 NPN 2RCA120
Q28 NPN 25C320
Q29 NP 25A1226-3.4
Q30 BNP 285A1226-3.4
Q31 PND 254122634
Q32 PNP 28A 122634
Q11 NN 25C2712.0.Y
Qni NEN 28C 271207
{Q35 — Q6D Nol Used)
€] PRP ISA 122634
Qa2 PNP 284 1226-3.4
63 NPN 25C 3120
Q6 NPN 28C3120
Q65 NPN 28C3120
Qb NPN 25C 3120
Qo7 PNP 28A1226-3.4
QoY PNP 254 1226-3 4
Q69 NPN 25C 3120
Q10 NON 25C 320
Qn NPN 28C23120
DIODES
D1 Detector MA 15] WA
D2 Detector MA 151 WA
D3 Dwreclor MA |51 WA
D4 Detwecter MA 151 WA
Ds Drtecton MAISLA
Do Detector MA 151 WA
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(D7 - D20 Next Used)
721 Detector MA 151 A
D22 Mot Used
D23 Detector MA 51 A
D24 Detector MA 151 A
INTEGRATED CIRCUIT
ICI . MOS8 FAHC 08
172 C. MOS T4 HC 02
cs C. MOS TaHC 109
C4 C. MOS TAHC 123
1Cs Tit. TALS 123
PRINTED CIRCUIT BOARD
T-3555A YERTICAL PREAMPLIFIERS
T-3556
VERTICAL FINAL AMPLIFER
RESISTORS
K1 Mutal Glaze SN 1% /oW
R2 Metal Glaze Ginl 1% 16w
R3 Carhon 10081 5% oW
R4 Carbon iLte] 5% 16w
Ri Metal Glaze KLY 1% | 16w
R6 Metal Glaze 2K S 1% | 16w
R7 Carbon 150 5% 1/6W
R3 Carbon o} 5% 16w
R9 Carlxon Factory Adjust 5% | 1/6W
RO Carbon 39 5% TiOW
RT1 Metal Gluze 43002 1% [ /oW
Ri2 Carhon 9011 5% 16w
R1z Carben 10043 5% 1/6W
R4 Curben 10011 5% 1/6W
R15 Mend Glaze 13042 1% MELS
RIG Metal Glaze 1304} 1% T1aW
R17 Metal Glaze 2200} 1% 16w
R18 Carbon 22081 5% 176V
RI19 Carbon 27 5% 16V
R20 Carban Factory Adjust 5% | 1/6W
K21 Curbon Factory Adjust 5% | 1/6W
R22 Curbon 210 5% 1/6W
R23 Cirbon 47() 5% TH6W
R24 Carbon 4751 5% oW
R25 Metal Gluze 68011 5% 1w
Rt Metal Glaze 6804} 5% 1w
pId| Curbon ot 5% 16w
P2 Carbon (M} 5% /oW
TP} Carbon o 5% 174
VARIABLE RESISTORS

VRI Carbon Factory Adjust 20% | 173W
vR2 Carbon 20012 200 113w

CAPACITORS
Cl Mica Farlory Adjust SO0V
Cc2 Mica Fartary Adjust SO0V
C3 Ceramic 0.01uF sov
& Mica Factory Adjus So0V
Cs Mica 47pF SO0V
6 Ceraniic 0.01uF 50v
7 Ceramic 0.01uF S0V
(9] Ceramic 0.0l s0v
[ Ceramic N.001F 500V
(S]] Electrolytic 22uF 25V
(W ]] Electralytic 22l 25V
Cl2 Ceramic 0.01 50V
13 Electrolytic 2.2uF 200V

VARIABLE CAPACITORS

vl Ceramic 4pF — 400pF 250V
vQ2 Ceramic apF - 400pF 250V
Vi3 Ceramic 4plF - J00pF 250N

TRANSISTORS
QI NPN 25C 2671
Q2 NPN 25C 2671

32

Symbol

No. Desd ription
Q3 NPN 2502671
4 NPN 250 2671
Q5 NPN 250 3600-0 F 15
06 NPN 23C3600-DEF
PRINTED CIRCUIT BOARD
T-3556A VERTICAL FINAIL AMPLIFIER
T-3557
VERTICAL MODE
YARIABLE RESISTORS
VRI Cuarbon AKY W% 1720w
YR2 Carban r41] ¥ 120w
CAPACTTORS
1 Ceramic 0 0lul SOV
Q2 Ceramic 00 uF SOy
SWITCHES
Sl Push 0-537 5U)-40
PRINTED CIRCUIT BOARD
T-3557 VERTICAT. MODE
T-3559
TRIGGER SOURCE AMPLIFIER
RESINTORS
RI Metal Glaze Chip TNy 5% 1/16W
R2 Metul Glaze Chip 402 5% 1110w
R3 Metal Glaze Chip 2 4KN) 5% 1/8W
R4 Muetal Glaze Chap 20002 5% 1/16W
R3 Metul Glare Chip 24K % | I/AW
R6 Meral Glare Chip 410 5% 1/16W
R7 Metal Glaze Chip 13001 5% 1/16W
Ry Metul Glaze Chip 63000 5% 1/16W
L L Metwd Glaze Chip Frctory Adjust 5% 1/ 16W
RIG Metal Gluxe Chip Fueclory Adjuse 5% 1/16W
R Meial Gluze Chip £3007 3% 1/16%W
R12 Meral Gluze Chip 1304 5% 1/16%W
R13 Metal Glaze Chip 5104} 1% | /RW
R4 Meral Glaze Chip 1 5K 5% 116w
RIS Metal Glaze Chip 471 5% 1716W
Rl& Metal Glaze Clip 4712 5% | lI16wW
R17 Mutat Glase Chip 6 2K{) 5% 1716W
RI% Mewl Glaze Chip 4702 5% {1/16W
R19 Mutal Glaze Chip 2K 5% 116w
R20 Metal Glaze Chip 5.6K0 5% 1/16W
K2) Metal Gluze Chip 33001 5% 1/16W
R22 Metal Gluwee Chip 10088 5% 116w
R23 Metal Glaze Chip 27K 5% 1/16W
R24 Metal Glaze Chip 10K 5% [f16W
R25 Metal Glaze Chip 6.2K 0 5% 116w
R26 Metal Glaze Chip 1008} % 1/16W
R27 Metal Glaze Chip 47K 5% 1/16W
Rz§ Metal Glaze Chip 18K 5% | 1116W
RI9 Metal Glaze Chip 3IKQ 5% 178w
R30 Metal Glaze Chip | 2200 % Ji/ew
R3 Metul Glaze Chip 155 5% 1/ 16W
R32 Meta) Glaze Chip 470k 5% 116w
RA3 Merul Glaze Chip 240 5% 1/RW
R} Meral Glaze Chip 20042 5% 1/16W
R3s Metal Glaze Chip 14K 5% 1 /HW
R36 Metal Glaze Chip 1702 5% 6w
R37 Metal Glaze Chip Faclory Adjust S% | 1716W
R33 Mectal Glaze Chip Factory Adjust 5% | 1716W
R34 Metal Glaze Chip 1200 5% 1716w
R40 Metal Glaze Chip 3014 5% 116w
R3] Metal Glaze Chip €804 5% [1/1eW
R42 Meta) Glaze Chip 180102 5% 1/16W
k43 Metal Glaze Chip 1. SKIE 3% 1/16W
R4 Metal Glaze Chip iy} S 16w
R4S Metal Glaze Chip ¢.2KL R 1/16W
R16 Mol Glaze Chip 10K 5% | 1/10W
Ra7 Metal Glare Chip ¢ 83K0 5% [1/16W




Symbol
No. Descriplion
R4ag Meral Glaze Clup 10K 5% 1/16W
R49 Metul Glaze Chip 68K 5% 1716%W
R5G Metal Glaze Chip 10014} 5% 1716
RS1 Carbon 1M1) 5% 172w
R32 Carbon IWKN S% | 1AW
RS53 Metal Glaze Chap | 5 60K 5% 1 110w
R34 Metul Glaze Chip 2.ZK10Y S% | 116M
R5S Metul Glare Chip 1KLY S% | 116W
R56 Mutul Glaze Chip 24002 5% | 1/10W
R57 Metul Glaze Chip 4701 5% | 1/16W
R38 Metal Glaze Chip 5.6K1) 5% | 1/16W
RS9 Metal Glaze Chip 47KN 5% | 116w
Ro0 Metl Glaze Chip I 5% 1716
R&1 Metal Glazre Chip 47(L 5% | 1/16W
R&2 Metal Giaze Clup 24K0 5% | 1iEW
R&3 Metal Glaze Chip Factory dajust 5% | 1/16W
R64 Metal Glaze Chip 27041 5% | M16W
R&S Meta! Glaze Chip 8200} 3% | Uiow
Ro6 Metai Glaze Chip 1804} 5% | 1/16W
R&7 Meitul Glaze Chip 1.5K0 S% ) OH16W
H68 Metal Glaze Chup 47 5% 1716w
R69 Meial Glive Chip 6.2K¢1 5% 1716
R} Metal Glize Chip 10K 5% 1/16W
R?I Mectal Glaze Chap 6. 8K 1} 5% 1116W
R72 Metal Glaze Chip 19K 5% | 1/16W
R73 Metal Glaze Chip 16K 5% | 11w
R74 Metal Glaee Chip 68K 5% 16,
R7S Metal Glaze Chip 3 9KAL S% | i/16W
R76 Mectal Glaze Chip TODK {2 S% | 1/16W
R77 Mctal Glaze Chip 100K ({} 5% 1716
R78 Metal Glaze Chip 100K 5% | 1Hi6wg
R79 Mcial Glaze Chap 18002 5% 1716%
R8O Carbon [FR:{93 5% | 1JowW
YARIABLE RESISTORS
VR1 Carbon 1000 20%] 1w
VR2 Carbon 100(1 20%[ 113w
VR3 Carben 1000 20%| 1AW
CAPACITORS
Cl Ceramic Chip Q.01uF S0
<2 Ceramic Chup Q.0lul S0V
C3 Ceramic Chip Factory Adjust 5% 1 SOW
4 Ceramic Chip Factory Adjust 5% | SOV
5 Ceramic Chip O.01uF SOV
Co Electrolytic 22uF 16\
7 Plastic 0.012pF S
C8 Ceramic Chip 0.01uF Sov
Y Ceramic Chip U.01uF SoY
1o Ceramic Chip H2pF S0V
cn Ceramic Chip 0.01uF S0V
ci2 Ceramic Chip 0.01uF S0V
1z Ceramic Chip Factory Adjusi S0V
Cl4 Cerumic Chip Factory Adjus S0V
C1s Cerumic Chip Q.0 uF 50V
Cla Cerumic Chip 0.01uF S0V
CI7 Electrolytic 22uF Lav
Clg Ceramic Chip Factory Adjust 50V
c19 Ceramic Chip Factory Adjust s0v
C20 Eleciolytic 100uF 16v
<21 Elecirolytic 2 25V
c22 Electrolytic (BI) 4. TuF SOV
€23 Metal Film 0 ¥ 15| 63V
o2 Metat Film Q.01uF 10%]| 630V
€25 Electrolytic 22uF 25V
026 Elecuolylic 370uF 16V
27 Ceramic Chip 0.0l sov
28 Ceramic Chip 0.0 uF S0V
Lov Ceramic Chip 0.0i ul 50W
0 Ceramic Chip Factory Adst S0
31 Ceramic Chip 0.01puF sov
a2 Ekecirolytic 47uF 1oV
i Ceramic Chip 00Lul S0V
4 Ceramic Chip 001ul sov
C35 Lilectrolytic A7l 0¥
C36 Ceramic Chip Q.00uF o
C37 Ceramic Chip LK Mg S0V
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No. Dexeription
TRANSISTORS
Q1 NEN 25C3120
Q2 NPN 25C 2
Q3 [t Z2SA 2634
(80} PNP 25A 1162y
Qs PNP 2SA1226-31
Q6 NP 258C2712.0%
Q7 NPN 25C 3120
Q8 NI'N 28C2TI20¥
o NPN 28C2712-0%
QIo NPN 25C 120
Q1 NEN 25C3120
Q12 PNP 234122613
Ql3 NEN 28C 1621-3 4
Ql4 N[N 25A 162134
QI3 NPN 28C 271240y
Ql6 NPN 28C 27120
QN 1 FET 28K 160A-KS Ka
Qe NPN 28C27120Y
Q19 NPN 250120
Q20 PNP 25A 1162-GR
Q21 I'NFP 28A1226-3 4
Q22 NPN 28C27120Y
Q23 NPN 18C2TIZ0Y
DIODES
23] Detecior MAISIK
D2 Detector MA 151WaA
D3 Detector MAISIK
M Detector MAISIK
B3] Detector MA |57
D6 Detector MA IS WA
D7 Detector MA ISIK
D8 Detector MATSIK
04 Detector MA I5IK
D1Q Detector MA IS TWA
D!l Detector MA 1SIWA
INTEGRATED CIRCUITS
1C1 C MOS TC M HCO?
1C2 C MOS TC 74 HO?
SWITCHES
51 Push Q-537 S50} 40
52 Push Q5375040
S3 Push Q537 5L 40
$4 Push Q-5315C1 40
85 Push Q-53785U 40
56 Push Q-537 81040
PRINTED CIRCUIT BOARD
T-3559A TRIGGIER SOURCE AMPLIFIER
MISCELLANEOQUS
136 Connector $5533-04 APH
T-3558
TRIGGER AMPLIFIEFt
RESISTORS
Ri Meal Glaze Chip 3.2K0 5% G
R2 Metal Glaze Chip 8.2K() 5% 116w
R3 Muital Glaze Chip 40 5% 16w
R4 Meial Gluze Chip 330) 5% 1/ 16W
Rs Mctal Glaze Chip 2211 5% i/ 16w
RG& Metal Glaze Chip 48011 5% 1/16W
R7 Metal Glaze Chip 1.5KN 5% 1AW
R# Metal Glaze Chip 1.5KN 5% 1/RW
K9 Meta) Glaze Chip Factory Adjust 5% 17/16W
RIO Metal Glaze Chip Factory Adjust 5% 17 16W
K11 Metal Glaze Chip 10061 5% 1/16W
R12 Meral Glaze Chip 47001 5% 1/16W
R13 Mctsl Glaze Chip 8.2KN 5% 1/16W




Symbol
No. Description
Rl4 Mels) Glaze Chip 68K 5% LIIGW
R15 Metal Glaze Chip 471t 5% HI6W
R16 Metal Glaze Chip 33042 5% 116w
R17 Metal Glaze Chip §  22(} 5% | 1iow
R1# Metal Glaze Chap | 63010 S% | liow
R19 Metal Glaze Chip 1000 S% | oW
R20 Metzl Glaze Chip [£3].4 }] 5% 1/10W
R21 Mutal Glaze Chip 27K 5% 1 16W
R22 Metal Glaze Chip 4.7K0) 5% 116W
R21 Mutal Glaze Chip 1000 5% | 1/16W
R24 Meral Glaze Chip 4.7K{) 5% 16w
R25 Mewal Glaze Chip 2,764} 5% | LI16W
R26 Metal Glaze Chip 6 2K 5% H16W
R27 Mutat Glaze Chip 4740 5% 110w
H2& Metal Glaze Chip SeLE 1% | 1/16W
R2% Mot Glaz: Chip 5600t 1% | 1/16W
R30 Mutul Glaze Chip | 4712 5% 1 1/16W,
R Meral Glaze Chip S&N(L 5% 18w
R32 Metal Glaze Chip 15KQ S% | 116w
R33 Metul Glaze Chip 1 SKN % 1716W
R34 Metal Glaze Chup | 4700 5% 1416
R3S Metal Glaxe Chip 220102 5% 116w
R36 Metal Glaze Chop | 33002 5% | 1I6W
R17 Melal Glaze Chip 8204} 5% 1/16W]
Ri& Mcial Glaze Chip q7(1 5% LA16W
R19 Metal Glaze Chip | 4701 5% | 1/JewW
R4 Meral Glaze Chip 39011 5% 1/16W
R41 Metal Glaze Chip 4702 5% 1/16W
R42 Metal Glare Chip 31K S% 1 1/1oW
Ra3 Metal Glaze Chip 2K 5% 110W
Rt Metal Glaz: Chip 33002 5% 17 16W
R4S Metal Glaze Chip 4700 3% 1/16W
R46 Mutal Glaze Chip 1000 5% 1716W
R47 Carbon 8201) 5% /oW
R48 Metat Glaze Chip 33041 S% | 116w
R49 Metal Glaze Chip | 4741 5% | V6w
R50 Metal Glaze Chip | S600 SE| 1ew
RS} Metal Glaze Chip 100K (} SE| oW
R52 Metal Glaze Chip 10KV S% | 1new
RS3 Mutal Glaze Chip 100K {2 5% 110w
RS54 Metul Glaze Chip | 4.7M4) 5% | 16w
R35 Metal Glaze Chip TOOK £} 5% 116w
R36 Metal Gilaze Chip 10K} S% 116w
R5? Metad Glaze Chip 470K {2 5% 1/ 16W
Rs&# Metai Cilaze Chap KN 5% 1710w
R59 Melal Glase Chip 10K 5% 1116W
RGO Mot Glaze Chip 1DK (Y S% | 16w
R61 Mclal Glaze Chip o HK{ 5% H16W
RG2 Metal Glaze Chip 68K 5% 1168
Ro3 Metal Glaze Chip 10K 2 5% [716W
Rénd Metal Glaze Chip 22K4Y 5% HI16W
R6&S Mewzl Glaze Chip 1805 5% | /16w
Ro6 Metal Glaze Chip LODK £} 5% 1/16W
R&7 Metal Glaze Chip 22K0 5% 1/16W
Roi Metai Glare Chip 22K0 5% 1 16W
R69 Meai Glaze Chip 10K 5% 116w
R70 Mewa| Glaze Chip 10K 1} 5% 1/16W
R71 Carbon #.2KN 5% 176
R?2 Carbon 1502 5% 1/6W
R73 Carbon 154} 5% | 16w
R74 Carbon 33K0 5% | l/ew
R75 Carbon 47 5% | 16w
R76 Catbon [.2KN 5% FLAN
VARIABLE RESISTORS
YRI Carbon 2K{} 20%| 173w
YR2 Carbon 20K0 20% | 1/20W
YR Carban 20K 20%| 13w
CAPACITORS
Cl Electrolytic 10ul 285%
2 Ceramic Chip 0.01uF SOV

Symbal
Mo. Descriplion
3 Electrolytic 22ul 25V
c4 Cerapic Chip Fuctory Adjust 0V
s Cerumic Chip Tuclary Adjust S0V
ce Ceramic Chip 220pT S| S0V
L) Ceramic Chip Q.01ut SOV
Cs Electrolytic ul- 25V
«9 Ceramic Chip 0.01u¥ S0V
cl10 Ceramic Chip 220pT 0V
11 Cerammic Chip 0.01uF SOV
Cr2 Ceramic Chip 0.01uF S0V
[ R Ceramic Chip 0.01xF A0V
Cl4 Ceramic Chip 0.0]ul S0V
Cls Ceramic Chip 00[ul SOV
Clé Ceramic Chip 0.01uF SOV
17 Cerainic Chip Q.01uF SOV
CIg Ceramic Chip 0.01:F S0V
Cl9 Ceramic Chip 0.01pF Sov
cz0 Electrolyln 22uF 25V
C21 Electrolytic 22uT 25V
22 Electrolytic 22u¥ 25V
23 Electrolytic 47T LY
C24 Electrolytic A7py 10V
25 Ceramic Chip 0.GluF S0V
{26 Metal Film 0 1uF 10 63V
27 Llectrolytic 4 7ul 25
C28 Ceramic Chip 0.0i uF SOV
29 Ceramic Chip 0.01ul S0V
C30 Ceramic Chip 0.01ub S0V
3l Ceramic Chip 0.0 ul- v
32 Plastic 0.056u¥ S0V
€33 Ceramic Chup 0.01uF 50V
34 Tantalum 22uF 10v
TRANSISTORS
Ql NPN 28C 3120
Q2 NPN 25403120
Q3 PNP 25A 12263 4
4 PNP 28A 1226-3.4
Qs PNP 25 1226-3.4
Q6 PNP 254 1226-3.1
Q7 NPN 28C 2120
Q8 NPN 28C 3120
Qe NPN 25C 3120
Qi NPN 28C 3120
Qrl NPN 28C 12120
Q12 NPN 2803120
Qi3 PNP 25A1226-3.4
Q4 NPN 28C 3120
Q15 PN 28a 1226-34
Qlo NPN 25C2712-0
Q17 NP 28A 1162-0
Q18 PNP 28A 1162-0
Q19 NN 25C 27120
Qn PNP 25A 11620
Q21 PNP 25A 1015-GR
DIODES
D1 Detector MAISIK
D2 Detextor MA 151K
D3 Detector MA 151WK
[0 ] Desector MA 151K
Ds LED TLG-226
D6 Detector MAISIK
INTEGRATED CIRCUI'TS
jLa] . MOs TC 4011 BP
12 Camparator CA F790E
1C3 Fast TTL T4 20PC
COULS
LI 1.0pH l = 10%
SWITCHES
51 Push (Q-530A SUJ-I0
FPRINTED CLRCUIT BOARD
T-3858A TRI|GGF.R AMPLIFIER
MISCELLANEOUS
139 Connector SSIT-WAPH
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Symbul Symbol
No. Diescription No. Lescription
T-3560 SWEEP R6? Menal Glaze Chuip | 8201} 5% |Uiew
R6B Meral Glare Chip 52001 3% [116w
RESISTORS R6Y Metal Glaze Chip 33K0N 5% 1 16W
R1 Metal Gluze Chip 100K 5% 17 16W R70 Meud Glaze Chip 17K0 3% 1/16W
R2 Metal Glaze Chip 100K 1L 5% 1716w R71 Metal Glare Chip o) 5% 1/16W
R3 Mectal Glaze Chip 22K 5% 1/16W R72 Mutal Glagze Chip 4.7K1) % 1/16W
R4 Metal Glaze Chip 10K L) 5% 1{16W R73 Mcral Gluze Chip 1KY 5% 116W
R3 Metal Glaze Chip 3500 S% | /16w RM Moutal Glaze Chip 3,493 5% | I/16W
R6 Meral Glaze Chip 10K[1 5% 1/16W R7S Metal Glaze Chip 10K02 5% 116W
R? Metal Glaze Chip 18K 5% 1 16W R76 Curbon 1.5M101 5% 16V
RS Metal Glaze Chip 12K(E 5% T/16W R7? Mctal Glaze Chip 2.7K0 5% 1/16W
R9 Metal Glaze Chip K1) S% HIGW
RIG Metal Gluee Chip 2.2K0 5% 1 16W VARIAB E RESISTROS
RIl Metal Gluze Chip 22K0 3% 116W VR Carbomn 100K 1) T | IUW
RI2 Mctal Glaze Chip 474} 5% 17 16W YR2 Curbon S0K (1 20% | 1/3W
RIA Metal Glaze Chip 1.5K0 5% | HI6W VR3
R4 Metal4Gluze Chy 47K} 5% 1/ 16W VR4 Carban SOK0 20% | 113W
RIS Metal Glaze Chip 27K 5% 1/16% VR3 Carbun 20K 20% | 1720W
RI& Metal Glaze Chip 23001 5% 116w YR6 Carbumn 5Kl 20% | 113w
RI7 Mctal Glaze Chip 471} 5% 1/16W YR7 Carbon 3KN 20% P 1w
RI8 Metal Glaze Chip 33061 5% 116W
RI9 Metal Glaze Chip 4700 5% 1/16W RESIS 'OR ARRAYS
R20 Metal Glaze Chip s100 5% 1/16W RAL 1RM-2
R21 Metal Glaze Chip EY ) 5% 116w RA2 1LRM:2
R22 Mesal Glaze Chip 33K 5% 118w
R23 Metal Glaze Chip 10K 5% 1/16W CAPACITORS
R24 Metal Glaze Chip 100K 2 5% 1/ 16W o] Tantalum g 1oV
R25 Meul Glaze Chip 1.8K1} S% ] 1716w 2 Ceramic Chip 100pF 5T | sV
R26 Metal Glaze Chip JOK? 5% 1 1116w 3 Mesal Film |uF ¥ | 63V
RZ7 Meiat Glaze Chip 12K} 5% 1716w 4 Ceramic Chip 0.01uF S50V
K23 Metal Glaze Chip 22KM 5% 1716W s Ceramic Chip 0.01 xF 50V
R29 Moetal Glaze Chip 33 5% L/ 16W (4] Cerunic Chip 0.01uF 50V
R30 Moetal Glaze Chip 4710 5% | 116w C1 Tantalum Chip 3.7uF 10¥
R3I Moetal Glaze Chip 3304} 5% 1/16W (2] Tantalum Chip 0 15:F 35V
R32 Metal Graze Chip 22KN 5% 1716w 9 Tantalum Chip 0.68uF 20V
R33 Meuld Glezoe Chip KD 5% 1/16W 10 Plastic 0.047 10% | SOV
R34 Metal Glare Chip 47041 SE | 1/16W Cl) Plastic 0.0018uF  10% |50V
R35 Metul Glaze Chip a1 5% | /16w Cl2 Cerumic Chap 150pT 5% | sov
R36 Metal Glaze Chip 3 3KIL 5% | 1iBW 13 Ceramic Chip 2 5% | sov
R3? Metul Glaze Chip 15K 5% 1 /16w Cl3 Ceramic Chip 0.01uF Sov
R34 Mol Glaze Chip 33K 5% 1/16W ClI5 Cerumic Chip 0.01uF 50v
R3% Metal Glaze Chip 10002 5% 1/16W Clo Metal Film 1uF 2% 250V
RaD Metal Giaze Chip S.6KQ 5% 1/16W C17 Ceramiic Chip 0.0lur S0V
R4l Metal Gilaze Chip 82K 5% 1/16W Cl1a Ceramic Chip 1000nF Sov
R42 Melal Graze Chip 4701 5% 1/16W 19 Ceranuc Chip 0,01l SOV
R4l Metal Glaze Chip 10002 5% { 1116w 20 Ceramic Chip 1000pF LInY
R44 Metal Glaze Chip 47K 5% 116w 21 Ceramic Chip .01ul- S0V
R45 Metal Glaze Chip 4.7KL) 5% 1116W C22 Plastic 1000pF 2% 125V
R46 Metal Glaze Chip 22K0N 5% 1i8W 23 Ceramic Chip 100pF 50V
R47 Metal Glaze Crup 12K0 5% 1/16W C24 Ceramic Chip 180pF SO0V
R48 Meral Glaze Chip 1.2K102 5% 116W 25 Electrolytic 22uF 25V
R4% Metal Glaze Chip 10042 5% 17 16W C26 Electrolytic 2ul 25V
R50 Meral Glaze Chip 47 5% 1716w c27 Ceramic Chip 0.01uT SO0y
R51 Metal Glaze Chip 75060 5% | 116w C2R Electmlytic ATuF 10V
R52 Metul Glaze Chip 1K{} 5% 1/ 16W 29 Flectmlytic 22pF 25y
R53 Meut Glaze Chip + 7K 5% 17 16W Ca Ceramic Chip 0.01uF hiy
R54 Metd Glaze Chip IKQ 5% | 116w [axc}} Electrolytic 22uF 28V
R55 Mew)] Glaze Chip 470 5% 1/16W 32 Ceramic Chip 100pF s0v
K56 Metd Glaze Chip 2.4K0 5% 1/16W C33 Ceramic Chip 22pF 5% |50V
R57 Meul Glaze Chip 4.7K0 5% 1/16W Cla Ceramic Chip 470pF 5% DY
RS54 Metal Glaze Chip J0K (1 5% 116w 35 Ceramic Chip 0.0lul sov
R5% Mclal Glaze Chip 4704 5% 116W Ci6 Tuntalum 10F 10V
R&0 Metad Glure Chip 10042 5% 1Hew cy Cersamic Chip G0l SOV
R61 Metal Glaze Chip 10KQ2 5% Hiew C38 Plastic 1000pF 2% f1asv
R62 Meclal Gluze Chap 10K 5% 1/16W 9 Cesamic Chip 100pF 5% | S50V
R63 Metal Glaze Chip 13K 5% | 6w a0 Cesamic Chip 180pF % | sov
Rod Melal Glaze Chip 10K 5% 1116w C4l Ceramic Chip 1000pF 50V
R6S Metal Glaze Chip 1.SK 5% | oW C42 Ceramic Chip L000pF SOV
R66 Moetal Glaze Chip [§.4¢] 5% | 1new 43 Ceramic Chip L000pF sav
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Symbaol
No. Deseription
a4 Ceramic Chip 150uF 54 S0V
45 Ceramic Chip Factary Adjus S0V
a6 Ceramic Chip 1000pF 50v
Ca7 Ceramic Chip 1000p¥F 50V
(96} Plastic 0.082ulr SOV
a9 Tantalumn 10ul v
VARLABLE CAPACITORS
¥ Cernmic 10 - [00pE SO0V
TRANSISTORS
Q1 NN IS0 20120
Q2 NPN 250 16213 4
Q3 PNP 2SARIIAIT I8
™ NPN 28C1621-3.4
Q5 FET pPATIAL
Qb NPN 28C 1120
Q7 PNP 28SA 1226-3 4
Q8 NEN 28C 1621104
o FET pPA T1A-L
QI NPN 28CI621-343
Qlt PNP PTEAGIIA-1T I8
2 NPN 28C 1120
013 PNP 254 1226-3.4
Q14 PNP 28A1220-3.4
Qs NPN 28C1621-3.4
[¢115) NP 25A 12263 4
7 NP 25A1226-3.4
(935:] NPN 28C 5120
Q19 PNp 28A1226-3.4
Q20 NPN 28C 3120
021 NPN 25C 3120
022 NPN 25C 320
DIODES
DI Detector 15549
D2 Detecror MA 157
ni Detector MA ISIK
I Zener O2CL4 I (33
D3 Detector 18599
Do Detecior MA 157
D7 Detectar MA ISIEK
DR Detector MA 15K
o2 Detector MAISIWK
D Detectar MAISIK
D1l Detector 15 158K
D12 Zener RDIIEH {33V
INTEGRATED CLRCUITS
IC} Fast TTL T4F02 IC
2 Fast TTH. TIFO2 PC
IC3 C.MOS MC 74 HC 123N
4 C_ MOS TC 74 HC 00P
Ics Linear TLO?T CP
ICa Fast TTL 74F74 PC
17 €. MOS§ TC 74 HC 02P
IC8 Lincar TLONCP
PRINTED CLRCUIT BOARD
T-3560 SWEEP
MISCELLANEOCS
Jav Cannector 5533 |AAPR
T-3561
HORIZONTAL AMPLIFIER
RENISTORS
Rl Metal Glaze Chip S 1K) 1% 18w
R2 Metal Glaze Chip S.1K{} 1% 13w
R3 Metal Glaze Chip 1.5K4} 5% JI/16W
R4 Mctal Glaze Uhup 3 9KN 5% [l1ew
R3 Meatal Glaze Chip 100K 01 5% 1/16W
Ro Metal Glaze Chip 108K 5% 6%
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No., Descriplion
R7 Medal Glaze Chip 100K 5% 1/ 16W
RE Mcttl Glaze Chip 5.6102 5% 1/16W
R% Mewl Glaze Chip 751402 1% 1/8W
RIO Mew Glaze Chip 27140 1% 1AW
R1I Metl Glaze Chip 4N 5% 1/ 16W
RI12 Metal Glaze Chip 3K | % 1/ 16W
RI3 Metal Glaze Chip 41, 5% | 116w
K14 Mol Glaze Chip 2,740 1% | 1/8W
RIS Metal Glaze 13K 15 116W
K16 Muetal Glaze 15K02 | % 170
RI7 Metal Glaze Chip 2.18Q 1% 1AW
RI13 Metal Glaze Chip 1103 5% 16w
RI9 Metal Glaze Chip 1502 1% | 178w
R2) Metal Glaze Chip 0Lk 5% 116w
24| Meral Glaze Chip 1K1} 1% |/BW
R22 Metal Glaze Chip 1260 1% 1/BW
R21 Mctal Glaze Chip 10052 5% 1/ 6%
Q24 Metal Glaze Chip 33Kl 1% TI8W
R25 Mutal Glaze Chip 680:2 5% 116w
R26 Metal Glaze Chip 630:) 5% 1/ 16W
R27 Mutal Glaze Chap 1043 5% 116
R2% Melal Glaze Chip 8202 5% 1716%
R29 Metal Glaze Chip #2001 5% 1/ 16W
R3G Metal Glaze Chip 108} 5% 1410
R3Il Metal Glaze Chup 1KLL 5% L 10w
K12 Meta! Glare Chip IK(! 5% 116w
R Metal Glaze Chip % 2h4 1% 118w
R4 Not Used
R3S Mutal Glare Chip 22001 5% | 1iaw
K36 Mewl Glare Chip 15K 5% | 18w
R37 Mewl Glare 18K 5§ S% 1w
R38 Mol Glaze Chip 150K4) S% | 18w
R1v Mutal Glaze Chip 47400 5% 1/16W
R40 Meral Glaze Chip 12K(} 5% 1/16W
R11 Metal Glaze Chip 1.5k.02 1% 178w
R42 Mutal Glaze Chip 1580} 1% | 1EW
R43 Metal Giaze Chip 12K11 5% /10w
K44 Metal Glaze Chip 47402 5% 1/16W
R4S Metal Glaze Chip 2K(! 1% 1/3W
R36 Metal Glaze Chip 15081 5% 1/16W
R47 Metal Glaze 18K 1Y 5% 1w
K48 Not Used
R49 Metal Glaze Chip HEO5Y 5% 116w
RSG Metal Glaze Chip 1500 5% 178
R3I Metul Glare Chip 4.2k.41 1% | I/BW
R32 Meal Glaze Chip 1K{ 5% 116w
R33 Metal Glaze Chip 14442 5% tH16W
RSa Metal Glaze Chip 10042 5% 1716W
R35 Carboy A4 5% 1/GW
RS6 Carbon 482 S% oW
RS7 Curbon 220 S% 16w
VARIABLE RESISTORY
¥YRI Carbon 1K 20% | 1/3W
VvR2 Carbon 10K 20% | 113w
VR3 Carben KO 20% | 113w
VR4 Cacbon 2K 20% | 11w
VRE Carbon 20042 20% | 12w
VR6 Carbon 300¢r 20% | 113W
CAPACITORS
Cl Llectroiytic 22ul” 285v
«2 Eiectrolytic 100:F 10%
3 Ceramic Chip 0.01uF sy
Ca Nol Used
s Not Used
€6 Electrolylic 2ul 28V
<7 Ceramic Chip 10pl 0.3pF SOV
CE Ceramic Chip n0pF 5% S0V
o Ceramic Chip 0.014F S0V
(914 Ceramic Chip 0.01,.F S0V
cil Ceramic 0.00 pl SO0V
2 Cerumic 0.01,:F SO0V
I3 Ceramic Chip 0.0],1¥ 50V
[QE) Coniposition 0.75pF 107 50V




Symbel
No, Descriplion
s Electrolyiic 2ul” bl
16 Ceramic Chip (1.0} uk S0V
17 Ceramic Chip 0.07ub SOV
CIR Composition 0. 25pl 104 s00v
19 Ceramic 0.01ul 500V
20 Ceramic 0.001 uF S00v
21 Ceramic 0.001uF 500V
C22 Electrolytic 22ul 20V
23 Electrolytic 22uF PALY
24 Electrolsiic 23k 25V
25 Ceramic Chip 0.01uF 0V
C26 Mica 22pk SO0V
cz7 Tantalum 1ulr 16V
28 Tantalum 10uF 16%
VARIABLE CAPACTTORS
vCI Ceramic 4 A0 pF 150V
w2 Ceramic 4. 40 pF 230%
TRANSISTORS
Q! NPN 28C 3120
Qz NPN 25C 3120
Q3 PNP 28A1226-3 4
Q4 PNP 25A1226-3 4
Q5 PNP 25A 1226-3 4
Q6 PNP 25A1226-3 4
Q7 PNP 25A 1162-G
Q8 PNP 25A 1162-G
Q9 PNP 254 1162-G
Q1o PNP 25A1162-G
Qll NPN 2803120
QI2 PNE 2541209
Q13 NPN 2802911
Q14 NPN 28C 2911
Qls PNP Z28A1226-34
Qle PNP 2SA TN
DIODES
DI Detector MA ISIK
D2 Dreteclar 15 1588
D3 Detecror 15 1588
4 Drtector MAISTWE
s Dretector MAISTWR
INTEGRATED CIRCUITS
Il C MOS T 4053 HP
PRINTED CIRCUIT BOARD
T-3561A HORIZONTAL AMPLIFIER
MISCELLANEOQUS
168 Conncclor 8507
T-IS63A
HORIZONTAL DISPLAY
SWITCHES
Push (25354 8U) 30
PRINTED CIRCUIT BOARD
T-356JA HORIZONTAL DISPLAY
T-3564
INTENSITY
RFSISTORS
RI Meil Glaze Chip 5.1K{2 1% 1AW
R2 Metal Glaze Chip S6001 3] Ulaw
R3 Melal Glaze Clup 5106k 1% 118w
R4 Metal Glaze Ciup 33K1) bt 17/1aW
RS Mctal Glaze Chip 100K () 1% L/AW
R& Mral Glaze Chip H2KS) 3% 1/ 1GW
R7 Mrtal Glaze Chup 100K §) 1% LW
R& Metal Glaze Chip B.2K41 5% 1/16W
RY Metal Glaze Chip 220K S% 1/ 16W
R0 Moetal Glaze Chip 5.6K51 1% 1/8%
Rl Metal Giaze Chip 3900 1% 1/aw
RI2 Mewd Glaze Chip 10K k3 3 L/ 1OW

37

Symbol

Mo. Descriplion
R13 Carhon ‘ 5.60 5% 172w
R14 Curbon 5.600 5% 172w
R15 Metal Glaze Chip ' 47K} 5% LEW
YARIABLE RESISTORS
YRI Carbon ‘ SKEE 20% | 1)20W
VR Carbon SKSE 2% J 1720w
VR3 Carbon 20K 0% | 1/20w
VR4 Carbon S000E 20% | 13w
CAPACITORS
Cl Electrolytic 7ulF 10y
2 Elecuvlylic 47uF v
3 Plastic Filim GROOT 2% | S0V
4 Plastic Film CHHpF 2% |5V
5 Ceramic Chip 27pl 5% | 50v
Cé Ceramic Chip 0.0IuF S0V
«7 Ceramic Chip 0D1uF S0V
[y ] Cerarnic Chip D D1uF S0y
TRANSISTORS
QI PNP 28A 1162-DerY
QI PNP 280435 Dor ¥
3 NPN | 28027120 Y
o] NN 2RO2TIor Y
Q5 PNP 25A4 116200 Y
|
DIODES
D! Dretccror MA 151K
D2 Zemr RDS IM-B2
D3 Detector MA 15K
LLED» TLG-164
PRIMNTEL CIRCUIT BOARD
T-35%6 14 INTENSITY
MISCELLANEQUS
154 Connector 5533-10APB
T-3565
CRT SOCKET
RESISTORS
Rl Carbon 100K 5% 12w
R? Carban is00N 5% OW
k3 Carbonr 15012 5% /6w
VARIABLE RESISTORS
VRI Metal Glase 220K 5% 175w
CAPACITORS
[ Ceramic 0.00] 300y
2 Ceramic DX xF S0V
3 Ceramic 0wk 500
COILS
L1 Choke 0 13uH
1.2 Choke 0.33uH
PRINTEE CIRCUIT BOARD
T-3565 4 CRT SOCKET
MISCELLANEOUS
CRT Socket Na. 1339
T-3572
HORIZONTAL POSITION
YARIABLE RESISTORS
YRI Carbon 20K0 0% 1720w

PRINTEL CIRCUIT BOARD

T-3572A4 HOLIZONTAL POSITION




Symbol

Symbal
No. Description
T-3573 ROTATION
VARIABLE RESISTORS
VRI Carbon 20K{1 200% 1720w
TRANSISTORS
Q! MPN 25C 1818-Y
Q2 PNP 25A 1015-Y
PRINTED CIRCUIT BOARD
T-357IA ROTATION

No. Description
T-3641
CONNECTOR
MISCELLANEOUS
Pl0 Connector 5532-04A
P36 Connector §532-10A
P3o Conneclor $532-H0A
P47 Coneeclor 5532-144
P54 Connestor 5532-10A
PRINTED CIRCUIT BOARD
T-3641 CONNECTOR
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