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Power requirements of this product have been changed and the relevant sections of the Operation
Manual should be revised accordingly.

(Revision should be applied to items indicated by a check mark M)

U] Input voltage

The input voltage of this product is VAC,
and the voltage range is to VAC. Use the product within this range only.
[ Input fuse
The rating of this product's input fuse is A, VAC, and
 WARNING

- To avoid electrical shock, always disconnect the AC
power cable or turn off the switch on the switchboard
before attempting to check or replace the fuse.

- Use a fuse element having a shape, rating, and
characteristics suitable for this product. The use of a fuse
with a different rating or one that short circuits the fuse
holder may result in fire, electric shock, or irreparable
damage.

] AC power cable

The product is porvided with AC power cables described below. If the cable has no power plug,
attach a power plug or crimp-style terminals to the cable in accordance with the wire colors
specified in the drawing.

WARNING

- The attachment of a power plug or crimp-style terminals
must be carried out by qualified personnel.

- ~ -

[ Without a power plug [ without a power plug

Blue (NEUTRAL)
g

Brown (LIVE)

White (NETRAL)
Black (LIVE)

Green/Yellow (GND) ) L Green or Green/Yellow (GND)
e R e ™
[] Plugs for USA [1 Plugs for Europe
N\ J
4 2
[] Provided by Kikusui agents
Kikusui agents can provide you with suitable AC power cable.
For further information, contact your Kikusui agent.
N J
[D Another Cable j

(© 1998 Kikusui Electronics Corporation  Kikusui Part No. Z9-000-027 1B001681 l_-@_”KIKUSUIl
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1. GENERAL

Kikusui Model 5650 Oscilloscope is.a general—-purpose dual-channel
portable oscilloscope with & 6-inch rectangular internal-graticule

280 mm x 100 mm (3.15 in. x 3.94 in.) cathode-ray tube.

The vertical axis has a maximum sensitivity of 1 mV/DIV (when in the
"5 x MAG" mode ) and a frequency response of up to S0 MHz (-3 d&B).
An X-Y mode of operation cen be éttained in a one-touch control

operation,

- The trigger circuit is capable of selecting six different types of

signal sources, It is incorporated with an alternate trigger function
and & level lock function which facilitate end simplify the trigger

operation,

'The sweep time range is as wide as 0,5 sec ~ 0,1 psec, The maximum

sweep speed is 10 nSec/bIY,(when in the "10 x MAG" mode). A waveform
magnification function with sweep delay is incorporated for en

alternate sweep function, enabling parallel observation of the magnified
waveform and non-magnified waveform. Also inco?porated is a variable
trigger hold‘off fuﬁction ﬁhich facilitates observation of signals of

sophisticated waveforms or digital signals of irregular repetitions,

The circuits are designed with sufficient allowances for improvement

 of reliability, fully empioying ICs of the state-of-the-art,



€857 61

Verticai Aiis

‘2. SPECIFICATIONS

ad justment of

panel-indicated value

Item Specification Remarks
. Sensitivity 5 mV/DIV ~ 5 V/DIV 1-2-5 sequence,

1 mv/DIV ~ 1 V/DIV 10 ranges.
(with 5 x MAG)

Sensitivity 139 or better When VARIABIE knob

accuracy 5% or better in CAL'D position
(with 5 x MAG)

Cohtinuously To 1/2.5 or less of

variable ‘

sensitivity
. Frequency DC: DC ~ 50 MHz With reference to
response IC ~ 10 MHz 50 kHz, 8 DIV,
(with 5 x MAG) within -3 4B
AC: 2 Hz ~ 50 MH=z
2 Hz ~ 10 MHz
(with 5 x MAG)
Rise time Approx, 7 nsec

(Approx. 35 nsec when

in "5 x MAG")




Item

Specification

Remarks

- Signal delay

 time

Approx. 40 nsec,
(with delay line of

‘approx, 120 nsec)

Displayable section
of waveform before

trigger point

Square wave

characteristics

Overshoot: 3% or less

Ringing: 2% or less

Sag:* 2% or less

4 DIV amplitude
200 kEz

(20°%¢ ~ 35%
(68°F ~ 95°F))

Input coupling

AC, IC, GND

Inbut impedance

1M 224, 20 pr t2 pr

Meximum allowable

input voltage

400 Vp-p

(DC + AC pesk)

Frequency 1 kHx

or lower

Polarity switching

Possible for CH2 alone

IC balance shift

.5 pIv

12.0 DIV (when 5 x mg)

Operation modes

CH1, CH2, CHOP, ALT, AID,

X-Y (CH1 — X, CH2 — Y)

'CHOP frequency

Approx, 500 kHz

Common mode signal

rejection ratio

50:1 or better, at

50 ¥Hz sinusoidal wave

¥ith uniform sensiti-

vities of CH1 and CH?2

'CHl'siénal

'dutput.

Approx. 20 mV/DIV
(At load 1l MQ)

Dé ~ 35 MHz. (-3 dB)

Zo = 50

BNC receptacle

..3..»
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Item-

‘Specification

Remarks

Isolation between

channels

At least 1000:1 at 50 kHz

At least 30:1 at 50 Miz

at 5 mV/DIV range

(except CHOP mode)

Trigger A and B (A: Main sweep, B: Delayed sweep)

AC, HF REJ, TV, DC

Item Specification Remarks
Trigger signal A: INT, LINE, EXT, EXT <+ 10 When in NORM, triggering
_source INT (CH1, CH2, NORM) is ALT TRIG.
B: INT, EXT B EXT terminal is on
rear panel.
E Couplihg mode Az When in TV, signal is

connected to trigger

Vs

0.4 DIV (0,04 V)

DC ~ 50 MHz
1.0 DIV (0.1 V)

" HF REJ: 10 Hz ~ 50 kHz

1.0 DIv (0.1 V)

Video signal
1.0 DIV (0.1 V)

B: AC only
‘ ‘ : circuit after synchro-
nization signsl
separation,
Polarity "yt oang M- Both A and B
A trigger AC: 10 Hz ~ 10 MHz Figures enclosed in
sénsitivity 0.4 DIV'(O‘O4 V) brackets indicate
5 Hz ~ 50 Miz EXT input trigger
1.0 DIV (0.1 V)
voltage sensitivities,
DC: DC ~ 10 MHz -

-4 -
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3 Hz ~ 50 MHz
1.0 DIV (0.1 V)

Item Specification Remarks
B trigger 10 Hz ~ 10 MHz AC only
sensitivity 0.4 DIv_(o.o4 V)

AUTO operation

Satigfies the trigger
sensitivity specification
for signal repetition

frequency of 50 Hz or over,

NORM

When no trigger signal input
is applied, trace is blanked
out and is in the READY

state,

Satisfies the specifi-
cation of trigger
sensitivity.

SINGIE

- One-shot sweep with trigger

signal, Can be reset to the
READY state by means of

,RESET switch,

LEVEL IOCK

Satisfies the values mentioned
in the above items of trigger
sensitivity plus 0.5 DIV

(0.05 V), for a signal of
duty cycle 1:5 ~ 5:1 and
repetition frequency 50 Hz

or over,

When in TV sync trigger,
usable with video
signal amplitude of

0.5 ~ 2.0 DIV,

External input.

A: Approx. 1 MQ, 30 pF or less

impedance B: Approx. 1 MQ, 35 pF or less
Maximum 100 V (DC + AC peak) AC: 1 KHz or lower
allowable

input voltage
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Horizontal Axis

A sweep and B sweep

Item o Specification

Remarks

 Sweep time 0.1 psec ~ 0,5 sec/DIV

10 nsec ~ 50 msec/DIV
(when in ™10 x MAG")

1-2-5 sequence,

21 Ranges

Continuously Can be varied (made slower)
variable from panel-indicated value
adjustment of by a factor of 2,5 or over,

sweep time

FPor A sweep only

Sweep time 139 or better

aceuracy 54 or better (when in
M0 x MAG")

Linearity 3% or better

5% or better
(when in "10 x MAG)

magnification

Position shift | Within £0.5 DIV at CRT center

caused by sweep

Sweep mode A, A INTEN, AIT, B
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Sweep Delay

Item

Specification

Remarks

Delay system

Continuous delay

Triggered delay

Sweep delay
time

5 sec ~ l;léec

Sweep delay

time accuracy

Within ¥3% on cRT

Within £3% of multi-dial
indication (excluding
0 ~0.,5)

Délay Jitter

1/10,000 or less

B sweep time Jitter width

X sweep time 10 DIV

Jitter width 1.0 DIV
or less at

A: 1 msec/DIV and
B: 1 psec/DIV

External Sweep

Item

Specification Remarks
Mode X-Y mode
CHl .... X axis (HOR.)
'CH2 .... Y axis (VERT,)
Sensitivity 5 mV ~ 5 V/DIV The same as CHL
Sensitivity tB% 6r_5etter The same as CH1
accuracy g




Item

Specification

Remarks

Frequency response

AC: 2 Hz ~ 2 MHz
DC: DC ~ 2 MHz

With reference to
50 kHz, -3 dB

X-Y phase 3% or less (DC ~ 50 kHz)
difference
Z Axis
Item - Specification Remarks
Sensitivity 3 Yp-p
(Trace becomes. brighter
with negative input, not
by positive input, )
Frequency IDC ~ 5 MH=z
response B

Input resistance

Approx, 5 kQ

" voltage

Maximum

allowable input

50 Vp-p (DC + AC pesk)

AC: 1 kHz or lower
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CRT

Specification

Item Remarks
Type 6-inch rectangular,
internal graticule
Fluorescent P31 Green
screen
Acceleration” Approx. +8.5 kV/-1,5 kV Approx, 10 kV

- voltage

Effective CRT .

screen size

8 x 10 DIV

1DIV=1cm

(0.329 in.)

Graticule

Internal graticule
(parallaxless), continuously
Yariable illumination
Unblenking DC. coupling
-9 -




Calibration Voltage

Item , ' Specifiéatipn Remarks
‘Waveform | Posifive—going square wave
Frequency Approx, 1 kHz
Duty ratio | Within 45:55
Output voltage 2 V; 200 mﬁ

'_wifhin tog

Rise time _Approxi 0.1 psec
Output resistance | 2 V: approx, 2 kQ.

’ | 200 mv: approx, 200 Q

Power Requirements

Item : Specification Remarks
AC line voltage 1 - A 9 ~110V Voltage ranges are
- ranges selectable with

B: 104 ~ 126V
respective voltage

C: 194 ~ 236V selector plugs.

D: T~ 255V

Frequency | 50/60 Hz

Power consumption Approx, 55 VA

165761

- 10 -~




- Mechanical Specification

Item Specification Remarks

- Dimensions 310 W x 150kH x 400 DAmm Dimensions of main

(12.20W x 5.91H x 15.75D in.) | body alone

‘ _ . “370 W x 190 H x 480 D mm Maximum dimensions
I S : ' . with handle on top
| | (1k.57w x,7’48H x 18.90D in.) of casing
| 370 W x 165 H x 525 D mm When portable state

..___.__l___

(14.57w x 6.50H x 20.70D in.)

Weight Approx. 9.7 kg (21.4 1b.)

e Ambient Conditions

o Normal operating ranges: Temperature ..... 5°C~35°C (41°F~ 95°F)

Humj.dity seseavns 85%RHmaxc

;} 0 MﬁMmowmﬁ%rm@:Tmmmwﬁ ”“.O%~%%(ﬁ%~mwﬁ

K | | ‘  Humidity ........ 90% EH max.

|l

§

:.:' B Accessories:

| . - : Code number

% : _ of parts

A - © 960 BNC probe (10:1, 1:1) .....eev. (89-03-0220) eves. 2

| ' -

; g? 0 942 A terminal adaptor ............. (W4-986-011) ,.... 1

N o Slow blow fuse, 0.5 A ..euuevennes. (99-02-0100) ..... 1

- ’ »

{ SUN

{ ) o SIOW blow fuse’ 1A avevessessessens (99—02"0101) sesee 1
~O Power cord ‘..“.00..;...‘..‘0....- ( ) Se s 1

'O_ ShOI‘t bar LR R I I B I I A A A e A A I (EB"‘O?O"J.OI) e o0 1

o Instruction manual ...eeeveveesae.. ( ) BRI |

- 11 -

CRYAr Y 7



E;gigit7€;l%ﬁ-

3.1

- 3., NOTES IN OPERATION, AND PANEL DESCRIPTION
Notes'in Operation
AC line voltage:

This instrument can be operated on any one of the AC line voltages

shown in the following table. The required voltage can be selected

by means of the voltage selector plugs. Before operating the

instrument, ensure- that the AC llne voltage setting of the ins tru-
ment conforms w1th the voltage of the AC line on which the instru-

ment is to be operafed. If the instrument voltage does not conform

 with the line voltage, the instrument may not operate normelly or

may be permanently damaged,

When the 1nstrument AC line voltage is changed, change the fuse

’ also referrlng to the follow1ng table.

Symbol Center Operating voltage Fuse
voltage range
A 100 Y X ~ 110V 1A
’ T 7 slow blow
B ' 115 Vv 104 ~ 126 V
c 215 Vv 194 ~ 236 V 0.5 A
D | 20V |  207~2537 slow blow
- 12 -



0 Environments: .

The normal ambient temperature range of this instrument is
0°¢c ~ 40°%C (32°F ~ 104°F). Be sure to operate within this ambient
temperature range. Note that troubles may be caused if the ambient

temperature is not within this range.

Do not use the instrumgnt in a place where strong magnetic or

electric field éxists. Such field hay disturdb the measurement,
o CRT intensity:

Do not make the CRT trace intensity excessively bright or leave

‘the spot stationary for an unreasonably long period of time,

~ in order to prevent shortening of the CRT life.
0 VWithstanding voltages of input terminals:
The withstanding voltages of the instrument input terminals and

probe input terminals are as shown in the following table, Do

" not apply voltages higher than these limits.

CH1, CH2 inputs‘< 4Qo Vp-p (DC + AC peak)
Probe.'_input | 660 Vp-p (DC + AC pesk)
EXT TRIG input 1 100 Vp-p (DC + AC peak)
Z AXIS input . o 50 Vp;p (DC + AC pesk)

‘ f5 ‘ Note : AC Frequency is 1 kHz or below.

- 13 -
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3.2 Explanation of Front Panel

0 CRT circuits:

POWER ss8 0000 a0t

INTEN vuvvveennsnnee

BINTEN * o d e A 80 e

FOOUS  vuvenvvnnnnons

ILLUM LA E AR R EEEE LR

TRACE ROTATION .....

o Calibration Voltage:

CALIB zv " e P es ea s

20 v ...

LRI Y

@

® O

Main power switch of the instrument.

When this switch is turned on, lamp

@z) is also turned on.

Controls the brightness of the spot

or trace,

Semi-fixed potentiometer for adjusting

the trace intensity when in B sweep,

For focussing the trace to the

sharpest image,
Graticule illumination adjustment,

Semi-fixed potentiometer for aligning
the horizontal trace in parallel with

graticule lines,

Terminal for 2 V calibration voltage
output. Output resistance is approxi-

mately 2 kQ.

Terminal for 200 mV calibration voltage
output. Output resistance is approxi-

mately 200 Q.

- 14 -



o Vertical axis:

CoHL (X) input .e.... (9)

CH2 (Y).input v @

AC-GND-IC ....... @

VOLTS/DIV ...... (5) @

75l

365

Vertical input terminal of CH1,
When in X-Y operation, X axis

(abscissa) input terminal,

Vertical input terminal of CH2.
When in X-Y operation, Y axis

(ordinate)
Ground terminal of instrument

Switch for selecting connection mode
between input signal and vertical
amplifier,

AC:  AC coupling

GND: Vertical amplifier input is
grounded and input terminals

are made open

DC: IC coupling

Select the vertical axis sensitivity,

from 5 nV/DIV to 5 V/DIV with 10

ranges,
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VARIABIE ,...... (6) @9

POSITION ........ (D @

SXMAG ®e 008 e

JORY,

CH2 FOLARITY ........

VERT MODE

s o0 en a0 s

®

Fine adjustment of sensitivi’c&, with
a factor of 1/2.5 or over of panel-
indicated value., VWhen in fhe CAL'D
position, sensitivity is calibrated
to panel-indicated value, kWhen not
in the CAL'D position, the UNCAL lamp

(:) or ‘ED furns on.

Vertical jposition control of the trace

or spot.

Magnifies by 5 times the sensitivity
of vertical eamplifier, When in this
mode, the "5 x MAG" lamp (:) or (:)

turns on,

This switch selectes the polarity of
the signal applied to CH2 input
terminal, The I state is for the
normal polarity and the _u state

for the inverted polarity.

Selects the operation mode of the

vertical axis,
CHl: CHL alone operates,

CH2: CH2 alone operates,

-~ 16 -~
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ALT: Dual-channel operation with CHL
and CH2 swept alternately,
Suitable for observation with

fast sweep speed,

CHOP: Dual-channel pperation with CHl
and CH2 chopped at & frequency
of approximately 500 kHz. Suitable
for observation with slow sweep

speed,

ADD: For measurement of algebraic sum
or difference of CHl and CH?2
signals, employing the function

of CH2 POLARITY switch,

X-Y: X-Y operation with CH1 for X

axis and CH2 for Y axis.

INT TRIG ........... (@O Selects the internal trigger signal
source, The signal selected by this
switch is fed to the A trigger circuit
if SOURCE switch (37 is set in the
INT state or to the B trigger cirecuit
if SOURCE switch of rear panel

is set in the INT state.

CHl: Input signal of CH1 is used as

trigger signel,

-17 -
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CH2:

NORM:

Trigger Circuilt:

Input signal of CH2 is used as

trigger signal.

Input signal which is displayed
on CRT screen is used as trigger
signal, When in the ALT mode,
triggering also is in an alternate
mode and the signals of both CH1
and CH2 are alternately used for

triggering respective channels,

(Refer to explamation of the rear panel for B trigger.)

EXT TRIG INPUT ...... (9 Input terminel for external trigger

signal,

SOURCE +.sveveeenes.. BT Selects the trigger signal,

IRT:

LINE:

EXT:

- 18 -

Internal signal selected by
INT TRIG switch is used as

trigger signal,

AC line signal is used as

trigger signal,

Input signal of EXT TRIG INPUT

terminal Ci) is used as trigger

signal,
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COUPLING’ LRSI 3NN Y A W Y

EXT -+~ 10: 1Input signal of EXT TRIG
INPUT terminal is attenuated
to by a factor of 1/10 and

used as trigger signal,

C{) Selects coupling mode between trigger
source circuit and trigger circuit and
also selects connection mode for the

TV synec. circuit,

AC: Trigger signal is applied through

an AC coupling circuit,

HF REJ: Trigger signal is applied
through an AC coupling circuit,
with attenuation of signal

components higher than 50 kHz,

v: TV sync, separation circuit is
connected to the trigger circuit,
snd the sweep is triggered in

| sjnchronization with TV.V or TV.H

signal at sweep speed selected by

the A TIME/DIV switch (5,

TV V: 0.5 sec ~ 0.1 msec/DIV

TV H: 50 psec ~ 0.1 psec/DIV

- 19 -
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LOCK

SIOPE .veuvevnerinnns (2

R+

B

Controls the trigger level for making
the.displayed waveform becomes statio-~
nary and adjusting the start point of
displayed waveform, As this knob is
turned in the ". +" direction, the

irigger level moves upward on the dis-

| played waveform; as the knob is turned

M

» the level moves downward,

When set in the IOCK position, the trigger

level is automaticélly maintained at

an optimal value irrespective of the

" signal amplitude (from very small

-amplitude to large amplitude), requiring

no manual adjustment of trigger level.

Selects the triggering slope,

B "+": Triggering is effected when
the triggér signal crosses
the'trigger level in positive-

going polarity.

o "=": Triggering is effected when
the trigger signal crosses
the trigger level in negative-

going polarity.
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A HOID OFF .......... (3D [Ihis knob is used when the signal wave-

NORM —

B ENDS A~

0 Sweep Circuits

A, B TIME/DIV .......

AND DEIAY TIME

A VARIABLIE ,.iveveuus

@
®

form is sophisticated and stable trigger-
ing cannot be attained with IEVEL knob (33
alone, When this knob is set in the

"B ENDS A" position, the A sweep ends

at the same time the B sweep ends.v With
this function, degradation of brightness
can be pfe%ented when in the delayed
sweep with lafge magnification of wave-

form in the horizontal direction,

The large kmob (49 is for A TIME/DIV

and DETAY TIME, and the medium knob

is for B TIME/DIV,

The A TIME/DIV knob sets the sweep time
for the A sweep; the DEIAY TIME knob

sets the delaying sweep time,
The B TIME/DIV switch sets the delayed

sweep time,

Continuously-variable adjustment of

A sweep time. Value indicated by

A ’I.‘IME/DIV switch @ can be reduced

-2 -
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I

to.

lo x MAG I RN EX]

mSITION . 0 000 be e
-

FINE LECI IR IR AR N L B A

DETAY TIME .........

MULTI

by & factor of 2,5 or more, When set
in the CAL'D position, the sweep speed
is calibrated to the value indicated by
the A TIME/DIV switch, W¥hen not in the
CAL'D position, the UNCAL lamp (1)

turns on.

The A or B sweep is expanded by 10
times and, therefore, the sweep time
becomes 1/10., When in this operation,

the "10 x MAG" lamp turns on,

Horizontal position control of the spot

or trace,

Fine adjustment of horizontal position-
ing, ZEspecially useful when in the

"10 x MAG" operation,

Multi-turn potentiometer for continu-
ously variable adjustment of the
delay time indicated by the A sweep
knodb in order to select the

section to be expanded of the A sweep,

- 22 -
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SWEEP MODE ......... Selects the required sweep mode,

AUTO: When no adequate triggering
' signal is applied or when
signal frequency is less than

50 Hz, sweep runs automatically.

NORM: When no adequﬁte triggering
signal is applied, sweep is in
a ready state and the return
trace is blanked out. Used
primarily for observation of

signals of 50 Hz or lower,

SINGIE: Used for single sweep operation
(PUSH TO> (one-shot sweep operation) in
RESET conjunction with the reset

switch.

When the three buttons are in
the pushed out state, the
circuit is in the single sweep:
mode, The circuit is reset

as this button is pressed.
When the circuit is reset,

the READY lamp turns on,
The lamp goes off when the

single sweep operation is over,

- 23 -
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HORIZ DISPIAY ....... (50) Selects A and B sweep mode as follows:

A: Main sweep (A sweep) mode for

general waveform observation,

A INTEN: This sweep mode is used when
| selecting the section to be
magnified of the A sweep, The B
sweep section (delayed sweep)
corresponding to the A sweep is

displayed with high brightness,

AIT: A sweep and B‘sweep (delayed
sweep) are displayed alternately.
| (The A, B TRACE SEPARATION kmob
Ci) is used in conjunction so
that the waveforms can be clearly

observed,

B: Displays with the delayed sweep

(B sweep) alone.

B TRIG!D: Selects between continuous

delay and triggered delay,

_l_} For continuous delay. Sweep
starts immediately after the
sweep delay time determined
by DEIAY TIME switch (45) and
DEIAY TIME MULTI knob ,
irrespective of B trigger
signal,

- 24 -
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‘A, B TBACE ....0vuns

SEPARATION

&9

Explanation of Rear Panel

CH1 SIGNAL OUTFUT ..

B Trigger Circuit

IEVEL

" EXT TRIG INFUT ....

es 0 00 0N e 0

&)

€2

_m_ ¢ Por triggered delay. Sweep
starts with B trigger signal
after tbhe sweep delay time
determined by DEIAY TIME
switch and DEIAY TIME
MULTI knob (9 . (Controls
for B trigger circuit are

located on the rear panel. )
Semi-fixed potentiometer for separating

the vertical positions of the A and B

sweeps when in the AIT mode,

This output terminal provides CH1 signal

which is fed to a frequency counter, etc.

Input terminal for externnl trigger

signal of B sweep,

Trigger level adjustment of B sweep,

‘When set in the IOCK position, trigger

level is automatically maintained in

an optimal irrespective of signal
amplitude (from very small signal to

lerge signal),
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SIOPE T @

SOURCE  vvvverenen.. 6D

o Z Axis

Selects the slope for the triggering

point of B sweep.

Selects the trigger signal for B sweep.

INT: Signal selected by INT TRIG
switeh @0) is fed in AC coupling

to trigger circuit,

EXT: Input signal applied to EXT
TRIG INPUT terminal (1) is fed

in AC coupling to trigger circuit.

Z AXIS INPUT .......59 (6 Input terminals for external intensity

o CRBT Circuit

CASTIG aavervinnnn.. 62

modulation signal, Binding post

terminals with 19-mm (0.75 in.) spacing.

Astigmatism control of CRT, This:
control, in conjunction with the
FOCUS control, should be so adjusted

that the spot or trace displayed on

the CRT screen is made sharpest,
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o AC Power Input Circuit

AC power input comnector ....... Gi)

o b i

FUSE

(RN R R RN R XX N

g09¥6L

Input commector of the AC power of
the instrument. Connect the AC power

cord (supplied) to this connector,

Puse in the primary circuit of the
power transformer, Fuse rating is as

shown in the AC line voltage table (})

on the instrument rear panel,

~ AC voltage selecting connector ..... GED

For selecting the AC voltage of the

. instrument in conjunction with selector

plug 68 .

AC voltage selector plug .....

Fof selecting the AC voltage of the
instrument in conjunction with selector
connector, as indicated with A, B, C, D
symbols with reference to the AC line

voltage table (1) on the instrument

rear panel,
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4.1

4. OPERATION METHOD

Basic Operation (Refer to Figure 1.)

Before connecting the power cord to an AC line outlet, check that

the AC line voltage selector plug on the rear panel of the instru-
ment correct set for the AC line voltage. After ensuring the
voltage setting, set the switches and controls of the instrument

as shown in the following table,

Item Ko, - Setting

POWER @) OFF position

INTEN Q{) Clockwise (3-0'clock position)
FOCUS @) Mid—fosition

ILLUM @7 Counterclockwise position
VERT MODE @ | CH1

} rosrion | @ @ Mid-position

VOLTS/DIV NONE) 50 mV

VARTABIE ® @ CAL'D (clockwise position)

AG-GND-DC do | @

5 x MAG @ @ K orr

CH2 POLARITY 1 roru
INT TRIG i) NORM
SOURCE 6D INT

- 30 -
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-
Item No. Setting

COUPLING ) AC

IEVEL 6:) IOCK (counterclockwise)
stors @ | L

A HOID OFF (3D NORM (counterclockwise)
SWEEP MODE @ AUTO

HORIZ DISPIAY &0) A

10 x MAG 39 I orr

rIME/DIV @> 0.5 mS

VARIABIE CAL'D (clockwise)

~<—> POSITION Mid-position

 After setting the switches and controls as above, connect the

power cord to the AC line outlet and, then, proceed as follows:

1) Turn-ON the POWER switch and ensure that the power pilot lamp
(1ED) ab&ve is also turned on. In about 20 seconds, a trace
will be appear on the CRT screen, If no trace appears in
about 60 seconds, repeat the switch and control settings as

shown in the above table,

2) Adjust the trace to an appropriaté brightness and sharpest

~ image with the INTEN control and FOCUS control.
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3)

5)

6) .

7)

Align the trace ﬁith the horizontal center line of graticﬁle

by adjusting the CH1 POSITION control and TRACE ROTATION

control (semi-fixed potentiometer).

Comnect the probe (supplied) to the CHL INPUT terminal, and

apply the 200mVp-p CALIBRATOR signal for the CALIB terminal.

Set the AC-GND-DC switcb in the AC state. A waveform as

shown in Figure 3 will be displayed on the CRT screen,

Figure 3

So a.dgust the FOCUS control that the trace image becomes
sharpest,

For signal observation, set the VOLTS/DIV switch and
TIME/DIV switch in appropriate posiﬁions 50 that the signal

waveform is displayed with an appropriate amplitude and

an appropriate number of peaks.
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8) Adjust the i POSITION and =< POSITION control in appropriate
. positions so that the dispiayed waveform is aligned with the

graticule and the voltage (Vp—p) and period (T) can be read

conveniently.

The above is the basic operation procedure of the oscilloscope,
Further operation methods are explained in the subsequent

paragraphs,
4,2 Dual-channel Operation

Two signals can be.sihultaneously displayed on the screen by
setting the VERT MODE switch in the CHOP state or the AIT state.
By using these chopped sweep mode and alternate sweep modes,

signals can be successfully displayed with sweeps of from low

speed to high speed.
.(1) CHOP sweep (‘chopped sweep):

The signals of CHL and CH2 are chopped at a frequency of
500 kHz and fhe chopped signals are displayed on the CRT
screen, ‘Thérefore, if the sweep speed is faster than a
certain Speed, the traces become as dotted lines. In such

'8 case, the ALT mode as explained in the next paragraph

should be used.
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(2) AIT sweep (alternate sweep)

This sweep mode is used primarily for observation of signals
at faster sweep speeds, although it may be used also at
slbwer éwéép speeds when photographing the displayed waveforms

or when particular trigger conditions are required.

At faster sweep séeeds, the two waveforms are displayed as

if they were running at the same time. At slower sweep speeds,
the alternate actions of the two sweeps becomes discernible to

human eyes and the displayed images become flickering to human

eyes, In such a caSe, the CHOP mode explained in the preceding

paragraph should be used,

4.3 ADD Operation

An algebraic sum of the CHl and CH2 signals can be displayed on
the CRT screen by setting the VERT MODE switch in the ADD state.
The displayed signal is the difference between CH1 and CH2

signals 1f the CH2 POTARITY switch is set in the _m. INV state.

For accuraie addition or éubtraction, it is & prerequisite that the
sensitivities qf the two channels are adjusted accurately at the
same vélue by means of the VAR khobs.’ Vertical positioning can

be done with the t POSITION knob of either channel, In view

of the linearities of the §ertica1 amplifiers, it is most

adventageous to set them in their mid-positions,
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4.4 Triggering

Proper triggering is essential for efficient operation of an
oscilloscope. The user of the oscilloscope must made himself

thoroughly familiar w1th the triggering functlons and procedures,
(1) Functions of INT TRIG (internal trigger) switch:

.The signals applied to the input terminals of CH1 and CH2

are picked off from respective preamplifieré in order to be used
" as' internal trigger signals. The INT TRIG switch select

these signals. The selected signals are sent to the A trigger
circuit or the B trigger circuit through the SOURCE switch
circuit. The relationship of these circuits is shown in the

block diagram of Figure 4.
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cH1

INPUT |
| om VERT SIGNAL OUTPUT CRE
PREAMP SWITCH o AMP  ——>
- . CIRCUIT
. CH1 INT
- 7| TRIG AMP : ,
VERT MODE ALTERNATE PULSE
. e
| | CONTROL (FROM "A" SWEEP
. CH2 CIRCUIT CTRCUTT)
- INPUT |
5 | cH2 - : )
, | TREAMP : INT TRIG :
' : | coNTROL CH1, CH2, NORM
A oz 25m - CIRCUIT
TRIG AMP
. y
INT TRIG . TO "AM TRIGGER
SWITCH ©  CIRCUIT
CIRCUIT ‘
TO "B" TRIGGER
CIRCUIT
Figure ' 4

With the INT TRIG switch the internal trigger signal can be

selected as follows, realizing a straightforward method,

CH1: Input signal of CH1
CH2: Input signal of CH2

NORM: Signal being displayed on CRT
* For further improvement of esse of operation, the switch is also

related to part of the VERT MODE switch as shown in the following

" table.

- 36 -
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VERT
mr NYODE o CH2 |CHOP | ALT ADD X-Y
-TRIG ‘
CH1 Triggered with CHL
CH2 - Triggered with CH2
A NORM Triggerd | Triggerd | - |*alter- | Triggerd,|. .-
with CH1 | with CH2 nate with CH1
trigger

When in the ALT trigger mode, the same trigger circuit is

*

used altezhately by the two signals (signsls of CH1 and CH2).
To frigger respective signals, the two signals are required
to cross the same trigger level and therefore the DC components

of the two signals are required to be taken into consideration,

Further, when the SOURCE switch is set in the AC state or
when the number of peaks displayed on the CRT screen is less
than three cycles, jitter may be caused., In this case the

instrument cannot be operated in the CHOP mode,
(2) Functions of SOURCE Switch:

To display a stationary patterﬁ on the CRT screen, the displayed
signal itself or a trigger signal which has a certain time
relationship wifh respect té the displayed signal is required

to be applied to the trigger circuit, The SOURCE switch

selects such signal as a trigger source.

- 37 =
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INT:

LINE:

. EXT:

This internal trigger method is used most commonly,

The signal abpliedvto the vertical input terminal

(the measured signal) is branched off from & point in
the amplifier circuit and is fed to the trigger

circuit through the INT TRIG switch, Since the trigger

signal is well related to the measured signal, or origi-

- nally is the measured signal itself, a very stable

waveform can be readily displayed on the GRT screen.

The AC power line frequency signal is used as the

frigger signal., This method is effective when the
méasured signal is in a certain relationship with res-
pect to the AC line frequency, especially for measurements
of low level AC noise of audio circuits, AC line

frequency controlled thyristor circuits, etc.

. The sweep triggered with an external signal applied

to the EXT TRIG INPUT terminal, An external signal
which has a certain periodic relationship with respect
to the measured signal is used. Since the measured
signal (vertical input signal) is not used as the
tfigger signal, waveform display can be done independent

of the meamssured signal,

EXT 4+ 10: The extermal trigger signal applied to the EXT

TRIG INPUT terminel is attenuated into 1/10 before

being applied to the trigger circuit, The further

- 38 -
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operations are the same with those of the EXT
trigger mode; This mode is used when the external

trigger signal level is too high,

(3) Punctions of COUPLING switch:

This switch is used to select the coupling of the trigger

signal to the trigger circuit in accordance with the characte-

ristics of the measured signal,

AC:

HF REJ:

This coupling is for AC triggering which is used most
commonly., As the trigger signal is applied to the trigger
circuit through an AC doupling circuit, stable triggering
can be attained without being affecteq by the DC component
of the input signai. The low-range cut off frequency

is 3 Hz (-3 &B).

When the ALT trigger mode is used and the sweep speed
is slow, jitter may be produced. In such a case,

use the DC mode.

Thevtrigger signal is applied to the trigger circuit
through an AC coupling circuit and a low pass filter
circuit, in order that the high frequency signal or
noise components of the tfigger signal is eliminsted
triggering is effected with the low frequency component

alone..

T -39 -
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CTV: This coupling is for TV triggering for observation of

TV video signals, The trigger sigunal is AC-cbupled
and fed via the trigger circuit (level circuit) to
the TV sync‘signal separation circuit., The separation

circuit picks off the sync signal and this signal is
used as the trigger signal, Thus, the video signal can

be displayed very stably.

 Being linked to the TIME/DIV switch, the sweep speed

is switched for TV.V and TV.H as follows:

T™v.v: 0.5 sec ~ 0,1 msec

TV.H: 50 psec ~ 0.1 psec

The SIOPE switch should be set in conformity with the

video signal as shown in Figure 5.

Figure " 5
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Note: The IEVEL IOCK is effective when the signal
level is very low (2 DIV or less). When the
signal level is higher than 2 DIV, release

the IOCK and manually adjust the level,

This coubling is for DC triggering. The trigger signal

is DC-coupled to the trigger circuit. This mode is

used when triggering is required to be effected
including the DC component of the trigger signal or
when a very low frequency signal or a signal of a

large duty cycle ratio is required to be displayed.
(4) Functions of SIOPE -switch:

This switch selects the slope (polarity) of the trigger
signal.

"+":

When set in the "+" state, triggering is effected
as the trigger signal crosses the trigger level
in the positive-going direction.
"_":. When set in the "-" state, triggering is effected
as the trigger signal crosses the trigger level

in the negative—goihg direction,
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H + / /\/\/ Positive-going slope

Negative-going slope

(5) Punctions of IEVEL (IOCK) control:

The function of this control is to adjust the trigger level
and display a stationary image., At the instant the trigger
signal has crossed the trigger level set by this control,

the sweep is triggered and a waveform is displayed on the

screen,

The trigger level changes in the positive direction (upward)
as this control knob is’ turned clockwise and it changes in
the negative direction (downward) as tine knob is turned
counterclockwise, The rate of change is set as shown in

Figure 7, taking into consideration the ease of adjustment.
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. 3 4
Trigger v
level 2 1
1
120° 60° 30
0 + st
Graticule 0 30° 60° 1200
" geale 1

_ Level knob rotation angle
equivalent o

(p1v)

Left -~ Center = Right

Pigure 7

IEVEL IOCK

When the IEVEL knob is set in the LEVEL IOCK position, the
trigger level is automatically maintained at a stable trigger
1svel by the level lock circuit, provided that the displayed

signal level or the externmal trigger signal level is within

" the following range:

(6)

Within 3 Hz ~ 50 Miz 1.5 DIV (0.15 V)

Within 10 Hz ~ 10 Mz 0.9 DIV (0,09 V)
Functions of A HOILD OFF control:

When the measured signal is of a sophisticated waveform with
two or more repetition frequencies (periods), triggering with

the above-mentioned IEVEL control alone may not be sufficient
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for attaining synchronization for stable waveform display.

In such a‘ case,' the sweep can be synchronized to the measured
signal waveform rather forcefully by adjusting the HOID OFF
time (sweep pause time) of the sweep waveform. Thus, the
HOID OFF knob is used to synchronize the trigger signal to
sophisticated waveform by varying the HOLD OFF time. The
control covers at lést the time of one full sweep, for

sweeps faster than 0.2 sec/DIV.

A sophisticated waveform

( Digital signal ) Thick parts are displayed.

p e oyele  ——f \

-

1
I I :
l | |
| I
l | ’
| 1 |
! Sweep ' { \\\¥—
\ waveform
|
i
s !
|
: I
. ) | | ; [ | R
I e -
| | Adjusting .thell
‘—i/\:ﬂiLD OFF time]
|
\ : y,
Figure 8
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4.5 Single-sweep Operation

* When. the ﬁeasured signal is of a non-repetitive nature (has no
Tixed repetitive-period) or when it is of a one-shot nature
(transiential signal), the waveform cannot be displayed stationarily
on the CRT screen, In such a case the sweep circuit should be
operatedvin the single~sweep mode and the displayed one-shot

image should be carefully observed or be photographed with a

camera.,
¢ Messurement of non-repetitive signal:

(1) Set the HORIZ DISPIAY in the "A" state and the SWEEP MODE

in the NORM state.

(2) Applied the measured signal to the vertical input terminal

and adjust the trigger level.

(3) éet the SWEEP MODE in the SINGIE state (the three push~

button switches are pushed out).

(4) Depress the RESET button., The sweep will run for one

cycle alone and the measured signal will be displayed only

once for the corresponding period.

0 Measurement of one-shot signai:

(l) Set the HORIZ DISPIAY in the "A" state and the SWEEP MODE
in the NORM state.
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4.6

(2)

(3)

- (4)

(5)

Apply the calibration otput signal to the vertical input
terminal, and adjust the trigger level at a value corres-

ponding to the predicted amplitude of the measured signal,

Set the SWEEP MODE in the SINGLE state. Apply the measured
signal instead of the calibration sighal to the vertical

input terminal,

Depress the RESET button. The sweep circuit will become

the ready state and the READY lamp will turn on.

As the one-shot signal is effected in the input circuit,
the sweep runs for one cyéle and the one-shot signal is

displayed on the CRT. screen,

The single~sweep operation can be done also with A INTEN and

B'sweep. However, it cannot be done in the AIT mode dual-chamnel

operafion. For dual-chammel one-sweep operation, use the CHOP

mode,

Sweep Magnification

When a certain part of the displayed waveform is required to be

expanded timewise, a faster sweep speed may be used, However,

if the required part is apart from the start point of the sweep,

the required part may run out of the CRT screen, In such a case,
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set the "10 x MAG" switch (39 in the 10 x MAG state.

When this is done, the displayed waveform is expanded by 10

times to right and left with the center of screen as the center

of expansion,

T

10 x magnification

’ . r==" r==n r==- -
- ! | | | S |
| z_[—\_:'. fo
L4 }J L- J :

Any part can be covered by means of

POSITION control.
Figure 9

The sweep time when in the magnification operation is as follows:

(value indicated by TIME/DIV switch) x 1/10

There, the maximum sweep speed (0.1 psec/DIV) can be made faster

51111 with masgnification as follows:

- 47 -
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O.I'Psec/bIV‘x 1/10 = 10 nsec/DIV

When the sweep is magnified and the sweep speed has become faster
than 0.1 sec/DIV, the trace intensity may be reduced. In such
8 case, the displayed waveform should be expanded in the B sweep

mode explained in the subsequent paragraphs,

Waveform Magnification with Delayed Sweep

With sweep magnification of the preceding paragraph, although the
magnification method is simple,b the magnification ratio is limited
at 10, With the delayed sweep mé’chod'of this paragraph, on the
other hana, the sweep can be expanded for a wide range of from

several times to several thousands times according to the ratio

- between A sweep time and B sweep time.

As the measured signal frequency becomes high and the A sweep
range for the non-expanded signal becomes higher, the available

expansion ratio becomes smaller, PFurther, as the magnification

" ratio becomes larger, the trace intensity becomes lower and the

delay jitter increases. To cope with these situations, a synchro-
nized deley action circuit and s B ENDS A sction circuit also

are incorporated.

(l) 'Continudusly—variably delay:

Set the mRIZ DISPIAY &switch, in the A state and display the
signal waveform with the A sweep in the regular operation
metbod.
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Next, set the B TIME/DIV switch in a position faster by

several steps than the A TIME/DIV switch,

After ehsuring that the , T TRIG'D switch is in the J| OFF
state, turn the HORIZ DISPIAY-switch to the A INTEN positionm.
A part of the displayed waveform will be accentuated as shown
in Figure 10, The part of the accentuated brighiness denotes
the section corresponding to the B sweep time (DEIAYED SWEEP).

This‘part is expand on the B sweep.

The period from the start of the A sweep to that of the B
sweep (the period to that the trace is accentuated) is
called "SWEEP DETAY TIME." This period is continuously

variable by means of the DELAY TIME MULTI dial,
Next, turn the HORIZ DISPIAY switch to the B position.
The B sweep time will be expanded for the full span of the

CRT screen as shown in Pigure 11,

The B sweep time is set by the B TIME/DIV gswitch and the

magnification ratio becomes as follows:

A TIME/DIV indication
B TIME/DIV indication

Magnification ratio =

The sweep delay time can be read on the CRT screen, For more

accurate determination, the DEIAY TIME MUITI dial should be used.
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Sweep delay time

" HORIZ DISPLAY

A " INTEN -

'Figure 10

HORIZ DISPLAY
B

Figure 11

(2) Synchronized delay:

A TIME/DIV

DEIAY TIME MULTI

indication dial setting
A sweep
Sweep
< delay time F5~—B sweep
\
\
\
\
\
/ \

The part of the \

accentuated brightness

When the displayed waveform is magnified by 100 times or

over in the above-mentioned continuous delay method, delay

jitter is be produced,

To suppress the jitter, this

synchronizedbdglay method may be used,
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With the synchronized delay, delay jitter is reduced by
triggering the B sweep again after a certain sweep delay

time as effected by the continuous delay method has elapsed,

.For_this operafion, the B triggér circuit operates as the
_=_ B TRIG'D (9 switch is set in the .  ON state and
the B sweep is triggered by tbe‘B triggér pulse, Therefore,
even when the aelay time is continuously varied by rotating
the DETAY TIME MUITI dial, thé starting point does not vary
continuouély but varies intermit#ently. This operation in
the A INTEN 6an_be observed as the accentuated section moves
intermittently; however, it cannot be observed with the B

sweep because the accentuated section does not move.

The start point moves

intermittently,

| _— B trigger

level

A INTEN

Figure 12
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4,8 Delayed ALT Sweep

When in the Delayed ALT sweep mode, the A ‘sweep and B sweep
(delayed sweep) are displayed alternately on the screen, enabling
you to observe at the same time the unmagnitized wave form and

magnified waveform of Section 4,7,

The operation method is the same as that of the delayed sweep of
Section 4.7, As you turn the HORIZ DISPIAY switch to the ALT
position,,fhe A INTEN waveform and B waveform are displayed on the
screen as ‘shown in Figure 13, To prevent the two waveforms from
overlapping and to display them separately, adjust the A, B TRACE

SEPARATION potentiometer .

Set apart the

After v ‘ ' waveforms with
: o . ' A, B TRACE
magnification
4 SEPARATION
(B sweep)
potentiometer.

Before

magnification
(A INTEN)

Figure 13
Note: The delayed ALT sweep mode can be used in combination
with the dual-channel mode (CHOP or ALT) of the vertical

axes,
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4,9 B ENDS A Mode

When the trace is magnified by a large: ratio with the delayed sweep,
the magnified {race may become large and hardly discernible, This
is because, as the slow A sweep runs for the full screen, only a
very less time remains for the fast B sweep. In éuch & case, by
ending up the A-sweep at the miﬁimum required point, the display
time -for the B sweep is increased so that the trace does not become

dark, This is the B ENDS A mode,

The operating method is the‘same with that of Sections 4.8 and 4.9,
Turn the A HOLD OFF knob GED to the extremely clockwise position

(B ENDS A position). A bright magnified trace as shown in Figure

14 will be displayed.

. Bright magnified trace
After
magnification
This portion is discarded.
T T e
Before | T T ; : | T I A |
‘magnification TR R R R A R
: i
: Lod Lot L) oo L-J Lot L.
Flgure 14
:
fe 53 —
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5. METHODS OF MEASUREMENTS

5.1 Connection Method of Input Signal

The input impedance of the oscilloscope as viewed from the
- vertical input terminal is 1 MQ with capacitance approximately
- 20 pF in parallel., When the probe 10:1 is used, the impedance

increases to resiétance 10 MQ with capacitance approximately

- 12 pF in'parallel.f_

There are various methods of connection between measured signal

" source and oscilloscope, The most popular methods are with

general wires, with shielded wires, with & probe, or with a

coaxial cable. Suitable ones are used taking the following

factors into consideration.

Output impedance of input signal source
Level and frequency of input signal

External induction

Distance between input signal source and oscilloscope

Types of input signals and connection methods are tabulated in

the following:
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- Connection

Type of me thod General | Shielded| Probe |Cosaxial |Others
input signal wire wire cable
Low Near C> C) C) C)
Tow 1mp¢dance Far C) ()
frequency ~
| High Near @ O %
impedance Far @? 62
Zow Near O | O
High impedance Far C)
frequency
{ High Near O ]
impedance Far

(Q:

o Connection with general wires:

Good,

D

Fair)

Set a BNC Type Adaptor (Type 9424) to the vertical input terminal

and connect general wires {o the adaptor, This method is simple

and the input signal is not attenuated but is susceptible to

induection noise'when'long wires are used or when the signal source

impedance is high, Another disadvantage is a large stray capacity

with respect to the groﬁnd. As compared with the case the 10:1

probe is used, larger effects are caused by the stray capacity.

o Connection with shielded wire:

The use of a shielded wire preVents external induction noise,

However, the'shiélded wire has as large stray capacitance as

50 pF/m ~ 100 pF/m and this method is not suitable when the signal

:sourcé impedanée is high or the measured signal frequency is high,
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0 Comnection with coaxial cable:

When thé output impedance of the signal source is 50 Q or 75 Q,
the input signal can be fed without attenustion up to high
frequencies by usiﬁg a coaxial cable which enables impedance
matching. Foriimpedaﬁce matching, terminate the coaxial cable
with a 50 Q or 75 Q pure-resistive resistor corresponding to the

characteristic impedance of the coaxial cable, as shown in

Figure 15.
|
|
|
r=—=== COAXTAL CABIE ;
’ 0
! | i
| ' : ! . .
! C! ——o—
| ! | é
b , z
L '
: ! 0SCILIOSCOPE

SIGNAL SOURCE

R = R!
When R = 50 Q, use a 50 Q coaxial cable,

When R = 75 Q, use a 75 Q coaxial cable,

Figure 15

0 Connection with probe: :

A prbbe with en attenuation ratio of 10:1 is available es supplied.
The probe circuit and probe cable are shielded to prevent induction

noise, The probe circuit makes up a wide-range attenuator in
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cdnjunction with the input circuit of the oscilloscope, thereby.

>ehabling‘a distoftionléss connection from DC to high frequencies.

‘When the probe is used, although the signal level is sttenuated

to 1/10, the input impedence becomes very high (resistance 10 M@,

capacitance approx. 12 pF) eand the loading effect on the measured

signel source is greatly'redu¢ed as explained in the following,

l
6"—"'!'-”"' r\ A 3 4 ~}
Rs
7 ——
IN = G

: ’ J. |

‘ ' ' - | Cs ! G 3 Re
' I

<& . l |
. O

Rs = Series resistance of OSCILIOSCOPE

cable

Cs = Stray capacitance plus

cable capacitance

Figure 16

 The probe makes up & wide-range attenuator with its resistor

Rl which make up an attenuator circuit with respect to input
resistor R2 of the oscilloscope and with its capacitor Cl which
compensates for input capécitor C2 of the oscilloscope and straey

capacitance (Cs) of the cable, Thekinput impedance Z is expressed

IN

as follows:

Rl + R2
C (Rl + R2) + 1.

IN

cl x (C2 + Cs)
Cl + C2 + Cs
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Attenuation ratio A is expressed as follows:

L R2 (=- 180 1 )
T Rl + R2 9MQ + 1IMQ T 10

The terms enclosed in the'parentheses are for the factor when

the probe is used:
Precautions:

Observe the maximum allowable input voltages mentioned

(o]

in Section 3.4,
0 Do not fail to use the ground lead supplied.

o Before commencing'measurement, accurately adjust the

- phase of the probe without fail,

¢ Do not apply unreasonsbly large mechanical shocks or
- vibration to the probe, Do not sharply bend or strongly

pull the probe cable,
0 The probe wnit and tip are not highly heat resistant.

Do not apply a soldering iron to a circuit close to

the point where the probe is left hooked up.
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5.2 Voltage Measurement

. To measure an AC signal which has no DC component or to measure

the AC component alone of a signal which has a DC component

Vsuperimposed on the AC component, set the vertical input AC/DC

selector switches and @ in the AC position, To measure
a signal which has a DC component, set the switch in the DC

position,

Before commencing voltage measurement, set the VARIABIE attenuator

kmobs (6) and (@2 at the CAL position and calibrate the semsitivity

‘to the value indicated by the VOLTS/DIV selector switches (:) and

©.

Apply’the signal to be measured, display the signal with an
apprppriate'amplitude on the screen, and determine the amplitude
on the graticule;‘ (For DC voltege measurement, determine the
shifted distance of the tracé.) The voltage can be known as
follows:

(l) When measured signal is directly applied to input terminal:

Voltage (Y) = Deflection amplitude (DIV) x

Indication of VOLTS/DIV switch
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(2) Wnen the 10:1 probe is used:

Voltage (V) = Deflection amplitude (DIV) x

Indication of VOLTS/DIV switch x 10

‘ ; //f\\\\“///’\\\\_////\\\\uz//r‘\\ Ag Voltage (Vp-p)
i : ¥

DC Voltage (V)

oV l

Figure 17
5.3 Curreﬁt Measuremeht.(voltagé drop method)

Connect a small-resistance resistor (R) in series in the
circuit in which the current (1) to be measured flows and
measure the voltage drqp across the resistor with the oscilloscope,

The current is known from Ohm's law as follows:

The resistance should be as small as that it does not cause

change to the meaéured'signal source, .

In the above method, currents from IC to high frequencies can
be measured quite accurately. Note that the accuracy of the

resistor is reflected upon.the measuring accuracy.
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5.4 Timé Measurement
Measurement of time interval

The time interval between any two points on the dlsplayed
waveform cen be measured by settmg the TIME/DIV VARIABIE

- kmob . in the CAL position and referring to the indication
of the TIME/DIV switch (45 .

Figure 18
Time T (sec) = Indication of TIME DIV x Horizontal span (DIV)

When the sweep is magnified (10 x ¥AG (9 ), the time is 1/10 of

the value determined‘as above,

- 61 -



FOPPN.

ESprE)x7€3‘L‘ " o 'v. '

5.5 Frequency Measurement

o Frequency measu:emént by determining time (T) per one cycle

_bpf the displayed waveform}

Time T'(period) is measured as explained in Section 5.4 and the

freqﬁéncy is kmown by using the following formula,

o 1
Period T (sec)

» Prequency f (Hz) =
0 Frequency measurement with Lissajous figure (See Figures 19 and Z)):

Set thekVERT MODE switch 1 in the X-Y state so that the oscillo-

scope operates in the X-Y mode,

Apply to the X-axis a known frequency from a signsl generator (SG)

and to the Y-axis the frequency to be measured., So adjust the

required controls that a pattern is displayed on the full surface

of the CRT screen, Then so adjust the frequency of the signal

© generator that the displayed pattern becomes stationary as shown

in Figure 18. From the displayed waveform, the unknown frequency

~can be calculated as follows:

Unknown The numbgr of crossing 201nts Frequency of
: over horizontal scale line .

fre%uency = : signal

Hz '

» The number of crossing points

generator (Hz)
over vertical scale line
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" The number
L :

of crossing

points is 2,
6 _ 3 (1)
4 2 (V)
Figure 19

UNENOWN
FREQUENCY

Pigure 20
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5.6 Measurement of Phase Difference

0 Measurement of phase difference with Lissajous figure

(See Figures 20, 21 and 22):

.Operate the oscilloscope in thé X-Y mode as explained in the
parégraph for freiqueng:y measure;ment, and apply two signals of
the same frequency (sﬁéh as stereophonic signals) to{‘ the X and
Y axes s0 that a Lissajous figure is displayed on the CRT screen.
The phase difference bethen the two signals can be known by

measuring the displayed waveform and employing the following

equation:

Phase difference § = Sii‘l—l B

T
L] /



gy 9v6l

OO0/

180° 150° (240°) 90° (270°) 60° (300°) 0° (360°)

Figure 22
5.7 Characteristics of Pulse Waveform

A theoretically ideal pulse waveform is such that the signal

changes instantaneously from a certain level to another level

beld in this level for a certain period, end returns instantane—

ously to the original level., However, actual pulse waves are

distorted. Nomenclature of distortions is given in Figure 23,

OVERSHOOT = RINGING
0.1A = \®
P ® i
BASIC 4 - ]
AMPLITUDE 4 —
(A A i
0.5 A ol '
P |Of 1
\\\;7 0.1 A ¢ /1 | |
. - T
OFFSET LEVEL
O LEVEL f i
' k——PULSE WIDTH (W)
- t > =t
RISE TIME FALL TIME
Figure 23
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Pulse amplitude:

Pulse width:

Rise time:

Pell time:

Overshoot:

Ringing:

Basic amplitude (A) of pulse

Time between points (2) and (5) where

signal amplitude is 50% of basic amplitude

Time between 10% basic amplitude point @

and 90% basic amplitude point (:)

Time between 90% basic amplitude point C)

and 10% basic amplitude point (§)

Amplitude of the first maximum excursion
Eeyond basic amplitude. Expressed in

terms of b/A x 100 (%)

. Oscillation which follows the first meximum

excursion, Expressed in terms of c/A x 100 (%)

0 Measurement of rise time:

The rise time of a pulse cen be known by determining the value

of tr on the CRT screen in the method of "Time Measurement,"

It must be noted that tr determined on the CRT screen includes

the rise time of the oscilloscope itself. The closer the rise

~time of the oscilloscope (to) to the rise time of the measured

pﬁlse (tn), the larger 1s the error introduced, To eliminsate

this error, calculation should be done as follows:
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. . N2 2
| True rise time tn = V/(tr) - (to)

‘where, tr: Rise time measured on CRT screen

to: Rise time of oscilloscope itself

(approx. 7 nsec)

For example, when 2 pulse wave with rise time 20 nsec (about 3

times of that of the oscilloscope) is measured on the CRT screen,

the error is approximately 6%.

0 Measurement of Sag

-Pulse waveforms may have slanted sections as shown in Figure 24,

other than those distortions mentioned in Figure 23, (For example,

slants are caused when the signal is amplified with an amplifier
which has poor low-frequency characteristics, resulting from
attenuation of low frequency componénts.) The slanted section
(@ or d') is called "sag" which is calculated as follows:

1
Seg = ——A‘-i-— (or —%r) x 100 (%)
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Note:

—_—
—> a

T~
-

dt |

Figure 24

If the AC-coupling mode is used for measurement
of & low frequency pulse, sags are caused, For
measurement of low frequency pulses, use always

the DC-coupling mode,
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6. CALIBRATION

6.1 Genersal

6,2

After the oscilloscope has been used for a certain period of time,

it should be célibrated at certain time intervals, Although
calibratioﬁ of overall performances is most recommendable, such
partial calibration may serve the purpose that the time axis

alone is calibrated when the time measuring accuracy is especially
important or that the.vertical axis alone is calibrated when the
vertical sensitivity accuracy is of prime importance, After the
cscilléscope has beenkrepaired, overall calibration is required
although it depends on the type of repair, For accurate calibration
service, it is most recommendable to contact Kikusui's representative

in your sares,
Removing the Case
To remove the case, remove the six screws (Figure 25) and pull out

the chassis forward. To remove the rear cover, remove the four

screws shown in Pigure 26,
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6.3 Check and Adjustment of DC Supply Voltages

Before cglibrating the éscilloscdpe, ité DC supply volfages should
be checked and adquted. Check and aéjust the +12V supply voltage
first and the otherfsﬁpply voltages next, The supply voltages are
shown in the following table and the check and adjustment points

are indicated in Figures 32 end 33,

Nominal voltage Voitage range Check and adjustment
| points

+57V 44,75~ 5,257 TP-2
412 7 © +11.95 ~ 12,05V TP-3 R1125
-12Vv Qll.ao ~ 12,20V TP-1
+40 V +h2  ~ 48 \ TP-4
190 Vv | +92  ~ 98 v TP-17

+170 7V +165 ~ 185 v TP-6

+230 V +235 -~ 265 v TP-5

-1500 Vv -1490 ~ 1510 v TP-8 R1056

For voltage check, measure the voltage'between check point and
ground using précision digital voltmeter.‘ The +12V supply must

be especially carefull& adjusted because it provides a reference
for ofher surplies, To méasuré the ~-1500V supply of which internal
impedance is high, use a voltmeter of a high input impedance

(10 MQ or over).
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Beceuse adjustments of supply voltages lergely effects verticel
§. sensitivity and horizontal sweep time, the oscilloscope must be

re-calibrated as explained in the subsequent raregrarhs,

6.4 Adjustment of CRT Circuits

Some adjustmenfs of the CRT circuits directly affect the CRT
defleétion sensitivity as i1s the case of "Check and Adjustment of
DC Supply‘Voltages" of the preceding section., After the GEOMETRY,
DEFLECTION SHIELD and HORIZ LIMIT are adjusted, the vertical

sensitivity and sweep time must be calibreted without fail,

0 Adjustment of GECMETRY:

This control is for reducing geometrical distortions (pincushion
distortions or barrel distortioné) of the pattern displayed on

the screen,

(1) Apply a sinusoidal signal of approximately 50 kHz to
vertical input terminal (:> or CE) and display the signal

with an amplitude of 8 DIV and with approximately 50 pesks.

(2) so edjust the GEOMETRY control (Figure 33, R1015) that the

AN

displayed pattern becomes as (b) in Figure 27,
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Pincushion - Barrel

distortion Normal distortion
i | | [ h
§i
3
R
EH y = .
4 (a) (v) - (e)
kel :

FPigure 27

0 Adjustment of DEFLECTION SHIELD:

This control is used to reduce halation on the screer for
improving the contrast and to improve the linearity of t‘he
displayed weveform,

So adjust the DEFLECTIOK SHIEID control (Figure 33, RlOll) that

the best focus is obtained with the ASTIG voltage set at +70 to

+80 volts.

VASEENASP



© Adjustment of SUB-POCUS:

} This control is for adjusting the control range position of the
FOCUS knob (:). ¥ith the FOCUS kmob set with its white dot
positioned upright (noon position), so adjust the SUB-FOCUS

control (Figure 33, R1041) that the best focus is obtained.

0 Adjustment of HORIZ LIMIT:

This control is used to suppress halation (csused by the electron

beam reflected and scattered in the céthode~ray tube) resulting

from change in the horizontal POSITION adjustment and 10 x MAG

operation.

b st iy

(l) Apply the CALIB»signal QZ) and <:) to the vertiéal input
terminals and display waveforms of an emplitude of 4 DIV

and 10 pesaks,

(2) Turn OF () the 10 x MAG switch (39 . Turn the HORIZ
LIKIT controlv(Figure 34, R961) from the extremely counter-
clockwise position graduslly to clockwise positior and stop
at the position where halation on the screen is reduced.

This is the normal position for the HORIZ LIMIT control. (If
you turn the control excessively clockwise, the displayed
waveform mey away to right and left when the LINE voltage is

lower by approximately -10% than the nominal voltage.)
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0 Adjustment of Y AXIS ALIGK:

This control is for adjustment of the perpendicularity (900)

between horizontal trace (sweep) and vertical trace,

(l) Ground the CHl‘. Apply to CH2 the output of a sine wave

signel generator and display the signal witk an amplitude

of 8 DIV on the screen,

(2) Set the VERT MODE switch (1) in the X-Y mode and so edjust

the TRACE ROTATION control (26) that the verticel trace

becomes parallel with the graticule scale.

(3) Next, change the VERT MODE switch to CHL and so adjust the

Y AXIS ALIGN (Pigure 35, R468) that the horizontal trace

i ’ becomes pafaliel with the horizontel scale of the graticule,

_§" - By the above procedure, the horizontel trace and vertical trace

are adjusted mutually perpendicular,
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6.5 Adjustment of Vertical Axis
0 Adjustment of DC BAL

This control is for minimizing the shift of the trace when the

VARIABIE KNOB (6) or is turned.

(1) Set the AC-GND-DC switch or @0 in the GND stete end

display the trace on the CRT screen,

(2) Turning the YARIABLE knob, so adjust the DC BAL control that

the shift of the trace becomes minimum, (Figure 35, R131

and R231).
‘0 Adjustment of 5 x MAG BAL:

This control is for minimizing the shift of trace when the

5 x MAG switch (:) or Cgb' is changed.

(1) Set the AC-GND-DC switch or @6 in the GND state and

display the trace on the screen.

(2) Turning ON (_, ) and OFF () the 5 x MAG switch, so adjust
the 5 x BAL (Figure 35, R164 or R264) that the shift of

trace becomes minimum,
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0 Sensitivity Calibration:

Calibrate the sensitivity of the vertical amplifier to the value
indicated by the VOLTS/DIV switch (5) or @3). For this adjust-
ment, use & sqﬁare wave generator with an output voltage setting

accuracy of 0.3% or better at 1 kHz,

(1) set the signal generator output at 40 mVp~-p and apply the

signal to the vertical input terminal <:) or Q;).

(2) Set the VARIABIE knob (6) or at the CAL'D position and

set the . VOLTS/DIV switch at the 5 mV range.

(3) lSo adjust the 5 mV GAIN control (Figure 35, R141 or 3241)

~that the smplitude of the displayed waveform becomes 8 DIV,

(4) Next, set the generator output at 8 mV and turn ON (J‘;)

the 5 x MAG switch (:) or Q:).

(5) So adjust the 5 x GAIN control (Figure 35, R167 or R267)
that the amplitude of the displayed waveform becomes

8 DIV,

By the above prooédure, other ranges also are calibrated to an
accuracy of 3% or better,

(.
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0 Adjustment of INV BAL:

This control is for minimizing the shift of trace when the

CH2 POTLARITY switch is changed,

(1) set the AC-GND-DC switch (6) in the GND state end display

the trace . on the screen,

(2) Turning OF ( _ ) and OFF (_J ) the CH2 POLARITY switch, so
adjust the INV BAL control (Figure 35, R295) that the shift

of trace becomes minimum,

o Adjustment of ADD BAL:

With both CH1 end CH2 channels operating in the single-line
horizontal trace mode, so adjust this control that the traces do

not shift when the VERT MODE switch is chenged to the ADD mode.

(1) Set the AC-GND-DC switches (8) and () in the GND state and
display the traces of the two channels overlapped in the

center of the screen,

(2) Change the VERT MODE switch to the ADD state and so adjust
the ADD BAL control (Figure 35, R402) that the trace ave

positioned in the center of the screen.
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0 Adjustment of square wave characteristics of vertical amplifiers:

This adjustment shéuld be don_ev to adjust the square wave chara-
cteristics of tﬁe VQrtical amplifiérs 80 that their frequency

response becomes flat, The adjustment should be done st = rénge
which does not use the input attenuator (5 mV/DIV range), using

two or more square waves of different frequencies,

The adjustment should be done using a quality square wave with
‘rise time 2.3 nsec or faster, and should be done in the order of
low, ﬁiddle, higher middle, and high ranges, repeating adjustment

in this order of different frequencies for a few times,

(l) Adjustment for low frequency range:
Set the VOLT/DIV switch at 5 mV/DIV and the TIME/DIV switch
at 2 mS/DIV. Apply to the vertical input terminal a square
wave of 100 Hz and so adjust the signal generator output that

the waveform with an amplitude of 6 DIV is displayed.

Next, so adjust,R446 (Figure 35) that the displayed waveform

becomes s (b) in Pigure 28,
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Adjustment  Ideal Adjustment

regquired ‘ ‘ required
N o ) . \k
(a} ' - (b) (c)
Figure 28

(2) Adjustment for middle fregquency range:

Chenge the input pulse signal frequency to 2 kHz and

set the TIME/DIV switch at.lO pS/DIV. Next, so adjust
R409 and C404 (Pigure 35) that & square wave as shown in
(a) of Figure 29 is displayed. PFor this adjustment, set
R409 at an appropriate position and then adjust C404 s0
that & waveform as close to that of (d) as possible is
obtained, Repeat this procedure for a few times so that a

waveform as shown in (d) is obtained,
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R. small value

R. appropriate

R. large value

value
c.
large
- value
\- '
| VU
“(a) (b)

C. R, both
"appropriate value

. T 1t o

appropriate
value
(c) (d) (e)
A o el
- small '
value :
' |
() (g)
Figufe 29
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(3) Adjustment for higher middle frequency range:

Change the input square wave signal to 200 kHz and set the
TIME/DIV switch at 1 pS/DIV. Next, in & similar msnner as
the case for "adjustmént for middle frequency range," so

adjust RL78 and C143 for CHL or R278 and G243 for CH2 that

a waveform as shown in (d) of Figure 29 is displayed.
(4) Adjusﬁment for high frequency range:

Chgnge the input square wave signal to 1 MHz and set the
TTME/DIV switch at 0,2 pS/DIV. Next, in a similar manner
~as the case for "adjustment for middle frequency range,"
‘55 adjust R408 and C403 or R447 and C429 that a waveform

as shown in (d) of Figure 29 is obtained.

Next, adjust the smplitude of the pulse signal to 4 DIV
and so adjust R448, C430 and C113 or C233 that the front

edge of the‘square wave becomés flat.
0 Adjustment of input ATT:
The VOLTS/DIV switch selects the oscilloscope sensitivity by
switching the attenuator circuit consisting of pre-stage

attenuator (1/10-steps) and post-stage attenuator (1/2, 1/4,

l/lO—steps). This procedure is for phase compensation and input
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capacitance adjustment of the attenuators, Adjustments should be

done in the order of phase éompensatiOn and input capacitance

adjustment for the post-stage attenuator and then phase compen-

sation and input capacitance adjustment of the pre-stage

aettenuator,

(l) Adjustment of pbst—stage attenuator:

Use a square wave signal generator which provides a quality

square wave of rise time 1 msec or faster, without sags

or 6vershoots. Apply the signal,for each of the ranges

(10 mv, 20 mV, 50 uV) end display & waveform with an

emplitude of 6 DiV. So adjust the phase compensation

‘ capaoitof shown in the following table that an ideal wave-

form is displayed, Next, connect & low-capacitance C-meter

to the input terminal and so adjust the input-capacitance

compénsation capacitor that the input capacitance at each

range becomes 20 pF 12 pF,

Compensation CH1 CH2
capacitor :
R Phase Input Phase Input
ange compen~— capacitor compen- cepacitor
_ sation sation
10 mv (1/2) €113 c112 c213 c212
20 mv (1/4) C116 €115 c216 c215
50 mv (1/10) 0119 0118 c219 c218
- 8% -
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(2) Adjustment of post-stage attenuator:

In 2 similar manner as (l) above, adjust the phase

compensation capacitor and input-capacitance compensation

capacitors shown in the following table for each of the

ranges (5 mv, 0.1 v, 1 V).

Compensation ’ -

' capacitor CHL CH2
, Phase Input Phase Input

Range compen~ | capacitor | compen~ | capacitor
: sation sation

5 mv (1/1) - €10% - - c203%
0.1 v (1/10) €106, c105 C206 c205
1V (1/100) . €109 €108 209 €208

When the above adjustment is done, all other ranges also

. are automatically adjusted.

6.6 Adjustment of Trigger Circuits

0 Adjustment of TRIG. IOCK:

This adjustment is for making optimum the TRIG.IOCK sensitivity

of the trigger circuit of the A Swaep.

(l)r'Apply & sinusoidal wave of approximately 1 ¥Hz to the vertical

input terminal and displey a waveform with an amplitude of

“approximately 8 DIV on the screen.
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(2) Turn the IEVEL knob (3 to the extremely clockwise

position (IOCK position).

(3) Turning ON (_a_ ) and OFF ( I ) the SIOPE push button, so adjust
 R539 and R555 (Figure 32) that the start point of the waveform

becomes the center of the displayed waveform amplitude.

(4) Next, apply a sinusoidal wave of approximately 35 MHz to
the vertical input‘terminal and so adjust the signal generator
output that the signal is displayed with an amplitude of 0.5

DIV on the screen,

(5) Under the above state, finely re-adjust R539 and R555 that
the triggering does not fail when the SIOPE pushbutton is

turned ON (_, ) and OFF ( | ).
0 Adjustment of TRIG IOCK of B sweep:

This adjustment is for msking optimum the TRIG IOCK sensitivity
of the trigger circuit of the B sweep. Adjust R618& and R634
(Pigure 32) in & similer manner as in the case of "Adjustment of

TRIG IOCK."
o Adjustment of TRIG DC OFFSET (for trigger circuit of A sweep only):

This adjustment is for attaining such state that, when the trigger

signal is AC-coupled and the white dot of the IEVEL knob is set
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in the upright position (noon position), the trigger point is

at the center of the displayed waveform amplitude,

(1) Apply & sinusoidel wave of approximately 1 kHz to the
vertical input terminal and display the signal waveform with

an amplitude of approximately 8 DIV on the screen,

(2) So set the IEVEL kmob that its white dot is positioned
at the noon position, So adjust R533 (Figure 32) that the
trigger point (trace start point) is positioned at the

-center of the displayed waveform amplitude,
0 Adjustment of CH1 TRIG DC OFFSET:

This adjustment is for offsetting to zero the DC-component

displacement of the CH1 intermal trigger output.

(1) Apply 2 sinusoidal signal of approximately 1 XAz to the

CH1 input terminal end set the AC-GND-DC switch at AC,

(2) Set the. VERT MODE switch at CHl, set the INT TRIG switch

&t CHIL or NORM, end display the signal with an amplitude

of 8 DIV on the screen,

(3) Set the COUPLING switch at AC end so adjust the IEVEL knob

that the trigger point is brought to the center of the

displayed waveform emplitude,
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(4) Change the COUPLING switch to DC end so adjust the CHI
TRIG DC OFFSET (Figure 35, RBO?) that the trigger point

is brought to the center of the displayed waveform amplitude.

* This adjustment affects the X-Y positions, Be sure to
adjust the X-Y POSITION ADJ after this adjustment has been

done,

o Adjustment of CH2 TRIG DC OFFSET:

This adjustment is for offsetting to zero the DC-component

--displacement of the CH2 intermal trigger output.

For this adjustment, adjust CH2 TRIG DC OFFSET (PFigure 35, R316)

in & similar menner as is the case for "Adjustment of CH1 TRIG

DC OFFSET.™

6.7 Adjustment of Time Axis

o]

Calibration of A sweep time:

 This adjustment is for calibrating the sweep time to the_values

bindicated by the TIME/DIV switch. For this adjustment, use

time marker signals of accurate time intervals of 1 msec and
1 sec or use signals of accurate frequencies of 1 kHz and

100 kHz,
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(1) Lpply to the vertical input terminal a time marker signal
of 1 msec or a signal of 1 kHz, and deflect the signal with

an appropriate amplitude on the screen,

(2) Set the VARIABIE knob (44 in the CAL'D position. Set

the TIME/DIV switch (15 at 1 ms.

(3) so adjust the A SWEEP CAL (Pigure 36, R822) that the
displayed.waveform conforms with scale divisions of the

graticule,

(4) Change the input signal to a time marker signal of 10 uS

or sinusoidal wave signal of 100 kHz and change the TIME/DIV

switch to 10 pS,

(5) So adjust the A 10 uS CAL (Figure 36, C802) that the
displayed signal waveform conforms with scale divisions

of the graticule,

When the abofe calibration is complete, the sweep speeds of the

remaining ranges also are calibrated at an accuracy of 13%.
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Time marker signal Sinusoidal wave signal

Pigure 30

o Calibretion of B sweep time:

0

Calibrate the sweep time to the indicated values of the TIME/DIV

switch (46) . Adjust the B SWEEP CAL (Pigure 36, RS87T1) and

B lO_HS CAL (Figure 36, 0852) in a similar manner as that for the

case of "Calibration of A sweep time,"

Adjustment of LENGTH;

This adjustment is for setting the lengths of the A and B sweeps
at 11 DIV. Set the TIME/DIV switches (5 end (6) at 1 mS and

apply a time mafker signal of 1 msec or a signal of repetition

<frequencyjl kHz, and so adjust the A SWEEP IENGTH (Figure 32, R725)

and B SWEEP IENGTH (Figure 32, 3735) that the sweep lengths become

11 DIV,
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0 Adjustment of sweep start point:

This adjustment is for attaining such state that, when the

horizontal POSITION knobs and are set with their white
dots in the noon positions, their sweeps start at the left hand

end of the graticule,

(1) set the TIME/DIV switches and ¢6) at 1 mS, set the
HORIZ DISPIAY switch (50 &t ALT, end display both A and B

sweeps on the screen,

(2) So set the horizontal POSITION knobs (7 and (&) that
their white dots are positioned upward (noon position).
So adjust the A SWEEP POSITION (Figure 36, R902) that the
start point of the‘ A sweep 1s brought to the left hand

end of the graticule,

(3) Next, with the B SWEEP POSITION (Figure 36, R906), bring
the start point of the B trace to the left hand end of

the graticule,
0 Adjustment of 10 x MAG DC BAL:
This é,djustment is for attaining such a state that, when the

10 x MAG switch (9 is turned ON ( g ), the displayed waveform

is magnified to right and left from the center of the screen.
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(1) Set the TIME/DIV switch (@5 at 1 mS. So adjust the
- horizontal POSITION knob that the start point of the

sweep 1s brought to the center of the screen.

(2) Turn ON ( . ) the 10 x MAG switch. So adjust the 10 x BAL
(Figure 36, R939) that the start point of the sweep is

brought to the center of the graticule.
Adjustment of 10 x MAG:

This adjustment is for calibration of the sweep time when the
10 x MAG switch @ is turned ON ( . ). Before performing
this adj'ustmen)‘;, make sure that the adjustment for "Calibration

of the A sweep time" has been done.

(l) Apply to the vertical input terminal a time marker signal
of 0.1 mS or a signal of 10 kHz and display the signal with

an appmpriate amplitude on the screen,

(2) Set the VARIABIE knob @ in the CAL'D position and the
TIME/DIV switch (15 at 1 mS.
(3) Turn ON ( _ ) the 10 x MAG switch and so adjust the 10 x CAL
-~ .
(Figure 36, R937) that the displayed waveform conforms with

scale divisions of the graticule,
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Celibration of DEIAY TIME MULTI:

‘This calibration is for calibrating the dial value of the

DEIAY TIME MULTI to the sweep time. Before performing this
calibration, make sure that the adjustment for "Calidration

for A sweep time" has been done.

(1) Apply to the vertical input terminel a time marker signal
of 1 mS and display the waveform with an appropriate

amplitude on the screen,

(2) Set the VARIABLE knobd @ in the CAL'D position, set the
TIME/DIV switch at 1 mS, set the TIME/DIV switch
at 10 uS, and change the HORIZ DISPIAY switch (G0 to the

A INTEN state.

(3) Set the dial indication of the DEIAY TIME MULTI at 1,00 and

align the displayed waveform with graticule,

(4) so adjust the B START IEVEL (Figure 36, R764) that the
accentuated portion of the waveform is aligned to the

initial pulse as shown in Figure 31.

(5) Set the dial indication of the DEIAY TIME MULTI at 10.00,

(6) So adjust the B END IEVEL (Pigure 36, R769) that the

accentuated portion of the waveform is aligned to the
10th pulse,
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Figure 31

6.8 Adjustment of Horizontal Axis (X-axis)
o Cealibration of horizontal sensitivity:

- This adjustment is for calibration of the X-axis sensitivity

for X-Y operation,
(l) Set at 50 mVp-p the output of the signal generator used
for "Calibration of sensitivity" of section 6.5, and apply

the output to the CHL (X-axis) input,

(2) Set the VERT MODE switch (1) in the X-Y state. Set the

AC-GND-IC switch (@5 of CH2 (Y-axis) et GND,

(3) Set the VARIABIE knob (6) at CAL'D end the VOIIS/DIV

switch (5) at 5 mv,

- 9% -
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(4) So adjust the X-GAIN (Figure 35, R304) that the trace length

becomes 10 DIV,

¥ This adjustment affects CHL TRIG DC OFPFSET adjustment and
- X-Y POSITION adjustment, Be sure to repeat these adjustments

after the horizontal axis sensitivity adjustment is done,

0 Adjustment of X-Y POSITION:

This adjustment is to obtain such a state that the spot is
positioned in the center of the écreen when the horizontal

POSITION knobs and (19 sare set with their white dot

positioned upward (noon position) in the X-Y operation,

(1) Operate the oscilloscope in the X-Y mode and set both

inputs in the GND state,

(2) Set the horizontal POSITION knobs (7 and (4 with their
white dot positioned upward (noon position) and so adjust
the X-Y POSITION (Figure 36, R909) that the spot is

positioned in the center of the screen.
6.9 Calibrating the Calibration Voltage

0 Adjustment of repetition frequency:b

This adjustment is for calibrating the repetition frequency of

the calibration signel at 1 kHz,
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(1) Connect the CALTB output or to a frequency

counter,

(2) So adjust the CALIB FREQ (Figure 32, R1152) that the

frequency counter reads 1 kHz,
o Calibration of the output voi'bage:

This adjustment is for calibrating the output voltage of the

calibration signal in a substitution method.

(1) Set st 200 mVp-p the signal of the genmerator used for
- "calibration of sensitivity" of Section 6.5. Apply this
signal to the CH1 input terminal.

(2) Displey the signal on the screen with an amplitude of

8 DIV by adjusting the VOLIS/DIV switch (5) and VARIABIE

mob (6).

(3) Apply the 200 m¥ CALIB output to the CH1 input terminal,
So adjust the CAL OUT (Figure 32, R1160) that the signal is
displayed with an amplitude of 8 DIV on the screen in the

same manner as step (2) above.

By the above procedure, the oali‘f:ration operation for the

calibration signal is complete,

- G5 =~
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6,10 Calibration of Probe

As explained préviously, tbe probe makes up a kind of wide~range
attenuator, Unless phase compensation is properly done, the
displayed waveform is distorted causing measurement errors,
Therefore, the probe must be pfoperly calibrated before use.
~ For prdbe'calibration, use the signal of the calibration voltage

output terminal or of the front panel,

CALIB

COMPENSATOR
(TURN WITH AN
INSULATED
SCREWDRIVER.)

- Pigure 37
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- Ideal

Connect the probe commector to the INPUT terminal of CH1 or

CH2 and set VOLTS/DIV switch at 5 mV.

Connect the probe tip

 to the calibration voltage output terminal and so sdjust the

COMPENSATOR control with an insulated screwdriver that an ideal

waveform as illustrated below is obtained,

-Adjustment required

,\\”—'

§<\__A

N—

Figure 38
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Adjustment required
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