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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)

[ 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.

- ~ s )
(] without a power plug [ Without a power plug
Blue (NEUTRAL) White (NETRAL)
T

Brown (LIVE) Black (LIVE)

Qi K
Green/Yellow (GND) Green or Green/Yellow (GND)
N J L
s ~ s ~
[ Plugs for USA 1 Plugs for Europe
_ Y,

(
[1 Provided by Kikusui agents

Kikusui agents can provide you with suitable AC power cable.
For further information, contact your Kikusui agent.
. S

[D Another Cable j

BIKIKUSUI
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1. GENERAL
1.1 Description

Kikusui Model 5513SF Oscilloscope is a trigger-synchronized
dualtrace pdrtable oscilloscope with a.133—mm round high-bright
low—diétortion cathode ray tube;‘ Ifs'sensitivity is 10 mv/DIV,
bendwidth 10 MHz, and sweep speed 200 nsec/DIV (wder 5 x MAG
mode). Its outstandlng feature is the SELR WAVE—FIXED function
that é fixed number of waves are displayed on the CRT irrespective
~of input signal frequency change; It is sturdy and easy fo
operate, and it can be used for research and deielopment qf
various electronic devices as well as for production and mainte-

nance service, Features of the 5513SF can be sumarized as follows:
1.2 Features
0 SELF WAVE-FIXED circuit:

When the SELFR WAVE-FIXED switch is depressed, a fixed number of
waves (adaustable for single wave . to four waves) are displayed
on CRT irrespective of input signal frequency change for a range

‘of 10 Hz to 100 kHz, (This function is abbreviated as SF. )
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Front fréme mede of aluminium diecast:

To provide 'a neat external view and a sufficient mechanical

strength, the front frame is made of aluminium diecast.
Excellent manipulatabilitys

The'5513SF provides an excellent mhnipulatability with light-

torque rotary switches and pushbutton switches,

High-brightness CRT:

The SBIBSF‘employs a CRT of an excellent beam transmission
factor, providing a sufficient trace brightness even at the

highest sweep speed.
Stable acceleration voltage:

The acceleration voltage of the 55135F is very stable against

line voltage variation, as this high voltage is regulated with

_a unigue control circuit,

Rotation coil for trace leveling:

The 5513SF employs a rotation coil which enables youvto adjust.

(fotate) the base line for leveling when it has become slanted
by terrestrial magnetism, Adjustment can be done at the front

panel.

ey
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Automatic CHOB/ALT switching:

The operating mode is automatically switched bétween CHOP mode
and ALT mode in conformity with the sweep speed (linked to the
TIME/DIV switch}, thereby preventing troublesome manual switching

'between tbe two modes when in the dual~-channel operation,
Automatic TV.V/TV.H synchronization switching:

The TV synchronization separator circuit is automatically
switched between TV.V and TV-H in conformity with the sweep time,
being linked to the TIME/DIV switch.

X-Y mode is switched by one-touch action:

Simply by switcbing the operation of the vertical axis, the
oscilloscope can be converted into an X-Y scope with CH1 input

for X-axis and CH2 input for Y-axis,

Meximum sweep time 200 nsec/DIV (with 5 x MAG):

_ The sweep time'can be magnified by 5 times, 'By'magnifying the

‘sweep;time of l'ysec/DIV by 5 times, a sweep time as fast as

200 nsec/DIV can be attained,



‘Cathode—ray Tube

2. SPECIFICATIONS

Itgm Spec, Remarkg
Shape Round, 133 mm
Fluorescent screen - B31 Green .
‘Acceleration véltage Approx, 1sbb»v ,Regulaﬁéd
Areg (graficule) 8 x 10 DIV 1 DIV‘= 9.5 mm
‘Unblanking DC-coupling at Gl of the CRT

017261
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‘Vertical Axis

Itenm

Spec.

Reharks

Sensitivity

10 mV/DIV ~ 5 V/DIV

1-2-5 sequence

Sensitivity accuracy

Befter than iS% of

penel-indicated value

when YARIABLE knob is

set in CAL'D position

Continuously—variable
sensitivity

adjustment

Continuously variable

covering between two
mutually adjoining

ranges,

Frequency response

DC: DC ~ 10 MH=z

AC: 2 Hz ~ 10 MHz

50 kHz, & DIV

reference, within -3 dB

Rise time:

Approx. 35 nsec

Input impedance

1 MQ‘12%,‘approx.

30 pF 2 pF-

Probe can be used

Input tefminals

"BNC recéptacles

Maximum allowable

input voltage

600 Vp~p, for 1 minute,
(400 Vp-p for 10, 20,

and 50 mV/DIV ranges)

' IC + AC pesk, frequency

not higher than 1 kHz,

Input‘qoupling

Selection

AC, DC, GND
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item

Spec.

Remarks

Base line shift
caused by range

selection

Tess than 0.5 DIV

Including shift caused
by disturbance of DC

balance

Operation modes of

vertical axis

CH1 | Single-channel

mode

CH2 | Single-channel

mode

CHOP mode

DUAL

When SF switqh is QFF:
, lOOAm.sec/DIV ~
1 msec/DIV
When SF switch is ON:
Input frequéncy not
higher than approx,

. 200 Hz

ALTvmodg
(1inked fcd
TIME/DIV switch

'ﬁhen‘SF switch

is OFF)

When ST switch is OFF:

100 psec/DIV ~
l.ysec/DIV

When SF switch is ON:
Input frequency
higher than approx,

200 Hz

Chop frequency

Approx., 200 kHz
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Triggering

Item

Trigger modes

Trigger source

MODE switch in a single

channel position (cm1

| or CH2), the input
signal of the selected

channel is automatically

used as the trigger

,signai.

Spec Remarks
NORM When.trigger'signal is |Satisfies the trigger
femoved, base line is .|sensitivity specifica-
blankgd out and sweep tioﬁ. .
-is in STANDBY state.
AUTO When-tfigger signal is Satisfies the. trigger
| | removed, sweep is in  |sensitivity specifica-
AUTO (FREE RUN) mode. tion for repetative
signals of 10 Hz of
over,

TV TV sync. separator When SF switch is OFF:
| circult is comected to | 100 msec ~ 100 psec
trigger circuit, When - sanee IV'V

trigger signal is 10 psec ~ 1 psec
removed, sweep is in veses TIVeH |
AUTO (FREE RUN) mode. |When SF switch is ON:
IV-V only
INT AS you set fhe VERT
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Item

‘ Spec,

Remarks-

As you set the VERT MODE
switch in the DUAL posi-
tion, the signal CH1
alone is used as fhe

trigger source,

EXT | The input signal of EXT
TRIG terminal is used as

the trigger signal,

Internal trigger
sensitivity
WIDE
HP- ¥

v

3 Hz ~ 10 MHz: 0,5 DIV

3 Hz ~ 50 KHz: 0.5 DIV

| Video signal amplitude: 1.0 DIV

External trigger
sensitivity

WIDE

HF- REJ

TV

3 Hz ~ 10 MHz: 0.5V
3 Hz ~ 50 kHz: 0.5V

Video signal: 1,0 ,V.

Polarity (SIOFE)

MM gng n-n

Couplihg

AC snd HF. REJ

EXT trigger

input impedeance

Approx, 1 MQ, 30 pF or less
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Item

Spec.

Reﬁarks

Meximm allow-

100 Vp-p (DC + AC peak)

Frééuency not higher

1 psec/DIV ~ 100 msec/DIV,

6 ranges

" able input than 1 kHz
Voltége
External input Binding post terminals
ferminéls
Horizontal Axis
Itenm Spec. Remarks
Sweep time 1, 10, step

~ Continuously

variable range of

sweep time

Continuously variéble to

10 times or over of panel

indicated value

Sweep time accuracy

Better then Y39

accuracy

 Sweep time 5 times
V maghification
Sweep magnification | Within t5%

Position shift
caused by magnifi-

cation

Less than 1 DIV at CRT

screen center




Item » - Spec, Remarks

X-Y mode CH1 for X (horizontal)

CH2 for Y (vertical)

Sensitivity The same spec's as CHL of

the vertical axis.

Frequency'réSponse DC: DC ~ 1 MHz ' 50 kHz, 10 DIV

AC: 2 Hz ~'1 MHz reference: within
-3 dB
Input impedance The same spec's as CHL

of the vertical exis,

Maximum allowable The same spec's as CHL

input voltage of the vertical axis,

X-Y phase difference | Within 3° at 50 kiz

9lvdel

- 10 -
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SELF WAVE-FIXED Sweep

Item

Spec{

Remarks

Frequency response

‘range

cen be fixed within a raﬁge

The number of displayed waves

of one wave to four waves
for an input signal frequency

range of 10 Hz to 100 kHz,

One cycle of wave
vdisplayed in 10
DIV on horizontal
axis is counted

as one wave,

Variabie range of

wave number

Continuously variable for a
range of one wave to four

waves,

‘ Accuracy of swept

wave number

t54 or better (5% ~ 35°%)

Z Axis

Item

Spec,

Remarks

Sensitivity

Intensity modulation discernible

with an input of 3 Vp-p or over

Frequency response

DC ~ 5 MHz

Polarity

Positive-going: Darkened

Negative-going: Brightened

Input resistance

) Approx, 10 kQ

Input terminals

Binding post terminals

-1l -




Calibfation Voltage

Item Spec, Remarks
¥aveform Square wave, positive~going
Output voltage 1 Vp-p, 3%
Frequency 1 kHz i25%
Duty ratio 45 f 55 ~ 55 1 45
Output terminal Chip terminal
Power Requirements
Itémv Spec,

Remarks

AC line voltage

100, 110, 120, 220, 230,

cor 240 V. (Within *10%

of each nominal voltage)

Selectable with

transformer taps

Frequency

50 ~ 60 Hz

Power consumption

Approi. 26 VA

817264

- 12 -




Mechanical Specification

Item Spec.’ o Remarks

- Overall dimensions 244 W x 184 H x 370 D mm
' ' (9.61W x 7.24H x 14.57D in.)
250 W x 210 H x 435 D mm Maximum dimensions
(9.84w x'8.27H x 17.13D in.)

Weight Approx. 7.5 kg (16.5 1b.)

g K rSs

g472 <

Accessories

Instruction MBAUAL eeveeeveosenveovocoscescaosonos 1
960 BNC Type Probe (10:1, 1:1) .eveeevcocsnssncoes 2

9424 Type Terminal Adaptor (BNC, binding post) .... 2

- 13 -
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" 3.  OPEBATING INSTRUCTIONS -

3,1 Explanation of Front Panel = (See Fig. 1)

'»No. Panel'mafk Description .
@ | 1vEs Intensity control knob with POWER switch,
POWER OFF Extremely counterclockwise position is POWER
OFF, As turned clockwise, POWER is turned ON
end intensity increases,
‘(:> Indicates ON/OFF state of instrument power,
(:) TRACE Semi-fixed resistor for level (horizontal
ROTATION inclination) adjustment of base line which may
be inclined by terrestrial magnetism, etec.
Adjust with a fine screwdriver,
(:) FOCUS So adjust this knob that the‘trace.displayed
on the screen becomes sharpest.
(:) CAL_ Output terminal which provides a calibration
1 Vp-p voltage used for oscilloscope sensitivity
adjustment and probe calibration., The calibra-
tion voltage is 1 Vp-p, positive-~going square
wave of approx. i kHz,
._TL_ '

Ground terminal

- 14 -
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BRI

No.

Panelkmark

Description

POSITION

(:) For vertical positioning of CH2 (or Y-axis).
t The trace moves upward as this knob is turned
clockwise, and vice versa,
MODE Pushbutton switch (4-gang) for operation mode

@@@Q

1 @
DUAL (0

(cH1 TRIG)

x-Y (9

cH2 (8)

switching of CHL and CH2 amplifiers and for

CHl:

CH2:

DUAL:

.trigger_signal source éwitching.

Single-channel operation with CH1

' vertical amplifier alone, The CH1

inﬁut signal is used as the trigger
%

signal, o

-

Single~channel operation with CH2
veftical amplifier alone, The CH2
input signal is used as the trigger
signal,

Dual-~chennel Opération with CEl and

CH2 vertical amplifiers, in the CHOP

. or ALT mode, The CHl input signal

is used as the trigger signal.

When SELF WAVE-FIXED switch (3) is
OFF ||, CHOP or ALT mode is automati-
cally selected being linked to TIME/DIV

switch,:

- 15 -
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No,

Panel mark

Description

When SELF WAVE-FINED switch () is o
ON, CHOP or ALT mode is automatically
selected in conformity with the input

signal frequency.

X-Y: . I~Y‘operation with CHl as X-axis
(horizontal) and CH2 as Y-axis

(vertical).

QE? POSITION For vertical positioning of CH2. The function
i 'is the same with that of No. (7).
Q:) VOLTS/DIV Vertical sensitivity selector switch for
@ ‘ 10 mV/DIV ~ 5 V/DIV in 9 ranges, of CHl (er
© X~-exis) or CH2 (or Y-axis). Set in a position

for attaining an appropriate deflection amplitude
on CRT screen,

@4 | VARIABIE Continuously-variable adjustment of vertical

sensitivity of CHL (or X-axis) or CH2 (or Y-axis),

covering between ranges selected by VOLTS/DIV

switch ( @ or @).

At the CAL'D position, sensitivity is calibrated

to the value indicated by VOLTS/DIV switch.

- 16 -
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o
X,

No.

Panel mark Description
@ | cHm (x) Input terminals for CH (X-axis) and CH2
@ CH? (Y) (Y—a:us). 'When in X-Y operation, CH1 is used
' as X-axis (horizontal axis). The signal can
be. applied with BNC prébe ‘or BNC connector,
@ _l_ AC Pushbutton switch for selection of input
' v c‘oup'ling of vertical amplifier. The popped
@ | = o | |
up state () is for AC coupling and the
depressed state ( _, ) for DC coupling.
@ | = GND Pushbutton switch for isolating the input
@ signal from amplifier input point and grounding
the amplifier input point. When this switch
is depressed (groimded s‘cate), the input
terminal becomes open, These switches are
used for checking of O level, etec,
@3 | EXT TRIG IN | Input terminal for external trigger signal.
When the TRIGGERING switch (29 1is set in the
EXT state, the sweep is triggered by the signal
applied to this terminal,
TIME/DIV » Hori‘_z@ntal sweep time selector switch for

100 msec/DIV ~ 1 psec/DIV in 6 ranges.
This switch remains idle when SELF WAVE-FIXED

switch @ is ON,

_l7~
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‘No,

Panel mark .

Description

 VARIABIE

WAVE~FIXED

VYARIABIE

Continuously-variable adjustment of sweep time,

_covering between ranges selected by TIME/DIV

~switch (29 when SELF WAVE-FIXED switch (4 1is

OFF K .

When this kmob is set in the CAL'D position,
the sweep time is calibrated at the value

indicated by the TIME/DIV switch.

Continuously variable adjustmeh’c of the number

of waves displayed on screen when SELF WAVE-FIXED .

switch (34) is ON L. , for a range of 1 ~ 4

waves OIr over,

LEVEL

- - 0 > 4

Trigger level adjustment for displaying stationary

waveform, The trigger level rises as this knod
is turned toward —= + and it falls as the knob

is turned toward ~ .

ONORS)

TRIGGERING

X INT WIDE +

|a EXT HFRES -

000

Triggering switch circuit consisting of trigger
‘source selector switch @ » input coupling
selector switch . , and slope selector switch
Trigger source selector switch ‘

\

_l_ INT: Trigger source is internal (the

signal displayed on :CRT screen is

used as the trigger signal).

P
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¥o.

'Pan'el mark

Description

o EXT: Trigger source is external (the
signal applied through TRIG IN

terminal @ is used as the trigger

~ signal).
Input coupling selector switch . '

~ L WIDE:  Trigger circuit is AC-coupled %o
 the trigger source and ti‘iggering
can be done for a range of 3 Hz ~

10 MHz,

m_ HF-REJ: High frequency reject filter
(50 xHz, -3 dB) is connected to

. the trigger source and triggering

~ v is done through AC coupling.
Triggering slope selector switch @

@ BEY Triggering is effected when trigger
signal crosses the trigger level from

negative side to positive side.

- Triggering is effected when trigger

signal crosses the trigger level

~ from positive side to negative side,

—197
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- No,

: Panel»mérk

' Deécriptioﬁ

-
FOSITION

PULL 5x MAG

‘Horizontal positioning knob which is used in

common for 5 x sweep magnification, ' The displayed
waveform moves rightwérd‘as this knob is turned.

¢lockwise, and vice versa., When this knob is

- pulled out, the sweep time is multiplied by a

factor: of 5, thereby magnifying the horizontal
amplitude by 5 times, (When in X-Y operation,
sensitivity is increased by 5 times, although

the frequency range becomes narrower.)

When SELF WAVE-FIXED switch (34) is ON m_, the

magnifier circuit remains idle.

©Q®

TRIG MODE

. NORM AUTO TV

000

Pushbutton switches for selection of trigger

mode,

ﬁORM éiD : When trigger signal is removed,
,traée is blaﬁked out and sweep is
in STANDBY state, Used primarity
for observation of signals lbwer |

than 10 Hz,

AUT0 (2 : When trigger signal is removed,

trace is not blanked out but sweep
runs in AUTO (FREE RUN) mode,

théreby providing a conveﬁientkstate.
,fof‘confirﬁing existence/absence

of input signal and checking of zero




-/No.

Panel mark .

~ Description

level. This mode is convenient
for observation of repetifive

signals of 10 Hz or over,

4TV .G{) : TV éync'separator_circuit is connected
to the trigger circuit, Being linked
to TIME/DIV switch (), trigger
circuit is aﬁtomatically switched to
TV+V or TV~H sync, signel, When
SEIF WAVE-FIXED switch (3)) is ON m ,
sweep can be triggered with TV.V only.
When trigger signal is not applied,

sweep runs in AUTO (FREE RUN) mode.

SELF

WAVE-FIXED

oFF I

ON _m.

A fixed number of waves are displayed.
O0FF  : TIME/DIV switch operates.

ON _m : TIME/DIV switch (2§ remains idle,
A fixed number of waves (1 ~ 4 waves
set by WAVE-FIXED VARIABIE knob (3 )

_are displayed.

" )273e61

- 21 .-
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3.2 Explanation of Rear Panel (See Fig. 2)

Yo,

Panel mark

Description

®

AC power cord of the oscilloscope

S

Studs for using the oscilloscope in a vertical
attitude. Also used as AC power cord take-up

_posts.

| Z-AXIS INPUT

Input terminal (binding post) for external

intensity modulation signal, Used when intensity

Ais controlled with an external signal, when

intensity markers are displayed, etc. When not
in use, this terminal must be connected to the

GND terminal (8 with the shorting bar,

®

GND terminal (binding post). Spacing is 19 mm

to match Z-AXIS INPUT terminal (37 .

(Fuse)

Fuse holder. Fuse rating is 0.5 A for 100 V
system AC line or 0.3 A for 200 V system AC

line, For replacing the fuse, remove the cap

by turning it counterclockwise.

- 22 -
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3.3 Explanation of Bottom Panel (See Fig. 3)

No..

Panel mark

Deséription

ASTIG

Semi~fixed resistor for astigmatism control.
So adjust this control is conjunction with the

FOCUS control that the trace is made sharpest.

®

Studs which are used also for fixing the stand,

®

Stand for setting the oscilloscope in a slanted
attitude for ease of observation. Do not use

this stand whén oscilloscope camera and adaptor

are used,

< 23 -
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3.4

Precautions in Operation
Line voltage:

The oscilloscope is set for operation on a 100 V 109 AC 1ine
V61tagé. To operate the oscillOSCOpé on other AC line voltage,

it must be modified as explainéd in Para., 3.5 "AC line Voltage

Con&ersipni" Note that the oscilloséoPé will not operate properly

or may be damaged if it is operated on a wrong AC line voltage.
Ambient temperature:

The ambient temperature range for normal;operation of the

oscilloscope is 0% ~ 40°C.
Environments:

The oscilloscope must not be operated or stored in high temperature,
high humidity atmosphere for a long periocd since such will cause

troubles or shorten the instriument life.

If the oscilloscope is operated in a strong electric or magnetic

field, the diéplayéd waveform‘may be distorted.

Intensity of CRT beam:

Do not make the CRT image excessively bright and do not leave

the spot stationary for a long period, lest the CRT screen should

" be "burnt" shortening its life,

- 26 -
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o Allowable voltéges of Input terminals:

The maximum allowable voltages of input términals and probe
960 BNC are as shown in the below table. Note that the circuit

mey be damaged if a voltage'larger.than the allowable maximum is

applied,
Terminal Allowable maximum input voltage

Vertical input terminal

10 mV, 20 mV, 50 mV/DIV renges | 400 Vp-p (DC + ACp, within
1 minute)

Other ranges , | 600 Vp-p (DC + ACp, within

. 1 minute)

Probe (960 BNC) 600 Vp-p (DC + ACp, within
1 minute)

EXT TRIG IN terminal 100 Vp-p (DC + ACD)

Z AXIS IN terminal 50 Vp-p (DC + ACp)

Repetition frequency of AC: Not higher than 1 kHz

3,5

Line Voltage Conversion

As a general rule the 5513SF Oscilloscope is shipped being set for
use on & 100 ¥V AC line power. -To operate the instrument on other
AC line voltage, its AC power input circuilt (power connector B,

tap, and fuse) must be converted referring to the following table,

- 27 -
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Nominal tap Applicable Fuse B Comnector
voltage voltage range
100V 90 ~ 110V Connect the power connector
7110V | 99~121'YV | 0.5A | B to the "100 V SYSTEM"
1207 108 ~ 132V " pins,
”220 Y. : 198A~'242 v Connect the power connector
230 Y 07~ 253V 0.3 A | B to the "X0 V SYSTEM"
240 ¥ 216 ~ 264 VY ' pins,
Do not disturd
the connected
position of * CONNECTOR A " CONNECTOR B

connector A.

Comnect the selector cord to

the corresponding pin.

Fig. 4

.-
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Notes:

Before performing AC line conversion, ensure that the AC

power cord is disconnected from the AC power line outlet.

Use a cord and a plug which meet the requirements of the

line power to be used.

The 1inefilte: capaclitor is not required to be changed.

- 29 -
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4, OPERATING PROCEDURE |

4.1 Preli:inary Procedure (Seé Fig. l) _

" Before turning-on the oscilloscope power, set the kmobs on the

front panel as ‘_shown in the following tables

Item Ko, Setting
 INTEN @ | Extremely counterclockwise position
(POWER OFF) | | (OFF position)
FOCUS . (® | wig-position
' XDIE ‘@ | Press CH1 button 5
i PoSITION | (7) | Mid-position
VOI75/DIV @3 0.5 V/DIV position
VARIABIE @ \</ CAL'D position
AC - IC @ | L AcC position
GKD @ | _m. D position
TOE/D | @) 1 mS/DIV position
VARIABIE @ | \{Z | CAL'D position
TRIGERIG | @) | M ™" position
| M V¥IDE position
@ | M INT position
<—> POSITION Kid-position, depressed state
"2IG LODE €2 _m_ AUTO position
SELF WAVE-FIXED | (3)) | | OFF position

- 30 -
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Connect the power cord to an AC line outlet df the correct

- voltage and, then proceed as follows:

1) Turn the INTEN knob (1) from the POWER OFF position to

3)

4)

" the extremely clockwise position, A click sound (power-on

VSOund) is generated and the IED light turns-on at an

upper left of the knob,

In about 10 seconds after the above, & bold horizontal
trace line will be displayed on the CRT screen, Adjust

‘the trace to an appropriate brightness with the INTEN

mob (D).

If no trace is displayed within about 20 seconds, repeat

setting of each knob as indicated in the above table. .

Corinect the signal of the CAL (1 Vvp-p) terminal to the
vertical INPUT terminel (7 using the lead with ENC

connector or other approPriate cord,

Set the , GND (20 switch in the popped up state ( ),
and so adjust the IEVEL kmob (26) that the displayed waveform
becomes stationary., A waveform as shovn in Pig. 5 should

be displayed on the CRT screen,
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Fig, 5

- 5) So adjust the FOCUS knobd (:) that the displayed waveform

becomes sharpest,

6) So adjust the VOITS/DIV switch (13 and TIME/DIV switch
that an appropriate number of peaks are displayed with an

appropriate amplitude.

7) Align the displayed waveform with the graticule by
adjusting the vertical POSITION knob Cg@ and horizontal
POSITION kmob ‘, and determine the voltage (V) and

period (T).

The above explanation is for the single~channel operation with

CHl1, The same explanation is applicable for the single-channel
operation with CH2, simply by replacing "CH1 with "CH2", The
dual-channel_operation and general operation methods of the oscilloscope

are explained in the subsequent sub-sectibns.
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4.2 Dual—channél Operation

' Change thevaE switch to the DIIAL state:r so that another
trace is displayed in addition. This trace is of CH2. (The
trace explained in the preceding sub-section is of CH1.) At
this stage 61’ procedure, thg Cﬁl trace is the square wave of the
calibration signal and the CH2 'brafcev is a stralght line as no

‘sig,nai is being épplied to this line yet.

Now, apply the calibration signal also to vertical INPUT
términai of CH2 as 1s the case for CH1 and set the GND switch
’ @ in the popped up state ( ). so e.djuét the vertical
POSITION switches (7) and (2) ‘that two channels of signals

are displayed as shown in Fig. 6.

T MY MR ) :
’ > Signal of CH1
BEREEER BERERERER
C'.‘> 'Signal of CHZ
Fig., 6
- 33 .
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Whén in the dual mpde of operatibn;_fhe trigger signal source
is gutoﬁatically switched the CH1 TRiG state and the sweeps
are 'tr'i'ggerea by the oRL signal alone. Therefore, 1f the CH2
signal is synchronized with the CHL signal, the displayed

waveforms of both channels are stationary,

This oscilldscoPe has elimingsted the selgctor switch between
CHOP end ALT modes for dual-channel operation. The DUAL
switcﬁ (10  alone is required to be manipulated for the dual-
channel operation, Actﬁally, the sweep modes afe switche&
being linked to the TIME/DIV switch (24). At ranges the sweep
speed 1s 1 msec/DIV or slover, the switching is in the CHOP
mode; at ranges the sweep speed is 100 gsec/DIV or faster, the

switching is in the ALT mode.

X-Y Operation

Set the MODE switch in the X-Y state (9), With this simple
procedure, the instrument operates as an X-Y scoﬁe with CH1

for X-axis emnd CH2 for Y-axis,

ForAthe Y-axis, the CHz_opérates in the same eiectrical perfor-
mances and procedure. Regarding the X-axis, the frequency
response becomes DC ~ 1 MHz (-3 dB) and the horizontal POSITION

control becomes effective for the X-axis while the CHL

- POSITION control.,éza remains idle, Other electrical performance

and procedure remains the same,
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Apply the calibration voltage signal to 'both X and Y axis
‘and adjust the VOLTS/DIV knobs of individual axis so that a
. Lissajous figure as shown in Fig, 7 is displayed on the CRT

screen,

t Y-axis
X-axis: 200 mV/DIV
Y-axis: 200 mV/DIV
— X-axis-
Fig, 7

Note: Eér measurement of high fréquencies in the X-Y operation,
pay attention to the frequency responses and phase
difference between X-axis and Y-axis of the oscilloscope

itself,
4,4 Intensity Modulation Operation

This mode of operation is employed when controlling the trace
intensity with an external signal, when displaying intensity-

modulated marker signal, etec.
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4.5

Disconnect the shortlng bar of the external inten51ty modulation
181gnal input termxnal (2-AXIS INPUT CED , see Fig, 2), and apply
en intensity modulation signal between Z-AXIS INPUT terminal ()
and GND teimi_nal . - When the intensity modulation is not used,

keep thelshorfing bar connected,

The intensity can‘be controlled sufficiently with a TTL level
signal, For the maximum allowable input voltage, refer to Item

3,4 "Precautions in Operation,"

The intensity can be controlled also DC-wise, This feature can
be utilized for remote control of intensity with an external
IC signal.

Sweep Magnification (PULL 5X MAG)

When a part of the input signal waveform is required to be
enlarged for observatlon of details, a faster sweep speed may

be used, However, if the part to be enlarged is apart from the
start of the sweep, the part may rum out of the screen, In such
a case, by pulling out the HORIZONTAT POSITION knob @
dlsplayed waveform cen be magnified by 5 times to right and left

from the center of the screen as shown in Fig, 8,
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Original waveform ‘

5 magnificatibn

\ 'I"_""'\‘ —— ~
1 /
(I B S , C Lo_J L

Magnified waveform vAny part cen be
displayed by means
of <=— POSITION kmob,

Fig. 8

When megnified, the sweep‘speed' ié as follows:

Indication of TIME/DIV switch X 1/5

The meximum sweep speed of the oscilloscope when this magnifi-

cation function is effected becomes as follows:

1 psec/DIV X 1/5 = 0.2 psec/DIV
When the trace is megnified, its intensity becomes lower.
Therefore, the use of the magnification feature should be

limited to the folldwihg cases:
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(1) When a part apart from the start of the sweep is

" required to be enlarged.
(2) Wnen a sweep speed faster than 1 gsec/DIV is required.

4.6 Selection of TRIG MODE

(1) NORM mode:

When fhe trigger level is within the trigger input signal

’ amplitude;va trigger pulse signal is produced and this
signal drives the sweep circuit so that a stationary waveform
is displayed on the CRT screen, This state is called "being

triggered" or "triggering is effected,”"

When no trigger input signal is applied or the trigger level
is not within the trigger input signal amplitude, the sweep
circuit is in the 'staﬁdby state and no trage‘ is displayed on
the CRT screen. - This state‘is,called "not being triggered"

or "triggering is not effected,®

When.trigger is not‘effeéted, the faegt may be mistaken for
.‘an incorrect seftiné (for example, mistaken for incorrect
setting of the INTEN kmob (1) or vertical FOSITION kmob (7)
or QZ? . Therefore, the AUTO mode should be uséd except the

following cases:
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(2)

(3)

(1) The repetition frequency of the trigger input

signal is lower than 10 Hz,

(11) The waveform is required to be displayed on the
screen only when the_input signal (tfigger signal) |

is applied.

AUTO mode:

A stable sweep operation can be obtained when the trigger

. input signal is higher than 10 Hz. When triggering is OFF,

the sweep runs in the AUTO (FREE RUN) mode, Even at a
fést sweep speed, a bright trace is displayed and the ZERO
level can be easily checked; Thus, the AUTO mode is most

convenient for general waveform display.

TV mode:

This triggering mode is used for observation of TV wvideo

signals. The TV video signal applied to the trigger input

‘circuit is’fed to a sync., separation circuit for picking

_off the'syncbronization signal and this signal is used as

the triggering source signal. Thus, the TV video signal

- 1s displayed #ery stably.

Also, being linked to the TIME/DIV knob, triggering is
synchronized to the vertical sync, signal (TV:V) for the

ranges of 100 msec/DIV ~ gsec/DIV and to the horizontal
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_ sync. signal (TV-H) for the ranges of 10 usec/DIV ~

1 gsec/DIV,

Set the SIOPE switch is conformity with the polarity of the

sync. pulses of the video signal as shown in Fig. 9,

SLPE
=> = -
S B

Fig. 9
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4.7 Operation of SELF WAVE-FIXED Switch

Set the‘ﬁbDE switch in the CHl'position'SA that the oscilloscope
opefatés in the single ohannel mode,'apply a sinusoi&al wave of
1 kHz to the CHi INPUT terminal, and set the TIME/DIV switch in
the 1 mS position. A waveform as shown’in Figﬁfe 10 will be

displayed on the CRT screen.

Sét the WAVE-FIKED’VARIABLE knob in the CAL'D position and

turn-ON the SEIFiWAVE—FIXED'switch. A single wave as‘shown in
Pigure 11 will be disﬁlayed on the screén.‘ The displayed waveform
will femainvconstant even when the input signal frequency is

varied for a range of 10 Hz to 100 kHz,

' The number of displayed waves is adjustable for a range of 1 wave

to 4 waves with the WAVE-FIXED VARIABIE knob.

If the input signal frequency becomes lower than 10 Hz while the

SELF WAVEeFIXEﬁ éwitch.is‘ON; the displayed waveform is distorted,
If the inbuﬁ signalbfréquency becomes higher than iDO'kﬁz, the
SELF WAVE-FIXED funcfion is overriden and>the.operation'becomes
the same with.thaf the switch is OFF and the number of displayed
wavesvincfea3§s or decreases in proporfion to thé input signal

frequency.

| The SELF WAVE-FIXED function is sucdessfully performed irrespective

of the input signal waveform (Sinusoidal wave, triangular wave,

- b1 -



826l

square wave, etc.) so far as the signal is with the fundamental

frequency .component alone. If the signal includes harmonics or

noise, the SELF WAVE-FIXED function becomes unsuccessful, - When

the input signal frequency is lower than 50 kHz,:the effect of

noise can be reduced by setting the trigger switch in the HJ REJ

_m_ state,.

Fig. 11
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5. METHODS OF MEASUREMENTS

5.1 Connection Method of Input Signal

-Thé,input impeaancé"of?the*ogoilloécdpe as viewed from the
vertical inbut‘terminal is 1 M0 with capacitance appfoximately
30 pF in parallel. When the probe 960 BNC is used, the
impeaance'inéreases,to resiStanée 10 MQ with capacitance

‘approximately 20 pF in pa:allel.

There are various methods of connection betwéen measured signal
source and oscilloscope. The most popular methods afe with

| regulér wires, with shielded wires, with a probe, or with a
coaxial cable, Suitable ones are used taking the following

factors into consideration.

Output impedence of input signal source
Ievel and frequency of input signal
External induction

- Distance betiween input signal source and oscilloscope

Types of input signals and connection methods are tabulated in

the following:
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Connection

. . method _Gerieral | Shielded .Probe | Coaxial | Others
~Liype © : wire | wire cable
input signal _
ﬁbw " [Near O O O O
ippedance Far: C) | - »C)
frequency High | Near ,@9' O @
‘ | impedance | Far . @9. @9
| Nearr> C) C) .
Low
 High impedance | F&F O
frequency : | Near () 69»
, High Fai
impedance

(O: Good, @: Fair)

o Connection with regular wires:

Set a ENC Type Adaptor (Type 942A, accessory) to the vertical input
terminal and comnect regular wires to the adéptor. ‘This method

is simple and the input signal is not attenuated, However it
susceptible fo induction noise when long wireé are used or wheh

the signal source impedance is high. Another disadvantage is a
large stray capacity with respect to the ground, As compared with
the case the 10 : 1 brobe 960 BNC is used, laréer effects are

caused by the stray capacity.
Cormmection with shielded wire:

The use of a shielded wire prevents extermsl induction noise,

However, the shielded wire has as large stray capacitance as
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50 pF/m ~ 100 pF/m and this method is not suitable when the

signal source impedence is high or the measured signal frequency

is high.
Connection with coaxial cable:

When the output impedance éf the signal source is 50 Q or 75 Q,
the iﬁput signal can be fed without attenuation up to high
frequencies by using a coaxial cable which'enables impedance
matching. For impedance matching, terminate the coaxial cable
with & 50 Q or 75 Q pure-resistive reéistor corresponding to the

characteristic impedance of the coaxial cable, as shown in

Pig., 12.
I
COAXIAL CABIE |
IRRbhh | i
l ! ™ ° O
| , :< I
] R ' | . R
| | R O TC! Ri
~ | o
| N |
' |
| | | .
RN |
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,
Pig, 12
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o Connection with probe:

A probe with an atfenuation ratio of 10 : 1 is available as an
Aaccessory. The probé circuit and probe cable are shielded to
prevent induction noise. The probe circuit makes up a wide-
range attenuator in conjunction with the input circuit of the
oscillbscope, théreby enabling a distortiogless connection from
'IC to high frequencies, When the probe is used, although the
signal level is attenuated to 1/10, the input impedance

becomes very high (resistance 10 M2, capaciténcé approx, 20 pF)
and the loading effecf on the measured signal source is greatly

reduced as éxplained in the following:

(—Cﬁ} (‘T : A ‘\1 ‘ o P .

} Rs v
J_

Z IN=> " C1 | Cs Cz Rz

A
—A—t

Rs = Series resistance OSCILIOSCOFE

of -cable

Cs = Stray capacitance

plus cable capaciltance

. Fig. 13
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The_prdbé ﬁakes up a wide—range-attenuatorvwith‘its resistor
R1 which make‘uéian attenuator circuif.with respecf.to input
:resistor R2 of fhe qscillbscopé end with its capacitor Clv

'Wﬁich éompenéates for input capacitor C2 of the éscilloscope
and étréy caﬁééitance (Cs)»of'the cable., The input impedence

ZIN is expressed as follows:

Rl 4 R2

liy = ¢ (R1 + R2) + 1

¢l (c2 4+ Cs) -
Cl + C2 + Cs

Attenuation factor A is expresséd as follows:

N R2 (o _.__lMe 1
RL + R2 MR + 1Mq - 10

Precautions:

o Observe the maximum allowable inpuf'voltages mentioned

in Item 3.4 "Precautions in Operation,"

o Be sure to use the grownd lead wire which accompanies the
probe, When used in the dual-channel mode also, be sure to

use the ground lead wires for individual channels,

0 Before commencing measurement, accurately adjust the

' phase of the probe without fail,
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o Do not apply unreasonably large mechanical shocks or
vibration to the prové. Do not sharplyibend or strongly

pull the probe cable,

0 The probe unit 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,

5.2 Voltage Measurement

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

measure. the ACAcomponent aloné‘of & signal which has a IC
component superimposed on the AC component, set the vertical
input AC/DC selector Bwitch ( Q;) , (ED ) in the AGC position. To
measure a signal vhich has a DC component, set the switch in the

DC. position,

Before -commencing voltage measurement, set the7VARIABLE attenuator
knob (@2, @9 ) to the CAL'D position and calibrate the sensitivity

to the value indicated by the VOLIS/DIV selector (©, ).

Apply the signal to be measﬁred, display the signal with an
appropriate amplitude on the screen, and determine the emplitude
on the graticule, (Fof.DC voltage measurement,'Qetermine the
shifﬁed distance of the trace,) The voltage can be known as

follbws:
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(l) When measured s1gnal is dlrectly aoplled to input

termlnal

Voltege (V) = Deflection amplitude (DIV) x

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

Voltage (V) = Deflection emplitude (DIV) X

Indication of VOITS/DIV switch X 10

k //A\\ //ﬂ\\ //N\\ AC Voltage Vp~
T/\\/ VA \/ (Vp-p)

DC Voltage (V)

R

Fig, 14

5.3 Current Measurement (Voltage drop method)

- Connect a small~iesistance'resistor (R) in series in the gircuit
in which the current (I) to be measured flows and messure the
_ volfage drop across the resistor with the oscilloscope, The

current is known from Ohm's law as follows:
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The resistance should be as small as that it does not cause

~ any change to the measured'signal source,

In the above method, currents from DC to high frequencies can |

be measured- quite accurately,
5.4 Time Measurement

Measurement of time interval

The time interval between any two points on the displayed

waveform cen be measured by setting the TIME/DIV VARIABIE

knob (29 in the CAL'D position and referring to the indication
of the TIME/DIV switch (24) .

Fig. 15

Time T (sec) = Indication of TIME/DIV X Horizontal span (DIV)

When the sweep is megnified (5 X MAG @ ), the time is 1/5 of

the value determined as above.
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5.5 Frequency Measurement

o} Frequenéy measurement by determining time (T) per one cycle

of the displayed waveform:

Time T (period) is messured as explained in Item 5.4 and the

- frequency is calculated by using tbe'follpwing formula.,

1
Frequency £ (B2) = Period T (sec)

o Frequency measurement with Iissajous figure (See Figs. 16

and i?.):

Set the MODE switch in the X-Y state so that the instrument

operates as an X-Y scope. (See Item 4.3 "X-Y Operation.")

Apply to the X-axis a known frequency from & signal generator
(s@) end to the Y-axis the fre@uency to be measured., So adjust
the reéuired controls that a pattern is displayed on the overall
éurfaée‘of the CRT screen. Then so adjust the freqﬁency of the
 signal generator that the displaYedrpattern becqmes sfationary
ég éhowniin.Fig. l6f From the displayed waveform, the unknown

frequency can be calcuiated as follows:

The number of crossing points

Unknovm over horizontal scale line = Prequency of
frequency = X signal
(1)

The number of crossing points

generator_(Hz)
. over vertical scale linek
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‘The ' number
L~

"of crossing

UNKNOWN
FREQUENCY

Fig. 17
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5.6 Measurement of Phase Difference’

0

180

n

Measurement of phase difference with Iissajous figure (See

'Figs; 17, 18 and 19):

Operate the oscilloscope in the X-Y mode as explained in the
paragraph for frequency measurement, and appiy two signals of |

the same frequency (suchvas stereophonic signals) to the X and

Y axes so that a Iissajous figure is displayed on the CRT screen,

The phase difference between the two signals can be known by measuring.

displayed waveform and employing the following equation:

Phase difference f = sin~ T f%"

1—1 ‘

Pig. 18

150°(240°) - 9° (210°)  &0° (300°)  0° (360°)
' Fig;.l9 .
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o Messurement of phase difference with dual-channel mode:

Set the MODE switch in the DUAL state @ , and comnect to
CHL the signal to be used for reference and to CH2 the signal
to be measured. So adjust the bséilloscope that it displays

signals as shown in Fig, 20.

1N\ TN\ |
: A
/ \ \ ¥
?I

A A=A
— N NN }
- | f
—» t : B
N L/

. " g B=38
N2
N | ; {

J

Fig. 20
The phase difference ( f ) can be calculated as follows:

t 0
g = T X 360"
In this dual-chennel method, very small values of t can be
measured, Another .advan’cage is that the phase can be knovn at

a glance whether it is leading or lagging.
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5.7 Measurement of Pulse Waveform Characteristics

A thedreticélly ideal pﬁlée Qaveform is such that-the signal

~ changes instentaneously from a certain 1evei to another level,
ﬁeldvin tﬁis level for'a éeftain period, and returns instantaneously
to the §riginal level., “However, actual pulse waves are distorted,

Nomenclature of distortions is given in Fig. 21.

p OVERSHOOT /\ RINGING
Y ¥ O
17014 : ~ @
t
BASIC
AMPLITUDE @ ®
(4)
| 054
R YR \®
\ 0.1A
OFFSET LEVEL!
0 LEVEL T
«{— PULSE WIDTH (W)
e £ r-> e £
RISE TIME ~ FALL TIME

Fig. 21

Pulse amplitude: Basic amplitude (A) of pulse’

Pulse width: Time between points (2) and (5) where

signal amplitude is 50% of basic amplitude

Rise time: Time between 10% basic emplitude point (:)

and 90% basic amplitude point (3)
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Fallvtime:' . Time between 90% bésic amplitude point 4

and 10% basic emplitude point 6

Overshoot: ‘ Amplitude of the first maximum excursion
beyond basic amplitude, Expressed in

terms of b/A X 100 (%)

Ringing: . Oscillation which follows the first maximum

- excursion, Expressed in terms of o/A x 100 (%)
0 Measurement of rise time:

The r;ée time of a julse can be known by determining the value
of t_ on the CRT screen in the method of "Pime Measurement,"
It must be noted that tr determined on the CRT screen includes
the rise time of the oécilloscope itsglf. The closer thévrise
time of the oscilloscope}(to) to the rise time of the measured
pulse (tﬁ), the larger is the error introduced. To eliminate

this error, calculation should be done as follows:

S . | N2 g 82
True rise time t = \/(tr) - (to)
wﬁere, ~tr:‘ Rise -time measured on CRT screen

t,: Rise time of oscilloscope itself -

(approx. 35 nsec)
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For”eXample, when‘aApulsé wave with rise time 100 nsec (about
3 times of that of the oscilloscope) is measured on the CRT

séreen, the error is approximately 6%.

Measurement of Sag

PulseAwaveforms may have slanted sections as shown'in Fig. 22,

other than those distoryions mentioned in Fig., 21. (For

exemple, slants are caused when the signal is amplified with
an amplifier which has poot low-frequency characteristics,
resulting from attenuation of the low fréquency component.)

The slanted section (d or d!) is called "sag" which is’

calculated as follows:

a at

sag= — (or—) x 100 (%)
A _At .

o

.

o N fujr—_

Fig. 22

Note: If the AC-coupling mode is used for measurement of a
Aj_low frequency pulse, sags ave caused, For measurement of

low fréquency pulées, use always. the DC-coupling mode,
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6. Application Examples
‘6.1 Waveformebservation for Frequency Responée Measurement

A test setup as shown in Figure 23 may be uéed to measure the
frequency responselof a fépe récorder, a disc record player or an
.émplifiér. In this setup, the measured device is connected to a
miilivoltmetef which has an butput terminal which is connected to
the 55138F. With this test setup, even when‘thevfrequency of the
"signél souice (signel generétor, test tape, fest disc record, of
other'device) varies, & pattern with a constant number of peaks is
displayed on thé screen and, therefore, thefwavefofm can be monitored

very conveniently,

SIGNAL " _| MEASURED MILIVOLT- o
SOURCE | DEVICE 7| METER S5513SF

 Fig. 23

0 VWaveform observation for frequency response measurement of -

magnétic tape‘playback head:

" TEST TAPE. EQUALIZER

PLAYBACK
~ HEAD

MILIVOLT- | o] ccjzcp
METER e

Fig. 2L
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o Waveform observationAfér frequency response measurement of
disc record pickup:
EQUALIZER

PICKUP
o

MILIVOLT- '

TEST RECORD

Fig. 25
6.2 Waveform Observation of Electronic Circuits

The vafious waveforms of electronic circuits can be rapidly measured
with this instrument, Even when the measured signal fregquency has
change, the Waveform displayed on the screen remains a constant
number of peaks unlike the éase of the coﬁventional oscilloscope

in which case the time axis adjustment is required to cope‘with

change in measured signal frequency., Therefore, measurement can be

~ done very conveniently and rapidly,
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ﬂM/l/l/l/JUlﬂﬂm

RS

ELECTRONIC e 5513SF
CIRCUIT ‘ ~

Displayed waveforms

Fig. 26

If the noise supérimbbsea on the measured signal is more than

0.2 DIV in term of.deflection amplitude on the screen in the
measurement of Section 6.i or 6.2,4the SF circuit of the instrument
may trip erroneously, In order to prevent erroneous trip, so

adjust the VOLTS/DIV switches '13 and lSA that the noise component

becomes less than 0,2 DIV.

If the measured signal frequency is lower than SOkHz, set the

triggering switch 28 in the HF REJ state ( ) whenever possible,

Should be less than 0,2 DIV

Fig. 27
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