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FEATURES 

• Sma l l and c o m p a c t w i t h h igh 5 m V / d i v sensi t iv i ty and 1 0 0 
M H z b a n d w i d t h (1 m V / d i v w h e n X 5 G A I N func t i on is used 
and 5 0 0 ^ V / d i v for cascaded opera t ion , CH1 to CH2) . 

• Br ight 1 5 0 m m rec tangu lar CRT w i t h an in ternal grat icu le 
and a 1 6 kV acce lera t ing po ten t ia l . 

• Ver t ica l axis is capable of s ingle, dual as we l l as 4 - t race 
display. 

• Dual s w e e p w i t h i ndependen t A and B sweeps is p rov ided in 
add i t i on to single sweep , X 1 0 magn i f i ca t i on , de layed sweep 
and a l te rna t ing s w e e p capabi l i ty . 

• Fast 2 0 n s / d i v s w e e p speed ( 2 n s / d i v w i t h X 1 0 m a g 
n i f icat ion) . 

• A s w i t c h i n g type p o w e r supp ly prov ides s tab le ope ra t i on 
w i t h vary ing p o w e r sources. 

• A conven ien t channe l 1 samp l i ng o u t p u t is p rov ided . 
• Gate signal o u t p u t s for b o t h A S w e e p and B S w e e p are 

p rov ided for use in synchron iz ing per iphera l e q u i p m e n t to 
these sweeps . 

• A conven ien t b e a m f inder a l l o w s you t o qu ick ly locate 
elusive traces. 

• Logic con t ro l led s w i t c h i n g w i t h LED l ighted p u s h b u t t o n 
s w i t c h e s prov ides easy, rel iable s w i t c h i n g w i t h se t t ing ho ld 
capab i l i t y w h e n the i ns t rumen t is s w i t c h e d off. 
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SPECIFICATIONS 

C R T 
M o d e l : 1 5 0 A T M 3 1 A 
Display area: 8 X 10 div (1 d i v = 1 cm) 
Type : Rectangular , w i t h in ternal 

gra t icu le 
Acce le ra t i ng po ten t i a l : 1 6kV 

V E R T I C A L A X I S ( C h a n n e l 1 a n d C h a n n e l 2 i d e n t i c a l 
s p e c i f i c a t i o n s ) 

Sens i t iv i ty : 5 m V / d i v to 5 V / d i v (X1 mode) 
1 m V / d i v to 1 V / d i v (X5 mode) 
5 0 0 ^ V / d i v (Cascaded opera t ion , 
CH 1 to CH2) 

Accu racy : ± 3 % ( 1 0 ~ 3 5 ° C ) 

± 5 % (0 ~ 5 0 ° C) 

± 8 % (Cascaded opera t ion , 

CH 1 to CH2) 
A t t e n u a t o r : 5 m V / d i v t o 5 V / d i v in 1 - 2 - 5 

sequence , all 10 ranges w i t h 
f ine ad jus tmen t . 

Input res is tance: 1 M 0 ± 2 % (1 M 0 mode) 
5012 ± 2 % ( 5 0 0 mode) 

Inpu t capac i tance : App rox . 2 8 p F 
Frequency response: ( Inc lude x 5 G A I N mode) 

DC: DC to 1 0 0 M H z ( - 3 dB) 
DC to 1 2 0 M H z ( - 6 dB) 
D C t o 7 0 M H z ( - 3 dB) , 
(Cascaded opera t ion , C H 1 t o CH2) 

AC : 5 Hz to 1 0 0 M H z ( - 3 dB) 
5 Hz to 1 2 0 M H z ( - 6 d B ) 
7 H z t o 7 0 M H z ( - 3 d B ) , 
(Cascaded opera t ion , CH 1 , to CH2) 

R iset ime: 3 .5ns 

S igna l de lay t i m e : A p p r o x 3 0 n s as d isp layed 
on CRT screen 

Crossta lk : — 4 0 dB m i n i m u m 
Opera t i ng modes : 

CH1 CH 1, s ingle t race 
C H 2 C H 2 , s ingle t race 
D U A L CH 1 and C H 2 , dual t race 
A D D CH 1 + CH2 (added) d isp lay 
Q U A D CH 1 ~ C H 4 . four t race 
A L T T w o or four w a v e f o r m s , 

a l te rna t ing 
CHOP T w o or four w a v e f o r m s , chopped 

CHOP f requency : App rox 2 5 0 kHz, sw i t chab le 
Polar i ty reversal : C H 2 on ly 
M a x i m u m inpu t vo l tage : 5 0 0 V p - p or 2 5 0 V (DC + A C 

peak) in 1 M 0 mode. 
5 V r m s or DC ± 5 V in 5 0 0 mode . 

M a x i m u m und i s to r t ed 
a m p l i t u d e : 8 d iv is ion , m i n i m u m (DC to 

1 0 0 MHz ) 

B a n d w i d t h l im i t i ng : Ver t ica l sys tem b a n d w i d t h 
w i t h the 2 0 M H z B W p u s h b u t t o n 
s w i t c h pushed is app rox ima te l y 
2 0 M H z 

V E R T I C A L A X I S ( C h a n n e l 3 a n d C h a n n e l 4 c o m m o n 
s p e c i f i c a t i o n s ) 

Sens i t iv i ty : 0 .1 V / d i v . 1 V / d i v ± 3 % 
A t t e n u a t o r : 1 / 1 , 1 / 1 0 
Input res is tance: 1 M 0 ± 2 % 
Input capac i tance : App r ox . 2 8 pF 
Input coup l i ng m o d e : DC on ly 
Frequency response: DC to 1 0 0 M H z ( — 3 dB) 

D C t o 1 2 0 M H z ( - 6 dB) 
R iset ime: 3 .5ns 
S igna l de lay t i m e : S a m e as CH 1 and C H 2 
M a x i m u m a l lowab le vo l tage 

DC c o m p o n e n t : ± 0 . 5 V or less (AC -+- DC) 
( ± 5 V , 1 / 1 0 a t tenua ted) 

A C c o m p o n e n t : 1 V p - p ( 1 0 V p - p , 1/1 0 a t tenua ted) 
or less 

M a x i m u m inpu t vo l tage : 5 0 V (DC -+- A C peak) 

H O R I Z O N T A L A X I S ( C H 2 i n p u t ) 
M o d e s : X-Y m o d e is s w i t c h selectable 

( H O R I Z O N T A L D ISPLAY) 
X-Y m o d e : CH 1: Y-axis 

C H 2 : X-ax is 
Sens i t iv i ty : S a m e as CH2 
Accu racy : S a m e as C H 2 
Input res is tance: S a m e a s C H 2 
Input capac i tance : S a m e as C H 2 

Frequency response: 

DC: DC to 5 M H z ( - 3 dB) 

D C t o 6 M H z ( - 6 dB) 
AC : 5 H z t o 5 M H z ( - 3 dB) 

5 Hz to 6 M H z ( - 6 dB) 
X-Y phase d i f ference: Less t han 3 ° at 1 0 0 kHz 

S W E E P 
M o d e s (sw i tchab le w i t h the H O R I Z O N T A L D I S P L A Y sw i t ch ) : 
A A S w e e p 
A L T B S w e e p w a v e f o r m is d isp layed as 

an in tens i f ied po r t i on of the 
A S w e e p and B S w e e p a l te rna t ing 

A - I N T - B Dura t ion of the B S w e e p is d isp layed 
as an in tens i f ied po r t i on of 
t he A S w e e p . 

B D L Y ' D Delayed B s w e e p 
D U A L Dual s w e e p — A and B sweeps , 

in dependen t l y 
X-Y X-Y d isp lay m o d e 
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SPECIFICATIONS 

A S w e e p t i m e : 2 0 n s / d i v t o 0 .5s /d i v in 2 3 
ranges, in 1 - 2 - 5 sequence, 
vern in ier con t ro l prov ides 
fu l ly ad jus tab le s w e e p t i m e 
b e t w e e n steps. 

B S w e e p t i m e : 2 0 n s / d i v t o 5 0 m s / d i v in 2 0 
ranges, in 1 - 2 - 5 sequence. 

Accuracy : + 3 % ( 1 0 ~ 3 5 ° C ) 
± 6 % ( 0 ~ 5 0 ° C ) 

S w e e p magn i f i ca t i on : X 1 0 ± 5 % ( 1 0 ~ 3 5 ° C ) 
± 7 % (0 ~ 5 0 ° C ) 

L inear i ty : 2 0 n s / d i v to 0 .5s /d i v ± 3 % 
( ± 5 % w i t h X 1 0 magn i f i ca t ion) 

H O L D O F F : Con t inuous ly ad jus tab le for A 

S w e e p hold of f t i m e f r o m 
N O R M t o X 5 . 

Trace separa t ion : B pos i t ionab le up to 4 
d iv is ions separa ted f r o m A 
S w e e p , con t inuous ly ad justab le . 

Delay m e t h o d : Con t i nuous delay. SYNC delay 
Delay t i m e : 0 .2 to 10 t imes the s w e e p t i m e 

f r o m 2 0 0 n s to 0 .5s , c o n t i n u 
ously ad justab le . 

T i m e d i f fe rence m e a s u r e m e n t accuracy : 
± 2 % ( 1 0 ~ 3 5 °C) 
± 4 % ( 0 ~ 5 0 ° C ) 

Delay j i t ter : 1 / 2 0 0 0 0 of t he ful l scale 
s w e e p t ime . 

T R I G G E R I N G 
A T R I G 

A t r igger m o d e s : A U T O . N O R M , S INGLE, 
FIX: at t he cen ter of t he 
w a v e f o r m 

Tr igger source: V M O D E . CH 1 , C H 2 . (EXT) CH3 
1/1 and 1 / 1 0 

Coup l ing modes : A C , L F R E J , H F R E J , DC, V I D E O 
V I D E O - L I N E sync au tomat i ca l l y 
se lec ted at s w e e p t imes of 
5 0 yus/div t o 2 0 n s / d i v . 
V I D E O - F R A M E sync au tomat i ca l l y 
se lec ted at s w e e p t imes 
of 0 . 5 s / d i v t o 0.1 m s / d i v . 

Tr igger level : ± 9 0 ° ad jus tab le 

Polar i ty: + / — 
B T R I G 

B t r igger m o d e s S T A R T S AFTER DELAY, 
T R I G G E R A B L E AFTER DELAY 

Tr igger source: CH 1 , C H 2 , (EXT) C H 4 1/1 and 
1 / 1 0 

Coup l ing m o d e s : A C , LFREJ, HFREJ , DC 

Tr igger level : ± 9 0 ° ad jus tab le 

Polar i ty: + / — 
Tr igger sens i t i v i ty (A and B) 

C O U P L I N G F R E Q R A N G E 
M I N I M U M S Y N C A M P L I T U D E 

C O U P L I N G F R E Q R A N G E 
I N T EXT E X T 1 1 0 

DC 
D C - 2 0 M H z 
D C - 5 0 M H z 
D C - 1 0 0 M H z 

0 5 d i v 
1 Odiv 
1 5 d i v 

5 0 m V 
1 0 0 m V 
1 5 0 m V 

0 5 V 
1 OV 
1 5 V 

A C 
S a m e as for D C b u t w i t h i n c r e a s e d m i n i m u m leve l for 
b e l o w 2 0 Hz 

A C 
H F n [ j 

I n c r e a s e d m i n i m u m leve l b e l o w 2 0 H Z a n d above 3 0 K H Z 

A C 
L F f u j 

I n c r e a s e d m i n i m u m leve l b e l o w 3 0 k H z 

V I D E O F R A M E L I N E 0 5 d i v 5 0 m V 0 5 V 

A U T O : S a m e as above spec i f i ca t ions for above 3 0 Hz. 
FIX: 4 0 H z ~ 2 0 M H z 1.0 div ( 1 0 0 mV) 

4 0 H z ' v S O M H z 1.5 d iv ( 1 5 0 mV) 

J i t te r : 0 .5ns m a x i m u m at 1 0 0 M H z at 
2 n s / d i v s w e e p ra te (X1 0 M A G on) 

C A L I B R A T I N G V O L T A G E A N D C U R R E N T 
1 kHz ± 3 % Posit ive square w a v e 
0 .3V ± 1 % ( 10 - 3 5 C) 

+ 2 % (0 - 5 0 C) 
1 0 m A ± 2 % ( 1 0 - 3 5 C) 

± 4 % (0 - 5 0 C) 

I N T E N S I T Y M O D U L A T I O N 
Input s igna l : TTL level, intensity increasing 

w i t h more pos i t ive levels 
Input impedance : App r ox . 10 kO 
Usable f requency range: D C t o 1 0 M H z 
M a x i m u m input vo l tage : 5 0 V (DC + A C peak) 

V E R T I C A L A X I S O U T P U T Samp led CH1 ou tpu t 
O u t p u t vo l tage : 5 0 m V p - p / d i v ( in to 5 0 0 load) 
O u t p u t impedance : App rox . 5 0 0 
Frequency response: DC to 1 0 0 M H z ( — 3 dB) 

( in to 5 0 0 load) 

G A T E O U T P U T (A a n d B) 
Outpu t vo l tage : Approx . 1.5V pos i t ive ga te 

( into 5 0 0 0 load) 

T R A C E R O T A T I O N Electr ical , ad jus tab le 

P O W E R S U P P L Y 
Line vo l tage : LOW: 9 0 - 1 3 2 V 

H I G H : 1 8 0 ~ 2 6 4 V 
Line f requency . 5 0 / 6 0 Hz 
Power c o n s u m p t i o n : App r ox . 5 6 W 

D I M E N S I O N S 
W i d t h : 2 8 4 m m ( 3 2 8 m m ) 
Height : 1 3 8 m m ( 1 5 0 m m ) 
Dep th : 4 0 0 m m ( 4 7 1 m m ) 

( ) d imens ions inc lude pro
t rus ions f r o m basic case ou t 
l ine d imens ions . 
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SPECIFICATIONS 
W E I G H T 7 4 kg 

A C C E S S O R I E S 
PC-29 Probes 2 
Ins t ruc t ion M a n u a l 1 
Hand Book 1 
A C p o w e r cord 1 
Panel Cover 1 
Probe holder 1 

O P T I O N 
Accessory Bag ( M C - 7 8 ) 

PRECAUTIONS FOR USE 

1) Do not apply input vo l tage exceed ing thei r m a x i m u m 
rat ing and . never apply external vo l tage to the input 
te rmina ls . 
CH 1 and C H 2 : 

1 Mil. 5 0 0 V p - p or 2 5 0 V (DC + AC peak) 
5 0 0 : 5 V r m s or DC ± 5 V 

C H 3 and C H 4 : 5 0 V (DC •+- A C peak) 
Z-axis Input : 5 0 V (DC + A C peak) 

2) The f o l l o w i n g cond i t i ons shou ld be avo ided : 
(a) D i rec t sun l igh t 
(b) H igh tempera tu res and humid i t y 
(c) Mechan i ca l v ib ra t ion 
(d) Prox imi ty to e lect r ica l noise or t rans ien t genera t ing 

mach inery . 
3) Do not use more than t h e requ i red b e a m intensi ty. 
4) Do no t leave the b e a m s ta t ionary for long per iods. 
5) The C S - 2 1 0 0 A makes use of in terna l ba t te ry w h i c h , if 

dep le ted , can cause the panel LED's n o t t o l ight upon tur 
n ing t h e un i t ON. If th is occurs , refer to t he inst ruct ion 
manua l f o r ins t ruc t ions on replac ing the bat tery . 

6) To prevent e lectr ica l shocks, be sure to c o n n e c t the G N D 
termina l to an appropr ia te ear th point . 

7) Coo l ing p recaut ions . 
The C S - 2 1 0 0 A is provided w i t h a conven ien t carry ing han
dle w h i c h doub les as a s tand to ad jus t t he v i ew ing angle. 
W h i l e any arb i t rary angle may be set , be sure tha t no ob 
jec ts are a l l o w e d to rest on the t o p o f t he un i t or tha t the 
coo l ing ven ts are not b locked, s ince th is w i l l cause an u n 
due t e m p e r a t u r e rise in the C S - 2 1 0 0 A . 

8) Since the C S - 2 1 0 0 A makes use of h igh vo l tage c i rcui t ry, if 
r emov ing the case, refer t o t he " M A I N T E N A N C E " for 
r emov ing the case. 

9) AC vo l tage se lector s w i t c h set t ing. 

Stopper 

M A D E I N J A P A N M A D E I N J A P A N 

1 Remove screw and stopper plate. 
2 Switch lever to opposite side. 
3 Lock lever by attaching stopper plate to opposite side screw. 
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E N V I R O N M E N T 
Opera t ing t empe ra tu re and 
hum id i t y for gua ran teed 
spec i f i ca t ions : 10 ~ 3 5 ° C , 8 5 % m a x i m u m RH 
Full opera t ing range: 0 ~ 5 0 ° C , 9 0 % m a x i m u m RH 
Storage t empe ra tu re and 

humid i t y range: — 2 0 ° ~ 5 5 ° C 

8 0 % m a x i m u m 
A l t i t ude : 

Opera t ing : 5 0 0 0 m 
Non -ope ra t i ng : 1 2 0 0 0 m 

C A U T I O N : 

Before app ly ing p o w e r to the C S - 2 1 0 0 A be sure tha t the Line 
Vo l tage S w i t c h is set to the proper vo l tage . If th is is no t done 
damage to t h e C S - 2 1 0 0 A cou ld result. 

A f te r ver i f y ing the se t t i ng , connect the A C Power Cord to the 
line power source. 



CONTROLS AND INDICATORS 

FRONT PANEL 
V E R T I C A L A X I S C O N T R O L 

( D V O L T S / D I V 

V e r t i c a l a t t e n u a t o r f o r c h a n n e l 1 ; p r o v i d e s s t e p 
a d j u s t m e n t of ver t ica l sens i t iv i ty . W h e n the V A R I A B L E 
cont ro l is t u rned t o the CAL pos i t i on , the ver t ica l sensi t iv i ty 
is ca l ib ra ted in 10 s teps f r o m 5 V / d i v to 5 m V / d i v . For X-Y 
opera t i on th is con t ro l p rov ides s tep a d j u s t m e n t o f ver t ica l 
sensi t iv i ty . 

(2) V A R I A B L E 

Fine a d j u s t m e n t con t ro l CH1 ver t ica l a t tenua t ion . This 
con t ro l p rov ides c o n t i n u o u s a d j u s t m e n t b e t w e e n the 
V O L T S / D I V ranges. W h e n set to its ex t reme c lockw ise 
(CAL) pos i t i on , t h e a t tenua to r is ca l ib ra ted . For X-Y 
ope ra t i on , th is con t ro l serves as the Y-ax is a t t enua t i on f ine 
ad jus tmen t . A s th is f ine ad juster uses a var iab le resistor 
w i t h a center t ap , t he amp l i t ude s o m e t i m e s does not 
change dur ing ro ta t ion . 

(3) $ P O S I T I O N / P U L L X 5 G A I N 

This is a p o t e n t i o m e t e r con t ro l w i t h an added s w i t c h 
f unc t i on . It serves as t h e C H 1 ver t ica l pos i t i on con t ro l for 
no rma l ope ra t i on and X-Y opera t i on as w e l l . W h e n pu l led 
ou t , the V O L T S / D I V se t t i ng is mu l t i p l i ed by 5 and for X-Y 
ope ra t i on the Y-ax is sens i t iv i ty is mu l t i p l i ed accord ing ly . 
In X 5 G A I N m o d e , the ver t ica l ga in is increased and the 
t race becomes th ickness . 

(4) U N C A L 
This LED l ights t o ind icate tha t CH1 is no t ca l ib ra ted , i.e., 
t ha t the V A R I A B L E con t ro l is no t in t he C A L pos i t ion . 

(5) P U L L X 5 G A I N 

This LED l ights to ind icate tha t the CH1 $ POSIT ION 
con t ro l is in the pu l led ou t pos i t i on , i.e. t ha t the CH1 
sens i t iv i ty is f ive t i m e s the V O L T S / D I V se t t ing . 

(6) A C - G N D - D C 

This s w i t c h is t h e C H 1 ver t ica l axis coup l i ng m o d e 
selector , for X-Y ope ra t i on , the Y-ax is coup l i ng m o d e 
con t ro l . 
A C : A C input coup l i ng , w i t h b lock ing of any DC s ignal 

c o m p o n e n t . 
G N D : Ver t ica l ampl i f ie r is d i sconnec ted f r o m t h e inpu t 

s ignal and connec ted to g round . This m o d e is 
usefu l in d e t e r m i n i n g the ac tua l g r o u n d po ten t ia l . 

DC: DC coup l i ng , w i t h bo th the DC and A C c o m p o n e n t s 
of the inpu t s igna l d isp layed on the CRT. 

(7) P U S H 5012 

This con t ro l se lects the C H 1 inpu t res is tance b e t w e e n 
50i2 and 1 M f i . In the depressed pos i t i on the inpu t 
res is tance is 5012. 

I — C A U T I I O N : 

In the 50Q input m o d e , t he m a x i m u m inpu t vo l tage is 
5 V r m s or DC ± 5 V . Care shou ld be taken no t to exceed 
th is level as d a m a g e t o t he C S - 2 1 0 0 A cou ld resul t . 
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(8) I N P U T 
CH1 ver t ica l i npu t connec to r ; serves also as the Y-axis 
input connec to r for X-Y opera t ion . 

(9) V O L T S / D S V 
V e r t i c a l a t t e n u a t o r f o r c h a n n e l 2 ; p r o v i d e s s t e p 
a d j u s t m e n t of ver t ica l sens i t iv i ty , V A R I A B L E con t ro l is tur 
ned t o the C A L pos i t i on , the ver t ica l sens i t iv i ty ca l ib ra ted 
in 10 s teps f r o m 5 V / d i v t o 5 m V / d i v . For X-Y opera t ion 
the con t ro l p rov ides s tep a d j u s t m e n t of hor izonta l 
sens i t iv i ty . 

(10) V A R I A B L E 
C H 2 ver t ica l a t t enua t i on f ine ad jus tmen t . Opera t ion is 
s imi lar to t ha t of the CH 1 V A R I A B L E con t ro l . For X-Y 
opera t i on t h e con t ro l serves as the X-ax is a t t enua t i on f ine 
ad jus tmen t . 

(11 ) $ P O S I T I O N X - Y ^ • / P U L L X 5 G A I N 
Dual con t ro l w h i c h func t i ons s imi lar ly t o t he cor respond ing 
C H 1 con t ro l . In add i t i on , it serves as the hor izonta l 
pos i t i on con t ro l and X-ax is sens i t iv i ty magn i f ie r for X-Y 
ope ra t i on . 

(12) U N C A L 
U N C A L d isp lay for C H 2 ver t ica l axis or for the X-ax is for 
X-Y ope ra t i on w h e n C H 2 V A R I A B L E con t ro l is n o t in C A L 
pos i t i on . 

(13 ) P U L L X 5 G A I N 
This d isp lay LED ind icates tha t X 5 magn i f i ca t i on is in ef fect 
for the C H 2 ver t ica l axis for no rma l opera t ion or t ha t it is in 
ef fect for the X-ax is for X-Y opera t ion . 

(14) A C - G N D - D C 
This s w i t c h sets the C H 2 ver t ica l axis input coup l ing m o d e 
or the X-ax is coup l i ng m o d e for X-Y opera t ion . Its 
ope ra t i on is s imi lar to tha t of t he co r respond ing con t ro l for 
CH 1. 

(15 ) P U S H 5012 
This s w i t c h selects the CH2 input resistance b e t w e e n 
5012 and 1 MS2. It serves to s imi lar ly sw i t ch t h e X-ax is 
i npu t res is tance for X-Y opera t ion . Opera t ion is the same 
as for t he co r respond ing CH 1 con t ro l . 

r - C A U T I O N : 

The same 5 V r m s or DC ± 5 V l im i ta t i on app l ies to the C H 2 
i nput w h e n us ing the 50J2 input resistance mode as 
discussed above for C H 1 . 

( 1 6 ) I N P U T 
C H 2 ver t ica l i npu t connec to r ; serves a lso as t he X-axis 
inpu t connec to r for X -Y opera t ion . 

( 1 7 ) M O D E 
Vert ica l axis m o d e se lec t ion sw i t ches . 
C H 1 Disp lay of CH1 inpu t s ignal only. 
C H 2 Disp lay of C H 2 inpu t s ignal only. 
D U A L Disp lay of bo th CH 1 and CH2 . For th i s m o d e 

e i ther C H O P or A L T m o d e w i l l be in ef fect , 
se lec ted by the s imi lar ly n a m e d sw i t ches . 

A D D Display of the a lgebra ic sum o f CH 1 + C H 2 
or, if C H 2 has been inver ted , t he d i f fe rence o f 

C H 1 - C H 2 . 
Q U A D Disp lay of CH1 t h rough C H 4 inpu t s ignals. For 

th is m o d e as we l l as for D U A L , e i ther the A L T 
or C H O P m o d e is app l icab le and se lec ted by 
the appropr ia te ly n a m e d s w i t c h . 

ALT W h e n D U A L or Q U A D m o d e has b e e n 
se lec ted , 2 or 4 s ignal inpu ts are d isp layed in 
an a l te rna t ing fash ion. 

CHOP Simi la r to A L T bu t input s ignals are d isp layed 
in a c h o p p e d fash ion . 

C H 2 INV This s w i t c h inver ts the po lar i ty o f the CH2 
input s ignal . 

2 0 M H z B W This s w i t c h w h e n the LED is ind ica ted , 
l im i ts t he ver t ica l b a n d w i d t h to approx imate ly 
2 0 M H z . 

[ - C A U T I O N : 

The var ious ver t ica l mode set t ings are re lated 
to hor izonta l m o d e and t r igger source. See the 
sec t ions on H O R I Z O N T A L D I S P L A Y and 
SOURCE for a descr ip t ion of th is re la t ionsh ip . 

( 1 8 ) B E A M F I N D E R 

This push s w i t c h is used to s h r i n k ' t h e CRT d isp lay to 
a l l ow easy locat ion of the beam. 

P O W E R S U P P L Y / C R T D I S P L A Y C O N T R O L S 

(19) A I N T E N S I T Y / B I N T E N S I T Y 
This dua l con t ro l a l l ows ad jus tmen t of the beam in tens i ty 
for the A S w e e p and B S w e e p respect ive ly . 
A INTENSITY (center cont ro l ) 

A d j u s t s the b e a m in tens i ty fo r t h e A S w e e p 
and the d isp lay in tens i ty for X-Y opera t ion . 

B INTENSITY (outer cont ro l ) 
A d j u s t s t h e in tens i ty o f t h e B S w e e p beam. 

( 2 0 ) P O W E R / S C A L E I L L U M 
This con t ro l serves as the p o w e r supp ly s w i t c h as w e l l as 
the a d j u s t m e n t for the scale i l l um ina t ion . 

(21) L E D P I L O T L A M P 
This l amp ind icates t ha t t h e p o w e r supp ly has been tu rned 
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(22) F O C U S 
This focus con t ro l can be used to ad jus t the b e a m for 
o p t i m u m focus . 
Au to -Focus c i rcu i t au tomat i ca l l y focus ing , once th is 
con t ro l is ad jus ted it needs no t be f requent ly read justed. 

(23 ) C A L 
This is the ca l ib ra t ion vo l tage ou tpu t . 0 .3 V p - p a t 1 kHz is 
avai lable in the f o r m of a square w a v e s igna l . 

(24 ) G N 0 
G r o u n d t e rm ina l — use it t o connec t the i ns t r umen t to t he 
ear th g round . 

H O R I Z O N T A L A X I S C O N T R O L S 

(25 ) H O R I Z O N T A L D I S P L A Y 
This con t ro l is used to se lec t t he hor izonta l d isp lay m o d e . 
LED's ind icate w h a t m o d e has been se lec ted. 
A Only A S w e e p is opera t ive w i t h the B S w e e p 

do rman t . 
A L T A S w e e p a l te rnates w i t h t he B S w e e p . For 

t h i s m o d e o f o p e r a t i o n , t he B S w e e p 
w a v e f o r m appears as an in tens i f ied sec t ion o n 
the A S w e e p . 

A - I N T - B Dura t ion of the B S w e e p a p p e a r s as an 
in tens i f ied sec t ion o n the A S w e e p . 

B D L Y ' D Only De layed B S w e e p is operat ive . 
D U A L A S w e e p and B S w e e p opera te inde

pendent ly . For th is m o d e the t w o s w e e p s are 
t r i gge red by the A Tr igger source and B Tr igger 
source respect ive ly . 

X-Y CH1 b e c o m e s the Y-axis and CH2 the X-ax is 
for X-Y opera t ion . 
The se t t ings of the ver t i ca l M O D E and TRIG 
M O D E are inef fect ive. 

(26 ) A S W E E P T I M E / D I V , B S W E E P T I M E / D I V 

A S W E E P T I M E / D I V This outer con t ro l is used to set the 
A S w e e p t i m e in 2 3 ranges in 1-2-5 
sequence f r o m 2 0 n s / d i v to 0 .5s /d i v . 

B S W E E P T I M E / D I V This center con t ro l sets the B S w e e p 
t i m e in 2 0 ranges in 1-2-5 sequence 
f r o m 2 0 n s / d i v t o 5 0 m s / d i v . This 
con t ro l is cons t ruc ted to make it 
imposs ib le to set the B S w e e p t i m e 
s lower t han the A S w e e p t i m e . No 
f ine a d j u s t m e n t is avai lab le for the B 
S w e e p t i m e . 

(27 ) A V A R / P U L L C H O P F. S E L E C T 
This con t ro l is t h e i nne rmos t con t ro l o n the SWEEP 
T I M E / D I V con t ro l . It is the f ine a d j u s t m e n t fo r the A 
S w e e p t ime . W h e n it is t u r n e d fu l ly c l ockw ise t o the C A L 
pos i t i on , the A S w e e p t i m e is ca l ib ra ted t o the se t t ing of 
t he S W E E P T I M E / D I V con t ro l . 

P U L L CHOP F. SELECT 
The c h o p p i n g f requency m a y be changed by pu l l ing th is 
con t ro l o u t w a r d . Th is is usefu l in cases w h e r e the inpu t s i 
gnal is synchron ized t o the c h o p p i n g f requency . 

(28 ) U N C A L 
This LED l ights t o ind icate tha t the A VAR con t ro l is no t set 
to the C A L pos i t i on a n d t hus t ha t the A S w e e p t i m e is n o t 
ca l ib ra ted. 

(29 ) D E L A Y T I M E M U L T I P L I E R 
This con t ro l ad jus ts the star t t i m e of the B S w e e p to so me 
delay t i m e af ter the star t o f the S w e e p . 
The delay t i m e m a y be set t o va lues b e t w e e n 0 .2 and 10 
t imes the se t t ing of the A S W E E P T I M E / D I V con t ro l . 

(30 ) ± T R A C E S E P / H O L D O F F 

$ T R A C E SEP 

This outer con t ro l a l l ows the a d j u s t m e n t of t he B S w e e p up to 
4 d iv is ions b e l o w the A S w e e p , t u rn ing th is con t ro l t o 
coun te rc lockw ise . This knob is e f fect ive w h e n the Hor izonta l 
Display is set to ALT . Even w h e n the Hor izonta l D isp lay is set 
t o D U A L , th is knob is e f fect ive w i t h t he V m o d e set t o C H 1 , 
C H 2 or A D D . 

HOLDOFF 
A dua l con t ro l i nco rpora t ing a s w i t c h i n g f unc t i on . 
A s a ho ldo f f ad jus tmen t , i t a l l ows the a d j u s t m e n t of t h e 
t i m e b e t w e e n success ive sweeps . Tu rn ing the con t ro l 
coun te r c l ockw i se f r o m the N O R M pos i t ion leng thens the 
ho ldof f t ime unt i l j us t before the B ENDS A w h e n the ho ld -
off t ime is more t han 10 t i m e s the N O R M va lue. 
In the B ENDS A pos i t ion (ful ly coun te rc lockw ise ) , t he A 
S w e e p is reset at the end o f the B S w e e p . 
B E N D S A m o d e is app l icab le to the ALT, A - I N T - B and B 
DLY 'D modes of H O R I Z O N T A L D ISPLAY. 

(31) ««* P O S I T I O N / F I N E P U L L X 1 0 M A G 
A c o m b i n a t i o n a d j u s t m e n t / s w i t c h con t ro l . 
This con t ro l is no t used for X-Y opera t ion . 

POSIT ION 

Hor izonta l pos i t i on coarse ad jus tmen t . 

FINE PULL X 1 0 M A G 
Hor izonta l pos i t i on f ine ad jus tmen t . W h e n th is con t ro l is 
pu l led ou t , t he s w e e p t i m e is made 1 0 t i m e s shor ter . 
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T R I G G E R S O U R C E C O N T R O L S 

( 3 2 ) S O U R C E 
This con t ro l selects the source for t he A S w e e p Tr igger. 

V M O D E The t r igger source for the A S w e e p is de te rm i 
ned by the Ver t ica l M O D E se t t i ng . 

CH1 CH1 signal is used as a t r igger source 

C H 2 C H 2 signal is used as a t r igger source 

A D D The algebraic s u m o f C H 1 and C H 2 s ignals 
isured a s ignal source, (if C H 2 has been 
inver ted , the d i f ference b e c o m e s the source.) 

D U A L 
Q U A D 
(ALT) 
(CHOP) 

For A L T m o d e the s ignals for CH1 th rough 
C H 4 a l te rna te as the t r igger source. For the 
CHOP m o d e the c h o p p i n g s ignal becomes the 
t r igger source. 

— C A U T I O N : . 

1 W h e n the vert ical M O D E is se lected in C H O P , the 
d isp lay canno t be synchron ized w i t h t he inpu t 
s ignal s ince the chopp ing s ignal becomes the 
t r igger source. 

2 . T r igger ing is imposs ib le w h e n input s ignals are not 
app l ied to all channe ls w i t h the ver t ica l axis m o d e 
set to D U A L or Q U A D . 

C H 1 C H 1 s ignal is the t r igger source for t he A 
S w e e p . 

C H 2 C H 2 s ignal is the t r igger source for the A 
S w e e p . 

1 / 1 C H 3 s ignal is the t r igger source for the A 
S w e e p . 

1 / 1 0 The C H 3 s igna l , a t t enua ted to 1 / 1 0 of i ts t rue 
va lue is t he t r igger source for the A S w e e p . 

(34) L E V E L / S L O P E P U L L F I X 

LEVEL 
This ou te r con t ro l ad justs the level at w h i c h the A t r igger 
causes the A S w e e p be s tar ted. 

SLOPE PULL FIX 
This inner con t ro l ad jus ts the s lope of the A t r igger s ignal . 
W h e n the con t ro l is pu l led o u t t he FIX m o d e is se lec ted for 
au to level ad jus tmen t , under w h i c h c i r cums tances outer 
TRIG LEVEL con t ro l no longer has any ef fect . 

(35) T R I G ' D 
This green LED l ights w h e n the A t r igger source s ignal c a u 
ses the in i t ia t ion of a A S w e e p . It l ights for X-Y opera t ion 
as we l l . 

(36) C H 3 or A EXT T R I G 

Input connec to r for the CH3 signal . It serves also as the 
externa l A TRIG inpu t connec tor . C H 3 s ignal may be ob
served s imu l taneous ly w i t h CH 1, 2 and 4 s ignals w h e n the 
Q U A D m o d e is se lec ted. 
W h e n the SOURCE con t ro l is set to e i ther EXT (CH3) 1/1 
or 1 / 1 0 , the t r igger source is th is i npu t s ignal . 

(37) S O U R C E 
This con t ro l selects t he B S w e e p t r igger source. 
C H 1 CH1 signal is the t r igger source for the B 

S w e e p . 
C H 2 CH2 s ignal is the t r igger source for t he B 

S w e e p . 
1/1 C H 4 s ignal is the t r igger source for the B 

Sweep . 
1 / 1 0 The C H 4 s ignal , a t t enua ted to 1 /10 of i ts t rue 

va lue is t he t r igger source for the B S w e e p . 

( 3 3 ) C O U P L I N G 
This con t ro l is used t o se lect the SYNC coup l i ng for t he A 
t r igger . 
A C SYNC s igna l is A C coup led w i t h any DC c o m 

ponen t b locked . 
LFREJ SYNC s ignal is coup led t h r o u g h a h igh-pass f i l 

ter t o e l im ina te l o w f requency c o m p o n e n t s for 
s tab le t r i gge r ing of h igh f requency s ignals. 

HFREJ SYNC s ignal is coup led t h rough a low-pass f i l 
ter t o e l im ina te h igh f requency c o m p o n e n t s for 
a s tab le t r i gger ing of l o w f requency s ignals. 

DC The SYNC signal is DC coup led for SYNC 
w h i c h inc ludes the e f fec ts of DC c o m p o n e n t s . 

For C H 3 and C H 4 , the ver t ica l pos i t i on 
a d j u s t m e n t has no e f fec t on the t r igger po in t . 

V I D E O For synchron iza t ion o f v ideo signals. The pos i 
t i on o f the A S W E E P T I M E / D I V con t ro l de ter 
m ines w h e t h e r F R A M E or L INE is t o be syn
ced. Se t t i ngs b e t w e e n 0 .5s and 0 .1 ms resul t 
in F R A M E w h i l e those b e t w e e n 5 0 / is and 2 0 
ns resu l t in L INE sync. 

(38) C O U P L I I M G 
This con t ro l se lec ts the S Y N C coup l i ng for the B t r igger 
g roup. Opera t ion is s imi lar t o tha t of the co r respond ing A 
S w e e p t r igger coup l i ng se lect con t ro l excep t t ha t V IDEO is 
not avai lab le. 

(39 ) L E V E L / S L O P E P U L L S T A R T S A F T E R D E L A Y 

LEVEL 
This ou te r con t ro l ad jus ts the level at w h i c h t h e B t r igger 
s ignal causes t he s tar t o f the B S w e e p . 

SLOPE P U L L STARTS AFTER DELAY 
This con t ro l se lects t h e slope o f the B t r i gger s igna l . For B 
t r igger ope ra t i on it mus t be set in its p u s h e d in pos i t ion . 
W h e n it is pu l led out , the B S w e e p star ts i m m e d i a t e l y af ter 
the delay t i m e se lec ted by the DELAY T I M E M U L T I P L I E R 
and A S W E E P T I M E / D I V con t ro l , regard less o f t h e TRIG 
LEVEL se t t i ng . Even w h e n th is s w i t c h is in pos i t ion w i t h 
t he TRIG M O D E set t o A U T O , t u rn ing t he LEVEL (outer 
knob) fu l ly c l ockw ise or coun te rc l ockw ise release t he 
t r igger and set the un i t t o B START AFTER DELAY opera 
t i on . 
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( 4 0 ) T R I G ' D 
This g reen LED l ights w h e n the B t r igger source s ignal c a u 
ses the B t r i ggered s w e e p to be in i t ia ted. 

(41 ) C H 4 o r 8 EXT T R I G 
Inpu t connec to r for the C H 4 s igna l ; serves also as the B 
TRIG ex terna l input connec to r . C H 4 s ignal may be obser
ved s imu l t aneous l y w i t h C H 1 , 2 and 3 s ignals w h e n the 
Q U A D m o d e is se lec ted . W h e n the SOURCE select con 
t ro l is se t to e i ther EXT (CH4) 1 / 1 . or 1 / 1 0 , t he t r igger 
source is th is i npu t s igna l . 

( 4 2 ) T R I G M O D E 
This con t ro l se lec ts t he Tr igger M o d e . A co r respond ing 
LED l ights to ind ica te w h i c h m o d e has been se lec ted. 

A U T O S w e e p is in i t ia ted in t r i gge red opera t ion bu t 
t he t race is sweep t even in t h e absence of a 
t r i g g e r s i g n a l . W h e n t h e H O R I Z O N T A L 
D I S P L A Y is set t o D U A L , t he B s w e e p is set t o 
A U T O . 

N O R M Tr iggered ope ra t i on but no t race is p resented 
w h e n a proper t r i gger s ignal is not app l ied . 

S IN GLE Single s w e e p opera t ion . N o t e tha t in th i s m o 
de , s imu l t aneous observa t ion o f b o t h the A 
and B S w e e p s is no t poss ib le. 

r C A U T I O N : , 
For dua l or q u a d t race, s ing le s w e e p opera t ion 
M O D E m u s t not be set to ALT . Use t h e C H O P 
mode ins tead. 

RESET Th is is t he reset bu t t on for s ing le s w e e p opera
t i on . I ts LED rema ins l igh ted unt i l t h e ma in A 
S w e e p ends. 

SIDE PANEL AND REAR PANEL CONTROLS 

( 43 ) C H 3 P O S I T I O N 
This a d j u s t m e n t con t ro l s the ver t ica l pos i t i on of the C H 3 
s ignal o n the CRT display. 

(44 ) C H 4 P O S I T I O N 
Simi la r t o the C H 3 POSIT ION con t ro l but for C H 4 . 

( 45 ) C A L 
Curren t Probe ca l ib ra t ion loop. A 1 0 m A 1 kHz (approx.) 
square w a v e is p rov ided . 

(46 ) A G A T E 

The o u t p u t connec to r for the A S w e e p ga te , a square w a v e 
gate s igna l . 

(47 ) B G A T E 

S a m e as A G A T E b u t f o r t he B S w e e p ga te . 

( 48 ) C H 1 O U T 
The CH1 ver t ica l o u t p u t s igna l connec to r . 
For cascaded ope ra t i on th i s o u t p u t is c o n n e c t e d t o t h e 
C H 2 input . 
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(49) Z. A X I S I N P U T 
External in tens i ty m o d u l a t i o n inpu t connec tor . TTL level 
input ; in tens i ty increases for increas ing pos i t ive inputs . 

(50) P O W E R L I N E C O N N E C T O R 
The inpu t connec to r for t he A C p o w e r cord . 

BOTTOM PANEL 

( 52 ) T R A C E R O T A T I O N 
This con t ro l is used t o compensa te for t race ro ta t ion distor
t i on . 

Once th is con t ro l is ad jus ted it needs no t be f requent ly 
read justed. 

( 53 ) A S T I G 
This con t ro l is used t o c o m p e n s a t e for t race or spot as t ig 
m a t i s m . 
Once th i s con t ro l is ad jus ted it needs no t be f requent ly 
read jus ted. 

(54) H a n d l e 
The hand le o f t he C S - 2 1 0 0 A can be set t o des i red angle so 
tha t t he C S - 2 1 0 0 A is inc l ined for easy opera t ion . The han
d le tu rns in 15 degree s teps. 

The supp l ied p robe ho lder can be insta l led in t he me ta l 
po r t i on of t h e holder. 

(55) Feet 
Feet suppor t osc i l loscope in ver t ica l pos i t i on (face up) and 
serve as cord w r a p fo r s to r ing p o w e r co rd . 
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(51) L I N E V O L T A G E S W I T C H 

This s w i t c h is used to select the p o w e r supp ly inpu t vo l t 
age. 
L O W 9 0 ~ 1 3 2 V A C 
H I G H 1 8 0 ~ 2 6 4 V A C 



OPERATION 
Before t u r n i n g the C S - 2 1 0 0 A o n , set t h e f r on t panel con 
t ro ls as fo l l ows , referr ing to the sec t ion on FRONT PANEL 
in th is manua l . 

[1] NORMAL SWEEP DISPLAY OPERATION 
1. Turn t h e POWER con t ro l ( 20 ) c lockw ise — the p o w e r sup

ply w i l l be t u rned on and the p i lo t l amp w i l l l igh t w i t h the 
o t h e r L E D ' s f o r t h e p r e v i o u s l y s e t M O D E ( 1 7 ) , 
H O R I Z O N T A L D I S P L A Y (25) and TRIG M O D E (42) also 
l igh t ing . 

Set these m o d e s as f o l l ows : 
M O D E 0 7 ) : CH 1 
H O R I Z O N T A L M O D E (25) : A 
TRIG M O D E (42) : A U T O 

2 . The t race w i l l appear in t he center of the CRT d isp lay and 
can be ad jus ted by the CH 1 ^ POSIT ION (3) and < > 
POSIT ION (31 ) con t ro ls . Next , ad jus t the A INTENSITY 
(19) a n d , if necessary, t h e FOCUS (22) for ease of observa
t i on . 

3. A p p l y an input s ignal t o CH1 INPUT (8) and ad jus t 
V O L T S / D I V (1) for a su i tab le size d isp lay o f t he w a v e f o r m . 
If t h e w a v e f o r m does no t appear in the d isp lay, use the 
B E A M FINDER (18) t o locate the w a v e f o r m ad just the 
V O L T S / D I V and $ POSIT ION t o b r ing the w a v e f o r m c o n -
fo r tab ly in to the center o f the CRT d isp lay. 
Opera t ion w i t h a s ignal app l ied t o t h e C H 2 I N P U T (16) and 
the M O D E set t o C H 2 is s imi la r t o t he above p rocedure . 
In the A D D m o d e the a lgebra ic sum o f CH1 + C H 2 is d is
p layed. If t he C H 2 INV s w i t c h has been pressed, t he 

a lgebra ic d i f ference of the t w o w a v e f o r m s , C H 1 — C H 2 is 
d i s p l a y e d . If b o t h c h a n n e l s are se t to t he s a m e 
V O L T S / D I V , t he d i f f e rence w a v e f o r m can be read d i rect ly 
in V O L T S / D I V off of the CRT. D U A L mode a l l ows 
s imu l t aneous observa t ion of CH1 and C H 2 wh i l e Q U A D 
prov ides v i e w i n g of CH1 t h rough C H 4 s imu l taneous ly . 
In the D U A L or Q U A D mode one of e i ther C H O P or A L T 
modes appl ies and shou ld be se lec ted. In the A L T m o d e , 
CH1 and C H 2 or CH1 t h r o u g h C H 4 are d isp layed in an 
a l te rna t ing fash ion. 
Note tha t in the C H O P m o d e of ope ra t i on w i t h the 
SOURCE (32) set t o V . M O D E , the t r igger source is t he 
chopp ing s ignal i tself , m a k i n g w a v e f o r m observa t ion i m 
possib le. Use A L T m o d e ins tead in such cases. SOURCE 
m u s t be set t o one of CH 1, C H 2 or C H 3 . 

4) To ad jus t the t r igger po in t to cap tu re e lus ive w a v e f o r m s , 
use the A t r igger Cont ro l Group . 

T R I G G E R I N G Opera t i on 

The inpu t s ignal mus t be proper ly t r iggered fo r s tab le w a 
v e f o r m observa t ion . T r igger ing is poss ib le t h e inpu t s ignal 
in ternal ly to c reate a t r igger o r w i t h an ex te rna l l y p rov ided 
s ignal of f i xed t i m i n g re la t ionsh ip t o the observed s igna l , 
app ly ing such a s ignal t o the EXT TRIG inpu t connec to r . 
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OPERATION 

A Tr igger 

1) The SOURCE con t ro l se lects t he signal to be used. 
W i t h the V. M O D E the source is d e t e r m i n e d by the 
se t t ing o f the Ver t ica l M O D E . 
A s m e n t i o n n e d above , if C H O P has been se lec ted, 
t he t r igger source is the chopp ing s ignal i tself, mak
ing w a v e f o r m obse rva t i on imposs ib le . Use A L T 
instead in th is case. If SOURCE is set to CH1 o r 
C H 2 , regard less of the se t t i ng of M O D E , CH 1 or 
C H 2 signal p rov ides the t r igger source. 
If SOURCE is set to EXT (CH3) 1 / 1 . or 1 / 1 0 , ex
cep t for Q U A D opera t i on , t he s ignal app l ied to the 
C H 3 or A EXT TRIG inpu t (36 ) is t he t r igger 
source. For Q U A D opera t ion th is i npu t is taken as 
the C H 3 signal and can be observed as the t r igger 
w a v e f o r m . 

2) A f te r se t t i ng SOURCE, ad jus t t he LEVEL/SLOPE 
(34 ) con t ro l t o set the t r igger point . Sync is ind ica
ted by the green LED l igh t ing . 
A s necessary to ob ta in a s tab le synchron ized s ignal 
d isp lay , ad just H O L D O F F (30 ) a n d C O U P L I N G 
(33 ) . 
If the SLOPE con t ro l is pu l led out , the t r igger level 
is pu t in to the FIX m o d e w i t h t he t r igger po in t at 
t he center of the w a v e f o r m . 

5. A d j u s t the A S W E E P T I M E / D I V (26) con t ro l for a n app ro 
pr ia te d isp lay o f the s ignal input . If requ i red , use the A 
V A R (27) con t ro l as w e l l . 
This c o m p l e t e s the a d j u s t m e n t p rocedure for no rma l A 
S w e e p d isp lay opera t ion . 

[2] MAGNIFIED SWEEP OPERATION 
Since mere ly shor ten ing the s w e e p t i m e to magn i f y a po r t i on of 
an observed w a v e f o r m can resul t in the des i red po r t i on d isap
pear ing o f f t he screen, such magn i f i ed d isp lay shou ld be per for
m e d us ing the M A G N I F I E D SWEEP. 

Procedure: 
Us ing the POSIT ION con t ro l , ad jus t the des i red por t ion of 
w a v e f o r m to the center of the CRT. Pull ou t t he FINE PULL 
X 1 0 M A G (31 ) con t ro l t o magn i f y the display 10 t imes . For 
th is t ype o f d isp lay the s w e e p t i m e is t he SWEEP T I M E / D I V 
se t t i ng d iv ided by 10 . 

[3] DELAYED SWEEP OPERATION 
Delayed s w e e p opera t i on is ach ieved by use of bo th the A 
S w e e p and t h e B S w e e p . 

Procedure: 
1 . First set t h e H O R I Z O N T A L D I S P L A Y t o A and adjust t h e 

C S - 2 1 0 0 A for a no rma l w a v e f o r m d isp lay. 

2 . Pull ou t the SLOPE PULL S T A R T S AFTER DELAY (39) 
con t ro l t o se t t h e s w e e p in t h e S T A R T S AFTER DELAY 
m o d e . 

Set t he H O R I Z O N T A L D I S P L A Y t o t he A - I N T - B mode and 
a po r t i on of t he B S w e e p represent ing the B S W E E P 
T I M E / D I V w i l l appear as an in tens i f ied po r t i on o f the A 
S w e e p . 
The B S w e e p in tens i ty is ad jus ted us ing the B INTENSITY 
con t ro l (19 ) . 

3. Sh i f t the in tens i f ied por t ion of w a v e f o r m (sect ion to be m a 
gni f ied) a long the A S w e e p by use of t he DELAY T I M E 
M U L T I P L I E R (29 ) . 

4. Set t he H O R I Z O N T A L D I S P L A Y t o B DLY 'D to display the 
A - I N T - B in tens i f ied po r t i on as a magn i f i ed B DLY 'D sweep . 

De lay T i m e ( m a g n i f i e d p o r t i o n ) = D E L A Y T I M E 
M A L T I P L I E R se t t ing x A SWEEP T I M E / D I V se t t ing . 

5. For S T A R T S AFTER DELAY opera t i on , apparen t j i t t e r in 
creases as magn i f i ca t i on increases. To ob ta in a j i t te r f ree 
d isplay, push in t he SLOPE PULL STARTS AFTER DELAY 
con t ro l . In th is m o d e the s ignal se lected by the B SOURCE 
s w i t c h (37) b e c o m e s the B t r igger source , mak ing use of 
the B LEVEL (39) con t ro l t o set the t r igger po in t . 

B SOURCE. C O U P L I N G and LEVEL SLOPE are set in a 
manne r s imi lar to t ha t of the co r respond ing con t ro l s for A 
S w e e p . 

Intensified zone to be magnif ied 

B DLY'D 
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OPERATION 

Note t h a t for th is t ype of opera t ion bo th t he DELAY T IME 
M U L T I P L I E R and TRIG LEVEL af fect the star t o f the sweep 
so tha t the delay t i m e is used as a reference po in t . 

14] ALTERNATING SWEEP OPERATION 
A S w e e p and B S w e e p are usable in an a l te rna t ing fash ion ma
king it poss ib le t o observe bo th the no rma l and magn i f i ed w a 
ve fo rm s imu l taneous ly . 

Procedure: 
1 . Set t h e H O R I Z O N T A L DISPLAY to A and ad jus t t he CS-

2 1 0 0 A fo r a no rma l w a v e f o r m d isp lay. 
2. Pull ou t the SLOPE PULL STARTS AFTER DELAY cont ro l 

and set the H O R I Z O N T A L D I S P L A Y to ALT. Ad jus t 
TRACE SEP (30) for easy observa t ion o f bo th the A and B 
t races. 
The upper t race is t he n o n - m a g n i f i e d po r t i on o f t he w a v e 
f o r m w i t h the magn i f i ed po r t i on supe r - imposed as an in 
tens i f ied sec t ion . The l ower w a v e f o r m is t he in tens i f ied 
por t ion d isp layed magn i f i ed . 
B INTENSITY can be used to ad jus t the in tens i ty of the su 
pe r - imposed w a v e f o r m . 

3. The DELAY T I M E M U L T I P L I E R can be used to con t i 
nuous ly s l ide the magn i f i ed po r t i on of the w a v e f o r m a-
cross the A S w e e p per iod to a l l o w magn i f i ca t i on of prec i 
sely the des i red por t ion o f w a v e f o r m . 

4 . A p p a r e n t d isplay j i t te r increases w i t h increased magn i f i ca 
t i on as is the case w i t h de layed s w e e p d iscussed above. 
By cance l l ing the magn i f i ed opera t ing m o d e by push ing in 
the SLOPE P U L L STARTS AFTER DELAY con t ro l the B 
LEVEL con t ro l can be used t o set the t r igger po in t . 

B Sweep 

15] DUAL SWEEP OPERATION 
Up unt i l n o w w e have d iscussed us ing the B S w e e p to d isp lay 
on ly a De layed S w e e p of the A S w e e p s ignal . In the D U A L 
mode A and B S w e e p are pe r fo rmed independen t l y so t ha t t w o 
non t ime - re l a ted s ignals can be observed at one t ime . 

Procedure: 
The A S w e e p and B S w e e p are con t ro l led by the A t r igger and 
B t r igger cont ro ls respect ive ly . 
W h i l e t r igger ing of A and B S w e e p s independen t l y us ing the in
put s ignals t hemse lves is qu i te s imp le and presents no pa r t i cu 
lar p rob lems , use of a c o m m o n t r igger source or use of A to 
t r igger B and v ice versa can resul t in some imposs ib le t r igge
r ing cond i t i ons for s ignals t ha t are not re la ted to each o the r in a 
t i m i n g sense. 

For D U A L opera t ion the A and B S w e e p s a l te rnate regardless 
of the se t t ing of the A L T and CHOP sw i t ches . 

This A S w e e p / B S w e e p / T r i g g e r Source /Ver t i ca l M O D E rela
t i onsh ips are ou t l i ned in t he f o l l ow ing tab les. 

A S O U R C E ( A S w e e p ) 

• N o t e 1: A S w e e p is t r iggered by a l ternate s ignals f r o m CH 1 
and C H 2 , but on ly the CH1 signal on the d isp lay is 
t r iggered . 

* N o t e 2 : A S w e e p is t r iggered by a l te rnate s ignals f r o m CH 1 
C H 4 , bu t on ly the CH 1 and CH3 s ignals on the 

display are t r iggered . 
* N o t e 3: A S w e e p is t r iggered by CH1 signal and CH1 and 

CH3 s ignals are d isp layed. 
* N o t e 4 : A S w e e p is t r iggered by C H 3 s ignal and C H 1 and 

C H 3 s ignals are d isp layed . 
• N o t e 5: B S w e e p is t r iggered by CH2 signal and C H 2 and 

C H 4 signals are d isp layed. 
• N o t e 6: B S w e e p is t r i ggered by C H 4 s ignal bu t C H 2 and 

C H 4 signals are d isp layed. 

• N o t e 7: If there is no t i m e relat ion b e t w e e n CH1 and CH2 
input , t r iggere ing is not possib le. 

Please bear in m i n d these re la t ionship w h e n us ing D U A L mode 
operat ion w i t h t he C S - 2 1 0 0 A . 
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B SOURCE (B Sweep) 

M O D E 

C H I C H 2 D U A L A D D QUAD 

V . M O D E 
C H I C H 2 C H 1 . CH2 

ALT { * 1 ) CH1+CH2 C H I CH4 
A L T ( * ( 2 ) Trigger Source 

V . M O D E 
C H I C H 2 C H I CH1+CH2 C H I , C H 3 CRT Display 

s 
0 u C H I 

C H I C H I C H I C H I C H I Trigger Source s 
0 u C H I 

C H I C H 2 C H I CH1+CH2 C H I C H 3 
ALT ( * 3 ) CRT Display 

R 
C H 2 

C H 2 C H 2 CH2(*7 ) C H 2 CH2 (*7 ) Trigger Source 
C 
E 

C H 2 
C H I C H 2 C H I CH1+CH2 C H I . CH 3 

A L T CRT Display 

E X T C H 3 C H 3 C H 3 C H 3 C H 3 Trigger Source 
C H 3 C H I C H 2 C H I C H 1 + C H 2 C H I , CH 3 

ALT ( * 4 ) CRT Display 

M O D E 

C H I C H 2 D U A L ADD QUAD 

C H I 
C H I C H I CH1(* 7) C H I CH1 (*7 ) Trigger Source 

S 
0 

u 

C H I 
C H I C H 2 C H 2 CH1+CH2 CH2.CH4 CRT Display S 

0 

u C H 2 
C H 2 C H 2 C H 2 C H 2 CH2 Trigger Source 

R 
C 
E 

C H 2 
C H I C H 2 C H 2 CH1+CH2 CH2. CH4 

( * ">) CRT Display R 
C 
E E X T C H 4 C H 4 C H 4 C H 4 C H 4 Trigger Source 

C H 4 C H I C H 2 C H 2 CH1+CH2 CH2. CH4 
( # 6 ) CRT Display Intensified zone to be magnif ied (A Sweep) 

ALT 



OPERATION 

r - C A U T I O N : 
For D U A L ope ra t i on be sure t o set t h e TRIG M O D E cont ro l t o 
A U T O t o a l l ow s w e e p o f b o t h A and B t o be pe r fo rmed . 
W h e n A and B S w e e p s are t o be used a l ternate ly , the CS-
2 1 0 0 A m u s t be set up to prov ide bo th sweeps . 

[6] X-Y OPERATION 
Phase d i f fe rence measuremen ts m a y be made w i t h the CS-
2 1 0 0 A by use of the X-Y d isp lay m o d e . 

Procedure : 
Set t he H O R I Z O N T A L D I S P L A Y con t ro l t o the X-Y mode . In 
th is m o d e t h e CH 1 inpu t becomes the Y-ax is i npu t and the C H 2 
inpu t the X-ax is inpu t for X-Y display. 
For X-Y ope ra t i on the X and Y pos i t ions are ad jus ted us ing t h e 
CH2 * POSIT ION X-Y and CH1 * POSIT ION con t ro ls re
spect ive ly . 

X and Y sens i t iv i ty is set by using the C H 2 and CH 1 V A R I A B L E , 
V O L T S / D I V con t ro l s respect ive ly . 
By pu l l i ng o u t t he t w o above m e n t i o n e d POSIT ION con t ro ls , 
the sens i t i v i ty o f b o t h the X and Y axis is magn i f i ed by 5 t imes . 
The A INTENSITY con t ro l is used to ad jus t the in tens i ty of t h e 
d isp lay du r i ng X-Y ope ra t i on . 

[7] SINGLE SWEEP OPERATION 
Th is m o d e of d isp lay is usefu l for look ing a t non -synch ronous or 
one t i m e events . 

Procedure: 
1 . Set t he TRIG M O D E to e i ther A U T O or N O R M , and the 

SLOPE P U L L FIX t o pushed in pos i t i on . 
A p p l y a s ignal of approx imate ly t h e same amp l i t ude and 
f requency as the s ignal tha t is to be observed to t h e CS-
2 1 0 0 A as the t r igger s ignal and set t h e t r igger level . 

2 . Set TRIG M O D E to S INGLE and press the RESET b u t t o n 
— observe t h a t the g reen LED l igh ts t o ind ica te t h e reset 
cond i t i on . This LED goes ou t w h e n the A S w e e p pe r iod is 
c o m p l e t e d . 

3 . A f te r t h e above se t -up is c o m p l e t e d t h e C S - 2 1 0 0 A is 
ready to opera te in the S INGLE s w e e p m o d e o f operat ion 
af ter rese t t ing the ins t rument us ing the RESET bu t ton . In 
pu t of t h e t r igger s ignal resul ts in one a n d on ly one sweep. 

r - C A U T I O N : 
W i t h the H O R I Z O N T A L D I S P L A Y set t o A L T or D U A L , t he 
s imu l t aneous observa t ion of t he A S w e e p and B S w e e p 
w a v e f o r m s at S I N G L E S W E E P mode is no t possib le. A l so 
for D U A L or Q U A D opera t ion s imu l taneous observa t ion is 
n o t poss ib le us ing A L T mode . Set the un i t t o the CHOP 
mode in th is case, 

[8] DUAL AND QUAD TRACE OPERATION 
By se t t ing the M O D E t o D U A L or Q U A D . Dual and Quad t race 
o p e r a t i o n c a n be ach ieved. W h e n n e c e s s a r y , s e t t i n g 
H O R I Z O N T A L D I S P L A Y to A L T can in add i t i on t u rn t he 
C S - 2 1 0 0 A in to an 8- t race ins t rument . 
Opera t ion of the var ious con t ro ls is for th is t ype of d isp lay m o d e 
s imi lar t o the ope ra ton descr ibed above. 

[9] CASCADED OPERATION 
This mode of ope ra t i on is used w h e n sens i t iv i ty greater than 1 
m V / d i v is requ i red . 
Procedure: 

1 . Connec t t he C H 1 o u t p u t to t he C H 2 inpu t us ing a BNC 
cab le . 

2 For cascade opera t i on depress the CH 1 and C H 2 x 5 G A I N 
sw i t ches . 

3. Push the C H 2 50S2 s w i t c h and set V M O D E to CH2 . 
4 . Set the CH 1 and C H 2 V O L T S / D I V t o 5 m V and input a s ig 

nal for a sens i t iv i ty of 5 0 0 ^ V / d i v on C H 1 . 
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APPLICATION 

ADJUSTMENTS REQUIRED BEFORE 
STARTING MEASUREMENTS 
PROBE COMPENSATION 
If accura te m e a s u r e m e n t s are t o be made , the e f fec t o f the 

probe be ing used m u s t be p roper ly ad jus ted o u t p u t of the 

m e a s u r e m e n t sys tem us ing the in terna l ca l ib ra t ion s ignal or 

s o m e o ther squa rewave source . 

1. Connec t t he probe t o t he channe l t o be used and set the 
va r ious con t ro l s fo r a n o r m a l A s w e e p display. 

2. A d j u s t t he S W E E P T I M E / D I V con t ro l d isp lay of several 
cyc les o f t h e s ignal f r o m t h e ca l ib ra t ion o u t p u t , CAL, 
t e r m i n a l . 

3. A d j u s t t he p robe c o m p e n s a t i o n con t ro l for a proper 
w a v e f o r m d isp lay. 

4 . The o ther channe ls are c o m p e n s a t e d for in t he same 
w a y . N o t e t h a t for C H 3 and C H 4 the sens i t i v i ty is 
0 . 1 V / D I V ( 1 / 1 ) so t ha t w h e n us ing a 1 0 : 1 p robe 
su f f i c ien t w a v e f o r m a m p l i t u d e is no t ava i lab le , so tha t 
an a l te rna te squa rewave s ignal genera to r m u s t be used 
for the c o m p e n s a t i n g p rocedure . 

Correct 
compensation 

Over 
compensation 

Insufficient 
compensation 

TRACE ROTATION COMPENSATION 
Rota t ion f r o m a hor izon ta l t race pos i t ion can be the cause o f 
m e a s u r e m e n t er rors . 

Ad jus t the C S - 2 1 0 0 A cont ro ls fo r a n o r m a l d isplay. Set the 
A C - G N D - D C s w i t c h to G N D and TRIG M O D E t o A U T O . 
Ad jus t t h e * POSIT ION cont ro l such t h a t t h e t race is over the 
center hor izonta l g radua t ion l ine. 
If the t race appears t o be ro ta ted f r o m hor izon ta l , a l ign i t 
w i t h t he center g radua t i on l ine us ing the TRACE R O T A T I O N 
con t ro l l oca ted o n t h e b o t t o m o f t h e i ns t rumen t . 

MEASUREMENTS 
DC VOLTAGE MEASUREMENTS 
This p rocedure descr ibes t h e m e a s u r e m e n t p rocedure fo r 
DC w a v e f o r m s . 
Procedure: 

1 . Connec t the s igna l t o be measu red t o t he I N P U T c o n 
nec to r and se t t h e V M O D E t o t he channe l t o be used. 

Set the V O L T S / D I V and S W E E P T I M E / D I V s w i t c h to 
ob ta in a no rma l d isp lay of the w a v e f o r m to be 
measured . Set t he V A R I A B L E con t ro l t o the C A L 
pos i t ion . 

2 . Set TR IG M O D E t o A U T O and A C - G N D - D C t o t he G N D 
pos i t ion to de te rm ine the t rue g r o u n d level . Us ing the 

T POSIT ION con t ro l ad jus t the t race pos i t i on t o t he 
reference level pos i t i on , m a k i n g sure n o t t o d is tu rb th is 
se t t ing once made. 

3. Set t he A C - G N D - D C s w i t c h t o t he DC pos i t i on t o 
observe the input w a v e f o r m , i nc lud ing i ts DC c o m p o 
nent . If an appropr ia te re ference level or V O L T S / D I V 
se t t ing w a s not made , t he w a v e f o r m m a y no t be v is ib le 
o n t h e CRT s c r e e n a t t h i s p o i n t . If s o , p r e s s 
B E A M FINDER t o locate i t and reset V O L T S / D I V 
and /o r the | POSIT ION con t ro l . 

4 . Use the « • POSIT ION con t ro l t o b r ing the po r t i on of t he 
w a v e f o r m t o be measured t o the center ver t ica l 
g radua t i on l ine o f t he CRT screen. 

5. Measure t h e ver t ica l d i s tance f r o m t h e re ference level 
t o t he po in t t o be measu red , ( the re ference level can be 
checked by se t t i ng the A C - G N D - D C s w i t c h aga in t o 
G N D ) . 
M u l t i p l y t h e d i s t a n c e m e a s u r e d a b o v e by t h e 
V O L T S / D I V se t t i ng and is t he p robe used is no t a 1:1 
probe, by the p robe a t tenua t i on rat io as w e l l . If " x 5 
G A I N " h a s been set mu l t i p l y t he va lue by 1/5 as w e l l . 
Vo l t ages above and b e l o w t h e re ference level are 
pos i t i ve and negat ive va lues respect ive ly . 

Us ing the f o rmu la : 
DC level = Ver t ica l d is tance in d iv is ions x ( V O L T S / D I V 
set t ing) x (probe a t t enua t i on rat io) x " x 5 G A I N " v a l u e 1 

( 1 / 5 ) 

Measuring point adjusted to the 
center vertical scale by<> POSITION 
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Ground potential adjusted by 

y position (reference line) 

[ E X A M P L E ] 

For the examp le , t h e po in t be ing measured is 3 .8 d iv is ions 
f r o m the re ference level (g round potent ia l ) . 
If the V O L T S / D I V w a s set t o 0 . 2 V and a 1 0 : 1 p robe w a s 
used. 
Subs t i t u t i ng the g iven va lues-
DC level = 3 .8 (div) x 0 .2(V) x 1 0 = 7 .6V 
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M E A S U R E M E N T OF T H E V O L T A G E 
BETWEEN TWO POINTS ON A WAVEFORM 
This t echn ique can be used to measure peak - to -peak 

vo l tages . 

Procedure: 
1. A p p l y the s ignal to be measured to the INPUT, set the V 

M O D E t o t h e channe l t o be used and A C - G N D - D C to 
A C , ad jus t ing V O L T S / D I V and S W E E P T I M E / D I V for a 
no rma l d isplay. Set V A R I A B L E to the CAL pos i t ion . 

2. Us ing the * POSIT ION con t ro l ad jus t the w a v e f o r m 
pos i t ion such tha t one of the t w o po in ts fal ls on a CRT 
g radua t i on l ine and t ha t t he o ther is v is ib le on the 
d isp lay screen. 

3. Us ing the <> POSIT ION con t ro l , ad jus t the second po in t 
t o co inc ide w i t h the center ver t ica l g radua t ion line. 

4 . Measure the ver t ica l d is tance b e t w e e n the t w o po in ts 
and mu l t i p l y th is by t he se t t i ng o f t he V O L T S / D I V 
con t ro l . 
If a p robe is used, fu r ther mu l t i p l y th is by the 
a t tenua t i on rat io, if any and if " x 5 G A I N " is used, 
mu l t i p l y the va lue by 1/5 as we l l . 

Us ing t he f o r m u l a : 
Vo l t s Peak- to -Peak 

= Ver t ica l d is tance (div) x ( V O L T S / D I V set t ing) 

x (probe a t tenua t i on rat io) x " x 5 G A I N " va lue 1 

( 1 / 5 ) 

Adjust to the 
center vertical scale 
w i th POSITION. - Points to be measured 

I E X A M P L E ] 

For the examp le , t he t w o po in ts are separa ted by 4 . 4 
d iv is ions ver t ica l ly . Let t he V O L T S / D I V se t t ing be 0 . 2 V / d i v 
and the probe a t t enua t i on be 1 0 : 1 . 

Subs t i t u t i ng the g iven va lue: 
Vo l tage b e t w e e n t w o po in ts = 4 . 4 (div) x 0 .2 (V) 
x 10 = 8 .8V 

ELIMINATION OF UNDESIRED SIGNAL 
COMPONENTS 
The A D D feature can be conven ien t l y used to cancel ou t the 
ef fect of an undes i red s ignal c o m p o n e n t w h i c h is r id ing on 
the back of the s ignal you w i s h to observe. 

Procedure: 
1. A p p l y the signal con ta in ing an undes i red c o m p o n e n t to 

the CH1 INPUT and the undes i red s ignal i tself a lone to 
the C H 2 INPUT. 

2. Set the V M O D E to D U A L (CHOP) and SOURCE to 
C H 2 . Ver i fy t ha t C H 2 represents the u n w a n t e d s ignal 
in reverse polar i ty . If necessary reverse po lar i ty by 
se t t ing CH2 to INV. 

3. Set V M O D E to A D D , SOURCE to V M O D E and C H 2 
V O L T S / D I V and V A R I A B L E so t ha t the undes i red s ignal 
c o m p o n e n t is cance l led as m u c h as possib le. The 
rema in ing s ignal shou ld be the s ignal you w i s h t o 
observe a lone and free of the u n w a n t e d s ignal . 

Signal containing undesired component 
(Broken lines: undesired component envelope) 

Undesired component signal 
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Signal without undesired component 

TIME MEASUREMENTS 
This is t he p rocedure for m a k i n g t i m e m e a s u r e m e n t s 
b e t w e e n t w o po in ts on a w a v e f o r m . The c o m b i n a t i o n of t he 
S W E E P T I M E / D I V and the hor izonta l d is tance in d iv is ions 
b e t w e e n the t w o po in t s is used in t he ca lcu la t ion . 

Procedure : 
1. A p p l y t he s ignal t o be measured t o the I N P U T c o n 

nec to r and set t he V M O D E t o t he channe l t o be used. 
A d j u s t V O L T S / D I V and S W E E P T I M E / D I V for a no rma l 
d isplay. 
Be sure t h a t t h e V A R I A B L E con t ro l is set to C A L 

2. Us ing t he £ POSIT ION con t ro l set one o f the po in ts to 
be used as a reference t o co inc ide w i t h t he hor izonta l 
centeHine. 
Use t h e « • POSIT ION con t ro l t o set th i s po in t a t t h e 
in te rsec t ion o f any ver t ica l g radua t ion l ine. 

3. Measu re t he hor izonta l d is tance b e t w e e n the t w o 
po in t^ . 
M u l t i p l y th i s by the se t t i ng of the A S W E E P T I M E / D I V 
con t ro l t o ob ta in t h e t i m e b e t w e e n the t w o po in ts . If 
hor izonta l " x 1 0 M A G " is used , mu l t i p l y th is fu r ther by 
1 /10 . 

Us ing t h e f o r m u l a : 
T i m e = Hor izonta l d is tance (div) x (SWEEP T I M E / D I V 
set t ing) x " x 10 M A G " va lue 1 ( 1 / 1 0 ) 

[ E X A M P L ^ ] 

For the examp le , t h e hor izonta l d is tance b e t w e e n t h e t w o 
po in ts is 5 .4 d iv is ions. 
If the SWEEP T I M E / D I V is 0 . 2 m s / d i v w e ca lcu la te . 

Adjust to the vertical—j-
scale with •* • POSITION 

Adjust to horizontal 
center line with 

POSITION 

Horizontal distance 

Subs t i t u t i ng the g iven va lue: 
T ime = 5 .4 (div) x 0 .2 ( m s ) = 1 .08ms 

FREQUENCY MEASUREMENTS 
Frequency m e a s u r e m e n t s are m a d e by measu r i ng t he per iod 
of one cyc le o f w a v e f o r m and tak ing t h e rec iproca l o f th i s 
t i m e va lue as the f requency . 

Procedure : 

1. Se t t h e osc i l loscope up t o d isp lay one cyc le o f 
w a v e f o r m (one per iod) . 

2 . The f requency is t he rec iproca l o f t he per iod measured . 

Us ing t h e f o r m u l a : 

^ r e q — pe r iod 

1 cycle=40jus(5 / is/div.x 8div.) 

[ E X A M P L E ] 

A per iod o f 40fis is observed and measu red . 

Subs t i t u t i ng t he g iven va lue : 
Freq = 1 / [ 4 0 x 1 0 6 ] = 2 . 5 x 1 0 4 = 2 5 kHz 

5-3 
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W h i l e t he above m e t h o d rel ies o n the m e a s u r e m e n t d i rec t ly 
of the per iod o f one cyc le, the f requency may also be measu 
red by c o u n t i n g the n u m b e r of cyc les present in a g iven t i m e 
per iod . 

1. A p p l y t he s ignal t o the INPUT, se t t ing the V M O D E t o 
the channe l t o be used and ad jus t ing the var ious 
con t ro l s for a no rma l d isplay. Set A V A R to CAL. 

2. Coun t the n u m b e r of cyc les of w a v e f o r m b e t w e e n a 
chosen set of ver t ica l g radua t ion l ines. 
Us ing the hor izonta l d is tance b e t w e e n the ver t ica l l ines 
used above and the S W E E P T I M E / D I V the t i m e span 
m a y be ca lcu la ted . Mu l t i p l y the rec iprocal of th is va lue 
by the n u m b e r of cyc les present in the g iven t i m e span. 
If " x 10 M A G " is used mu l t i p l y th is fu r ther by 10 . 
No te tha t errors w i l l occur for d isp lays hav ing on ly a f e w 
cycles. 

Us ing the fo rmu la : 

# of cyc les x " x 10 M A G " va lue 
F r e Q = Hor izonta l d is tance (div) x SWEEP T I M E / D I V se t t ing 

l E X A M P L E l 

For the examp le , w i t h i n 7 d iv is ions there are 10 cycles. 
The SWEEP T I M E / D I V is 5MS. 

Subs t i t u t i ng the g iven va lue : 

Freq = 1 ° , t = 2 8 5 . 7 kHz 
7 x 5 \ns) 

Count cycles between, 
this portion 

PULSE WIDTH MEASUREMENTS 
Procedure: 
1 . A p p l y the pulse s ignal to the INPUT and set t he V 

M O D E to t he channe l t o be used. 
2 . Use V O L T S / D I V , V A R I A B L E and £ POSIT ION to adjust 

t he w a v e f o r m such t ha t the pulse is easi ly observed and 
such tha t the center pulse w i d t h co inc ides w i t h the 
center hor izonta l l ine on the CRT screen. 

3. Measure the d is tance b e t w e e n the in te rsec t ion of t he 
pulse w a v e f o r m and the center hor izonta l l ine in 
d iv is ions. Be sure t ha t the A V A R is in the C A L 
pos i t ion . M u l t i p l y th is d is tance by the A S W E E P 
T I M E / D I V and by 1 / 1 0 is " x 10 M A G " m o d e is be ing 
used. 

5-4 

Using the f o rmu la : 
Pulse w i d t h = Hor izonta l d is tance (d iv) x ( S W E E P T I M E / 

DIV set t ing) x " x M A G 1 0 " v a l u e 1 ( 1 / 1 0 ) 

J E X A M P L E I 

For the examp le , the d is tance (w id th ) at the center ho
r izontal l ine is 4 .6 d iv is ions and the A SWEEP. T I M E / D I V is 
0 .2ms . 

Subs t i t u t i ng the g iven va lue : 
Pulse w i d t h = 4 .6 (div) x 0 . 2 m s = 0 . 9 2 m s 

Align the waveform 
with the center 
using « • POSITION 

P U L S E R I S E T I M E A N D F A L L T I M E 
MEASUREMENTS 
For r ise t ime and fa l l t ime m e a s u r e m e n t s , t he 1 0 % and 9 0 % 
amp l i t ude po in t s are used as s ta r t i ng and end ing reference 
points . 
Procedure: 

1. App l y a s ignal to the INPUT and set V M O D E to the 
channel to be used. 
Use V O L T S / D I V and V A R I A B L E t o ad jus t the w a v e f o r m 
peak t o peak he igh t t o six d iv is ions. 

2. Us ing the ^ POSIT ION con t ro l and the o ther con t ro ls , 
ad jus t the d isp lay such tha t t he w a v e f o r m is cen te red 
ver t ica l ly in the display. Set the S W E E P T I M E / D I V t o 
as fas t a se t t ing as poss ib le cons is ten t w i t h observa t ion 
of b o t h the 1 0 % and 9 0 % po in ts . Set the A V A R t o the 
C A L pos i t ion . 

3. Use the POSIT ION con t ro l t o ad jus t the 1 0 % po in t 
t o co inc ide w i t h a ver t ica l g radua t i on l ine and measure 
the d is tance in d iv is ions b e t w e e n the 1 0 % and 9 0 % 
po in ts on the w a v e f o r m . M u l t i p l y th is by t he S W E E P 
T I M E / D I V and also by 1 / 1 0 , i f " x 10 M A G " m o d e w a s 
used. 

C A U T I O N 
Be sure t ha t t he cor rec t 1 0 % and 9 0 % l ines are used. 
For such m e a s u r e m e n t s t he 0 , 10 , 9 0 and 1 0 0 % po in ts 
are marked on the CRT screen. 

Us ing the f o r m u l a : 
Riset ime = Hor izonta l d is tance (div) x (SWEEP T I M E / D I V 

set t ing) x " x 1 0 M A G " va lue 1 ( 1 / 1 0 ) 

Adjust to the vertical scale 
w i t h * * POSITION. 

Pulse length 
(at 50%) 
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[ E X A M P L E ] 

For the examp le , the hor izonta l d is tance is 4 . 0 d iv is ions. 
The SWEEP T I M E / D I V is 2 M s . 

Subs t i t u t i ng the g iven va lue : 
Riset ime = 4 . 0 (div) x 2 (/is) = 8/IS 

Riset ime and fa l l t imes can be measured by m a k i n g use of 
t he a l te rnate s tep 3 ' as descr ibed b e l o w as we l l . 

4 . Use the POSIT ION con t ro l t o set the 1 0 % po in t to 
co inc ide w i t h the center ver t ica l g radua t ion l ine and 
measure the hor izonta l d is tance to the po in t of t he 
in tersec t ion of the w a v e f o r m w i t h the center hor izonta l 
l ine. Let th is d is tance be D i . Nex t ad jus t the w a v e f o r m 
pos i t ion such t ha t the 9 0 % po in t co inc ides w i t h the 
ver t ica l center l ine and measure the d is tance f r o m tha t 
l ine t o the in te rsec t ion of the w a v e f o r m w i t h the ho 
r izontal center l ine . This d is tance is D2 and the to ta l ho 
r izontal d is tance is t hen D i p lus D2 for use in the above 
re la t ionsh ip in ca lcu la t ing the r ise t ime or fa l l t ime . 

Us ing the f o r m u l a : 
R ise t ime = ( D 1 + D2) (div) x (SWEEP T I M E / D I V set t ing) 

x " x 10 M A G " v a l u e 1 + i / 1 0 ) 

[ E X A M P L E ] 

For the examp le , t he measured D i is 1.8 d iv is ions w h i l e D 2 

is 2 .2 d iv is ions. If S W E E P T I M E / D I V is 2/is w e use the fo l 
l ow ing re la t ionsh ip 

Subs t i t u t i ng the g iven va lue: 
R iset ime = (1.8 + 2.2) (div) x 2 (ns)= 8/is 

TIME DIFFERENCE MEASUREMENTS 
This p rocedure is usefu l in m e a s u r e m e n t of t i m e d i f fe rences 
b e t w e e n t w o s igna ls t ha t are synchron ized t o one ano the r 
bu t s k e w e d in t i m e . 
Procedure: 

1. A p p l y t he t w o s igna ls t o C H 1 and C H 2 and set t he V 
M O D E to D U A L choos ing e i ther A L T or CHOP m o d e . 
Genera l ly for l o w f requency s ignals CHOP is chosen 
w i t h A L T used for h igh f requency s ignals. 

2 . Se lec t t he faster of the t w o s ignals as the SOURCE and 
use V O L T S / D I V and S W E E P T I M E / D I V to ob ta in an 
easi ly observed d isplay. 
Set A V A R t o CAL. 

3. Us ing * POSIT ION con t ro l set the w a v e f o r m s t o the 
center of the CRT d isp lay and use the <«• POSIT ION 
con t ro l t o set t he reference s ignal t o be co inc iden t w i t h 
a ver t ica l g radua t ion l ine. 

4 . Measure the hor izonta l d is tance b e t w e e n the t w o s ig 
nals and mu l t i p l y th is d is tance in d iv is ions by the 
S W E E P T I M E / D I V se t t ing . 

If x 10 M A G is be ing used mu l t i p l y th is again by 1 / 1 0 . 

Us ing the f o rmu la : 

T i m e = Hor izonta l d is tance (div) x (SWEEP T I M E / 
DIV set t ing) x " x 10 M A G " v a l u e 1 ( 1 / 1 0 ) 

[ E X A M P L E ] 

For the examp le , the hor izonta l d is tance measured is 4 . 4 

d iv is ions. The S W E E P T I M E / D I V is 0 . 2 m s . 

Subs t i t u t i ng the g iven va lue : 
T i m e = 4 . 4 (div) x 0 .2 (ms) = 0 . 8 8 m s 
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Adjust to the vertical scale 
with POSITION -

-Rise time 

Adjust 90% point to the center 
and measure D2. 

Rise time -Adjust 10% point 
to the center and 
measure Di. 

Referance signal -Comparison signal 

Time differencer 
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PHASE DIFFERENCE MEASUREMENTS 
This p rocedure is usefu l in measur ing the phase d i f fe rence o f 
s ignals of the same f requency. 

1. A p p l y the t w o s ignals to the CH1 and CH2 INPUTS, 
se t t ing the V M O D E to D U A L and choos ing ei ther 
CHOP or A L T mode . 

2. Set the SOURCE to the s ignal w h i c h is lead ing in phase 
and use V O L T S / D I V to ad jus t the s ignals such tha t they 
are equa l in amp l i t ude . Ad jus t the o ther con t ro ls for a 
no rma l d isplay. 

3. Use SWEEP T I M E / D I V and A V A R to ad jus t the d isp lay 
such tha t one cycle of the s ignals occup ies 8 d iv is ions 
of hor izonta l d isplay. 
Use the r POSIT ION to br ing the s ignals in the center 
of the screen. 
Hav ing set up the d isp lay as above, one d iv is ion n o w 
represents 4 5 ° .in phase. 

4 . Measure the hor izonta l d is tance b e t w e e n co r respond ing 
po in ts on the t w o wave fo rms . 

Us ing the f o rmu la : 
Phase d i f ference = hor izonta l d is tance (div) x 4 5 ° / d i v 

Phase d i f fe rence = hor izonta l d is tance of n e w s w e e p range 
(div) x 4 5 ° / d i v 

N e w S W E E P T I M E / D I V se t t ing 
Or ig ina l S W E E P T I M E / D I V se t t ing 

A n o t h e r s imp le m e t h o d of ob ta in ing more accuracy qu ick ly 
is to s imp ly use x 10 M A G for a scale of 1 d iv is ion = 
4 5 ° / d i v 

One cyc le ad jus ted t o o c c u p y 8 d iv . 

Expanded sweep w a v e f o r m d isp lay . 

[ E X A M P L E ] 

For the examp le , the hor izonta l d is tance is 1.7 d iv is ions. 

Subs t i tu t i ng the g iven va lue: 

The phase d i f ference = 1.7 (div) x 4 5 ° / d i v = 7 6 . 5 ° 

The above setup a l l ows 4 5 ° per d iv is ion bu t if more accu 
racy is requi red the SWEEP T I M E / D I V may be changed and 
magn i f i ed w i t h o u t t o u c h i n g the A V A R con t ro l and if 
necessary the t r igger level can be read justed. 

For th is t ype of ope ra t i on , the re la t ionsh ip of one d iv is ion to 
4 5 ° no longer ho lds. Phase d i f ference is de f ined by the 
fo rmu la as fo l l ow . 

RELATIVE MEASUREMENTS 
If the f requency and amp l i t ude of s o m e reference signal are 
k n o w n , an u n k n o w n s ignal may be measured for level and 
f requency w i t h o u t use of the V O L T S / D I V or S W E E P 
T I M E / D I V for ca l ib ra t ion . 

The m e a s u r e m e n t is made in un i ts re lat ive t o the reference 
s ignal . 

* Vertical Sensitivity 
Set t ing the re lat ive ver t ica l sens i t iv i ty us ing a reference s ig 
nal . 

1. A p p l y the reference s ignal to the INPUT and ad jus t the 
d isp lay for a no rma l w a v e f o r m display. 
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A d j u s t V O L T S / D I V and V A R I A B L E so t ha t the s ignal 
co inc ides w i t h t he CRT face 's g radua t ion l ines. A f te r 
ad jus t i ng , be sure no t to d is tu rb the se t t ing of t he 
V A R I A B L E con t ro l . 

2 . The ver t ica l ca l ib ra t ion coef f ic ient is n o w the reference 
s ignal 's amp l i t ude (in vol ts) d iv ided by the p roduc t of 
the ver t ica l amp l i t ude set in s tep 1 and the V O L T S / D I V 
se t t ing . 

Us ing the f o rmu la : 

Ver t ica l coe f f i c ien t 

Vo l tage of the reference signal (V) 

Ver t ica l amp l i t ude (div) x V O L T S / D I V se t t ing 

3. Remove the reference s ignal and app ly the u n k n o w n 
s ignal t o the INPUT, us ing the V O L T S / D I V c o n t r a l t o 
ad jus t t he d isp lay for easy observa t ion . Measure the 
a m p l i t u d e of the d isp layed w a v e f o r m and use the f o l 
l o w i n g re la t ionsh ip to ca lcu la te the ac tua l amp l i t ude of 
t he u n k n o w n w a v e f o r m . 

A m p l i t u d e of t he u n k n o w n signal (V) 

= Ver t ica l d is tance (div) x Ver t ica l coef f i c ien t 
x V O L T S / D I V se t t ing 

[ E X A M P L E ] 
For the examp le the V O L T S / D I V is 1V. 

The reference s ignal is 2 V rms . Us ing the V A R I A B L E , ad just 
so tha t the amp l i t ude of the reference s ignal is 4 d iv is ions. 

Subs t i t u t i ng the g iven va lue: 

Ver t ica l coef f i c ien t = A , ^ V R M S
 = Q .5 

4 (div) x 1 (V) 

Then , measure the u n k n o w n signal and V O L T S / D I V is 2 V 
and vert ical amp l i t ude is 3 d iv is ions. 

Subs t i tu t i ng the g iven va lue: 

Effect ive va lue of u n k n o w n s ignal = 3 (div) x 0 .5 x 5(V) 

= 7.5 V rms 

• PERIOD 
Set t ing the re lat ive s w e e p coef f ic ient w i t h respect to a 
reference f requency s ignal . 

1. A p p l y t he reference s ignal to the INPUT, us ing 
V O L T S / D I V a n d V A R I A B L E t o o b t a i n an eas i l y 
observed w a v e f o r m display. 

Us ing S W E E P T I M E / D I V and V A R I A B L E ad jus t one 
cyc le o f t he reference s ignal t o occupy a f i xed n u m b e r of 
scale d iv is ions accurate ly . A f te r th is is done be sure no t 
to d is turb the se t t ing of the A V A R con t ro l . 

2 . The S w e e p (hor izontal ) ca l ib ra t ion coef f ic ient is then 
the per iod of t he reference s ignal d iv ided by the p roduc t 
of the n u m b e r of d iv is ions used in s tep 1 for se tup of the 
reference and the se t t ing of the SWEEP T I M E / D I V 
con t ro l . 

Us ing the f o r m u l a : 

S w e e p coef f i c ien t 

Per iod of the reference s ignal (sec)  
~~ Hor izonta l w i d t h (div) x SWEEP T I M E / D I V se t t ing 

3. Remove the reference s ignal and input the u n k n o w n 
s igna l , ad jus t ing the S W E E P T I M E / D I V con t ro l for easy 
observa t ion . 

Measu re the w i d t h of one cyc le in d iv is ions and use the 
f o l l o w i n g re la t ionsh ip t o ca lcu la te t he ac tua l per iod . 

Us ing the f o rmu la : 

Per iod of u n k n o w n s ignal - W i d t h o f 1 cyc le (div) X s w e e p 

coef f ic ient x SWEEP T I M E / D I V se t t ing 
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APPLICATION 

SWEEP MULTIPLICATION 
(MAGNIFICATION) 
The apparen t magn i f i ca t i on of the de layed s w e e p is d e t e r m i 
ned by the va lues set by the A and B SWEEP T I M E / D I V 
cont ro ls 

1. A p p l y a s ignal t o t he INPUT and set t he V M O D E t o t he 
channe l to be used, ad jus t ing V O L T S / D I V for an easi ly 
observed d isp lay of the w a v e f o r m and the other con t ro ls 
if necessary. 

2 . Set the A SWEEP T I M E / D I V so t ha t several cycles of 
the w a v e f o r m are d isp layed. Set the B SLOPE to 
STARTS AFTER DELAY (pull out ) . 

W h e n H O R I Z O N T A L D I S P L A Y is set to A - I N T - B , the 
magn i f i ed po r t i on of the w a v e f o r m w i l l appeared 
in tens i f ied on the CRT display. 

3. Use the DELAY T I M E MULT IPL IER to sh i f t the 
in tens i f ied po r t i on of w a v e f o r m to cor respond w i t h the 
sec t ion to be magn i f i ed for observa t ion . Use the B 
S W E E P T I M E / D I V to ad jus t in tens i f ied po r t i on to cover 
the ent i re por t ion t o be magn i f i ed . 

4 . Set the H O R I Z O N T A L D I S P L A Y to e i ther A L T or B 
DLY 'D and use the $ POSIT ION and * TRACE SEP 
con t ro ls to ad jus t the d isp lay for easy v i e w i n g . 

5. T i m e measu remen ts are pe r fo rmed in the same manner 
f r o m the B s w e e p as w a s desc r ibed above for A s w e e p 
t i m e measu remen ts . 

The apparen t magn i f i ca t i on of the in tens i f ied w a v e f o r m 
sec t ion is the A S W E E P T I M E / D I V d iv ided by the B 
S W E E P T I M E / D I V . 

Us ing the f o rmu la : 

The apparen t magn i f f i ca t ion _ A S W E E P T I M E / D I V se t t ing 
of the in tens i f ied w a v e f o r m ~~ B S W E E P T I M E / D I V se t t ing 
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Pulse j i t ter ' Unknown signal 

[ E X A M P L E ] 

A SWEEP T I M E / D I V is 0 . 1 m s and apply 1.75kHz reference 

s ignal . Ad jus t the A VAR so tha t the d is tance of one cycle is 

5 d iv is ions. 

Subs t i t u t i ng the g iven value: 

u • I „ • • t 1.75 (kHz) 1 . . . . 
Hor izonta l coef f ic ient = - = — T T T - , r— 1 .142 

5 x 0.1 (ms) 
Then , SWEEP T I M E / D I V is 0 . 2 m s and hor izonta l amp l i t ude 
is 7 d iv is ions. 
Subs t i t u t i ng the g iven value: 
Pulse w i d t h = 7 (div) x 1 .142 x 0.2 ( m s ) = 1.6ms 

PULSE JITTER MEASUREMENTS 
1. A p p l y the signal to the INPUT and set the V M O D E to 

the channe l t o be used. 

Use V O L T S / D I V to adjust for an easy to observe 
w a v e f o r m display. Specia l care shou ld be taken to 
ad just the Tr igger g roup of cont ro ls for a s tab le display. 
Set A V A R to CAL. 

2. Set H O R I Z O N T A L DISPLAY to A - I N T - B . and pul l ou t 
the B SLOPE cont ro l t o af fect the STARTS AFTER 
DELAY mode . 

A d j u s t the DELAY T I M E MULTIPL IER for in tens i f ied 
d isp lay of the w a v e f o r m to be measured . 

3. Us ing the B S W E E P T I M E / D I V adjust the display for 
in tens i f i ca t ion of the ent i re j i t ter area of the w a v e f o r m . 

4 . Set the H O R I Z O N T A L D ISPLAY to B DLY 'D . 
Measure the w i d t h of the j i t te r area. 

The j i t ter t i m e is th is w i d t h in d iv is ions mu l t ip l ied by the 
se t t ing of the B SWEEP T I M E / D I V cont ro l . 

Us ing the f o rmu la : 

Pulse j i t te r = J i t t e r w i d t h (div) x B SWEEP T I M E / D I V 

se t t ing 

[ E X A M P L E ] 

The examp le s h o w s a case in w h i c h the j i t te r w i d t h w a s 

measured at 1.6 d iv is ions w i d e w i t h the B SWEEP 
T I M E / D I V set at 0.2MS. 

Subs t i tu t i ng the g iven va lue: 
Pulse j i t te r = 1.6 x 0.2MS = 0 .32MS 



APPLICATION 

[ E X A M P L E ] 

In the examp le , t h e A S W E E P T I M E is 2fis and the B S W E E P 

T I M E is 0 .2MS. 

Subs t i t u t i ng t he g iven va lue : 

2 x 1 0 " 6 

Appa ren t magn i f i ca t i on ra t io = — . 0 ^ . _ 6 = 10 

W i t h t he above magn i f i ca t i on , if t h e magn i f i ca t i on rat io is 
increased, de lay j i t te r w i l l occur . 

To ach ieve a s tab le d isp lay, cance l t he S T A R T S AFTER 
DELAY m o d e and used the t r iggered m o d e of opera t ion . 

4 . Use the DELAY T I M E MULT IPL IER t o ad jus t po r t i on of 
modu la t i on t o same po in t of the second w e v e f o r m 
The w a v e f o r m per iod is t he second dia l read ing m i n u s 
t h e f i rst d ia l read ing mu l t i p l i ed by the A S W E E P 
T I M E / D I V se t t i ng . 

Us ing t h e f o r m u l a : 
Per iod = (2nd dia l r e a d i n g — 1 s t d ia l reading) 

x De layed sweep t i m e ( A S W E E P T I M E / D I V 
se t t i ng ) 

Delay time 

1. Per form t h e above s teps 1 t h r o u g h 3. 
2 . Press t he SLOPE con t ro l in t o cance l t he STARTS 

AFTER DELAY m o d e and set t he B SOURCE t o t he 
same s igna l as the A t r igger source. 

3. Set H O R I Z O N T A L D I S P L A Y t o e i ther A L T or B DLY 'D . 
The apparen t magn i f i ca t i on w i l l be the same as 
desc r ibed above. 
If a p roper B t r igger s ignal is no t app l ied , in tens i f i ca t ion 
m a y no t occur . If th is happens , vary t he s ignal level or 
t r igger w i t h an ex terna l s ignal source. 

DELAYED SWEEP TIME MEASUREMENTS 
Using t h e B s w e e p h igh accuracy t i m e m e a s u r e m e n t s can 
be made . 

1. A p p l y a s ignal t o I N P U T and set t he V M O D E t o t h e 
channe l t o be used. A d j u s t V O L T S / D I V and the o ther 
con t ro l s if necessary t o ob ta in an easi ly observed 
w a v e f o r m display. 

Set t he A V A R t o CAL . 
2 . A d j u s t t he A S W E E P T I M E / D I V t o d isp lay the por t i on o f 

w a v e f o r m t o be measu red . Pull o u t t he B SLOPE 
con t ro l t o set t he S T A R T S AFTER DELAY mode . 
Se t H O R I Z O N T A L D I S P L A Y t o A - I N T - B and ad just t he 
B S W E E P T I M E / D I V for as smal l as poss ib le an 
in tens i f ied reg ion . 

3. Us ing t he • POSIT ION con t ro l ad jus t t he w a v e f o r m 
pos i t ion so as t o in tersect w i t h t he center hor izonta l l ine 
o n t he CRT screen. Use the DELAY T I M E MULT IPL IER 
so tha t the in tens i f ied po r t i on o f w a v e f o r m touches the 
center hor izonta l l ine and record t he se t t i ng o f t he 
DELAY T I M E M U L T I P L I E R at th is po in t . 

( E X A M P L E ] 

For the examp le t he f i rst d ia l se t t ing is 1.01 and the second 

is 6 0 4 . The se t t ing of A SWEEP T I M E / D I V is 2 m s . 

Subs t i t u t i ng t he g iven va lue : 
Per iod = ( 6 . 0 4 - 1 . 0 1 ) x 2 (ms) = 1 0 . 0 6 m s 

PULSE WIDTH MEASUREMENTS USING 
DELAYED SWEEP 
This m e t h o d is s imi la r t o t he t i m e m e a s u r e m e n t m e t h o d and 
can be used for h igh accuracy pulse w i d t h measu remen ts . 

1 . A p p l y t he pulse s ignal t o t he I N P U T and set t h e V 
M O D E t o t he channe l t o be used. 

2. Use the V O L T S / D I V , V A R I A B L E and % POSIT ION 
con t ro ls t o ad jus t t he d isp lay such t ha t t he w a v e f o r m is 
easi ly observab le w i t h t he cen ter o f t he pulse w i d t h 
co inc id ing w i t h t h e center hor izonta l g radua t i on l ine. 
Set A V A R t o CAL . 

3. Set t he A S W E E P T I M E / D I V t o d isp lay t h e po r t i on of 
t h e w a v e f o r m t o be measu red , pu l l i ng o u t t he B SLOPE 
con t ro l t o se t u p the S T A R T S AFTER D E L A Y m o d e o f 
d isp lay. 
Set H O R I Z O N T A L D I S P L A Y t o A - I N T - B , and ad jus t t he 
B S W E E P T I M E / D I V fo r as sho r t as poss ib le an 
in tens i f ied sec t ion o f w a v e f o r m . 

4 . Us ing t h e D E L A Y T I M E M U L T I P L I E R , ad jus t t h e d isp lay 
so t h a t t h e in tens i f ied po r t i on t o u c h e s the center 
hor izonta l g radua t ion l ine o f t he CRT screen and record 
the d ia l se t t i ng a t t h i s po in t . 
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5. Us ing the DELAY T I M E MULTIPL IER adjust t he fa l l ing 
edge of the pulse so tha t it t ouches the center hor izonta l 
g radua t ion l ine and is in tens i f ied. 
The pulse w i d t h is the second dial reading m inus the 
f i rst dial reading mu l t i p l i ed by the A SWEEP T I M E / D I V 
set t ing . 

Us ing t h e fo rmu la : 
Pulse w i d t h = (2nd dial r e a d i n g - 1 s t dial reading) 
x Delayed s w e e p t i m e (A SWEEP T I M E / D I V set t ing) 

[ E X A M P L E ] 

In the examp le , t he f i rst dial reading is 0 .61 and the second 
is 5 .78 w i t h the A SWEEP T I M E / D I V set t ing at 2/ is . 
Subs t i t u t i ng the appropr ia te values 

Pulse w i d t h = ( 5 . 7 8 - 0 . 6 1 ) x 2 (/ is) = 10 .34 / i s 

FREQUENCY MEASUREMENTS USING 
DELAYED SWEEP 
The f requency is ob ta ined as the rec iprocal o f the per iod of 
one cyc le. 

1. Measu re the per iod of the w a v e f o r m us ing the 
procedure descr ibed above for t i m e measuremen t . 

2 . The f requency is t hen t he rec iprocal o f the per iod 
measured . 

Us ing the f o rmu la : 

Freq = — — 
Per iod 

[ E X A M P L E ] 

For the examp le , t h e per iod measured is 4 0 . 2 / i s , mak ing the 
f requency s imply . 

Subs t i t u t i ng t he g iven va lue : 

Freq = 1 / (40 .2 X 10~ 6) % 2 4 . 8 8 kHz 

PULSE REPETITION TIME 
Using the de layed s w e e p fea tu re , re l iable t i m e m e a s u 
remen ts can be made . 

1. A p p l y a s ignal t o the I N P U T and set the V M O D E t o the 
channe l t o be used. 
A d j u s t V O L T S / D I V t o o b t a i n a n o r m a l easy t o v i e w 
d isp lay of the w a v e f o r m . 

2. A d j u s t the A S W E E P T I M E / D I V so t ha t at least t w o 
cyc les of t he w a v e f o r m are d isp layed. 
Set the H O R I Z O N T A L D I S P L A Y to A - I N T - B and pul l 
o u t the B SLOPE con t ro l t o a f fec t the S T A R T S AFTER 
DELAY m o d e of opera t ion . 
Se t t he B S W E E P T I M E / D I V as fas t a s w e e p speed as 
possib le. 

3. Us ing the DELAY T I M E M U L T I P L I E R , ad jus t the 
in tens i f ied po r t i on t o co inc ide w i t h the f i rs t pulse. 
Set the H O R I Z O N T A L D I S P L A Y t o A L T and use * 
T R A C E SEP t o ad jus t the w a v e f o r m s for easy v i e w i n g . 

4 . Us ing the DELAY T I M E M U L T I P L I E R , set the pulse to 
co inc ide w i t h one o f t h e ver t i ca l g radua t i on l ines and 
record t he dial se t t i ng at th is po in t . 

5. A g a i n us ing the DELAY T I M E M U L T I P L I E R , ad jus t the 
second pulse in t he same manne r t o t he ver t ica l l ine 
used in s tep 4 , record ing th is dial se t t i ng as we l l . The 
pulse repe t i t i on t i m e is the second dia l read ing m i n u s 
the f i rst dial read ing mu l t i p l i ed by the A SWEEP 
T I M E / D I V con t ro l se t t ing . 

Us ing t h e f o r m u l a : 

P u l s e r e p e t i t i o n t i m e = ( 2 n d d i a l r e a d i n g — 1 s t d i a l 
reading) x De layed s w e e p t i m e (A S W E E P T I M E / D I V 
set t ing) 
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Read the dial setting when B sweep points of 
DELAY TIME MULTIPLIER ® and © are in 
the same position. 

[ E X A M P L E ] 

For the examp le , t he f i rs t d ia l read ing is 0 . 7 6 and the second 
is 6 .22 w i t h t he A S W E E P T I M E / D I V set at 2 M s . 
W e have, subs t i t u t i ng the appropr ia te va lues 

Pulse repet i t ion t i m e = ( 6 . 2 2 - 0 . 7 6 ) x 2 (MS)= 10.92/xs 

USING DELAYED SWEEP FOR 
MEASUREMENT OF RISETIMES AND 
FALLTIMES 
Riset imes and fa l l t imes are genera l ly measured by us ing the 
1 0 % and 9 0 % a m p l i t u d e po in ts as reference s ta r t ing and 
end ing po in ts for the rise or fa l l . 

1 . A p p l y t he s ignal t o the I N P U T and set t he V M O D E to 
the channe l t o be used. 
Use V O L T S / D I V and V A R I A B L E to ob ta in a no rma l 6 
d iv is ion h igh w a v e f o r m display. 
Us ing the # POSIT ION con t ro l , set the w a v e f o r m 
pos i t ion in the centra l area of the screen ver t ica l ly , tha t 
it t o co inc ide w i t h t he 1 0 0 % and 0 % l ines o n t he CRT 
screen. 

Set the S W E E P T I M E / D I V t o as h igh a speed as 
possible. 

Set A V A R to the C A L pos i t i on . 
3. Pull o u t the B SLOPE con t ro l t o in i t ia te the STARTS 

AFTER D E L A Y m o d e o f ope ra t i on and ad jus t the B 
S W E E P T I M E / D I V for as shor t as possib le an in tens i f ied 
sec t ion of w a v e f o r m . 

4 . Us ing t he D E L A Y T I M E M U L T I P L I E R , ad jus t the 
w a v e f o r m such t h a t t he 1 0 % po in t is in tens i f ied and 
record t h e d ia l read ing. 

5. S imi la r ly , us ing the D E L A Y T I M E M U L T I P L I E R ad jus t 
t he 9 0 % po in t so t h a t it is in tens i f ied and record t h a t 
d ia l read ing as we l l . 

The pu lse r i se t ime (or fa l l t ime) is s imp ly t he d i f ference 
b e t w e e n t he t w o d ia l se t t ings t i m e s t he A SWEEP 
T I M E / D I V con t ro l se t t i ng . 

Us ing the f o rmu la 
Riset ime = (2nd d ia l r e a d i n g - 1st d ia l reading) x Delayed 

s w e e p t i m e (A S W E E P T I M E / D I V set t ing) 

[ E X A M P L E ] 

For the examp le , the f i rs t dial read ing is 1.20 ( 1 0 % poin t ) 
and the second is 7 . 38 ( 9 0 % po in t ) w i t h the A SWEEP 
T I M E / D I V set at 2/ is. 

Subs t i t u t i ng the g iven va lue: 

R ise t ime = ( 7 . 3 8 - 1 . 2 0 ) x 2 (us) = 12 .36MS 

TIME DIFFERENCE MEASUREMENTS 
USING DELAYED SWEEP 
Synchron ized w a v e f o r m s w h i c h are s k e w e d in t i m e can be 
accura te ly measu red us ing the de layed sweep . 

1. A p p l y the t w o s ignals t o t he C H 1 and C H 2 INPUTS, 
se t t i ng the V M O D E to D U A L and se lec t ing e i ther A L T 
or C H O P display. 

2. Set the SOURCE to the s ignal t h a t is lead ing in phase 
and ad jus t V O L T S / D I V and S W E E P T I M E / D I V for easy 
w a v e f o r m observa t ion . 
Set the A V A R con t ro l t o CAL. 

3. Pul l ou t the B SLOPE con t ro l t o in i t ia te the STARTS 
AFTER D E L A Y m o d e of opera t ion . Se t H O R I Z O N T A L 
D I S P L A Y to A - I N T - B and ad jus t t he B S W E E P 
T I M E / D I V and D E L A Y T I M E M U L T I P L I E R t o make the 
in tens i f ied po r t i on co inc ide w i t h the r is ing edge or fa l 
l ing edge of the w a v e f o r m tha t is t o be used as t h e 
reference. 

4 . Set t he H O R I Z O N T A L D I S P L A Y t o A L T and use t he * 
TRACE SEP con t ro l t o ad jus t t he B s w e e p fo r easy 
observa t ion . 

5. Us ing the DELAY T I M E M U L T I P L I E R ad jus t t he pulse t o 
any conven ien t ver t ica l g radua t i on l ine and record the 
dial read ing a t t ha t po in t . 

6. Us ing the D E L A Y T I M E M U L T I P L I E R ad jus t t he cor
respond ing po in t o n t he second s ignal t o t he s a m e 
ver t ica l l ine a n d record t he read ing o f t he d ia l a t th i s 
po in t as w e l l . The t i m e d i f fe rence or s k e w o f t he t w o 
w a v e f o r m s is t hen the second d ia l read ing m i n u s t h e 
f i rs t d ia l read ing mu l t i p l i ed by t he A S W E E P T I M E / D I V 
cont ro l se t t ing . 
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• Read the dial setting when 
;B sweep points of DELAY 
TIME MULTIPLIER © and 

_(2) are in the same position. 

[ E X A M P L E ] 

The reference s ignal dial reading is 1.00 wh i l e the second 
dial reading is 5 . 34 w i t h an A SWEEP T I M E / D I V set t ing of 
2/ is. 
Subs t i t u t i ng the va lue: 

T ime d i f ference = ( 5 . 3 4 — 1 . 0 0 ) x 2(jus) = 8 .68 

X-Y OPERATION 

PHASE MEASUREMENT 
Phase measu remen ts may be made w i t h X-Y opera t ion . 
Typica l app l ica t ions are in c i rcu i ts des igned to p roduce a 
speci f ic phase shi f t , and measu remen t of phase shi f t 
d is to r t ion in aud io ampl i f ie rs or o ther aud io ne tworks . 
D is tor t ion of amp l i t ude is also d isp layed in the osc i l loscope 
w a v e f o r m . 
To make phase measu remen ts , use the f o l l ow ing procedure 

1. Us ing an aud io s ignal generator w i t h a pure s inusoida l 
s ignal , app ly a sine w a v e test s ignal at the desired tes t 
f requency to the aud io n e t w o r k be ing tes ted . 

2. Set the s ignal genera to r o u t p u t for the no rma l opera t ing 
level of the c i ruc i t be ing tes ted . If des i red, the c i rcu i t ' s 
ou tpu t may be observed on the osc i l loscope. If the tes t 
c i rcui t is ove rd r i ven , the sine w a v e d isp lay on the 
osc i l loscope is c l ipped and the s ignal level mus t be 
reduced. 

S I N E of = i 
P A 

W H E R E 0 = P H A S E A N G L E 

3. Connect the Channe l 1 probe to the ou tpu t of the test 
c i rcui t . 

4. Set the H. D ISPLAY to X-Y. 
5. Connect the Channe l 2 INPUT probe to the inpu t of the 

test c i rcui t . 
6. Ad jus t the Channel 1 and 2 gain cont ro ls for a su i tab le 

v i e w i n g size. 
7. S o m e typ ica l resul ts are s h o w n above. If the t w o s ig

nals are in phase, the l issajous' pe t te rn is a s t ra ight 
d iagonal l ine. If the ver t ica l and hor izonta l ga in are 
proper ly ad jus ted , th is l ine is at a 4 5 ° angle. 

A 9 0 ° phase shif t p roduces a c i rcui lar L issajours ' pa t te rn . 
Phase shif t of less (or more) than 9 0 ° p roduces an el l ip t ical 
Lissajous' pa t te rn . The a m o u n t of phase shi f t can be 
ca lcu la ted f r o m the osc i l loscope t race as s h o w n left be low. 

FREQUENCY MEASUREMENT 
Frequency m e a s u r e m e n t may be m o d e w i t h t h e Lissajous' 
pa t te rn , as phase measuremen t . 

Procedure: 
1. Connect the sine w a v e of k n o w n f requency to the CH 2 

INPUT of the osc i l loscope and set the H. D I S P L A Y to 
X-Y. 

2. Connec t the ver t ica l i npu t probe (CH 1 INPUT) t o the 
u n k n o w n f requency. 

3. Ad jus t the Channel 1 and 2 gain cont ro ls for a 
conven ien t , easy- to - read display. 

4. The resul t ing pa t te rn , cal led a Lissajous pa t te rn , s h o w s 
the rat io b e t w e e n the t w o f requencies. 
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Unknown frequency 
to Vertical Input, 
Standard frequency 
to Horizontal Input 

Ratio of unknown 
to standard 

1V? : 1 

Note: Any one of these figures, depending upon phase relationship 

Using the f o rmu la : 

T ime d i f ference = (2nd dial reading — 1 st dial reading) 
x Delayed sweep t ime (A SWEEP 
T I M E / D I V set t ing) 

No amplitude distortion, 
no out of phase 

Amplitude distortion, 
no out of phase 180° out of phase 

No amplitude distortion, 
out of phase 

Amplitude distortion, 
out of phase 90° out of phase 

See note 

See note 

Vt : 1 

1 : 1 
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APPLICATION 

4 - C H A I M N E L A P P L I C A T I O N 

The sensi t iv i t ies of CH1 to C H 4 are ca l ib ra ted and each 
channe l has 1 0 0 M H z band w i d t h . The t r igger s ignals of 
C H 3 and C H 4 can be ob ta ined f r o m each preampl i f ie rs . 
Th is un i t can be used no t on ly for ex terna l synchron iza t ion 
bu t a lso for check ing 4 -Channe l at a t i m e . 

A p p l i c a t i o n 
1. Check ing logic s ignal t i m i n g 
2. M o n i t o r i n g v ideo s ignal 
3. M e a s u r i n g aud io s ignal ga in and phase character is t ics 

The deta i ls o f the logic s ignal t i m i n g check ing are descr ibed 
be low . 

L o g i c s i g n a l t i m i n g i n d i c a t i o n 
Cont ro l se t t i ng 

V. M O D E : Q U A D , A L T A. SOURCE: C H 3 
H. D ISPLAY: A 

To ob ta in s tab le synchron iza t ion , synchron ize w i t h the 
longes t per iod channe l (in th is case, CH3) . 

In t he above app l i ca t i on , w h e n the H. D I S P L A Y cont ro l is 
set t o A L T , the ma in and delay s w e e p w a v e f o r m s are d is
p layed on the CRT at a t i m e . The po r t i on in w h i c h the i n ten 
si ty is m o d u l a t e d is en la rged t o enable easy check ing . 

M a i n a n d d e l a y s w e e p w a v e f o r m s ( M a g n i f i e d by 
1 0 t i m e s ) 
Cont ro l se t t ing 
V. M O D E : Q U A D , A L T 
A. SOURCE: C H 3 
H. D ISPLAY: A L T 
STARTS AFTER DELAY: PULL (ON) 

Main sweep 

Delay sweep 

D U A L S W E E P A P P L I C A T I O N 
In th is m o d e , t w o t r igger s w e e p c i rcu i t sys tems can d isp lay 
d i f fe ren t per iod s ignals w i t h o u t in tens i ty d i f fe rence. 

Video FRAME and LINE signal wave fo rms 
Cont ro l se t t i ng 
Input s igna l : CH 1 V. M O D E : CH 1 
H. D ISPLAY: D U A L A. TRIG SOURCE:CH 1 
A. C O U P L I N G : V IDEO B. TRIG SOURCE:CH 1 

B. C O U P L I N G : A C A S W E E P T I M E / D I V . 5 m s 

B. SWEEP T I M E / D I V : 20/xs 

In one w a v e f o r m d isp lay m o d e , the A and B. TRIG. S O U R C E 
con t ro l ope ra t i on is as descr ibed in the f r on t panel . For t w o 
or four w a v e f o r m d isp lay m o d e , refer to the nex t i t em. 

A sweep 

B sweep 

Divider c i rcui t wave fo rms 
Contro l se t t ing 
V. M O D E : Q U A D , A L T H. D ISPLAY: D U A L 
A. SOURCE: CH 1 , B. SOURCE: C H 2 
A. SWEEP T I M E / D I V : 5 m s 
B. SWEEP T I M E / D I V : 0.5/LIS 
CH 1 and C H 3 : 1 0 0 Hz s ignal inpu t 

C H 2 and C H 4 : 1 M H z s ignal inpu t 

W i t h th is m e t h o d , w h e n the s w e e p rat io is set t o 1 0 , 0 0 0 

t imes , t he in tens i ty does no t change and d i f fe ren t per iod 

w a v e f o r m can be synchron ized . 

W h e n H. D I S P L A Y con t ro l is set to D U A L and t w o or four 
w a v e f o r m s are d isp layed , t he CH1 and C H 3 w a v e f o r m s are 
d isp layed in A s w e e p m o d e and C H 2 and C H 4 w a v e f o r m s 
are d isp layed in B s w e e p mode . There fore , ad jus t the A and 
B. TRIG SOURCE con t ro l accord ing ly . 
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ACCESSORY, OPTION 

INSTALLING PROBE HOLDER 
1. The probe holder is insta l led in the meta l po r t i on of the 

handle and ca tches the probe shaft . 
2 . To instal l the probe holder, engage the upper t w o c laws 

w i t h t he handle and then engage the lower c law. 

3. Acco rd ing to t he probe shaf t th ickness, the probe can be 
a t tached as s h o w n be low. 

4 . To remove the p robe holder , d isengage the lower c l aw f i rst . 

INSTALLING ACCESSORY BAG (OPTION) 
1. De tach the hock and separate the accessory bag and 

re ta in ing p late. 
2. W h e n v i e w e d f r o m the f ron t , a l ign the four case r ight 

s ide holes w i t h those of the re ta in ing p late and f ix t he 
re ta in ing plate w i t h 4 ny lon r ivets and 4 washers . 

A t th is t i m e , con f i rm tha t the re ta in ing p la te is ins ta l led 
g r o m m e t and insert the p lunger. 

To remove the ny lon r ivet, w r e n c h ou t the p lunger w i t h 
a 0 screwdr iver . 

3. Then m o u n t the accessory bag to the re ta in ing p late 
w i t h hook. 
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Probe 

• Probe Holder 

Handle 

Probe Holder 

Handle Handle Push 

Retaining Plate 

-Washer 
• Grommet 

• Plunger 
nylon rivet 



CIRCUIT DESCRIPTION 

VERTICAL ATTENUATOR 
The C S - 2 1 0 0 A inpu t a t tenua to r cons is ts of t w o stages of 
a t tenua t i on hav ing 1 /2 , 1 /4 and 1 / 1 0 s teps and the other 
hav ing e i ther 1 / 1 0 or 1 / 1 0 0 a t tenua t ion to f o r m an overal l 
t en po in t a t tenua to r in 1-2-5 sequence. 
The s ignal f r o m t h e a t t enua to r is passed t o a dua l FET i m 
pedance convers ion c i rcu i t (Q1) . Its o u t p u t is sent t o IC12 . 
Var iab le ga in is ach ieved by vary ing t he em i t t e r resistance of 
I C 1 2 . 

The o u t p u t of I C 1 2 is sent to the ver t ica l p re -amp. 
The a r rangemen t for C H 2 is the same as for C H 1 . 
Each channe l has a 5 0 f t t e r m i n a t i o n t ha t can be s w i t c h 
se lec ted. 

VERTICAL MODE LOGIC CIRCUIT 
Instead of the usual mechanical swi tches used on other 
instruments the C S - 2 1 0 0 A makes use of electronic switching. 
The s w i t c h e s t hemse l ves genera te a s ingle pulse o u t p u t 
w h e n ope ra ted so t ha t the var ious c o m b i n a t i o n s o f sw i t ches 
and ho ld ing of se lec ted m o d e s m u s t be done w i t h externa l 
logic c i rcu i t ry . The c i rcu i t t ha t accomp l i shes th is is the Ver
t ica l M o d e Logic Circui t . The pulses genera ted w h e n the 
s w i t c h e s are ope ra ted are shaped by a s c h m i t t t r igger c i rcu i t 
and sen t to the rest of t he c i rcu i t ry . IC6 is a la tch used to 
ho ld a s ing le pulse. The inpu t s igna l , pass ing t h r o u g h the 
c i rcu i t f o r m e d by D 5 - D 1 1 and IC3, IC2 and IC7 is a de layed 
pulse w h i c h ac ts as t he t r igger for IC6. In th is w a y IC6 holds 
the da ta t ha t represents the fac t t h a t a s w i t c h has been 
depressed. IC4 ac ts as a log ica l s ingle pole doub le t h r o w 
s w i t c h t o select one of D U A L / Q U A D and A L T / C H O P . C H 2 
inver ter and 2 0 M H z B W s w i t c h i n g f unc t i ons are managed 
(ON-OFF) by I C 1 0 w h i c h acts as a SPST s w i t c h . The o u t p u t 
o f IC4 is a lso la tched in to IC6. The o u t p u t o f IC6 is used t o 
dr ive the ver t ica l m o d e LED's t h r o u g h IC8, I C 1 1 , IC5 and 
IC9. 

VERTICAL PRE-AMP CIRCUIT 
The C S - 2 1 0 0 A has four p r e - a m p c i rcu i ts to a l l ow 4 -channe l 

ope ra t i on . The o u t p u t o f t he ver t ica l a t t enua to r is f ed t o I C 1 , 

an ampl i f ier . 

For C H 2 an inver t ing s tage, IC2, is p rov ided to a l l ow s w i t c h 
ed invers ion o f t ha t channe l only . Q 2 and Q 3 f o r m the CH1 
pos i t ion c i rcui t . 
Q 5 0 a n d Q 5 1 f o r m the C H 2 pos i t i on c i rcu i t w h i c h opera tes 
in a s imi lar fash ion t o the c i rcu i t for CH 1. Q 4 and Q 5 are x 1 
amp l i f i e r s tages (for C H 1 ) a n d Q 6 , Q 7 are x 5 ampl i f ie r 
s tages. The c i rcu i t f o r m e d by Q 8 and Q 9 is used to s w i t c h 
b e t w e e n x 1 and X 5 ga in for C H 1 . For C H 2 , Q 5 2 / Q 5 3 and 
Q 5 4 / Q 5 5 a long w i t h Q 5 6 and Q 5 7 have the same func
t ions . Q 1 0 / Q 1 1 and Q 1 9 / Q 2 0 fo r a cascoded ampl i f ie r . 
Q 1 8 and Q 2 1 in c o m b i n a t i o n w i t h Q 1 9 and Q 2 0 f o r m a 
s w i t c h i n g c i rcu i t . Th is c i rcu i t is used t o tu rn the C H 1 s ignal 
o n a n d off. 

Q 1 2 a n d Q 1 3 f o r m the t r igger ampl i f ie r . The t r igger s ignal 
passes t h r o u g h the buf fer o u t p u t ampl i f ie r f o r m e d by Q 1 4 

and Q 1 5 , be ing conver ted to 50 f t impedance and is sen t to 
the A t r igger s w i t c h c i rcu i t . For channe l 1 on ly , t he ver t ica l 
s ignal passes t h rough the stage f o r m e d by Q 1 6 and Q 1 7 t o 
the rear pane l connec to r for C H 1 o u t p u t . The c i rcu i t c o n 
f i gu ra t i on for C H 2 , C H 3 and C H 4 is s imi lar excep t t ha t the 
C H 3 and C H 4 pos i t ion a d j u s t m e n t is accomp l i shed by 
means of PCB m o u n t e d t r i m m e r s V R 1 and V R 2 . 
The C H 1 t h r o u g h C H 4 s ignals are amp l i f i ed by the o u t p u t 
ampl i f ie r f o r m e d at the base side o f the emi t te r f o l l owe r 
f o r m e d by Q 4 2 and Q 4 3 . This amp l i fe r cons is ts of Q 4 4 and 
Q 4 5 w h o s e o u t p u t is sent t o the de lay l ine. 
Q 3 8 / Q 3 9 and Q 4 0 / Q 4 1 for the t r igger ampl i f ie r w h i c h 
sends the s ignal o f t he o u t p u t ampl i f ie r t o the A t r igger 
s w i t c h c i rcu i t and ac ts as t he V M O D E t r igger source. Q 3 7 
acts as t he load res is tance s w i t c h for t he A D D m o d e . Q 3 3 -
Q 3 6 f o r m the 2 0 M H z b a n d w i d t h c i rcu i t w h i c h l im i t t h e ver
t ica l b a n d w i d t h t o — 3 d B d o w n at 2 0 M H z . 
CH1 t h r o u g h C H 4 signals are s w i t c h e d by the logic c i rcu i t 
f o r m e d by IC3 - IC7 in accordance w i t h the ver t ica l m o d e 
and hor izonta l m o d e se lec ted. 

VERTICAL OUTPUT AMPLIFIER 
The s ignal f r o m t h e delay l ine is sent to the ver t ica l o u t p u t 
ampl i f ier . Q 1 , Q 2 , Q 3 and Q 4 f o r m a cascoded d i f fe rent ia l 
input ampl i f ie r . Q 1 1 f o r m s a bias cur ren t s tab i l i za t ion c i rcu i t 
w h i c h in con juc t i on w i t h Q 1 2 f o r m s the b e a m f inder c i rcu i t . 
Q 7 — Q 1 0 f o r m the f ina l o u t p u t s tage. 
Q 5 f o r m s the t race separa t ion c i rcu i t . 

A TRIGGER SWITCH CIRCUIT 
The C H 1 - C H 4 , V M O D E s igna ls are sent t o t h e A t r i gger 
s w i t c h c i rcu i t . S1 is the t r igger source s w i t c h w i t h S2 ac
t i n g as the t r igger coup l i ng se lec t ion s w i t c h . Q 1 and Q 2 
f o r m the FIX synchron iza t ion c i rcu i t , w h i c h de tec ts t he peak 
va lue of the s ignal and acts as an a u t o m a t i c t r igger level 
con t ro l . 

Q 3 and Q 4 f o r m the V I D E O sync c i rcu i t w h i c h de tec ts t he 
t r igger s ignal o f the TV p ic tu re s ignal for s tab le d isplay. 
Q 6 and Q 7 f o r m an impedance conve r t i ng e m i t t e r f o l l owe r 
c i rcu i t t o l owe r the o u t p u t impedance t o dr ive t h e nex t 
s tage. Q 8 and Q 9 f o r m a c i rcu i t w h i c h is used t o imp rove 
t h e C M R R . This c i rcu i t is a feedback ampl i f ie r . IC1 is a 
cascode ampl i f ie r used as the po lar i ty reversal ( invers ion) 
c i rcu i t for t he t r igger s ignal . Q 1 0 f o r m s a n impedance c o n 
vers ion s tage used t o conver t t he o u t p u t o f the IC1 s tage t o 
5 0 f t for o u t p u t t o t he hor izonta l s w e e p uni t . 

B TRIGGER SWITCH CIRCUIT 
Basical ly th is c i rcu i t ope ra tes as does t h e A t r igger s w i t c h 
c i rcu i t . Q1 accep ts the C H 2 t r igger i npu t and uses th i s 
s ignal t o f o r m the X s ignal for X -Y opera t i on . Other aspec ts 
o f ope ra t i on are the s a m e as the A t r igger s w i t c h c i rcu i t . 
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CIRCUIT 

SWEEP ROTARY CIRCUIT 
This c i rcu i t is a par t of the sweep c i rcu i t , but is located on a 
separate board . It is composed of a rotary s w i t c h to select the 
sweep t i m e and resistors o f the H O L D O F F c i rcu i t . 

HORIZONTAL SWEEP CIRCUIT 
This s w e e p c i rcu i t uses a cons tan t cur ren t in tegra ted c i rcui t t o 
ob ta in s a w t o o t h w a v e f o r m by charg ing capac i to r w i t h cons tan t 
current . 
Q 1 4 , Q 1 6 , Q 1 8 f o r m the c i rcu i t tha t sw i t ches the s w e e p t i m e 
capac i tors for A sweep . 

For the B sweep , th is f unc t i on is managed by Q 4 3 , Q 4 5 , Q 4 7 in 
the same manner . 
Q 1 3 , Q 1 5 and Q 1 7 f o r m the c i rcui t t ha t sw i t ches H O L D O F F 
capac i to r for the A sweep , and in the case o f B s w e e p the same 
opera t ion is carr ied ou t by t rans is tors Q 4 2 , Q 4 4 and Q 4 6 . The 
vo l tage suppl ied by the cons tan t vo l tage c i rcu i t is conver ted to 
a cons tan t cur ren t source by the vo l tage se t t ing c i rcu i t 
compr i sed of IC3a and t rans is tor Q8 and the resistor w h i c h is 
se lected by the ro tary s w i t c h . 
This cur ren t is used to charge the s w e e p t i m e capaci tor , and 
result in a rise vo l tage at the capac i to r te rm ina ls . This vo l tage 
is sent to a h igh impedance buf fer amp l i f i e r c o m p o s e d o f Q 1 9 
and Q 2 0 . 
W h e n the o u t p u t of th is ampl i f ier reaches a cons tan t vo l tage 
va lue, IC7d is s w i t c h e d on and IC2b f l ip - f lop is reset. A t the 
same t i m e IC2a is set. 

The o u t p u t of IC2a tu rns on Q 7 and enshor ts the s w e e p t i m e 
capaci tor . The t e rm ina l ou tpu t vo l tage of the capac i tor fal ls. 
A t the same t i m e the cons tan t cur rent c i rcu i t w h i c h is 
c o m p o s e d of Q 2 2 changes one of the f o l l o w i n g H O L D O F F 
capac i to rs ; C 1 3 , C 1 9 , or C 2 3 . 

The te rm ina l vo l tage of the capaci tor increases step by step. 
W h e n th is te rm ina l vo l tage goes beyond the threshold level 
Q 2 3 is t u r n e d on. The ou tpu t of Q 2 3 tu rns on the S C H M I D T 
t r igger c i rcu i t w h i c h is composed of IC2b. The ou tpu t of IC2b 
cancels the set cond i t i on of IC2a and s w e e p is once again 
s tar ted. The t r igger s ignal sychronizes IC2a th rough IC1 a, 
IC1 b. It cancels the set o f the f l ip - f lop w h e n it is in the set state 
and star ts the s w e e p w h i c h is synchron ized to the t r igger 
s ignal . 

The S C H M I D T t r igger c i rcu i t is c o m p o s e d o f IC 1 a and IC1b. 
The t r igger s ignal w h i c h is s m o o t h e d by IC1a and IC1b is 
suppl ied t o IC1c, Q 3 and Q 4 . W h e n the re is a t r igger s ignal , 
IC 1 d gate is c losed and IC2a opera tes as the master slave f l ip-
f lop . 

W h e n there is no t r igger s ignal IC2a opens t h e gate of IC 1 d and 
operates R-S f l ip - f lop . This is the auto f ree run c i rcui t . 
Q 2 4 to Q 2 6 f o r m the delay s w e e p level de tec t ion c i rcui t . 
W h e n the vo l tage level increases as set by DELAY T I M E 
M U L T I P L I E R , Q 2 4 is tu rned on and t r iggers IC8a gate , IC8a 
and IC1 Ob c o m p o s e the logic d i f ferent ia l c i rcu i t . It makes con
s tan t w i d t h pulse w h i c h act iva tes IC5b and star ts B s w e e p 
c i rcu i t is app rox ima te l y the same as A s w e e p c i rcu i t , bu t it does 
not have 3 l ow speed ranges. IC4d gate is se lected f rom 
master slave f l ip - f lop using B START AFTER DELAY s w i t c h . 

and has t r igger pr ior i ty to R-S f l ip - f lop . 
The sweep can be s tar ted f rom t h e vo l tage level set by the 
DELAY T I M E MULTIPL IER. A s w e e p hor izonta l pos i t ion ad
j us tmen t is carr ied out by Q 5 3 , and B s w e e p by Q 5 4 . The 
select ion of H O R I Z O N T A L D ISPLAY is carr ied ou t by Q 5 5 to 
Q 5 8 . A and B s w e e p w a v e f o r m is synthes ized by Q 5 5 and 
Q 5 8 co l lec tors and X-Y signal is also sy thes ized at th is po in t by 
Q 5 9 . 

The s ignal t h r o u g h Q 6 0 enhances C M R R and is sent to next 
stage by Q 6 2 and Q 6 3 . Q 6 4 and Q 6 5 , and Q 6 6 and Q 6 7 are 
selected t imes one and t imes ten (x1 and x1 0) by Q 6 9 and Q 6 8 
respect ively. The impedance is conve r ted t o 5 0 ohms and is 
sent t o the hor izonta l ou tpu t ampl i f ie r by Q 7 0 and Q 7 1 . 
The t race SEP c i rcu i t is c o m p o s e d o f Q 7 8 to Q 8 0 and t w o 
di f ferent bias vo l tages are sent to t he ver t ica l o u t p u t ampl i f ier 
by the A and B s w e e p signals. IC8d is the reset -pu lse 
generator c i rcu i t in the case of s ignal s w e e p opera t ion and also 
produces the b lank ing cont ro l s ignal w h e n it is necessary to 
produce hor izonta l display using IC13a , IC14a and IC14e. 
This c i rcu i t comb ines the sweep and chop s ignal us ing IC1 1a, 
IC11 b, IC1 1 c, IC11 d and IC1 2d . The i m p e d a n c e is conver ted 
in Q 7 2 t o Q 7 5 . 

This s ignal becomes the input s ignal of t h e b lank ing circuit . 
The s ignal in the case of D U A L or Q U A D set t ing of the vert ical 
axis mode p roduced in IC12a, IC12b , I C 1 3 b , IC14c , IC14d , 
IC15a, IC15b , IC15c and IC15d and D 4 8 to D 5 0 . 
IC12a and IC1 2 b compr ise the chop osc i l la tor . The vert ical 
mode logic and hor izonta l mode logic s ignal sw i t ch th is os
ci l lator on and off. In the case of osc i l la t ion s topp ing th is os
ci l lator p roduces an al ternate s ignal ou tpu t . 
On rece iv ing a signal f rom IC14e , the o u t p u t of IC12a and 
IC 12b is t u rned off in the case of ver t ica l axis s ingle t race 
opera t ion by IC1 5d . 

However th is ou tpu t can be suppl ied in ano the r case. The ou t 
put of Q 7 7 is supp l ied to t h e ver t ica l amp l i f i e r and the ou tpu t is 
separated in to chop and a l ternate s ignals . 

HORIZONTAL MODE CONTROL CIRCUIT 
The s w i t c h s ta tes are la tched by IC4 and IC7 w h i c h ef fec
t ive ly makes these non- lock ing s w i t c h e s in to lock ing t ypes 
func t iona l ly . 

For hor izonta l d isp lay D 1 - D 9 and IC 1 d — IC 1 f are used t o 
hold 3 b i ts of coded s ta tus i n fo rma t ion . W a v e f o r m shap ing 
is used in the IC1 c i rcu i t t o p revent m isopera t i on . D iodes 
D 1 0 — D 1 2 and I C 2 c — I C 2 e and IC3d f o r m a c i rcu i t t ha t is 
used to de tec t w h a t s w i t c h of t he hor izonta l g roup has been 
depressed. 
The de tec ted s w i t c h data is en tered in to the register IC4 
w h i c h t h e n ho lds the s w i t c h s ta tus. IC5 is a t r i - s ta te buffer. 
IC6 is used to restore the encoded swi tches s ta tus i n f o rma 
t i on on a one to one basis for all f unc t ions . S w i t c h s ta tus 
held unt i l a par t icu lar s w i t c h is pressed for a second t ime . 
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CIRCUIT DESCRIPTION 

The o u t p u t o f IC6 is used t o dr ive an LED and as a con t ro l 
s ignal for b lank ing and s w e e p s w i t c h i n g . The opera t ion of 
t he t r igger m o d e s w i t c h inpu t is the same as for the hor izon
ta l d isp lay s w i t c h g roup . D iodes D 1 3 - D 1 6 and IC1a and 
IC1b are used to encode 2 b i ts o f s w i t c h s ta tus i n fo rma t ion 
for th is s w i t c h g roup af ter pulse shap ing is done. D1 7, D 1 8 
IC2a, IC2b , IC2f and IC3a de te rm ine w h e t h e r an inpu t is 
present , w r i t i n g in to the register IC7a and IC7b the ap
propr ia te s ta tus i n f o rma t i on . 

Th is reg is ter ho lds t he s w i t c h s ta tus encoded i n fo rma t i on 
unt i l IC8 is used t o cance l , or re turn the s ta tus i n fo rma t i on 
based on a l te rna te opera t i on of the sw i t ches . S imi la r to the 
hor izon ta l d isp lay s w i t c h g roup , once depressed a s w i t c h 
m o d e is ma in ta i ned unt i l t he s w i t c h is depressed once 
more . IC5a, IC5b, and IC5c are t r i -s ta te buf fers . IC9a, 
IC9b, and IC9d — I C 9 f a long w i t h Q 1 - Q 3 f o r m buf fers for 
t he s w i t c h LED's a n d s w e e p c i rcu i t . The o u t p u t f r o m the 
t r igger m o d e reset s w i t c h is pulse shaped and sent to the 
t r igger s w e e p c i rcui t . 

Th is c i rcu i t ho lds data even w h e n the ins t rumen t ' s p o w e r 
supp ly s w i t c h is t u rned OFF. Tha t con t ro l is pe r f o rmed by 
Q 4 , D 1 9 , D 2 0 , IC3 and IC8a. 

D 1 9 and D 2 0 f o r m a p o w e r supp ly based on the in ternal 
l i t h i um ba t te ry for m e m o r y backup . IC3b and IC3c de tec t 
t h e p o w e r OFF cond i t i on and genera te a m e m o r y save 
s ignal . The o u t p u t of the above c i rcu i t f o r m s the set o f c o n 
t ro l s igna ls used t o con t ro l t h e ver t ica l m o d e logic c i rcui t ry . 

CALIBRATING VOLTAGE CIRCUIT 
Q 1 1 and Q 1 2 f o r m a mu l t i v i b ra to r c i rcu i t w h i c h genera tes a 
s ignal w h i c h is subsequen t l y conve r t ed t o a l o w impedance 
by means of Q 1 0 for o u t p u t as the ca l ib ra t ion s ignal . It is 
also used fo r c rea t ion of a cur ren t ca l ib ra t ion s ignal by 
m e a n s o f R 7 0 and R 7 1 . The cu r ren t ca l ib ra t ion s ignal is 
o u t p u t via a rear pane l t e rm ina l . IC17 is used t o regula te the 
vo l tage genera ted by th is ca l ib ra t ion c i rcui t . 

CH3 and CH4 INPUT CIRCUITS 
These c i rcu i ts cons is t o f an a t tenua to r and buf fer ampl i f ier . 
Q 1 6 dr ives a relay t o s w i t c h t he a t t enua t i on b e t w e e n 1/1 
and 1 /10 . The s ignal f r o m the a t tenua to r is impedance con 
ver ted w i t h the c i rcu i t f o r m e d by Q 1 3 a , Q 1 3 b , Q 1 4 and Q 1 5 
and sent to the ver t ica l pre-ampl i f ie r . The opera t ion and 
con f igu ra t ion o f the C H 4 c i rcu i t is s imi la r t o t he C H 3 c i rcu i t . 

HORIZONTAL OUTPUT AMPLIFIER 
The s ignal f r o m t h e hor izonta l s w e e p c i rcu i t is amp l i f i ed by 
the d i f fe rent ia l ampl i f ie r f o r m e d by Q1 and Q 2 . The o u t p u t 
s ignal of th is c i rcu i t is t h e n passed to the em i t t e r f o l l ower 
c i rcu i t f o r m e d by Q 5 and Q 6 for impedance convers ion t o 
enable d r iv ing the c i rcu i t f o r m e d by Q 7 and Q8 . Q 9 and 
Q 1 0 f o r m a vo l t age regu la t ion c i rcu i t w h i c h serves as the 
DC load for Q 7 and Q 8 respect ive ly w i t h A C peak ing per
f o r m e d by means o f C 1 5 and C 1 6 . Q 1 1 and Q 1 2 f o r m an 
au to -b ias c i rcu i t w h i c h au toma t i ca l l y con t ro l s the ope ra t i ng 
po in t o f the o u t p u t s tage. It also serves as t h e b e a m f inder 

c i rcu i t such tha t w h e n the base of Q 1 3 is g rounded the 
opera t ing po in t of t h e o u t p u t s tage is l owe red , resu l t ing in a 
shrunken display. 

SWITCHING POWER SUPPLY UNIT 
A l t h o u g h the C S - 2 1 0 0 A is l ight and c o m p a c t and make use 
of a sw i t ch ing regulator t ype p o w e r supply . 
Inpu t of e i ther 1 0 0 V of 2 0 0 V is rect i f ied and a s m o o t h i n g 
capac i to r is used to genera te a s m o o t h DC o u t p u t o f a p 
p rox ima te l y 2 0 0 V . 

Next , a p o w e r t rans is tor is used t o conve r t t h i s o u t p u t t o a n 
A C vo l tage w h i c h is used t o dr ive a c o m p a c t t ype conver te r 
t rans fo rmer . The t rans fo rmer used has 6 bi f i lar w i n d i n g s 
w h i c h create six separate o u t p u t s w h i c h are then rect i f ied 
and s m o o t h e d t o p rov ide t h e supp ly for t he b lank ing un i t 
d i rect ly . One of the ou tpu t s is c o m p a r e d w i t h a reference 
vo l tage t o f o r m an error vo l t age used fo r regu la t ion . The 
error vo l tage is sent to the error vo l tage ampl i f ier , the o u t p u t 
of w h i c h is used to con t ro l the base of the p o w e r t rans is tor . 
Th is o u t p u t is iso la ted f r o m the p r imary by means of a 
pho tocoup le r . 

POWER BLANKING UNIT 
The f ive rema in ing o u t p u t s f r o m the s w i t c h i n g regu la tor 
p o w e r supp ly are fu r ther regu la ted us ing a series regu la t ion 
m e t h o d . Th is accomp l i shed w i t h Q 1 . Q 3 — Q 6 . IC1a, IC1b, 
IC2a and IC2b are error vo l tage ampl i f ie rs . The + 2 0 V der iv 
ed by use o f a res is tance vo l tage d iv ider . A conven t iona l h igh 
vo l tage DC-DC conver te r is used. Q 2 5 — Q 2 7 are error 
vo l tage ampl i f ie rs w i t h Q 2 9 ac t ing as a con t ro l t rans is tor . 
The C S - 2 1 0 0 A prov ides independen t A and B s w e e p 
in tens i ty cont ro ls . Th is f u n c t i o n is i m p l e m e n t e d by means of 
the c i rcu i t f o r m e d by Q 1 3 — Q 1 5 . Q 1 6 f o r m s the beam 
f inder c i rcu i t w h i c h a l l ows the beam t o be seen even if the 
in tens i ty con t ro l has been inadver ten t ly t u rned to m i n i m u m . 
Q 1 7 f o r m s the ex terna l in tens i ty (Z-axis) m o d u l a t i o n c i rcu i t 
w h i c h accepts an inpu t and resul ts in br igh ter d isp lays for 
increasing inputs . 

The s ignals f r o m these c i rcu i ts are c o m b i n e d at the base o f 
Q 1 8 to dr ive Q 1 9 . Q 2 0 f o r m s the DC load for Q 1 9 w i t h 
C 2 5 ac t ing t o prov ide A C peak ing for th i s c i rcu i t . Q 2 1 and 
Q 2 2 f o r m the au to - focus c i rcu i t w h i c h app ly a s ignal t o the 
focus e lec t rodes of a reverse phase f r o m the b lank ing s ignal . 
Q 2 3 and Q 2 4 act t o restore t he DC c o m p o n e n t of t he b lank
ing and au to - f ocus c i rcu i ts by us ing d i f fe ren t ia l amp l i f i e rs fo r 
iso la t ion. Q 8 con t ro l s scale i l l um ina t i on w i t h Q 9 and Q 1 0 
con t ro l l i ng the a d j u s t m e n t o f t race ro ta t i on . Q 1 1 and Q 1 2 
are used t o ad jus t perpend icu lar i ty . 
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CIRCUIT OESCRlPTiOl 

HIGH VOLTAGE UNIT 
The pos t -acce le ra t ion vo l tage of the C S - 2 1 0 0 A is 16kV requir
ing the h igh vo l t age un i t to be p ro tec ted f r o m the hands of the 
user if safety is t o be main ta ined. 
This p ro tec t ion also is requi red t o prevent leakage. 
To achieve th is goal , t he high vo l tage un i t o f t he C S - 2 1 0 0 A has 
been encapsu la ted in resin to f o r m a high vo l tage " b l o c k " . In 
the b lock are the h igh vo l tage DC to DC conver te r as w e l l as the 
1.75kV c a t h o d e vo l tage suppl ies rect i f ier . In add i t ion to t he 
anode cap w h i c h makes avai lable 14kV, the b lock has 1.75kV 
DC and 6 .3V A C ou tpu ts . 
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MAINTENANCE 

REMOVAL OF CASE 
1. Pull ou t CH3 and C H 4 POSIT ION knobs. 
2. Remove the 4 sc rews located at the rear of the case and 

the 1 located at b o t t o m w i t h a © screwdr iver . Careful ly 
sl ide the body f o r w a r d f r o m the case. 

3. To instal l the body in the case, p lace the case hor izon
tal ly and sl ide the body in to the case us ing the rails 
loca ted at the b o t t o m of the case. Then, place the body 
ver t ica l ly and engage the case f ron t edge in to the f ron t 
panel g roove. 

4. Tempora r i l y insert the case re ta in ing sc rews and then 
t i gh ten t h e m evenly. 

5. Instal l the CH3 and C H 4 POSIT ION knobs. 

- C A U T I O N : 
A vo l tage of 16kV is app l ied t o the CRT socket and 
anode cap. Before remov ing the case, tu rn the p o w e r 
of f and pul l o u t the p o w e r p lug. A f te r r emov ing t he case, 
take care not to t ouch t h e m . 

REMOVING/INSTALLING CRT 
1. W h e n serv ic ing CRT, do no t loosen the CRT band. Only 

remove the CRT re ta in ing sc rews, then sl ide the CRT 
b a c k w a r d and raise the socket . The CRT can be remov
ed easily. 

2. Insert the CRT f r o m the socket side unt i l the CRT c o m e s 
in con tac t w i t h the sh ie ld p la te and t i gh ten the CRT 
band re ta in ing sc rews. 

3. A s s lots are p rov ided in the CRT bracket , the CRT can 
be m o v e d r ight and left, and back and force. 
A s the bracket is inc l ined by 4 5 ° , the CRT can be 
pos i t ioned in an arb i t rary pos i t ion . To fix the CRT, fix 
the CRT band , t h e n f ix the bracket . 

i - C A U T I O N : . 

A h igh tens ion vo l tage is rema ined at the anode of the 
CRT. Before r emov ing the CRT, connec t the anode to 
the g r o u n d via a 1 0 0 kil load for 5 seconds to d ischarge 
the vo l tage. 

TROUBLESHOOTING 
1. Con f i rm tha t the vo l tage selector is set to the cor rec t 

pos i t ion . 
2. If one of the mode LEDs does no t l ight , the un i t w i l l no t 

opera te correct ly . W h e n us ing the uni t , con f i rm t ha t the 
LED l ights up. 

3. To service the uni t e f fect ive ly , isolate the fa i lure f i rst . 
Then , remove the case and check the w i r i n g , P.C.B, 
pa t te rn and parts. 

4 . A l o w vo l tage power supply w i l l a f fect the c i rcu i t ry . 
Do not use the l ow vo l tage p o w e r supp ly for check ing . 
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MAllTElAiCE 

REPLACING SWITCHING POWER SUPPLY 
The s w i t c h i n g p o w e r supp ly is housed in the sh ie ld case lo
cated at the rear. To remove the s w i t c h i n g p o w e r supply , re
move the hor izonta l logic c i rcu i t ry (r ight) and ver t ica l p r e a m 
pl i f ier (left) and remove the re ta in ing sc rews w h i c h f ix the 
shie ld case t o the f rame. 

Trig Sweep 
X74-1320-00 

REPLACING BATTERY 
A disc type L i th ium bat te ry is ins ta l led in the hor izonta l 
m o d e con t ro l un i t ( X 7 7 - 1 1 3 0 - 0 0 ) . The vo l tage of t he 
ba t te ry is 2 .7V. W h e n t h e vo l tage d rops t o 2 .0V , replace the 
bat tery . 
Before rep lac ing the bat tery , set t he un i t t o the opera t i on 
m o d e and c o n f i r m tha t each s w i t c h w i t h bu i l t - i n LED is set 
cor rect ly . 
To remove or insta l l t he ba t te ry , apply a so lder ing i ron t o the 
par ts side of the P.C.B. W h e n ins ta l l ing the bat tery , observe 
the po lar i ty . The po lar i ty is ind ica ted o n the par ts side of the 
P.C.B. 

Horizontal 
Mode Control 
(X77-1130-00) 

Switching 
power supply 

Vertical preamplif ier 
(X73-1320-00) 

Replac ing sw i t ch ing power supp l y 

CRT 

Remov ing / i ns ta l l i ng C R T 
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(Bo t tom v iew) 

CRT shield 

Lithium battery 
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