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SAFETY 

S y m b o l in T h i s Manual 
A T h i s s y m b o l i n d i c a t e s w h e r e app l i cab le c a u t i o n a r y or 

^ o ther i n fo rma t ion is to be f o u n d . 

P o w e r S o u r c e 
T h i s equ ipmen t ope ra tes f r om a p o w e r s o u r c e tha t does not 
app ly more t h a n 2 5 0 V r m s b e t w e e n the supp ly c o n d u c t o r s 
or b e t w e e n e i ther s u p p l y c o n d u c t o r a n d g round . A p ro tec 
t i ve g round c o n n e c t i o n by w a y of t h e g round ing c o n d u c t o r 
in t he p o w e r co rd is e s s e n t i a l for s a f e opera t ion . 

Grounding the Product 
T h i s equ ipmen t i s g rounded th rough the grounding c o n d u c 
tor of t h e p o w e r c o r d . T o avo id e l ec t r i ca l s h o c k , p lug t h e 
p o w e r co rd into a p roper ly w i r e d r e c e p t a c l e be fore c o n n e c 
t ing to t h e e q u i p m e n t input or ou tpu t t e r m i n a l s . 

U s e the Proper P o w e r C o r d 
U s e on ly t h e p o w e r c o r d a n d c o n n e c t o r spec i f i ed for y o u r 

p roduc t . 

U s e the Proper F u s e 
T o a v o i d f i re h a z a r d , u s e a f u s e o f t h e c o r r e c t t y p e . 

Do not Operate in Explos ive A t m o s p h e r e s 
T o a v o i d e x p l o s i o n , do no t o p e r a t e t h i s p r o d u c t in a n e x 

p los i ve a t m o s p h e r e . 

Do not R e m o v e C o v e r or Panel 
T o a v o i d p e r s o n a l in ju ry , do no t r e m o v e t h e c o v e r or pane l . 

R e f e r s e r v i c i n g to qua l i f ied p e r s o n n e l . 

Voltage Convers ion 
If t he p o w e r s o u r c e is no t app l i ed to y o u r p r o d u c t , c o n t a c t 

y o u r dea le r . T o a v o i d e l ec t r i ca l s h o c k , do no t pe r fo rm the 

v o l t a g e c o n v e r s i o n . 

C O N T E N T S 

S A F E T Y 2 

F E A T U R E S 3 

S P E C I F I C A T I O N S 4 

A P R E C A U T I O N S 7 

C O N T R O L S A N D I N D I C A T O R S 9 
F R O N T P A N E L 9 
R E A R P A N E L . . . 1 3 

O P E R A T I O N 14 

INITIAL S T A R T I N G P R O C E D U R E 1 4 
(1) N O R M A L S W E E P D I S P L A Y O P E R A T I O N . . . 1 4 
(2) M A G N I F I E D S W E E P O P E R A T I O N . . . 17 
(3) D E L A Y E D S W E E P O P E R A T I O N 17 
( 4 ) A L T E R N A T I N G S W E E P O P E R A T I O N 1 7 
(5) X - Y O P E R A T I O N . - 1 8 
(6) V I D E O S I G N A L O B S E R V A T I O N 18 
(7) S I N G L E S W E E P O P E R A T I O N 18 

A P P L I C A T I O N . . 1 9 
P R O B E C O M P E N S A T I O N 19 
T R A C E R O T A T I O N C O M P E N S A T I O N 1 9 
D C V O L T A G E M E A S U R E M E N T S 19 
M E A S U R E M E N T S O F T H E V O L T A G E 

B E T W E E N T W O P O I N T S O N A W A V E F O R M . . . . 2 0 
E L I M I N A T I O N O F U N D E S I R E D S I G N A L 

C O M P O N E N T S 2 0 
T I M E M E A S U R E M E N T S 2 1 
F R E Q U E N C Y M E A S U R E M E N T S . . . . . . . . . 21 

P U L S E W I D T H M E A S U R E M E N T S . 2 2 
P U L S E R I S E T I M E A N D F A L L T I M E 

M E A S U R E M E N T S 2 2 

T I M E D I F F E R E N C E M E A S U R E M E N T S 2 3 
P H A S E D I F F E R E N C E M E A S U R E M E N T S 2 4 
R E L A T I V E M E A S U R E M E N T S 2 4 
P U L S E J I T T E R M E A S U R E M E N T 2 6 
S W E E P M U L T I P L I C A T I O N ( M A G N I F I C A T I O N ) 2 6 
D E L A Y E D S W E E P T I M E M E A S U R E M E N T 2 7 
P U L S E W I D T H M E A S U R E M E N T S U S I N G 

D E L A Y E D S W E E P . . . 2 7 
F R E Q U E N C Y M E A S U R E M E N T S U S I N G 

D E L A Y E D S W E E P . .28 
P U L S E R E P E T I T I O N T I M E .29 
U S I N G D E L A Y E D S W E E P F O R M E A S U R E M E N T S O F 

R I S E T I M E S A N D F A L L T I M E S 29 
T I M E D I F F E R E N C E M E A S U R E M E N T S U S I N G 

D E L A Y E D S W E E P 2 9 
T R I P L E - T R A C E A P P L I C A T I O N S 3 0 
O B S E R V A T I O N O F T H E S T A R T P O R T I O N O F 

T H E I R R E G U L A R W A V E F O R M 3 0 
X - Y A P P L I C A T I O N 31 

A C C E S S O R I E S 3 2 

A M A I N T E N A N C E 3 3 

Note: T h i s ins t ruc t ion m a n u a l is desc r i bed for t w o mode ls . 

R e f e r to i t em app l ied to y o u r p roduc t . 
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FEATURES 

1 . V e r t i c a l a x i s h a s h igh s e n s i t i v i t y a n d w i d e b a n d w i d t h 
and espec ia l l y c o v e r s fu l ly spec i f i ed f r equency response 
a t 5 m V / d i v for al l m o d e l s . 

C S - 5 1 6 5 ; 
1 m V / d i v , 2 m V / d i v : D C to 2 0 M H z , - 3 d B 

5 m V / d i v : D C to 6 0 M H z , - 3 d B 

C S - 5 1 5 5 ; 

1 m V / d i v , 2 m V / d i v : D C to 2 0 M H z , - 3 d B 
5 m V / d i v : D C to 5 0 M H z , - 3 d B 

2 . Ve r t i ca l sens i t i v i t y range is s e l e c t a b l e f r om 1 m V / d i v to 
5 V / d i v w i t h ro ta ry s w i t c h c o n t i n u o u s l y . 

3 . T i m e b a s e pe rm i t s the h igh s w e e p s p e e d . 
5 n s e c / d i v ( x 1 0 M A G ) 

4 . Ve r t i ca l s e n s i t i v i t y error a n d s w e e p rate error are ± 3 % 
a n d a c c u r a t e m e a s u r e m e n t s a re p rov i ded . 

5 . T h e 1 5 0 m m r e c t a n g u l a r , d o m e d m e s h t y p e C R T w i t h 
internal gra t icu le p rov ides high b r igh tness and a c c u r a t e 
m e a s u r e m e n t s , f r e e of pa ra l l ax error . 

6 . For c o n v e n i e n c e in m a k i n g r ise t ime m e a s u r e m e n t s , the 
0 % , 1 0 % , 9 0 % a n d 1 0 0 % l e v e l s a re m a r k e d on the 
g ra t i cu le s c a l e of t h e C R T . 

7 . T h e bui l t- in A u t o - f o c u s c i r cu i t k e e p s t h e w a v e f o r m s in 
c lea r f o c u s a u t o m a t i c a l l y r e g a r d l e s s of t he I N T E N S I T Y 
con t ro l s e t t i n g . 

8 . T r a c e ro ta t ion is e l ec t r i ca l l y ad j us tab le f r o m the f ron t 
p a n e l . 

9 . B y S C A L E I L L U M c o n t r o l , t h e w a v e f o r m is e a s y ob
s e r v e d in d a r k e n e d a r e a a n d t h e pho tog raph of t he 
w a v e f o r m is e a s y p rov i ded a s ing le p h o t o g r a p h o f t he 
w a v e f o r m s u p e r i m p o s e d on t h e g ra t i cu le s c a l e . 

1 0 . De lay s w e e p m o d e s are ava i lab le in not on ly Con t i nuous 
De lay ( A F T E R D E L A Y ) a n d tr igger D e l a y ( T R I G ) but a lso 
both A a n d B z e r o D e l a y ( D E L A Y = 0 ) a l l o w i n g t o ob
s e r v e t h e w h o l e e x t e n t of a n y c o m p l i c a t e d pu l se t ra in 
w i t h magn i f i c t i on a s n e c e s s a r y . 

1 1 . S ing le s w e e p p e r m i t s v i e w i n g a n d pho tog raph ing one 
t ime e v e n t s . 

1 2 . T R I P L E m o d e p r e s e n t s a t r ip le- t race o s c i l l o s c o p e ; e v e n 
s ix t r aces of w a v e f o r m s m a y be obse rved s imul taneous ly 
w i t h H O R I Z M O D E s e t a t A L T . 

1 3 . T h e d e l a y l ine p e r m i t s v i e w i n g o f l ead ing e d g e of h igh-
f r e q u e n c y , f a s t r i s e t i m e p u l s e s . 

1 4 . S e l e c t a b l e A U T O F R E E R U N f u n c t i o n p r o v i d e s s w e e p 
w i t h o u t t r igger input s i g n a l . 

1 5 . T h e F R A M E - L I N E s w i t c h p r o v i d e s s e l e c t i o n o f s y n c 
pu lse for s w e e p t r igger ing f r om s m a l l amp l i tude to large 
amp l i t ude w i t h o u t ad jus t i ng w h e n v i e w i n g c o m p o s i t e 
v ideo w a v e f o r m s . 

1 6 . V e r t i c a l m o d e a u t o m a t i c a l l y p r o v i d e s t h e t r igger s igna l 
w i t h T R I G S O U R C E a n d V E R T M O D E s w i t c h e s . 

1 7 . X - Y ope ra t i on is e a s y p rov ided by o n e - t o u c h e . 
1 8 . P r o v i d e s w i t h C H 1 O U T P U T t e r m i n a l to mon i to r input 

s igna l of C H 1 . 

1 9 . D E L A Y T I M E M U L T p e r m i t s t h e a c c u r a t e t i m e m e a s 
u r e m e n t s w i t h t h e d ia l s c a l e . 
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SPECIFICATIONS 

C S - 5 1 6 5 C S - 5 1 5 5 

C R T 1 5 0 T T M 3 1 
1 5 0 m m R e c t a n g u l a r , w i t h in te rna l g ra t i cu le 

A c c e l e r a t i o n V o l t a g e 1 2 k V 

D i s p l a y A r e a 8 x 1 0 d iv (1 d i v = 1 0 m m ) 

V E R T I C A L A X I S C H 1 and C H 2 

S e n s i t i v i t y 1 m V / d i v to 5 V / d i v , ± 3 % 

A t t e n u a t o r 1 2 s t e p s , 1 m V / d i v to 5 V / d i v in 1 -2 -5 s e q u e n c e . 
V e r n i e r con t ro l for fu l l y ad j us tab le s e n s i t i v i t y b e t w e e n s t e p s . 

Input I m p e d a n c e 1 MO ± 2 % , a p p r o x . 2 0 p F 

F r e q u e n c y R e s p o n s e 

5 m V / d i v to 5 V / d i v D C ; D C to 6 0 M H z , - 3 d B 
A C ; 5 Hz to 6 0 M H z , - 3 d B 

D C ; D C to 5 0 M H z , - 3 d B 
A C ; 5 H z , to 5 0 M H z , - 3 d B 

1 m V / d i v , 2 m V / d i v D C ; D C to 2 0 M H z , - 3 d B 
A C ; 5 H z to 2 0 M H z , - 3 d B 

D C ; D C to 2 0 M H z , - 3 d B 
A C ; 5 H z to 2 0 M H z , - 3 d B 

R i s e T i m e 5 . 8 n s or l e s s ( 5 m V / d i v to 5 V / d i v ) 
1 7 . 5 n s or l e s s (1 m V / d i v , 2 m V / d i v ) 

S i g n a l D e l a y T i m e A p p r o x . 2 0 n s on t h e C R T s c r e e n 

C r o s s t a l k - 4 0 d B m i n i m u m 

Ope ra t i ng M o d e s C H 1 ; s ing le t r a c e 
C H 2 ; s ing le t r a c e 

D U A L ; C H 1 a n d C H 2 , dua l t r a c e 
A D D ; C H 1 + C H 2 a d d e d a s a s ing le t r a c e 
T R I P L E ; C H 1 , C H 2 a n d C H 3 tr ip le t r a c e 

C h o p F r e q u e n c y A p p r o x . 2 5 0 k H z 

C h a n n e l Po la r i t y No rma l or i n v e r t e d , c h a n n e l 2 on ly i nve r t ed 

A M a x i m u m Input v o l t a g e 5 0 0 V p - p or 2 5 0 V ( D C + A C peak ) 

Non-Dis tor ted M a x i m u m Ampl i tude More t h a n 8 d iv ( D C to 6 0 M H z ) M o r e t h a n 8 d iv ( D C to 5 0 M H z ) 

V E R T I C A L A X I S C H 3 

S e n s i t i v i t y 0 . 5 V / d i v ± 3 % 

Input R e s i s t a n c e 1 M 0 ± 2 % 

Input C a p a c i t a n c e A p p r o x 2 0 p F 

F r e q u e n c y R e s p o n s e D C : D C to 6 0 M H z , - 3 d B D C : D C to 5 0 M H z , - 3 d B 

R i s e T i m e 5 . 8 n s or l e s s 

S i g n a l D e l a y T i m e S a m e a s C H 1 a n d C H 2 

A M a x i m u m Inpu t V o l t a g e 5 0 V ( D C + A C p e a k ) 

H O R I Z O N T A L A X I S Input thru C H 2 , x 1 0 M A G not i nc luded 

O p e r a t i n g M o d e s W i t h H O R I Z M O D E s w i t c h , X - Y opera t i on is s e l e c t a b l e 
C H 1 ; Y a x i s 
C H 2 ; X a x i s 

S e n s i t i v i t y S a m e a s v e r t i c a l a x i s ( C H 2 ) 
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CS-5165 CS-5155 
Input I m p e d a n c e S a m e a s v e r t i c a l a x i s ( C H 2 ) 

F r e q u e n c y R e s p o n s e D C ; D C to 1 M H z , - 3 d B 

A C ; 5 H z to 1 M H z , - 3 d B 

X - Y P h a s e D i f f e r e n c e 3 ° or l e s s a t 1 0 0 k H z 

A M a x i m u m Input V o l t a g e S a m e a s v e r t i c a l a x i s ( C H 2 ) 

S W E E P 

T y p e A ; A s w e e p 
A L T ; A s w e e p ( in tens i f ied for dura t ion o f B s w e e p ) a n d B s w e e p 

( d e l a y e d s w e e p ) a l te rna t ing 
B ; D e l a y e d s w e e p 
X - Y ; X - Y o s c i l l o s c o p e 

S w e e p T i m e A 

B 

0 . 0 5 / i s /d i v to 0 . 5 s / d i v , ± 3 % in 2 2 r a n g e s , in 1 -2 -5 s e q u e n c e . 
V e r n i e r con t ro l p r o v i d e s fu l ly ad j us tab le s w e e p t i m e b e t w e e n s t e p s . 

S w e e p T i m e A 

B 0 . 0 5 j i s /d i v to 5 0 m s / d i v , ± 3 % in 1 9 r a n g e s , in 1 -2 -5 s e q u e n c e . 

S w e e p M a g n i f i c a t i o n x 1 0 ( ten t i m e s ) ± 5 % ( ± 8 % o n , 0 . 0 5 j i s / d i v to 0 . 2 j i s / d i v range ) 

L inear i t y ± 3 % al l r a n g e s , ± 5 % on 0 . 0 5 / ts /d iv to 0 . 2 / i s /d i v r a n g e a t x 1 0 M A G . 

Holdof f C o n t i n u o u s l y va r i ab le f rom N O R M to m o r e t h a n t e n t i m e s ( M A X ) 

T r a c e S e p a r a t i o n B s w e e p c a n be s e p a r a t e d f r o m A s w e e p up to 4 d i v i s i o n s d o w n w a r d , 
c o n t i n u o u s l y a d j u s t a b l e . 

D e l a y M e t h o d C o n t i n u o u s d e l a y ( A F T E R D E L A Y ) , T r i gge r d e l a y ( T R I G ) , T r i g g e r d e l a y 
( T V L I N E ) , Z e r o d e l a y ( D E L A Y = 0 ) 

D e l a y T i m e F r o m 5 0 0 n s to 0 . 5 s e c . A v a i l a b l e d e l a y t i m e is 0 . 2 to 1 0 t i m e s t h e A s w e e p 
t ime s e t t i n g , c o n t i n u o u s l y a d j u s t a b l e . 

T i m e d i f f e r e n c e 
m e a s u r e m e n t a c c u r a c y 

± 2 % 

D e l a y J i t t e r 1 / 2 0 0 0 0 o f t en t i m e s of A s w e e p t i m e se t t i ng 

TRIGGERING 
Tr i gge r m o d e A U T O , N O R M , F I X , S I N G L E - R E S E T 

T r i gge r s o u r c e V E R T M O D E ; T r i gge r s e l e c t e d by v e r t i c a l M O D E s w i t c h . 
C H 1 ; T r i g g e r e d by C H 1 s igna l 
C H 2 ; T r i g g e r e d by C H 2 s igna l 
C H 3 / E X T ; T r i g g e r e d by C H 3 s i gna l 
L I N E ; T r i g g e r e d by l ine f r e q u e n c y 

Coup l i ng A C , H F R E J , D C , T V F R A M E , T V L I N E 

T r i gge r s e n s i t i v i t y F R E Q . R A N G E I N T E X T F R E Q . R A N G E I N T E X T 

D C D C to 5 0 M H z 
D C to 6 0 M H z 

1 d iv 

1 .5 d iv 

0 . 5 V p - p 
0 . 8 V p - p 

D C to 5 0 M H z 1 d iv 0 . 5 V p - p 

A C S a m e a s fo r D C but i n c r e a s e d m i n i m u m leve l b e l o w 1 0 H z 

A C , H F R E J I n c r e a s e d m i n i m u m leve l b e l o w 1 0 H z a n d a b o v e 2 0 k H z 

T V F R A M E , L I N E 1 d iv 0 . 5 V p - p F R A M E , L I N E 1 d iv 0 . 5 V p - p 

A U T O : S a m e a s a b o v e s p e c i f i c a t i o n s for a b o v e 5 0 H z . 
F I X : S a m e a s a b o v e s p e c i f i c a t i o n s for a b o v e 5 0 H z . 
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C S - 5 1 6 5 C S - 5 1 5 5 

C A L I B R A T I O N V O L T A G E 1 V ± 3 % , s q u a r e w a v e , pos i t i ve po lar i ty , a p p r o x . 1 k H z 

I N T E N S I T Y M O D U L A T I O N 

S e n s i t i v i t y + 5 V . N e g a t i v e vo l t age i n c r e a s e s b r i g h t n e s s , pos i t i ve v o l t a g e d e c r e a s e s 
b r i g h t n e s s . 

Input I m p e d a n c e A p p r o x . 1 0 kO 

U s a b l e F r e q u e n c y R a n g e D C to 5 M H z D C to 5 M H z 

fi\ M a x i m u m Input V o l t a g e 5 0 V ( D C + A C peak ) 

V E R T I C A L A X I S S I G N A L O U T P U T C H 1 O U T P U T 

O u t p u t V o l t a g e A p p r o x . 5 0 m V / d i v into 5 0 Q 

O u t p u t I m p e d a n c e A p p r o x . 5 0 Q 

F r e q u e n c y R e s p o n s e 

5 m V / d i v to 5 V / d i v 1 0 0 Hz to 6 0 M H z , - 3 d B into 5 0 0 1 0 0 Hz to 5 0 M H z , - 3 d B into 5 0 0 

1 m V / d i v , 2 m V / d i v 1 0 0 Hz to 2 0 M H z , - 3 d B into 5 0 0 1 0 0 H z to 2 0 M H z , - 3 d B into 5 0 0 

P O W E R R E Q U I R E M E N T 

P o w e r S u p p l y 1 0 0 V / 1 2 0 V / 2 2 0 V ± 1 0 % 2 1 6 V - 2 5 0 V 

L ine F r e q u e n c y 5 0 / 6 0 Hz 

P o w e r C o n s u m p t i o n A p p r o x . 6 1 W 

D I M E N S I O N S ( W x H x D ) 3 1 9 ( 3 5 9 ) x 1 3 2 ( 1 4 5 ) x 3 8 0 ( 4 5 5 ) m m 
( ) d i m e n s i o n s inc lude p ro t rus ion f r o m b a s i c out l ine d i m e n s i o n s 

W E I G H T A p p r o x . 9 . 2 kg 

E N V I R O N M E N T A L 

W i t h i n S p e c i f i c a t i o n s 1 0 ° C to 3 5 ° C , 8 5 % m a x . re la t i ve humid i t y 

Ful l Ope ra t i on 0 ° C to 4 0 ° C , 8 5 % m a x . re la t i ve humid i t y 

A C C E S S O R I E S S U P P L I E D 

Probe P C - 3 9 X 2 

P o w e r S u p p l y C a b l e 1 

S p a r e F u s e 0 . 7 A x 2 
1 A x 2 

I ns t ruc t i on M a n u a l 1 

* Circuit and rating are subject to change without notice due to developments in technology. 
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PRECAUTIONS 

S A F E T Y 
Befo re connec t i ng the ins t rument to the p o w e r s o u r c e , ca re 
fu l l y read t h e f o l l o w i n g i n fo rma t i on , t h e n v e r i f y t h a t t h e 
p o w e r co rd a n d p o w e r l ine f u s e are o n e s for your p o w e r l ine. 
T h e i n s t r u m e n t ' s rear pane l h a s a f u s e holder on t h e lef t of 
t h e A C inlet t e rm ina l ( the f u s e holer a l so s e r v e s a s a v o l 
t a g e s e l e c t o r ) . T h e v a l u e under t h e t r iang le • m a r k e d on 
the ho lder i n d i c a t e s t h e l ine v o l t a g e s e t for t h e i n s t r u m e n t . 
If t h e p o w e r co rd is no t app l ied w i t h t h e co r rec t v o l t a g e , 
t h e r e i s a d a n g e r f r o m e lec t r i c s h o c k . 

Line voltage 
T h i s i ns t rumen t o p e r a t e s us ing a c - p o w e r input v o l t a g e s t ha t 

1 0 0 / 1 2 0 / 2 2 0 / 2 4 0 V a t f r e q u e n c i e s f r o m 5 0 Hz to 6 0 H z . 

P o w e r cord 

T h e g round w i r e of t h e 3 - w i r e a c p o w e r p lug p l a c e s t h e 
c h a s s i s and hous ing of t h e osc i l l o scope a t ea r th g round . Do 
not a t t e m p t to d e f e a t t h e g round w i r e c o n n e c t i o n or f loa t 
t h e o s c i l l o s c o p e ; to do s o m a y p o s e a g rea t s a f e t y h a z a r d . 
T h e approp r ia te p o w e r co rd is supp l i ed by a n opt ion t h a t 
is s p e c i f i e d w h e n the i n s t r u m e n t is o rde red . 
T h e op t iona l p o w e r c o r d s a re s h o w n a s f o l l o w s in F i g . 1 . 

Line fuse 
T h e f u s e ho lder is l o c a t e d on t h e rear pane l a n d c o n t a i n s 
t h e l ine f u s e . V e r i f y t h a t t h e proper f u s e is ins ta l led by 
rep lac ing t h e l ine f u s e . 

5 . A l w a y s u s e t h e p robe g r o u n d c l i p s fo r b e s t r e s u l t s . Do 
not u s e a n e x t e r n a l g r o u n d w i r e in l ieu o f t h e p robe 
g round c l i p s , a s u n d e s i r e d s i g n a l s m a y be i n t r o d u c e d . 

6 . Opera t ion a d j a c e n t to e q u i p m e n t w h i c h p r o d u c e s s t r o n g 
a c m a g n e t i c f i e l ds s h o u l d be a v o i d e d w h e r e p o s s i b l e . 
T h i s inc ludes s u c h d e v i c e s a s large p o w e r supp l i es , t r ans 
f o r m e r s , e l e c t r i c m o t o r s , e t c . , t h a t a re o f t e n f o u n d in an 
indus t r ia l e n v i r o n m e n t . S t r o n g m a g n e t i c s h i e l d s c a n e x 
c e e d t h e p r a c t i c a l C R T m a g n e t i c sh ie l d i ng l im i ts a n d 
resu l t i n t e r f e r e n c e a n d d i s to r t i on . 

7 . Probe c o m p e n s a t i o n a d j u s t m e n t m a t c h e s t h e p robe to 
the input of t h e s c o p e . Fo r b e s t r e s u l t s , c o m p e n s a t i o n 
of probe s h o u l d be a d j u s t e d in i t ia l ly , t h e n t h e s a m e pro
be a l w a y s u s e d w i t h t h e input o f s c o p e . P robe c o m p e n 
sa t ion s h o u l d be r e a d j u s t e d w h e n e v e r a p robe f r o m a 
d i f fe ren t s c o p e i s u s e d . ( S e e p a g e 1 9 ) 

8 . In X - Y ope ra t i on , do no t pul l ou t t h e P U L L x 1 0 M A G 
s w i t c h . If pu l led ou t it, n o i s e m a y a p p e a r e on the 
w a v e f o r m . 

EQUIPMENT P R O T E C T I O N 
1 . N e v e r a l l o w a s m a l l s p o t o f h igh br i l l iance to r ema in s t a 

t i ona ry on t h e s c r e e n for m o r e t h a n a f e w s e c o n d s . T h e 
s c r e e n m a y b e c o m e p e r m a n e n t l y bu rned . A spo t w i l l o c 
c u r on ly w h e n t h e s c o p e is s e t up for X - Y opera t ion a n d 
no s igna l is app l ied . E i ther reduce the in tens i ty s o t he spo t 
i s ba re l y v i s i b l e , s w i t c h b a c k to n o r m a l s w e e p ope ra t i on 
w h e n no s i g n a l is app l i ed , or s e t up t h e s c o p e fo r s p o t 
b l ank ing . 

2 . N e v e r c o v e r t h e ven t i l a t i ng h o l e s on t h e top o f t h e o s c i l 
l o s c o p e , a s t h i s w i l l i n c r e a s e t h e opera t ing t e m p e r a t u r e 
ins ide t h e c a s e . 

3 . N e v e r app l y m o r e t h a n t h e m a x i m u m rat ing to t h e o s c i l 
l o s c o p e i n p u t s . 

^ C H 1 , C H 2 I N P U T j a c k s : 5 0 0 V p - p or 2 5 0 V ( D C + A C 
p e a k ) 
C H 3 I N P U T j a c k : 5 0 V ( D C + A C p e a k ) 
Z a x i s I N P U T j a c k : 5 0 V ( D C + A C p e a k ) 

N e v e r a p p l y e x t e r n a l v o l t a g e to t h e o s c i l l o s c o p e ou tpu t 
t e r m i n a l s . 

4 . A l w a y s c o n n e c t a cab le f r om the ear th ground (GND) j a c k 
o f t h e o s c i l l o s c o p e t o t h e c h a s s i s of t h e e q u i p m e n t u n 
der t e s t . W i t h o u t t h i s c a u t i o n , t h e ent i re c u r r e n t fo r t h e 
e q u i p m e n t unde r t e s t m a y be d r a w n t h rough t h e probe 
c l ip l e a d s u n d e r c e r t a i n c i r c u m s t a n c e s . S u c h c o n d i t i o n s 
c o u l d a l s o p o s e a s a f e t y h a z a r d , w h i c h t h e g round c a b l e 
w i l l p r e v e n t . 
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Plug configuration Power cord and plug type 
Factory installed 
instrument fuse 

Line cord plug fuse 

North American 
120 volt/60 Hz 
Rated 15 amp 
(12 amp max; NEC) 

1 A, 250 V 
Fast blow 
6 x 3 0 mm 

None 

Universal Europe 
220 volt/50 Hz 
Rated 16 amp 

0.63 A, 250 V 
T. lag 
5 x 20 mm 

None 

U.K. 
240 volt/50 Hz 
Rated 13 amp 

0.7 A, 250 V 
Fast blow 
6 x 30 mm 

0.7 A 
Type C 

Australian 
240 volt/50 Hz 
Rated 10 amp 

0.7 A, 250 V 
Fast blow 
6 x 3 0 mm 

None 

North American 
240 volt/60 Hz 
Rated 15 amp 
(12 amp max; NEC) 

0.7 A, 250 V 
Fast blow 
6 x 30 mm 

None 

Switzerland 
240 volt/50 Hz 
Rated 10 amp 

0.7 A, 250 V 
Fast blow 
6 x 30 mm 

None 

Fig . 1 Power Input Vol tage Configuration 
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CONTROLS AND INDICATORS 

Fig. 2 

F R O N T P A N E L 

© • P O S I T I O N / P U L L C H O P Control 
t P O S I T I O N : Ro ta t i on a d j u s t s ve r t i ca l pos i t ion of c h a n 

ne l 1 t r a c e . 
In X - Y ope ra t i on , ro ta t ion a d j u s t s v e r t i c a l 
pos i t i on of d i s p l a y . 

C H O P : A L T / C H O P s e l e c t o r s w i t c h ; pul l ing th i s s w i t c h 
c a u s e s c h o p o p e r a t i o n . 

A L T ope ra t i on : A l t e r n a t e s w e e p i s s e l e c t e d 
r e g a r d l e s s of s w e e p t ime a s dua l 
t r a c e ( C H 1 and C H 2 ) or triple t r ace 
( C H 1 , C H 2 a n d C H 3 ) . 

C H O P ope ra t i on : C h o p s w e e p is s e l e c t e d regard less 
of s w e e p t i m e a t a p p r o x i m a t e l y 
2 5 0 k H z a s dua l t r a c e ( C H 1 a n d 
C H 2 ) or tr iple t r a c e ( C H 1 , C H 2 and 
C H 3 ) . 

© V O L T S / D I V Control 
V e r t i c a l a t t enua to r for c h a n n e l 1 ; p rov ides s t e p a d j u s t m e n t 
of v e r t i c a l s e n s i t i v i t y . W h e n V A R I A B L E con t ro l © is s e t to 
C A L , v e r t i c a l s e n s i t i v i t y i s ca l i b ra ted in 1 2 s t e p s f r o m 
5 V / d i v to 1 m V / d i v . 

Fo r X - Y ope ra t i on , t h i s c o n t r o l p r o v i d e s s t e p a d j u s t m e n t of 
v e r t i c a l s e n s i t i v i t y . 

© V A R I A B L E Control 
Ro ta t i on p r o v i d e s f i ne c o n t r o l of c h a n n e l 1 v e r t i c a l s e n 
s i t i v i t y . In t h e fu l l y c l o c k w i s e ( C A L ) pos i t i on , t h e v e r t i c a l 
a t t enua to r i s c a l i b r a t e d . F o r X - Y ope ra t i on , t h i s con t ro l 
s e r v e s a s t h e Y a x i s a t t e n u a t i o n f i ne a d j u s t m e n t . 

© A C - G N D - D C S w i t c h 
T h r e e - p o s i t i o n l eve r s w i t c h w h i c h o p e r a t e s a s f o l l o w s : 

A C : B l o c k s d c c o m p o n e n t of c h a n n e l 1 input s i g n a l . 
G N D : O p e n s s i g n a l pa th a n d g r o u n d s input to v e r t i c a l a m 

pl i f ier. T h i s p r o v i d e s a z e r o - s i g n a l b a s e l ine , t h e po
s i t ion of w h i c h c a n be u s e d a s a r e f e r e n c e w h e n 
pe r fo rm ing d c m e a s u r e m e n t s . 

D C : D i rec t input of a c a n d d c c o m p o n e n t of c h a n n e l 1 
input s i g n a l . 

© INPUT J a c k 
V e r t i c a l inpu t for c h a n n e l 1 t r a c e . V e r t i c a l input for X - Y 
opera t ion . 

© V O L T S / D I V Control 
Ver t i ca l a t t enua to r for c h a n n e l 2 ; p rov i des s t e p a d j u s t m e n t 
of ve r t i ca l s e n s i t i v i t y . W h e n V A R I A B L E con t ro l 7 is s e t to 
C A L , ve r t i ca l s e n s i t i v i t y is ca l i b ra ted in 1 2 s t e p s f r o m 
5 V / d i v to 1 m V / d i v . 

In X - Y ope ra t i on , t h i s con t ro l p r o v i d e s s t e p a d j u s t m e n t of 
hor izonta l s e n s i t i v i t y . 

© V A R I A B L E Control 
Rota t ion p r o v i d e s f i ne con t ro l of c h a n n e l 2 v e r t i c a l s e n 

s i t i v i t y . In t h e fu l l y c l o c k w i s e ( C A L ) pos i t i on , t h e v e r t i c a l 

a t t enua to r is c a l i b r a t e d . In X - Y o p e r a t i o n , t h i s con t ro l be

c o m e s the f i ne hor i zon ta l ga in c o n t r o l . 

© A C - G N D - D C S w i t c h 
T h r e e - p o s i t i o n l eve r s w i t c h w h i c h o p e r a t e s a s f o l l o w s : 

A C : B l o c k s D C c o m p o n e n t o f c h a n n e l 2 input s i g n a l . 

G N D : O p e n s s i g n a l pa th a n d g r o u n d s input t o v e r t i c a l a m 
pl i f ier. T h i s p r o v i d e s a z e r o - s i g n a l b a s e l ine , t h e po
s i t ion o f w h i c h c a n be u s e d a s a r e f e r e n c e w h e n 
pe r f o rm ing d c m e a s u r e m e n t s . 

D C : D i rec t input of A C a n d D C c o m p o n e n t o f c h a n n e l 2 
input s i g n a l . 
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Fig . 3 

@ INPUT J a c k 
V e r t i c a l input fo r c h a n n e l 2 t r a c e in no rma l s w e e p o p e r a 
t i on . E x t e r n a l ho r i zon ta l input in X - Y ope ra t i on . 

© • P O S I T I O N / P U L L INV Control 
t P O S I T I O N : 

R o t a t i o n a d j u s t s v e r t i c a l pos i t ion of c h a n n e l 2 

t r a c e . 
I N V : Pu l l ing t h i s con t ro l i n v e r t s c h a n n e l 2 s i gna l . 

( H e r e a f t e r P U L L I N V is d e s c r i b e d a s C H 2 I N V . ) 

© P I L O T Lamp 
L i g h t s w h e n o s c i l l o s c o p e is t u r n e d o n . 

® JH. G N D terminal/binding post 
E a r t h a n d c h a s s i s g r o u n d . 

© C A L Terminal 
P r o v i d e s a p p r o x i m a t e l y 1 k H z , 1 V p e a k - t o - p e a k s q u a r e 
w a v e s i g n a l . T h i s is u s e f u l for p robe c o m p e n s a t i o n 
a d j u s t m e n t . 

© M O D E S w i t c h 
S e l e c t s t h e b a s i c ope ra t i ng m o d e s of t h e o s c i l l o s c o p e . 
C H 1 : O n l y t h e input s igna l to c h a n n e l 1 is d i s p l a y e d a s 

a s i ng le t r a c e . 

C H 2 : O n l y t h e input s igna l to c h a n n e l 2 is d i s p l a y e d a s 
a s i ng le t r a c e . 

D U A L : D i s p l a y s c h a n n e l 1 a n d 2 s i g n a l s on the s c r e e n . 
A D D : T h e w a v e f o r m s f r o m c h a n n e l 1 a n d c h a n n e l 2 in
tern + CH2) p u t s a re a d d e d a n d t h e s u m is d i s p l a y e d a s a s i n 

g le t r a c e . W h e n t h e C H 2 I N V © con t ro l is pu l led 
ou t , t h e w a v e f o r m f r o m c h a n n e l 2 is s u b t r a c t e d 
f r o m t h e c h a n n e l 1 w a v e f o r m a n d t h e d i f f e rence 
is d i s p l a y e d a s a s ing le t r a c e . 

T R I : D i s p l a y s c h a n n e l 1 , 2 and 3 s igna ls on the s c r e e n . 

© P O W E R , S C A L E I L L U M Control 
Fu l l y c o u n t e r c l o c k w i s e ro ta t ion of t h i s con t ro l ( O F F pos i 
t ion) t u r n s of f o s c i l l o s c o p e . C l o c k w i s e ro ta t ion t u r n s on o s 
c i l l o s c o p e . F u r t h e r c l o c k w i s e ro ta t ion of t he con t ro l 
i n c r e a s e s t h e i l l um ina t ion leve l of s c a l e . 

© T R A C E R O T A T I O N Control 
E lec t r i ca l l y r o ta tes t r a c e to hor i zon ta l pos i t i on . 
S t r o n g m a g n e t i c f i e lds m a y c a u s e t h e t r a c e to be t i l ted. 
T h e deg ree of t i l t m a y v a r y a s t h e s c o p e is m o v e d f r o m one 
loca t ion to ano the r . In t h e s e c a s e s , ad j us t t h i s con t ro l . 

© F O C U S Control 
A d j u s t s t h e t r a c e fo r o p t i m u m f o c u s . 

© I N T E N S I T Y / P U L L A S T I G Control 
I N T E N S I T Y : C l o c k w i s e rotat ion of th i s cont ro l i n c r e a s e s the 

b r i g h t n e s s of t h e t r a c e . 
A S T I G : Pul l ou t a n d ro ta te t h i s k n o b . A s t i g m a t i s m a d 

j u s t m e n t p r o v i d e s o p t i m u m s p o t r o u n d n e s s 
w h e n u s e d in con junc t i on w i t h F O C U S contro l 
r e g a r d l e s s i n t ens i t y c o n t r o l . 

© L E V E L / P U L L S L O P E ( - ) Control 
L E V E L : T r i gge r l eve l a d j u s t m e n t d e t e r m i n e s the point 

on w a v e f o r m w h e r e s w e e p s t a r t s . 
W h e n C O U P L I N G s w i t c h i s s e l e c t e d in T V -
F R A M E or L I N E , t he t r igger l eve l a d j u s t m e n t 
h a s no e f f e c t . 

S L O P E : S e l e c t o r of t r igger po lar i ty ; pul l ing th i s cont ro l 
s e l e c t s t h e n e g a t i v e s l o p e . 
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© C H 3 • P O S I T I O N Control 
A d j u s t s t he v e r t i c a l pos i t ion of c h a n n e l 3 t r a c e . T h i s c o n 

t ro l i s u s e d w h e n t h e v e r t i c a l M O D E is s e l e c t e d t o T R I P L E . 

© S O U R C E S w i t c h 
F ive -pos i t i on leve r s w i t c h ; s e l e c t s t r igger ing s o u r c e for t he 

s w e e p , w i t h f o l l o w i n g p o s i t i o n s ; 
V E R T M O D E : 

T h e tr igger s o u r c e is de te rmined by ver t ica l M O D E 
s e l e c t i o n . (He rea f t e r V E R T M O D E is a b b r e v i a t e d 
to V . M O D E . ) 

C H 1 : C h a n n e l 1 s i g n a l i s u s e d a s a t r igger 
s o u r c e . 

C H 2 : C h a n n e l 2 s i gna l is u s e d a s a t r igger 
s o u r c e . 

A D D : T h e a lgeb ra i c s u m of c h a n n e l 1 a n d 
c h a n n e l 2 s i g n a l s is t h e t r igger s o u r c e . 
(If C H 2 I N V is e n g a g e d , t he d i f f e r e n c e 
b e c o m e s t h e t r igger s o u r c e . ) 

A L T ; D i s p l a y is a l t e rna te l y t r iggered by 
C H 1 a n d C H 2 (dua l - t race ope ra 

t ion) or C H 1 , C H 2 and C H S (triple-
t r a c e ope ra t i on ) . 

C H O P ; T h e d i sp lay c a n n o t be s y n c h r o n i z 
e d w i t h t h e input s igna l s i n c e the 

c h o p p i n g s igna l b e c o m e s t h e t r ig
ger s o u r c e . 

C H 1 : S w e e p is t r iggered by c h a n n e l 1 s igna l regard less 
of v e r t i c a l M O D E s e l e c t i o n . 

C H 2 : S w e e p is t r iggered by c h a n n e l 2 s igna l regard less 

of v e r t i c a l M O D E s e l e c t i o n . 
E X T / 

C H 3 : S w e e p is t r iggered by s igna l appl ied to E X T T R I G 
I N P U T j a c k @ . 

L I N E : S w e e p is t r iggered by l ine f r e q u e n c y ( 5 0 / 6 0 H z ) . 

S w e e p m a y no t be t r iggered w h e n the C O U P L I N G 
s w i t c h is no t a t t h e A C pos i t i on . In t h a t c a s e , s e t 
t h e C O U P L I N G s w i t c h to A C . 

© C O U P L I N G S w i t c h 
F ive -pos i t i on l eve r s w i t c h ; s e l e c t s coup l i ng for s y n c t r igger 
s i g n a l . 

A C : T r i gge r is A C c o u p l e d . B l o c k s D C c o m p o n e n t of 
input s i g n a l ; m o s t c o m m o n l y u s e d pos i t i on . 

H F R E J : S y n c s i g n a l i s c o u p l e d t h r o u g h a l o w - p a s s f i l ter 
to e l im ina te h igh f r e q u e n c y c o m p o n e n t s fo r s t a 
ble t r i gger ing of l o w f r e q u e n c y s i g n a l s . 

D C : T h e s y n c s i g n a l is D C c o u p l e d for s y n c w h i c h in
c l u d e s t h e e f f e c t s of D C c o m p o n e n t s . 

T V 

F R A M E : V e r t i c a l s y n c p u l s e s of a c o m p o s i t e v i d e o s igna l 
a re s e l e c t e d fo r t r i gger ing . 

T V L I N E : Ho r i zon ta l s y n c p u l s e s of a c o m p o s i t e v i deo s i g 
na l a re s e l e c t e d for t r igger ing . 

© C H 3 or E X T . T R I G Input J a c k 
Input te rm ina l o f c h a n n e l 3 s i g n a l or e x t e r n a l t r igger s i g n a l . 
W h e n v e r t i c a l M O D E is s e t a t T R I , no t on l y c h a n n e l 1 a n d 
c h a n n e l 2 input s i g n a l s bu t c h a n n e l 3 s i g n a l is o b s e r v a b l e 
s i m u l t a n e o u s l y . W h e n t h e S O U R C E s w i t c h is s e t to E X T 
C H S , th i s s i g n a l t r i gge rs s w e e p . 

® HORIZ M O D E S w i t c h 
U s e d to s e l e c t t h e ho r i zon ta l d i s p l a y m o d e . 
A : On ly A s w e e p is o p e r a t i v e w i t h t h e B s w e e p 

d o r m a n t . 

A L T : A s w e e p a l t e r n a t e s w i t h t h e B s w e e p . Fo r t h i s m o d e 
of ope ra t i on , t h e B s w e e p a p p e a r s a s a n i n tens i f i ed 
s e c t i o n on the A s w e e p . 

B : On ly d e l a y e d B s w e e p is o p e r a t i v e . 

X - Y : C h a n n e l 1 b e c o m e s t h e Y a x i s a n d c h a n n e l 2 be
c o m e s the X a x i s fo r X - Y ope ra t i on . T h e se t t i ng of 
t he v e r t i c a l M O D E a n d T R I G M O D E s w i t c h e s h a v e 
no e f f e c t . 

© A T R I G M O D E S w i t c h 
F ive -pos i t i on leve r s w i t c h ; s e l e c t s t r igger ing m o d e . 
A U T O : T r i g g e r e d s w e e p o p e r a t i o n . W h e n t r igger s i gna l 

is p r e s e n t , a u t o m a t i c a l l y g e n e r a t e s s w e e p ( f ree 
r u n s in a b s e n c e of t r igger s i gna l . ) 

N O R M : No rma l t r i ggered s w e e p ope ra t i on . No t r a c e is 

p r e s e n t e d w h e n a proper t r igger s i gna l is not 
app l i ed . 

F I X : S a m e a s a u t o m a t i c m o d e ; a u t o m a t i c a l l y gener 
a t e s s w e e p ( f ree r u n s ) in a b s e n c e of t r igger s i g 
nal e x c e p t t r igger t h resho ld is au toma t i ca l l y f i xed 
a t c e n t e r of inpu t s i g n a l r e g a r d l e s s of se t t i ng of 
L E V E L con t ro l . 

S I N G L E : S ing le s w e e p ope ra t i on . In t h i s m o d e , s i m u l t a n e 
o u s o b s e r v a t i o n o f bo th t h e A a n d B s w e e p s is 
not p o s s i b l e . 
No te ; 

Fo r s ing le s w e e p ope ra t i on in dua l or t r ip le t r a c e , 
v e r t i c a l M O D E m u s t not be s e t to A L T . U s e t h e 
C H O P m o d e i n s t e a d . 

R E S E T : T h i s is t he r e s e t s w i t c h fo r s ing le s w e e p o p e r a 
t i on . S e t t i n g to R E S E T r e t u r n s t h e s w i t c h to t he 
S I N G L E pos i t i on ; R E A D Y ind ica to r © g o e s O N 
a n d s t a y s O N unti l m a i n s w e e p ( A s w e e p ) is c o m 
p le ted . 

© R E A D Y Indicator 
In S I N G L E t r igger ing m o d e , l i gh ts w h e n A T R I G M O D E 
s w i t c h is s e t to R E S E T a n d g o e s o f f w h e n m a i n s w e e p ( A 
s w e e p ) i s c o m p l e t e d . 
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Fig. 4 

@ B T R I G M O D E S w i t c h 
U s e d to s e l e c t d e l a y s w e e p m o d e . 
A F T E R D E L A Y : 

B s w e e p is t r iggered i m m e d i a t e l y a f te r t h e de
lay s e t by A 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 c o n t r o l s . 

T R I G : " T r i g g e r a b l e A f te r D e l a y " operat ion of B S w e e p 
t r igger ing i s inh ib i ted dur ing d e l a y per iod s e t by 
A S W E E P T I M E / D I V a n d D E L A Y T I M E M U L T 
con t ro l s . B S w e e p is t r iggered by f i rst o c c u r e n c e 
o f p roper t r igger s igna l a f te r t h e de lay . In t h i s 
c a s e t h e s o u r c e of t he B t r igger is t h e s a m e a s 
t h e s o u r c e o f t he A t r igger . B o t h A a n d B t r ig
ger l e v e l s a r e ad j us ted by T R I G L E V E L con t r o l . 

T V L I N E : W h e n A s w e e p t r igger s igna l coup l i ng is s e t to 
T V F R A M E , B s w e e p is t r iggered by hor izon ta l 
s y n c p u l s e s of a compos i t e v ideo s igna l a f ter the 
d e l a y t i m e s e t by D E L A Y T I M E M U L T . 

D E L A Y = 0 : ( H e r e a f t e r D E L A Y = 0 is d e s c r i b e d a s D E L A Y 
T I M E Z E R O . ) 
A a n d B s w e e p s a re t r iggered s i m u l t a n e o u s l y , 
r e g a r d l e s s o f D E L A Y T I M E M U L T s e t t i n g . T h i s 
m o d e is u s e d to o b s e r v e the f i rst port ion of c o m 
p l i ca ted per iod of pu l se t r a i n s w i t h magn i f i 
c a t i o n . 

@ A S W E E P T I M E / D I V Control 
Hor izon ta l c o a r s e A s w e e p t i m e s e l e c t o r . 
S e l e c t s ca l i b ra ted s w e e p t i m e s of 0 . 0 5 / i s /d i v to 0 . 5 s /d i v 
in 2 2 s t e p s w h e n S W E E P V A R I A B L E con t ro l (§) is se t to C A L 
pos i t ion ( fu l ly c l o c k w i s e ) . 

@) B S W E E P T I M E / D I V Control 
C o a r s e hor izon ta l B s w e e p t i m e s e l e c t o r . 
S e l e c t s s w e e p t i m e s of 0 . 0 5 //.s/div to 5 0 m s / d i v in 1 9 

s t e p s . 
B s w e e p t ime s e l e c t o r s h o u l d be s e t s a m e a s or f a s t e r t h a n 
A s w e e p t i m e . 

(§) S W E E P V A R I A B L E Control 
F ine A s w e e p t ime a d j u s t m e n t . In t h e fu l ly c l o c k w i s e ( C A L ) 

pos i t i on , t h e s w e e p t i m e is c a l i b r a t e d . 

No f ine a d j u s t m e n t is ava i l ab l e for t h e B s w e e p t i m e . 
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© P O S I T I O N Control 
Ro ta t i on a d j u s t s ho r i zon ta l pos i t ion of t r a c e . 

( § ) F I N E / P U L L X 1 0 M A G Control 
F I N E : Ro ta t i on b e c o m e s f ine a d j u s t m e n t of ho r i zon ta l 

pos i t ion of t r a c e . 
P U L L x 1 0 M A G : 

W h e n pu l led out , i n c r e a s e s s w e e p t ime by 1 0 
t i m e s . 

(§) D E L A Y T I M E M U L T Control 
A d j u s t s t he s t a r t t i m e o f t he B s w e e p to s o m e de lay t i m e 
a f te r t h e s t a r t of A s w e e p . T h e de lay t ime m a y be s e t to 
v a l u e s b e t w e e n 0 . 2 a n d 1 0 t i m e s t h e se t t i ng o f t h e A 
S W E E P T I M E / D I V c o n t r o l . 

© H O L D O F F Control 
A d j u s t s ho ldo f f ( t r igger inh ib i t pe r iod b e y o n d s w e e p du ra 
t ion) . C l o c k w i s e ro ta t ion f r o m t h e N O R M pos i t ion i n c r e a s e s 
holdoff t ime , up to 1 0 t i m e s a t t h e M A X . posi t ion (ful ly c o u n 
t e r c l o c k w i s e ) . 

(§) T R A C E S E P A R A T I O N Control 
A d j u s t s v e r t i c a l s e p a r a t i o n b e t w e e n A s w e e p a n d B s w e e p 
(cont ro l h a s e f f e c t on l y in t h e A L T of H O R I Z . M O D E ) . 
C l o c k w i s e ro ta t ion i n c r e a s e s s e p a r a t i o n ; B s w e e p m o v e s 
d o w n w i t h r e s p e c t to A s w e e p up to 4 d i v i s i o n s . 

Fig . 5 

R E A R PANEL 
(§) Z A X I S I N P U T J a c k 
E x t e r n a l i n t ens i t y m o d u l a t i o n input t e r m i n a l . 
P o s i t i v e v o l t a g e d e c r e a s e s b r i g h t n e s s , n e g a t i v e v o l t a g e in 
c r e a s e s b r i g h t n e s s . 

® C H 1 O U T P U T J a c k 
C H 1 v e r t i c a l ou tpu t s i g n a l c o n n e c t o r . 
A C c o u p l e d ou tpu t c o n n e c t o r . T h i s c o n n e c t o r i s u s e d to 
m e a s u r e t h e f r e q u e n c y b y c o n n e c t i n g t h e f r e q u e n c y c o u n 
ter . W h e n t h e V O L T S / D I V con t ro l @ is a t 1 m V , f r e q u e n c y 
m e a s u r e m e n t w i t h t h e c o u n t e r m a y not p roduce a c o r r e c t 
f r e q u e n c y d i s p l a y due t o n o i s e . 

T h e n s e t t h e V O L T S / D I V to o ther range or ro ta te t h e V A R I 
A B L E con t ro l (3) to o the r t h a n C A L pos i t ion for s t a b l e oper 
a t i on . D o no t c o n n e c t C H 1 O U T P U T t o c h a n n e l 2 inpu t a s 
c a s c a d e d o p e r a t i o n . 

(§) Fuse Holder, Line Vol tage Se lec to r 
C o n t a i n s t h e l ine f u s e . V e r i f y t h a t t h e p roper f u s e is ins ta l l 
e d w h e n rep lac i ng t h e l ine f u s e . 
1 0 0 V , 1 2 0 V 1 A 
2 2 0 V , 2 4 0 V 0 . 7 A 

A f t e r pul l ing t h e p o w e r c o r d p lug f r o m t h e p o w e r out le t , 
a d j u s t t h i s s e l e c t o r t o y o u r l ine v o l t a g e . 

(§) Power input connec tor 
Input t e r m i n a l s of p o w e r s u p p l y . C o n n e c t t h e A C co rd 
p rov ided . 
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OPERATION 

INITIAL STARTING PROCEDURE 
Unt i l y o u fam i l i a r i ze y o u r s e l f w i t h t h e u s e of all c o n t r o l s , 

t h e f o l l ow ing p r o c e d u r e m a y be u s e d to s t a n d a r i z e t h e in

i t ial se t t i ng of c o n t r o l s a s a r e f e r e n c e point and to ob ta in 

t r a c e on t h e C R T in p repa ra t i on for w a v e f o r m o b s e r v a t i o n . 

W h e n us ing t h e p r o b e ( s ) , re fe r to p r o b e ' s i n s t r u c t i o n s and 

" P R O B E C O M P E N S A T I O N " l i s ted in " A P P L I C A T I O N " of 

t h i s m a n u a l . 

(1) NORMAL S W E E P D I S P L A Y OPERATION 
1 . T u r n t he P O W E R s w i t c h © c l o c k w i s e — the p o w e r s u p 

p ly w i l l be t u r n e d on and the pi lot l amp w i l l l ight. 
S e t t h e s e m o d e s a s f o l l o w s ; 
V e r t i c a l M O D E © : C H 1 
A T R I G M O D E @ : A U T O 

2 . T h e t r a c e w i l l appear in the cen te r of the C R T d isp lay and 
c a n be a d j u s t e d by t h e C H 1 • P O S I T I O N © a n d 
P O S I T I O N © c o n t r o l s . N e x t , a d j u s t t h e I N T E N S I T Y © 
a n d , if n e c e s s a r y , t he F O C U S © for e a s e of o b s e r v a t i o n . 

3 . V e r t i c a l M o d e s 
W i t h v e r t i c a l M O D E © s e t to C H 1 , app ly a n input s igna l 
to t he C H 1 I N P U T © j a c k and a d j u s t t he V O L T S / D I V © 
con t ro l for a su i t ab le s i z e d i sp lay of t he w a v e f o r m . If the 
w a v e f o r m d o e s not a p p e a r in t h e d i s p l a y , ad j us t t h e 
V O L T S / D I V a n d • P O S I T I O N con t ro l s to bring t h e w a v e 
f o r m into t h e c e n t e r por t ion of t h e C R T d i sp l ay . O p e r a 
t ion w i t h a s i gna l app l i ed to t h e C H 2 I N P U T © j a c k a n d 
t h e v e r t i c a l M O D E s e t to C H 2 is s im i la r to t h e a b o v e 
p r o c e d u r e . 

In the A D D m o d e , t he a lgebra ic s u m of CH1 + C H 2 is d is 
p l a y e d . If t h e C H 2 I N V © s w i t c h h a s been e n g a g e d , t he 
a lgebra ic d i f f e rence o f 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 bo th c h a n n e l s a re s e t to t h e s a m e 
V O L T S / D I V , t h e s u m or d i f f e r e n c e c a n be read d i rec t l y 
in V O L T S / D I V f r o m t h e C R T . 

T h e D U A L m o d e a l l o w s s i m u l t a n e o u s o b s e r v a t i o n of 
c h a n n e l 1 a n d c h a n n e l 2 w a v e f o r m s . T h e T R I m o d e a l 
l o w s s i m u l t a n e o u s v i e w i n g of c h a n n e l 1 t h r u c h a n n e l 3 
input s i g n a l s . In t h e T R I m o d e , e i ther t h e C H O P or A L T 
m o d e app l i es a n d m u s t be s e l e c t e d . 
In t he C H O P m o d e , t h e s w e e p is c h o p p e d a t an approx 
imate 2 5 0 k H z rate and s w i t c h e d b e t w e e n C H 1 and C H 2 . 
No te t h a t in t h e C H O P m o d e of ope ra t i on w i t h the 
S O U R C E s w i t c h s e t to V . M O D E , t he t r igger s o u r c e be
c o m e s the c h o p p i n g s i gna l i t se l f , m a k i n g w a v e f o r m ob
s e r v a t i o n i m p o s s i b l e . U s e A L T m o d e i n s t e a d in s u c h 
c a s e s , or s e l e c t a t r igger S O U R C E of C H 1 , C H 2 or C H 3 . 
If no t r a c e is ob ta inab le , re fe r to t h e f o l l o w i n g T R I G G E R 
ING p r o c e d u r e s . 

4 . A f t e r se t t i ng t h e S O U R C E s w i t c h , a d j u s t t he L E V 
E L / S L O P E cont ro l (20). T h e d isp lay on the s c r e e n wi l l prob
ably be u n s y n c h r o n i z e d . Re fe r to T R I G G E R I N G procedure 
b e l o w fo r ad jus t i ng s y n c h r o n i z a t i o n a n d s w e e p s p e e d to 
ob ta in a s t a b l e d i s p l a y s h o w i n g t h e d e s i r e d n u m b e r of 
w a v e f o r m . 

T R I G G E R I N G 
T h e input s i gna l m u s t be proper ly t r iggered fo r s t ab le w a v e 
f o r m o b s e r v a t i o n . T R I G G E R I N G is p o s s i b l e u s i n g the input 
s i gna l I N T e r n a l l y to c r e a t e a t r igger or w i t h a n E X T e r n a l l y 
p rov ided s i gna l of t im ing re la t i onsh ip to t h e o b s e r v e d s i g 
n a l , app l y ing s u c h a s igna l to t h e E X T T R I G I N P U T j a c k . 
T h e S O U R C E s w i t c h s e l e c t s t h e input s i g n a l t h a t is to be 
u s e d to t r igger t h e s w e e p , w i t h I N T s y n c poss ib i l i t ies 
( V . M O D E , C H 1 , C H 2 , L I N E ) a n d C H 3 / E X T s y n c poss ib i l i t y . 
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* Internal S y n c 
W h e n the S O U R C E se lec t i on is in I N T ( V . M O D E , C H 1 , C H 2 , 
L I N E ) , t h e input s igna l i s c o n n e c t e d to t h e in terna l t r igger 
c i r cu i t . In t h i s pos i t i on , a par t of t h e input s igna l f e d to t h e 
I N P U T © o r ( 9 ) j a c k i s app l ied f r o m t h e v e r t i c a l ampl i f ie r to 
t he t r igger c i r cu i t t o c a u s e t h e t r igger s i gna l t r iggered w i t h 
t h e input s i gna l to d r i ve t h e s w e e p . 
W h e n the V . M O D E pos i t i on is s e l e c t e d , t h e t r igger s o u r c e 
is d e p e n d e n t upon t h e v e r t i c a l M O D E s e l e c t i o n . 
W h e n the v e r t i c a l M O D E s w i t c h is s e l e c t e d in A L T a n d 
D U A L , t he t r igger s o u r c e a l t e rna tes b e t w e e n c h a n n e l 1 and 
c h a n n e l 2 w i t h e a c h s w e e p . 

W h e n the ve r t i ca l M O D E s w i t c h is s e l e c t e d in A L T a n d T R I , 
t h e t r igger s o u r c e a l t e r n a t e s c h a n n e l 1 t h ru c h a n n e l 3 w i t h 
e a c h s w e e p . 

T h i s is c o n v e n i e n t for c h e c k i n g a m p l i t u d e s , w a v e s h a p e , or 
w a v e f o r m per iod m e a s u r e m e n t s a n d e v e n pe rm i t s s i m u l 
t a n e o u s o b s e r v a t i o n of t w o w a v e f o r m s w h i c h a re not re lat 
ed in f r e q u e n c y or pe r iod . H o w e v e r , t h i s se t t i ng is not 
su i tab le for p h a s e or t im ing c o m p a r i s o n m e a s u r e m e n t s . For 
s u c h m e a s u r e m e n t s , t w o or t h ree t r a c e s m u s t be t r iggered 
by t he s a m e s y n c s i g n a l . 

W h e n the S O U R C E s e l e c t i o n is in C H 1 , t h e input s igna l a t 
t he c h a n n e l 1 I N P U T ® j a c k b e c o m e s t r igger r e g a r d l e s s of 
t he pos i t ion of v e r t i c a l M O D E . W h e n the S O U R C E se lec t i on 
is in C H 2 , t h e input s i gna l a t t h e c h a n n e l 2 I N P U T (9) j a c k 
b e c o m e s t r igger rega rd less of t he pos i t ion of ve r t i ca l M O D E . 
If t h e S O U R C E s w i t c h is s e t to t he L I N E pos i t i on , t r igger ing 
is de r i ved f r o m t h e input l ine v o l t a g e ( 5 0 / 6 0 H z ) . 
T h i s is u s e f u l m e a s u r e m e n t s t h a t a re re la ted to l ine f re 
q u e n c y . 

* External S y n c 
W h e n t h e S O U R C E s e l e c t i o n is in E X T / C H 3 , t h e input s i g 
nal at t he E X T T R I G I N P U T (23) j a c k b e c o m e s the tr igger. T h i s 
s igna l m u s t h a v e a t ime or f r e q u e n c y re la t ionsh ip to the s i g 
nal be ing o b s e r v e d to s y n c h r o n i z e t he d isp lay . E x t e r n a l s y n c 
is p re fe red fo r w a v e f o r m o b s e r v a t i o n in m a n y a p p l i c a t i o n s . 
Fo r e x a m p l e . F i g . 7 s h o w s t h a t t he s w e e p c i r cu i t is d r i ven 
by t h e ga te s i gna l w h e n t h e ga te s i gna l in t he bu rs t s i gna l 
is app l ied to t h e E X T T R I G I N P U T j a c k . F i g . 7 a l so s h o w s 
t h e i npu t /ou tpu t s i g n a l s , w h e r e t he bu rs t s i gna l g e n e r a t e d 
f r om the s igna l is appl ied to t he i ns t rumen t under t e s t . T h u s , 
a c c u r a t e t r igger ing c a n be a c h i e v e d w i t h o u t regard to t h e 
input s igna l f e d to t h e I N P U T © or (9) j a c k s o t h a t no fur 
the r t r igger ing is requ i red e v e n w h e n t h e input s igna l is 
v a r i e d . W h e n t h e v e r t i c a l M O D E is s e t to T R I , t r i p le - t race 
d i sp lay is p rov ided a n d t h e s igna l app l ied to E X T / C H 3 is to 
be u s e d to t r igger t h e s w e e p , w i t h INTerna l s y n c poss ib i l i ty . 

Trigger signal 
(Gate signal) 

CH1 (Input signal to 
amplifier, etc.) 

CH2 (Output signal 
from amplifier, etc.) 

• Coupling 
T h e C O U P L I N G s w i t c h s e l e c t s t he coup l ing m o d e of t he tr ig
ger s igna l to t h e t r igger c i r cu i t a c c o r d i n g to t h e t y p e o f t r ig
ger s igna l ( D C , A C , s i g n a l s u p e r i m p o s e d on d c , s i g n a l w i t h 
h igh f r e q u e n c y n o i s e . ) . 

A C : 

M o s t c o m m o n l y u s e d pos i t i on ; p e r m i t s t r igger ing f r om 
1 0 H z to o v e r 6 0 M H z ( for C S - 1 0 4 5 , 4 0 M H z ) . B l o c k s d c 
c o m p o n e n t of s y n c t r igger s i g n a l . 

H F R E J . : 

A t t e n u a t e s t r igger s i gna l a b o v e 1 0 0 k H z . U s e f u l to r e d u c e 
h igh- f requency no i se , and permi ts t r igger ing f r o m the modu
la t ion e n v e l o p e of a n amp l i t ude m o d u l a t e d rf s i g n a l . 

D C : 

P e r m i t s t r igger ing f r o m d c to o v e r 6 0 M H z ( for C S - 1 0 4 5 , 
4 0 M H z ) . C o u p l e s d c c o m p o n e n t of s y n c t r igger s igna l . U s e 
fu l fo r t r igger ing f r o m v e r y l o w f r e q u e n c y s i g n a l s ( be low 
1 0 Hz) or r a m p w a v e f o r m s w i t h s l o w repea t i ng d c . 

Waveform with high frequency noise 

Trigger signal by HF rejection 
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Fig. 7 

F ig . 8 



• Triggering Leve l 
Tr igge r po int on w a v e f o r m is a d j u s t e d by t he L E V E L / P U L L 
@ cont ro l . F i g . 9 s h o w s t h e re lat ionship b e t w e e n the S L O P E 
a n d L E V E L of t h e t r igger point . T r i gge r i ng leve l c a n be a d 
j u s t e d a s n e c e s s a r y . 

LEVEL 

* Auto Trigger 
W h e n the A T R I G M O D E (25) se lec t i on is in A U T O , the s w e e p 
c i r cu i t b e c o m e s f r e e - r u n n i n g a s long a s t he re i s no t r igger 
s i g n a l , permi t t ing a c h e c k of G N D l e v e l . W h e n a t r igger s i g 
na l is p r e s e n t , t h e t r igger point c a n be de te rm ined b y t he 
L E V E L con t ro l for o b s e r v a t i o n a s in t h e no rma l t r igger s i g 
n a l . W h e n t h e t r igger l eve l e x c e e d s t h e t r igger s i g n a l , t he 
t r igger c i r cu i t a l s o b e c o m e s f r ee - runn ing w h e r e t h e w a v e 
fo rm s ta r t s runn ing. W h e n the A T R I G M O D E is se t to N O R M 
and /o r , w h e n t h e t r igger s i gna l is a b s e n t or t he t r igger ing 
leve l e x c e e d s t h e s i g n a l t he re is no s w e e p . 

• Fix 
W h e n the A T R I G M O D E (25) i s s e t to F I X , t r igger ing is a l 
w a y s e f f e c t e d in t h e c e n t e r of t h e w a v e f o r m , e l im ina t ing 
t h e n e e d for ad j us t i ng t h e t r igger ing l e v e l . A s s h o w n in F i g . 
1 0 - ( a ) or (b ) , w h e n t h e A T R I G M O D E is s e t to N O R M and 
t h e t r igger ing l eve l i s a d j u s t e d to e i the r s i de o f t h e s i g n a l , 
t h e t r igger po int is d e v i a t e d a s t h e input s igna l b e c o m e s 
s m a l l w h i c h , in t u r n , s t o p s t h e s w e e p ope ra t i on . B y se t t i ng 
t h e A T R I G M O D E to F I X , t h e t r igger ing leve l is a u t o m a t i 
ca l l y a d j u s t e d to t h e a p p r o x i m a t e c e n t e r of t h e w a v e f o r m 
a n d t h e s i g n a l i s s y n c h r o n i z e d r e g a r d l e s s o f t h e pos i t ion o f 
L E V E L con t ro l a s s h o w n in F i g . 1 0 - ( c ) . 
W h e n t h e input s i g n a l i s s u d d e n l y c h a n g e d f r o m a s q u a r e 
w a v e f o r m to a p u l s e w a v e f o r m , t h e t r igger point is sh i f t ed 
e x t r e m e l y t o w a r d the " — " s ide of t he w a v e f o r m u n l e s s t he 
t r igger ing l e v e l i s r e a d j u s t e d a s s h o w n in F i g . 1 1 - ( a ) . 
S e e F ig 11 - ( a ) - ( 2 ) . A l s o , if t h e t r igger point h a s been s e t to 
t h e " - " of s q u a r e w a v e (F ig 11 - ( b ) - ( 1 ) ) a n d t h e input s i g 
na l is c h a n g e d to a p l u s e s i g n a l , t h e t r igger point is dev ia t 
ed and the s w e e p s t o p s . W h e n th is h a p p e n s , s e t the A T R I G 
M O D E to F I X a n d t h e t r i gger ing i s e f f e c t e d in t h e app rox i 
m a t e cen te r of t he w a v e f o r m , m a k i n g it poss ib le to o b s e r v e 
a s tab i l i zed w a v e f o r m . ( F i g 1 1 - ( c ) ) 

" N O R M " 

' F I X ' 

Fig. 1 0 

Input signal changed 
into a pulse waveform 

Sweep stops with no trigger 

Same level as (1) 

Triggering without 
setting level 

(c) Mode switch set to " F I X " 

Fig . 11 
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SLOPE " - " RANGE 

SLOPE " + " RANGE 

Fig. 9 

Trigger point 

Trigger 
point 

Trigger 
point 

Trigger 
point 

© LEVEL control 

Readjust level 

(a) When the trigger level is set around 
the center of the waveform 

Trigger point 

Highest level 

(b) When the trigger level is set to 
the " - " side of the waveform 
(Mode switch set to "NORM") 



(2) MAGNIFIED S W E E P OPERATION 
S i n c e mere l y s h o r t e n i n g t h e s w e e p t i m e to m a g n i f y a por

t ion of an o b s e r v e d w a v e f o r m c a n resu l t in t h e des i red por

t ion d i sappea r i ng of f t h e s c r e e n , s u c h magn i f i ed d i sp lay 

shou ld be p e r f o r m e d u s i n g t h e M A G N I F I E D S W E E P . 

U s i n g the O P O S I T I O N c o n t r o l , ad jus t t h e des i red por
t ion of w a v e f o r m to t h e C R T . Pu l l t h e P U L L x 1 0 M A G © 
cont ro l to m a g n i f y t h e d i s p l a y 1 0 t i m e s . Fo r t h i s t y p e o f d i s 
p lay the s w e e p t i m e is t h e S W E E P T I M E / D I V se t t i ng d iv id 
e d by 1 0 . 

(3) A L T E R N A T I N G S W E E P OPERATION 
A s w e e p a n d B d e l a y e d s w e e p a re u s a b l e in a n a l te rna t ing 
f a s h i o n m a k i n g it p o s s i b l e t o o b s e r v e bo th t h e no rma l a n d 
magn i f i ed w a v e f o r m s i m u l t a n e o u s l y . 

P r o c e d u r e : 

1 . S e t t he H O R I Z M O D E to A a n d ad jus t fo r a no rma l w a v e 
f o r m d i sp l ay . 

2 . S e t t he B T R I G M O D E to A F T E R D E L A Y a n d s e t t he H O 
R I Z M O D E to A L T . A d j u s t T R A C E S E P A T A T I O N (§) for 
e a s y o b s e r v a t i o n of bo th t h e A a n d B t r a c e s . T h e upper 
t r a c e is t h e n o n - m a g n i f i e d por t ion of t h e w a v e f o r m w i t h 
t he magn i f i ed por t ion s u p e r - i m p o s e d a s a n in tens i f i ed 
s e c t i o n . T h e l o w e r w a v e f o r m is t h e in tens i f i ed por t ion 
d i s p l a y e d m a g n i f i e d . 

3 . T h e D E L A Y T I M E M U L T c a n be u s e d to con t inuous ly s l ide 
t he magn i f i ed por t ion o f t h e w a v e f o r m a c r o s s t he A 
s w e e p per iod to a l l o w m a g n i f i c a t i o n of p rec i se l y t h e 
des i red por t ion o f w a v e f o r m . T o m a g n i f y t h e f ron t par t 
o f t h e s w e e p , s e t B T R I G M O D E © t o D E L A Y = 0 . 

4 . S e t t he H O R I Z M O D E to B to d i s p l a y t he I N T in tens i f i ed 
por t ion a s a m a g n i f i e d B s w e e p . ( F i g . 1 3 ) 

D e l a y T i m e ( m a g n i f i e d por t ion) = D E L A Y T I M E M U L T 
s e t t i n g x A S W E E P T I M E / D I V s e t t i n g . 

5 . Fo r S t a r t s A F T E R D E L A Y ope ra t i on , appa ren t j i t ter in 
c r e a s e s a s magn i f i ca t i on i n c r e a s e s . T o obta in a j i t ter f ree 
d i sp lay s e t t h e B T R I G M O D E © to T R I G . In t h i s " T r i g -
gerab le A f t e r D e l a y " m o d e t h e A t r igger s igna l s e l e c t e d 
by t he S O U R C E s w i t c h © b e c o m e s t h e B t r igger s o u r c e . 

Fig. 1 3 Magnif ied v i e w of intensif ied zone above 

Note t ha t for t h i s t y p e o f ope ra t i on bo th t h e D E L A Y T I M E 
M U L T and T R I G L E V E L a f f e c t t h e s t a r t o f t h e B s w e e p s o 
t h a t t he d e l a y t i m e i s u s e d a s a r e f e r e n c e po in t . ( F i g . 1 4 ) 

(4) X - Y OPERATION 
For s o m e m e a s u r e m e n t s , a n e x t e r n a l ho r i zon ta l de f l ec t i on 
s igna l is r equ i red . T h i s i s a l s o re fe r red to a s a n X - Y m e a s 
u remen t , w h e r e t h e Y input p rov i des v e r t i c a l de f lec t i on and 
X input p r o v i d e s ho r i zon ta l d e f l e c t i o n . 
X - Y opera t ion p e r m i t s t h e o s c i l l o s c o p e to p e r f o r m m a n y 
t y p e s of m e a s u r e m e n t s not p o s s i b l e w i t h c o n v e n t i o n a l 
s w e e p ope ra t i on . T h e C R T d i s p l a y b e c o m e s a n e l ec t r on i c 
g raph of t w o i n s t a n t a n e o u s v o l t a g e s . T h e d i s p l a y m a y be 
a d i rec t c o m p a r i s o n o f t w o v o l t a g e s s u c h a s dur ing p h a s e 
m e a s u r e m e n t , or f r e q u e n c y m e a s u r e m e n t w i t h L i s s a j o u s 
w a v e f o r m s . 

T o u s e an e x t e r n a l ho r i zon ta l inpu t , u s e t h e f o l l o w i n g pro
c e d u r e ; 
1 . S e t t he H O R I Z M O D E s w i t c h to X - Y t h e pos i t i on . 

2 . U s e t h e c h a n n e l 1 p robe fo r t h e v e r t i c a l inpu t a n d t h e 
c h a n n e l 2 p robe fo r t h e ho r i zon ta l inpu t . 

3 . A d j u s t t h e a m o u n t o f hor izon ta l de f l ec t i on w i t h t h e C H 2 
V O L T S / D I V a n d V A R I A B L E c o n t r o l s . 

4 . T h e C H 2 ( ve r t i ca l ) P O S I T I O N © con t ro l n o w s e r v e s a s 
t h e hor i zon ta l pos i t i on c o n t r o l , a n d t h e < • P O S I T I O N 
cont ro l is d i s a b l e d . 

5 . A l l s y n c c o n t r o l s a re d i s c o n n e c t e d a n d h a v e no e f f e c t . 

A Sweep Intensified zone to be magnified 

F i g . 1 2 F ig . 1 4 
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B S w e e p 

A Sweep 

B Sweep 

.Intensified zone to be magnified 



151 VIDEO SIGNAL OBSERVATION 
T h e T V F R A M E / L I N E s w i t c h pe rm i t s s e l e c t i o n of v e r t i c a l or 
ho r i zon ta l s y n c pu l se fo r s w e e p t r igger ing w h e n v i e w i n g 
c o m p o s i t e v i d e o w a v e f o r m s . In t h e L I N E pos i t i on , hor i zon
ta l s y n c p u l s e s a re s e l e c t e d a s t r i ggers to permi t v i e w i n g 
of ho r i zon ta l l ine of v i d e o . In t he F R A M E pos i t i on , ve r t i ca l 
s y n c pu l ses are s e l e c t e d a s t r iggers to permi t v i e w i n g of ver 
t i ca l f i e lds a n d f r a m e s of v i d e o . W h e n o b s e r v i n g t h e v ideo 
w a v e f o r m s , s t ab le d i sp lay is ob ta ined on the s c r e e n regard 
l e s s t h e T R I G L E V E L © con t ro l . 

A t m o s t po in ts of m e a s u r e m e n t , a c o m p o s i t e v i deo s igna l 
is of t he ( - ) po la r i t y , t h a t i s , t he s y n c p u l s e s are n e g a t i v e 
a n d t h e v i d e o is p o s i t i v e . In t h i s c a s e , u s e " - " S L O P E . 
If t h e w a v e f o r m is t a k e n at a c i r cu i t po in t w h e r e t h e v i deo 
w a v e f o r m is i n v e r t e d , t h e s y n c p u l s e s a re pos i t i ve a n d the 
v i d e o is n e g a t i v e . In t h i s c a s e , u s e " + " S L O P E . 

(6) S I N G L E S W E E P OPERATION 
T h i s m o d e of d i sp lay is u s e f u l fo r look ing a t non -

s y n c h r o n o u s or o n e t i m e e v e n t s . 

P r o c e d u r e : 
1 . S e t t h e A T R I G M O D E © to e i the r A U T O or N O R M . A p 

ply a s igna l of app rox ima te l y t he s a m e ampl i tude and f re
q u e n c y a s t he s igna l t h a t is to be o b s e r v e d a s t h e tr igger 
s i gna l a n d s e t t h e t r igger l e v e l . 

2 . S e t A T R I G M O D E to R E S E T - o b s e r v e t h a t the R E A D Y 
ind ica to r L E D l igh ts to i nd i ca te t h e r e s e t cond i t i on . T h i s 
L E D g o e s ou t w h e n t h e A s w e e p per iod i s c o m p l e t e d . 

3 . A f t e r t h e a b o v e s e t - u p is c o m p l e t e d t h e s c o p e is ready 
to ope ra te in t h e S I N G L E s w e e p m o d e of opera t ion a f ter 
r ese t t i ng t h e i n s t r u m e n t u s i n g t h e R E S E T s w i t c h . Input 
of the t r igger s i gna l r e s u l t s in o n e a n d on ly one s w e e p 
a n d R E A D Y ind ica to r L E D g o e s ou t . 

, C A U T I O N : , 
W i t h t h e H O R I Z M O D E s e t to A L T t h e s i m u l t a n e o u s 
o b s e r v a t i o n of t h e A s w e e p a n d B s w e e p w a v e f o r m s 
a t S I N G L E s w e e p m o d e is no t p o s s i b l e . A l s o for 
D U A L or T R I ope ra t i on s i m u l t a n e o u s o b s e r v a t i o n i s 
not poss ib le us i ng A L T m o d e . S e t t he un i t to t h e 
C H O P m o d e in t h i s c a s e . 
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APPLICATIONS 

PROBE ADJUSTMENT 
T o obta in a n a c c u r a t e m e a s u r e m e n t resu l t , t h e probe m u s t 
be a d j u s t e d c o r r e c t l y be fo re m e a s u r e m e n t . 

1 . C o n n e c t t he probe to the I N P U T te rmina l and s e t the c o n 
t ro l for a n o r m a l s w e e p d i sp l ay . 

2 . C o n n e c t the probe to the C A L termina l on the f ront pane l , 
a n d a d j u s t t h e S W E E P T I M E / D I V s w i t c h s o t h a t s e v e r a l 
c y c l e s of t h i s s i gna l are d i s p l a y e d . 

3 . A d j u s t t h e t r i m m e r on the probe to ob ta in t he f o l l o w i n g 
c o r r e c t c o m p e n s a t i o n w a v e f o r m . 

Correct 
compensation 

Over 
compensation 

Insufficient 
compensation 

Fig. 1 5 

2 . S e t t he A T R I G M O D E to A U T O a n d A C - G N D - D C to t h e 
G N D pos i t i on , w h i c h e s t a b l i s h e d t h e ze ro vo l t r e f e r e n c e . 
Us ing the • P O S I T I O N c o n t r o l , a d j u s t t h e t r a c e pos i t ion 
to the des i red r e f e r e n c e l eve l p o s i t i o n , m a k i n g s u r e not 
to d is turb t h i s s e t t i n g o n c e m a d e . 

3 . S e t the A C - G N D - D C s w i t c h to t he D C posi t ion to obse rve 
the input w a v e f o r m , i nc lud ing i ts D C c o m p o n e n t . If an 
appropr iate re fe rence level or V O L T S / D I V se t t ing w a s not 
m a d e , t h e w a v e f o r m m a y no t be v i s ib le on t h e C R T 
s c r e e n a t t h i s po in t . If s o , r e s e t V O L T S / D I V and /o r t he 
• P O S I T I O N con t r o l . 

4 . U s e t h e < • P O S I T I O N con t ro l to br ing t h e por t ion of 
t h e w a v e f o r m to be m e a s u r e d to t h e c e n t e r v e r t i c a l 
g radua t ion l ine of t h e C R T s c r e e n . 

5 . M e a s u r e t he v e r t i c a l d i s t a n c e f r o m t h e r e f e r e n c e leve l 
to the po int to be m e a s u r e d , ( the r e f e r e n c e leve l c a n be 
r e c h e c k e d by s e t t i n g t h e A C - G N D - D C s w i t c h a g a i n to 
G N D ) . 

Mult ip ly t he d i s t a n c e m e a s u r e d a b o v e by t he V O L T S / D I V 
se t t ing a n d the probe a t t enua t i on rat io a s w e l l . V o l t a g e s 
a b o v e a n d b e l o w t h e r e f e r e n c e l eve l a re pos i t i ve and 
nega t i ve v a l u e s r e s p e c t i v e l y . 

U s i n g the f o r m u l a : 
D C leve l = V e r t i c a l d i s t a n c e in d i v i s i o n s x ( V O L T S / D I V s e t 
t ing) x (probe a t t e n u a t i o n ra t io ) . 

T R A C E R O T A T I O N C O M P E N S A T I O N 
Rota t i on f r o m a ho r i zon ta l t r a c e pos i t ion c a n be t h e c a u s e 
of m e a s u r e m e n t e r r o r s . 

A d j u s t t he con t ro l s for a s ing le d isp lay . S e t the A C - G N D - D C 
s w i t c h to G N D a n d A T R I G M O D E to A U T O . A d j u s t t h e • 
P O S I T I O N con t ro l s u c h t h a t t h e t r a c e is ove r t he c e n t e r 
hor i zon ta l g ra t i cu le l ine . If t h e t r a c e a p p e a r s to be ro ta ted 
f r o m ho r i zon ta l , a l ign it w i t h t h e c e n t e r g ra t i cu le l ine u s i n g 
t h e T R A C E R O T A T I O N cont ro l l o ca ted on the f ron t p a n e l . 

D C V O L T A G E M E A S U R E M E N T S 
T h i s p r o c e d u r e d e s c r i b e s t he m e a s u r e m e n t p rocedu re fo r 
w a v e f o r m s inc lud ing t h e D C c o m p o n e n t . 
P r o c e d u r e : 

1 . C o n n e c t t he s igna l t o be m e a s u r e d to t he I N P U T j a c k . S e t 
t he v e r t i c a l M O D E to t h e c h a n n e l to be u s e d . S e t t h e 
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 obtain a nor
ma l d i s p l a y of t h e w a v e f o r m to be m e a s u r e d . S e t t h e 
V A R I A B L E con t ro l to C A L pos i t i on . 

Measuring point adjusted to The" center 
vertical scale by «f • POSITION I 

[ E X A M P L E ] 
For the e x a m p l e , t h e po int be ing m e a s u r e d is 3 . 8 d i v i s i o n s 

f r o m the r e f e r e n c e l eve l (g round po ten t i a l ) . 
If t h e V O L T S / D I V w a s s e t to 0 . 2 V / d i v a n d a 1 0 : 1 probe 
w a s u s e d . ( S e e F i g . 1 6 ) 
S u b s t i t u t i n g t h e g i v e n v a l u e s : 

D C leve l = 3 . 8 (d iv ) x 0 . 2 ( V / d i v ) x 1 0 = 7 . 6 V 
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Ground potential adjusted by 
^ POSITION (reference line) 

Fig. 1 6 



M E A S U R E M E N T OF THE VOLTAGE BETWEEN TWO 
P O I N T S O N A W A V E F O R M 

T h i s t e c h n i q u e c a n be u s e d to m e a s u r e p e a k - t o - p e a k 

v o l t a g e s . 

P r o c e d u r e : 
1 . A p p l y t h e s i g n a l t o be m e a s u r e d to t h e I N P U T j a c k . S e t 

t he ve r t i ca l M O D E to t he c h a n n e l to be u s e d . S e t t he A C -
G N D - D C to A C , ad jus t i ng V O L T S / D I V a n d S W E E P 
T I M E / D I V for a n o r m a l d i sp l ay . S e t t h e V A R I A B L E c o n 
t ro l to C A L pos i t i on . 

2 . U s i n g the • P O S I T I O N con t ro l , ad j us t t h e w a v e f o r m po
s i t ion s u c h t h a t o n e of t h e t w o po in ts fa l l s on a C R T 
g radua t i on l ine a n d t h a t t h e o ther is v i s ib le on t h e d i s 
p l ay s c r e e n . 

3 . U s i n g the < • P O S I T I O N cont ro l , ad jus t the s e c o n d point 
to c o i n c i d e w i t h t he c e n t e r v e r t i c a l g radua t i on l ine. 

4 . M e a s u r e t h e v e r t i c a l d i s t a n c e b e t w e e n t h e t w o po in ts 
and mult ip ly th i s by t he set t ing of t he V O L T S / D I V cont ro l . 
If a probe is u s e d , f u r t he r mu l t ip ly t h i s by t h e a t t e n u a 
t ion ra t io . 

E L I M I N A T I O N O F U N D E S I R E D S I G N A L 

C O M P O N E N T S 

T h e A D D f e a t u r e c a n be c o n v e n i e n t l y u s e d t o c a n c e l out 
t h e e f f e c t o f a n u n d e s i r e d s i g n a l c o m p o n e n t w h i c h m a y be 
s u p e r i m p o s e d on t h e s i g n a l y o u w i s h to o b s e r v e . ( S e e F i g . 
1 8 ) 

P r o c e d u r e : 
1 . A p p l y t h e s i gna l c o n t a i n i n g a n u n d e s i r e d c o m p o n e n t to 

t he C H 1 I N P U T j a c k a n d t h e u n d e s i r e d s i gna l i tse l f a lone 
to t h e C H 2 I N P U T j a c k . 

2 . S e t t he v e r t i c a l M O D E to D U A L ( C H O P ) a n d S O U R C E to 
C H 2 . V e r i f y t h a t C H 2 r e p r e s e n t s t h e u n w a n t e d s igna l in 
r e v e r s e po lar i ty . If n e c e s s a r y r e v e r s e po lar i ty by se t t i ng 
C H 2 I N V . 

3 . S e t the ve r t i ca l M O D E to A D D , S O U R C E to V . M O D E and 
C H 2 V O L T S / D I V a n d V A R I A B L E s o t h a t t h e undes i red 
s igna l c o m p o n e n t is c a n c e l l e d a s m u c h a s p o s s i b l e . T h e 
remain ing s igna l shou ld be the s igna l y o u w i s h to obse rve 
a lone a n d f r ee of t h e u n w a n t e d s i g n a l . 

[ E X A M P L E ] 
For t h e e x a m p l e , t h e t w o po in ts a re s e p a r a t e d by 4 . 4 d iv i 
s i o n s ver t i ca l l y . S e t t h e V O L T S / D I V se t t ing be 0 . 2 V / d i v and 
t h e p robe a t t e n u a t i o n b e 1 0 : 1 . ( S e e F i g . 1 7 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 
V o l t a g e b e t w e e n t w o po in t s = 4 . 4 (d iv ) x 0 . 2 ( V / d i v ) x 1 0 

= 8 .8V 

2 0 

U s i n g the f o r m u l a : 
V o l t s p e a k - t o - p e a k 
= V e r t i c a l d i s t a n c e (d iv) x ( V O L T S / D I V se t t i ng ) x (probe 

a t t enua t i on ra t io) 

Adjust to the center 
vertical scale with 
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Signal containing undesired component 
(Broken lines: undesired component envelope) 

Adjust to the horizontal 
scale with $ POSITION 

Fig . 17 

Undesired component signal 



T I M E M E A S U R E M E N T S 

T h i s is t h e p r o c e d u r e for m a k i n g t i m e m e a s u r e m e n t s be
t w e e n t w o po in t s on a w a v e f o r m . T h e 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 a n d t h e ho r i zon ta l d i s t a n c e in d i v i s i o n s 
b e t w e e n t h e t w o po in t s is u s e d in t h e c a l c u l a t i o n . 

P r o c e d u r e : 

1 . A p p l y t he s igna l to be m e a s u r e d to t h e I N P U T j a c k . S e t 
t h e v e r t i c a l M O D E to the c h a n n e l to be u s e d . A d j u s t t he 
V O L T S / D I V a n d S W E E P T I M E / D I V for a no rma l d i sp l ay . 
B e su re tha t t he V A R I A B L E cont ro l is s e t to C A L pos i t ion . 

2 . U s i n g the • P O S I T I O N c o n t r o l , s e t one of t h e po in ts to 
be u s e d a s a r e f e r e n c e to c o i n c i d e w i t h t he hor i zon ta l 
cen te r l i ne . U s e t h e < • P O S I T I O N con t ro l to s e t t h i s 
po int a t t h e i n t e r s e c t i o n o f a n y v e r t i c a l g radua t i on l ine. 

3 . M e a s u r e the hor izonta l d i s t a n c e b e t w e e n the t w o po in ts . 
Mul t ip ly t h i s by t he se t t i ng of t he S W E E P T I M E / D I V c o n 
trol to obta in t he t ime b e t w e e n the t w o po in ts . If hor izon
ta l " x 1 0 M A G " is u s e d , mu l t ip ly t h i s fu r the r by 1 / 1 0 . 

U s i n g t h e f o r m u l a : 

T i m e = Ho r i zon ta l d i s t a n c e (d iv ) x ( S W E E P T I M E / D I V s e t 

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

[ E X A M P L E ] 
F o r t he e x a m p l e , t h e ho r i zon ta l d i s t a n c e b e t w e e n t h e t w o 

po in ts is 5 . 4 d i v i s i o n s . 

If t he S W E E P T I M E / D I V is 0 . 2 m s / d i v w e ca l cu la te . ( S e e F ig . 

1 9 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

T i m e = 5 . 4 (d iv) x 0 . 2 ( m s / d i v ) = 1 . 0 8 m s 

F R E Q U E N C Y M E A S U R E M E N T S 

F r e q u e n c y m e a s u r e m e n t s a re m a d e by m e a s u r i n g t h e per i 
od of one c y c l e o f w a v e f o r m a n d t a k i n g t h e r e c i p r o c a l of 
t h i s t ime v a l u e a s t h e f r e q u e n c y . 

P r o c e d u r e : 

1 . S e t the osc i l l oscope up to d i sp lay one c y c l e o f w a v e f o r m 
(one per iod) . 

2 . T h e f r e q u e n c y is t h e r e c i p r o c a l o f t h e per iod m e a s u r e d . 

U s i n g the f o r m u l a : 

_ 1 
F r e q - p e r j o c j 

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

Adjust to horizontal 
center line with 

A POSITION 

[ E X A M P L E ] 

A per iod of 4 0 fis is o b s e r v e d a n d m e a s u r e d . ( S e e F i g . 2 0 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 
F r e q = 1 / [ 4 0 x 1 0 " 6 ] = 2 . 5 x 1 0 4 = 2 5 k H z 

W h i l e the a b o v e m e t h o d re l ies on t h e m e a s u r e m e n t d i rec t 
ly of the per iod o f o n e c y c l e , t h e f r e q u e n c y m a y a l s o be 
m e a s u r e d by c o u n t i n g t h e n u m b e r of c y c l e s p r e s e n t in a 
g i v e n t ime per iod . 

1 . App ly t h e s igna l to t h e I N P U T j a c k . S e t t h e ve r t i ca l M O D E 
to the c h a n n e l to be u s e d a n d ad jus t i ng t h e v a r i o u s c o n 
t ro ls fo r a no rma l d i s p l a y . S e t t h e V A R I A B L E con t ro l to 
C A L pos i t i on . 
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Signal without undesired component 

F i g . 18 

Fig . 2 0 

•Adjust to the vertical scale 
with POSITION 

Horizontal distance 

Fig. 1 9 



2 . C o u n t t h e n u m b e r of c y c l e s of w a v e f o r m b e t w e e n a 
c h o s e n s e t of v e r t i c a l g radua t i on l i n e s . 
U s i n g t h e ho r i zon ta l d i s t a n c e b e t w e e n t h e v e r t i c a l l i nes 
u s e d a b o v e and t h e S W E E P T I M E / D I V , t he t ime s p a n m a y 
be c a l c u l a t e d . Mul t ip ly t he rec ip roca l of t h i s v a l u e by t he 
number of c y c l e s p resen t in t he g i ven t ime s p a n . If " x 1 0 
M A G " i s u s e d mu l t ip l y t h i s f u r t he r by 1 0 . 
Note t ha t e r ro rs w i l l o c c u r for d i s p l a y s h a v i n g on ly a f e w 
c y c l e s . 

U s i n g t h e f o r m u l a : 

# of c y c l e s x " x 1 0 M A G " v a l u e 
F r e q = 

Hor izon ta l d i s t a n c e (d iv) x S W E E P T I M E / D I V se t t i ng 

Count cycles between this portion 

F i g . 2 1 

[ E X A M P L E ] 

For t h e e x a m p l e , w i t h i n 7 d i v i s i ons t h e r e are 1 0 c y c l e s . 

T h e S W E E P T I M E / D I V is 5 / i s /d i v . ( S e e F i g . 2 1 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

F r e q = — = 2 8 5 . 7 k H z 
7 (d iv ) x 5 O is /d iv ) 

P U L S E W I D T H M E A S U R E M E N T S 

P r o c e d u r e : 
1 . A p p l y t h e pu l se s i g n a l to t h e I N P U T j a c k . S e t t h e ve r t i 

c a l M O D E to t h e c h a n n e l to be u s e d . 
2 . U s e t h e V O L T S / D I V , V A R I A B L E a n d • P O S I T I O N to a d 

j u s t t h e w a v e f o r m s u c h t h a t t h e pu l se is e a s i l y o b s e r v e d 
a n d s u c h t h a t t h e c e n t e r pu l se w i d t h c o i n c i d e s w i t h t he 
c e n t e r ho r i zon ta l l ine on t h e C R T s c r e e n . 

3 . M e a s u r e t h e d i s t a n c e b e t w e e n t h e i n te r sec t i on o f t h e 
pu lse w a v e f o r m a n d t h e cen te r hor izontal line in d iv is ions . 
B e s u r e t h a t t h e V A R I A B L E con t ro l is in t h e C A L . Mul t i 
p ly t h i s d i s t a n c e b y t h e S W E E P T I M E / D I V a n d by 1 / 1 0 
is " x 1 0 M A G " m o d e is be ing u s e d . 

U s i n g t h e f o r m u l a : 
P u l s e w i d t h = Hor izon ta l d i s t a n c e (div) x ( S W E E P T I M E / D I V 

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

Adjust to the vertical scale 
with POSITION 

Pulse length 
(at 50%) 

Align the waveform 
with the center using 
A POSITION 

F i g . 2 2 

[ E X A M P L E ] 
For t h e e x a m p l e , t h e d i s t a n c e ( w i d t h ) a t t h e c e n t e r hor izon
ta l l ine is 4 . 6 d i v i s i ons a n d t h e S W E E P T I M E / D I V is 
0 . 2 m s / d i v . ( S e e F i g . 2 2 ) 

S u b s t i t u t i n g t he g i v e n v a l u e : 
P u l s e w i d t h = 4 . 6 (d iv) x 0 . 2 m s / d i v = 0 . 9 2 m s 

P U L S E R I S E T I M E A N D F A L L T I M E M E A S U R E M E N T S 

For r i se t ime a n d fa l l t ime m e a s u r e m e n t s , t h e 1 0 % and 9 0 % 

amp l i t ude po in ts a re u s e d a s s t a r t i n g and end ing r e f e r e n c e 

po in t s . 

P r o c e d u r e : 
1 . A p p l y a s i gna l to t h e I N P U T j a c k . S e t t h e v e r t i c a l M O D E 

to t h e c h a n n e l to be u s e d . 
U s e t h e V O L T S / D I V a n d V A R I A B L E to a d j u s t t h e w a v e 
f o r m p e a k - t o - p e a k he igh t to s i x d i v i s i o n s . 

2 . U s i n g t h e • P O S I T I O N con t ro l a n d t h e o the r c o n t r o l s , 
ad j us t t h e d i s p l a y s u c h t h a t t h e w a v e f o r m is c e n t e r e d 
v e r t i c a l l y in t h e d i sp l ay . S e t t h e S W E E P T I M E / D I V to a s 
f a s t a se t t i ng a s poss ib le c o n s i s t e n t w i t h o b s e r v a t i o n of 
bo th t h e 1 0 % a n d 9 0 % p o i n t s . S e t t he V A R I A B L E c o n 
t ro l to C A L pos i t i on . 

3 . U s e t h e < • P O S I T I O N con t ro l to ad j us t t h e 1 0 % point 
to c o i n c i d e w i t h a v e r t i c a l g radua t i on l ine a n d m e a s u r e 
t h e d i s t a n c e in d i v i s i o n s b e t w e e n t h e 1 0 % a n d 9 0 % 
po in ts on t h e w a v e f o r m . Mu l t ip l y t h i s by t h e S W E E P 
T I M E / D I V a n d a l so by 1 / 1 0 , if " x 1 0 M A G " m o d e w a s 
u s e d . 

N O T E : 
B e s u r e t h a t t h e c o r r e c t 1 0 % a n d 9 0 % l ines a re u s e d . Fo r 
s u c h m e a s u r e m e n t s t h e 0 , 1 0 , 9 0 a n d 1 0 0 % po in ts a re 
m a r k e d on t h e C R T s c r e e n . 

U s i n g t h e f o r m u l a : 
R i s e t i m e = Hor izonta l d i s t anc e (div) x ( S W E E P T I M E / D I V se t -

t i n g ) x " x 1 0 M A G " v a l u e " 1 ( 1 / 1 0 ) 



[ E X A M P L E ] 
For the e x a m p l e , t he hor izontal d i s t ance is 4 . 0 d iv is ions . T h e 
S W E E P T I M E / D I V is 2 M s / d i v . ( S e e F i g . 2 3 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

R i s e t i m e = 4 . 0 ( d i v ) x 2 ( / is /d iv) = 8 (is 

Rise t ime and fa l l t ime c a n be m e a s u r e d by mak ing u s e of t he 
a l te rna te s t e p 3 a s d e s c r i b e d b e l o w a s w e l l . 
4 . U s e t h e < • P O S I T I O N con t ro l to s e t t h e 1 0 % point to 

c o i n c i d e w i t h t h e c e n t e r v e r t i c a l g radua t i on l ine a n d 
m e a s u r e t h e ho r i zon ta l d i s t a n c e to t h e point of t he in
t e r s e c t i o n of t h e w a v e f o r m w i t h t h e c e n t e r hor izon ta l 
l ine. L e t t h i s d i s t a n c e be D i . N e x t ad j us t t he w a v e f o r m 
pos i t ion s u c h t h a t t h e 9 0 % point c o i n c i d e s w i t h t he ve r 
t i ca l cen te r l i ne a n d m e a s u r e t he d i s t a n c e f r o m t h a t l ine 
to t he i n t e r s e c t i o n o f t h e w a v e f o r m w i t h t he hor izon ta l 
cen te r l ine . T h i s d i s t a n c e is D2 a n d the to ta l hor izonta l d i s 
t a n c e is t h e n D i p lus D 2 for u s e in t h e a b o v e re la t ionsh ip 
in c a l c u l a t i n g t h e r i s e t i m e or f a l l t ime . 

U s i n g the f o r m u l a : 

R i s e t i m e = ( D j + D 2 ) ( d i v ) x ( S W E E P T I M E / D I V se t t i ng ) x " 

x 1 0 M A G " v a l u e 1 ( 1 / 1 0 ) 

[ E X A M P L E ] 
For t he e x a m p l e , t h e m e a s u r e d D i i s 1 .8 d i v i s i o n s w h i l e D2 

is 2 . 2 d i v i s i o n s . If S W E E P T I M E / D I V i s 2 j t s /d iv w e u s e the 

f o l l ow ing re la t i onsh ip . ( S e e F i g . 2 4 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

R i s e t i m e = ( 1 . 8 + 2 . 2 ) ( d i v ) x 2 fos/div) = 8 

T I M E D I F F E R E N C E M E A S U R E M E N T S 

T h i s p rocedure is use fu l in m e a s u r e m e n t of t i m e d i f f e rences 

b e t w e e n t w o s i g n a l s t h a t a re s y n c h r o n i z e d to o n e ano the r 

but s k e w e d in t i m e . 

P r o c e d u r e : 
1 . A p p l y t h e t w o s i g n a l s to C H 1 a n d C H 2 I N P U T j a c k s . S e t 

t he ver t i ca l M O D E to D U A L c h o o s i n g e i ther A L T or C H O P 
m o d e . 
Genera l l y for l o w f r e q u e n c y s i gna l s C H O P is c h o s e n w i t h 
A L T u s e d for h igh f r e q u e n c y s i g n a l s . 

2 . S e l e c t t h e f a s t e r of t h e t w o s i g n a l s a s t h e S O U R C E a n d 
u s e t h e V O L T S / D I V a n d S W E E P T I M E / D I V to ob ta in an 
eas i l y o b s e r v e d d i s p l a y . 
S e t t h e V A R I A B L E con t ro l to C A L pos i t i on . 

3 . Us ing t h e • P O S I T I O N con t ro l s e t t h e w a v e f o r m s to the 
cen te r o f t h e C R T d i s p l a y a n d u s e t h e < • P O S I T I O N 
con t ro l to s e t t he r e f e r e n c e s i g n a l to be c o i n c i d e n t w i t h 
a v e r t i c a l g radua t i on l ine . 

4 . M e a s u r e t h e hor i zon ta l d i s t a n c e b e t w e e n t h e t w o s i g 
na ls a n d mul t ip ly t h i s d i s t a n c e in d i v i s i ons by t he S W E E P 
T I M E / D I V s e t t i n g . 

If " x 1 0 M A G " is be ing u s e d mul t ip ly t h i s aga in by 1 / 1 0 . 

U s i n g the f o r m u l a : 

T i m e = Hor izonta l d i s tance (div) x ( S W E E P T I M E / D I V set t ing) 

x " x 1 0 M A G " v a l u e " 1 ( 1 / 1 0 ) 
[ E X A M P L E ] 
For t h e e x a m p l e , t h e ho r i zon ta l d i s t a n c e m e a s u r e d is 4 . 4 
d iv i s ions . T h e S W E E P T I M E / D I V is 0 . 2 m s / d i v . ( S e e F i g . 2 5 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 
T i m e = 4 . 4 (d iv) x 0 . 2 ( m s / d i v ) = 0 . 8 8 m s 

Rise time 

2 3 

Adjust to the vertical scale 
with < « • POSIT ION 

Rise time 

Fig . 2 3 

Adjust 9 0 % point to the center 
and measure D2 

Adjust 10% point 
to the center and 
measure Di 

Fig . 2 4 

Time difference 

F ig . 2 5 

Reference signal Comparison signal 



PHASE DIFFERENCE MEASUREMENTS 
T h i s p r o c e d u r e i s u s e f u l in m e a s u r i n g t h e p h a s e d i f f e r e n c e 

of s i g n a l s of t h e s a m e f r e q u e n c y . 

P r o c e d u r e : 
1 . A p p l y t h e t w o s i g n a l s t o t h e C H 1 a n d C H 2 I N P U T j a c k s , 

se t t i ng t h e v e r t i c a l M O D E to e i ther C H O P or A L T m o d e . 

2 . S e t t he S O U R C E to t h e s igna l w h i c h is lead ing in p h a s e 
a n d u s e t h e V O L T S / D I V to ad jus t t h e s i g n a l s s u c h t h a t 
t h e y are equa l in amp l i t ude . A d j u s t t he o ther con t ro l s for 
a no rma l d i s p l a y . 

3 . U s e the S W E E P T I M E / D I V a n d S W E E P V A R I A B L E to a d 
j u s t t h e d i s p l a y s u c h t h a t one c y c l e of t h e s i g n a l s o c 
c u p i e s 8 d i v i s i o n s of ho r i zon ta l d i sp l ay . 
U s e t h e * P O S I T I O N t o br ing t h e s i g n a l s in t h e c e n t e r 
of t h e s c r e e n . 

H a v i n g s e t up t h e d i s p l a y a s a b o v e , one d i v i s ion n o w 
r e p r e s e n t s 4 5 ° in p h a s e . 

4 . M e a s u r e t h e hor i zon ta l d i s t a n c e b e t w e e n co r respond ing 
po in ts on t h e t w o w a v e f o r m s . 

U s i n g the f o r m u l a : 
P h a s e d i f f e r e n c e = Ho r i zon ta l d i s t a n c e (d iv) x 4 5 ° / d i v 

[ E X A M P L E ] 
For t h e e x a m p l e , t h e ho r i zon ta l d i s t a n c e is 1.7 d i v i s i o n s . 

( S e e F i g . 2 6 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 
T h e p h a s e d i f f e r e n c e = 1 .7 ( d i v ) x 4 5 ° / d i v = 7 6 . 5 ° 

T h e a b o v e s e t u p a l l o w s 4 5 ° per d i v i s i on bu t if m o r e a c 
c u r a c y is requ i red t h e S W E E P T I M E / D I V m a y be c h a n g e d 
a n d m a g n i f i e d w i t h o u t t o u c h i n g t h e V A R I A B L E con t ro l a n d 
if n e c e s s a r y t h e t r igger l e v e l c a n be r e a d j u s t e d . 

In t h i s c a s e , t h e p h a s e d i f f e r e n c e c a n be ob ta ined f r o m t h e 
S W E E P T I M E / D I V s e t t i n g for 8 d i v i s i o n s / c y c l e a n d t h e n e w 
S W E E P T I M E / D I V s e t t i n g c h a n g e d for h igher a c c u r a c y , by 
u s e i n g t h e f o l l o w i n g f o r m u l a . 

P h a s e d i f f e r e n c e = Hor izonta l d i s t a n c e of n e w s w e e p range 
( d i v ) x 4 5 ° / d i v 

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

A n o t h e r s i m p l e m e t h o d o f ob ta in ing m o r e a c c u r a c y qu ick 

ly is to s i m p l y u s e x 1 0 M A G for a s c a l e of 4 . 5 ° / d i v . 

O n e c y c l e a d j u s t e d to o c c u p y 8 d i v . 

R E L A T I V E M E A S U R E M E N T 

If t he f r e q u e n c y and amp l i t ude of s o m e r e f e r e n c e s igna l are 

k n o w n , a n u n k n o w n s i gna l m a y be m e a s u r e d for l eve l a n d 

f r e q u e n c y w i t h o u t u s e of t h e V O L T S / D I V or S W E E P 

T I M E / D I V fo r ca l i b ra t i on . 

T h e m e a s u r e m e n t is m a d e in u n i t s re la t i ve to t h e r e f e r e n c e 

s i g n a l . 

• Vert ical Sensi t iv i ty 
S e t t i n g t he re la t i ve v e r t i c a l s e n s i t i v i t y u s i n g a r e f e r e n c e 

s i g n a l . 

P r o c e d u r e : 
1 . A p p l y t h e r e f e r e n c e s i gna l to t h e I N P U T j a c k a n d a d j u s t 

t h e d i s p l a y fo r a n o r m a l w a v e f o r m d i s p l a y . 
A d j u s t t h e V O L T S / D I V a n d V A R I A B L E s o t h a t t h e s igna l 
c o i n c i d e s w i t h t h e C R T f a c e ' s g radua t ion l i nes . A f t e r a d 
j u s t i n g , be s u r e no t t o d i s tu rb t h e s e t t i n g o f t h e V A R I A 
B L E con t ro l . 

2 4 

Phase difference 

1 cycle 

Reference signal. 

Comparison 
signal Phase difference 

F i g . 2 6 

Phase difference 
E x p a n d e d s w e e p w a v e f o r m d i s p l a y . 

Fig. 2 7 



2 . T h e v e r t i c a l ca l i b ra t i on c o e f f i c i e n t is n o w the r e f e r e n c e 
s i g n a l ' s amp l i t ude (in vo l t s ) d iv ided by t he p roduc t of t he 
ve r t i ca l amp l i t ude s e t in s t e p 1 and the V O L T S / D I V 
s e t t i n g . 

U s i n g t h e f o r m u l a : 

V e r t i c a l c o e f f i c i e n t 

_ V o l t a g e of t h e r e f e r e n c e s igna l ( V ) 

V e r t i c a l amp l i t ude (d iv) x V O L T S / D I V se t t i ng 

3 . R e m o v e t h e r e f e r e n c e s i gna l a n d app ly t h e u n k n o w n s i g 
nal to t h e I N P U T j a c k , u s i n g t h e V O L T S / D I V con t ro l to 
ad jus t t h e d i sp lay fo r e a s y o b s e r v a t i o n . M e a s u r e t he a m 
pl i tude of t h e d i s p l a y e d w a v e f o r m a n d u s e t h e f o l l ow 
ing re la t i onsh ip to c a l c u l a t e t h e a c t u a l amp l i t ude of t h e 
u n k n o w n w a v e f o r m . 

U s i n g the f o r m u l a : 
A m p l i t u d e of t h e u n k n o w n s igna l ( V ) 
= V e r t i c a l d i s t a n c e (d iv) x V e r t i c a l coe f f i c i en t x V O L T S / 

D I V s e t t i n g 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

. . . . . 2 V r m s _ _ 
V e r t i c a l c o e f f i c i e n t = = 0 . 5 

4 (d iv ) x 1 ( V / d i v ) 

T h e n m e a s u r e t h e u n k n o w n s i g n a l a n d V O L T S / D I V is 

5 V / d i v a n d v e r t i c a l a m p l i t u d e i s 3 d i v i s i o n s . 

S u b s t i t u t i n g t h e g i v e n v a l u e : 
E f f e c t i v e v a l u e o f u n k n o w n s i g n a l = 3 (d iv ) x 0 . 5 x 5 ( V / d i v ) 

= 7 . 5 V r m s 

• Period 
Set t ing t he re lat ive s w e e p coe f f i c ien t w i t h r e s p e c t to a refer
e n c e f r e q u e n c y s i g n a l . 

P r o c e d u r e : 
1 . A p p l y t h e r e f e r e n c e s i gna l to t h e I N P U T j a c k , u s i n g the 

V O L T S / D I V a n d V A R I A B L E to ob ta in a n e a s i l y o b s e r v e d 

w a v e f o r m d i s p l a y . 
U s i n g t h e S W E E P T I M E / D I V a n d S W E E P V A R I A B L E a d 
j us t o n e c y c l e o f t h e r e f e r e n c e s i gna l to o c c u p y a f i x e d 
n u m b e r of s c a l e d i v i s i o n s a c c u r a t e l y . A f t e r t h i s i s done 
be s u r e not to d i s tu rb t h e se t t i ng of t h e V A R I A B L E 
con t ro l . 

2 . T h e S w e e p (hor izonta l ) ca l ib ra t ion coe f f i c i en t is t h e n the 
per iod of t h e r e f e r e n c e s i g n a l d i v i ded b y t h e p r o d u c t of 
t he n u m b e r of d i v i s i o n s u s e d in s t e p 1 fo r s e t u p of t he 
r e f e r e n c e a n d t h e s e t t i n g o f t h e S W E E P T I M E / D I V 
con t ro l . 

U s i n g t h e f o r m u l a : 
S w e e p c o e f f i c i e n t 

Per iod o f t h e r e f e r e n c e s i gna l ( s e c ) 

hor i zon ta l w i d t h (d iv ) x S W E E P T I M E / D I V se t t i ng 

Fig. 2 8 

[ E X A M P L E ] 
For t h e e x a m p l e , t h e V O L T S / D I V is 1 V / d i v . 
T h e r e f e r e n c e s i g n a l i s 2 V r m s . U s i n g the V A R I A B L E , a d 
j u s t s o t h a t t h e a m p l i t u d e o f t h e r e f e r e n c e s i gna l i s 4 d iv i 
s i o n s . ( S e e F i g . 2 8 ) 

3 . R e m o v e t h e r e f e r e n c e s i gna l a n d input t h e u n k n o w n s i g 
n a l , ad jus t i ng t he S W E E P T I M E / D I V con t ro l for e a s y ob
s e r v a t i o n . 

M e a s u r e t h e w i d t h of o n e c y c l e in d i v i s i o n s a n d u s e the 
f o l l ow ing re la t i onsh ip to c a l c u l a t e t h e a c t u a l pe r iod . 

U s i n g the f o r m u l a : 

Per iod of u n k n o w n s i g n a l = W i d t h o f 1 c y c l e (d iv ) x s w e e p 
coe f f i c i en t x S W E E P T I M E / D I V s e t t i n g 

F ig . 2 9 
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[ E X A M P L E ] 
S W E E P T I M E / D I V i s 0 . 1 m s / d i v a n d a p p l y 1 . 7 5 k H z re fer 
e n c e s i g n a l . A d j u s t t h e S W E E P V A R I A B L E s o t h a t t h e d i s 
t a n c e of o n e c y c l e is 5 d i v i s i o n s . 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

1 7 5 ( k H z ) " 1 

Hor i zon ta l c o e f f i c i e n t = '- = 1 . 1 4 2 
5 x 0 . 1 ( m s / d i v ) 

T h e n , S W E E P T I M E / D I V is 0 . 2 m s / d i v a n d hor izon ta l a m 

p l i tude is 7 d i v i s i o n s . ( S e e F i g . 3 0 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

P u l s e w i d t h = 7 ( d i v ) x 1 . 1 4 2 x 0 . 2 ( m s / d i v ) = 1 . 6 m s 

P U L S E J I T T E R M E A S U R E M E N T 

1 . A p p l y t h e s i g n a l to t h e I N P U T j a c k a n d s e t t h e v e r t i c a l 
M O D E to t h e c h a n n e l to be u s e d . 
U s e t h e V O L T S / D I V t o a d j u s t fo r a n e a s y to o b s e r v e 
w a v e f o r m d i s p l a y . S p e c i a l c a r e s h o u l d be t a k e n to a d 
j u s t t h e t r igger g roup of c o n t r o l s fo r a s t a b l e d i sp l ay . 
S e t t h e S W E E P V A R I A B L E to C A L pos i t i on . 

2 . S e t t he H O R I Z M O D E to A L T a n d B T R I G M O D E to af 
f e c t t h e A F T E R D E L A Y m o d e . 
A d j u s t t h e D E L A Y T I M E M U L T for i n tens i f i ed d i sp lay of 
t h e w a v e f o r m to be m e a s u r e d . 

3 . U s i n g t h e B S W E E P T I M E / D I V ad j us t t h e d i s p l a y for in -
t e n s i f i c a i o n o f t h e en t i re j i t ter a r e a o f t h e w a v e f o r m . 

4 . S e t t h e H O R I Z M O D E to B . 
M e a s u r e t h e w i d t h o f t h e j i t ter a r e a . 
T h e j i t ter t i m e i s t h i s w i d t h in d i v i s i on mul t ip l ied by t h e 
s e t t i n g o f t h e B S W E E P T I M E / D I V con t r o l . 

U s i n g t h e f o r m u l a : 
P u l s e j i t ter = J i t t e r w i d t h (div) x B S W E E P T I M E / D I V se t t i ng 

F i g . 3 1 

S W E E P M U L T I P L I C A T I O N ( M A G N I F I C A T I O N ) 

T h e a p p a r e n t m a g n i f i c a t i o n of t h e d e l a y e d s w e e p is de ter 
m i n e d b y t h e v a l u e s s e t b y t h e A a n d B S W E E P T I M E / D I V 
c o n t r o l s . 

1 . A p p l y a s igna l to t h e I N P U T j a c k a n d s e t t h e v e r t i c a l 
M O D E to t h e c h a n n e l to be u s e d , ad jus t i ng V O L T S / D I V 
fo r a n e a s i l y o b s e r v e d d i s p l a y o f t h e w a v e f o r m a n d t h e 
o the r con t ro l s if n e c e s s a r y . 

2 . S e t t he A S W E E P T I M E / D I V s o t h a t s e v e r a l c y c l e s of t he 
w a v e f o r m are d i s p l a y e d . S e t t h e B T R I G M O D E to A F 
T E R D E L A Y . 
W h e n t h e H O R I Z M O D E is s e t to A L T , t he magn i f i ed por
t ion of t he w a v e f o r m wi l l appeared in tensi f ied on the C R T 
d i s p l a y . 

3 . U s e t h e D E L A Y T I M E M U L T to sh i f t t h e in tens i f i ed por
t ion of w a v e f o r m to c o r r e s p o n d w i t h the s e c t i o n to be 
m a g n i f i e d for o b s e r v a t i o n . U s e t h e B S W E E P T I M E / D I V 
to a d j u s t i n tens i f i ed por t ion to c o v e r t he en t i re por t ion 
to be m a g n i f i e d . 

4 . U s e the y P O S I T I O N a n d T R A C E S E P A R A T I O N con t ro l s 
to a d j u s t t h e d i s p l a y fo r e a s y v i e w i n g . 

5 . T i m e m e a s u r e m e n t s a re p e r f o r m e d in t he s a m e m a n n e r 
f r o m t h e B s w e e p a s w a s d e s c r i b e d a b o v e for A s w e e p 
t i m e m e a s u r e m e n t s . 
T h e a p p a r e n t m a g n i f i c a t i o n of t h e i n tens i f i ed w a v e f o r m 
s e c t i o n i s t h e A S W E E P T I M E / D I V d i v ided by t h e B 
S W E E P T I M E / D I V . 

U s i n g t h e f o r m u l a : 

T h e a p p a r e n t m a g n i f i c a t i o n A S W E E P T I M E / D I V se t t i ng 

of t h e i n tens i f i ed w a v e f o r m ~ B S W E E P T | M E / D | V se t t i ng 

[ E X A M P L E ] 
T h e e x a m p l e s h o w s a c a s e in w h i c h t h e j i t ter w i d t h w a s 
m e a s u r e d a t 1 .6 d i v i s i o n s w i d e w i t h t h e B S W E E P T I M E / D I V 

s e t a t 0 . 2 j i s / d i v . ( S e e F i g . 3 1 ) 
S u b s t i t u t i n g t h e g i v e n v a l u e : 
P u l s e j i t ter = 1 . 6 (d iv) x 0 . 2 ( M s / d i v ) = 0 . 3 2 ps 
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[ E X A M P L E ] 
In t h e e x a m p l e , t h e A S W E E P T I M E is 2 /as/div a n d t h e B 

S W E E P T I M E is 0 . 2 p s / d i v . ( S e e F i g . 3 2 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

2 x 10~ 6 

A p p a r e n t m a g n i f i c a t i o n rat io = = 1 0 
0 . 2 x 1 0 " 6 

W i t h t h e a b o v e m a g n i f i c a t i o n , if t h e magn i f i ca t i on rat io is 
i n c r e a s e d , d e l a y j i t ter w i l l o c c u r . 

T o a c h i e v e a s t a b l e d i s p l a y , s e t t h e B M O D E to T R I G a n d 
u s e d t h e t r i ggered m o d e of ope ra t i on . 

1 . P e r f o r m t h e a b o v e s t e p s 1 t h rough 3 . 

2 . S e t t h e B T R I G M O D E to T R I G . 
3 . S e t t h e H O R I Z M O D E to e i ther A L T or B . T h e a p p a r e n t 

m a g n i f i c a t i o n w i l l b e t h e s a m e a s d e s c r i b e d a b o v e . 

D E L A Y E D S W E E P T I M E M E A S U R E M E N T 

U s i n g t h e B s w e e p , h igh a c c u r a c y t i m e m e a s u r e m e n t s c a n 
be m a d e . 

1 . A p p l y a s i g n a l to I N P U T j a c k a n d s e t t h e v e r t i c a l M O D E 
to t h e c h a n n e l to be u s e d . A d j u s t t h e V O L T S / D I V a n d 
t h e o the r c o n t r o l s if n e c e s s a r y to ob ta in a n e a s i l y ob
s e r v e d w a v e f o r m d i s p l a y . 
S e t t h e S W E E P V A R I A B L E to C A L pos i t i on . 

2 . A d j u s t t h e A S W E E P T I M E / D I V to d i sp lay t he por t ion of 
w a v e f o r m to be m e a s u r e d . S e t t h e B T R I G M O D E to A F 
T E R D E L A Y m o d e . 

S e t t h e H O R I Z M O D E to A L T a n d a d j u s t t h e B S W E E P 
T I M E / D I V fo r a s s m a l l a s poss ib le a n in tens i f i ed reg ion . 

3 . U s i n g t h e • P O S I T I O N con t ro l a d j u s t t he w a v e f o r m po
s i t ion s o a s to i n t e r s e c t w i t h t h e c e n t e r hor izon ta l l ine 
on t h e C R T s c r e e n . U s e t h e D E L A Y T I M E M U L T s o t h a t 
t he i n t ens i f i ed por t ion o f w a v e f o r m t o u c h e s t h e c e n t e r 
hor i zon ta l l ine a n d r e c o r d t h e s e t t n g of t h e D E L A Y T I M E 
M U L T a t t h i s po in t . 

4 . U s e t h e D E L A Y T I M E M U L T to a d j u s t i n tens i f i ed por t ion 
to s a m e po in t of t h e s e c o n d w a v e f o r m . 

T h e w a v e f o r m per iod i s t h e s e c o n d dia l r ead ing m i n u s 
the f i rs t dial read ing mult ipl ied by t he A S W E E P T I M E / D I V 
s e t t i n g . 

U s i n g the f o r m u l a : 
Per iod = ( 2 n d d ia l r ead ing — 1 s t d ia l r ead ing ) 

x D e l a y e d s w e e p t i m e ( A S W E E P T I M E / D I V se t t i ng ) 

Delay time 

[ E X A M P L E ] 
For the e x a m p l e t he f i rs t dial se t t i ng is 1 .01 a n d the s e c o n d 
is 6 . 0 4 . T h e se t t i ng of A S W E E P T I M E / D I V is 2 m s / d i v . ( S e e 
F i g . 3 3 ) 

Subs t i t u t i ng t h e g i v e n v a l u e : 
Per iod = ( 6 . 0 4 - 1 . 0 1 ) x 2 ( m s / d i v ) = 1 0 . 0 6 m s 

P U L S E W I D T H M E A S U R E M E N T S U S I N G D E L A Y E D 

S W E E P 

T h i s me thod is s imi lar to the t ime m e a s u r e m e n t m e t h o d and 
c a n be u s e d for h igh a c c u r a c y p u l s e w i d t h m e a s u r e m e n t s . 
1 . A p p l y t h e pu l se s i gna l to t h e I N P U T j a c k a n d s e t t h e ve r 

t i ca l M O D E to t h e c h a n n e l to be u s e d . 
2 . U s e t h e V O L T S / D I V , V A R I A B L E a n d • P O S I T I O N c o n 

trols to ad jus t t he d isp lay s u c h tha t t he w a v e f o r m is eas i l y 
o b s e r v a b l e w i t h t h e c e n t e r of t h e pu l se w i d t h c o i n c i d 
ing w i t h t h e c e n t e r hor izon ta l g radua t i on l ine. 

S e t t h e S W E E P V A R I A B L E to C A L pos i t i on . 
3 . S e t t h e A S W E E P T I M E / D I V to d i s p l a y t h e por t ion of t he 

w a v e f o r m to be m e a s u r e d , s e t t he B T R I G M O D E to T R I G . 
S e t t h e H O R I Z M O D E to A L T , a n d a d j u s t t h e B S W E E P 
T I M E / D I V for a s s h o r t a s p o s s i b l e a n i n tens i f i ed s e c t i o n 
of 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 , a d j u s t t h e d i sp lay s o t ha t 
t he i n tens i f i ed por t ion t o u c h e s t h e c e n t e r hor izon ta l 
g raduat ion l ine of t h e C R T s c r e e n a n d reco rd t h e dial s e t 
t ing a t t h i s po in t . 

5 . Us ing t h e D E L A Y T I M E M U L T a d j u s t t h e fa l l ing edge of 
t he pu lse s o t h a t it t o u c h e s the c e n t e r hor izon ta l g r a d u a 
t ion l ine a n d is i n tens i f i ed . 

T h e pu l se w i d t h is t he s e c o n d dial read ing m i n u s the f i rs t 
dial read ing mul t ip l ied by t he A S W E E P T I M E / D I V se t t i ng . 

U s i n g t h e f o r m u l a : 
P u l s e w i d t h = ( 2 n d d ia l r e a d i n g - 1 s t d ia l read ing) 
x D e l a y e d s w e e p t i m e ( A S W E E P T I M E / D I V se t t i ng ) 
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Intensity modulation area 
A Sweep 

B Sweep 

F i g . 3 3 



[ E X A M P L E ] 
In t h e e x a m p l e , t he f i rs t dial read ing is 0 . 6 1 a n d the s e c o n d 
is 5 . 7 8 w i t h t h e A S W E E P T I M E / D I V se t t i ng a t 2 ^ s / d i v . 
S u b s t i t u t i n g t h e appropr ia te v a l u e s . ( S e e F i g . 3 4 ) 

P u l s e w i d t h = ( 5 . 7 8 - 0 . 6 1 ) x 2 ( M s / d i v S = 1 0 . 3 4 M s 

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

SWEEP 
T h e f r e q u e n c y is ob ta ined a s t h e rec i p roca l of t he per iod 
of o n e c y c l e . 
1 . M e a s u r e t he per iod of t h e w a v e f o r m us ing the p rocedure 

d e s c r i b e d a b o v e fo r t i m e m e a s u r e m e n t . 
2 . T h e f r e q u e n c y i s t h e n the rec i p roca l of t he per iod 

m e a s u r e d . 

U s i n g the f o r m u l a : 

F r e q = -
Per iod 

[ E X A M P L E ] 
For t h e e x a m p l e , t h e per iod m e a s u r e d is 4 0 . 2 ps, m a k i n g 

t h e f r e q u e n c y s i m p l y . ( S e e F i g . 3 5 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

F r e q = 1 / ( 4 0 . 2 x 1 0 " 6 ) = 2 4 . 8 8 k H z 

P U L S E R E P E T I T I O N T I M E 

U s i n g t h e d e l a y e d s w e e p f e a t u r e , re l iab le t i m e m e a s u r e 
m e n t s c a n be m a d e . 

1 . A p p l y a s i gna l to t h e I N P U T j a c k a n d s e t t h e v e r t i c a l 
M O D E to t h e c h a n n e l to be u s e d . 

A d j u s t t h e V O L T S / D I V to ob ta in a n o r m a l e a s y to v i e w 
d i s p l a y of t h e w a v e f o r m a re d i s p l a y e d . 

2 . A d j u s t t h e A S W E E P T I M E / D I V s o t h a t a t l e a s t t w o c y 
c l e s of t h e w a v e f o r m a re d i s p l a y e d . 

S e t t h e H O R I Z M O D E to A L T a n d s e t t he B T R I G M O D E 
to a f f e c t t h e A F T E R D E L A Y m o d e of ope ra t i on . 
S e t t he B S W E E P T I M E / D I V a s f a s t a s w e e p s p e e d a s 
p o s s i b l e . 

3 . U s i n g the D E L A Y T I M E M U L T , ad jus t t h e in tens i f i ed por
t ion to c o i n c i d e w i t h t h e f i r s t p u l s e . 
S e t t h e H O R I Z M O D E to A L T a n d u s e T R A C E S E P A R A 
T I O N to ad j us t t h e w a v e f o r m s fo r e a s y v i e w i n g . 

4 . U s i n g t h e D E L A Y T I M E M U L T , s e t t h e pu l se t o co i nc i de 
w i t h o n e of t h e v e r t i c a l g r a d u a t i o n l ines a n d reco rd t h e 
dial se t t i ng a t t h i s po in t . 

5 . A g a i n us i ng t h e D E L A Y T I M E M U L T , a d j u s t t h e s e c o n d 
pu lse in t he s a m e m a n n e r to t h e v e r t i c a l l ine u s e d in s t e p 
4 , reco rd ing t h i s d ia l se t t i ng a s w e l l . T h e pu l se repet i 
t ion t ime is t h e s e c o n d dia l r ead ing m i n u s t h e f i r s t d ial 
read ing mul t ip l ied by t h e A S W E E P T I M E / D I V con t ro l 
s e t t i n g . 

U s i n g the f o r m u l a : 
P u l s e repet i t ion t i m e = ( 2 n d d ia l read ing — 1 s t dial r ead 
ing) x D e l a y e d s w e e p t i m e ( A S W E E P T I M E / D I V se t t i ng ) 

[ E X A M P L E ] 
For t h e e x a m p l e , t h e f i r s t d ia l r ead ing is 0 . 7 6 a n d t h e s e 
c o n d is 6 . 2 2 w i t h t h e A S W E E P T I M E / D I V s e t a t 2 / i s /d i v . 
W e h a v e , s u b s t i t u t i n g t h e app rop r ia te v a l u e s . ( S e e F i g . 3 6 ) 

P u l s e repet i t ion t i m e = ( 6 . 2 2 - 0 . 7 6 ) x 2 ( ^s /d i v ) = 1 0 . 9 2 fis 

Fig . 3 5 
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Fig. 3 4 

Read the dial setting when B sweep points of 
DELAY TIME MULT © and © are in the same 

"position. 

Fig . 3 6 



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

R I S E T I M E S AND FALLTIMES 
R i s e t i m e s a n d fa l l t imes are genera l l y m e a s u r e d by us ing the 
1 0 % a n d 9 0 % amp l i t ude po in t s a s r e f e r e n c e s ta r t i ng a n d 
end ing po in ts for t h e r ise or f a l l . 

1 . A p p l y t h e s i gna l to t he I N P U T j a c k a n d s e t t h e v e r t i c a l 
M O D E to t h e c h a n n e l to be u s e d . 
U s e t h e V O L T S / D I V a n d V A R I A B L E con t ro l s to ob ta in a 
n o r m a l 6 d i v i s i o n s v e r t i c a l amp l i t ude w a v e f o r m . 
U s i n g t h e t P O S I T I O N c o n t r o l , s e t t h e w a v e f o r m pos i 
t ion in t h e c e n t r a l a r e a o f t h e s c r e e n v e r t i c a l l y , t h a t it t o 
co inc ide w i t h t he 1 0 0 % a n d 0 % l ines on the C R T s c r e e n . 
S e t t h e S W E E P T I M E / D I V con t ro l to a s h igh a s p e e d a s 
poss ib le c o n s i s t e n t w i t h obse rva t i n of both the 1 0 % and 
9 0 % po in t s . 

S e t t h e S W E E P V A R I A B L E to C A L pos i t i on . 

2 . S e t t he B T R I G M O D E to ini t iate t he A F T E R D E L A Y mode 
of opera t ion a n d H O R I Z M O D E to A L T a n d ad jus t t he B 
S W E E P T I M E / D I V fo r a s sho r t a s poss ib le a n in tens i f i ed 
s e c t i o n o f w a v e f o r m . 

3 . U s i n g the D E L A Y T I M E M U L T , ad jus t t he w a v e f o r m s u c h 
t h a t t h e 1 0 % point is i n tens i f i ed a n d reco rd t he dial 
r ead ing . 

4 . S i m i l a r l y , u s i n g the D E L A Y T I M E M U L T , ad jus t t he 9 0 % 
point s o t h a t it is i n tens i f i ed a n d reco rd t h a t dial read ing 
a s w e l l . 

T h e pu l se r i se t ime (or fa l l t ime) is s i m p l y t he d i f f e r e n c e 
b e t w e e n t h e t w o dial s e t t i n g s t i m e s t h e A S W E E P 
T I M E / D I V con t ro l s e t t i n g . 

U s i n g t h e f o r m u l a : 
R i s e t i m e = ( 2 n d d ia l read ing — 1 s t dial read ing) x D e l a y e d 
s w e e p t i m e ( A S W E E P T I M E / D I V se t t i ng ) 

T I M E D I F F E R E N C E M E A S U R E M E N T S U S I N G 

D E L A Y E D S W E E P 

S y n c h r o n i z e d w a v e f o r m s w h i c h a re s k e w e d in t i m e c a n be 
a c c u r a t e l y m e a s u r e d u s i n g t h e d e l a y e d s w e e p . 
1 . A p p l y t h e t w o s i g n a l s to t h e C H 1 a n d C H 2 I N P U T j a c k s 

se t t i ng t h e v e r t i c a l M O D E to D U A L a n d s e l e c t i n g e i ther 
A L T or C H O P d i s p l a y . 

2 . S e t t he S O U R C E to t h e s igna l t ha t is leading in p h a s e and 
ad jus t V O L T S / D I V a n d S W E E P T I M E / D I V for e a s y w a v e 
f o rm o b s e r v a t i o n . 

S e t t h e S W E E P V A R I A B L E con t ro l to C A L pos i t i on . 
3 . S e t t h e B T R I G M O D E to ini t iate t h e A F T E R D E L A Y mode 

of opera t ion . S e t t he H O R I Z M O D E to A L T and ad jus t the 
B S W E E P T I M E / D I V a n d D E L A Y T I M E M U L T to m a k e the 
in tens i f i ed por t ion c o i n c i d e w i t h t h e r is ing e d g e or fa l l 
ing e d g e of t h e w a v e f o r m t h a t i s to be u s e d a s t he 
r e f e r e n c e . 

4 . S e t t h e H O R I Z M O D E to A L T a n d u s e t h e T R A C E S E P A 
R A T I O N con t ro l t o ad j us t t h e B s w e e p fo r e a s y obse r 
v a t i o n . 

5 . Us ing the D E L A Y T I M E M U L T ad jus t t he pu lse to a n y c o n 
v e n i e n t v e r t i c a l g radua t i on l ine a n d reco rd t h e dial r ead 
ing a t t h a t po in t . 

6 . U s i n g t h e D E L A Y T I M E M U L T a d j u s t t h e c o r r e s p o n d i n g 
point on t h e s e c o n d s i g n a l t o t h e s a m e v e r t i c a l l ine and 
record t h e read ing of t h e d ia l a t t h i s po in t a s w e l l . T h e 
t ime d i f f e r e n c e or s k e w of t h e t w o w a v e f o r m s is t h e n 
the s e c o n d dial r ead ing m i n u s t h e f i r s t d ial read ing mu l 
t ip l ied by t h e A S W E E P T I M E / D I V con t ro l s e t t i n g . 

U s i n g t he f o r m u l a : 
T i m e d i f f e rence = ( 2 n d dial r ead ing — 1 s t d ia l read ing) 

x D e l a y e d s w e e p t i m e ( A S W E E P T I M E / 
D I V s e t t i n g ) . 

[ E X A M P L E ] 
For t h e e x a m p l e , t h e f i r s t d ia l read ing is 1 . 2 0 ( 1 0 % point ) 

a n d t h e s e c o n d is 7 . 3 8 ( 9 0 % point) w i t h t h e A S W E E P 

T I M E / D I V s e t a t 2 M s / d i v . ( S e e F i g . 3 7 ) 

S u b s t i t u t i n g t h e g i v e n v a l u e : 

R i s e t i m e = ( 7 . 3 8 - 1 . 2 0 ) x 2 (/xs/div) = 1 2 . 3 6 /is 

[ E X A M P L E ] 
T h e r e f e r e n c e s i g n a l d ia l r ead ing is 1 . 0 0 w h i l e t h e s e c o n d 
dia l read ing i s 5 . 3 4 w i t h a n A S W E E P T I M E / D I V se t t i ng of 
2 jus/div. ( S e e F i g . 3 8 ) 
S u b s t i t u t i n g t h e v a l u e : 

T i m e d i f f e rence = ( 5 . 3 4 - 1 . 0 0 ) x 2 ( / ts/div) = 8 . 6 8 / i s 

2 9 

Read the dial setting when 
- B sweep points of DELAY 
" TIME MULT © and © are 

in the same position. 
Rise time 

Fig . 3 7 
Fig . 3 8 



TRIPLE-TRACE APPLICATIONS 
T h e s e n s i t i v i t i e s of c h a n n e l 1 t h ru c h a n n e l 3 a re ca l i b ra ted 
a n d e a c h c h a n n e l h a s 6 0 M H z band w i d t h . (Fo r C S - 5 1 5 5 , 
5 0 M H z ) T h e t r igger s i g n a l of c h a n n e l 3 c a n be ob ta ined 
f r o m i ts p reampl i f i e r . 
T h i s uni t c a n be u s e d not on ly for e x t e r n a l s y n c h r o n i z a t i o n 
but a l so for c h e c k i n g t r i p le - t race a t a t i m e . 

Application 
1 . C h e c k i n g log ic s igna l t im ing . 
2 . Mon i to r ing v i d e o s i g n a l s . 
3 . M e a s u r i n g aud io s i g n a l ga in a n d p h a s e c h a r a c t e r i s t i c s . 

T h e deta i l s of t he log ic s i gna l t im ing c h e c k i n g a re desc r i bed 

b e l o w . 

Logic signal t iming indication 
Con t ro l se t t i ng 
V e r t i c a l M O D E : T R I 
H O R I Z M O D E : A 
S O U R C E : C H 3 

T o obta in s tab le s y n c h r o n i z a t i o n , s y n c h r o n i z e w i t h t h e lon

g e s t per iod c h a n n e l ( in t h i s c a s e , C H 3 ) . 

Delayed 
sweep 

O B S E R V A T I O N O F T H E S T A R T P O R T I O N O F T H E 
I R R E G U L A R W A V E F O R M 

T o o b s e r v e t h e s ta r t port ion of t he i r regular w a v e f o r m , m a g 

n i f i ca t i on o f t h e s t a r t por t ion of t h e w a v e f o r m c a n be m a d e 

w i t h t h e D E L A Y T I M E Z E R O . 

P r o c e d u r e ; 

1 . A p p l y t he s igna l to I N P U T j a c k a n d s e t the ve r t i ca l M O D E 
to t h e c h a n n e l to be u s e d a n d ad jus t i ng t h e v a r i o u s c o n 
t ro l s for a n o r m a l d i s p l a y . 

2 . U s e t h e A S W E E P T I M E / D I V a n d H O L D O F F con t ro l s to 
ad jus t t h e d i sp lay s u c h t ha t a n u m b e r of c y c l e s of w a v e 
f o r m is o b s e r v e d . N e x t , s e t t h e B T R I G M O D E to 
D E L A Y = 0 . 

3 . S e t t h e H O R I Z M O D E to A L T or B a n d u s e t h e • P O S I 
T I O N and T R A C E S E P A R A T I O N con t ro ls to ad jus t the d is
p lay s u c h t h a t t h e d i s p l a y is e a s i l y o b s e r v e d . 

4 . T h e obse rva t i on of t he s ta r t por t ion of the w a v e f o r m c a n 
be m a d e to s e t t h e B S W E E P T I M E / D I V to a s f a s t a s e t 
t ing a s p o s s i b l e c o n s i s t e n t w i t h o b s e r v a t i o n . 
Fo r t i m e m e a s u r e m e n t , c a l c u l a t e f r o m t h e B S W E E P 
T I M E / D I V s e t t i n g . 

Fig . 3 9 

In t he a b o v e a p p l i c a t i o n , w h e n t h e H O R I Z M O D E con t ro l is 

s e t to A L T , t h e 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 a re d i s 

p l ayed on t h e C R T a t a t i m e . T h e por t ion in w h i c h t h e in 

t ens i t y is modu la ted is en la rged to enab le e a s y c h e c k i n g F i g . 

4 0 . 

Main and delay s w e e p w a v e f o r m s (magnified by 1 0 t imes) 
Con t ro l s e t t i n g 
V e r t i c a l M O D E : T R I 
S O U R C E : C H 3 
H O R I Z M O D E : A L T 
B T R I G M O D E : A F T E R D E L A Y 

F i g . 4 1 

3 0 

Main 
sweep 

Fig . 4 0 



X-Y APPLICATIONS 
* P h a s e Shif t M e a s u r e m e n t 
A me thod of p h a s e m e a s u r e m e n t requ i res c a l c u l a t i o n s b a s 
ed on the L i s s a j o u s pa t t e rns ob ta ined us ing X - Y opera t ions . 
D is to r t ion due to non- l inear amp l i f i ca t i on a l so c a n be d i s 
p l a y e d . 
A s ine w a v e input is app l ied to t h e aud io c i r cu i t be ing t e s t 
e d . T h e s a m e s i n e w a v e input is app l ied to t he v e r t i c a l in
pu t of t h e o s c i l l o s c o p e , a n d t h e ou tpu t o f t h e t e s t e d c i r cu i t 
is app l ied to t h e ho r i zon ta l input of t h e o s c i l l o s c o p e . T h e 
a m o u n t of p h a s e d i f f e r e n c e b e t w e e n t h e t w o s i g n a l s c a n 
be c a l c u l a t e d f r o m t h e resu l t i ng w a v e f o r m . 
T o m a k e p h a s e m e a s u r e m e n t s , u s e the fo l lowing procedure. 

1 . U s i n g a n aud io s i g n a l g e n e r a t o r w i t h a pure s i nuso ida l 
s i g n a l , app l y a s i ne w a v e t e s t s i gna l a t t he des i red t e s t 
f r e q u e n c y to t h e aud io n e t w o r k be ing t e s t e d . 

2 . S e t t h e s i g n a l gene ra to r ou tpu t fo r t h e no rma l opera t ing 
leve l of t h e c i r cu i t be ing t e s t e d . If d e s i r e d , t h e c i r c u i t ' s 
ou tpu t m a y be o b s e r v e d on t h e o s c i l l o s c o p e . If t he t e s t 
c i r cu i t is o v e r d r i v e n , t h e s i n e w a v e d i s p l a y on t h e o s c i l 
l o s c o p e i s c l i pped a n d t h e s i gna l l eve l m u s t be r e d u c e d . 

3 . C o n n e c t t h e c h a n n e l 2 p robe to t h e ou tpu t o f t h e t e s t 
c i r cu i t . 

4 . S e l e c t X - Y opera t ion by p lac ing t h e H O R I Z M O D E s w i t c h 
in t he X - Y pos i t i on . 

5 . C o n n e c t t h e c h a n n e l 1 probe to t h e input of t h e t e s t 
c i r cu i t . 
(The input and output t es t c o n n e c t i o n s to the ver t ica l and 
hor izon ta l o s c i l l o s c o p e i npu t s m a y be r e s e r v e d . ) 

6 . A d j u s t t h e c h a n n e l 1 a n d 2 ga in con t ro l s for a su i tab le 
v i e w i n g s i z e . 

7 . S o m e t y p i c a l r e s u l t s a re s h o w n in F i g . 4 3 . 
If t h e t w o s i g n a l s a r e in p h a s e , t h e o s c i l l o s c o p e t r a c e is 
a s t ra igh t d iagona l l ine. If t h e v e r t i c a l and hor izonta l ga in 
a re p roper l y a d j u s t e d , t h i s l ine i s a t a 4 5 ° a n g l e . A 9 0 ° 
p h a s e sh i f t p r o d u c e s a c i r c u l a r o s c i l l o s c o p e pa t t e rn . 
P h a s e sh i f t of l e s s (or m o r e ) t h a n 9 0 ° p r o d u c e s a n el l ip
t i ca l o s c i l l o s c o p e pa t t e rn . T h e a m o u n t of p h a s e sh i f t c a n 
be ca lcu la ted f rom t h e osc i l l oscope t r a c e a s s h o w n in F ig . 
4 2 . 

* Frequency M e a s u r e m e n t 
1 . C o n n e c t t h e s i ne w a v e of k n o w n f r e q u e n c y to t he c h a n 

nel 2 I N P U T j a c k of t h e o s c i l l o s c o p e a n d s e l e c t X — Y 
opera t ion . T h i s p r o v i d e s e x t e r n a l ho r i zon ta l input . 

2 . C o n n e c t t h e v e r t i c a l input p robe ( C H 1 I N P U T ) to t h e 
u n k n o w n f r e q u e n c y . 

3 . A d j u s t t h e c h a n n e l 1 a n d 2 s i z e c o n t r o l s fo r c o n v e n i e n t , 
e a s y - t o - r e a d s i z e of d i s p l a y . 

4 . T h e resu l t i ng p a t t e r n , ca l l ed a L i s s a j o u s p a t t e r n , s h o w s 
t h e rat io b e t w e e n t h e t w o f r e q u e n c i e s . 

Unknown frequency 
to Vertical input, 
Standard frequency 
to Horizontal input 

See note 

See note 

Ratio of unknown 
to standard 

1/2:1 

1:1 

1-1/2:1 

6:1 

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

Fig . 4 4 L i s s a j o u s w a v e f o r m s u s e d for 
f requency m e a s u r e m e n t 

F ig . 4 2 P h a s e shift calculat ion 
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No amplitude distor
tion, no out of phase 

Amplitude distortion, 
no out of phase 

1 8 0 ° out of phase 

No amplitude distor
tion, out of phase 

Amplitude distortion, 
out of phase 

9 0 ° out of phase 

Fig . 4 3 Typ ica l p h a s e m e a s u r e m e n t osc i l loscope display 

SINE * = - ? -
A 

Where cj> = phase angle 



ACCESSORIES 

S T A N D A R D A C C E S S O R I E S I N C L U D E D 
P r o b e ( P C - 3 9 ) Y 8 7 - 2 3 7 0 - 0 0 

A t t e n u a t i o n 1 / 1 0 

Input I m p e d a n c e 1 0 MQ, 1 2 . 5 p F or l e s s 
I ns t ruc t i on M a n u a l B 5 0 - 7 6 7 4 - 0 0 
R e p l a c e m e n t F u s e 

1 A F 0 5 - 1 0 2 3 - 0 5 

0 . 7 A F 0 5 - 7 0 1 1 - 0 5 

O P T I O N A L A C C E S S O R I E S 
Probe P o u c h ( M C - 7 8 ) . Y 8 7 - 1 6 0 0 - 0 0 

T h i s s o f t v i n y l p o u c h a t t a c h e s to t h e t op s i d e o s c i l l o s c o p e 
hous ing a n d p rov ides s t o r a g e s p a c e for t w o p r o b e s a n d t h e 
o p e r a t o r s m a n u a l . Ins ta l l t h e p robe p o u c h a s f o l l o w ; 

1 . U n s n a p t h e probe p o u c h f r o m t h e re ta ine r p la te . 
2 . A l i g n t h e re ta iner p la te w i t h 4 h o l e s o n t h e top s ide of 

t h e c a s e , w i t h 4 s n a p s a t t h e t op . 
3 . A t t a c h t h e 4 c o r n e r s o f t h e re ta ine r p la te to t h e osc i l l o 

s c o p e c a s e w i t h t h e 4 n y l o n r i v e t s s u p p l i e d . 

4 . A t t a c h t h e p o u c h to t h e re ta ine r p la te u s i n g t h e s n a p 
f a s t e n e r . 

Washer 

Retainer Plate 

nylon rivet 

Fig . 4 5 
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' Grommet 



MAINTENANCE 

A Caution : Read this page carefully to keep your safety. 
For Electric Shock Protection: 

Be sure to disconnect the power cable from the socket before conducting the following operation. 

REPLACING T H E F U S E 
In c a s e t h e f u s e h a s b l o w n , l oca te t h e c a u s e . If t h e f u s e 
i tsel f is t h e c a u s e , r e p l a c e it a s f o l l o w s : 

1 . Pul l t he p lug of t h e p o w e r co rd f r o m t h e p o w e r ou t le t . 
2 . R e m o v e t h e f u s e ho lder in t h e rear pane l us i ng a s t a n 

da rd s c r e w d r i v e r ( s e e F i g . 4 6 ) . 

3 . T a k e ou t t h e b l o w n f u s e , a n d in i ts p l a c e , i nser t a n e w 
f u s e . 

4 . S e t t he label of y o u r l ine v o l t a g e to t h e m a r k • , t h e n 
plug the f u s e holder con ta in ing the n e w f u s e into the rear 
pane l . 

CHANGING T H E S U P P L Y V O L T A G E 
R e m o v e t h e f u s e ho lder in t h e rea r p a n e l u s i n g a s t a n d a r d 
s c r e w d r i v e r . T h e n s e t t h e label of y o u r l ine v o l t a g e to t h e 
m a r k • a n d p lug t h e f u s e ho lder b a c k in to p l a c e . W h e n 
chang ing t h e s u p p l y se t t i ng f r om 1 0 0 / 1 2 0 V to 2 2 0 / 2 4 0 V , 
c h a n g e t h e 1 A f u s e fo r a 0 . 7 A o n e . ( s e e F i g . 4 6 ) 

3 3 

F ig . 4 6 
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