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SAFETY 

S y m b o l in T h i s M a n u a l 
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 o r 
o t h e r i n f o r m a t i o n is t o be f o u n d . 

P o w e r Source 
T h i s e q u i p m e n t o p e r a t e s f r o m a p o w e r s o u r c e t h a t d o e s 
n o t a p p l y m o r e t h a n 2 5 0 V r m s b e t w e e n t h e s u p p l y c o n 
d u c t o r s o r b e t w e e n e i t he r s u p p l y c o n d u c t o r a n d g r o u n d . 
A p r o t e c t i v e g r o u n d c o n n e c t i o n b y w a y o f t h e g r o u n d i n g 
c o n d u c t o r in t h e p o w e r c o r d is essen t i a l f o r sa fe o p e r a t i o n . 

Grounding the Product 
T h i s e q u i p m e n t is g r o u n d e d t h r o u g h t h e g r o u n d i n g c o n 
d u c t o r o f t h e p o w e r c o r d . T o a v o i d e lec t r i ca l s h o c k p l u g 
t h e p o w e r c o r d i n t o a p r o p e r l y w i r e d r e c e p t a c l e b e f o r e 
c o n n e c t i n g t o t h e e q u i p m e n t i n p u t o r o u t p u t t e r m i n a l s . 

Use the Proper P o w e r C o r d 
U s e o n l y t h e p o w e r c o r d a n d c o n n e c t o r s p e c i f i e d f o r y o u r 

p r o d u c t . 

U s e the Proper Fuse 
T o a v o i d f i re haza rd , use a f u s e o f t h e c o r r e c t t y p e . 

Do not O p e r a t e in Explosive 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 , d o n o t o p e r a t e t h i s p r o d u c t in an ex 

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

D o not R e m o v e cover or Panel 
T o a v o i d p e r s o n a l in ju ry , d o n o t r e m o v e t h e c o v e r o r p a n 
e l . Refer s e r v i c i n g t o qua l i f i ed p e r s o n n e l . 
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FEATURES 

• S m a l l a n d c o m p a c t w i t h h i g h 1 m V / d i v s e n s i t i v i t y a n d 
7 0 M H z b a n d w i d t h (1 m V / d i v w h e n X 5 G A I N f u n c t i o n 
is used a n d 5 0 0 /zV /d iv f o r c a s c a d e d o p e r a t i o n , c h a n n e l 
1 t o c h a n n e l 2 ) . 

• B r i g h t 1 5 0 m m r e c t a n g u l a r CRT w i t h an in te rna l g r a t i 
cu le a n d a 1 2 k V a c c e l e r a t i n g p o t e n t i a l . 

• V e r t i c a l ax is is c a p a b l e o f s ing le , dua l as w e l l as q u a d -
t r a c e d i sp lay . 

• T h e 2 0 M H z b a n d w i d t h l im i te r i n c o r p o r a t e d e l i m i n a t e s 
h i g h - f r e q u e n c y no i ses a n d s tab i l i zes s igna l w a v e f o r m s 
d i s p l a y e d . 

• S ing le s w e e p , X10 m a g n i f i c a t i o n , de l ayed s w e e p a n d 
a l t e r n a t i n g s w e e p c a p a b i l i t y are p r o v i d e d . 

• Fast 5 0 n s / d i v s w e e p s p e e d ( 5 n s / d i v w i t h X 1 0 m a g n i f i 
ca t i on ) . 

• A c c u r a c i e s o f v e r t i c a l ax is a n d h o r i z o n t a l s w e e p i n g are 
as h i g h as ± 2 % a t 1 0 ~ 35°C . 

• T h e V I D E O s y n c h r o n i z a t i o n c i r cu i t p e r m i t s t o o b s e r v e 
v i d e o s igna l eas i ly . 

• T h e d u a l i n t e n s i t y c o n t r o l c i r cu i t p e r m i t s t o v a r y i n t e n 
s i t i es sepa ra te l y f o r A a n d B s w e e p s . 

• A s w i t c h i n g t y p e p o w e r s u p p l y p r o v i d e s s t a b l e o p e r a 
t i o n w i t h v a r y i n g p o w e r s o u r c e s ( 9 0 V ~ 2 6 4 V ) . 

• A c o n v e n i e n t c h a n n e l 1 s a m p l i n g o u t p u t is p r o v i d e d . 
• CPU c o n t r o l l e d s w i t c h i n g w i t h LED l i g h t e d p u s h b u t t o n 

s w i t c h e s p r o v i d e s easy . T h e LED o f t h e s w i t c h e s i n d i 
c a t e as f o l l o w s w h e n s u p p l y i n g p o w e r s ta r t s . 
V e r t i c a l M O D E : C H 1 

H O R I Z D I S P L A Y : A 
TRIG M O D E : A U T O 

SPECIFICATIONS 

CRT 
M o d e l : 1 5 0 L T M 3 1 
T y p e : Rec tangu la 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 n g p o t e n t i a l : 1 2 k V 
D isp lay a rea : 8 d i v x 1 0 d i v (1 d i v = 1 c m ) 

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

S e n s i t i v i t y 5 m V / d i v t o 5 V / d i v (X1 m o d e ) 
1 m V / d i v t o 1 V / d i v (X5 m o d e ) 
5 0 0 / z V / d i v (Cascaded o p e r a 
t i o n , C H 1 t o C H 2 ) 

A c c u r a c y : ± 2 % ( 1 0 ~ 35°C) 
± 5 % (0 ~ 50°C) 
± 8 % (Cascaded o p e r a t i o n , 
C H 1 t o C H 2 ) 

A t t e n u a t o r : 5 m V / d i v t o 5 V / d i v in 1 - 2 - 5 
s e q u e n c e , all 1 0 r a n g e s w i t h 
f i n e a d j u s t m e n t b e t w e e n s t e p s . 

I npu t r es i s t ance : 1 MQ ± 1 % 
I npu t c a p a c i t a n c e : A p p r o x 2 2 p F 
F r e q u e n c y r e s p o n s e 

D C : DC t o 7 0 M H z ( -3 dB) 
DC t o 9 0 M H z ( -6 dB) 
DC t o 4 0 M H z ( -3 dB) 
(Cascaded o p e r a t i o n , C H 1 t o 
C H 2 ) 
DC t o 5 0 M H z ( -3 dB) ( X 5 
m o d e ) 

A C : 5 Hz t o 7 0 M H z ( -3 dB) 
5 Hz t o 9 0 M H z ( -6 dB) 
7 Hz t o 4 0 M H z ( -3 dB) , 
(Cascaded o p e r a t i o n , 
C H 1 t o C H 2 ) 
5 Hz t o 5 0 M H z ( -3 dB) ( X 5 
m o d e ) 

R i se t ime : 5 n s ( X 1 m o d e ) 
7 n s ( X 5 m o d e ) 

S igna l de lay t i m e : A p p r o x 1 0 n s as d i s p l a y e d 
o n CRT s c r e e n 

C ross ta l k : - 4 0 d B m i n i m u m 
O p e r a t i n g m o d e s : 

CH1 C H 1 , s i ng le t r a c e 
C H 2 C H 2 , s i ng le t r a c e 
D U A L C H 1 a n d C H 2 , d u a l t r a c e 
A D D C H 1 + C H 2 (added) d i s p l a y 
Q U A D C H 1 ~ C H 4 , q u a d t r a c e 
A L T Dua l o r q u a d t r a c e a l t e r n a t i n g 
C H O P Dual or q u a d t r a c e c h o p p e d 

C H O P f r e q u e n c y : A p p r o x 2 5 0 kHz 
Channe l po la r i t y N o r m a l o r i n v e r t e d , CH 2 o n l y 

i n v e r t e d 
A M a x i m u m i n p u t v o l t a g e : 

8 0 0 V p - p o r 4 0 0 V (dc + ac 
peak) 
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SPECIFICATIONS 

M a x i m u m u n d i s t o r t e d 
a m p l i t u d e : 8 d i v i s i ons , m i n i m u m (DC t o 

7 0 M H z ) 
B a n d w i d t h l i m i t i n g : V e r t i c a l s y s t e m b a n d w i d t h 

w i t h t h e 2 0 M H z B W p u s h b u t 
t o n s w i t c h p u s h e d is a p p r o x i 
m a t e l y 2 0 M H z 

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

S e n s i t i v i t y 0.1 V / d i v , ± 2 % 
Inpu t r es i s t ance : 1 MQ ± 1 % 
I n p u t c a p a c i t a n c e : A p p r o x . 2 2 pF 
I n p u t c o u p l i n g m o d e : DC o n l y 
F requency r e s p o n s e : DC t o 7 0 M H z ( -3 dB) 

DC t o 9 0 M H z ( -6 dB) 
R i se t ime : 5 n s 
S igna l de lay t i m e : S a m e a s C H I a n d C H 2 
M a x i m u m a l l o w a b l e v o l t a g e 

DC c o m p o n e n t : ± 0 . 5 V o r less (ac + dc ) 
A C c o m p o n e n t : 1 V p - p o r less 

A M a x i m u m i n p u t v o l t a g e : 4 0 0 V (dc + ac peak) 

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

(HORIZ D I S P L A Y ) 
X - Y m o d e : C H 1 : Y -ax i s 

C H 2 : X -ax i s 
S e n s i t i v i t y : S a m e as C H 2 
A c c u r a c y : S a m e as C H 2 
I npu t r es i s t ance : S a m e as C H 2 
I n p u t c a p a c i t a n c e : S a m e as C H 2 
F requency r e s p o n s e : 

DC: DC t o 5 M H z ( -3 dB) 
DC t o 7 M H z ( -6 dB) 

A C : 5 Hz t o 5 M H z ( -3 dB) 
5 Hz t o 7 M H z ( -6 dB) 

X - Y phase d i f f e r e n c e : Less t h a n 3° a t 1 0 0 kHz 

S W E E P 
M o d e s ( s w i t c h a b l e w i t h t h e HORIZ 

D I S P L A Y s w i t c h ) : 
A A s w e e p 
A L T B s w e e p w a v e f o r m is d i s 

p l ayed as an i n tens i f i ed po r 
t i o n o f t h e A s w e e p a n d B 
s w e e p a l t e r n a t i n g 

A - I N T - B B s w e e p w a v e f o r m is d i s 
p l ayed as an i n tens i f i ed po r 
t i o n o f t h e A s w e e p . 

B D L Y ' D De layed B s w e e p 
X - Y X - Y d i s p l a y m o d e 

A s w e e p t i m e : 5 0 n s / d i v t o 0 . 5 s / d i v in 2 2 
ranges , in 1 - 2 - 5 s e q u e n c e , 
ve rn ie r c o n t r o l p r o v i d e s 

f u l l y a d j u s t a b l e s w e e p t i m e 
b e t w e e n s teps . 

B s w e e p t i m e : 5 0 n s / d i v t o 5 0 m s / d i v in 1 9 
ranges , in 1 -2-5 s e q u e n c e . 

A c c u r a c y ± 2 % ( 1 0 ~ 35°C) 
± 6 % ( 0 ~ 50°C) 

S w e e p m a g n i f i c a t i o n : X 1 0 ± 5 % ( 1 0 ~ 35°C) 
± 7 % ( 0 ~ 50°C) 

L inea r i t y : 5 0 n s / d i v t o 0 . 5 s / d i v ± 3 % 
( ± 5 % w i t h X 1 0 m a g n i f i c a 
t i on ) 

H O L D O F F : C o n t i n u o u s l y a d j u s t a b l e f o r A 
s w e e p f r o m N O R M t o X5 

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

De lay m e t h o d : C o n t i n u o u s de lay . T r i g g e r d e 
lay 

De lay t i m e : 0 .2 t o 1 0 t i m e s t h e s w e e p 
t i m e f r o m 2 0 0 n s t o 0 .5s , c o n 
t i n u o u s l y ad jus tab le . 

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 % ( 1 0 ~ 35°C) 
± 4 % ( 0 ~ 50°C) 

De lay j i t te r : 1 / 2 0 0 0 0 o f t h e fu l l sca le 
s w e e p t i m e . 

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

A t r i g g e r m o d e s : A U T O , N O R M , S INGLE , 
T r i g g e r s o u r c e : V M O D E , CH 1 , C H 2 , EXT C H 3 
C o u p l i n g m o d e s : A C , LFREJ, H F R E J , DC, V I D E O 

V I D E O - L I N E s y n c a u t o m a t i c a l 
ly se l ec ted at s w e e p t i m e s o f 
5 0 / i s / d i v t o 5 0 n s / d i v . 
V I D E O - F R A M E s y n c a u t o m a t i 
ca l l y s e l e c t e d a t s w e e p t i m e s 
o f 0 . 5 s / d i v t o 0.1 m s / d i v . 

T r i g g e r leve l : ± 9 0 ° a d j u s t a b l e 
Po la r i t y : + / -
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SPECIFICATIONS 

B T R I G 
T r i g g e r s o u r c e : C H 1 , C H 2 , EXT C H 4 

S T A R T S AFTER D E L A Y 
C o u p l i n g m o d e s : A C o n l y 
T r i g g e r leve l : ± 9 0 ° ad jus tab le 
Po la r i t y : + / -

T R I G G E R S E N S I T I V I T Y ( A A N D B) 

COUPLING FREQ RANGE 
MINIMUM SYNC AMPLITUDE 

COUPLING FREQ RANGE 
INT EXT 

DC DC ~ 2 0 MHz 
DC ~ 7 0 MHz 

0.5 div 
1.5 div 

50 mV 
2 1 0 m V 

AC Same as for DC but w i th increased min imum level 
for below 20 Hz. 

AC 
HFREJ 

Increased min imum level below 2 0 Hz and above 
3 0 kHz. 

AC 
LFREJ Increased min imum level below 3 0 kHz. 

VIDEO FRAME/LINE 0.5 div 5 0 mV 

AUTO: Same as above specifications for above 50 Hz. 

J i t t e r : 1 ns m a x i m u m 
(A t 7 0 M H z ) 5 n s / d i v ( X 1 0 M A G on) 

C A L I B R A T I N G V O L T A G E 
1 kHz ± 3 % Pos i t i ve squa re w a v e 
1 V p - p ± 1 % ( 1 0 ~ 35°C) 

± 2 % (0 ~ B O X ) 

I N T E N S I T Y M O D U L A T I O N 
I n p u t s i g n a l : TTL leve l , i n t e n s i t y d e c r e a s i n g 

w i t h m o r e p o s i t i v e leve ls 
I n p u t i m p e d a n c e : A p p r o x . 1 0 kQ 

U s a b l e f r e q u e n c y range : DC t o 1 0 M H z 

A M a x i m u m i n p u t v o l t a g e : 5 0 V (dc + ac peak) 

V E R T I C A L A X I S O U T P U T ( S a m p l e d C H 1 o u t p u t ) 
O u t p u t v o l t a g e : 5 0 m V p - p / d i v ( i n to 50D load) 
O u t p u t i m p e d a n c e : A p p r o x . 50X2 
F r e q u e n c y r e s p o n s e : DC t o 7 0 M H z ( -3 dB) 

( i n to 50X2 load) 

T R A C E R O T A T I O N E lec t r i ca l , a d j u s t a b l e 

P O W E R S U P P L Y 
Line v o l t a g e : 9 0 ~ 2 6 4 V 
L ine f r e q u e n c y : 4 5 ~ 4 0 0 Hz 
P o w e r c o n s u m p t i o n : A p p r o x . 5 5 W (at 1 0 0 V , 5 0 Hz) 

D I M E N S I O N S 
W i d t h : 2 8 4 m m ( 3 2 8 m m ) 
H e i g h t : 1 3 8 m m ( 1 5 0 m m ) 
D e p t h : 4 0 0 m m ( 4 7 1 m m ) 

( ) d i m e n s i o n s i nc lude p r o 
t r u s i o n s f r o m bas ic case o u t 
l ine d i m e n s i o n s . 

W E I G H T 7 .4 k g 
A C C E S S O R I E S 

P C - 2 9 Probes 2 
I n s t r u c t i o n m a n u a l 1 
A C p o w e r c o r d 1 
Probe ho l de r 1 

O P T I O N 
A c c e s s o r y b a g ( M C - 7 8 ) 
Panel c o v e r ( M D - 8 5 ) 

E N V I R O N M E N T 
O p e r a t i n g t e m p e r a t u r e a n d 
Hum id i t y f o r g u a r a n t e e d 
s p e c i f i c a t i o n s : 1 0 ~ 35°C , 8 5 % m a x i m u m RH 
Full o p e r a t i n g range : 0 ~ 50°C, 9 0 % m a x i m u m RH 
S t o r a g e t e m p e r a t u r e a n d 
h u m i d i t y r ange : - 2 0 ~ + 7 0 ° C 

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

O p e r a t i n g : 5 0 0 0 m 
N o n - o p e r a t i n g : 1 2 0 0 0 m 

• Circuit and ratings are subject to change wi thout notice due to 
developments in technology. 
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PREPARATION FOR USE 

SAFETY 
Before c o n n e c t i n g t h e i n s t r u m e n t t o a p o w e r s o u r c e , c a r e 
fu l l y read t h e f o l l o w i n g i n f o r m a t i o n , t h e ve r i f y t h a t t h e 
p r o p e r p o w e r c o r d is used a n d t h e p r o p e r l i ne f u s e is i n 
s ta l l ed f o r p o w e r s o u r c e . If t h e p o w e r s o u r c e is n o t a p 
p l ied t o y o u r p r o d u c t , c o n t a c t y o u r dea ler . If t h e p o w e r 
c o r d is n o t app l i ed f o r spec i f i ed v o l t a g e , t h e r e is a l w a y s a 
c e r t a i n a m o u n t o f d a n g e r f r o m e lec t r i c s h o c k . 

L i n e v o l t a g e 
T h i s i n s t r u m e n t ope ra tes u s i n g a c - p o w e r i n p u t v o l t a g e s 
t h a t 9 0 V t o 2 6 4 V at f r e q u e n c i e s f r o m 4 5 Hz t o 4 0 0 Hz. 

P o w e r c o r d 
The g r o u n d w i r e o f t h e 3 - w i r e ac p o w e r p l u g p laces t h e 
c h a s s i s and h o u s i n g o f t h e o s c i l l o s c o p e a t e a r t h g r o u n d . 
Do n o t a t t e m p t t o d e f e a t t h e g r o u n d w i r e c o n n e c t i o n or 
f l o a t t h e o s c i l l o s c o p e ; t o d o s o m a y p o s e a g rea t s a f e t y h a 
za rd . T h e a p p r o p r i a t e p o w e r c o r d is supp l i ed b y an o p t i o n 
t h a t is spec i f i ed w h e n t h e i n s t r u m e n t is o r d e r e d . 
T h e o p t i o n a l p o w e r c o r d a re s h o w n in Fig 4 0 . 

L i n e f u s e 
T h e f u s e ho lder is l o c a t e d on t h e rear pane l and c o n t a i n s 
t h e l ine f use . V e r i f y t h a t t h e p r o p e r f use is ins ta l led b y re 
p l a c i n g t h e l ine f use . 

5 . A l w a y s use t h e p r o b e g r o u n d c l i ps fo r bes t resu l t s . Do 
n o t use an ex te rna l g r o u n d w i r e in l ieu o f t h e p r o b e 
g r o u n d c l i ps , as 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 . O p e r a t i o n a d j a c e n t t o 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 ac 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 ib le . T h i s i nc ludes s u c h d e v i c e s as la rge p o w e r s u p 
p l i es , t r a n s f o r m e r s , e lec t r i c m o t o r s , e tc . , t h a t are o f t e n 
f o u n d in an i ndus t r i a 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 
sh i e l ds c a n exceed t h e p r a c t i c a l CRT m a g n e t i c s h i e l d 
i ng l i m i t s and resu l t i n t e r f e r e n c e a n d d i s t o r t i o n . 

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 r o b e 
t o t h e i n p u t o f t h e s c o p e . For b e s t resu l t s , c o m p e n 
s a t i o n o f p r o b e s h o u l d be a d j u s t e d in i t ia l l y , t h e n t h e 
s a m e p r o b e a l w a y s used w i t h t h e i n p u t o f s c o p e . 
Probe c o m p e n s a t i o n s h o u l d be read jus ted w h e n e v e r 
a p r o b e f r o m a d i f f e r e n t s c o p e is used . 

8 . T h e LEDs o f t h e s w i t c h e s i n d i c a t e as f o l l o w s 
w h e n s u p p l y i n g p o w e r s ta r t s . 

Ve r t i ca l M O D E : C H 1 , 
HORIZ D I S P L A Y : A 
TRIG M O D E : A U T O 

EQUIPMENT PROTECTION 
1 . Never a l l o w a sma l l s p o t o f h i g h b r i l l i ance t o r e m a i n 

s t a t i o n a r y o n t h e s c r e e n f o r m o r e t h a n a f e w s e c o n d s . 
The 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 b u r n e d . A s p o t 
w i l l o c c u r o n l y w h e n t h e s c o p e is s e t up f o r X - Y o p e r a 
t i o n a n d n o s igna l is a p p l i e d . Ei ther r e d u c e t h e i n t e n s i t y 
s o t h e s p o t is ba re ly v i s ib le , s w i t c h b a c k t o n o r m a l 
s w e e p o p e r a t i o n w h e n n o s igna l is app l i ed , or se t up 
t h e s c o p e f o r s p o t b l a n k i n g . 

2 . Never c o v e r t he v e n t i l a t i n g ho les on t h e t o p o f t h e o s 
c i l l o s c o p e , as t h i s w i l l i nc rease t h e o p e r a t i n g t e m p e r a 
t u r e i ns i de t h e case . 

3 . Never a p p l y m o r e t h a n t h e m a x i m u m r a t i n g t o t he o s c i l 
l o s c o p e i n p u t j a c k s . 
C H 1 , CH2 I N P U T j a c k s : 8 0 0 V p - p or 4 0 0 V (dc + ac 

peak) 
C H 3 , C H 4 I N P U T j a c k s : 4 0 0 V ( d c + ac peak) 
Z a x i s I N P U T j a c k : 5 0 V ( d c + ac peak) 
Never a p p l y ex te rna l v o l t a g e t o t h e o s c i l l o s c o p e o u t p u 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 o m t h e e a r t h g r o u n d (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 
unde r t es t . W i t h o u t t h i s c a u t i o n , t h e en t i r e c u r r e n t f o r 
t h e e q u i p m e n t under t e s t m a y be d r a w n t h r o u g h t h e 
p r o b e c l i p l eads 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 so p o s e a s a f e t y haza rd , w h i c h t h e 
g r o u n d c a b l e w i l l p r e v e n t . 
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CONTROLS AND INDICATORS 

Fig. 1 
FRONT PANEL 
V E R T I C A L A X I S C O N T R O L 

© V O L T S / D I V Control 
V e r t i c a l a t t e n u a t o r f o r c h a n n e l 1 ; p r o v i d e s s t e p a d 
j u s t m e n t o f v e r t i c a l sens i t i v i t y . W h e n t h e V A R I A B L E 
c o n t r o l is t u r n e d t o t h e C A L p o s i t i o n , t h e 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 0 s t e p s f r o m 5 V / d i v t o 5 m V / 
d iv . 

For X - Y o p e r a t i o n 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 o f ve r t i ca l sens i t i v i t y . 

© V A R I A B L E , P U L L X 5 G A I N Contro ls 
V A R I A B L E ; 

R o t a t i o n p r o v i d e s f i n e c o n t r o l o f c h a n n e l 1 ve r t i ca l 
sens i t i v i t y . In t h e fu l l y c l o c k w i s e (CAL) p o s i t i o n , t h e 
v e r t i c a l a t t e n u a t o r is ca l i b ra ted . For X - Y o p e r a t i o n , 
t h i s c o n t r o l se rves as t h e Y axis a t t e n u a t i o n f i n e a d 
j u s t m e n t 

PULL X 5 G A I N ; 

W h e n pu l l ed ou t , t h e V O L T S / D I V s e t t i n g is m u l t i p l i e d 
b y f i v e a n d f o r X - Y o p e r a t i o n t h e Y -ax i s s e n s i t i v i t y is 
m u l t i p l i e d a c c o r d i n g l y . In X 5 G A I N m o d e , t h e ve r t i ca l 
ga in is i nc reased a n d t h e t r a c e b e c o m e s t h i c k n e s s . 

© | C H 1 P O S I T I O N , | C H 3 Contro ls 
$ C H 1 P O S I T I O N ; 

R o t a t i o n a d j u s t s ve r t i ca l p o s i t i o n o f c h a n n e l 1 t race . 
In X - Y o p e r a t i o n , r o t a t i o n a d j u s t s ve r t i ca l p o s i t i o n o f 
d i sp lay . 
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| C H 3 ; 

R o t a t i o n ad jus t s ve r t i ca l p o s i t i o n o f c h a n n e l 3 t r a c e 
o n t h e s c r e e n . 

© 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 lever s w i t c h w h i c h o p e r a t e s as f o l 
l o w s : 
A C : B l o c k s dc c o m p o n e n t o f c h a n n e l 1 i n p u t s i g 

na l . 
G N D : O p e n s s igna l p a t h a n d g r o u n d s i n p u t t o v e r t i 

ca l amp l i f i e r . T h i s p r o v i d e s a ze ro - s i gna l base 
l ine, t h e p o s i t i o n o f w h i c h can be u s e d as a re
f e r e n c e w h e n p e r f o r m i n g d c m e a s u r e m e n t s . 

D C : D i r e c t i n p u t o f ac a n d d c c o m p o n e n t o f c h a n 
ne l 1 i npu t s igna l . 

© I N P U T J a c k 
V e r t i c a l i n p u t f o r c h a n n e l 1 t r a c e in n o r m a l s w e e p 

o p e r a t i o n . V e r t i c a l i npu t f o r X - Y o p e r a t i o n . 

© V O L T S / D I V Contro l 
V e r t i c a l a t t e n u a t o r f o r c h a n n e l 2 ; p r o v i d e s s t e p a d 
j u s t m e n t o f 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 c o n t r o l is 
t u r n e d t o t h e C A L p o s i t i o n , t h e ve r t i ca l s e n s i t i v i t y c a l i 
b r a t e d in 1 0 s t e p s f r o m 5 V / d i v t o 5 m V / d i v . For X - Y 
o p e r a t i o n t h e 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 o f ho r 
i zon ta l sens i t i v i t y . 



CONTROLS AND INDICATORS 

© V A R I A B L E , P U L L X 5 G A I N C o n t r o l s 
V A R I A B L E ; 
R o t a t i o n p r o v i d e s f i n e c o n t r o l of c h a n n e l 2 ve r t i ca l 
sens i t i v i t y . In t h e f u l l y c l o c k w i s e (CAL) p o s i t i o n , t h e 
ve r t i ca l a t t e n u a t o r is ca l i b ra ted . For X - Y o p e r a t i o n , 
t h i s c o n t r o l se rves as t h e X ax is a t t e n u a t i o n f i ne a d 
j u s t m e n t 

P U L L X 5 G A I N ; 
W h e n pu l l ed o u t t h e V O L T S / D I V s e t t i n g is m u l t i p l i e d 
by f i ve a n d f o r X - Y o p e r a t i o n t h e X - a x i s s e n s i t i v i t y is 
m u l t i p l i e d a c c o r d i n g l y . In X 5 G A I N m o d e , t h e ve r t i ca l 
ga in is i nc reased a n d t h e t r a c e b e c o m e s t h i c k n e s s . 

( D C H 2 * P O S I T I O N X - Y * C H 4 C o n t r o l s 

* C H 2 P O S I T I O N ; 
R o t a t i o n a d j u s t s ve r t i ca l p o s i t i o n o f c h a n n e l 2 t r ace . 
In X - Y o p e r a t i o n a d j u s t s ho r i zon ta l p o s i t i o n o f d i sp lay . 

* C H 4 ; 
R o t a t i o n a d j u s t s v e r t i c a l p o s i t i o n o f c h a n n e l 4 t r a c e 

o n t h e s c r e e n . 

( D 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 lever s w i t c h w h i c h o p e r a t e s as f o l 
l o w s : 
A C : B locks dc c o m p o n e n t o f channe l 2 i n p u t 

s igna l . 
G N D : O p e n s s igna l p a t h a n d g r o u n d s i n p u t t o 

ve r t i ca l ampl i f ie r . T h i s p r o v i d e s a ze ro -
s igna l base l ine, t h e p o s i t i o n o f w h i c h c a n 
be u s e d as a re fe rence w h e n p e r f o r m i n g 
d c m e a s u r e m e n t s . 

DC: D i r e c t i n p u t o f ac a n d d c c o m p o n e n t o f 
c h a n n e l 2 i npu t s igna l . 

® I N P U T J a c k 
Ver t i ca l i n p u t f o r c h a n n e l 2 t r a c e in n o r m a l s w e e p 
o p e r a t i o n . Ho r i zon ta l i npu t in X - Y o p e r a t i o n . 

® M O D E S w i t c h A s s e m b l y 
U s e d t o se lec t t h e bas i c o p e r a t i n g m o d e s of t h e o s c i 
l l oscope . LED's ind ica te w h a t m o d e has b e e n se lec t 
ed . 
C H 1 : O n l y t h e i n p u t s igna l t o c h a n n e l 1 is d i s 

p l a y e d as a s ing le t r ace . 

C H 2 : O n l y t h e i n p u t s i gna l t o c h a n n e l 2 is d i s 
p l a y e d as a s ing le t r ace . 

D U A L : W h e n e n g a g e d t h i s b u t t o n , if e i the r A L T 
o r C H O P s w i t c h is p u s h e d i n , dua l t r a c e 
m o d e p r e s e n t s t r a c e s o f c h a n n e l 1 , 
c h a n n e l 2 i npu t w a v e f o r m s . 

A D D : Channe l 1 a n d c h a n n e l 2 i n p u t s igna ls 
are a d d e d a n d t h e s u m is d i s p l a y e d as a 
s ing le t r ace . W h e n t h e C H 2 I N V b u t t o n 
is e n g a g e d , 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 as a 
s ing le t r ace . 

Q U A D : W h e n e n g a g e d t h i s b u t t o n , if e i t he r A L T 
o r C H O P s w i t c h is p u s h e d i n , q u a d t r a c e 
m o d e p r e s e n t s t r a c e s o f c h a n n e l 1 
t h r o u g h c h a n n e l 4 i n p u t w a v e f o r m s 

A L T : A l t e r n a t e s w e e p is s e l e c t e d r ega rd l ess o f 
s w e e p t i m e as dua l t r a c e ( channe l 1 a n d 
c h a n n e l 2) o r q u a d t r a c e ( channe l 1 
t h r o u g h c h a n n e l 4 ) 

C H O P : C h o p s w e e p is s e l e c t e d rega rd less o f 
s w e e p t i m e at a p p r o x i m a t e l y 2 5 0 kHz as 
dua l t r a c e ( channe l 1 a n d c h a n n e l 2) o r 
q u a d t r a c e ( channe l 1 t h r o u g h c h a n n e l 
4 ) . 

C H 2 INV : In t h e N O R M p o s i t i o n ( b u t t o n re leased) , 
t h e c h a n n e l 2 s i gna l is n o n - i n v e r t e d . In 
t h e INV p o s i t i o n ( b u t t o n e n g a g e d ) , t h e 
c h a n n e l 2 s igna l is i n v e r t e d . 

2 0 M H z B W : L i m i t s t h e ve r t i ca l b a n d w i d t h t o a p p r o x i 
m a t e l y 2 0 M H z w h e n e n g a g e d th i s b u t 
t o n . 

N O T E : 
T h e v a r i o u s ve r t i ca l m o d e s e t t i n g s are re la ted t o h o r i 
z o n t a l m o d e a n d t r i g g e r s o u r c e . See t h e s e c t i o n s o n 
H O R I Z D I S P L A Y a n d S O U R C E f o r a d e s c r i p t i o n o f t h i s 
r e l a t i onsh ip . 
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P O W E R S U P P L Y / C R T D I S P L A Y C O N T R O L S 

© A I N T E N S I T Y , B I N T E N S I T Y C o n t r o l s 
A l l o w s a d j u s t m e n t o f i n t ens i t y f o r t h e A s w e e p a n d B 
s w e e p respec t i ve l y . 
A I N T E N S I T Y ; 
A d j u s t s t h e t r a c e i n t e n s i t y f o r t h e A s w e e p a n d 
t h e d i s p l a y i n t e n s i t y f o r X - Y o p e r a t i o n . 
B I N T E N S I T Y ; 
A d j u s t s t h e i n t e n s i t y o f t h e B s w e e p . 

® P O W E R , S C A L E I L L U M C o n t r o l s 
Ful ly c o u n t e r c l o c k w i s e r o t a t i o n (of f pos i t i on ) t u r n s o f f 
o s c i l l o s c o p e . C l o c k w i s e r o t a t i o n t u r n s o n o s c i l l o s 
c o p e . Fur ther c l o c k w i s e r o t a t i o n o f t h e c o n t r o l i n 
c reases t h e i l l u m i n a t i o n level o f sca le . 

® L E D P i l o t L a m p 
I nd i ca tes t h a t t h e p o w e r s u p p l y has b e e n t u r n e d o n . 

© A S T I G C o n t r o l 
Pull o u 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 c o n j u n c t i o n w i t h F O C U S c o n t r o l r e g a r d 
less i n t e n s i t y c o n t r o l . 

® F O C U S C o n t r o l 
U s e d t o a d j u s t t h e t r a c e f o r o p t i m u m f o c u s . 
A u t o - f o c u s c i r cu i t k e e p s w a v e f o r m in f o c u s w i t h 
c h a n g e s in i n tens i t y . 

® T R A C E R O T A T I O N C o n t r o l 
Elec t r i ca l l y r o t a tes t r a c e t o h o r i z o n t a l p o s i t i o n . 
S t r o n g m a g n e t i c f i e lds m a y cause t h e t r a c e t o be t i l t 
ed . T h e d e g r e e of t i l t m a y v a r y as t h e s c o p e is m o v e d 
f r o m o n e l o c a t i o n t o ano the r . In t h e s e cases , a d j u s t 
t h i s c o n t r o l . 

© C A L , 1 V p - p , w 1 k H z T e r m i n a l 
Pr ov i des 1 kHz , 1 V o l t p e a k - t o - p e a k squa re w a v e s i g 
na l . T h i s is use fu l f o r p r o b e c o m p e n s a t i o n a d j u s t 
m e n t 

® «L G N D T e r m i n a l / B i n d i n g p o s t . 
G r o u n d t e r m i n a l - use i t t o c o n n e c t t h e i n s t r u m e n t t o 
t h e ea r t h g r o u n d . 
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F i g . 3 

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

© H O R I Z D I S P L A Y S W I T C H A S S E M B L Y 
U s e d t o se lec t t h e ho r i zon ta l d i sp l ay m o d e . LED's 
i nd i ca te w h a t m o d e has b e e n se l ec ted . 
A : O n l y 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 . For 

t h i s m o d e o f o p e r a t i o n , t h e B s w e e p a p 
pea rs as a n i n t e n s i f i e d s e c t i o n o n t h e A 
s w e e p . 

A - I N T - B : D u r a t i o n o f t h e B s w e e p appears as an i n 
t e n s i f i e d s e c t i o n o n t h e A s w e e p . 

B D L Y ' D : On l y d e l a y e d B s w e e p is ope ra t i ve . 
X - Y : Channe l 1 b e c o m e s t h e Y-ax i s a n d c h a n n e l 

2 b e c o m e s t h e X -ax i s f o r X - Y o p e r a t i o n . 
T h e s e t t i n g s o f t h e v e r t i c a l M O D E a n d TRIG 
M O D E s w i t c h e s have n o e f fec t . 

© A S W E E P T I M E / D I V , B S W E E P T I M E / D I V C o n 

t r o l s 
A S W E E P T I M E / D I V ; 
Ho r i zon ta l c o a r s e A s w e e p t i m e se lec to r . 
Se lec t s ca l i b ra ted s w e e p t i m e s o f 5 0 n s / d i v t o 0 .5 
s / d i v in 2 2 s t e p s w h e n A V A R I A B L E c o n t r o l ® is se t 
t o C A L p o s i t i o n ( 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 ; 
H o r i z o n t a l c o a r s e B s w e e p t i m e se lec to r . 
Se lec t s s w e e p t i m e s o f 5 0 n s / d i v t o 5 0 m s / d i v in 1 9 

s teps . B s w e e p t i m e s e l e c t o r is c o n s t r u c t e d t o m a k e 
i t p o s s i b l e t o s e t t h e B s w e e p t i m e s l o w e r t h a n A 
s w e e p t i m e . N o f i ne a d j u s t m e n t is ava i lab le f o r t h e B 

s w e e p t i m e . 

<§> A V A R I A B L E C o n t r o l 
Fine A s w e e p t i m e a d j u s t m e n t . In t h e f u l l y c l o c k w i s e 

(CAL) p o s i t i o n , t h e A s w e e p t i m e is c a l i b r a t e d . 

@ D E L A Y T I M E M U L T C o n t r o l 
A d j u s t s t h e s t a r t t i m e o f t h e B s w e e p t o s o m e de lay 

t i m e a f te r t h e s t a r t o f t h e A s w e e p . 

T h e de lay t i m e m a y be s e t t o va lues b e t w e e n 0 . 2 a n d 

1 0 t i m e s t h e s e t t i n g 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 . 
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© * T R A C E S E P , H O L D O F F Controls 

* T R A C E SEP; 

A d j u s t s ve r t i ca 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 ( con t ro l has e f f e c t o n l y in t h e A L T o f HORIZ 
D I S P L A Y ) . 
C o u n t e r c l o c k w i s e r o t a t i o n i nc reases 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 espec t t o A s w e e p u p t o 4 
d i v i s i ons . In t h i s case , H O L D O F F c o n t r o l has n o 
e f fec t . 

H O L D O F F ; 

R o t a t i o n a d j u s t s h o l d o f f ( t r igger i nh ib i t p e r i o d b e y o n d 
s w e e p du ra t i on ) . C o u n t e r c l o c k w i s e r o t a t i o n i nc reases 
h o l d o f f p e r i o d f r o m N O R M t o m a x m o r e t h a n f i ve 
t i m e s be fo re t h e B ENDS A p o s i t i o n . 
In t h e B E N D S A p o s i t i o n ( fu l ly c o u n t e r c l o c k w i s e ) , t h e 
A s w e e p is rese t a t t h e e n d o f t h e B s w e e p . A n d 
t h e r e f o r e i n t e n s i t y o f B s w e e p i nc reases t o p r o v i d e 
t h e A s w e e p . B E N D S A m o d e is app l i cab le t o t h e 
A L T , A - I N T - B a n d B D L Y ' D m o d e s o f H O R I Z D I S P L A Y . 

<§> « • P O S I T I O N , FINE, P U L L X 1 0 M A G Controls 
« • P O S I T I O N ; 

R o t a t i o n a d j u s t s ho r i zon ta l p o s i t i o n o f t r ace . 

FINE, P U L L X 1 0 M A G ; 

R o t a t i o n b e c o m e s f i ne a d j u s t m e n t o f h o r i z o n t a l p o s i 
t i o n o f t r ace . Se lec t s x 1 0 s w e e p m a g n e i f i c a t i o n 
(PULL x 1 0 M A G ) w h e n pu l l ed ou t . 

T R I G G E R S O U R C E C O N T R O L S 

<§) S O U R C E S w i t c h 
F o u r - p o s i t i o n lever s w i t c h ; se l ec t s t r i g g e r i n g s o u r c e 
f o r t h e A 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. M O D E : T h e t r i g g e r s o u r c e f o r A s w e e p is d e t e r 

m i n e d by ve r t i ca l M O D E s e l e c t i o n . 
C H 1 : C h a n n e l 1 s i gna l is used as a t r i g g e r 

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 as a t r i g g e r 
s o u r c e . 

A D D : T h e a lgeb ra i c s u m o f c h a n n e l 1 a n d 
c h a n n e l 2 s i gna l s is t h e t r i g g e r sou rce . 
(If C H 2 INV e n g a g e d , t h e d i f f e r e n c e b e 
c o m e s t h e t r i g g e r source . ) 

D U A L : For A L T m o d e t h e s i gna l s f o r CH1 
Q U A D : t h r o u g h C H 4 a l t e rna te as t h e t r i g g e r 
(ALT) s o u r c e . For t h e C H O P m o d e t h e c h o p -
(CHOP) p i n g s igna l b e c o m e s t h e t r i g g e r s o u r c e . 

N O T E : 
1 . W h e n t h e ve r t i ca l M O D E s w i t c h is s e 

l ec ted t o C H O P p o s i t i o n , t h e d i s p l a y 
c a n n o t be o b s e r v e d w i t h t h e i n p u t s i n c e 
t h e c h o p p i n g s igna l b e c o m e s t h e t r i g g e r 
s o u r c e . 

2 . S y n c h r o n i z a t i o n is i m p o s s i b l e w h e n i n 
p u t s i gna l s are n o t a p p l i e d t o al l c h a n n e l s 
w i t h t h e ve r t i ca l M O D E s w i t c h s e t t o 
D U A L o r Q U A D p o s i t i o n . 

C H 1 : A s w e e p is t r i g g e r e d b y c h a n n e l 1 s i gna l re 
ga rd l ess o f ve r t i ca l M O D E s e l e c t i o n . 

C H 2 : A s w e e p is t r i g g e r e d b y c h a n n e l 2 s i gna l re 
ga rd l ess o f ve r t i ca l M O D E se lec t i on . 

EXT C H S : A s w e e p is t r i g g e r e d b y c h a n n e l 3 s i gna l . 

@ C O U P L I N G S w i t c h 
F ive -pos i t i on lever s w i t c h ; se l ec t s c o u p l i n g f o r A 
t r i gge r s i gna l . 
A C : T r i g g e r is ac c o u p l e d . B locks d c c o m p o n e n t 

o f i n p u t s i g n a l ; m o s t c o m m o n l y u s e d p o s i 
t i o n . 

LFREJ : T r i g g e r is c o u p l e d t h r o u g h a h i g h - p a s s f i l t e r 
t o e l i m i n a t e l o w f r e q u e n c y c o m p o n e n t s f o r 
s tab le t r i g g e r i n g o f h i g h f r e q u e n c y s i gna l s . 

H F R E J : T r i g g e r is 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 t e r 
t o e l i m i n a t e h i g h f r e q u e n c y c o m p o n e n t s 
f o r a s t a b l e t r i g g e r i n g o f l o w f r e q u e n c y s i g 
na ls . 

DC: T r i g g e r is d c c o u p l e d f o r s y n c w h i c h i n c l u d e s 
t h e e f f e c t s o f dc c o m p o n e n t s . For c h a n n e l 3 
a n d c h a n n e l 4 , t h e v e r t i c a l p o s i t i o n a d j u s t 
m e n t has n o e f f ec t o n t h e t r i g g e r p o i n t . 

V I D E O : For s y n c h r o n i z a t i o n o f v i d e o s i gna l s . T h e 
p o s i t i o n 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 
d e t e r m i n e s w h e t h e r F R A M E o r L INE is t o be 
s y n c h r o n i z e d . S e t t i n g s b e t w e e n 0 . 5 s a n d 
0 .1 m s resu l t i n F R A M E w h i l e t h o s e b e t w e e n 
5 0 ; is a n d 5 0 n s resu l t in L INE s y n c . 

<§) L E V E L , S L O P E Contro ls 
LEVEL; R o t a t i o n ad jus t s p o i n t o n w a v e f o r m w h e r e A 

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 is s e 
l e c t e d in V I D E O , t h e t r i g g e r leve l a d j u s t m e n t 
has n o e f fec t . 
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S L O P E ; A d j u s t s t h e s l o p e o f t h e A t r i g g e r s igna l , 
-f equa l s m o s t p o s i t i v e p o i n t o f t r i g g e r i n g a n d 
- e q u a l s m o s t n e g a t i v e p o i n t o f t r i g g e r i n g . 

<§> T R I G ' D L a m p 
Green LED l i g h t s f o r d u r a t i o n o f t r i g g e r e d A s w e e p ; 
s h o w s w h e n t r i gge r LEVEL c o n t r o l is p rope r l y se t t o 
o b t a i n t r i g g e r i n g . 

@ C H 3 o r A E X T T R I G J a c k 
I npu t t e r m i n a l o f c h a n n e l 3 s i gna l o r A ex te rna l t r i g g e r 
s igna l . Channe l 3 s i gna l m a y be o b s e r v e d s i m u l t a n e o u s 
ly w i t h c h a n n e l 1 , 2 a n d 4 s i gna l s w h e n t h e 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 Q U A D . 
W h e n t h e S O U R C E c o n t r o l is s e t t o EXT C H 3 , s w e e p is 
t r i g g e r e d b y t h i s i n p u t s i gna l . 

@ S O U R C E S w i t c h 
F o u r - p o s i t i o n lever s w i t c h ; se lec t s t h e t r i g g e r i n g s o u r c e 
f o r t h e B 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 ; 
C H 1 : B s w e e p is t r i g g e r e d by c h a n n e l 1 s igna l . 
C H 2 : B s w e e p is t r i g g e r e d b y c h a n n e l 2 s igna l . 
EXT C H 4 : B s w e e p is t r i g g e r e d by c h a n n e l 4 s igna l . 
S T A R T S AFTER D E L A Y : 

B s w e e p s t a r t s i m m e d i a t e l y a f te r t h e de lay t i m e 
s e l e c t e d b y t h e D E L A Y T I M E M U L T a n d A 
S W E E P T I M E / D I V c o n t r o l s , regard less o f t h e 
t r i g g e r LEVEL s e t t i n g . Even w h e n t h i s s w i t c h is 
in p o s i t i o n w i t h t h e TRIG M O D E s w i t c h s e t t o 
A U T O , t u r n i n g t h e t r i g g e r LEVEL c l o c k w i s e or 
c o u n t e r c l o c k w i s e re lease t h e t r i gge r a n d s e t t h e 
s c o p e t o B S T A R T S AFTER D E L A Y o p e r a t i o n . 

® L E V E L S L O P E , C o n t r o l s -
LEVEL: R o t a t i o n a d j u s t s p o i n t o n w a v e f o r m w h e r e B 

s w e e p s t a r t s . 
S L O P E : A d j u s t t h e s l o p e o f t h e B t r i g g e r s i gna l , + e q u a l s 

m o s t p o s i t i v e p o i n t o f t r i g g e r i n g a n d - e q u a l s 
m o s t n e g a t i v e p o i n t o f t r i g g e r i n g . For B t r i g g e r 
o p e r a t i o n i t m u s t be s e t in i ts p u s h e d - i n p o s i 
t i o n . 

(§) T R I G ' D L a m p 
Green LED l i gh t s f o r d u r a t i o n o f t r i g g e r e d B s w e e p ; 
s h o w s w h e n t r i g g e r LEVEL c o n t r o l is p r o p e r l y se t t o o b 
t a i n t r i g g e r i n g . 

® C H 4 o r B E X T T R I G J a c k 
i n p u t t e r m i n a l f o r t h e c h a n n e l 4 s i gna i o r B ex te rna l 
t r i g g e r s igna l . Channe l 4 s igna l m a y . be o b s e r v e d 
s i m u l t a n e o u s l y w i t h c h a n n e l 1 , 2 a n d 3 s igna ls w h e n 
t h e ve r t i ca l M O D E is s e l e c t e d in Q U A D . 
W h e n t h e S O U R C E s w i t c h is se t t o EXT C H 4 , s w e e p is 
t r i g g e r e d b y t h i s i npu t s i gna l . 

(§> T R I G M O D E S w i t c h 
Push b u t t o n s w i t c h a s s e m b l y ; se lec t s t r i g g e r i n g 

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 i g g e r 

s i gna l is p resen 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 runs in a b s e n c e o f t r i g g e r s ignal . ) 

N O R M : N o r m a l t r i g g e r e d s w e e p o p e r a t i o n . N o t r a c e 
is p r e s e n t e d w h e n a p r o p e r t r i g g e r s i gna l is 
n o t app l i ed . 

S INGLE : S ing le s w e e p o p e r a t i o n . N o t e t h a t 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 b o t h t h e 
A a n d B s w e e p s is n o t poss ib le . 

N O T E : 
For dua l o r q u a d t r ace , s i ng le s w e e p o p e r a 
t i o n , ve r t i ca l M O D E m u s t n o t be s e t t o A L T . 
Use t h e C H O P m o d e i n s t e a d . 

RESET: W h e n TRIG M O D E s w i t c h is s e l e c t e d t o S I N 
GLE m o d e , p u s h i n g t h e RESET b u t t o n i n i 
t i a t es a s ing le s w e e p w h i c h w i l l b e g i n w h e n 
t h e n e x t s y n c t r i g g e r o c c u r s . 
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F ig . 4 

REAR PANEL 

<§) C H 1 O U T J A C K 
C h a n n e l 1 v e r t i c a l o u t p u t s i g n a l c o n n e c t o r . A c c o u 
p led o u t p u t c o n n e c t o r . T h i s c o n n e c t o r is u s e d t o 
m e a s u r e t h e f r e q u e n c y by 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 t e r . 

<§> Z. A X I S I N P U T J a c k 
Exte rna l i n t e n s i t y m o d u l a t i o n i n p u t ; TTL c o m p a t i b l e . 
Pos i t i ve v o l t a g e dec reases 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 i nc reases b r i g h t n e s s . 

<§> P O W E R LINE C O N N E C T O R 
T h e i n p u t c o n n e c t o r f o r t h e A C p o w e r c o r d . 

<§) F U S E H O L D E R 
C o n t a i n t h e l ine f use . V e r i f y t h a t t h e p r o p e r f u s e is i n 
s ta l l ed ( 1 .2A ) . 

© Feet 
Rear f e e t s u p p o r t o s c i l l o s c o p e in f a c e - u p p o s i t i o n a n d 

d o u b l e as c o r d w r a p f o r s t o r i n g p o w e r c o r d . 

Handle 
C a r r y i n g h a n d l e w i t h c o m f o r t a b l e m o l d e d f i n g e r g r i p 
a l so d o u b l e s as t i l t s t a n d . L o c k i n g d e t e n t e a c h 15° a l 
l o w s a d j u s t m e n t o f v i e w i n g ang le . 
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Befo re t u r n i n g t h e s c o p e o n , s e t t h e f r o n t pane l c o n t r o l s as 

f o l l o w s , re fe r r i ng t o t h e s e c t i o n o n f r o n t pane l in t h i s m a n 

ual . 

[1] NORMAL SWEEP DISPLAY OPERATION 
1 . T u r n t h e P O W E R c o n t r o l ® c l o c k w i s e - t h e p o w e r 

s u p p l y w i l l be t u r n e d o n a n d t h e p i l o t l a m p w i l l l i gh t 

w i t h t h e o t h e r LED's f o r t h e p r e v i o u s l y se t ve r t i ca l 

M O D E ® , HORIZ D I S P L A Y ® a n d TRIG M O D E © 

a l s o i i gh t i ng . 

S e t t h e s e m o d e s as f o l l o w s : 
V e r t i c a l M O D E © : C H 1 
H O R I Z D I S P L A Y ® : A 
TRIG M O D E © : A U T O 

2 . T h e t r a c e w i l l a p p e a r in t h e c e n t e r o f t h e CRT d i s p l a y 
a n d can be a d j u s t e d b y t h e c h a n n e l 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 . Nex t , a d j u s t t h e A I N 
T E N S I T Y © a n d , if necessa ry , t h e F O C U S ® f o r ease 
o f o b s e r v a t i o n . 

3 . Ve r t i ca l M O D E 
W i t h ve r t i ca l M O D E © se t t o C H 1 , app l y an i np u t s i g 
na l t o t h e c h a n n e l 1 I N P U T © j a c k a n d a d j u s t V O L T S / 
D I V © c o n t r o l f o r a su i t ab le s ize d i sp lay o f t h e w a v e 
f o r m . O p e r a t i o n w i t h a s igna l app l i ed t o t h e c h a n n e l 1 
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 t o C H 2 is s i 
m i l a r t o t h e a b o v e p r o c e d u r e . In t h e A D D m o d e , t h e 
a lgeb ra i c s u m o f c h a n n e l 1 + c h a n n e l 2 is d i s p l a y e d . If 
t h e C H 2 I N V s w i t c h has b e e n p ressed , t h e a lgeb ra i c d i f 
f e r e n c e o f t h e t w o w a v e f o r m s , c h a n n e l 1 - c h a n n e l 2 is 
d i s p l a y e d . If b o t h c h a n n e l s are s e t t o t h e s a m e 
V O L T S / D I V , t h e s u m o r d i f f e r e n c e c a n b e read d i r e c t l y 
in V O L T S / D I V f r o m t h e CRT. 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 o f 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 . In t h e D U A L m o d e , e i t he r t h e C H O P o r A L T 
m o d e app l ies a n d m u s t be s e l e c t e d . In t h e A L T m o d e , 
o n e s w e e p d i s p l a y s t h e c h a n n e l 1 s igna l a n d t h e nex t 
s w e e p d i sp l ays t h e c h a n n e l 2 s igna l in an a l t e r n a t i n g 
s e q u e n c e . In t h e 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 
a n a p p r o x i m a t e 2 5 0 kHz ra te a n d s w i t c h e d b e t w e e n 
c h a n n e l 1 a n d c h a n n e l 2 . N o t e t h a t in t h e C H O P m o d e 
o f o p e r a t i o n w i t h t h e S O U R C E ® s w i t c h s e t t o V 
M O D E , t h e t r i g g e r s o u r c e b e c o m e s t h e c h o p p i n g s igna l 
i tsel f , m a k i n g w a v e f o r m o b s e r v a t i o n i m p o s s i b l e . Use 
A L T m o d e i n s t e a d in s u c h cases , or se lec t t h e S O U R C E 
s w i t c h t o C H 1 , C H 2 , o r C H S . T h e Q U A D m o d e is s i m i 
lar t o t h e D U A L m o d e , e x c e p t i t 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 o f c h a n n e l 1 t h r u c h a n n e l 4 i n p u t s i gna l s , in 
e i t he r A L T o r C H O P m o d e . T h e c h a n n e l 3 a n d c h a n n e l 
4 P O S I T I O N c o n t r o l s ® a n d © b e c o m e e f f e c t i v e in 
t h e Q U A D m o d e f o r a d j u s t i n g t h e ve r t i ca l p o s i t i o n o f 
t h e c h a n n e l 3 a n d c h a n n e l 4 t r aces . T h e c h a n n e l 3 a n d 
c h a n n e l 4 I N P U T s igna l s are d c c o u p l e d a n d h a v e a 
s e n s i t i v i t y o f 0 .1 V / d i v . 

1 4 

F i g . 5 



OPERATION 
4 . T r i g g e r i n g 

T h e S O U R C E s w i t c h © se lec t s t h e s igna l t o be used as 
t h e s y n c t r i gger . W h e n t h e V . M O D E p o s i t i o n is se l ec t 
e d , t h e t r i g g e r s o u r c e is d e p e n d e n t u p o n t h e ve r t i ca l 
M O D E s e l e c t i o n . In t h i s m a n n e r , e a c h w a v e f o r m b e i n g 
o b s e r v e d b e c o m e s i ts o w n t r i g g e r s i g n a l ; e.g., w h e n t h e 
ve r t i ca l M O D E is c h a n g e d f r o m C H 1 t o C H 2 , t h e s o u r c e 
s igna l is a l so c h a n g e d f r o m C H 1 t o C H 2 . T h i s a l so per
m i t s s y n c h r o n i z a t i o n o f w a v e f o r m s (even w i t h o u t a 
t i m i n g re la t i onsh ip ) in t h e D U A L a n d Q U A D m o d e s . 
H o w e v e r , w h e n p h a s e o r t i m i n g c o m p a r i s o n is d e s i r e d 
in D U A L a n d Q U A D m o d e s , al l w a v e f o r m s m u s t be t r i g 
g e r e d by t h e s a m e s o u r c e , a n d t h e V . M O D E p o s i t i o n is 
unsu i t ab le . A l s o , as exp la i ned p rev ious l y , C H O P c a n n o t 
be used in c o n j u n c t i o n w i t h ve r t i ca l M O D E in D U A L o r 
Q U A D m o d e s . If t h e S O U R C E s w i t c h is se t t o t h e C H 1 
(or C H 2 ) p o s i t i o n , t h e c h a n n e l 1 (or c h a n n e l 2) i n p u t 
s i gna l is t h e t r i g g e r sou rce , regard less o f t h e ve r t i ca l 
M O D E . C H 1 (or C H 2 ) is o f t e n used as t h e t r i g g e r 
s o u r c e w h e n t i m i n g c o m p a r i s o n is des i red . If t h e 
S O U R C E s w i t c h is se t t o t h e C H S p o s i t i o n , t h e s igna l 
a p p l i e d t o t h e CHS o r A EXT TRIG j a c k b e c o m e s t h e 
t r i g g e r s o u r c e . T h i s s igna l m u s t have a t i m i n g r e l a t i on 
s h i p t o t h e d i s p l a y e d w a v e f o r m s f o r a s y n c h r o n i z e d d i s 
p lay . In Q U A D m o d e , t h e s igna l a p p l i e d t o t h e CHS o r A 
EXT TRIG j a c k b e c o m e s b o t h t h e t r i g g e r s o u r c e a n d t h e 
d i s p l a y e d c h a n n e l 3 s i gna l . 
A f t e r s e t t i n g t h e S O U R C E s w i t c h , a d j u s t t h e L E V E L / 
SLOPE c o n t r o l @ t o se t t h e t r i g g e r po in t . S y n c is i n d i 
c a t e d by t h e g r e e n TR IG 'D LED l i g h t i n g . 
A s n e c e s s a r y t o o b t a i n a s tab le , s y n c h r o n i z e d d i sp lay , 
a d j u s t t h e H O L D O F F c o n t r o l © a n d C O U P L I N G © 
s w i t c h . 

5. A d j u s t t h e A S W E E P T I M E / D I V c o n t r o l © f o r a n a p 
p r o p r i a t e d i sp lay o f t h e s igna l i npu t . If r equ i red , use t h e 
A V A R I A B L E c o n t r o l © as w e l l . 

6 . T h i s c o m p l e t e s t h e o p e r a t i n g p r o c e d u r e f o r n o r m a l A 
s w e e p d i sp lay . 

[2] MAGNIFIED SWEEP OPERATION 
S i n c e m e r e l y s h o r t e n i n g t h e s w e e p t i m e t o m a g n i f y a po r 
t i o n o f 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 r ed 
p o r t i o n d i s a p p e a r i n g o f f t h e s c r e e n , s u c h m a g n i f i e d d i s 
p lay s h o u l d 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 . 

P r o c e d u r e : 
U s i n g t h e P O S I T I O N c o n t r o l , a d j u s t t h e d e s i r e d p o r t i o n 
o f w a v e f o r m t o t h e c e n t e r o f t h e CRT. Pull o u t t h e FINE 
P U L L X 1 0 M A G © c o n t r o l t o m a g n i f y t h e d i sp l ay 1 0 
t i m e s . For t h i s t y p e o f d i sp lay t h e 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 s e t t i n g d i v i d e d by 1 0 . 

[3] DELAYED SWEEP OPERATION 
De layed s w e e p o p e r a t i o n is a c h i e v e d b y use o f b o t h t h e A 
s w e e p a n d t h e B s w e e p . 

P rocedu re : 
1 . F i rs t se lec t t h e HORIZ D I S P L A Y s w i t c h t o A a n d a d j u s t 

t h e s c o p e f o r a n o r m a l w a v e f o r m d i sp lay . 
2 . S e t t h e B S O U R C E s w i t c h ® t o t h e S T A R T S AFTER 

D E L A Y . Se lec t t h e HORIZ D I S P L A Y t o t h e A - I N T - B 
m o d e a n d a p o r t i o n o f t h e B s w e e p r e p r e s e n t i n g t h e B 
S W E E P T I M E / D I V w i l l appea r as an i n t ens i f i ed p o r t i o n 
o f t h e A s w e e p . T h e B s w e e p i n t e n s i t y is a d j u s t e d us 
i ng t h e B I N T E N S I T Y c o n t r o l @ . 

3 . S h i f t t h e i n t ens i f i ed p o r t i o n o f w a v e f o r m ( sec t i on t o be 
m a g n i f i e d ) a l o n g t h e A s w e e p by use o f t h e D E L A Y 
T I M E M U L T <§>. 

4 . Se lec t t h e HORIZ D I S P L A Y s w i t c h t o B D L Y ' D t o d i s 
p lay t h e A - I N T - B i n t ens i f i ed p o r t i o n as a m a g n i f i e d B 
D L Y ' D s w e e p . 

De lay T i m e ( m a g n i f i e d p o r t i o n ) = D E L A Y T I M E M 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. For S T A R T S A F T E R D E L A Y o p e r a t i o n , a p p a r e n t j i t t e r 
i nc reases as m a g n i f i c a t i o n inc reases . T o o b t a i n a j i t t e r 
f ree d i sp lay , s e t t h e B S O U R C E s w i t c h ® in a p o s i t i o n 
s im i l a r t o t h a t o f c o r r e s p o n d i n g f o r A S O U R C E . In t h i s 
m o d e t h e s igna l s e l e c t e d by t h e B 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 i gge r s o u r c e , m a k i n g use o f t h e B t r i g g e r 
LEVEL <§> c o n t r o l t o se t t h e t r i g g e r p o i n t . B S O U R C E , 
a n d L E V E L / S L O P E c o n t r o l s are se t in a m a n n e r s im i l a r 
t o t h a t o f t h e c o r r e s p o n d i n g c o n t r o l s f o r A s w e e p . 

Fig. 6 
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N o t e t h a t f o r t y p e o f o p e r a t i o n b o t h t h e D E L A Y T I M E 
M U L T a n d t r i g g e r LEVEL 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 h e de lay t i m e is used as a re fe rence po in t . 

[4] ALTERNATING SWEEP OPERATION 
A s w e e p a n d B s w e e p are usab le in an a l t e r n a t i n g m o d e 
m a k i n g i t p o s s i b l e t o o b s e r v e b o t h t h e n o r m a l a n d m a g n i 
f i e d 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 . Se lec t t h e HORIZ D I S P L A Y s w i t c h t o A a n d a d j u s t t h e 

s c o p e f o r a n o r m a l w a v e f o r m d i sp lay . 
2 . S e t t h e B S O U R C E s w i t c h t o S T A R T S AFTER D E L A Y 

a n d se lec t t h e HORIZ D I S P L A Y t o A L T . A d j u s t T R A C E 
SEP © f o r easy o b s e r v a t i o n o f b o t h t h e A a n d B 
t r aces . 
T h e u p p e r t r a c e is t h e n o n - m a g n i f i e d p o r t i o n o f t h e 
w a v e f o r m w i t h t h e m a g n i f i e d p o r t i o n s u p e r - i m p o s e d as 
an i n t e n s i f i e d 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 i n 
t e n s i f i e d p o r t i o n d i s p l a y e d m a g n i f i e d . 
B I N T E N S I T Y c a n be used t o ad jus t t h e i n t ens i t y o f t h e 
s u p e r - i m p o s e d w a v e f o r m . 

3 . T h e D E L A Y T I M E M U L T c o n t r o l c a n be used t o c o n t i n 
u o u s l y s l ide t h e m a g n i f i e d p o r t i o n o f t h e w a v e f o r m 
a c r o s s t h e A s w e e p p e r i o d t o a l l o w m a g n i f i c a t i o n o f 
p rec ise ly t h e des i r ed p o r t i o n o f w a v e f o r m . 

4 . A p p a r e n t d i sp lay j i t t e r i nc reases w i t h i nc reased m a g n i 
f i c a t i o n as is t h e case w i t h d e l a y e d s w e e p d i s c u s s e d 
a b o v e . By c a n c e l l i n g t h e S T A R T S AFTER D E L A Y m o d e , 
B t r i g g e r LEVEL c o n t r o l c a n be u s e d t o se t t h e t r i g g e r 
po in t . 

F ig . 7 

[5] X-Y OPERATION 
Phase d i f f e rence m e a s u r e m e n t s m a y be m a d e b y use o f 

t h e X - Y d i sp l ay m o d e . 

P r o c e d u r e : 
Se lec t t h e HORIZ D I S P L A Y s w i t c h t o t h e X - Y m o d e . In 
t h i s m o d e t h e c h a n n e l 1 i n p u t b e c o m e s t h e Y - a x i s i n p u t 
a n d t h e c h a n n e l 2 i npu t t h e X -ax i s i npu t f o r X - Y d i sp lay . 
For X - Y o p e r a t i o n t h e X a n d Y p o s i t i o n s are a d j u s t e d u s i n g 
t h e c h a n n e l 2 * P O S I T I O N , X - Y a n d c h a n n e l 1 * P O S I 
T I O N c o n t r o l s respec t i ve l y . 

X a n d Y sens i t i v i t i e s are se t b y u s i n g t h e c h a n n e l 2 a n d 
c h a n n e l 1 V A R I A B L E , V O L T S / D I V c o n t r o l s respec t i ve l y . 
By pu l l i ng o u t t h e t w o a b o v e m e n t i o n e d V A R I A B L E c o n 
t r o l s , t h e sens i t i v i t i es o f b o t h t h e X a n d Y ax is are m a g n i 
f i ed b y 5 t i m e s . A I N T E N S I T Y c o n t r o l is u s e d t o a d j u s t t h e 
i n t e n s i t y o f t h e d i s p l a y d u r i n g X - Y o p e r a t i o n . 

[6] SINGLE SWEEP OPERATION 
T h i s m o d e o f d i sp l ay is use fu l f o r l o o k i n g a t n o n -
s y n c h r o n o u s o r o n e t i m e e v e n t s . 

P r o c e d u r e : 
1 . Se lec t t h e TRIG M O D E t o e i t he r A U T O o r N O R M . 

A p p l y a s igna l o f a p p r o x i m a t e l y t h e s a m e a m p l i t u d e 
a n d f r e q u e n c y as t h e s igna l t h a t is t o be o b s e r v e d as 
t h e t r i g g e r s igna i a n d se t t h e t r i g g e r LEVEL. 

2 . S e l e c t TRIG M O D E t o S I N G L E a n d p ress t h e RESET 
b u t t o n - o b s e r v e t h a t t h e red LED l i gh t s t o i n d i c a t e t h e 
rese t c o n d i t i o n . T h i s LED g o e s o u t w h e n t h e A s w e e p 
p e r i o d is 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 
t o o p e r a t e in t h e S I N G L E s w e e p m o d e o f o p e r a t i o n 
a f t e r r e s e t t i n g t h e s c o p e u s i n g t h e RESET b u t t o n . I n p u t 
o f t h e t r i g g e r s i gna l resu l t s in o n e a n d o n l y o n e s w e e p . 

N O T E : • 
W i t h t h e HORIZ D I S P L A Y se lec t t o 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 o f 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 n o t poss ib l e . A l s o f o r 
D U A L o r Q U A D o p e r a t i o n 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 
n o t poss i b l e u s i n g A L T m o d e . S e t t h e s c o p e t o t h e 
C H O P m o d e in t h i s case. 

[7] DUAL AND QUAD TRACE OPERATION 
By s e t t i n g t h e ve r t i ca l M O D E t o D U A L o r Q U A D , Dua l a n d 
Q u a d t r a c e o p e r a t i o n s c a n be a c h i e v e d . A d d i t i o n a l l y s e 
l e c t i n g t h e H O R I Z D I S P L A Y t o A L T p r o d u c e s u p t o a n 8 
t r ace . 
O p e r a t i o n o f t h e v a r i o u s c o n t r o l s is f o r t h i s t y p e o f d i s p l a y 
m o d e s im i la r t o t h e o p e r a t i o n d e s c r i b e d a b o v e f o r 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 . 
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[8] CASCADED OPERATION 
T h i s m o d e o f o p e r a t i o n is used w h e n s e n s i t i v i t y g rea te r 
t h a n 1 m V / d i v is requ i red . 

P r o c e d u r e : 
1 . C o n n e c t t h e CH 1 O U T j a c k t o t h e c h a n n e l 2 i n p u t j a c k 

u s i n g a B N C cab le t h r o u g h t h e 50Q t e r m i n a t i o n . 
2 . For c a s c a d e o p e r a t i o n d o n o t pu l l t h e c h a n n e l 1 a n d 

c h a n n e l 2 X5 G A I N s w i t c h e s t o w a r d y o u . 
3 . Se lec t ve r t i ca l M O D E t o C H 2 . 
4 . S e t t h e c h a n n e l 1 a n d c h a n n e l 2 V O L T S / D I V t o 5 m V 

a n d i n p u t a s igna l f o r a s e n s i t i v i t y o f 5 0 0 ^ V / d i v o n 
c h a n n e l 1 . 
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PROBE COMPENSATION 
If a c c u r a t e m e a s u r e m e n t s are t o be m a d e , t h e e f f ec t o f t h e 
p r o b e b e i n g used m u s t be p r o p e r l y a d j u s t e d o u t p u t o f t h e 
m e a s u r e m e n t s y s t e m u s i n g t h e i n te rna l ca l i b ra t i on s i gna l 
o r s o m e o t h e r s q u a r e w a v e s o u r c e . 
1 . C o n n e c t t h e p r o b e t o t h e c h a n n e l t o b e u s e d a n d s e t 

t h e v a r i o u s c o n t r o l s f o r a n o r m a l A s w e e p d isp lay . 
2 . A d j u s t t h e S W E E P T I M E / D I V c o n t r o l f o r d i sp l ay o f 

seve ra l c y c l e s o f t h e s i gna l f r o m t h e c a l i b r a t i o n o u t p u t , 
C A L , t e r m i n a l . 

3 . A d j u s t t h e p r o b e c o m p e n s a t i o n c o n t r o l f o r a p r o p e r 
w a v e f o r m d i sp lay . 

4 . T h e o t h e r c h a n n e l s are c o m p e n s a t e d f o r in t h e s a m e 

w a y . 

Correct 
compensation 

Over 
compensation 

Insufficient 
compensation 

TRACE ROTATION COMPENSATION 
R o t a t i o n f r o m a ho r i zon ta l t r a c e p o s i t i o n can be t h e cause 
o f m e a s u r e m e n t e r ro rs . 
A d j u s t t h e s c o p e c o n t r o l s f o r a n o r m a l d i sp lay . S e t t h e 
A C - G N D - D C s w i t c h t o G N D a n d TRIG M O t f E s w i t c h t o 
A U T O . 
A d j u s t t h e * P O S I T I O N c o n t r o l s u c h t h a t t h e t r a c e is o v e r 
t h e c e n t e r ho r i zon ta l g r a d u a t i o n l ine. 
I f t h e t r a c e a p p e a r s t o b e r o t a t e d f r o m h o r i z o n t a l , a l i gn i t 
w i t h t h e c e n t e r g r a d u a t i o n l ine u s i n g t h e T R A C E R O T A 
T I O N c o n t r o l l o c a t e d o n t h e f r o n t pane l . 

DC VOLTAGE MEASUREMENTS 
T h i s p r o c e d u r e d e s c r i b e s t h e m e a s u r e m e n t p r o c e d u r e f o r 
dc w a v e f o r m s . 

P r o c e d u r e : 
1 . C o n n e c t t h e s igna l t o be m e a s u r e d t o t h e ve r t i ca l 

I N P U T j a c k a n d se lec t t h e ve r t i ca l M O D E t o t h e c h a n n e l 
t o be u s e d . 
S e t 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 c o n t r o l s t o 
o b t a i n a n o r m a l d i sp lay o f t h e w a v e f o r m t o be m e a 
s u r e d . S e t t h e V A R I A B L E c o n t r o l t o t h e C A L 

2 . S e l e c t t h e TRIG M O D E s w i t c h t o A U T O a n d A C - G N D -
DC s w i t c h t o G N D , w h i c h es tab l i shes a t r a c e a t t h e ' 

ze ro v o l t re fe rence . U s i n g t h e * 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 p o s i t i o n t o t h e des i r ed re fe rence level p o 
s i t i o n , m a k i n g su re n o t t o d i s t u r b t h i s s e t t i n g o n c e 
m a d e . 

3. S e t t h e A C - G N D - D C s w i t c h t o t h e DC p o s i t i o n t o o b 
se rve t h e w a v e f o r m , i n c l u d i n g i t s d c c o m p o n e n t . If an 
a p p r o p r i a t e re fe rence level p o s i t i o n w a s s e l e c t e d in 
s t e p 3 o r an in a p p r o p r i a t e o r V O L T S / D I V s e t t i n g w a s 
m a d e , t h e w a v e f o r m m a y n o t be v i s i b l e o n t h e CRT a t 
t h i s p o i n t ( de f l ec ted c o m p l e t e l y o f f t h e sc reen) . T h i s is 
espec ia l l y t r ue w h e n t h e dc c o m p o n e n t is la rge w i t h re
s p e c t t o t h e w a v e f o r m a m p l i t u d e . If s o , rese t V O L T S / 
D IV a n d / o r t h e * P O S I T I O N c o n t r o l . 

4 . Use t h e P O S I T I O N c o n t r o l t o b r i n g t h e p o r t i o n o f 
t h e w a v e f o r m t o be m e a s u r e d t o t h e c e n t e r ve r t i ca l g r a 
d u a t i o n l ine o f t h e g ra t i cu le sca le . 

5. 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 f r o m t h e re fe rence leve l 
t o t h e p o i n t t o be m e a s u r e d , ( the re fe rence level c a n be 
r e c h e c k e d b y m o m e n t a r i l y r e t u r n i n g t h e A C - G N D - D C 
s w i t c h aga in t o GND) . 
M u l t i p l y t h e d i s t a n c e m e a s u r e d a b o v e b y t h e V O L T S / 
D IV s e t t i n g a n d is t h e p r o b e a t t e n u a t i o n ra t io as w e l l . If 
"x 5 G A I N " has b e e n s e t m u l t i p l y t h e va lue b y 1 /5 as 

w e l i . 
V o l t a g e s a b o v e a n d b e l o w t h e re fe rence leve l are p o s i 
t i v e a n d n e g a t i v e va lues respec t i ve l y . 

U s i n g t h e f o r m u l a : 
Dc level = 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 ( p robe a t t e n u a t i o n rat io) x "x 5 G A I N " va lue (1 / 5 ) 

Measuring point adjusted to the 
center vertical scale by <«• POSITION 
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Ground potential adjusted by 
Y position (reference line) 
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[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in Fig. 9 , t h e p o i n t b e i n g m e a 
s u r e d is 3 .8 d i v i s i o n s f r o m t h e re fe rence level ( g r o u n d p o 
ten t ia l ) . 
If t h e V O L T S / D I V w a s se t t o 0 . 2 V a n d a 1 0 : 1 p r o b e w a s 
u s e d . 
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 (div) x 0 .2 (V) x 1 0 = 7 . 6 V 
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APPLICATION 

M E A S U R E M E N T 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 ON A W A V E F O R M 

T h i s p r o c e d u r e m a y be used t o m e a s u r e p e a k - t o peak v o l 

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

t w o p o i n t s o n a w a v e f o r m . 

P r o c e d u r e : 
1 . A p p l y t h e s igna l t o be m e a s u r e d t o t h e I N P U T j ack , se 

lec t t h e ve r t i ca l M O D E t o t h e c h a n n e l t o be u s e d a n d 
se t t h e A C - G N D - D C s w i t c h t o A C , a d j u s t i n g V O L T S / 
D IV a n d S W E E P T I M E / D I V c o n t r o l s f o r a n o r m a l d i s 
p lay. Se t t h e V A R I A B L E c o n t r o l t o C A L 

2 . U s i n g t h e ^ P O S I T I O N c o n t r o l a d j u s t t h e w a v e f o r m p o 
s i t i o n s u c h t h a t o n e o f t h e t w o p o i n t s fa l l s o n a m a j o r 
g r a d u a t i o n l ine. 

3 . U s i n g t h e P O S I T I O N c o n t r o l , a d j u s t t h e s e c o n d 
p o i n t t o c o i n c i d e w i t h t h e c e n t e r ve r t i ca l g r a d u a t i o n 
l ine. 

4 . M e a s u r e t h e ve r t i ca l d i s t a n c e b e t w e e n t h e t w o p o i n t s 
a n d m u l t i p l y t h e n u m b e r o f d i v i s i o n s b y t h e s e t t i n g o f 
t h e V O L T S / D I V c o n t r o l . 
If a p r o b e is u s e d , f u r t h e r m u l t i p l y t h i s b y t h e p r o b e a t 
t e n u a t i o n ra t i o , i f a n y a n d i f ' x 5 G A I N " is u s e d , m u l t i p l y 
t h e va lue b y 1 / 5 as w e l l . 

U s i n g t h e f o r m u l a : 
V o l t s Peak - to -Peak 
= V e r t i c a l d i s t a n c e (div) x ( V O L T S / D I V s e t t i n g ) 

x (p robe a t t e n u a t i o n rat io) x " x 5 G A I N " va lue" 1 (1 / 5 ) 

Adjust to the center 
vertical scale with POSITION. 

- Points to be measured 

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 can be c o n v e n i e n t l y used t o cance l o u t 
t h e e f f e c t o f an u n d e s i r e d s igna l c o m p o n e n t w h i c h is s u p 
e r i m p o s e d o n t h e s igna l y o u w i s h t o o b s e r v e . 

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

t h e c h a n n e l 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 igna l i t se l f 
a lone t o t h e c h a n n e l 2 I N P U T j ack . 

2 . Se lec t t h e ve r t i ca l M O D E s w i t c h t o D U A L (CHOP) a n d 
S O U R C E s w i t c h t o C H 2 . V e r i f y t h a t c h a n n e l 2 r ep re 
s e n t s t h e u n w a n t e d s igna l in reve rse po la r i t y . If n e c e s 
sa ry , reverse po la r i t y b y s e t t i n g C H 2 t o INV. 

3 . S e l e c t t h e ve r t i ca l M O D E s w i t c h t o A D D , S O U R C E 
s w i t c h t o V M O D E a n d 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 s o t h a t t h e u n d e s i r e d s igna l c o m p o n e n t is c a n 
ce l l ed as m u c h as p o s s i b l e . T h e r e m a i n i n g s igna l 
s h o u l d be t h e s igna l y o u w i s h t o o b s e r v e a lone a n d f ree 
o f t h e u n w a n t e d s i gna l . 

Adjust to the horizontal scale 
with $ POSITION 

F i g . 1 0 

[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in Fig 1 0 , t h e t w o p o i n t s are s e p a 
ra ted by 4 . 4 d i v i s i o n s ve r t i ca l l y . Le t t h e V O L T S / D I V se t 
t i n g be 0 . 2 V / d i v a n d t h e p r o b e a t t e n u a t i o n be 1 0 : 1 . 

S u b s t i t u t i n g t h e g i ven va lue : 
V o l t a g e b e t w e e n t w o p o i n t s = 4 . 4 (div) x 0 .2 (V) x 1 0 

= 8 . 8 V 

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

Undesired component signal 

1 9 
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APPLICATION 
• Adjust to the vertical 
scale with < > POSITION 

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 f o r m a k i n g t i m e m e a s u r e m e n t s b e t 
w e e n t w o p o i n t s o n a w a v e f o r m . T h e c o m b i n a t i o n o f t h e 
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 p o i n 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 h e s igna l t o be m e a s u r e d t o t h e I N P U T j a c k a n d 

s e ; c t t h e v e r t i c a l M O D E s w i t c h t o t h e c h a n n e l t o be 
u s e d . A d j u s t V O L T S / D I V a n d S W E E P T I M E / D I V c o n 
t r o l s f o r a n o r m a l d i sp lay . 
Be su re t h a t t h e V A R I A B L E c o n t r o l is se t t o C A L . 

2 . U s i n g t h e ^ P O S I T I O N c o n t r o l se t o n e o f t h e p o i n t s t o 
be used as a re fe rence t o c o i n c i d e w i t h t h e ho r i zon ta l 
cen te r l i ne . 
Use t h e o P O S I T I O N c o n t r o l t o s e t t h i s p o i n t a t t h e i n 
t e r s e c t i o n o f a n y ve r t i ca l g r a d u a t i o n l ine. 

3 . M e a s u r 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 
p o i n t s . 
M u l t i p l y t h i s by t h e s e t t i n g 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 t o o b t a i n t h e t i m e b e t w e e n t h e t w o p o i n t s . If 
h o r i z o n t a l " x 1 0 M A G " is u s e d , m u l t i p l y t h i s f u r t h e r b y 
1 / 1 0 . 

U s i n g t h e f o r m u l a : 
T i m e = H o r i z o n t a l d i s t a n c e (div) x ( S W E E P T I M E / D I V s e 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 h e e x a m p l e s h o w n in F ig . 1 2 , 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 p o i n t s is 5 .4 d i v i s i ons . 
If t h e S W E E P T I M E / D I V is 0 . 2 m s / d i v w e ca lcu la te . 
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 (div) x 0 .2 (ms) = 1.08 m s 

Horizontal distance Adjust to horizontal center 
line with * POSITION 

F i g . 1 2 

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

Frequency m e a s u r e m e n t s are m a d e b y m e a s u r i n g t h e per 
i od o f o n e 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 rec i p roca l o f 
t h i s t i m e va lue as 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 t h e o s c i l l o s c o p e up t o d i s p l a y o n e 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 rec i p roca l o f t h e p e r i o d m e a s u r e d . 

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

Freq - p e r j o c | 

2 0 

Signal without undesired component 

F i g . 11 

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

F i g . 1 3 

[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in Fig. 1 3 , a p e r i o d o f 4 0 /is is 
o b s e r v e d a n d m e a s u r e d . 

S u b s t i t u t i n g t h e g i v e n va lue : 
Freq = 1 / [ 4 0 x 1 0 " 6 ] = 2 .5 x 1 0 4 = 2 5 kHz 



APPLICATION 

W h i l e t h e a b o v e m e t h o d rel ies o n t h e m e a s u r e m e n t d i r e c t 
ly o f t h e p e r i o d o f o n e cyc l e , t h e f r e q u e n c y m a y a l so be 
m e a s u r e d b y c o u n t i n g t h e n u m b e r o f c y c l e s p r e s e n t in a 
g i v e n t i m e p e r i o d . 
1 . A p p l y t he s igna l t o I N P U T jack , s e t t i n g t h e ve r t i ca l 

M O D E s w i t c h t o t h e c h a n n e l t o be used a n d a d j u s t i n g 
t h e v a r i o u s c o n t r o l s f o r a n o r m a l d i sp lay . Se t t h e V A R I 
A B L E c o n t r o l t o C A L . 

2 . C o u n t t h e n u m b e r o f c y c l e s o f 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 o f ve r t i ca l g r a d u a t i o n l ines . 
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 ve r t i ca l l ines 
u s e d a b o v e a n d t h e S W E E P T I M E / D I V , t h e t i m e s p a n 
m a y be c a l c u l a t e d . M u l t i p l y t h e rec ip roca l o f t h i s va lue 
by the n u m b e r o f c y c l e s p r e s e n t in t h e g i v e n t i m e s p a n . 
If " x 1 0 M A G " is u s e d m u l t i p l y t h i s f u r t h e r b y 1 0 . 
N o t e t h a t e r ro rs w i l l o c c u r f o r d i s p l a y s h a v i n g o n l y 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 : 

_ # o f c y c l e s x " x 1 0 M A G " va lue 
r e q ~ Horizontal d is tance (div) x SWEEP T I M E / D I V set t ing 

[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in Fig. 1 4 , w i t h i n 7 d i v i s i o n s t he re 

are 1 0 cyc l es . 

T h e S W E E P T I M E / D I V s e t t i n g is 5 /JS. 

S u b s t i t u t i n g t h e g i v e n va lue : 

Freq = , l°t = 2 8 5 . 7 kHz 
7 x 5 (/is) 

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 igna l t o I N P U T j a c k a n d se lec t t h e ve r 

t i ca l M O D E s w i t c h t o t h e c h a n n e l t o be used . 
2 . U s 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 t r o l s 

t o 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 eas 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 h e c e n t e r ho r i zon ta l l ine o n t h e CRT 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 t e r s e c t i o n o f t h e 
p u l s e w a v e f o r m a n d t h e c e n t e r h o r i z o n t a l l ine in d i v i 
s i ons . Be sure t h a t t h e A V A R I A B L E c o n t r o l is in t h e 

C A L p o s i t i o n . M u l t i p l y t h i s d i s t a n c e b y t h e A S W E E P 
T I M E / D I V c o n t r o l a n d b y 1 / 1 0 is " x 1 0 M A G " m o d e is 
b e i n g u s e d . 

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

D I V s e t t i n g ) x " x M A G 1 0 " va lue " 1 ( 1 / 1 0 ) 

[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in F ig . 1 5 , 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 h o r i z o n t a l l i ne is 4 . 6 d i v i s i o n s a n d t h e A 
S W E E P . T I M E / D I V s e t t i n g is 0 . 2 m 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 : 
Pulse w i d t h = 4 . 6 (div) x 0 .2 m s = 0 . 9 2 m s 

Adjust to the vertical scale 
-with • POSITION 

Align the waveform with the 
center using ^ POSITION 

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

For 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 , t h e 1 0 % a n d 9 0 % 
a m p l i t u d e p o i n t s ARE u s e d as s t a r t i n g a n d e n d i n g re fe rence 
p o i n t s . 
P r o c e d u r e : 
1 . A p p l y a s i gna l t o I N P U T j a c k a n d s e l e c t t h e v e r t i c a l 

M O D E s w i t c h t o t h e c h a n n e l t o 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 c o n t r o l s t o a d j u s t 
t h e w a v e f o r m p e a k t o peak h e i g h t t o s ix 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 c o n t r o l a n d t h e o t h e r c o n t r o l s , 
a d j u s 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 lay . S e t t h e S W E E P T I M E / D I V c o n 
t r o l t o as f a s t a s e t t i n g as 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 o f b o t h t h e 1 0 % a n d 9 0 % p o i n t s . S e t t h e A 
V A R I A B L E c o n t r o l t o C A L 

3. U s e t h e < > P O S I T I O N c o n t r o l t o a d j u s t t h e 1 0 % p o i n t 
t o c o i n c i d e w i t h a v e r t i c a l g r a d u a t i o n 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 % 
p o i n t s o n t h e w a v e f o r m . M u l t i p l y t h i s b y t h e S W E E P 
T I M E / D I V a n d a l so b y 1 / 1 0 , if " x 1 0 M A G " m a d e w a s 
u s e d . 

N O T E : 
Be su re t h a t t h e c o r r e c t 1 0 % a n d 9 0 % l ines are u s e d . 
For 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 % p o i n t s 
are m a r k e d o n t h e CRT s c r e e n . 

2 1 

Pulse length (at 50%) 

Fig. 15 

. Count cycles between. 
this portion 

Fig. 14 



APPLICATION 

U s i n g t h e f o r m u l a : 
R i se t ime = Ho r i zon 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 i ng ) x " x 1 0 M A G " va lue 1 ( 1 / 1 0 ) 

[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in Fig. 1 6 , t h e ho r i zon ta l d i s t a n c e 
is 4 . 0 d i v i s i ons . 
T h e S W E E P T I M E / D I V s e t t i n g is 2 fjs 

S u b s t i t u t i n g t h e g i v e n va lue : 
R i s e t i m e = 4 . 0 (div) x 2 (/is) = 8 pis 

Rise t ime a n d f a l l t i m e c a n be m e a s u r e d by m a k i n g use o f 
t h e a l t e rna te s t e p 3 as d e s c r i b e d b e l o w as w e l l . 
4 . Use t h e <*> P O S I T I O N c o n t r o l t o se t t h e 1 0 % p o i n t t o 

c o i n c i d e w i t h t h e c e n t e r ve r t i ca l g r a d u a t i o n 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 t o t h e p o i n t o f t h e 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 h e cen te r ho r i zon ta l 
l ine. Le t t h i s d i s t a n c e be Di. N e x t a d j u s t t h e w a v e f o r m 
p o s i t i o n s u c h t h a t t h e 9 0 % p o i n t c o i n c i d e s w i t h t h e 
ve r t i ca l cen te r l i ne a n d m e a s u r e t h e d i s t a n c e f r o m t h a t 
l ine t o t h e 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 h e h o r i 
z o n t a l cen te r l i ne . T h i s d i s t a n c e is D2 a n d t h e t o t a l h o r i 
z o n t a l d i s t a n c e is t h e n D1 p lus D2 f o r use in t h e a b o v e 
re l a t i onsh ip in c a l c u l a t i n g t h e r i s e t i m e o r f a l l t i m e . 

U s i n g t h e f o r m u l a : 
R i se t ime = (D1 +D2) (div) 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 h e e x a m p l e s h o w n in Fig. 1 7 , t h e m e a s u r e d D i is 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 
s e t t i n g is 2 fis w e use t h e f o l l o w i n g r e l a t i onsh ip 

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 se t ime = (1 .8 + 2 .2) (div) x 2 (us) = 8 JJS 

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 r o c e d u r e is use fu l in m e a s u r e m e n t o f t i m e d i f fe r 
e n c e s b e t w e e n t w o s igna l s t h a t are s y n c h r o n i z e d t o o n e 
a n o t h e r b u t s k e w e d in t i m e . 

P rocedu re : 
1 . A p p l y t h e t w o s igna ls t o c h a n n e l 1 a n d c h a n n e l 2 I N 

PUT j a c k s a n d se lec t t h e ve r t i ca l M O D E s w i t c h t o 
D U A L c h o o s i n g e i the r A L T o r C H O P m o d e . 
Genera l l y f o r l o w f r e q u e n c y s igna ls C H O P is c h o s e n 
w i t h A L T used f o r h i g h f r e q u e n c y s igna ls . 

2 . Se lec t t h e f a s t e r o f t h e t w o s igna l s as t h e S O U R C E a n d 
use 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 c o n t r o l s t o 
o b t a i n an eas i l y o b s e r v e d d i sp lay . 
Se t t h e A V A R I A B L E c o n t r o l t o C A L . 

3 U s i n g t h e * P O S I T I O N c o n t r o l se t t h e w a v e f o r m s t o t h e 
c e n t e r o f t h e CRT d i s p l a y a n d use t h e P O S I T I O N 
c o n t r o l t o se t t h e re fe rence s igna l t o be c o i n c i d e n t w i t h 
a ve r t i ca l g r a d u a t i o n l ine. 

4 . M e a s u r 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 s i g 
na ls a n d m u l t i p l y t h i s d i s t a n c e in d i v i s i o n s b y t h e 
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 b e i n g used m u l t i p l y t h i s aga in 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 (div) x ( S W E E P T I M E / D IV 
se t t i ng ) x " x 1 0 M A G " va lue" 1 ( 1 / 1 0 ) 

Reference signal 

Adjust 10% point to the 
center and mesure Di. 

2 2 

. Adjust to the vertical scale 

. with POSITION 

Rise time 
F i g . 1 6 

Comparison signal 

Adjust 90% point to the center 
and measure D2. 

Rise time 

F i g . 1 7 

• Time difference 

F i g . 1 8 

[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in F ig . 1 8 , t h e h o r i z o n t a l d i s t a n c e 
m e a s u r e d is 4 . 4 d i v i s i o n s . T h e S W E E P T I M E / D I V s e t t i n g 
is 0 . 2 m 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 : 
T i m e = 4 . 4 (div) x 0 . 2 (ms) = 0 . 8 8 m s 



A P P L I C A T I O N 

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

e n c e o f s i gna l s o f t h e s a m e f r e q u e n c y . 
1 . A p p l y t h e t w o s igna l s t o c h a n n e l 1 a n d c h a n n e l 2 

I N P U T j a c k s , s e l e c t i n g the ve r t i ca l M O D E s w i t c h t o 
D U A L a n d c h o o s i n g e i the r C H O P or A L T m o d e . 

2 . Se t t h e SOURCE s w i t c h t o t h e s igna l w h i c h is l ead ing 
in phase a n d use V O L T S / D i V c o n t r o l t o a d j u s t t h e s i g 
na ls s u c h t h a t t h e y are equa l in a m p l i t u d e . A d j u s t t h e 
o t h e r c o n t r o l s f o r a n o r m a l d i sp lay . 

3 . U s e t h e S W E E P T I M E / D I V a n d A V A R I A B L E c o n t r o l s t o 
a d j u s t t h e d i s p l a y s u c h t h a t o n e c y c l e o f t h e s i gna l s o c 
cup ies 8 d i v i s i o n s o f h o r i z o n t a l d i sp lay . 
U s e t h e | P O S I T I O N c o n t r o l t o b r i n g t h e s i gna l s in t he 
c e n t e r o f t h e s c r e e n . 

H a v i n g s e t u p t h e d i s p l a y as a b o v e , o n e d i v i s i o n 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 ho r i zon ta l d i s t a n c e b e t w e e n c o r r e s p o n d 

i ng p o i n t s o n t h e t w o w a v e f o r m s . 

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

Phase difference 

[ E X A M P L E ] 

For t h e e x a m p l e s h o w n in Fig. 1 9 , 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 u b s t i t u t i n g t h e g i v e n va lue : 
T h e phase d i f f e r e n c e = 1.7 (div) 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 ° p e r d i v i s i o n b u t if m o r e ac 
c u r a c y is r equ i r ed t h e S W E E P T I M E / D I V s e t t i n g m a y b e 
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 A V A R I A B L E 
c o n t r o l a n d i f n e c e s s a r y t h e t r i g g e r leve l c a n be r e a d j u s t e d . 

For t h i s t y p e o f o p e r a t i o n , t h e r e l a t i o n s h i p o f o n e d i v i s i o n 

t o 4 5 ° n o l onge r ho lds . Phase d i f f e r e n c e is d e f i n e d b y t h e 

f o r m u l a as f o l l o w . 

Phase d i f f e r e n c e = h o r i z o n t a l d i s t a n c e o f n e w s w e e p r a n g e 
(div) x 4 5 ° / d i v 

N e w S W E E P T I M E / D I V s e t t i n g 
Or ig i na l S W E E P T I M E / D I V s e t t i n g 

A n o t h e r s i m p l e m e t h o d o f o b t a i n i n g m o r e a c c u r a c y q u i c k 
ly is t o s i m p l y use " x 1 0 M A G " f o r a sca le o f 4 5 ° / d i v 

One cycle adjusted to occupy 8 div. 

I — Phase difference 

RELATIVE MEASUREMENTS 
If t h e f r e q u e n c y a n d a m p l i t u d e o f s o m e re fe rence s igna l 
are k n o w n , an u n k n o w n s igna l m a y be m e a s u r e d f o r leve l 
a n d f r e q u e n c y w i t h o u t use ot t h e V O L T S / D I V o r S W E E P 
T I M E / D I V c o n t r o l s f o r ca l ib ra t 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 t o t h e re fe rence 

s i gna l . 

• Vertical Sensitivity 
S e t t i n g t h e re la t i ve ve r t i ca l s e n s i t i v i t y u s i n g a r e fe rence 

s i gna l . 

1 . A p p l y t h e re fe rence s i gna l t o 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 f o r a n o r m a l w a v e f o r m d i sp lay . 
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 c o n t r o l s s o t h a t 
t h e s i g n a l c o i n c i d e s w i t h t h e C R T face ' s g r a d u a t i o n 
l ines. A f t e r a d j u s t i n g , be su re n o t t o d i s t u r b t h e s e t t i n g 
o f t h e V A R I A B L E c o n t r o l . 

2 3 

Phase difference 

Reference signal 

1 cycle -

'Comparison 
signal 

Fig. 19 

Expanded sweep waveform display. 

Fig. 2 0 
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2 . T h e ve r t i ca l c a l i b r a t i o n c o e f f i c i e n t is n o w t h e re fe rence 
s igna l ' s a m p l i t u d e ( in vo l t s ) d i v i d e d b y t h e p r o d u c t o f 
t h e ve r t i ca l a m p l i t u d e s e t in s t e p 1 a n d t h e 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 : 

Ve r t i ca l c o e f f i c i e n t 

_ V o l t a g e o f t h e re fe rence s igna l (V) 
~ Ve r t i ca l a m p l i t u d e (div) x V O L T S / D I V s e t t i n g 

3 . R e m o v e t h e re fe rence s igna l a n d a p p l y t h e u n k n o w n 
s igna l t o I N P U T jack , u s i n g t h e V O L T S / D I V c o n t r o l t o 
a d j u s t t h e d i sp l ay f o r easy o b s e r v a t i o n . M e a s u r e t h e 
a m p l i t u d e o f t h e d i s p l a y e d w a v e f o r m a n d use t h e 
f o l l o w i n g r e l a t i onsh ip t o ca l cu la te t h e ac tua l a m p l i t u d e 

• o f t h e u n k n o w n w a v e f o r m . 

A m p l i t u d e o f 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 (div) x V e r t i c a l c o e f f i c i e n t 
x V O L T S / 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 s h o w n in F ig . 2 1 , t h e V O L T S / D I V s e t t i n g 
is 1V. 
T h e re fe rence s igna l is 2 V r m s . U s i n g t h e V A R I A B L E c o n 
t r o l , 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 re fe rence s igna l is 
4 d i v i s i ons . 

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 : 

Ve r t i ca l c o e f f i c i e n t = A f3Yrm,s»» = 0 - 5 
4 (div) x 1 (V) 

Fig. 21 

T h e n , m e a s u r e t h e u n k n o w n s igna l a n d V O L T S / D I V 
s e t t i n g is 5 V a n d ve r t i ca l a m p l i t u d e is 3 d i v i s i o n s . (F ig. 2 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 : 
E f fec t i ve va lue o f u n k n o w n s igna l = 3 (div) x 0 .5 x 5 (V) 

= 7.5 V r m s 

• Period 
S e t t i n g t h e re la t i ve s w e e p c o e f f i c i e n t w i t h r e s p e c t t o a re
f e r e n c e f r e q u e n c y s i gna l . 
1 . A p p l y t h e re fe rence s i gna l t o I N P U T j ack , u s i n g t h e 

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 t o o b t a i n an eas i l y 
o b s e r v e d w a v e f o r m d i sp lay . 
U s i n g t h e S W E E P T I M E / D I V a n d V A R I A B L E c o n t r o l s , 
a d j u s t o n e cyc l e o f t h e re fe rence s igna l t o o c c u p y a 
f i x e d n u m b e r o f sca le d i v i s i o n s accu ra te l y . A f t e r t h i s is 
d o n e be su re n o t t o d i s t r u b t h e s e t t i n g o f t h e A V A R I 
A B L E c o n t r o l . 

2 . T h e s w e e p (hor i zon ta l ) c a l i b r a t i o n c o e f f i c i e n t is t h e n 
t h e p e r i o d o f t h e r e fe rence s igna l d i v i d e d b y t h e p r o 
d u c t o f t h e n u m b e r o f d i v i s i o n s used in s t e p 1 f o r s e t u p 
o f t h e re fe rence 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 IV c o n t r o 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 re fe rence s igna l (sec) 

~ H o r i z o n t a l w i d t h (d iv) x S W E E P T I M E / D I V s e t t i n g 

3 . R e m o v e t h e re fe rence s igna l a n d i n p u t t h e u n k n o w n 
s i gna l , a d j u s t i n g t h e S W E E P T I M E / D I V c o n t r o l o r easy 
o b s e r v a t i o n . 
M e a s u r e t h e w i d t h o f o n e c y c l e in d i v i s i o n s a n d use t h e 
f o l l o w i n g r e l a t i o n s h i p t o ca l cu la te t h e ac tua l p e r i o d . 

U s i n g t h e f o r m u l a : 
Pe r iod o f u n k n o w n s igna l = W i d t h o f 1 c y c l e (div) x s w e e p 
c o e f f i c i e n t x S W E E P T I M E / D I V s e t t i n g 

Fig. 2 3 

2 4 
Fig. 2 2 

rfteference signal. Adjusted reference signal 

Unknown signal 

Reference signal 
Adjusted reference signal. 
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[EXAMPLE] 
For t h e e x a m p l e s h o w n in Fig. 2 3 , A S W E E P T I M E / D I V 
s e t t i n g is 0.1 m s a n d a p p l y 1.75 kHz r e fe rence s i gna l . A d 
j u s t t h e A V A R I A B L E so t h a t t h e d i s t a n c e o f 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 va lue : 

H o r i z o n t a l c o e f f i c i e n t = i"75J^zK = 1 . 1 4 2 
5 x 0 . 1 (ms) 

T h e n , A S W E E P T I M E / D I V s e t t i n g is 0 . 2 m s a n d ho r i zon ta l 

a m p l i t u d e is 7 d i v i s i o n s . (Fig. 2 4 ) 

S u b s t i t u t i n g t h e g i v e n va lue : 
Pu lse w i d t h = 7 (div) x 1 . 1 4 2 x 0 .2 (ms) = 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 S 

1 . A p p l y t h e s i g n a l t o 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 s w i t c h t o t h e c h a n n e l t o be u s e d . 
U s e t h e V O L T S / D I V c o n t r o l t o a d j u s t f o r an easy t o o b 
se rve w a v e f o r m d i sp lay . Spec ia l ca re s h o u l d be t a k e n 
t o a d j u s t t h e T r i g g e r g r o u p o f c o n t r o l s f o r a s t a b l e d i s 
p lay . 
S e t t h e A V A R I A B L E c o n t r o l t o C A L . 

2 . S e l e c t t h e H O R I Z D I S P L A Y s w i t c h t o A - I N T - B , a n d s e t 
t h e B S O U R C E s w i t c h t o S T A R T S AFTER DEL AY. 
A d j u s t t h e D E L A Y T I M E M U L T c o n t r o l f o r i n t e n s i f i e d 
d i sp l ay o f t h e w a v e f o r m t o 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 c o n t r o l , a d j u s t t h e d i s 
p lay f o r i n t e n s i f i c a t i o n o f t h e en t i r e j i t t e r area o f t h e 
w a v e f o r m . 

4 . S e l e c t t h e H O R I Z D I S P L A Y s w i t c h t o B D L Y ' D . 
M e a s u r e t h e w i d t h o f t h e j i t t e r area. 
T h e j i t t e r t i m e is t h i s w i d t h in d i v i s i o n s m u l t i p l i e d b y 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 c o n t r o l . 

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

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 s h o w n in F ig . 2 5 , t h e j i t t e r 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 t i n g se t a t 0 .2 fis. 
S u b s t i t u t i n g t h e g i ven v a l u e : 
Pu lse j i t t e r = 1 . 6 x 0 . 2 /JS = 0 . 3 2 jus 

SWEEP MULTIPLICATION 
(MAGNIFICATION) 
T h e a p p a r e n t m a g n i f i c a t i o n o f t h e d e l a y e d s w e e p is d e t e r 
m i n e d b y t h e va lues 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 i gna l t o I N P U T j a c k a n d se t t h e ve r t i ca l M O D E 

t o t h e c h a n n e l t o be u s e d , a d j u s t i n g V O L T S / D I V c o n t r o l 
fo r an eas 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 t h e r c o n t r o l s if necessa ry . 

2 . S e t t h e A S W E E P T I M E / D I V c o n t r o l s o t h a t seve ra l c y 
c les o f t h e w a v e f o r m are d i s p l a y e d . Se t t h e B S O U R C E 
s w i t c h t o S T A R T S A F T E R D E L A Y . 
W h e n t h e H O R I Z D I S P L A Y s w i t c h is se lec t t o A - I N T - B , 
t h e m a g n i f i e d p o r t i o n o f t h e w a v e f o r m w i l l a p p e a r e d i n 
t e n s i f i e d o n t h e CRT d i sp lay . 

3 . Use t h e D E L A Y T I M E M U L T c o n t r o l t o s h i f t t h e i n t e n s i 
f i ed p o r t i o n o f w a v e f o r m t o c o r r e s p o n d w i t h t h e s e c 
t i o n t o be m a g n i f i e d f o r 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 c o n t r o l t o a d j u s t i n t e n s i f i e d p o r t i o n t o c o v e r 
t h e en t i r e p o r t i o n t o be m a g n i f i e d . 

4 . Se iec t t h e H O R I Z D I S P L A Y s w i t c h t o e i t he r A L T o r B 
D L Y ' D a n d use t h e ± P O S I T I O N a n d $ T R A C E SEP c o n 
t r o l s t o a d j u s t t h e d i s p l a y f o r easy 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 h e s a m e m a n n e r 
f r o m t h e B s w e e p as w a s d e s c r i b e d a b o v e f o r 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 o f t h e i n t e n s i f i e d w a v e f o r m 
s e c t i o n is t h e A S W E E P T I M E / D I V c o n t r o l d i v i d e d b y 
t h e B S W E E P T I M E / D I V c o n t r o l . 

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 - = A S W E E P T I M E / D I V s e t t i n g 
c a t i o n o f t h e i n t e n s i f i e d b S W E E P T I M E / D I V s e t t i n g 
w a v e f o r m 

2 5 

Pulse Jitter 

F i g . 2 5 F i g . 2 4 

Unknown signal 
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F i g . 2 6 

[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in Fig. 2 6 , t h e A S W E E P T I M E / D I V 
s e t t i n g is 2 //s a n d t h e B S W E E P T I M E / D I V s e t t i n g is 0 .2 
MS. 

S u b s t i t u t i n g t h e g i v e n va lue : 

2 x 1 0 " 6 

A p p a r e n t m a g n i f i c a t i o n ra t 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 , i f t h e m a g n i f i c a t i o n ra t io is 
i nc reased , de lay j i t t e r w i l l occu r . 
T o ach ieve a s t a b l e d i sp lay , cance l t h e S T A R T S AFTER 
D E L A Y m o d e a n d used t h e t r i g g e r e d m o d e o f o p e r a t i o n . 

1 . P e r f o r m t h e a b o v e s t e p s 1 t h r o u g h 3. 
2 . S e t t h e B S O U R C E s w i t c h t o t h e s a m e s igna l as t h e A 

t r i gge r sou rce . 
3 . Se lec t t h e HORIZ D I S P L A Y s w i t c h t o e i the r A L T or B 

D L Y ' D . 
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 be t h e s a m e as d e 
s c r i b e d above . 
If a p r o p e r B t r i g g e r s igna l is n o t app l i ed , i n t ens i f i ca t i on 
m a y n o t occur . If t h i s h a p p e n s , va ry t h e s igna l level o r 
t r i gge r w i t h an ex te rna l s igna l sou rce . 

DELAYED SWEEP TIME MEASUREMENTS 
U s i n g t h e B s w e e p h i gh a c c u r a 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 gna l t o 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 

s w i t c h t o t h e c h a n n e l t o be used . A d j u s t t h e V O L T S / 
D I V a n d t h e o t h e r c o n t r o l s i f n e c e s s a r y t o o b t a i n a n 
eas i ly o b s e r v e d w a v e f o r m d isp lay . 
S e t t h e A V A R I A B L E c o n t r o l t o CAL . 

2 . A d j u s t t h e A S W E E P T I M E / D I V c o n t r o l t o d i sp lay t h e 
p o r t i o n o f w a v e f o r m t o be m e a s u r e d . Se t t h e B 
SOURCE s w i t c h t o t h e S T A R T S AFTER DELAY. 
Se lec t t h e HORIZ D I S P L A Y s w i t c h t o A - I N T - B 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 c o n t r o l f o r as sma l l as p o s 
s ib le an i n t ens i f i ed reg ion . 

3 . U s i n g t h e ^ P O S I T I O N c o n t r o l ad jus t t h e w a v e f o r m p o 
s i t i o n s o as t o i n te r sec t w i t h t h e c e n t e r ho r i zon ta l l ine 
o n 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 c o n t r o l 
s o t h a t t h e i n tens i f i ed p o r t i o n 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 ho r i zon ta l l ine a n d r e c o r d t h e s e t t i n g o f t h e DE
L A Y T I M E M U L T c o n t r o l a t t h i s po in t . 

4 . Use t h e D E L A Y T I M E M U L T c o n t r o l t o a d j u s t i n t e n s i 
f i e d p o r t i o n t o s a m e p o i n t o f t h e s e c o n d w e v e f o r m . 
T h e w a v e f o r m p e r i o d 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 ia l r ead ing m u l t i p l i e d by t h e A S W E E P T I M E / 
D IV s e t t i n g . 

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

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

F i g . 2 7 

[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in Fig. 2 7 , t h e f i r s t d ia l s e t t i n g is 
1.01 a n d t h e s e c o n d is 6 . 0 4 . T h e s e t t i n g o f A S W E E P 
T I M E / D I V s e t t i n g is 2 m s . 

S u b s t i t u t i n g t h e g i v e n va lue : 
Pe r iod = ( 6 . 0 4 - 1 . 0 1 ) x 2 (ms) = 1 0 . 0 6 m s 

PULSE WIDTH MEASUREMENTS USING DE
LAYED SWEEP 
T h i s m e t h o d is s im i l a r t o t h e t i m e m e a s u r e m e n t m e t h o d 
a n d c a n be u s e d o r h i g h a c c u r a c y p luse w i d t h m e a s u r e 
m e n t . 
1 . A p p l y t h e pu lse s i gna l t o I N P U T j a c k a n d s e t t h e v e r t i 

ca l M O D E s w i t c h t o t h e c h a n n e l t o be used . 
2 . Use 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 

t r o l s t o a d j u s t t h e d i sp lay s u c h t h a t t h e 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 o f t h e pu lse w i d t h 
c o i n c i d i n g w i t h t h e c e n t e r ho r i zon ta l g r a d u a t i o n l ine. 
S e t t h e A V A R I A B L E c o n t r o l t o C A L . 

3 . S e t t h e A S W E E P T I M E / D I V c o n t r o l t o d i sp lay t h e por 
t i o n o f t h e w a v e f o r m t o be m e a s u r e d , s e t t i n g t h e B 
S O U R C E s w i t c h t o t h e S T A R T S AFTER D E L A Y . 
Se lec t t h e HORIZ D I S P L A Y s w i t c h t o A - I N T - B , 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 c o n t r o l f o r as s h o r t as p o s 
s ib le a n i n t ens i f i ed s e c t i o n o f w a v e f o r m . 

4 . U s i n g t h e D E L A Y T I M E M U L T c o n t r o l , a d j u s t t h e d i s 
p lay s o t h a t t h e i n t e n s i f i e d p o r t i o n t o u c h e s t h e c e n t e r 
ho r i zon ta l g r a d u a t i o n l ine o f t h e CRT s c r e e n a n d r e c o r d 
t h e d ia l s e t t i n g a t t h i s po in t . 
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-Intensity modulation area 
A SWEEP 

B SWEEP 

Delay time 
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5. U s i n g t h e D E L A Y T I M E M U L T c o n t r o l ad jus t t h e fa l l i ng 
e d g e o f t h e pu l se s o t h a t i t t o u c h e s t h e c e n t e r h o r i z o n 
ta l g r a d u a t i o n l ine a n d is i n t ens i f i ed . 
T h e pu l se w i d t h is t h e s e c o n d d ia l r ead ing m i n u s t h e 
f i r s t d ia l r ead ing m u l t i p l i e d b y t h e 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 t h e f o r m u l a : 
Pu lse 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 ) 

[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in Fig. 2 8 , t h e f i r s t d ia l r ead i ng is 
0 . 6 1 a n d t h e 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 
s e t t i n g a t 2 / /s . 

Pulse w i d t h = ( 5 . 7 8 - 0 . 6 1 ) x 2 ( / / s ) = 1 0 . 3 4 /JS 

F i g . 2 8 

PULSE REPETITION TIME 
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 t o 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 

s w i t c h t o t h e c h a n n e l t o b e u s e d . 
A d j u s t t h e V O L T S / D I V c o n t r o l t o o b t a i n a n o r m a l easy 
t o v i e w d i s p l a y o f t h e w a v e f o r m . 

2 . A d j u s t t h e A S W E E P T I M E / D I V c o n t r o l s o t h a t a t l eas t 
t w o c y c l e s o f t h e w a v e f o r m a re d i s p l a y e d . 
S e l e c t t h e HORIZ D I S P L A Y s w i t c h t o A - I N T - B a n d s e t 
t h e B S O U R C E s w i t c h t o t h e S T A R T S A F T E R 
D E L A Y . 
S e t t h e B S W E E P T I M E / D I V c o n t r o l as f a s t a s w e e p 
s p e e d as poss ib le . 

3. U s i n g t h e D E L A Y T I M E M U L T c o n t r o l a d j u s t t h e i n t e n 
s i f i ed p o r t i o n t o c o i n c i d e w i t h t h e f i r s t pu lse . 
Se lec t t h e HORIZ D I S P L A Y s w i t c h t o A L T a n d use t h e ± 
T R A C E SEP c o n t r o l t o a d j u s t t h e w a v e f o r m s f o r easy 
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 c o n t r o l s e t t h e pu l se t o 
c o i n c i d e w i t h o n e o f t h e ve r t i ca l g r a d u a t i o n l ines a n d 
r e c o r d t h e d ia l s e t t i n g a t t h i s p o i n t . 

5 . A g a i n u s i n g t h e D E L A Y T I M E M U L T c o n t r o l , a d j u s t t h e 
s e c o n d pu l se in t h e s a m e m a n n e r t o t h e v e r t i c a l l ine 
u s e d in s t e p 4 , r e c o r d i n g t h i s d ia l s e t t i n g as w e l l . T h e 
pu l se r e p e t i t i o n t i m e is t h e s e c o n d d ia l r e a d i n g m i n u s 
t h e f i r s t d ia l r ead i ng m u l t i p l i e d b y t h e A S W E E P T I M E / 
D IV c o n t r o l s e t t i n g . 

U s i n g t h e f o r m u l a : 
Pulse r e p e t i t i o n t i m e = ( 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 s e t t i n g ) 

FREQUENCY MEASUREMENTS USING 
DELAYED SWEEP 
T h e f r e q u e n c y is o b t a i n e d as t h e rec i p roca l o f t h e p e r i o d o f 
o n e cyc le . 
1 . M e a s u r e t h e p e r i o d o f t h e w a v e f o r m u s i n g t h e p r o c e 

du re d e s c r i b e d a b o v e f o 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 is t h e n t h e rec i p roca l o f t h e p e r i o d m e a 

s u r e d . 

U s i n g t h e 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 s h o w n in Fig. 2 9 , t h e p e r i o d m e a s u r e d is 
4 0 . 2 /is, 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 u b s t i t u t i n g t h e g i v e n va lue : 
Freq = 1 / ( 4 0 . 2 x 1 0 6 ) = 2 4 . 8 8 kHz 
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[ E X A M P L E ] 
For t h e e x a m p l e s h o w n in Fig. 3 1 , t h e f i r s t d ia l r ead ing is 
1 .20 ( 1 0 % po in t ) a n d t h e s e c o n d is 7 . 3 8 ( 9 0 % po in t ) w i t h 
t h e A S W E E P T I M E / D I V s e t t i n g s e t a t 2 /is. 

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 se t ime = ( 7 . 3 8 - 1 . 2 0 ) x 2 (//s) = 1 2 . 3 6 /is 

TIME DIFFERENCE MEASUREMENTS 
USING DELAYED SWEEP 
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 are s k e w e d in t i m e can 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 gna l s t o t h e c h a n n e l 1 a n d c h a n n e l 2 

I N P U T j a c k s , s e t t i n g t h e v e r t i c a l M O D E s w i t c h t o 
D U A L a n d s e l e c t i n g e i t he r A L T o r C H O P d isp lay . 

2 . S e t t h e S O U R C E s w i t c h t o t h e s i gna l t h a t is l ead ing in 
p h a s e a n d a d j u s t t h e V O L T S / D I V a n d S W E E P T I M E / 
D IV c o n t r o l s f o r easy w a v e f o r m o b s e r v a t i o n . 
Se t t h e A V A R I A B L E c o n t r o l t o C A L . 

3. S e t t h e B S O U R C E s w i t c h t o t h e S T A R T S AFTER DE
LAY . Se lec t t h e HORIZ D I S P L A Y s w i t c h t o A - I N T - B 
a n d ad jus t t h e 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 c o n t r o l s t o m a k e t h e i n tens i f i ed p o r t i o n c o i n c i d e 
w i t h t h e r i s i ng e d g e o r f a l l i n g e d g e o f t h e w a v e f o r m 
t h a t is t o be u s e d as t h e re fe rence . 

4 . S e l e c t t h e HORIZ D I S P L A Y s w i t c h t o A L T a n d use t h e 
y T R A C E SEP c o n t r o l t o a d j u s t t h e B s w e e p f o r easy 
o b s e r v a t i o n . 

5. U s i n g t h e D E L A Y T I M E M U L T c o n t r o l a d j u s t t h e pu lse 
t o a n y c o n v e n i e n t ve r t i ca l g r a d u a t i o n l ine a n d r e c o r d 
t h e d ia l r ead i ng a t t h a t p o i n t . 

6 . U s i n g t h e D E L A Y T I M E M U L T c o n t r o l a d j u s t t h e c o r r e 
s p o n d i n g p o i n t o n t h e s e c o n d s igna l t o t h e s a m e v e r t i 
ca l l ine a n d r e c o r d t h e r e a d i n g o f t h e d ia l a t t h i s p o i n t as 
w e l l . T h e t i m e d i f f e r e n c e o r s k e w o f t h e t w o w a v e 
f o r m s is t h e n t h e s e c o n d d ia l r ead i ng m i n u s t h e f i r s t 
d ia l r ead ing m u l t i p l i e d b y t h e A S W E E P T I M E / D I V c o n 
t r o l s e t t i n g . 
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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 RISETIMES A N D F A L L T S M E S 
R i s e t i m e s a n d f a l l t i m e s are genera l l y m e a s u r e d b y u s i n g 
t h e 1 0 % a n d 9 0 % a m p l i t u d e p o i n t s as re fe rence s t a r t i n g 
a n d e n d i n g p o i n t s f o r t h e r i se o r fa l l . 

1 . A p p l y t h e s igna l t o 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 s w i t c h t o t h e c h a n n e l t o be u s e d . 
Use t h e 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 t o o b t a i n a 
n o r m a l 6 d i v i s i o n h i g h w a v e f o r m d i sp lay . 
U s i n g t h e ^ P O S I T I O N c o n t r o l , se t t h e w a v e f o r m p o s i 
t i o n in t h e c e n t r a l area o f t h e s c r e e n ve r t i ca l l y , t h a t it t o 
c o i n c i d e w i t h t h e 1 0 0 % a n d 0 % l ines o n t h e CRT 
s c r e e n . 
S e t t h e S W E E P T I M E / D I V t o as h i g h a s p e e d as p o s s i 
b 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 o f b o t h t h e 1 0 % a n d 
9 0 % p o i n t s . 
Se t t h e A V A R I A B L E c o n t r o l t o C A L . 

2 . S e t t h e B S O U R C E s w i t c h t o t h e S T A R T S AFTER D E 
L A Y 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 c o n t r o l f o r as 
s h o r t as p o s s i b l e a n i n t e n s i f i e d s e c t i o n o f w a v e f o r m . 

3 . U s i n g t h e D E L A Y T I M E M U L T c o n t r o l , 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 1 0 % p o i n t is i n t e n s i f i e d a n d r e c o r d 
t h e d ia l r e a d i n g . 

4 . S im i l a r l y , u s i n g t h e D E L A Y T I M E M U L T c o n t r o l a d j u s t 
t h e 9 0 % p o i n t s o t h a t i t is i n t e n s i f i e d a n d r e c o r d t h a t 
d ia l r ead ing as w e l l . 
T h e pu lse r i s e t i m e (or f a l l t ime ) is s i m p l y t h e d i f f e r e n c e 
b e t w e e n t h e t w o d ia l 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 c o n t r o 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 r e a d i n g - 1 s t da i 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 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 s h o w n in F ig . 3 0 , t h e f i r s t d i a l r e ad i ng 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 [is. 
W e have , s u b s t i t u t i n g t h e a p p r o p r i a t e va lues 

Pulse r e p e t i t i o n t i m e = ( 6 . 2 2 - 0 . 7 6 ) x 2 (LIS) = 1 0 . 9 2 / /s 

F i g . 3 0 F i g . 3 1 

Read the dial setting when B sweep points of 
- DELAY TIME MULT ® and ® are in 
the same position. -Rise time 
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U s i n g t h e f o r m u l a : 

T i m e d i f f e r e n c e = ( 2 n d d ia l r ead ing - 1 s t d ia l read ing) 
x De layed s w e e p t i m e (A S W E E P T I M E / 
D IV se t t i ng ) 

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

F i g . 3 2 

[ E X A M P L E ] 
For t h e e x a m p l e in Fig. 3 2 , t h e re fe rence s igna l d ia l r ead ing 
is 1 .00 w h i l e t h e s e c o n d d ia l r ead ing is 5 . 3 4 w i t h t h e A 
S W E E P T I M E / D I V s e t t i n g o f 2 /is. 
S u b s t i t u t i n g t h e va lue . 

T i m e d i f f e rence = ( 5 . 3 4 - 1.00) x 2 {/is) = 8 . 6 8 /is 

X - Y O P E R A T I O N 

P H A S E M E A S U R E M E N T 

Phase m e a s u r e m e n t s m a y be m a d e w i t h X - Y o p e r a t i o n . 
T y p i c a l a p p l i c a t i o n s are in c i r cu i t s d e s i g n e d t o p r o d u c e a 
spec i f i c p h a s e sh i f t , a n d m e a s u r e m e n t o f p h a s e sh i f t d i s 
t o r t i o n in a u d i o a m p l i f i e r s o r o t h e r a u d i o n e t w o r k . 
D i s t o r t i o n o f a m p l i t u d e is a l so d i s p l a y e d in t h e osc i l l o 
s c o p e w a v e f o r m 
T o m a k e phase m e a s u r e m e n t s , use t h e f o l l o w i n g p r o c e 
du re 
1 . U s i n g an a u d i o s i gna l g e n e r a t o r w i t h a p u r e s i nuso ida l 

s i gna l , a p p l y a s ine w a v e t e s t s i gna l a t t h e d e s i r e d t e s t 
f r e q u e n c y t o t h e a u d i o n e t w o r k b e i n g t e s t e d . 

2 . Se t t h e s igna l g e n e r a t o r o u t p u t f o r t h e n o r m a l o p e r a t 
ing level o f t h e c i r cu i t b e i n g t e s t e d . If des i r ed , t h e c i r 
cu i t ' s o u t p u t m a y be o b s e r v e d o n t h e o s c i l l o s c o p e . If 
t h e 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 ine w a v e d i sp l ay o n 
t h e o s c i l l o s c o p e is c l i p p e d a n d t h e s igna l level m u s t be 
r e d u c e d . 

S INE 0 = | 

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

F i g . 3 3 

3. C o n n e c t t h e c h a n n e l 1 p r o b e t o t h e o u t p u t o f t h e t e s t 
c i r cu i t . 

4 . Se lec t t h e HORIZ D I S P L A Y s w i t c h t o X - Y . 
5 . C o n n e c t t h e p r o b e b e t w e e n t h e c h a n n e l 2 I N P U T j a c k 

a n d t h e i n p u t o f t h e t e s t c i r cu i t . 
6 . A d j u s t t h e c h a n n e l 1 a n d 2 ga in c o n t r o l s f o r a su i t ab le 

v i e w i n g s ize. 
7. S o m e t y p i c a l resu l t s are s h o w n in Fig. 3 4 . If t h e t w o 

s igna l s a re in phase , t h e L i ssa jous ' p a t t e r n is a s t r a i g h t 
d i a g o n a l l ine. If t h e ve r t i ca l a n d ho r i zon ta l ga in are 
p r o p e r l y a d j u s t e d , t h i s l ine is a t a 4 5 ° ang le . 
A 9 0 ° p h a s e s h i f t p r o d u c e s a c i r cu i l a r L i ssa jou rs ' p a t 
t e r n . 
Phase sh i f t o f less (or mo re ) t h a n 9 0 ° p r o d u c e s an e l l i p 
t i ca l L i ssa jous ' p a t t e r n . T h e a m o u n t o f p h a s e s h i f t c a n 
be c a l c u l a t e d f r o m t h e o s c i l l o s c o p e t r a c e as s h o w n in 
Fig. 3 3 . 

F R E Q U E N C Y M E A S U R E M E N T 
Frequency m e a s u r e m e n t m a y be m o d e w i t h t h e L i ssa 
j o u s ' p a t t e r n , as p h a s e m e a s u r e m e n t . 

P r o c e d u r e : 
1 . C o n n e c t t h e s ine w a v e o f k n o w n f r e q u e n c y t o t h e 

c h a n n e l 2 I N P U T j a c k o f t h e o s c i l l o s c o p e a n d se lec t t h e 
HORIZ D I S P L A Y s w i t c h t o X -Y . 

2 . C o n n e c t t h e ve r t i ca l i n p u t p r o b e ( channe l 1 i npu t ) t o t h e 
u n k n o w n f r e q u e n c y . 
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No amplitude distor
tion, no out of phase. 

Amplitude distortion, 
no out of phase. 

180° out of phase. 

No amplitude distor
tion, out of phase. 

Amplitude distortion, 
out of phase. 90" out of phase. 

F i g . 3 4 



APPUCATION 

3. A d j u s t t h e c h a n n e l 1 a n d 2 g a i n c o n t r o l s f o r a c o n v e 
n ien t , e a s y - t o - r e a d d i sp lay . 

4 . T h e resu l t i ng p a t t e r n , ca l l ed a L i ss j ous ' p a t t e r n , s h o w s 
t h e ra t 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 

Ratio of unknown 
to standard 

1 : 1 

1/2:1 

6 : 1 

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

TRACE APPLICATION 
si t iv i t ies o f c h a n n e l 1 t o c h a n n e l 4 are ca l i b ra ted 

a n d e a c h c h a n n e l has 7 0 M H z b a n d w i d t h . T h e t r i g g e r 
s i gna l s o f c h a n n n e l 3 a n d c h a n n e l 4 can b e o b t a i n e d f r o m 
e a c h p reamp l i f i e r s . 
T h i s s c o p e can b e u s e d n o t o n l y f o r ex te rna l t r i g g e r i n g b u t 
a l s o f o r c h e c k i n g q u a d - t r a c e a t a t i m e . 

App l i ca t ion 
1 . C h e c k i n g log ic s igna l t i m i n g . 
2 . M o n i t o r i n g v i d e o s igna l . 
3 . M e a s u r i n g a u d i o s i gna l ga in a n d p h a s e cha rac te r i s t i c s . 
T h e de ta i l s o f t h e log ic s i gna l t i m i n g c h e c k i n g are d e 
s c r i b e d b e l o w . 

Logic s ignal t iming indication 
C o n t r o l s e t t i n g 
V e r t i c a l M O D E : Q U A D , A L T 
H O R I Z D I S P L A Y : A 
A . S O U R C E : C H 3 

T o o b t a i n 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 
l o n g e s t p e r i o d c h a n n e l ( in t h i s case , c h a n n e l 3 ) . 

In t h e a b o v e a p p l i c a t i o n , w h e n t h e HORIZ , D I S P L A Y 
s w i t c h is se lec t t o A L T , t h e m a i n a n d de lay s w e e p w a v e 
f o r m s are d i s p l a y e d o n t h e CRT a t a t i m e . T h e p o r t i o n in 
w h i c h t h e i n t e n s i t y is m o d u l a t e d is e n l a r g e d t o enab le 
easy c h e c k i n g . 

M a i n and delay s w e e p w a v e f o r m s (Magni f ied by 1 0 
t imes) 
C o n t r o l s e t t i n g 
V e r t i c a l M O D E : Q U A D , A L T 
A . S O U R C E : C H 3 
HORIZ D I S P L A Y : A L T 
B S O U R C E : S T A R T S AFTER D E L A Y 

Main sweep 

> Delay sweep 

Fig. 3 7 

Fig 3 6 

3 0 

1/2:1 
See note 

Fig. 3 5 



ACCESSORIES 

STANDARD ACCESSORIES INCLUDED 
Probe (PC-29) Y 8 7 - 1 2 5 0 - 0 0 

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

i n p u t I m p e d a n c e 10MQ, 1 8 pF o f less 
I n s t r u c t i o n M a n u a l B 5 0 - 7 5 3 1 - 1 0 

A C P o w e r C o r d S e e F i 9 - 4 0 

Probe H o l d e r J 2 1 - 2 9 0 3 - 0 3 

OPTIONAL ACCESSORIES 
Probe P o u c h ( M C - 7 8 ) Y 8 7 - 1 6 0 0 - 0 0 
A C P o w e r C o r d See Fig. 4 0 
Panel C o v e r F 0 7 - 0 9 2 3 - 0 2 

INSTALLING PROBE HOLDER 
T h e p r o b e ho l de r is a t t a c h e d t o t h e hand le as s h o w n in 
Fig. 3 8 . Ins ta l l t h e p r o b e ho lde r as f o l l o w s : 
1 . Res t t h e u p p e r t w o c l a w s o f t h e p r o b e ho l de r o n t h e t o p 

s u r f a c e o f t h e h a n d l e (see inset ) . 
2 . Push l o w e r c l a w s t o w a r d hand le t o l ock p r o b e ho l de r in 

p lace . 
3 . P robe c a n n o w be i nse r t ed i n t o ho lder . 

W h e n d i s e n g a g i n g t h e p r o b e ho l de r f r o m hand le , d i s e n 
g a g e l o w e r j a w f i r s t t o p r e v e n t b reakage . 

Push 

F i g . 3 8 

3 1 

CAUTION 

Probe 

Probe Holder 
Handle 

Probe Holder 

Handle Handle' 



ACCESSORIES 

MOUNTING THE PROBE POUCH (MC-78) 
T h i s s o f t v i ny l p o u c h a t t a c h e s t o t h e r i g h t s ide o f t h e o s c i l 

l o s c o p e h o u s i n g a n d p r o v i d e s s t o r a g e s p a c e f o r t w o 

p r o b e s a n d t h e h a n d b o o k . Ins ta l l t h e p r o b e p o u c h as f o l 

l o w s : 

1 . U n s n a p t h e p r o b e 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 ine r p la te w i t h t h e 4 ho les o n t h e r i g h t 

s ide o f t h e case , w i t h t h e 4 s n a p s a t t h e t o p . 

3 . A t t a c h t h e f o u r c o r n e r s o f t h e re ta ine r p la te t o t h e o s 

c i l l o s c o p e case w i t h t h e f o u r n y l o n r i ve ts s u p p l i e d . 

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

s n a p fas tene r . 

nylon rivet 

Fig. 3 9 

Plug conf igurat ion P o w e r cord and plug T Y P E 
Factory instal led 
instrument fuse 

Line cord plug 
fuse 

Parts No. for 
p o w e r cord 

N o r t h A m e r i c a n 
1 2 0 v o l t / 6 0 Hz 
Ra ted 1 5 a m p 
( 1 2 a m p max ; NEC) 

1.2 A , 2 5 0 V 
Fast b l o w 
A G C / 3 A G 

N o n e E 3 0 - 1 8 2 0 - 0 5 

Un i ve r sa l Eu rope 
2 2 0 v o l t / 5 0 Hz 
Ra ted 1 6 a m p 

1.2 A , 2 5 0 V 
Fast b l o w 

5 x 2 0 m m 

N o n e E 3 0 - 1 8 1 9 - 0 5 

U.K. 
2 4 0 v o l t / 5 0 Hz 
Ra ted 1 3 a m p 

1.2 A , 2 5 0 V 
Fast b l o w 
5 x 2 0 m m 

1.2 A 

T y p e C 

A u s t r a l i a n 

2 4 0 v o l t / 5 0 H z 

Ra ted 1 0 a m p 

1.2 A , 2 5 0 V 
Fast b l o w 

5 x 2 0 m m 

N o n e E 3 0 - 1 8 2 1 - 0 5 

N o r t h A m e r i c a n 
2 4 0 v o l t / 6 0 Hz 
Ra ted 1 5 a m p 
( 1 2 a m p max ; NEC) 

1.2 A , 2 5 0 V 
Fast b l o w 
A G C / 3 A G 

N o n e 

S w i t z e r l a n d 
2 4 0 v o l t / 5 0 Hz 
Ra ted 1 0 a m p 

1.2 A , 2 5 0 V 
Fast b l o w 
A G C / 3 A G 

5 x 2 0 m m 

N o n e 

Fig. 4 0 P o w e r Input Vo l tage Conf igurat ion 

3 2 

Retaining Plate 

Washer 
Grommet 
Plunqer 



MEMO 
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