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FEATURES 

T h e K E N W O O D C O - 1 3 0 3 D O s c i l l o s c o p e is a h igh ly s e n s i t i v e a n d s tab le o s c i l l o s c o p e e m p l o y i n g a 7 5 m m 

c a t h o d e ray tube. I ts un ique d e s i g n e n a b l e s opera t ion . 

M a k e the m o s t of t he o s c i l l o s c o p e by care fu l l y read ing th i s ins t ruc t ion m a n u a l . 

F e a t u r e s 

— A v e r t i c a l - a x i s sens i t i v i t y of be t te r t h a n 1 0 m V / D I V and a f r e q u e n c y response f r o m D C t o 5 M H z . 

— D C a m p l i f i e r s are used f o r b o t h ve r t i ca l and h o r i z o n t a l a x i s . 

— A l l t r ans i s to r i zed c i r c u i t r y p rov ides l o w p o w e r c o n s u m p t i o n a n d l o w heat genera t i on . 

— C o m p a c t and l i gh twe igh t , eas i l y po r tab le . 

— T h e angle o f b r igh t l ine d i s p l a y e d on t h e ca thode ray tube can be eas i l y c o r r e c t e d at t h e rear o f t h e 

osc i l l oscope w i t h o u t r emov ing t h e case . 

— T h e c a t h o d e ray t u b e uses " b l u e - g r e e n " ( B 3 1 ) p h o s p h o r t o p rov ide eas ier o b s e r v a t i o n , e x c e l l e n t 

l u m i n a n c e a n d i m p r o v e d con t ras t . 

— D i r e c t d e f l e c t i o n t e r m i n a l s f o r t h e ve r t i ca l a x i s are p rov ided t o p e r m i t m o n i t o r at h igh f r equenc ies . 

1 . F E A T U R E S 
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2 . S P E C I F I C A T I O N S 

C A T H O D E R A Y T U B E : 7 5 A R B 3 1 

V E R T I C A L A M P L I F I E R 

D e f l e c t i o n sens i t i v i t y : 10 m V / D I V o r be t te r 

F r e q u e n c y response D C D C t o 5 M H z ( - 3 d B ) 

A C : 2 H z to 5 M H z ( - 3 d B ) 

I n p u t i m p e d a n c e 1 M£2 s h u n t e d b y 3 5 p F m a x 

O v e r s h o o t : 5 % or less 

A t t e n u a t o r : 1 , 1 / 1 0 , 1 / 1 0 0 m u l t i p l i e r w i t h i n ± 5 % 

G a i n con t ro l range : C o n t i n u o u s l y va r iab le range greater t h a n 2 2 d B 

R a t e d m a x i m u m i npu t vo l tage : 3 0 0 V ( D C + A C p e a k ) or 6 0 0 V p - p 

H O R I Z O N T A L A M P L I F I E R 

D e f l e c t i o n sens i t i v i t y : 3 0 0 m V / D I V o r be t te r 

F r e q u e n c y response D C to 2 5 0 k H z w i t h E X T . G A I N C o n t r o l set a t m a x i m u m 

D C to a p p r o x . 4 0 k H z w i t h E X T . G A I N C o n t r o l se t a t 

mid- range 

Inpu t i m p e d a n c e : 1 M£2 (±20%) s h u n t e d by 3 5 p F m a x . ( S Y N C -> INT) 

A t t e n u a t o r ( E X T . G A I N ) : C o n t i n u o u s l y va r i ab le t o z e r o 

R a t e d m a x i m u m i n p u t vo l tage : 1 0 0 V p - p 

S W E E P C H A R A C T E R I S T I C S 

S w e e p f r e q u e n c y : 10 H z to 1 0 0 k H z c o n t i n u o u s l y va r i ab le in 4 ranges 

S w e e p l i nea r i t y : W i t h i n 5 % 

S y n c h r o n i z i n g : Negat ive s y n c h r o n i z i n g (bo th I N T E R N A L and E X T E R N A L ) 

S igna l a m p l i t u d e r e q u i r e m e n t : I N T E R N A L : Mo re t h a n 1 D I V d e f l e c t i o n on c a t h o d e ray 

fo r s y n c h r o n i z a t i o n t u b e sc reen 

E X T E R N A L : More t h a n 2 V p - p 

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

R e q u i r e d signal : 2 5 V p - p 
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D I R E C T D E F L E C T I O N T E R M I N A L S 

D e f l e c t i o n sens i t i v i t y : 

I n p u t i m p e d a n c e : 

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

10 V / D I V or be t te r 

2 . 2 MQ s h u n t e d b y 2 5 p F o r less 

A C 2 3 0 / 1 1 7 V 

5 0 / 6 0 H z , 16 W 

D I M E N S I O N S W i d t h : 7 - 1 / 2 " ( 1 9 0 m m ) 

He igh t : 6 " ( 1 5 4 m m ) 

D e p t h : 1 1 - 2 7 / 3 2 " ( 3 0 0 m m ) 

Ove ra l l d i m e n s i o n s i nc lude a l l p ro t r us i ons 

W E I G H T A p p r o x . 8 . 3 6 lbs. ( 3 . 8 kg) 

A C C E S S O R Y 

R e p l a c e m e n t f use 0 . 3 A 2 

0 . 5 A 2 

I n p u t c o r d ( C A - 4 6 ) 

I n s t r u c t i o n m a n u a l 

1 
1 



CIRCUIT DESCRIPTION 

3 . C I R C U I T D E S C R I P T I O N 

R e f e r t o B L O C K D I A G R A M a n d S C H E M A T I C D I A G R A M (see P 2 9 ) 

Ver t ica l C i rcu i t 

T h e i npu t s ignal c o n n e c t e d to V E R T I N P U T t e r m i n a l is app l i ed to an a t t e n u a t o r t h r o u g h the A C - D C 

s w i t c h . 

T h e a t t e n u a t o r p rov ides th ree s teps ( 1 , 1 / 1 0 , 1 / 1 0 0 ) . 

T h e ve r t i ca l a m p l i f i e r is a h igh l y s tab le d i r ec t c o u p l e d d i f f e ren t i a l a m p l i f i e r e m p l o y i n g an F E T ( Q 1 0 2 , 

Q 1 0 3 ) a n d s i l i con t r ans i s t o r s Q 1 0 4 t o Q 1 1 1 , a m p l i f i e s a n d p rov ides a gain o f a p p r o x . 6 1 d B . 

Horizonta l C i r c u i t 

T h e h o r i z o n t a l c i r c u i t cons is t s of a s a w - t o o t h genera to r f o r a t i m e base a n d a h o r i z o n t a l a m p l i f i e r c i r c u i t . 

T h e s a w - t o o t h genera to r c o m p r i s i n g t r a n s i s t o r s Q 1 1 2 a n d Q 1 1 3 e m p l o y s a u n i q u e c i r c u i t w i t h f ac i l i t i e s 

f o r s tab i l i z i ng t h e D C leve l . 

T h e h o r i z o n t a l a m p l i f i e r is a d i r e c t c o u p l e d h igh l y s tab le d i f f e ren t i a l a m p l i f i e r e m p l o y i n g an F E T 

( Q 1 1 4 ) a n d s i l i con t r ans i s to r s Q 1 1 5 a n d Q 1 1 6 . T h e f r e q u e n c y response is f r o m D C to greater t h a n 

2 5 0 k H z . I t a l l o w s o p e r a t i o n a t s l o w sweep speeds be low 1 H z t h r o u g h t h e use o f t h e H O R E X T . I N P U T 

t e r m i n a l s . T h e h o r i z o n t a l a m p l i f i e r p rov ides a gain o f a p p r o x . 3 5 d B , w h i c h m a y be va r i ed b y a p p r o x . 

1 0 d B us ing t h e H . G A I N c o n t r o l . 

Power S u p p l y C i r c u i t 

T h e p o w e r s u p p l y c i r cu i t p r o v i d e s v o l t a g e — 8 V a n d ± 1 5 V , s t ab i l i zed by z e n e r d i o d e s D 1 0 5 , D 1 0 6 a n d 

D 1 0 9 , + 1 7 0 V for t he c o l l e c t o r s of t h e f i na l amp l i f i e r s t a g e a n d — 1 3 0 0 V for t h e c a t h o d e ray t u b e c i r ­

cui t . 

» 
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4 . O P E R A T I N G I N S T R U C T I O N S 

T h e m a r k i n g s o f c o n t r o l s and t e r m i n a l s on the f r o n t pane l a re g iven in t he f o l l o w i n g tab le . W h e n read ing 

the t a b l e , re fe r t o t he a t t a c h e d E X T E R N A L V I E W , (see P 2 9 ) 

( F R O N T P A N E L ) 

R E F . N O . P A N E L M A R K I N G D E S C R I P T I O N 

( 1 ) ( N E O N P I L O T ) I l l u m i n a t e d w h e n the scope is in t he opera t ing c o n d i ­

t i o n . 

( 2 ) P O W E R P o w e r on-o f f s w i t c h . W h e n th i s s w i t c h is p laced in O N 

p o s i t i o n , the scope is b rough t t o i ts opera t i ng c o n d i t i o n . 

( 3 ) E X T . S Y N C / H O R . 

I N P U T 

I n p u t t e r m i n a l f o r an e x t e r n a l s y n c h r o n i z i n g a n d an 

e x t e r n a l h o r i z o n t a l s igna l . U s e g round ing t e r m i n a l 

( 4 ) as t h e c o m m o n g round ing t e r m i n a l . 

( 4 ) 1 G r o u n d i n g t e r m i n a l . 

( 5 ) V E R T I N P U T Inpu t t e r m i n a l f o r t he ve r t i ca l s igna l . 

No te t h a t t e r m i n a l s ( 4 ) a n d ( 5 ) are spaced f o r inser t ing a 

dua l b a n a n a p lug . 

( 6 ) A C - D C S e l e c t o r s w i t c h f o r t h e ve r t i ca l i npu t c o u p l i n g capac ­

i tor . In the D C p o s i t i o n , the s w i t c h d i r e c t l y coup les t he 

V E R T I N P U T t e r m i n a l ( 5 ) and V . A T T ( 7 ) a n d , 

t h e r e f o r e , a l l o w s the ve r t i ca l a m p l i f i e r t o a m p l i f y i n p u t 

s ignals ranging f r o m D C . In the A C pos i t i on , a c a p a c i t o r 

is p laced b e t w e e n the ve r t i ca l a t t e n u a t o r V . A T T ( 7 ) 

and V E R T I N P U T ( 5 ) a n d , t h e r e f o r e , t he D C c o m ­

p o n e n t of i n p u t s ignal is b l o c k e d t h e r e b y a l l o w i n g 

obse rva t i on o f o n l y the A C c o m p o n e n t . 
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R E F . N O . P A N E L M A R K I N G D E S C R I P T I O N 

( 7 ) V . A T T V e r t i c a l a t t enua to r . T h e ve r t i ca l a t t e n u a t o r p rov ides 

f ac i l i t i e s t o a t t enua te t h e s ignal vo l tage c o n n e c t e d t o t h e 

V E R T I N P U T t e r m i n a l ( 5 ) t o a su i t ab le level be fo re 

be ing app l i ed to t he ve r t i ca l a m p l i f i e r . 

W h e n th i s a t t e n u a t o r is se t t o pos i t i on 1 , the s ignal 

app l i ed t o t he V E R T I N P U T t e r m i n a l ( 5 ) is d i r e c t l y 

c o u p l e d to t he ve r t i ca l a m p l i f i e r . In pos i t i ons 1 / 1 0 a n d 

1 / 1 0 0 , the a t t e n u a t o r a t t enua tes t he s ignal so t h a t the 

i npu t is r educed t o 1 / 1 0 a n d 1 / 1 0 0 of t he n o r m a l v a l u e , 

respec t i ve l y . 

In G N D p o s i t i o n , t he a t t e n u a t o r g rounds the i npu t o f 

the ve r t i ca l a m p l i f i e r a n d opens t h e V E R T I N P U T 

t e r m i n a l ( 5 ) . T h e a t t e n u a t o r pos i t i on G N D is p rov ided 

fo r m a k i n g D C B A L a d j u s t m e n t s . 

( 8 ) V . G A I N V e r t i c a l ga in c o n t r o l . T h i s c o n t r o l , ope ra ted in c o m ­

b ina t i on w i t h ve r t i ca l a t t e n u a t o r V . A T T ( 7 ) , p rov ides 

fac i l i t i es t o p rov ide an a p p r o p r i a t e a m p l i t u d e on t h e 

ca thode ray t ube s c r e e n . If i t is imposs ib l e t o ad jus t t h e 

w a v e f o r m to an app rop r i a t e a m p l i t u d e b y ope ra t i ng th i s 

c o n t r o l , t u r n the ve r t i ca l a t t e n u a t o r V . A T T ( 7 ) t o 

a n o t h e r pos i t i on . 

( 9 ) * P O S I T I O N V e r t i c a l po i s i t i on c o n t r o l . T h e con t ro l p rov ides f a c i l ­

i t ies t o m o v e the s ignal w a v e f o r m u p and d o w n over t he 

ca thode ray t ube s c r e e n . C l o c k w i s e ro ta t i on of t he 

c o n t r o l m o v e s the w a v e f o r m up over t he s c r e e n . 

( 1 0 ) « • P O S I T I O N H o r i z o n t a l pos i t i on c o n t r o l . T h e c o n t r o l p rov ides f a c i l ­

i t ies t o m o v e the s ignal w a v e f o r m to t he lef t o r r ight 

over the c a t h o d e ray tube s c r e e n . C l o c k w i s e r o ta t i on of 

the c o n t r o l moves the w a v e f o r m to t he r ight . 
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R E F . N O . P A N E L M A R K I N G D E S C R I P T I O N 

(11) S W E E P R A N G E S w e e p - f r e q u e n c y se lec to r s w i t c h , toge ther w i t h S W E E P 

V A R I / E X T . G A I N ( 1 2 ) , p rov ides va r iab le s w e e p f re ­

quenc ies a l l o w i n g the app rop r i a t e n u m b e r of c y c l e s o f 

s ignal w a v e f o r m on the c a t h o d e ray t ube sc reen fo r easy 

o b s e r v a t i o n . Pos i t i on m a r k i n g s 1 0 — 1 0 0 , 1 0 0 — 1 k 

a n d so on represen t s w e e p f r equenc ies . In pos i t i on 

E X T , t h i s s w i t c h c o n n e c t s the h o r i z o n t a l a m p l i f i e r v ia 

the S W E E P V A R I / E X T . G A I N c o n t r o l ( 1 2 ) to t he H O R 

E X T . I N P U T t e r m i n a l ( 3 ) . 

( 1 2 ) S W E E P V A R I / E X T . 

G A I N 

S w e e p f r e q u e n c y f i ne a d j u s t m e n t a n d e x t e r n a l s ignal 

gain c o n t r o l . W h e n the S W E E P R A N G E se lec to r s w i t c h 

( 1 1 ) is in t he in te rna l f r e q u e n c y range ( 1 0 — 1 0 0 k ) , 

t h i s c o n t r o l ac ts as the f i ne a d j u s t m e n t of s w e e p 

f r e q u e n c y to t he n u m b e r o f t h e c y c l e s in t h e s ignal 

w a v e f o r m on the c a t h o d e ray t ube s c r e e n . 

W h e n the S W E E P R A N G E se lec to r s w i t c h ( 1 1 ) is in t h e 

E X T p o s i t i o n , th i s c o n t r o l p rov ides fac i l i t i es t o ad jus t 

the gain of t he s ignal c o n n e c t e d to t he H O R E X T . 

I N P U T t e r m i n a l ( 3 ) t o change the a m p l i t u d e of t he 

ho r i zon ta l s ignal on t he c a t h o d e ray tube s c r e e n . 

No te t ha t the h o r i z o n t a l f r e q u e n c y response var ies w i t h 

the pos i t i on o f t h i s c o n t r o l . 

( R e f e r t o S p e c i f i c a t i o n s ) 

( 1 3 ) ( G R A T I C U L E ) T h e g ra t i cu le is made of a c r y l i c res in a n d has engraved 

m a r k i n g s to a id in a n a l y z i n g the w a v e f o r m on the 

c a t h o d e ray t u b e s c r e e n . 

T h e r e a re d B sca les on the g ra t i cu le as 0 , — 3 , — 6 , —10 

a n d — 2 0 d B so ca l i b ra ted t h a t i t p rov ides a level 

co r respond ing t o an a m p l i t u d e o f 6 D I V above t h e 

R E F l ine. 

T h u s , these g radua t ions m a y be c o n v e n i e n t l y used f o r 

measu r i ng s ignal levels in f r e q u e n c y response measure ­

m e n t s . 

( 1 4 ) S Y N C I N T - E X T A t t h e I N T pos i t i on , s y n c h r o n i z a t i o n is e f f e c t e d b y 

i npu t vo l tage a n d , a t t h e E X T pos i t i on , t h e s ignal vo l t ­

age app l i ed t o t h e " 3 " t e r m i n a l is s y n c h r o n i z e d . 
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( B O T T O M P A N E L ) 

R E F . N O . P A N E L M A R K I N G D E S C R I P T I O N 

( 1 5 ) D . C . B A L D C ba lance a d j u s t m e n t f o r t he ve r t i ca l a m p l i f i e r . T h i s 

a d j u s t m e n t s h o u l d be so a d j u s t e d t ha t t he t race l ine 

rema ins s t a t i o n a r y as the V . G A I N c o n t r o l ( 8 ) is ro ta ted 

f r o m fu l l c l o c k w i s e t o f u l l c o u n t e r c l o c k w i s e . 

( 1 6 ) H O R . G A I N T h e h o r i z o n t a l gain c o n t r o l p rov ides a m e a n s to a d j u s t 

t h e a m p l i t u d e o f h o r i z o n t a l b r igh t l ine . 

( R E A R P A N E L ) 

R E F . N O . P A N E L M A R K I N G D E S C R I P T I O N 

( 1 7 ) I N T E N S I T Y T h e i n t e n s i t y a d j u s t m e n t p rov ides a means to ad jus t t he 

b r igh tness of t h e w a v e f o r m appea r i ng o n the c a t h o d e 

ray t ube s c r e e n . 

C l o c k w i s e ro ta t i on of th i s c o n t r o l inc reases the w a v e ­

f o r m br igh tness . 

( 1 8 ) F O C U S T h e f o c u s a d j u s t m e n t p rov ides t h e m e a n s to ad jus t t he 

w a v e f o r m appear ing on the c a t h o d e ray tube fo r 

m a x i m u m c l a r i t y . 

( 1 9 ) Z A X I S I N P U T T e r m i n a l f o r i n t e n s i t y m o d u l a t i o n . T h i s t e r m i n a l 

requ i res an A C vo l tage o f a p p r o x . 2 5 V p - p to b l a n k the 

s c r e e n . 

W h e n a pos i t i ve s ignal is app l i ed to th i s t e r m i n a l , t he 

w a v e f o r m i n tens i t y is i nc reased . If a negat ive s ignal is 

a p p l i e d , t he i n t e n s i t y is r e d u c e d . T h i s t e r m i n a l is n o t 

e f f ec t i ve w h e n a t D C . 

( 2 0 ) G N D G r o u n d i n g t e r m i n a l . 

( 2 1 ) V . D I R D i r e c t de f l ec t i on t e r m i n a l s . T h e y c a n be d i r e c t l y 

c o n n e c t e d to the C R T ve r t i ca l d e f l e c t i o n p lates b y 

s w i t c h i n g the D I R - N O R se lec to r s w i t c h ( 2 2 ) to observe 

w a v e f o r m s of h igh f r e q u e n c i e s . 
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R E F . N O . P A N E L M A R K I N G D E S C R I P T I O N 

( 2 2 ) D I R - N O R S w i t c h f o r t he ve r t i ca l de f l ec t i on p la tes . In t he N O R 

p o s i t i o n , it c o n n e c t s t he C R T to t he a m p l i f i e r f o r 

m e a s u r e m e n t s t h r o u g h i npu t t e r m i n a l s ( 4 ) a n d ( 5 ) . 

In t he D I R p o s i t i o n , t h e in te rna l a m p l i f i e r is pu t ou t , 

enab l ing m e a s u r e m e n t s to be made th rough i npu t 

t e r m i n a l s ( 2 0 ) and ( 2 1 ) , w h e r e s igna ls unde r measure ­

m e n t a re d i r e c t l y passed to t he C R T de f l ec t i on p la tes . 

( 2 3 ) ( C R T ) T h e b r igh t l ine o n t h e c a t h o d e r a y t ube c a n be a l igned 

by t u r n i n g t h i s C R T m o u n t i n g p la te . 

( 2 4 ) ( P O W E R C O R D ) 

G E N E R A L O P E R A T I O N 

A p p l y t he s ignal vo l tage to be observed to t he -^=r ( 4 ) a n d V E R T I N P U T t e r m i n a l ( 5 ) us ing the cab le 

supp l i ed w i t h t he un i t . C o n n e c t the b l a c k cab le t o t he g round ing t e r m i n a l ( 4 ) a n d the red cab le t o 

the V E R T I N P U T t e r m i n a l ( 5 ) . A d j u s t the a t t e n u a t o r V . A T T ( 7 ) a n d V . G A I N c o n t r o l ( 8 ) un t i l t he 

w a v e f o r m appea r ing on the c a t h o d e ray t ube sc reen p rov ides an a m p l i t u d e of a p p r o x . 6 D I V . 

T h e n , se t the S W E E P R A N G E se lec to r s w i t c h ( 1 1 ) to t he range i nc l ud ing the f r e q u e n c y f o t he s ignal 

vo l tage t o be observed or the n e x t c o u n t e r c l o c k w i s e range. 

T u r n t he S W E E P V A R I / E X T . G A I N c o n t r o l ( 1 2 ) un t i l t he sc reen d i s p l a y s a w a v e f o r m w i t h t he n u m b e r 

o f c y c l e s adequa te f o r obse rva t i on (genera l l y t h ree c y c l e s ) . 

I f the w a v e f o r m i nc ludes o n l y one w a v e , it m e a n s t h a t t he s w e e p f r e q u e n c y o f t i m e base is t h e f r e q u e n c y 

o f the s ignal unde r o b s e r v a t i o n . If t he w a v e f o r m inc ludes f i ve c y c l e s i t means t h a t t he s w e e p f r e q u e n c y 

o f t i m e base is 1 /5 of t he s ignal f r e q u e n c y . 

T u r n t he A C - D C se lec to r s w i t c h ( 6 ) t o t h e D C pos i t i on w h e n it is des i red to measure t he D C c o m p o n e n t 

o f the s ignal unde r o b s e r v a t i o n , or t o observe a f r e q u e n c y b e l o w 10 H z . 

W h e n i t is des i red to observe the A C c o m p o n e n t o n l y , t u r n the above se lec to r s w i t c h to t he A C pos i t i on . 

I t s h o u l d be no ted t h a t a pos i t i ve (+) s ignal on the ve r t i ca l a m p l i f i e r causes the t r ace to m o v e up . A 

pos i t i ve s ignal a m p l i e d t o the h o r i z o n t a l i n p u t causes a d e f l e c t i o n to t he lef t . 
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Pos i t i on t he w a v e f o r m by ad jus t i ng the ve r t i ca l pos i t ion c o n t r o l ( 9 ) a n d h o r i z o n t a l pos i t i on c o n t r o l ( 1 0 ) 

a p p r o p r i a t e l y . 

I f t he w a v e f o r m inc ludes a D C c o m p o n e n t , i t is sh i f t ed up or d o w n depend ing on the p o l a r i t y o f t he 

c o m p o n e n t . In th i s case , c o r r e c t t he pos i t i on of the w a v e f o r m b y means of the ve r t i ca l pos i t i on c o n t r o l 

( 9 ) . I f t he w a v e f o r m c a n n o t be b rough t w i t h i n t he sc reen o f t he ca thode ray t u b e , i t m e a n s a large D C 

c o m p o n e n t is i n c l uded in the s ignal unde r obse rva t i on . In s u c h a case , t u r n the V . A T T ( 7 ) o r V . G A I N 

c o n t r o l ( 8 ) c o u n t e r c l o c k w i s e un t i l t he w a v e f o r m is b rough t b a c k to an app rop r i a te pos i t i on . 

Ampl i tude 

(Positive square wave) 
With A C - D C selector swi tch 
set at position D C . 

Fig. 2 Measurement of A C and DC components 

A n y vo l tage m e a s u r e m e n t s made on an osc i l l oscope are made in p-p or peak va lues . B e c a u s e the 

e f f e c t i v e , o r r m s va lue is o f t en the one o f in te res t , t he f o l l o w i n g tab le gives t he c o n v e r s i o n b e t w e e n p-p 

a n d rms va lues f o r a n u m b e r of c o m m o n w a v e f o r m s . 

Time-base and signal f requencies are equal . T ime-base f requency is 1/5 of signal f requency. 

Fig. 1 Relationship between signal and time base frequencies 

Ampl i tude 

With A C - D C selector switch 
set at position A C . 
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Waveform 
Effect ive 

Value (r m s) 

2 7 3 = 0 . 3 5 4 A 

A 
y = 0 . 5 A 

^ y = 0 . 7 0 7 A 

Waveform Effect ive 
Va lue (r m s) 

^ = 0 . 2 8 8 A 

A 
y = 0 . 5 A 
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M E A S U R E M E N T B Y L I S S A J O U S ' F I G U R E S 

(a) F r e q u e n c y m e a s u r e m e n t 

L i s s a j o u s ' f i gu res are a w i d e l y used m e t h o d f o r m e a s u r e m e n t o f the f r e q u e n c y o f a s igna l . T o m a k e 

a f r e q u e n c y m e a s u r e m e n t us ing th i s m e t h o d , p roceed as f o l l o w s : 

S e t the S W E E P R A N G E se lec to r s w i t c h ( 1 1 ) t o t h e E X T p o s i t i o n . C o n n e c t a s ignal genera to r ac ross 

t he H O R E X T . I N P U T t e r m i n a l s ( 3 ) a n d ~^=~ ( 4 ) a n d ad jus t t he genera to r o u t p u t un t i l t he 

w a v e f o r m appear ing o n t h e c a t h o d e r a y t u b e sc reen p rov ides a t r a c e w i d t h o f a p p r o x . 6 D I V . 

A p p l y t h e u n k n o w n f r e q u e n c y s ignal ac ross t h e — ( 4 ) a n d V E R T I N P U T ( 5 ) t e r m i n a l s a n d ad jus t 

t h e V . G A I N c o n t r o l ( 8 ) un t i l t h e w a v e f o r m appear ing o n t h e c a t h o d e r a y t ube sc reen has a n 

a m p l i t u d e o f a p p r o x . 6 D I V . 

S l o w l y v a r y the o u t p u t f r e q u e n c y o f the genera to r un t i l t he w a v e f o r m appears as one o f the 

f o l l o w i n g f i gu res . 

Fig. 3 Frequency measurement by Lissajous' figure 

T h e f r e q u e n c y of s ignal osc i l l a to r a n d the u n k n o w n f r e q u e n c y are equa l w h e n the w a v e f o r m 

b e c o m e s a s t ra igh t l i ne , an e l l ipse or c i r c l e . T h e f igure c o m e s to a s tands t i l l o n l y w h e n t he re is s u c h 

re la t ion b e t w e e n the f r e q u e n c y of the s ignal genera to r a n d the u n k n o w n f r e q u e n c y t h a t t he f o r m e r 

is an e x a c t m u l t i p l e o f the la t ter o r v i ce ve rsa . T h i s m a k e s i t poss ib le t o f i n d the u n k n o w n 

f r e q u e n c y t h rough a c a l c u l a t i o n . 

T h e f r e q u e n c y ra t io is d e t e r m i n e d b y observ ing the n u m b e r o f t angen t po in t s on e i t he r ve r t i ca l s ide 

a n d o n e i t he r t op or b o t t o m . T h e f r e q u e n c y ra t io is the ra t i o b e t w e e n these tangen ts . Seve ra l 

e x a m p l e s a re g iven in t he i l l u s t r a t i on . 

I : I 2 : l 
( V : H ) 

l : 2 
( v : H) 

3 : 2 
( v : H ) 



OPERATING INSTRUCTIONS 

14 

(b ) M e a s u r e m e n t of phase d i f f e r e n c e 

A p p l y t he t w o s igna ls hav ing the same f r e q u e n c y ( fo r i ns tance the R a n d L s ignals o f a s te reo s igna l ) 

t o H O R E X T . I N P U T ( 3 ) a n d V E R T I N P U T t e r m i n a l s ( 5 ) in the s a m e m a n n e r as desc r ibed irr ( a ) . A 

s t ra igh t l ine r u n n i n g f r o m the uppe r le f t c o r n e r t o the l o w e r r ight c o r n e r o f t he sc reen ind ica tes 

b o t h s ignals are in phase w i t h each o the r . I nc reas ing phase d i f f e r e n c e causes the s t ra igh t l ine on the 

c a t h o d e r a y t u b e sc reen t o g radua l l y t u r n i n to an e l l i pse . W h e n the e l l ipse t u r n s in to a c i r c l e or an 

e l l ipse w i t h a ve r t i ca l or h o r i z o n t a l a x i s t he s igna ls a re 9 0 ° o u t o f phase w i t h each o the r . 

T o m a k e the m e a s u r e m e n t o f the phase d i f f e r e n c e of the t w o s ignals m e n t i o n e d a b o v e , measu re the 

h o r i z o n t a l de f l ec t i on o f t he overa l l f igure a n d the length o f f i gu re on the h o r i z o n t a l a x i s , w h i c h are 

g iven as X a n d x respec t i ve l y in f o l l o w i n g f igure . A n d the phase d i f f e r e n c e 8 is g iven b y S i n 9 = 

x / X . 

Fig. 4 Phase measurement by Lissajous' figure Fig. 5 Representative Lissajous' patterns 

Note t h a t i f t h e E X T . G A I N c o n t r o l ( 1 2 ) is k e p t in the f u l l y c l o c k w i s e pos i t i on in the above 

m e a s u r e m e n t , t he ve r t i ca l a n d h o r i z o n t a l s ignal phase d i f f e r e n c e o f t he osc i l l oscope is essenc ia l l y 

z e r o up to a b o u t 2 k H z . A b o v e 2 k H z , h o w e v e r , the u n i t w i l l have a ve r t i ca l a n d h o r i z o n t a l s ignal 

phase d i f f e r e n c e . T a k e t he above f a c t i n to c o n s i d e r a t i o n w h e n m a k i n g phase d i f f e rence 

m e a s u r e m e n t s . 

A l s o , i t s h o u l d be no ted t h a t i f E X T . G A I N c o n t r o l ( 1 2 ) is n o t f u l l y c l o c k w i s e , the range of 

f r e q u e n c i e s a t w h i c h t he ve r t i ca l and h o r i z o n t a l s ignal phase d i f f e r e n c e is z e r o is reduced a n d w i l l be 

a p p r o x . 5 0 0 H z w h e n the con t ro l is set a t i ts m id -po in t . 

0 ° 4 5 ° 9 0 ° 1 3 5 ° 1 8 0 ° 

( 3 6 0 ° ) ( 3 1 5 ° ) ( 2 7 0 ° ) ( 2 2 5 ° ) 
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5 . A P P L I C A T I O N S 

(a) F r e q u e n c y R e s p o n s e M e a s u r e m e n t o f an A u d i o A m p l i f i e r 

C o n n e c t t he s ine w a v e o u t p u t o f a s ignal genera to r t o t he i n p u t t e r m i n a l of t he a u d i o a m p l i f i e r 

unde r m e a s u r e m e n t . C o n n e c t t he V E R T I N P U T ( 5 ) and ( 4 ) t e r m i n a l s o f t he osc i l l oscope 

ac ross t he speake r o u t p u t t e r m i n a l s of the a m p l i f i e r . T h e a m p l i f i e r s h o u l d be feed ing a load res is tor 

o f the p rope r v a l u e . 

Fig. 6 A n example of frequency response 
Fig. 7 Frequency response affected by the tone 

and loudness controls 

W i t h t he o u t p u t vo l tage o f the s ignal genera to r set a t a c o n s t a n t v a l u e , change t h e o u t p u t f r e q u e n c y 

of the genera to r a n d read the a m p l i t u d e o f t he w a v e f o r m in d B on the c a t h o d e ray tube sc reen us ing 

the d B sca le f o r va r i ous m a j o r f r e q u e n c i e s . P l o t t he a m p l i t u d e readings t h u s ob ta ined aga ins t the 

f r equenc ies a n d y o u c a n ob ta in a general a m p l i t u d e f r e q u e n c y c h a r a c t e r i s t i c as s h o w n in the 

F i g . 6 . 

If t he t one a n d / o r loudness c o n t r o l s on the a m p l i f i e r are ad jus ted a p p r o p r i a t e l y , t h e n the 

c h a r a c t e r i s t i c c u r v e w i l l be changed as s h o w n in t he F i g . 7. 

Note t h a t the d B sca le of th is u n i t p rov ides means to d i r e c t l y read the a m p l i t u d e o f a w a v e f o r m on 

the c a t h o d e ray tube sc reen in d B , s u c h as — 3 and —6 d B . 

(b ) M e a s u r e m e n t w i t h S q u a r e Wave S igna l 

If a squa re w a v e s ignal is used in l ieu of t he s ine w a v e s ignal in the above f r e q u e n c y c h a r a c t e r i s t i c 

m e a s u r e m e n t , t he f r e q u e n c y cha rac te r i s t i c s o f the a u d i o a m p l i f i e r can be rough l y es t ima ted f r o m 

the va r i ous o u t p u t w a v e f o r m s o f the square w a v e s ignal in a c c o r d a n c e w i t h the d iag ram s h o w n 

in t he page n e x t . 



APPLICATIONS 

16 

(c ) M e a s u r e m e n t s t h r o u g h t h e D i r e c t D e f l e c t i o n T e r m i n a l s 

A l t h o u g h f r e q u e n c i e s b e l o w 5 M H z c a n be measu red t h r o u g h t h e in te rna l a m p l i f i e r , h igher 

f r e q u e n c i e s m u s t be measu red t h r o u g h t h e d i r e c t d e f l e c t i o n t e r m i n a l s . F o r d i r e c t c o n n e c t i o n , set 

D I R — N O R s w i t c h ( 2 2 ) t o D I R , a n d c o n n e c t t h e s ignal t o be m e a s u r e d , t o D I R ( 2 1 ) a n d G N D 

( 2 0 ) . 

CO-1303D 
Rear Panel 

50Q/75Q 
Dummy 
Load 

Fig. 8 Connected example of direct deflection terminals 

R e m a r k : T h e d u m m y load should be of a non- induct ive type as this may affect high-frequency character ist ics of the unit . 

F r e q u e n c y response of ampli f ier Square wave output 

100Hz I KHz 

Gain reduced at high-frequency 

Ga in rises at high-frequency 

Ga in reduced at low-f requency 

G a i n rises at low-frequency 

With loudness control set O N . 

Ga in having waving character ist ic curve 

© 

(D 

© 

© 

© 
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T h e d i r e c t d e f l e c t i o n t e r m i n a l s , h o w e v e r , requ i re an i npu t level o f 10 V p - p t o 1 0 0 V p - p because of 

t he i r l o w s e n s i t i v i t y . A l s o , s ince t h e d i r ec t c o n n e c t i o n to the d e f l e c t i o n p la te pu ts t he sens i t i v i t y 

c o n t r o l o u t o f t h e c i r c u i t , a d j u s t m e n t m u s t be made on the sou rce s ide o f t he se t -up . 

T h e f o l l o w i n g s are e x a m p l e s o f obse rva t i on o f t h e o u t p u t s ignals o f c o m m u n i c a t i o n s i n s t r u m e n t s : 

1 ) M o d u l a t i o n m e a s u r e m e n t 

M a k e c o n n e c t i o n s as s h o w n in t he F i g . 8 . A f t e r ob ta in i ng a w a v e f o r m o n the C R T , measu re 

m a x i m u m a m p l i t u d e A a n d m i n i m u m a m p l i t u d e B as s h o w n in t he F i g . 9 . T h e degree o f 

m o d u l a t i o n c a n be f o u n d f r o m the e q u a t i o n in t he F i g . 9 . 

2 ) M e a s u r e m e n t o f Morse code enve lopes 

E m p l o y t he same c o n n e c t i o n s as f o r t he m o d u l a t i o n m e a s u r e m e n t . C o n n e c t a h igh-speed 

k e y e r — an e l e c t r o n i c k e y e r is p re fe rab le — to t he k e y j a c k o f t he t r a n s m i t t e r , a n d repeat 

dashes o r do t s t o obse rve t he i r w a v e f o r m w h i l e ad jus t i ng S W E E P V A R I ( 1 2 ) . 

A - B 

XT^ x l 0 0 ( % ) 

Fig. 9 How to measure modulation degree 
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Ideal keying waveform Waveform with c l ick at k e y d o w n 

Waveform of soft tone Waveform wi th mal-regulation of power source 

Fig. 10 A n example of Morse code envelopes 

3 ) O b s e r v a t i o n o f S S B w a v e f o r m s 

M a k e c o n n e c t i o n s re fe r r ing t o t h e F i g . 8 . C o n n e c t t he o u t p u t o f a t w o - t o n e genera to r ( f o r 

e x a m p l e , 5 0 0 H z a n d 1 5 0 0 H z ) t o t he m i c r o p h o n e i n p u t j a c k of the S S B t r a n s m i t t e r t o 

observe m o d u l a t i o n . W a v e f o r m s as s h o w n in the F i g . 11 are s a t i s f a c t o r y ; h o w e v e r , i f peaks or 

nodes are du l l or f l a t , the s ignal m a y be sp lu t t e r i ng . N o t e , h o w e v e r , t h a t s u c h d i s to r ted 

w a v e f o r m s c a n a l so appea r w i t h an e x c e s s i v e l y large o u t p u t f r o m the t w o - t o n e genera tor . 

Fig. 11 An example of SSB waveforms 
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6. C A U T I O N O N H A N D L I N G T H E S C O P E 

(a ) D o n o t ope ra te t h i s osc i l l oscope in a p lace w h e r e the se t is e x p o s e d to d i r e c t sun l i gh t . O t h e r w i s e , 

the u n i t m a y reach a h igh in te rna l t e m p e r a t u r e w i t h resu l tan t uns tab le o p e r a t i o n a n d , in s o m e cases , 

resu l t in d a m a g e d c o m p o n e n t s . 

(b ) D o n o t ope ra te the se t in a r o o m w h e r e high t e m p e r a t u r e a n d h igh h u m i d i t y p reva i l . 

( c ) D o n o t opera te t he se t in a p lace w h e r e m e c h a n i c a l v i b r a t i o n s p reva i l o r near e q u i p m e n t w h i c h 

genera te s t rong magne t i c f i e lds or i m p u l s e vo l tages . 

(d ) W h e n us ing a n o t h e r p o w e r sou rce change t h e w i r i n g f o r vo l tage c o n v e r s i o n o n t h e f i r s t w i n d 

t e r m i n a l o f p o w e r t r a n s f o r m e r w i t h i n t h e set t o an a p p r o p r i a t e pos i t i on depend ing o n t h e s o u r c e 

se lec ted . R e p l a c e t h e e x i s t i n g fuse w i t h 0 . 5 A f use f o r ope ra t i on f r o m a 1 1 7 V p o w e r s o u r c e o r a 

0 . 3 A f use f o r 2 3 0 V p o w e r s o u r c e o p e r a t i o n ( R e f e r t o M A I N T E N A N C E pa rag raph ) . 

(e) D o n o t a l l o w t h e vo l tage ac ross t he V E R T I N P U T ( 5 ) a n d - i ( 4 ) t e r m i n a l s t o e x c e e d 6 0 0 V p - p 

a n d t h a t ac ross H O R E X T . I N P U T ( 3 ) a n d - ^ r ( 4 ) t e r m i n a l s t o e x c e e d 1 0 0 V p - p . 

( f ) T h e t r a c e l ine o n the c a t h o d e ray t u b e sc reen changes i ts angu la r d i r e c t i o n a l i t t le due to t he ea r ths 

m a g n e t i c f i e l d w h e n the se t is p laced in v a r i o u s d i r e c t i o n s . 



7 . A D J U S T M E N T 

(a) A d j u s t m e n t o f D . C . B A L 

W h e n the t race l ine is m o v e d u p o r d o w n as the V . G A I N c o n t r o l ( 8 ) is t u r n e d , ad j us t t he D . C . B A L 

a d j u s t m e n t as f o l l o w s : 

F i r s t p lace t h e opera t ing c o n t r o l s as f o l l o w s : V . A T T ( 7 ) a t G N D , V . G A I N c o n t r o l ( 8 ) a t f u l l y 

c o u n t e r c l o c k w i s e pos i t i on . A d j u s t ^ P O S I T I O N c o n t r o l ( 9 ) un t i l t he t r ace l ine is cen te red on the 

c a t h o d e r a y t u b e s c r e e n . 

T h e n , t u r n t he V . G A I N c o n t r o l ( 8 ) c l o c k w i s e a n d if t h e t race l ine s h i f t s , inser t a s c r e w d r i v e r w i t h 

n a r r o w t i p (hav ing a w i d t h o f less t han 2 . 5 m m ) in the ho le f o r D . C . B A L a d j u s t m e n t a n d f i t t h e t i p 

o f t h e s c r e w d r i v e r in t h e cen te r g roove o f t r i m - p o t a d j u s t m e n t D . C . B A L . S l o w l y t u r n t he t r i m - p o t 

in such a m a n n e r t ha t t he sh i f t ed t r a c e l ine is res to red to i ts o r ig ina l pos i t i on . 

R e p e a t the above s tep severa l t i m e s un t i l t he t r ace l ine rema ins u n m o v e d even though V . G A I N 

c o n t r o l ( 8 ) is t u r n e d . 

A l l o w a t least 1 5 m i n u t e s of ope ra t i on f o r t he u n i t t o s tab i l i ze be fo re m a k i n g th i s a d j u s t m e n t . 

(b) A d j u s t m e n t o f H O R . G A I N 

1) A p p l y a s ignal o f 3 V p - p a t a p p r o x . 1 k H z t o t h e H O R . E X T . I N P U T t e r m i n a l s ( 3 ) a n d - 4 -

( 4 ) . W i t h S W E E P R A N G E se lec to r s w i t c h ( 1 1 ) se t a t t he E X T p o s i t i o n , t u r n the S W E E P 

V A R I / E X T . G A I N c o n t r o l ( 1 2 ) t o t h e f u l l y c l o c k w i s e pos i t i on . T u r n H O R . G A I N ( 1 6 ) w i t h 

n a r r o w t i p s c r e w d r i v e r as above m e n t i o n e d . S l o w l y t u r n t h e t r i m - p o t un t i l t h e t race l ine 

p rov ides a h o r i z o n t a l d e f l e c t i o n o f 1 0 D I V a n d t h e set is ca l i b ra ted f o r a h o r i z o n t a l sens i t i v i t y 

o f 3 0 0 m V / D I V . 

2 ) S e t u p the osc i l l oscope f o r i n te rna l s w e e p b y p lac ing the S W E E P R A N G E se lec to r s w i t c h ( 1 1 ) 

in a pos i t i on o the r t han E X T . 

A p p l y an i npu t s ignal t o the i ( 4 ) a n d V E R T I N P U T ( 5 ) t e r m i n a l s a n d ad jus t t he V . G A I N 

c o n t r o l ( 8 ) un t i l t he w a v e f o r m appear ing on the c a t h o d e ray t u b e sc reen p rov ides an a m p l i t u d e 

o f a p p r o x . 6 D I V . 

A d j u s t S W E E P R A N G E se lec to r s w i t c h ( 1 1 ) a n d S W E E P V A R I / E X T . G A I N c o n t r o l ( 1 2 ) un t i l 

a n o r m a l w a v e f o r m appears o n the c a t h o d e ray t ube sc reen . A d j u s t V R 3 so as to set t he 

h o r i z o n t a l de f l ec t i on o f t he w a v e f o r m to an app rop r i a te length o f d e f l e c t i o n ( f o r i ns tance 

10 D I V ) . 
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Fig. 12 Adjustment of HOR. GAIN 

(c ) A d j u s t m e n t o f V . A T T F r e q u e n c y C o r r e c t i o n 

R e m o v e the c a b i n e t case f r o m the un i t . 

C A U T I O N : T h e c a t h o d e ray t u b e s o c k e t p ins c a r r y vo l tage o f a p p r o x . — 1 3 0 0 V . B E C A R E F U L n o t t o 

b r ing the hand o r s c r e w d r i v e r i n to c o n t a c t w i t h t he meta l s e c t i o n o f t he s o c k e t w h i l e 

m a k i n g these a d j u s t m e n t s . 

A p p l y a squa re w a v e s ignal o f a p p r o x . 1 k H z to - ^ r ( 4 ) a n d ( 5 ) t e r m i n a l s . 

W i t h ve r t i ca l a t t e n u a t o r V . A T T ( 7 ) se t t o pos i t i on 1 , ad jus t the o u t p u t o f t h e s ignal genera to r un t i l 

t he w a v e f o r m appea r ing on the c a t h o d e r a y tube sc reen p rov ides an a m p l i t u d e o f a p p r o x . 6 D I V . 

T u r n S W E E P R A N G E se lec to r s w i t c h ( 1 1 ) t o t he 1 0 0 - 1 K pos i t i on a n d ad jus t t he S W E E P 

V A R I / E X T . G A I N c o n t r o l ( 1 2 ) so as to m a k e the w a v e f o r m i n c l u d e t w o to f o u r c y c l e s . 

C h e c k t h a t the w a v e f o r m unde r t he above c o n d i t i o n is a good squa re w a v e a n d t h e n t u r n t h e 

ve r t i ca l a t t e n u a t o r V . A T T ( 7 ) t o pos i t i on 1 / 1 0 . T h e n , inc rease the o u t p u t o f s ignal genera to r 

2 0 d B t o m a k e an a m p l i t u d e o f 6 D I V . 

I f n e c e s s a r y , ad j us t t r i m m e r c a p a c i t o r T C 1 0 2 us ing a n insu la ted ( a d j u s t m e n t ) s c r e w d r i v e r un t i l t h e 

squa re w a v e is res to red t o i ts o r ig ina l c o n f i g u r a t i o n . 

R e p e a t t h e p rev ious s teps w i t h t h e ve r t i ca l a t t e n u a t o r set t o pos i t i on 1 / 1 0 0 a n d ad jus t i ng t r i m m e r 

c a p a c i t o r T C 1 0 1 . 

Length of 
horizontal 
def lect ion 

Larger 
H. G A I N 

Smal ler 
H. G A I N 

Printed c i rcui t board 

Fig. 13 Location of trimmers 

V R 1 0 1 D C B A L 

TC101 

T C 1 0 2 

V R 1 0 2 H O R . G A I N 
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Ideal waveform 

Waveform for large t r immer capacitor 
Overshoot (%) = b/a x 1 0 0 

Waveform for small t r immer capaci tor 

Vert ical f requency response at high-frequencies 

( F o r example , it becomes 9 0 0 k H z - 3 d B . ) 

Fig, 14 Square wave characteristic adjustment by trimmer capacitor 

(e) C o r r e c t i o n o f C a t h o d e R a y T u b e P o s i t i o n f o r T i l t (see F i g . 15 ) 

L o o s e n t h e s c r e w ( A ) ho ld ing t h e C R T m o u n t i n g p la te a t t h e rear . 

P l a c e t h e o s c i l l o s c o p e o n t h e n o r m a l ope ra t i ng pos i t i on . 

P u t t h e b lade o f a s c r e w d r i v e r in t h e s l i t ( B ) t o t u r n t he C R T m o u n t i n g p la te f o r set t ing t h e br igh t 

l ine c o r r e c t l y aga ins t t h e sca le g radua t i on . 

C a r e f u l l y t i gh ten t h e s c r e w ( A ) observ ing t h a t t h e h o r i z o n t a l b r igh t l ine is no t dev ia ted . 
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Fig. 15 Correction of C . R . T . position 
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8. M A I N T E N A N C E 

(a) R e m o v a l o f C a b i n e t C a s e 

Fig. 16 How to remove the case 

1) R e m o v e f o u r s e t s c r e w s fo r t he c a b i n e t case f r o m bo th s ide p la tes. 

2 ) L o o s e n the s c r e w s loca ted at the cen te r rear sec t i ons o f b o t h s ide p la tes severa l t u r n s . 

3 ) H o l d the hand le o f t he c a b i n e t case in y o u r h a n d a n d l i f t the case up b a c k w a r d w h i l e r o c k i n g 

the case a b o u t the s c r e w s at t he cen te r rear sec t i ons of bo th s ide p la tes . 

(b ) R e m o v a l o f C a t h o d e R a y T u b e 

1) R e m o v e the c a b i n e t case f r o m the un i t . 

2 ) R e m o v e the s o c k e t f r o m the c a t h o d e ray t ube . 

3) R e m o v e t w o s c r e w s ( A ) ho ld ing t h e C R T m o u n t i n g p la te (see F i g . 1 5 ) . 

4 ) Pu l l o u t t h e C R T w i t h m o u n t i n g p la te f r o m t h e case . 

5 ) L o o s e n t w o s c r e w s re ta in ing t h e C R T band t o r e m o v e t h e sh ie ld ing p la te f r o m t h e C R T . 

C A U T I O N : H a n d l e t he c a t h o d e ray t ube w i t h u t m o s t ca re . W h e n rep lac ing the t u b e , B E 

C A R E F U L t o p lace t h e t u b e in t h e s o c k e t w i t h t h e k e y pos i t i oned in t h e uppe r 

d i r e c t i o n w h e n v i e w e d f r o m t h e f a c e . 

Loosen these screws several turns 
Li f t up 

T u r n the cabinet case about 
this screw 

Remove these screws 

Clamping screws for C . R . T . 

C . R . T . Band 

C . R . T . shield 
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(c ) R e m o v a l o f Pane l 

1 ) R e m o v e t h e c a b i n e t case . 

2 ) L o o s e n m o u n t i n g s c r e w s f o r c o n t r o l k n o b s (2 large k n o b s , 4 sma l l k n o b s ) . 

3 ) U n s c r e w t h e n u t f r o m the S W E E P R A N G E se lec to r s w i t c h s h a f t . 

4 ) R e m o v e t h e b l a c k s c r e w b e t w e e n t e r m i n a l s ( 3 ) a n d - i - ( 4 ) . 

5 ) R e m o v e t w o s c r e w s f r o m the l o w e r sec t i on o f the f r o n t p a n e l . 

6 ) C a r e f u l l y d r a w the pane l f o r w a r d . 

C A U T I O N : H a n d l e the pane l c a r e f u l l y . R o u g h hand l i ng m a y bend o r c r a c k p a n e l . 

(d ) V o l t a g e C o n v e r s i o n 

1 ) T o c o n v e r t t h e p o w e r sou rce vo l tage , f i r s t r e m o v e t h e p o w e r c o r d f r o m t h e p o w e r s o u r c e . 

2 ) T h e p o w e r t r a n s f o r m e r is w i r e d as s h o w n in F i g . 1 7 . I f t h e osc i l l o scope is t o be ope ra ted o n 

a n o t h e r vo l tage , change t h e w i r i n g a n d re-so lder re fe r r ing to F i g . 1 7 . 

Fig. 17 Voltage conversion 

(e) R e p l a c e m e n t o f F u s e 

1) A l w a y s d i s c o n n e c t p o w e r s u p p l y be fo re rep lac ing a fuse . 

2 ) R e m o v e t h e c a b i n e t case f r o m t h e un i t . 

3 ) R e m o v e t h e f u s e inser ted in i ts ho lde r loca ted on t h e u p p e r r ight c o r n e r o f p r i n ted c i r c u i t 

boa rd a n d inser t a n e w fuse in t h e fuse ho lder . 

4 ) I f t h e f use t a k e n o u t is b l o w n o u t , t r o u b l e s h o o t t h e set f o r b r o w n f u s e , repa i r t h e t r o u b l e a n d 

t h e n a p p l y t he p o w e r t o t h e set . 

5 ) F o r 1 1 7 V o p e r a t i o n a 0 .5 A f use s h o u l d be used a n d f o r 2 3 0 V o p e r a t i o n a 0 . 3 A f u s e s h o u l d 

be used . 

Power cord Power cord Power cord 

T o terminal ' T o terminal T o terminal 

® 100 V ® 117V © 230V 

Power S W Power S W Power S W 
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P A R T S L I S T O F C O - 1 3 0 3 D ( Y 7 1 - 1 0 8 0 - 0 0 ) 

Ref. No. Parts No. Description 

C A P A C I T O R 

C1 C 9 1 - 0 5 1 1 - 0 5 Oil O . V F 630WV 

C2 C C 4 5 S L 2 H 1 5 0 J Ceramic 15pF ± 5 % 

C3 C Q 9 3 M 1 H 4 7 4 K Mylar 0 . 4 7 M F ± 1 0 % 

C4 C Q 9 3 M 1 H 4 7 3 K Mylar 0 .047MF ± 10% 

C5 C Q 9 3 M 1 H 3 9 2 K Mylar 3900pF ± 1 0 % 

C6. 7 C 9 1 - 0 5 1 3 - 0 5 Oil 0 . 4 7 M F 630WV 

R E S I S T O R 

R1 R D 1 4 B B 2 E 1 0 4 J Carbon 100kfl ± 5 % 1/4W 

R2.3 R D 1 4 B Y 2 H 2 2 5 J Carbon 2.2MQ ± 5 % 1/2W 

P O T E N T I O M E T E R 

VR1 R03 -1019 -05 Variable resistor 2kft (C) 

VR2 R01 -0041 -05 Variable resistor 500H (B) 

VR3 R01 -3027 -05 Variable resistor 10k$2 (B) 
VR4 R 0 3 - 8 0 1 9 - 0 5 Variable resistor 1 Mfi (B) 

M I S C E L L A N E O U S 

A 0 1 - 0 1 8 9 - 1 3 Case 
A 1 0 - 0 4 7 5 - 7 2 Chassis 
A 2 0 - 0 3 5 1 - 1 2 Panel 
A 2 0 - 0 9 9 4 - 1 3 Panel assembly 
A 2 1 - 0 2 3 7 - 1 4 Dress panel (1) 
A 2 1 - 0 2 3 7 - 0 4 Dress panel (2) 

A 4 0 - 0 1 0 2 - 1 3 Bottm plate 
A 4 4 - 0 0 1 6 - 2 4 Rear Board (2) 
B 2 0 - 0 3 6 7 - 3 4 Graticule 

N1 B 3 0 - 0 0 4 3 - 1 5 Neon lamp 
B 4 0 - 0 7 6 5 - 1 4 Name plate 
B 4 1 - 0 0 9 4 - 0 4 Caution label (220V- 240V) 
B41-011 1-04 Caution label (110V- 120V) 
B50 -1445 -20 Instruction manual 

D32 -0075 -04 Switch stopper 

E 0 1 - 1 4 0 3 - 0 5 CRT socket 
E 2 1 - 0 1 3 1 - 3 5 Terminal (black) 
E 2 1 - 0 3 0 1 - 0 5 Terminal board (3P) 

E 3 0 - 0 5 4 5 - 0 5 A C cord with plug 

F 0 5 - 3 0 1 1 - 0 5 Fuse (0.3A) 
F05 -5013 -05 Fuse (0.5A) 
F 1 1 - 0 1 8 9 - 1 3 CRT shield 
F 1 5 - 0 1 3 8 - 0 4 Felt 
F 1 5 - 0 1 6 3 - 0 4 Felt 
F 1 9 - 0 2 1 0 - 0 4 Patch 

G 1 3 - 0 0 6 8 - 0 4 Cushion 
G 1 3 - 0 0 4 2 - 0 4 Cushion 

H01-5818-14 Packing case (individual packing) 
H10-2830-02 Packing material, foamed styrene (Front) 

H10-2831-02 Packing material, foamed styrene (Rear) 
H20-1725-04 Protection cover 
H25 -0029 -04 Polyethylene bag 
J 0 3 - 0 0 0 3 - 0 4 Rubber leg 
J 2 0 - 0 2 6 5 - 2 4 CRT bracket 

J 2 1 - 0 7 5 4 - 3 4 Terminal bracket 
J 2 1 - 1 2 0 4 - 0 4 Power transformer bracket 
J 2 1 - 1 4 3 1 - 1 4 CRT clamping band 

J 2 1 - 1 4 3 2 - 1 4 CRT clamping band 

J 3 2 - 0 8 3 0 - 0 4 Boss 

J 4 1 - 0 0 0 6 - 0 5 Cord bushing 

J 4 2 - 0 0 1 0 - 0 4 Rubber bushing 
J 6 1 - 0 0 1 7 - 1 5 Snap beaded band 
J 6 1 - 0 0 5 3 - 0 5 Board support 
J 6 1 - 0 0 4 9 - 0 5 Cable wrapping band 

Ref. No. Parts No. Description 

K01 -0058 -25 Grip 
K21 -0280 -14 Knob 
K21 -0290 -14 Knob 

L01 -9516 -05 Power transformer 

S1 S 0 4 - 1 0 3 4 - 0 5 Rotary switch 
S 2 S 0 4 - 1 0 2 6 - 0 5 Rotary switch 
S 3 ~ 6 S 3 1 - 2 0 0 7 - 0 5 Slide switch 

C R T (cathode ray tube), 7 5 A R B 3 1 

X 6 5 - 1 1 2 0 - 2 2 Printed circuit unit 
X 6 7 - 1 0 4 0 - 0 0 Cord with banana tip 
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P A R T S L I S T O F X 6 5 - 1 1 2 0 - 2 2 

Ref. No. Parts No. Description 

C101 C Q 0 8 S 1 H 6 8 1 J Polystyrene 680pF ± 5 % 
C102 C Q 0 8 S 1 H 6 8 0 J Polystyrene 68pF ± 5 % 

C 1 0 3 C 9 1 - 0 5 0 2 - 0 5 Ceramic 0.01^F 630V 

C 1 0 4 C K 4 5 B 1 H 1 0 3 K Ceramic 0.01 fi¥ ± 1 0 % 
C 1 0 5 C C 4 5 S L 1 H 1 8 1 J Ceramic 180pF ± 5 % 
C 1 0 6 C C 4 5 S L 1 H 1 5 0 J Ceramic 15pF ± 5 % 
C107 C E 0 4 B W 1 H 0 1 0 M Non-polarized electrolytic 

V F 50WV 
C 1 0 8 C E 4 W 1 J 0 1 0 M Electrolytic 1//F ± 2 0 % 6 3 W V 
C 1 0 9 C C 4 5 S L 1 H 2 7 0 J Ceramic 27pF ± 5 % 
C 1 1 0 C Q 0 8 S 1 H 3 9 1 J Polystyrene 390pF ± 5 % 
c m C E 0 4 W 1 J 1 0 0 M Electrolytic 10jiF ± 2 0 % 6 3 W V 
C 1 1 2 C K 4 5 B 1 H 6 8 1 K Ceramic 680pF ± 2 0 % 
C 1 1 3 C C 4 5 S L 1 H 3 3 1 J Ceramic 330pF ± 5 % 
C114 ,115 C E 0 2 W 2 E 4 7 0 Electrolytic 47/ /F 2 5 0 W V 
C116 C E 0 4 W 1 E 2 2 1 M Electrolytic 220^F ± 2 0 % 2 5 W V 
C117 C E 0 4 W 2 A 2 2 1 M Electrolytic 220/ iF ± 2 0 % 2 5 W V 
" 1 1 8 C E 0 4 W 1 E 2 2 1 M Electrolytic 220/ /F ± 2 0 % 2 5 W V 
.119 C E 0 4 W 2 A 2 2 1 M Electrolytic 220,uF ± 2 0 % 100WV 

C 1 2 0 C E 0 4 W 1 V 1 0 1 M Electrolytic 100//F ± 2 0 % 6 3 W V 
C121 C 9 1 - 0 5 7 1 - 0 5 Ceramic 0.01//F ± 2 0 % 2KV 
C 1 2 2 CQ93M1H224M Mylar 0.22^F ± 2 0 % 
C 1 2 3 C 9 1 - 0 5 0 9 - 0 5 Oil 0.1//F ± 1 0 % 2KV 
C124 ,125 C 9 1 - 0 5 0 6 - 0 5 Oil 0.1 ^ F ± 1 0 % 
C 1 2 6 C 9 1 - 0 5 0 9 - 0 5 Oil 0.1 /iF ± 1 0 % 2KV 
C127 C E 0 4 W 1 H 1 0 1 M Electrolytic 100,uF ± 2 0 % 5 0 W V 
C128 CK45B1H103K Ceramic 0.01 fiF ± 1 0 % 
C132 C C 4 5 S L 1 H 6 8 0 J Ceramic 68p ± 5 % 
TC101 .102 C 0 5 - 0 0 1 0 - 1 5 Ceramic trimmer 

10pF 

T C 1 0 3 C 0 5 - 0 0 2 9 - 1 5 Ceramic trimmer 
50pF 

R E S I S T O R 

R101 R N 1 4 B K 2 H 9 9 0 3 F Carbon 990k0 ± 1 % 1/2W 
R102 R N 1 4 B K 2 H 9 0 0 3 F Carbon 900k0 ± 1 % 1/2W 
R103 R D 1 4 B Y 2 H 1 0 5 J Carbon 1M0 ± 5 % 1/2W 
R104 R N 1 4 B K 2 H 1 0 0 4 F Carbon 1 M0 ± 1 % 1/2W 
R105 R N 1 4 B K 2 E 1 0 1 2 F Carbon 10 1kfl ± 1 % 1 / 4 W 
R106 R N 1 4 B K 2 E 1 1 1 3 F Carbon 1 11k0 ± 1 % 1/4W 
R107 .108 R D 1 4 B B 2 E 1 0 2 J Carbon IkQ ± 5 % 1 / 4 W 
',109 R D 1 4 B B 2 E 5 6 2 J Carbon 5 6k0 ± 5 % 1 / 4 W 

R110.111 R D 1 4 B B 2 E 8 2 2 J Carbon 8.2k0 ± 5 % 1 / 4 W 
R112 R D 1 4 B B 2 E 1 0 1 J Carbon 1000 ± 5 % 1 / 4 W 
R113 .114 R 0 1 4 B B 2 E 6 8 2 J Carbon 6 8k0 ± 5 % 1 / 4 W 
R115 .116 R D 1 4 B B 2 E 1 0 1 J Carbon 1000 ± 5 % 1 / 4 W 
R117 R D 1 4 B B 2 E 2 2 2 J Carbon 2.2kO ± 5 % 1/4W 
R118 .119 R D 1 4 B B 2 E 3 3 2 J Carbon 3.3kO ± 5 % 1/4W 
R 1 2 0 R D 1 4 B B 2 E 2 2 2 J Carbon 2.2kO ± 5 % 1/4W 
R121 R D 1 4 B B 2 E 4 3 0 J Carbon 4 3 0 ± 5 % 1/4W 
R122.123 R D 1 4 B B 2 E 4 7 2 J Carbon 4 7k0 ± 5 % 1/4W 
R124 R D 1 4 B B 2 E 3 9 1 J Carbon 3 9 0 0 ± 5 % 1 / 4 W 
R125.126 R D 1 4 B B 2 E 2 2 1 J Carbon 2 2 0 0 ± 5 % 1 / 4 W 
R127 R D 1 4 B B 2 E 6 8 1 J Carbon 6 8 0 0 ± 5 % 1 / 4 W 
R128 R D 1 4 B B 2 E 3 3 0 J Carbon 3 3 0 ± 5 % 1 / 4 W 
R129.130 R S 1 4 A B 3 F 3 9 2 J Metal film 3 9k0 ± 5 % 3 W 
R131 R D 1 4 B B 2 E 1 2 4 J Carbon 120k0 ± 5 % 1 / 4 W 
R>32.133 R D 1 4 B B 2 E 2 7 3 J Carbon 27kO ± 5 % 1 / 4 W 
R134 R D 1 4 B B 2 E 4 7 2 J Carbon 4 7k0 ± 5 % 1/4W 
R135 R D 1 4 B B 2 E 1 2 4 J Carbon 120k0 ± 5 % 1/4W 
R136 R D 1 4 B B 2 E 2 7 2 J Carbon 2.7kfl ± 5 % 1 / 4 W 
R137 R D 1 4 B B 2 E 1 5 2 J Carbon 1 5k0 ± 5 % 1/4W 
R138 R D 1 4 B B 2 E 6 8 2 J Carbon 6.8k0 ± 5 % 1 / 4 W 
R139 R D 1 4 B B 2 E 3 3 2 J Carbon 3 3k0 ± 5 % 1/4W 
R140 R D 1 4 B B 2 E 1 8 3 J Carbon 18k0 ± 5 % 1/4W 
R141 R D 1 4 B B 2 E 6 8 3 J Carbon 68k0 ± 5 % 1 / 4 W 
R142 R D 1 4 B B 2 E 1 2 3 J Carbon 12k0 ± 5 % 1 / 4 W 

Ref No Parts No. Description 

R143 R D 1 4 B B 2 E 1 0 3 J Carbon 10k0 ± 5 % 1/4W 
R144 . 145 R D 1 4 B B 2 E 1 2 3 J Carbon 12k0 ± 5 % 1/4W 
R146 .147 R D 1 4 B B 2 E 3 9 2 J Carbon 3 9k0 ± 5 % 1/4W 
R 1 4 8 R D 1 4 B B 2 E 3 3 1 J Carbon 3 3 0 0 ± 5 % 1/4W 
R149 .150 R S 1 4 A B 3 D 2 2 3 J Metal film 22k0 ± 5 % 2W 
R151 R D 1 4 B B 2 E 3 3 3 J Carbon 33kO ± 5 % 1/4W 
R152 R D 1 4 B B 2 E 1 2 4 J Carbon 120k0 ± 5 % 1/4W 
R153 R S 1 4 A B 3 F 8 2 1 J Metal film 8 2 0 0 ± 5 % 3W 
R 1 5 4 RN14AB3D681J Metal film 6 8 0 0 ± 5 % 2W 
R 1 5 5 R S 1 4 A B 3 F 4 7 1 J Metal film 4 7 0 0 ± 5 % 3W 
R156 R D 1 4 B Y 2 H 1 0 2 J Carbon 1k0 ± 5 % 1/2W 
R157 R D 1 4 B B 2 E 1 0 4 J Carbon 100k0 ± 5 % 1/4W 
R 1 5 8 R D 1 4 B Y 2 H 4 7 3 J Carbon 47k0 ± 5 % 1/2W 
R 1 5 9 - 1 6 1 R D 1 4 B Y 2 H 1 0 5 J Carbon 1M0 ± 5 % 1/2W 
R 1 6 2 R D 1 4 B Y 2 H 2 7 4 J Carbon 270kQ ± 5 % 1/2W 
R 1 6 3 R D 1 4 B Y 2 H 5 6 4 J Carbon 560k0 ± 5 % 1/2W 
R 1 6 4 R D 1 4 B Y 2 H 2 2 5 J Carbon 2 2M0 ± 5 % 1/2W 
R 1 6 5 R D 1 4 B Y 2 H 1 5 4 J Carbon 150k0 ± 5 % 1/2W 
R166 R D 1 4 B Y 2 H 1 8 4 J Carbon 180k0 ± 5 % 1/2W 
R167 R D 1 4 B Y 2 H 1 0 4 J Carbon lOOkO ± 5 % 1/2W 
R168 .169 R D 1 4 B B 2 E 1 0 1 J Carbon 1000 ± 5 % 1/4W 

R178 R D 1 4 B B 2 E 1 8 4 J Carbon 180k0 ± 5 % 1/4W 

P O T E N T I O M E T E R 

V R 1 0 1 R 1 2 - 1 0 0 4 - 0 5 Semi-fixed resistor 
4 7kO(B) 

VR102 R 1 2 - 1 0 0 2 - 0 5 Semi-fixed resistor 
1k0(B) 

V R 1 0 3 . 1 0 4 R 1 2 - 8 0 0 8 - 0 5 Semi-fixed resistor 
1M0(B) 

S E M I - C O N D U C T O R 

Q101 ~ 103 Field effect transistor 2 S K 3 0 A - 0 (IDSS) 
Q 1 0 4 ~ 109 Transistor 2 S C 5 3 5 - B 
Q1 10.11 1 Transistor 2 S C 1 5 0 7 
Q 1 1 2 . 1 1 3 Transistor 2 S C 4 5 8 - C 
Q 1 1 4 Field effect transistor 2 S K 3 0 A - 0 (IDSS) 
Q115 .116 Transistor 2 S C 1 5 0 7 

D101 Diode 1N60 
0 1 0 2 . 1 0 3 Diode V 0 8 J 
D104 Diode S 1 V B 6 0 
D105 .106 Zener dicde MTZ16JA 
D107.108 High voltage diode SHV-Z3 
D109 Zener diode MTZ8.2JB 
D110 Diode 1 S 1 5 5 5 

M I S C E L L A N E O U S 

E 2 3 - 0 0 4 6 - 0 4 Terminal 

F 0 2 - 0 0 2 8 - 0 4 
F 0 5 - 3 0 1 1 - 0 5 Fuse 
F11 -0026 -24 Shield case 

J 1 3 - 0 0 2 0 - 0 5 Fuse holder 

J 2 5 - 1 3 1 9 - 2 3 Printed circuit board 
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12. B L O C K D I A G R A M & E X T E R N A L V I E W 

DC 

A C 

75ARB31 
NOR 

NOR 

HOR O-

E X T 
H. AMP 

Q8 ~ Q10 

POWER 
S U P P L Y 

B L O C K DIAGRAM of CO-1303D 

V A T T V.AMP 
Q1 ~ Q 5 

DIR 

D I F 1 

V . D I R Z A X I S INPUT 

- 1 3 0 0 V 

+ 15V +170V 

- 1 5 V 

- 8 V 

S W E E P 
G E N E R A T O R 

Q6, Q7 

INPUT 

E X T 

B O T T O M PANEL 

FRONT PANEL R E A R PANEL 

E X T E R N A L VIEW of CO-1303D 
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