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F E A T U R E S 
* T h e adopt ion of I C s th roughout a s s u r e s high pe r fo rmance 

and improved rel iabi l i ty. 

* Ve r t i ca l ax i s of low input c a p a c i t a n c e ( 2 2 ± 3 p F ) for 

2 - c h a n n e l operat ion prov ides high sens i t iv i ty and w i d e 

band -w id th ( 1 0 m V / d i v . 1 0 M H z ) . 

* T h e high vo l tage p o w e r for C R T as w e l l as the p o w e r for 

other c i rcu i ts is fully s tab i l ized b e c a u s e of the use of 

D C - D C conver ter , thus the sens i t iv i ty and br igh tness are 

comp le te l y f ree f rom e f fec ts of vo l tage var ia t ions . 

* L o w p o w e r c o m s u m p t i o n ( 2 0 W ) for cool operat ion. 

* X - Y operat ion is poss ib le w i t h C H 2 ampl i f ie r used a s X 

ax is . 

T h e hor izontal a x i s sens i t iv i ty is as high a s 1 0 m V / d i v , 

permi t t ing a c c u r a t e ca l ib ra t ions. 

* T i m e base s w i t c h a l l o w s changeove r b e t w e e n C H O P and 

A L T and b e t w e e n V (ver t ica l ) and H (hor izonta l ) of T V 

s y n c separa to r c i rcui t , au tomat i ca l l y and e lec t ron ica l ly . 

* A t A U T O posi t ion of T R I G L E V E L , it is poss ib le to c h e c k 

the br igh tness at no-s igna l t ime and to ad jus t t r igger ing 

level of input w a v e f o r m s . 

* A l l componen t par ts are c lever ly moun ted on c i rcu i t 

boards for improved rel iabi l i ty. 

* E a s y cor rec t ion of hor izonta l t r ace ang le w i t h un ique 

t race rotat ion s y s t e m . 

SPECIF ICATIONS 
T y p e of C a t h o d e R a y 

T u b e : C 5 2 9 P 3 1 B or 1 3 0 B E B 3 1 

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

Vertical Axis (for both CHI and CH2) 
Sensi t iv i ty : 1 0 m V / d i v ~ 2 0 V / d i v ± 5 % 

Attenuator : 1 0 m V / d i v to 2 0 V / d i v in 11 » 

ca l ib ra ted ranges in 1 - 2 - 5 s e 

q u e n c e . V a r i a b l e b e t w e e n 

ranges . ± 5 % on al l ranges . 

Input I m p e d a n c e : 1 Mil ± 5 % 

Input C a p a c i t a n c e : A p p r o x . 2 2 pF 

F r e q u e n c y R e s p o n s e : D C D C - 1 0 M H z ( l ess than — 3 

d B ) 

A C 2 H z ~ 1 0 M H z ( l ess than 

- 3 d B ) 

Ris ing T i m e : L e s s than 3 5 n s e c . 

O v e r s h o o t : L e s s than 3 % 

(at 1 0 0 kHz square w a v e ) 

C r o s s - t a l k : Be t te r than 7 0 d B at 1 kHz 

Opera t ing M o d e : C H 1 C h a n n e l 1 only 

C H 2 C h a n n e l 2 only 

D U A L 2 - c h a n n e l ( C H O P and 

A L T are au tomat i ca l l y 

s e l e c t e d by S W E E P 

T I M E / D I V ) 0 . 5 M S / -

d i v ~ 0 . 5 m s / d i v A L T 

(a l ternate s w e e p ) 

1 m s / d i v ~ 0 . 5 s /d i v : 

C H O P ( 2 0 0 k H z 

sw i t ch ing ) 

C H O P F r e q u e n c y : 2 0 0 kHz ± 2 0 % 

M a x i m u m input 
Vo l tage : 6 0 0 V p - p or 3 0 0 V ( D C + A C 

peak) 

Sweep Circuit 
S w e e p S y s t e m : T r i g g e r e d a n d a u t o m a t i c . In 

au toma t i c mode , s w e e p is ob

ta ined w i t hou t input s igna l . 

S w e e p T i m e : 1 /xs/dW to 0 . 5 s / d i v in 1 8 

ca l ib ra ted ranges , in 1 - 2 - 5 s e 

quence . 

V a r i a b l e b e t w e e n r a n g e s . 

S w e e p t ime a c c u r a n c y : ± 5 % 

Magnif ier : 5 t imes ± 1 0 % ( P U L L x 5 M A G ) 

Lineari ty: 3 % or l e s s d is torat ion ( 5 /xs /d iv 

~ 0 . 5 s / d i v ) 

5 % or l e s s d is torat ion 

(1 ^ s / d i v ~ 2 / i s / d i v ) 

Triggering 
S o u r c e : INT : C h a n g e o v e r by M O D E 

S w i t c h 

( D U A L : C H 1 input s igna l only) 

E X T : E X T T R I G input s ignal 

S y n c S e c t i o n : N O R : pos i t ive and negat ive 

T V : pos i t ive and nega t i ve 

( T V H and T V V are au tomat i ca l l y 

s w i t c h e d by S W E E P T I M E / D I V ) 

T V H ( T V - L i n e ) : 1 M s / d i v ~ 5 0 

Ms/div 

T V V ( T V - F r a m e ) : 

0 .1 m s / d i v ~ 0 . 5 s / d i v 

Trigger ing Vo l tage : C H 1 and C H 2 A m p l i t u d e on 

C R T s c r e e n , more than 1 div 

Trigger ing R a n g e : INT : 2 0 Hz ~ 1 0 M H z 
E X T : D C ~ 1 0 M H z 

Horizontal Axis (CH2 input) 
Operat ing M o d e : X - Y mode is se lec ted by S W E E P 

T I M E / D I V . 

C H 1 : Y a x i s 

C H 2 : X a x i s 

Sensi t iv i ty : S a m e a s C H 2 

( 1 0 m V / d i v ~ 2 0 V / d i v ± 5%) 

F r e q u e n c y R e s p o n s e : D C D C — 1 M H z ( l ess than 

- 3 d B ) 

A C 2 Hz - 1 M H z ( less than 

- 3 d B ) 

Input I m p e d a n c e : S a m e a s C H 2 (1 Mil ± 5%) 

Input C a p a c i t a n c e : S a m e a s C H 2 (approx 2 2 p F ) 
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Calibrating Voltage: 1 Vp -p ± 5 % 
( 5 0 / 6 0 Hz squa re w a r e ) 

Intensity Modulation 
Input Vo l tage: T T L level 
Input I m p e d a n c e : 1 0 kf i ± 2 0 % 

Trace Rotation: T r a c e ang le i s ad jus tab le by p a 

nel su r face ad jus ter . 

Power Source 
P o w e r Supp ly Vo l tage: 1 0 0 / 1 1 7 / 2 2 0 / 2 4 0 V ± 1 0 % , 

5 0 / 6 0 Hz 
P o w e r C o n s u m p t i o n : 2 0 W 

Dimensions and Weight 
Width : 2 6 0 m m ( 2 7 7 m m ) 

Height : 1 9 0 m m ( 2 0 4 m m ) 

Depth : 3 7 5 m m ( 4 3 3 m m ) 

F igu res in ( ) s h o w m a x i m u m 
s i zes . 

Weight : 8 kg 

Accesories 
P r o b e * : P C - 2 1 2 

D a m p i n g 1 / 1 0 
Input i m p e d a n c e 1 0 Mf l 
Input c a p a c i t a n c e less 

than 18 p F 
(* Not all of s e t s have these. ) 
Pin-plug: Non-shor t ing type 1 

A C P o w e r C o r d : 1 

R e p l a c e m e n t F u s e : 0 . 3 A 2 
0 . 7 A 2 

Instruct ion M a n u a l : 1 copy 



1. J POSITION Control 
Ver t i ca l posi t ion ad jus tmen t for C H 1 t race . B e c o m e s 
ver t i ca l posi t ion a d j u s t m e n t w h e n S W E E P 
T I M E / D I V ( 2 1 ) is in the X - Y posi t ion. 

2. INPUT Jack 
Ver t i ca l input j a c k for C H 1 (or Y in X - Y mode) . 

3. AC-GND-DC Switch 
Ver t i ca l input se lec to r for C H 1 (or Y ) . 
D C D i rec t input of A C and D C c o m p o n e n t of 

input s igna l . 
G N D O p e n s s igna l pa th and g rounds input to 

ver t i ca l ampl i f ier . T h i s p rov ides a ze ro -
s igna l b a s e l ine, the posi t ion of w h i c h c a n 
be u s e d a s a re fe rence w h e n per forming 
D C m e a s u r e m e n t s . 

A C B l o c k s D C c o m p o n e n t of input s igna l . 

4. VOLTS/DIV Switch 
Ver t i ca l a t tenuator for C h a n n e l 1 Ver t i ca l sens i t i v i t y is 
ca l ib ra ted in 11 s t e p s f r om .01 to 2 0 vo l t s per div. 
T h i s contro l a d j u s t s ver t i ca l sens i t i v i t y w h e n the 
S W E E P T I M E / D I V s w i t c h ( 2 1 ) is in the X - Y posi t ion. 

5. VARIABLE Control 
C H 1 ver t i ca l a t tenuator ad jus tmen t . 
F ine cont ro l of C H 1 ver t i ca l sens i t iv i ty . 
In the e x t r e m e c l o c k w i s e ( C A L ) pos i t ion, the ver t i ca l 
a t tenuator is ca l ib ra ted . 

6. MODE Switch 
C H 1 : On ly the input s igna l to C H 1 is d i sp layed 

a s a s ing le t race . 
C H 2 : On l y the input s igna l to C H 2 is d i sp layed 

a s a s ing le t race . 
D U A L : T h e C H 1 and C H 2 w a v e f o r m s a re 

d i sp layed at the s a m e t ime, permi t t ing 
dua l t r ace observa t ion . In th i s c a s e , only 
the C H 1 s igna l is s ynch ron i zed . S e l e c t i o n 
b e t w e e n A L T and C H O P opera t i ons is a u 
t o m a t i c a l l y a c c o m p l i s h e d by t u r n i n g 
S W E E P T I M E / D I V . In the C H O P o p e r a 
t ion, the s igna ls of both c h a n n e l s a re a l ter
na te ly s w i t c h e d in the range o f 0 . 5 s to 
1 m s , by about 2 0 0 k H z s i g n a l ; in the A L T 
opera t ion , t hese s i gna l s a re a l te rna te ly 
s w i t c h e d for e a c h s w e e p in t h e range of 
0 . 5 m s to V s . 
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7. V O L T / D I V Swi tch 
Ver t i ca l a t tenuator for C h a n n e l 2 . 
Ve r t i ca l sens i t i v i t y is ca l ib ra ted in 11 s t e p s f rom . 0 1 to 
2 0 vo l ts per div. T h i s cont ro l ad jus t s hor izonta l s e n 
s i t iv i ty w h e n the S W E E P T I M E / D I V s w i t c h ( 2 1 ) is in 
t he X - Y pos i t ion. 

8. VARIABLE Control 
C H 2 ver t i ca l a t tenua to r ad jus tmen t . F ine cont ro l of 
C H 2 ver t i ca l sens i t iv i ty . 
In the e x t r e m e c l o c k w i s e ( C A L ) pos i t ion, the ver t i ca l 
a t tenua to r is ca l ib ra ted . 

9. AC-GND-DC Switch 
Ver t i ca l input se lec to r for C H 2 (o rX) . It h a s the s a m e 
func t ion a s A C - G N D - D C ( 3 ) . 

10. INPUT Jack 
Ver t i ca l input j ack for C H 2 (or X ) . 

1 1 . J POSITION Control/X-Y Control 
Ver t i ca l pos i ton a d j u s t m e n t for C H 2 t race . 
B e c o m e s h o r i z o n t a l p o s i t i o n a d j u s t m e n t w h e n 
S W E E P T I M E / D I V ( 2 1 ) is in the X - Y pos i t ion. 

12. LED Pilot Lamp 
T h i s l amp l ights a s the p o w e r s w i t c h I L L U M ( 1 3 ) is 
tu rned on . 

13. POWER Switch 
A right turn w i l l se t the p o w e r to O N . 

14. INTENSITY Control 
A d j u s t s the b r igh tness of spo ts and w a v e f o r m s for 
e a s y v i e w i n g . C l o c k w i s e rotat ion i n c r e a s e s the 
b r igh tness of t r a c e and c o u n t e r c l o c k w i s e rotat ion d is 
a p p e a r s the t race . 

15. FOCUS Control 
S p o t F o c u s cont ro l to obta in o p t i m u m w a v e f o r m a c 
cord ing to b r igh tness . 

16. EXT TRIG Jack 
E x t e r n a l t r igger te rm ina l . For ex te rna l t r igger ing, e x 
te rna l s y n c vo l tage (more t han 1 Vp -p ) shou ld be 
app l ied , w i t h S O U R C E s w i t c h ( 1 7 ) se t to E X T . 

17. S O U R C E Switch 
S e l e c t s t r igger ing sou rce for the s w e e p . ( I N T or E X T ) 

INT : S w e e p is t r iggered by C H 1 s igna l w h e n 
M O D E s w i t c h is in C H 1 or D U A L posi t ion. 
S w e e p is t r iggered by C h a n n e l 2 s igna l 
w h e n M O D E s w i t c h is in C H 2 posi t ion. 

E X T S w e e p is t r iggered by a n ex te rna l s igna l 
app l ied a t the E X T T R I G j a c k 1 6 . 

18. SYNC Switch 
S y n c separa to r s w i t c h . It p i cks up s y n c s igna l 
c o m p o n e n t in T V v ideo s igna l a n d app l ies to s y n c c i r 
cui t for componen t in T V v ideo s igna l and app l ies to 
s y n c c i rcu i t for comp le te synchron iza t ion of v ideo s i 
gna l be ing v i e w e d . 
N O R M ± : U s e d for v i e w i n g al l w a v e f o r m s e x c e p t T V 

compos i t e v ideo s igna ls . 
A t " + " polar i ty, s w e e p is t r iggered on 
pos i t i ve-go ing s lope of w a v e f o r m a n d , a t 
" — " polar i ty , on nega t i ve -go ing s lope of 
w a v e f o r m . 

T V ± : In the T V pos i t ions , the s y n c p u l s e s of a 
te lev is ion compos i t e v ideo s igna l are used 
to tr igger the s w e e p ; the ver t i ca l s y n c 
pu l ses ( T V V : f r a m e ) a re au toma t i ca l l y 
s e l e c t e d for s w e e p t i m e s of 0 . 5 s / d i v to 
0 .1 m s / d i v a n d hor izonta l s y n c p u l s e s 
( T V H : l ine) are au tomat i ca l l y s e l e c t e d for 
s w e e p t i m e s of 5 0 /us/div to 1 /us/div. 
Polar i ty shou ld be se t to m a t c h tha t of 
v ideo s igna l a s s h o w n in the i l lust rat ion. 

S Y N C S W I T C H 
T V ( + ) 

S Y N C S W I T C H 
T V ( - ) 

19. LEVEL Control 
S y n c leve l a d j u s t m e n t d e t e r m i n e s po in ts on w a v e f o r m 
s lope w h e r e s w e e p s ta r t s ; ( — ) e q u a l s m o s t negat ive 
point o f t r igger ing and ( + ) e q u a l s m o s t pos i t ive point 
of t r igger ing. 
P U L L A U T O S w i t c h 

Push-pu l l s w i t c h s e l e c t s a u t o m a t i c t r igger ing w h e n 
pu l led out ( P U L L A U T O ) . W h e n a u t o m a t i c t r igger ing, 
a s w e e p is genera ted e v e n w i t h o u t an input s i gna l . 
T r i gge red s w e e p opera t ion w h e n t r igger s igna l i s p re
sen t , au tomat i ca l l y g e n e r a t e s s w e e p ( f ree- runn ing) in 
a b s e n c e of t r igger s i gna l . 

20. POSITION Control 
Rotat ion ad jus ts hor izonta l pos i t ion of t r a c e s (both 
t r a c e s w h e n opera ted in the dua l t r a c e m o d e ) . P u s h -
pul l s w i t c h s e l e c t s X 5 magn i f i ca t ion w h e n pul led out 
( P U L L X 5 M A G ) : no rma l w h e n p u s h e d in. B r i g h t n e s s 
is s l ight ly d e c r e a s e d . 
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21 . S W E E P TIME/DIV Switch 
Hor izonta l s w e e p t ime se lec tor . S e l e c t s ca l ib ra ted 
s w e e p t i m e s of 1 jus/d iv ( m i c r o s e c o n d per d iv is ion) to 
0 . 5 s / d i v in 1 8 s teps . In the X - Y pos i t ion, th is s w i t c h 
d i sab les t he in terna l s w e e p genera tor a n d pe rm i t s the 
C H 2 input to prov ide hor izontal s w e e p . 

22. VARIABLE Control 
F i n e s w e e p t i m e a d j u s t m e n t . In t h e e x t r e m e 
c l o c k w i s e posi t ion ( C A L ) , the s w e e p t ime is ca l ib ra ted . 

23. CAL 1 Vp-p Terminal 
Cal ib ra t ion vo l tage jack . Cal ibra t ion vo l tage is 1Vp-p 

of s q u a r e w a v e w i t h synch ron i zed p o w e r source . 

C A L 1 V p - p : T h i s is u s e d for ca l ib ra t ion of the ver t i ca l 
ampl i f ie r a t t enua to rs and to c h e c k the 
f requency c o m p e n s a t i o n ad jus tmen t of 
the probe u s e d w i t h the osc i l l oscope . 

24. Trace Rotation 
T h i s i s u s e d to e l im ina te inc l inat ion of hor izonta l t r ace . 

25. Handle 
U s e th is hand le to mount the osc i l l oscope in a s lan t 
posi t ion. 

26. Z AXIS INPUT Jack 
In tens i ty modu la t ion jack . T T L log ic -compat ib le , high 
logic increase brightness low logic decrease brightness. 

27. Power Connector 
For connec t ion of the suppl ied A C p o w e r cord. 

28. AC Voltage Selector 
T h e C S - 1 5 6 2 A m a y be opera ted f rom 1 0 0 V , 1 2 0 V . 
2 2 0 V , 2 4 0 V , put t ing the A C Vo l tage Se lec to r in the 
p l ace of another . 

29. Fuse Holder 
For 1 0 0 ~ 1 1 7 V operat ion a 0 .7 a m p e r e fuse shou ld 
be used . 
For 2 2 0 — 2 4 0 V opera t ion a 0 . 3 a m p e r e f use shou ld 
be used . 

30. Cord Reel 
W i n d p o w e r cord w h e n the osc i l l oscope is to be ca r 
r ied or s to red . T h e y a lso s e r v e a s a s t a n d w h e n the 
osc i l l oscope is u s e d in upr ight pos i t ion. 

OPERATION 
PRELIMINARY OPERATION 
W h e n operat ing th is osc i l l oscope , refer to pane l con t ro ls and 

their func t ions ( see page 4 ) . 

F i g . 2 
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W h e n s tar t ing th is osc i l l oscope se t init ial ly, se t the operat ion 

cont ro ls a s f o l l ows and the se t m a y be turned on safe ly . 
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OPERATING P R O C E D U R E S 

Inser t the supp l ied A C p o w e r cord to the p o w e r connec to r 
and p o w e r sou rce . T h e C S - 1 5 6 2 A is des igned to be 
opera ted on A C 1 1 7 / 2 3 0 V . Con f i rm ing your p o w e r sou rce 
vo l tage before inser t the p o w e r connector . 

(1 ) T u r n P O W E R ( 1 3 ) c l o c k w i s e . T h e p o w e r is tu rned to 
O N and L E D pilot l amp ( 1 2 ) l ights. 

(2 ) Hor izonta l a x i s w i l l be d i sp layed . W h e n t r ace d o e s not 
appea r at the cen te r of the s c r e e n , ad jus t P O S I T I O N 
( 1 ) a n d P O S I T I O N P U L L X 5 M A G ( 2 0 ) . 

A d j u s t b r igh tness w i t h I N T E N S I T Y ( 1 4 ) . If t r ace is un 
c lear , ad jus t F O C U S ( 1 5 ) . 

(3 ) T h e osc i l l oscope is n o w ready for m e a s u r e m e n t s . 
App l y a s igna l to be m e a s u r e d to I N P U T ( 2 ) . T u r n 
V O L T S / D I V (4 ) c l o c k w i s e to obta in the des i red s ize of 
w a v e f o r m . 
S e t the S O U R C E ( 1 7 ) to I N T posi t ion and the M O D E 
(6 ) to C H 2 pos i t ion, the s igna l app l ied to I N P U T ( 1 0 ) is 
then d i sp layed . B y se t t ing the M O D E ( 6 ) to D U A L po
s i t ion , both the C H 1 s igna l app l ied to I N P U T (2) and 

the C H 2 s igna l to I N P U T ( 1 0 ) are d i sp layed . 
(4 ) W h e n the s igna l vo l tage is more than 0 . 0 1 V a n d 

w a v e f o r m fa i l s to appea r on the s c r e e n , the osc i l l os 
cope m a y be c h e c k e d by feed ing input f rom C A L 1V-
p-p ( 2 3 ) . S i n c e ca l ib ra t ion vo l tage is 1 V p - p , the w a 
ve fo rm b e c o m e s 5 d iv h igh at the 0 . 2 V / d i v pos i t ion . 

(5 ) B y push ing L E V E L ( 1 9 ) , the f ree - runn ing au to func t ion 
is r e l eased . T h e w a v e f o r m d i s a p p e a r s w h e n the knob 
is tu rned c l o c k w i s e , and a p p e a r s aga in at the app rox i 
m a t e mid posi t ion of it. S y n c p h a s e is a lso ad jus tab le 
in th is c a s e . T h e w a v e f o r m w i l l aga in d i s a p p e a r w h e n 
the knob is tu rned c o u n t e r c l o c k w i s e f r o m the mid pos i 
t ion. 

(6 ) W h e n D C c o m p o n e n t is m e a s u r e , se t A C - G N D - D C to 
D C pos i t ion. If, in th i s c a s e , the D C c o m p o n e n t c o n 
ta ins p lus " - ) - " po tent ia l , the w a v e f o r m m o v e s u p w a r d 
and if it c o n t a i n s m i n u s " — " potent ia l , the w a v e f o r m 
m o v e s d o w n w a r d . 

T h e re fe rence point of " 0 " potent ia l c a n be c h e c k e d at 
G N D posi t ion. 

APPLICATIONS 

DUAL-TRACE APPLICATIONS 

Introduction: 
T h e m o s t obv ious a n d ye t the mos t use fu l fea tu re of the 
dua l - t race osc i l l oscope is tha t it h a s the capab i l i t y for 
s i m u l t a n e o u s l y v i e w i n g t w o w a v e f o r m s tha t are f r equency 
or p h a s e - r e l a t e d , or tha t h a v e a c o m m o n synch ron i z ing 
vo l tage , s u c h a s in digi tal c i rcui t ry . S i m u l t a n e o u s v i e w i n g of 
input and its output is an inva luab le aid to the c i rcu i t des i g 
ner or the r epa i rman . S e v e r a l poss ib le app l i ca t i ons of the 
dua l - t race osc i l l oscope wi l l be r e v i e w e d in deta i l to f am i l i a 
r ize t he user fur ther in the bas i c opera t ion of t h i s osc i l 
loscope. 

Frequency Divider Waveforms: 
Fig . 4 i l lus t ra tes the w a v e f o r m invo lved in a bas i c 

d i v i de -by - two c i rcui t . F ig . A ind ica tes the re fe rence or c lock 

pu lse t ra in . F ig . B and F ig. C ind ica te the poss ib le ou tpu ts of 
the d i v i de -by - two c i rcui t ry . F ig . 4 a l so i nd i ca tes the se t t i ngs 
of s p e c i f i c o s c i l l o s c o p e c o n t r o l s for v i e w i n g t h e s e 
w a v e f o r m s . In addi t ion to t h e s e b a s i c cont ro l se t t i ngs , the 
T R I G G E R I N G L E V E L cont ro l , a s w e l l a s the C h a n n e l 1 and 
C h a n n e l 2 ver t i ca l posi t ion con t ro ls shou ld be s e t as re
qu i red to p roduce su i tab le d i sp lays . In the d r a w i n g of F ig . 4 , 
the w a v e f o r m leve ls of 2d i v are ind ica ted. T h e C h a n n e l 1 
w a v e f o r m m a y be e i ther tha t i nd ica ted in F ig . 4 B or F ig . 4 C . 
In F ig . 4 C , the d i v ide -by - two output w a v e f o r m is s h o w n for 
the c a s e w h e r e the output c i rcu i t ry r esponds to a nega t i ve -
going w a v e f o r m . In th i s c a s e , the output w a v e f o r m is 
sh i f ted w i t h respec t to t h e lead ing edge of the re fe rence 
f requency pu lse by a t ime in terva l co r respond ing to the 
pu lse w id th . 
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Divide-by-8 Circuit Waveforms: 
Fig . 3 i nd i ca tes w a v e f o r m re la t ionsh ips for a bas i c 

d iv ide-by-e igh t c i rcui t . T h e bas i c osc i l l oscope se t t ings are 
ident ica l to those used in F ig . 4 . T h e re fe rence f requency of 
F ig . 3 A is supp l ied to t he C h a n n e l 2 i n p u t a n d the d iv ide-by-
e ight output is app l ied to the C h a n n e l 1 input. F ig . 3 in
d i c a t e s the ideal t ime re la t ionsh ip b e t w e e n the input p u l s e s 
a n d output pu l ses . 

In an app l i ca t ion w h e r e the logic c i rcu i t ry is opera t ing at 
or nea r its m a x i m u m des ign f requency , the a c c u m u l a t e d r ise 
t ime e f fec ts of the c o n s e c u t i v e s t a g e s p roduce a bui l t- in 
t ime propagat ion de lay w h i c h c a n be s ign i f icant in a cr i t ica l 
c i rcu i t and m u s t be c o m p e n s a t e d . F ig . 3 C ind ica tes the 
poss ib le t ime de lay w h i c h m a y be in t roduced into a f requen
cy d iv ider c i rcui t . B y use of the dua l - t race osc i l l oscope , the 
input a n d output w a v e f o r m s c a n be s u p e r i m p o s e d ( A D D or 
S U B ) to de te rm ine the e x a c t a m o u n t of propagat ion de lay 
that o c c u r s . 

S ign i f i can t propagat ion de lay m a y occu r in a n y c i rcu i t 
w i t h seve ra l c o n s e c u t i v e s t a g e s . U s i n g the p rocedures 
g i v e n for c a l i b r a t e d t i m e m e a s u r e m e n t , T p c a n be 
ca l cu la ted . A more p rec ise m e a s u r m e n t c a n be ob ta ined if 
the T p port ion of the w a v e f o r m is e x p a n d e d hor izontal ly. 
T h i s m a y be done by pul l ing t he P U L L X 5 M A G contro l . It 
a l so m a y be poss ib le to v i e w t he des i red port ion of the 
w a v e f o r m at fas te r s w e e p s p e e d . 

A REFERENCE FREQUENCY PULSE TRAIN (1000 PULSES PER SECOND) 

B IDEAL DIVIDE BY EIGHT OUTPUT 

C H A N N E L 2 
W A V E F O R M 

C H A N N E L 1 
W A V E F O R M 

A R E F E R E N C E F R E Q U E N C Y P U L S E T R A I N 
( 1 0 0 0 P U L S E S P E R S E C O N D ) 

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

B D I V I D E ' B Y - T W O O U T P U T S Y N C H R O N I Z E D T O 
L E A D I N G E D G E O F R E F E R E N C E P U L S E 

C D I V I D E - B Y - T W O O U T P U T S Y N C H R O N I Z E D T O 
T R A I L I N G E D G E O F R E F E R E N C E P U L S E 

D U A L 

W A V E F O R M 
1 

H E I G H T 

W A V E F O R M 
2 

H E I G H T 

W A V E F O R M 
1 

Digital Circuit T ime Delay Measurement: 
A dua l - t r ace osc i l l oscope is a n e c e s s i t y in des ign ing , 

manu fac tu r i ng and se rv i c ing digi ta l equ ipment . A dua l - t race 
osc i l l oscope pe rm i t s e a s y c o m p a r i s o n of t ime re la t ionsh ips 
b e t w e e n t w o w a v e f o r m s . In digi ta l equ ipmen t , it is c o m m o n 
for a large n u m b e r of c i rcu i ts to be synch ron i zed , or to have 
a spec i f i c t ime re la t ionsh ip to e a c h other. M a n y of the 
c i ruc i t s a re f requency d iv iders a s prev ious ly desc r i bed , but 
w a v e f o r m s are of ten t ime- re la ted in m a n y o ther c o m 
b inat ions. In the d y n a m i c s ta te , s o m e of the w a v e f o r m s 
c h a n g e , depend ing upon the input or more mode of ope ra 
t ion. F ig . 5 s h o w s a typ ica l d igi ta l c i rcu i t a n d indent i f ies 
s e v e r a l of the poin ts at w h i c h w a v e f o r m m e a s u r e m e n t s are 
appropr ia te . T h e a c c o m p a n y i n g F ig . 5 s h o w s the norma l 
w a v e f o r m s to be e x p e c t e d at e a c h of t h e s e po in ts a n d their 
t im ing re la t ionsh ips . T h e indiv idual w a v e f o r m s h a v e l imi ted 
va lue u n l e s s their t im ing re la t ionsh ip to one or more of the 
other w a v e f o r m s is k n o w n to be correct . T h e dua l - t race o s 
c i l l oscope a l l o w s th is c o m p a r i s o n to be m a d e . In typ ica l 
f ash ion , w a v e f o r m No. 3 w o u l d be d isp layed on C h a n n e l 2 
and w a v e f o r m N o . 4 th rough No. 8 and No. 1 0 , w o u l d be d is -

p layed on C h a n n e l 1 a l though other t im ing s o m p a r i s o n s 
m a y be des i red . W a v e f o r m s No. 11 through No. 1 3 w o u l d 
probably be d i sp layed on C h a n n e l 2 in re la t ionsh ip to 
w a v e f o r m No. 8 or No. 4 on C h a n n e l 1 . 

In the fami ly of t ime- re la ted w a v e f o r m s s h o w n in F ig . 6 , 
w a v e f o r m No. 8 or No. 1 0 is a n exce l l en t s y n c sou rce for 
v i e w i n g al l of the w a v e f o r m s ; there is but one t r igger ing 
pu lse per f rame. For c o n v e n i e n c e , ex te rna l s y n c us ing 
w a v e f o r m No. 8 or No. 1 0 a s the s y n c sou rce m a y be 
des i rab le . W i t h ex te rna l s y n c , any of the w a v e f o r m s m a y be 
d isp layed w i thou t read jus tmen t of the s y n c cont ro ls . 
W a v e f o r m s No. 4 th rough No. 7 shou ld not be u s e d a s the 
s y n c sou rce b e c a u s e they do not con ta in a t r igger ing pu lse 
a t the s tar t of the f rame. It w o u l d not be n e c e s s a r y to v i e w 
the ent i re w a v e f o r m s a s s h o w n in F ig . 6 in all c a s e s . In fac t , 
there are m a n y t i m e s w h e n a c lose r e x a m i n a t i o n of a port ion 
of the w a v e f o r m s w o u l d be appropr ia te . In s u c h c a s e s , it is 
r e c o m m e n d e d tha t the s y n c r ema in u n c h a n g e d wh i l e the 
s w e e p s p e e d be i nc reased or X 5 M A G contro l used to e x 
pand the w a v e f o r m d isp lay . 
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C PROPAGATION DELAY IN DIVIDE BY EIGHT CIRCUIT 

F i g . 3 W a v e f o r m s in d iv ide-by-e igh t c i rcu i t 

W A V E F O R M 

F i g . 4 W a v e f o r m s in d i v ide -by - two c i rcu i t 



Fig . 5 T y p i c a l digi tal c i rcu i t us ing s ev e ra l t ime- re la ted w a v e f o r m s 
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1 START 

2 COUNTER ENABLE 

-LONG BLANK PULSE " 

ONE COMPLETE-
TRANSMISSION FRAME 

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

F i g . 6 Fam i l y of t ime- re la ted w a v e f o r m s f rom typ ica l digi tal c i rcu i t in F ig . 5 

E B GATED FREQUENCY OUTPUT 

E C AMPLIFIED FREQUENCY BURST {POLARITY INVERTED) 

ED CLIPPED FREQUENCY BURST (POLARITY RESTORED) 

CHANNEL 

(INPUT 
PULSE) 

CHANNEL 
2 

(OUTPUT 
PULSE) 

P U L S E 
GEN INPUT 

ULTRA SONIC 
DELAY LINE 

(5^ Sec) 
OUTPUT 

5000 PPS 
•\fiSec P U L S E WIDTH 

F ig . 8 De lay l ine m e a s u r e m e n t s 

Fig. 7 G a t e d r inging c i rcu i t and w a v e f o r m s 

3 CLOCK 

4 DATA SELECT "A" 

5 DATA SELECT "B" 

6 DATA SELECT " C " 

7 DATA SELECT D 

8 DATA ENABLE 

9 RUN 

10 END FRAME RESET 

11 MULTIPLEXER OUTPUT 

12 

LINE DRIVER OUTPUT 
1 3 

SYMETRICAL 
WAVEFORM 

CLIPPER 

DIFFERENT
IATOR AND 

PULSE 
SHAPER 

GATED RINGING CIRCUIT 

EA GATING WAVEFORM 

DECAY ENVELOPE 

NEGATIVE 
PULSES 

ELIMINATED 
IN SHAPING 

CIRCUIT 

E E SHAPED PULSE OUTPUT 
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Gated Ringing Circuit(burst circuit): 
T h e c i rcu i t and w a v e f o r m s of F ig . 7 a re s h o w n to 

demons t ra te the type of c i rcu i t in w h i c h the dua l - t race o s 
c i l l oscope is e f fec t ive both in des ign and t roub leshoot ing 
app l i ca t ions . 

F ig . 7 s h o w s a burs t c i rcui t . T h e bas i c osc i l l oscope c o n 
trol se t t i ngs a re ident ica l to t hose of F ig . 4 . W a v e f o r m A is 
the re fe rence w a v e f o r m and is app l ied to C H 1 input. A l l 
o ther w a v e f o r m s are s a m p l e d at C H 2 and c o m p a r e d to the 
re fe rence w a v e f o r m of C H 1 . T h e f requency burs t s igna l c a n 
be e x a m i n e d more c lose ly e i ther by i nc reas ing the s w e e p 
t ime per d iv is ion to 0 . 5 m s per d iv is ion or by pul l ing out on 
the < > P O S I T I O N cont ro l to obta in 5 t i m e s magn i f i ca t ion . 
T h i s contro l c a n then be ro ta ted a s des i re to cen te r the 
des i red w a v e f o r m in format ion on the osc i l l oscope s c r e e n . 

Delay Line Test: 
T h e dua l - t r ace fea tu re of the osc i l l oscope c a n a lso be 

u s e d to de te rm ine the de lay t i m e s of t r a n s m i s s i o n type de lay 

l ines a s w e l l a s u l t rason ic type de lay l ines. T h e input pu lse 

c a n be u s e d to t r igger or synch ron i ze the C h a n n e l 1 d isp lay 

and the de lay l ine output c a n be obse rved on C H 2 . A 

repet i t ive t ype pu lse w i l l m a k e it poss ib le to synch ron i ze the 
d isp lays . T h e in terval b e t w e e n repet i t ive p u l s e s shou ld be 
large c o m p a r e d to the de lay t ime to be inves t iga ted . In a d 
dit ion to de te rmin ing de lay t ime , the pu lse d is tor t ion in
heren t in the d e l a y l ine c a n be de te rm ined by e x a m i n a t i o n of 
the de lay pu lse obse rved on C H 2 w a v e f o r m d isp lay . 

F ig . 8 s h o w s the t yp ica l osc i l l oscope se t t i ngs a s w e l l a s 
the bas i c tes t c i rcui t . T y p i c a l input a n d output w a v e f o r m s 
a re s h o w n o n t h e osc i l l oscope d isp lay. A n y pu lse s t re tch ing 
and r ipple c a n be obse rved a n d eva lua ted . T h e resu l t s of 
mod i fy ing the input a n d output t e rm ina t i ons c a n be obse rv 
ed di rect ly . A c o m m o n app l ica t ion of the de lay l ine c h e c k s 
is found in co lor te lev i s ion rece i ve rs . F ig . 9 s h o w s the o s 
c i l l oscope se t t i ngs and typ ica l c i rcu i t connec t i ons to c h e c k 
the " Y " de lay l ine e m p l o y e d in t he v i deo ampl i f ie r sec t ion . 
T h e input w a v e f o r m and output w a v e f o r m are c o m p a r e d for 
de lay t ime , us ing the hor izonta l s y n c pu lse of the compos i t e 
v ideo s igna l for re fe rence . T h e ind ica ted de lay is ap 
p rox imate ly one m ic rosecond . In addi t ion to de te rm in ing 
the de lay cha rac te r i s t i c s of the l ine, the output w a v e f o r m 
revea l s any distor t ion tha t m a y be in t roduced f rom an in-
pedance m i s m a t c h or a great ly a t tenua ted output resu l t ing 
f rom an open l ine. 

V S DELAY 

CH 1 (INPUT) 

CH 2 (OUTPUT) 

TO HORIZONTAL AMPLIFIER. 

NOTE: NO E L E C T R I C A L CON
NECTION; P L A C E CLIP ON 
INSULATION OF PLATE CAP 
LEAD OR IN C L O S E PROX
IMITY OF HORIZONTAL AMP
LIFIER TUBE. 

VIDEO 
AMPLIFIER 

SET BOTH P R O B E S FOR 
10:1 ATTENUATION 

D E L A Y L I N E 

•NOTE: SETTING OF VERTICAL 
ATTENUATORS S H O U L D BE THE 
S A M E , BUT MAY VARY WIDELY. 
DEPENDING ON CIRCUIT TYPE. 

TO VIDEO 
OUTPUT 

AMPLIFIER 

F i g . 9 C h e c k i n g " Y " de lay l ine in color te lev is ion rece i ve rs 

Stereo Amplifier Servicing: 
A n o t h e r conven ien t use for a dua l - t r ace osc i l l oscope is 

in t roub leshoot ing s te reo ampl i f ie rs . If ident ica l ampl i f i e rs 

are u s e d and the ou tpu t of one is w e a k , d is tor ted or 

o t h e r w i s e a b n o r m a l , the dua l - t r ace osc i l l oscope c a n be 

ef f ic ient ly u s e d to local ize the de fec t i ve s ta te . W i t h an iden

t ica l s igna l app l ied to the inputs of both ampl i f ie rs , a s i de -

b y - s i d e c o m p a r i s o n of bo th u n i t s c a n be m a d e by 
p rogress ive ly s a m p l i n g ident ica l s i gna l po in ts in both 
ampl i f ie rs . W h e n the de fec t i ve or ma l func ton ing s tage h a s 
been loca ted , the e f fec ts of w h a t e v e r t roub leshoot ing and 
repair m e t h o d s are e m p l o y e d c a n be o b s e r v e d a n d ana l yzed 
immed ia te ly . 
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Amplif ier Phase Shift Measurements: 
P h a s e m e a s u r e m e n t s c a n be m a d e by s e v e r a l m e t h o d s 

us ing osc i l l oscopes . T y p i c a l app l i ca t ions a re in c i r cu i t s 
des igned to p roduce a spec i f i c p h a s e shi f t , a n d m e a s u r e 
men t of p h a s e sh i f t d is tora t ion in aud io ampl i f i e rs and 
n e t w o r k s . 

In al l amp l i f i e rs , a p h a s e shi f t i s a l w a y s a s s o c i a t e d w i t h 
a c h a n g e in amp l i t ude response . For e x a m p l e , a t the — 3 d B 
response po in ts , a p h a s e shi f t of 4 5 ° occu rs . P h a s e 
m e a s u r e m e n t s c a n be pe r fo rmed by opera t ing the o s 
c i l l oscope e i ther in the dua l - t r ace mode or the X - Y mode . 
T h i s me thod u s e s the dua l - t race m o d e to m e a s u r e ampl i f ie r 
p h a s e shi f t d i rect ly . F ig . 1 0 i l lus t ra tes th is me thod . In Th is 
par t icu lar c a s e , t he m e a s u r e m e n t s a re be ing m a d e a t a p 
p rox ima te l y 5 0 0 0 H z . T h e input s igna l to the aud io ampl i f ier 
is u s e d a s a re fe rence a n d is app l ied to the C h a n n e l 1 input 
jack . 

T h e s w e e p t ime V A R I A B L E cont ro l is ad jus ted a s re
qu i red to prov ide a comp le te c y c l e of t he input w a v e f o r m 
d isp lay on 8d iv hor izontal ly . A w a v e f o r m he igh of 2d i v is u s 
ed . T h e 8d iv d isp lay rep resen ts 3 6 0 ° at the d i sp layed f re 
quenc y and e a c h d iv is ion rep resen ts 4 5 ° of the w a v e f o r m . 
T h e s igna l deve loped a c r o s s the output of t he aud io 
ampl i f ie r is app l ied to the C h a n n e l input j ack . 

T h e ver t i ca l a t tenuator cont ro ls of C h a n n e l 2 a re a d 
j us ted a s requi red to p roduce a peak - t o -peak w a v e f o r m o f 2 
d i v i s ions a s s h o w n in F ig . 10 . B. T h e C h a n n e l 2 P O S I T I O N 
cont ro l is t hen ad jus ted s o tha t the C h a n n e l 2 w a v e f o r m is 
d i sp layed on the s a m e hor izonta l a x i s a s the C h a n n e l 1 
w a v e f o r m a s s h o w n in F ig . 10 . B. T h e d i s tance b e t w e e n 
co r respond ing po in ts on the hor izonta l a x i s for the t w o 
w a v e f o r m s then r e p r e s e n t s t he ze ro c r o s s o v e r po in ts of the 
t w o w a v e f o r m s a re c o m p a r e d . It is s h o w n tha t a d i f fe rence 
of 1 d iv e x i s t s . T h i s is t h e n in terpre ted a s a p h a s e sh i f t of 
4 5 ° . 

AF 
S IGNAL 

G E N E R A T O R 
4r INPUT AUDIO 

AMPLIFIER 

, A D J U S T A S R E Q U I R E D 
FOR C O M P L E T E C Y C L E 

IN 8div 

CHANNEL 1 

CHANNEL 2 

OUTPUT 
LOAD 

Fig . 1 0 M e a s u r i n g ampl i f ie r p h a s e shi f t 

Television Servicing: 
M a n y of te lev is ion se rv i c i ng p rocedu res c a n be per

f o rmed us ing s ing le - t race opera t ion . T h e s e are out l ined 
later in the app l i ca t ions sec t i on cover ing s ing le - t race 
opera t ions . O n e of t hese p rocedures , v i e w i n g the V I T S (ver
t ica l in terva l tes t s i gna l ) , c a n be a c c o m p l i s h e d m u c h more 
e f fec t i ve ly us ing a dua l - t race osc i l l oscope . A s out l ind in the 
s ing le - t race app l i ca t ions sec t i on a n d a s s h o w n in F ig . 1 1 , the 
in format ion on the Fie ld 1 and F ie ld 2 ve r t i ca l b lank ing inter
va l pu lse is di f ferent. T h i s is s h o w n in deta i l in F ig . 1 1 . A l s o , 
b e c a u s e the osc i l l oscope s w e e p is synch ron i zed to the ver 
t ica l b lank ing in terva l w a v e f o r m , the F ie ld 1 and F ie ld 2 
w a v e f o r m s a re s u p e r i m p o s e d onto e a c h other. W i t h d u a l -
t race opera t ion , t he s igna l in format ion on e a c h b lank ing 
pu lse c a n be v i e w e d separa te l y w i t hou t over lapp ing . F ig . 1 3 
ind ica tes the osc i l l oscope cont ro l se t t ing for v i e w i n g the 

a l te rna te V I T S . 

M o s t ne two rk te lev is ion s i gna l s con ta in bui l t- in tes t 
s igna l ( V I T S ) tha t c a n be ve r y va luab le tool in 
t roub leshoot ing a n d se rv i c i ng v ideo equ ipment . T h e V I T S 
c a n loca l ize t rouble to the a n t e n n a , tuner , I F or v ideo s e c 
t ions a n d s h o w s w h e n rea l i gnment m a y be requi red. T h e 
V I T S s igna l is be ing u s e d in s o m e te lev is ion rece i ve rs for 
a u t o m a t i c co lor cor rec t ion . 

T h e V I T S s inga l i s t ransmi t ted dur ing the ver t i ca l b lank
ing in terva l . O n the te lev is ion se t , t hey c a n be s e e n a s a 
br ight w h i t e l ine above the top of the p ic ture, w h e n the ve r 
t ica l l inear i ty or he ight is ad jus ted to v i e w the ver t i ca l b lank
ing in terva l . ( O n T V s e t s w i t h in terna l re t race b lank ing c i r 
cu i t s , the b lank ing c i rcu i t m u s t be d i sab led to s e e t h e s e 
s igna ls . ) 
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T h e t ransm i t t ed V I T S is p rec is ion s e q u e n c e of spec i f i c 
f requency , amp l i t ude and w a v e f o r m a s s h o w n in F ig. 1 1 . 
Te lev i s i on n e t w o r k s use the p rec is ion s i gna l s for ad j us tmen t 
a n d c h e c k i n g of n e t w o r k t r a n s m i s s i o n equ ipmen t , but the 
t echn i c i an c a n use t h e m to eva lua te te lev is ion se t perfor
m a n c e in V I T S c a n a lso be used for c h e c k i n g the operat ing 

condi t ion o f T V s e t s . T h e f i rst f r a m e of V I T S a t t he " B " s e c 
t ion ( l ine 1 8 ) in F ig . 11 beg ins w i t h a w h i t e re fe rence s i gna l , 
f o l l owed by s ine w a v e f r e q u e n c i e s of 0 . 5 M H z , 1.0 M H z , 2 
M H z , 3 M H z , 4 . 0 M H z a n d 3 . 5 8 M H z . T h i s s e q u e n c e of 
f requenc ies is ca l l ed the "mu l t i - bu r s t " . 

<S> 3.58MHZ 

FIELD 1 

LINE NO. 17 

(MULTI -BURST) 

/ <D 

HORIZ. SYNC. P U L S E 

- V E R T I C A L BLANKING INTERVAL" 
(NO; 1 ~ NO. 21) 

FIELD 2 

NO. 2 8 0 

-VERT ICAL BLANKING I N T E R V A L . 
(NO. 2 6 3 ~ No. 282) 

F IELD 1 and 2 

NO. 17 
NO. 2 7 9 NO. 18 

NO. 2 8 0 

F ig . 11 V I T S s igna l . F ie lds 1 a n d 2 

T h i s mul t i -burs t por t ion of the V I T S is the port ion tha t 
c a n be m o s t va luab le to t he t echn i c i an . T h e s e c o n d l ine of 
F ie ld 1 a n d F ie ld 2 ( l ines 1 8 a n d 2 8 0 ) , w h i c h m a y con ta in 
the s i n e - s q u a r e d pu lse , w i n d o w pu lse and the s t a i r c a s e of 
3 . 5 8 M H z bu rs t s a t p rogress ive ly l ighter shad ing . 
T h e s e are va l uab le to the ne twork , but h a v e l e s s v a l u e to the 
t echn i c i an . A s s e e n on the te lev is ion s c r e e n . F ie ld 1 is 
in te r laced w i t h F ie ld 2 s o that l ine 17 is f o l l owed by line 2 7 9 
and l ine 1 8 is fo l l owed by line 2 8 0 . T h e ent i re V I T S a p p e a r s 
at the bo t tom of the ver t i ca l b lank ing pu lse a n d j us t before 
the f i rs t l ine of v ideo . 

N o w to ana lyze the w a v e f o r m . A l l f r e q u e n c i e s of the 
mul t i -burs t a re t r ansm i t t ed a t the s a m e leve l , but shou ld not 
be equa l l y coup led th rough t h e rece ive r d u e to i ts r e s p o n s e 
cu rve . F ig . 1 2 s h o w s the des i red response for a good co lor 
te lev is ion rece iver , ident i fy ing e a c h f r equency of the mul t i -
burst a n d s h o w i n g the a l l owab le a m o u n t of a t tenua t ion for 
e a c h . R e m e m b e r that - 6 d B e q u a l s ha l f the re fe rence 
vo l tage ( the 2 . 0 M H z modu la t ion shou ld be u s e d for 
re fe rence) . 

T o loca l ize t roub le , s ta r t by observ ing the V I T S at the 
v i deo detector . T h i s w i l l loca l ize t roub le to a po int e i ther 
before or a f ter the detector . If the mul t i -burs t is no rma l at 
the detec tor , c h e c k the V I T S on other c h a n n e l s . If s o m e 

NO. 18 

NO. 2 7 9 

(MULTI -BURST) 
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MODULATION 
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_ 30-MHz 
MODULATION 

— 3.6-MHz 
MODULATION 

4.2-MHz 
-MODULATION 

R
E

S
P

O
N

S
E

-d
B

 

F R E Q U E N C Y — M H z 

F ig . 12 Co lor T V I F ampl i f ie r r esponse cu rve 

1 3 



c h a n n e l s look okay but o the rs do n o t y o u probably h a v e 
tuner or a n t e n n a - s y s t e m t roub les . Don ' t over look the 
c h a n c e of the a n t e n n a s y s t e m c a u s i n g " h o l e s " or t i l ted 
response on s o m e c h a n n e l s . If the V I T S i s abno rma l a t the 
v ideo de tec to r on al l c h a n n e l s , the t rouble i s probably in the 
I F ampl i f ie r s t a g e s . 

A s ano the r e x a m p l e , let u s a s s u m e tha t w e h a v e a se t 
on the b e n c h w i t h a ve ry poor pec tu re . Our osc i l l oscope 
s h o w s the V I T S at the v i deo de tec to r to be about no rma l e x 
cep t tha t the burs t a t 2 . 0 M H z - i s low c o m p a r e d to the burs ts 
on e i ther s ide . T h i s s u g g e s t s a n I F t rap is de tuned into the 
p a s s b a n d , chopp ing out f r e q u e n c i e s about 2 M H z b e l o w the 
p ic ture car r ie r f requency . S w i t c h to ano ther c h a n n e l ca r ry 
ing V I T S . If the s a m e th ing is s e e n , then our reason ing is 
r ight, a n d the I F ampl i f ie r requ i res rea l ignment . I f the poor 

r esponse at 2 M H z is not s e e n on other c h a n n e l s , m a y be an 
F M t rap at the tuner input is m i s a d j u s t e d , c a u s i n g a bi te on 
only one c h a n n e l . Other t raps at the input of the s e t cou ld 
s im i la ry be m i sad jus ted or faul ty . 

If the V I T S response at the de tec to r output is no rma l for 
all c h a n n e l s , the t rouble w i l l be in the v ideo ampl i f ie r . Look 
for open peak ing co i l s , o f f -va lue res is to rs , so lder b r idges 
a c r o s s foil pa t te rns , e tc . 

W i t h dua l - t race osc i l l oscope opera t ion , the s ignal infor
mat ion on e a c h ver t i ca l b lank ing in terva l c a n be v i e w e d 
sepa ra te l y w i t hou t t race over lapp ing , a l though the in fo rma
t ion a l t e rna tes w i t h e a c h f ie ld. F ig . 1 3 ind ica tes the o s 
c i l l oscope cont ro l se t t ing for v i e w i n g the a l te rna te ver t i ca l 
b lank ing in terva ls . 

VIDEO 

START WITH 
2mS/div 

(See text) 

V E R T I C A L 
SYNC 
P U L S E 

IF 
AMP 

VIDEO 
DETECTOR 

TELEVIS ION SET 

VIDEO 
AMP 

SOUND 
IF 

PICTURE 
T U B E 

COLOR 
IF 

F i g . 1 3 S e t - u p for v i e w i n g f ie lds 1 and 2 of V I T S in format ion 

1 . T h e co lor T V rece ive r on w h i c h the ve r t i ca l in terva l in
fo rmat ion is to be v i e w e d m u s t be s e t to a s ta t ion 
t ransmi t t i ng a co lor b roadcas t . 

2 . T h e contro l se t t i ngs of F ig . 1 3 a re t hose requ i red 2 -
f ield ver t i ca l d i sp lay on C H 1 . 

3 . W i t h the osc i l l o scope a n d the T V rece ive r in to 
opera t ing , c o n n e c t the C H 1 probe ( se t to 1 0 : 1) to 
v ideo de tec to r t e s t point. 

4 . S e t the S Y N C s w i t c h a s f o l l ows : 
A . If the s y n c a n d b lank ing p u l s e s of the o b s e r v e d 

V i d e o s igna l a re ps i t i ve , u s e S Y N C T V + . 

B. If the s y n c and b lank ing p u l s e s a re nega t i ve , use 
S Y N C T V - . 

5. A d j u s t the s w e e p t ime V A R I A B L E cont ro l so that 2 
ver t i ca l f ie lds are d i sp layed on the osc i l l oscope s c r e e n . 

6. C o n n e c t the C H 2 probe (se t to 1 0 : 1) to the v ideo 
de tec to r point. 

7. S e t the M O D E s w i t c h to D U A L posi t ion. 
8. P l a c e the s w e e p t ime V A R I A B L E in the C A L pos i t ion. 

9 . S e t t he S W E E P T I M E / D I V cont ro l to the 0 .1 m s / d i v 
pos i t ion. T h i s e x p a n d s the d isp lay by i nc reas ing the 
s w e e p s p e e d . T h e V I T S in fo rmat ion w i l l appea r 
t o w a r d the r ight hand port ion of t he e x p a n d e d 
w a v e f o r m d isp lays . T h e w a v e f o r m in format ion on 
e a c h t race m a y a p p e a r a s s h o w n in F ig . 1 1 . B e c a u s e 
there is no prov is ion for synch ron iz ing the osc i l l oscope 
d isp lay to e i ther of the t w o f ie lds w h i c h compr i se a 
comp le te ver t i ca l f r a m e , it c a n n o t be pred ic ted w h i c h 
f ie ld d isp lay w i l l a p p e a r on the C H 1 or C H 2 d isp lay . 
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1 0 . Pul l the < • P O S I T I O N cont ro l o u t w a r d to obta in an 
addi t ional X 5 magn i f i ca t ion . Ro ta te the cont ro l mov
ing the t race to the left unti l the e x p a n d e d V I T S infor
mat ion appea rs a s s h o w n in F ig . 1 1 . B e c a u s e of the 
low repet i t ion rate and the high s w e e p s p e e d c o m 
binat ion, the b r igh tness level of the s igna l d i sp lays wi l l 
be reduced . 

1 1 . O n c e the C H 1 and C H 2 d i sp lays h a v e been ident i f ied 
a s be ing e i ther F ie ld 1 or F ie ld 2 V I T S in fo rmat ion , the 
probe cor respond ing to the w a v e f o r m d isp lay w h i c h is 
to be u s e d for s igna l - t rac ing a n d t roub leshoot ing c a n 
be u s e d , and the rema in ing probe shou ld be left at the 
v ideo de tec to r tes t point to insure tha t the s y n c s igna l 
is not in ter rupted. If the s y n c s igna l is in ter rupted, the 
w a v e f o r m d i sp l ays m a y be reve rsed b e c a u s e , a s 
p rev ious ly exp la i ned , there is no prov is ion in the o s 
c i l l oscope to ident i fy e i ther of the t w o ver t i ca l f ie lds 
w h i c h compr i se a comp le te f r a m e . 

SINGLE-CHANNEL APPLICATIONS 

Introduction: 
In add i t ion to the dua l - t r ace app l i ca t i ons p rev ious ly out

l ined, there a re , of c o u r s e , m a n y se rv i c i ng and laboratory 
app l i ca t i ons w h e r e only s ing le - t race or s i ng le - channe l 
opera t ion of the osc i l l oscope is requ i red. 

Television Servicing: 
A t r iggered s w e e p osc i l l o scope is a d v a n t a g e o u s in ser 

v i c ing a n d a l ign ing te lev is ion rece i ve rs . T h i s osc i l l oscope 
a l so i nc ludes s e v e r a l f e a t u r e s tha t w e r e incorpora ted to 
m a k e te lev is ion se rv i c i ng e a s i e r a n d m o r e c o m p r e h e n s i v e . 

* W i t h the S Y N C s w i t c h se t to T V pos i t ion , the S W E E P 
T I M E / D I V cont ro l au toma t i ca l l y s e l e c t s the T V ver t i ca l 
s y n c at s w e e p s p e e d s appropr ia te for v i e w i n g f r a m e s and 
T V hor izonta l s y n c a t s w e e p s p e e d s appropr ia te for v i e 
w i n g l ines. 

* W i d e bandw id th for high resolut ion v ideo a n d h igh speed 
pu lse p resen ta t ion . 

Single-trace Operation and Peak-to-Peak 
Voltage Readings: 

For gene ra l t roub leshoo t ing a n d iso la t ion of t roub les in 
te lev is ion rece i ve rs , the osc i l l o scope is a n i nd i spensab le in
s t rumen t . It p rov ides a v i sua l d isp lay of the a b s e n c e or 
p resence of no rma l s i gna l s . T h i s me thod (s igna l - t rac ing) 
m a y be u s e d to t race a s igna l by m e a s u r i n g s e v e r a l po in ts in 
the s igna l pa th . A s m e a s u r e m e n t s p roceed a long the s igna l 
pa th , a point m a y be found w h e r e the s igna l d i sappea rs . 
W h e n th is h a p p e n s , the sou rce of touble h a s been loca ted . 

H o w e v e r , the osc i l l oscope s h o w s m u c h more than the 
m e r e p r e s e n c e or a b s e n c e of s igna l . It p rov ides a peak - to -
peak vo l tage m e a s u r e m e n t . T h e s c h e m a t i c d i ag ram or a c 
c o m p a n y i n g se rv i ce da ta on the equ ipmen t be ing s e r v i c e d 
usua l l y i nc ludes w a v e f o r m pec tu res . T h e s e w a v e f o r m p e c -
tu res inc lude the requi red s w e e p t ime and the norma l peak -
to -peak vo l tage . C o m p a r e the peak - t o -peak vo l tage 
read ings on the osc i l l oscope w i t h t hose s h o w n on the 
w a v e f o r m p ic tures . A n y abno rma l read ings shou ld be 
fo l l owed by addi t ional read ings in the s u s p e c t e d c i r cu i t s un 
til the t rouble is iso la ted to a s s m a l l an a r e a a s poss ib le . 

Composite Video Waveform Analysis: 
Probab ly the m o s t impor tan t w a v e f o r m in te lev is ion se r 

v i c ing is the c o m p o s i t e w a v e f o r m cons i s t i ng of the v ideo 
s i gna l , the b lank ing pedes ta l s s igna l a n d the s y n c pu l ses . F ig . 
1 4 and F ig. 1 5 s h o w typ ica l osc i l l oscope t r a c e s w h e n 
obse rv ing c o m p o s i t e v ideo s i g n a l s s y n c h r o n i z e d w i t h 
hor izonta l s y n c p u l s e s and ve r t i ca l b lank ing pu l ses . C o m 
pos i te v ideo s i gna l s c a n be o b s e r v e d at v a r i o us s t a g e s of the 
te lev is ion rece i ve r to de te rm ine w h e t h e r c i r cu i t s a re perfor
m ing normal ly . K n o w l e d g e of w a v e f o r m m a k e u p , the 
a p p e r a n c e of a n o r m a l w a v e f o r m , and the c a u s e s of va r i ous 
a b n o r m a l w a v e f o r m s help the t echn i c i an loca te a n d co r rec t 
m a n y p r o b l e m s . T h e t e c h n i c i a n s h o u l d s t u d y s u c h 
w a v e f o r m s in a te lev is ion rece i ve r k n o w n to be in good 
opera t ing cond i t ion , not ing the w a v e f o r m at v a r i o u s po in ts 
in the v ideo ampl i f ier . 

T E L E V I S I O N S E T 

P I C T U R E 
T U B E 

F i g . 1 4 S e t up for v i e w i n g hor izonta l f ie lds of c o m p o s i t e v ideo s igna l 

1 5 
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F i g . 1 5 S e t - u p for v i e w i n g ver t ica l f ie lds of c ompos i t e v ideo s igna l 

T o se t up the osc i l l oscope for v i e w i n g compos i t e v ideo 
w a v e f o r m s , use the fo l low ing p rocedures : 

1. T u n e the te lev is ion se t to a local c h a n n e l . 
2 . S e t the M O D E s w i t c h to C H 2 posi t ion. 
3 . S e t the S W E E P T I M E / D I V s w i t c h to the 1 C V s / d i v po

si t ion for observ ing T V hor izontal l ines or to the 
2 m s / d i v posi t ion for observ ing T V ver t ica l f r a m e s . 

4 . S e t the S Y N C s w i t c h to the T V + posi t ion. 
5 . Se t the S O U R C E s w i t c h to the INT posi t ion. 

6. Pul l t he T R I G G E R I N G L E V E L contro l to the A U T O 
posi t ion. 

7. S e t the C H 2 D C - G N D - A C s w i t c h to the A C posi t ion. 
8. C o n n e c t a probe cab le to the C H 2 I N P U T jack . 

C o n n e c t the ground cl ip of the probe to the te lev is ion 
set c h a s s i s . 
W i t h the probe se t for 1 0 : 1 a t tenua t ion , c o n n e c t the 
t ip of the probe to th v ideo de tec tor output of the 
te lev is ion set . 

9. S e t the C H 2 V O L T S / D I V s w i t c h for the largest ver t i ca l 

def lect ion poss ib le w i thou t going o f f -sca le . 
10 . Ro ta te the T R I G G E R I N G L E V E L contro l to a posi t ion 

that p rov ides a synch ron i zed d isp lay. 
1 1 . A d j u s t the s w e e p t ime V A R I A B L E for t w o hor izontal 

l ines or t w o ver t i ca l f r a m e s of compos i t e v ideo d isp lay. 
12 . If the s y n c and b lank ing pu l ses of the d i sp layed v ideo 

s igna ls are pos i t ive, se t the S Y N C s w i t c h to the T V + 
pos i t ion ; if the s y n c and b lank ing pu l ses are negat ive , 
use the T V — posi t ion. 

1 3 . P u s h in the T R I G G E R I N G L E V E L contro l and rotate to 
a posi t ion that p rov ides a w e l l synch ron i zed d isp lay. 

14. Ad jus t the I N T E N S I T Y and F O C U S cont ro ls for the 
des i red b r igh tness and bes t f ocus . 

1 5. T o v i e w a spec i f i c port ion of the w a v e f o r m , s u c h a s 
the color burst , pull the < • P O S I T I O N contro l for X 5 
magn i f i ca t ion . Ro ta te the s a m e contro l left or r ight to 
se lec t the des i red port ion of the w a v e f o r m to be v i e w 
ed. 

16. Compos i t e v ideo w a v e f o r m s m a y be c h e c k e d at o ther 
po in ts on the v ideo c i rcu i ts by mov ing the probe t ip to 
t hose po in ts and chang ing the V O L T S / D I V contro l 
se t t ing a s requi red to keep the d isp lay w i t h i n the l imi ts 
of the s c a l e , and by read jus t ing the T R I G G E R I N G 
L E V E L contro l to ma in ta in s tab i l iza t ion. T h e polar i ty 
of the obse rved w a v e f o r m m a y be reve rsed w h e n 
mov ing f rom one moni tor ing point to ano ther ; 
there fore , it m a y be n e c e s s a r y to reverse the polar i ty 
of the S Y N C . 

Sync Pulse Analys is: 
T h e IF ampl i f ier r esponse of a te lev is ion rece iver c a n be 

eva lua ted to s o m e ex ten t by care fu l observa t ion of the 
hor izontal s y n c pu lse w a v e f o r m . T h e a p p e a r a n c e of the 
s y n c pu lse w a v e f o r m is a f fec ted by the I F ampl i f ie r b a n d p a s s 
charac te r i s t i cs . S o m e typ ica l w a v e f o r m s y m p t o m s and their 
relat ion to I F ampl i f ie r r esponse are ind icated in F ig . 16 . 
S y n c pu lse w a v e f o r m d is tor t ions produced by pos i t ive or 
negat ive l imi t ing in I F over load cond i t ions are s h o w n in F ig . 

17 . 
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F i g . 1 6 A n a l y s i s of s y n c pu lse distort ion 

FSVf RECEIVER A D J U S T M E N T S 
1 . C o n n e c t a s w e e p genera to r to the m ixe r input of the 

F M rece iver . S e t the s w e e p genera to r for a 1 0 . 7 M H z 
cen te red s w e e p . 

2 . C o n n e c t the s w e e p vo l tage output of the s w e e p 
genera to r to the C h a n n e l 2 input j ack of the o s 
c i l l oscope and se t the osc i l l oscope cont ro ls for ex ter 
nal hor izonta l s w e e p ( S W E E P T I M E / D I V to X - Y ) . 

3 . C o n n e c t the ve r t i ca l input probe to the demodu la to r 
input of the F M rece iver . 

4 . A d j u s t the osc i l l oscope ver t i ca l and hor izonta l gain 
con t ro ls for d isp lay s im i la r to that s h o w n in F ig . 1 8 A . 

5 . S e t the marke r genera to r p rec ise ly to 1 0 . 7 M H z . T h e 
m a r k e r " p i p " shou ld be in the cen te r of the b a n d p a s s . 

NORMAL 
S Y N C P U L S E 

S Y N C P U L S E 
C O M P R E S S I O N 

C A U S E D BY 
L IMIT ING 

" W H I T E -
S A T U R A T I O N 
C A U S E D BY 

L IMIT ING 

6. A l i gn the I F amp l i f i e rs acco rd ing to the m a n u f a c t u r e r ' s 
spec i f i ca t i ons . 

7. M o v e the probe to the demodu la to r output . T h e " S " 
cu r ve shou ld be d i sp l ayed , and the 1 0 . 7 M H z "pip" 
shou ld appear in the cen te r ( see F ig . 1 8 B . ) 
A d j u s t the demodu la to r acco rd ing to the m a n u f a c 
tu rer 's ins t ruc t ions s o the marke r m o v e s an equa l 
d i s t a n c e f rom the cen te r a s the marke r f r equency is 
i nc reased and d e c r e a s e d a n equa l a m o u n t f rom the 
1 0 . 7 M H z cen te r f requency . 

MARKER 
GENERATOR 

SWEEP 
GENERATOR 

MARKER 
INPUT 

SWEEP 
VOLTAGE 

VERTICAL 
SIZE 

HORIZONTAL 
SIZE 

l-F 
AMPS DEMODULATOR 

F i g . 18 T y p i c a l F M rece iver a l i gnment se t -up 
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F ig . 17 S y n c pu lse w a v e f o r m s 

RF 
OUT 

RF 

OSC FM RECEIVER 

MIXER AUDIO 
AMPS, 

DIRECT 



X - Y A P P L I C A T I O N S 

Phase Measurement: 
P h a s e m e a s u r e m e n t s m a y be m a d e w i t h an o s 

c i l loscope. T y p i c a l app l i ca t ions are in c i rcu i ts des igned to 
p roduce a spec i f i c p h a s e shif t , and m e a s u r e m e n t of p h a s e 
shi f t d is tor t ion in aud io ampl i f i e rs or o ther aud io n e t w o r k s . 
Dis tor t ion due to non- l inear ampl i f i ca t ion is a lso d i sp layed in 
the osc i l l oscope w a v e f o r m . 

A s ine w a v e input is app l ied to the aud io c i rcu i t be ing 
tes ted T h e s a m e s ine w a v e input is app l ied to the ver t i ca l 
input of the osc i l l oscope , and the output of the tes ted c i rcu i t 
is app l ied to the hor izontal input of the osc i l l oscope . T h e 
amoun t of p h a s e d i f ference b e t w e e n the t w o s i gna l s c a n be 
ca l cu la ted f rom the resu l t ing L i s s a j o u s ' w a v e f o r m . 

T o m a k e p h a s e m e a s u r e m e n t s , u s e the fo l low ing 
p rocedures (refer to F ig . 1 9 ) . 

A U D I O 

S I G N A L 

G E N E R A T O R 

A U D I O 

N E T W O R K 

B E I N G T E S T E D 

L O A D 

F i g . 1 9 T y p i c a l p h a s e m e a s u r e m e n t a l i gnmen t se t -up 

1. U s i n g an aud io s igna l genera to r w i t h a pure s inuso ida l 
s igna l , apply a s ine w a v e tes t s igna l to the audio 
ne twork be ing tes ted . 

2 . S e t the s igna l genera to r output for the no rma l 
opera t ing level of the c i rcu i t be ing tes ted . If des i red , 
the c i rcu i t ' s ou tput m a y be obse rved on the o s 
c i l l oscope . If the tes t c i rcu i t is ove rd r i ven , the s ine 
w a v e d isp lay is c l ipped and the s igna l leve l m u s t be 
reduced . 

3 C o n n e c t the C H 2 probe to the output of the tes t cir
cuit . 

4 . S e t the S W E E P T I M E / D I V to X - Y . 
5. C o n n e c t the C H 1 probe to the input of the tes t c i rcui t . 
6. A d j u s t the C H 1 and C H 2 gain con t ro ls for a su i tab le 

v i e w i n g s ize. 
7. S o m e typ ica l resu l ts are s h o w n in F ig . 2 0 . If the t w o 

s igna ls are in phase , the osc i l l oscope t race is a s t ra ight 
d iagona l l ine. If the ver t i ca l and hor izonta l ga in are 
proper ly ad jus ted , th is l ine is at 4 5 ° ang le . A 9 0 ° 
p h a s e shi f t p roduces a c i rcu la r osc i l l oscope pat te rn . 
P h a s e shi f t of less (or more) t han 9 0 ° p roduces an 
el l ip t ical osc i l l oscope pat tern. T h e a m o u n t of p h a s e 
shi f t c a n be ca l cu la ted f rom the osc i l l oscope t race a s 
s h o w n in F ig. 2 1 . 

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

1 8 0 O U T O F P H A S E 

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

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

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

9 0 O U T O F P H A S E 

F i g . 2 0 T y p i c a l p h a s e m e a s u r e m e n t osc i l l oscope 
d i sp lays 
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Frequency Measurement: 
Procedure : 

1 . C o n n e c t the s ine w a v e of k n o w n f requency to the C H 2 
I N P U T j ack of the osc i l l oscope a n d s e t the S W E E P 
T I M E / D I V contro l to X - Y . T h i s p rov ides ex te rna l 
hor izontal input. 

2 . C o n n e c t the ver t ica l input probe ( C H 1 I N P U T ) to the 
u n k n o w n f requency . 

3 . A d j u s t the C h a n n e l 1 and 2 ga in cont ro ls for a c o n 
ven ien t , e a s y - t o - r e a d d isp lay. 

4 . T h e resu l t ing pat tern , ca l l ed a L i s s a j o u s pat tern , 
s h o w s the ratio b e t w e e n the t w o f requenc ies . S e e 
F ig . 2 2 . 

U N K N O W N F R E Q U E N C Y 
T O V E R T I C A L I N P U T . 
S T A N D A R D F R E Q U E N C Y 
T O H O R I Z O N T A L I N P U T 

NOTE: A N Y O N E O F T H E S E F I G U R E S D E P E N D I N G U P O N 
P H A S E R E L A T I O N S H I P . 

F i g . 2 2 L issajous' waveforms used for frequency 
m e a s u r e m e n t 

AMPLIFIER S Q U A R E WAVE T E S T 

Introduction: 
A squa re w a v e genera tor and a low-d is to ra t ion the o s 

c i l l oscope s u c h a s th is i ns t rumen ts c a n be u s e d to d isp lay 
va r i ous t ypes of d is tor t ion p resen t in e lec t r i c c i rcu i ts . A 
s q u a r e w a v e of a g iven f requency c o n t a i n s a large n u m b e r of 
odd h a r m o n i c s of that f requency . If a 5 0 0 Hz squa re w a v e 
is i n jec ted into a c i rcu i t , f requency c o m p o n e n t s of 1.5 kHz , 
2 . 5 kHz a n d 3 . 5 k H z a l so are prov ided. S i n c e v a c u u m tubes 
and t rans i s to rs a re non- l inear , it is di f f icult to ampl i f y and 
reproduce a squa re w a v e w h i c h is ident ica l to the input 
s igna l . In tere lec t rode c a p a c i t a n c e s , j unc t ion c a p a c i t a n c e s , 
s t ray c a p a c i t a n c e s a s w e l l a s l imi ted d e v i c e and t rans fo rmer 
response are a f e w of the fac to rs w h i c h p reven t fa i thful 
reproduct ion of a squa re w a v e s igna l . A w e l l - d e s i g n e d 
ampl i f ie r c a n min imize the d is tor t ion c a u s e d by t h e s e 
l imi tat ions. Poor ly des igned or de fec t i ve ampl i f i e rs c a n in
t roduce d is tor t ion to the point w h e r e their pe r f o rmance is 
unsa t is fac to ry . 

A s s ta ted before, a squa re w a v e c o n t a i n s a large 
number of odd ha rmon i cs . B y in jec t ing a 5 0 0 H z s ine w a v e 
into an ampl i f ier , w e c a n eva lua te ampl i f ie r r e s p o n s e at 
5 0 0 H z only, but by in ject ing a s q u a r e w a v e of the s a m e 
f requency w e c a n de te rm ine h o w the ampl i f ie r w o u l d 
respond to input s i gna l s f rom 5 0 0 Hz up to the 15 th or 2 1 s t 
ha rmon ic . 

T h e need for squa re w a v e eva lua t ion b e c o m e s apparen t 
if w e real ize that s o m e aud io amp l i f i e rs w i l l be requ i red dur
ing no rma l use to p a s s s i m u l t a n e o u s l y a large n u m b e r of 
di f ferent f requenc ies . W i t h a s q u a r e w a v e , w e h a v e a c o n 
trol led s ignal w i t h w h i c h w e c a n eva lua te the input a n d out
put qua l i t y of a s igna l of m a y f r equenc ies ( the h a r m o n i c s of 
the s q u a r e w a v e ) w h i c h is w h a t the ampl i f ie r s e e s w h e n 
ampl i f y ing c o m p l e x w a v e f o r m s of m u s i c a l i ns t r umen ts or 
v o i c e s . 

T h e square w a v e output of the s igna l genera to r m u s t be 
e x t r e m e l y f lat so that it d o e s not cont r ibute to any d is tor t ion 
that m a y be obse rved w h e n eva lua t i ng ampl i f ie r r esponse . 
T h e osc i l l oscope ver t i ca l input shou ld be se t to D C a s it w i l l 
in t roduce the leas t d is tor t ion, espec ia l l y at l ow f requenc ies . 
W h e n check ing ampl i f ie r r e s p o n s e , the f r equency of the 
s q u a r e w a v e input shou ld be va r ied f rom the l o w e n d of the 
ampl i f ie r b a n d p a s s up t o w a r d the upper end of the b a n d 
p a s s ; h o w e v e r , b e c a u s e of the h a r m o n i c con ten t of the 
s q u a r e w a v e , d is tor t ion w i l l o c c u r before the upper end of 
the ampl i f ie r b a n d p a s s is r e a c h e d . 

It shou ld be noted tha t the a c t u a l r esponse c h e c k of an 
ampl i f ie r shou ld be m a d e us ing a s in w a v e s igna l . T h i s i s e s 
pec ia l l y impor tan t in a n l imi ted b a n d w i d t h amp l i f i e rs (vo ice 
ampl i f ie r ) . 

T h e square w a v e s igna l p rov ides a qu ick c h e c k of 
ampl i f ie r pe r fo rmance a n d w i l l g ive an e s t i m a t e of overa l l 
ampl i f ie r qual i ty . T h e s q u a r e w a v e a l s o w i l l r evea l s o m e 
de f i c i enc ies not readi ly appa ren t w h e n u s i n g a s ine w a v e 
s igna l . W h e t h e r a s ine w a v e is used for tes t ing the ampl i f ier , 
it is impor tan t tha t the m a n u f a c t u r e r ' s spec i f i ca t i ons on the 
ampl i f ie r b e k n o w n in order to m a k e a bet ter j u d g e m e n t of 
i ts pe r fo rmance . 
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Testing Procedure (refer to Fig. 23 ) : 
1. C o n n e c t the output of the squa re w a v e genera to r to 

the input of the ampl i f ie r bding tes ted . 
2 . C o n n e c t the C H 2 probe of the osc i l l oscope to the out

put of the ampl i f ie r be ing t e s t e d . 

3 . If t he D C c o m p o n e n t of the c i rcu i t be ing tes ted is suf
f ic ient ly l o w to a l l o w both the A C and D C c o m p o n e n t 
to be v i e w e d , u s e the D C posi t ion of the A C - G N D - D C 
s w i t c h . 

H o w e v e r , the A C posi t ion m a y be used w i t hou t a f fec 

t ing the resu l ts e x c e p t at very l ow f requenc ies ( be low 
5 H z ) . 

4 . A d j u s t the ver t ica l gain cont ro ls for a conven ien t v i e w 
ing height. 

5. Ad jus t the s w e e p t ime cont ro ls for one c y c l e of s q u a r e 
w a v e d isp lay on the s c r e e n . 

6. For a c l ose -up v i e w of a port ion of the s q u a r e w a v e , 
use the X 5 magn i f i ca t ion . 

S Q U A R E W A V E 
GENERATOR 

A D J U S T S W E E P 
S P E E D FOR 1 

C Y C L E DISPLAY 

S L O P E + 

INT 

A D J U S T VERT 
GAIN FOR 

CONVENIENT 
VIEWING 
HEIGHT 

INPUT 
AMPLIFIER 

CIRCUIT 
BEING T E S T E D 

OUTPUT 

F i g . 2 3 Equ ipmen t se t -up for square w a v e tes t ing of ampl i f ie rs 

Analysing the Waveforms: 
T h e shor t r ise t ime w h i c h o c c u r s at the beg inn ing of the 

ha l f - cyc le is c rea ted by the i n -phase s u m of the m e d i u m and 
high f requency s ine w a v e c o m p o n e n t s . T h e s a m e ho lds t rue 
for the rapid drop a t the e n d of the ha l f - cyc le f rom m a x i m u m 
ampl i tude to zero amp l i tude at the 1 8 0 ° or ha l f - cyc le point. 
There fo re , a theore t i ca l reduct ion in amp l i tude a lone of the 
high f r e q u e n c y c o m p o n e n t s shou ld p roduce a rounding of 
the squa re co rners at a l l four po in ts of one squa re w a v e cy
cle ( S e e F ig . 2 4 ) . 

D i s t o r t i o n c a n be c l a s s i f i e d in to t h r e e d is t inct 
ca tegor ies : 

1 . T h e f i rst is f r equency d istor t ion a n d refer to the 
c h a n g e f rom no rma l amp l i t ude of a c o m p o n e n t of a 
c o m p l e x w a v e f o r m . In o ther w o r d s , the introduct ion 
in an ampl i f ie r c i rcui t of r esonan t n e t w o r k s or se lec t i ve 
f i l ters c r e a t e d by comb ina t ion of reac t i ve c o m p o n e n t s 
w i l l c r ea ted p e a k s or d ips in a n o t h e r w i s e f lat f requen
cy response curve . 

2 0 

Fig . 2 4 S q u a r e w a v e response w i t h high f r equency 

loss 



2 . T h e s e c o n d is non- l i near d is tor t ion and re fers to a 
c h a n g e in w a v e s h a p e p roduced by app l ica t ion of the 
w a v e s h a p e to non- l inear c o m p o n e n t s or e l e m e n t s 
s u c h a s v a c u u m tubes , an iron core t rans fo rmer a n d in 
an e x t r e m e c a s e , a de l ibera te non- l inear c i rcu i t s u c h 
a s a c l ipper ne twork . 

3 . T h e th i rd is de lay or p h a s e d is tor t ion, w h i c h is d is tor
t ion p roduced by a shi f t in p h a s e b e t w e e n s o m e c o m 
p o n e n t s of a c o m p l e x w a v e f o r m . 

In ac tua l p rac t i ce , a reduct ion in amp l i tude of a squa re 
w a v e c o m p n e n t (s inuso ida l ha rmon ic ) is usua l l y c a u s e d by a 
f r equency -se lec t i ve ne two rk w h i c h inc ludes capac i t y , induc
t ance or both. T h e p resence of the C or L in t roduces a 
d i f fe rence in p h a s e ang le b e t w e e n c o m p o n e n t s , c rea t ing 
p h a s e d istor t ion or de lay d istor t ion. The re fo re , in squa re 
w a v e test ing of p rac t ica l c i rcu i t ry , w e wi l l usua l l y f ind that 
the d is tor ted squa re w a v e inc ludes a comb ina t ion of 
amp l i tude and p h a s e d is tor t ions. 

In a typ ica l w i d e b a n d ampl i f ie r , a squa re w a v e c h e c k 
accu ra te l y r evea l s m a n y distor t ion cha rac te r i s t i c s of the cir
cui t . T h e response of an ampl i f ie r is ind ica ted in F ig . 2 5 , 
revea l ing poor l ow - f r equency response a long w i t h the over -
c o m p e n s a t e d h igh- f requency boost . A 1 0 0 H z s q u a r e w a v e 
app l ied to input of t he ampl i f ie r w i l l appea r a s in F ig . 2 6 A . 
T h i s f i gu re i n d i c a t e s s a t i s f a c t o r y m e d i u m f r e q u e n c y 
response (approx imate ly 1kHz to 2 k H z ) but s h o w s poor low 
f requency response . Nex t , a 1 kHz s q u a r e w a v e app l ied to 
the input of the th is s a m e ampl i f ie r w i l l appear a s in F ig . 
2 6 B . T h i s f igure d i sp lays good f requency response in the 
region of 1 0 0 0 to 4 0 0 0 H z but c lear ly revea l s the over 
c o m p e n s a t i o n at the h igher 1 0 k H z region by t he sha rp r ise 
a t the top of the lead ing edge of the square w a v e . 

A s a rule of t h u m b , it c a n be sa fe l y sa i d that a s q u a r e 
w a v e c a n be u s e d to r e v e a l r e s p o n s e a n d p h a s e 
re la t ionsh ips up to the 1 5 th or 2 0 t h odd h a r m o n i c or up to 
app rox ima te l y 4 0 t i m e s the f u n d a m e n t a l of the s q u a r e 
w a v e . U s i n g th is rule of t h u m b , it is s e e n that w i d e - b a n d 
c i rcu i t ry w i l l require at l eas t t w o f requency c h e c k to proper ly 
ana l yze the comp le te s p e c t r u m . 

In the c a s e i l lus t ra ted by F ig . 2 5 , a 1 0 0 H z s q u a r e w a v e 
w i l l e n c o m p a s s c o m p o n e n t s up to abou t 4 k H z . T o a n a l y z e 
a b o v e 4 k H z and beyond 1 0 , 0 0 0 H z , a 1 k H z s q u a r e w a v e 
shou ld be u s e d sa t i s fac to ry . 

N o w , the region b e t w e e n 1 0 0 H z and 4 0 0 0 H z in F ig . 2 5 
s h o w s a r ise f rom poor l o w - f r e q u e n c y ( 1 0 0 H z to 1kHz ) 
r e s p o n s e to a f la t ten ing ou t f r om b e y o n d 1 0 0 0 a n d 
4 0 0 0 H z . The re fo re , w e c a n e x p e c t tha t the h igher f r equen 
c y c o m p o n e n t s in the 1 0 0 H z s q u a r e w a v e w i l l be re la t ive ly 
no rma l in amp l i tude and phase but tha t the lower f requency 
c o m p o n e n t s " B " in th is s a m e square w a v e wi l l be strongly 
modi f ied by the poor l ow- f requency response of th is 
ampl i f ie r ( S e e Fig. 2 6 A ) . 

If the comb ina t ion of e l e m e n t s in t h i s ampl i f ie r w e r e 
s u c h a s to only d e p r e s s the l ow f requency c o m p o n e n t s in 
the squa re w a v e , a cu r ve s im i la r to F ig . 2 7 w o u l d be ob
ta ined . H o w e v e r , reduct ion in amp l i tude of the c o m p o n e n t s , 
a s a l ready noted, is usua l l y c a u s e d by a reac t i ve e lemen t , 
c a u s i n g in tu rn , a p h a s e shi f t of t h e c o m p o n e n t s , p roduc ing 
the s t rong tilt of F ig . 2 6 A . 

F i g . 2 5 R e s p o n s e cu rve of ampl i f ie r w i t h poor l o w 
and h igh e n d s 

Fig . 2 6 R e s u l t a n t 1 0 0 Hz and 1 kHz s q u a r e w a v e s 
f rom ampl i f ie r in F ig . 2 5 

F ig . 2 7 R e d u c t i o n of s q u a r e w a v e f u n d a m e n t a l 
f r equency c o m p o n e n t in t uned c i rcu i t 

2 1 

R
E

S
P

O
N

S
E 

100 HZ 

S Q U A R E 
W A V E 

1 KHZ 

S Q U A R E 
W A V E 



Fig . 2 8 r e v e a l s a g raph ica l deve lopmen t of a s imi la r ly 
t i l ted square w a v e . T h e ti lt is s e e n to be c a u s e d by the 
s t rong in f luence of the phase -sh i f t ed 3 r d harmon ic . It a l so 
b e c o m e s ev iden t tha t ve ry s l ight sh i f t s in p h a s e are qu ick ly 
s h o w n up by tilt in the squa re w a v e . 

F ig . 2 9 ind i ca tes the ti l t in square w a v e s h a p e produced 
by a 1 0 ° p h a s e shi f t of a l ow- f requency e l e m e n t in a lead ing 
d i rect ion. F ig . 3 0 ind ica tes a 1 0 ° phase shif t in a l o w fre
quency c o m p o n e n t in a lagging d i rect ion. T h e t i l ts a re op
pos i te in the t w o c a s e s b e c a u s e of the d i f fe rence in polar i ty 
of the p h a s e ang le in the t w o c a s e s a s c a n be c h e c k e d 
through a lgebra ic addi t ion of componen t s . 

F ig . 3 1 ind ica tes l o w - f r e q u e n c y c o m p o n e n t s w h i c h 
h a v e been reduced in amp l i t ude and sh i f ted in p h a s e . It w i l l 
be noted that t hese e x a m p l e s of l o w - f r e q u e n c y d is tor t ion 
a re cha rac te r i zed by a c h a n g e in s h a p e of the f lat port ion of 
the s q u a r e w a v e . 

F ig . 2 6 B , p rev ious ly d i s c u s s e d , revea led h igh- f requency 
overshoo t p roduced by r is ing ampl i f ie r response at the high 

F ig . 2 8 S q u a r e w a v e tilt resu l t ing f rom 3 r d 

h a r m o n i c p h a s e shift 

F ig . 2 9 T i l t resu l t ing f rom p h a s e shif t of f u n d a 
m e n t a l f r equency in a lead ing d i rec t ion 

f requenc ies . It shou ld aga in be noted tha t th is overshoo t 
m a k e s i tself ev iden t at the top of the lead ing edge of the 
squa re w a v e . T h i s cha rac te r i s l i c re la t ionsh ip is exp la ined by 
rema in being that in a norma l w e l l - s h a p e d square w a v e , the 
sharp r ise of the lead ing edge is c rea ted by the s u m m a t i o n 
of a prac t ica l ly inf inite number of h a r m o n i c componen t s . If 
an abno rma l r ise in ampl i f ier r esponse o c c u r s a t high f re
quenc ies , the high f requency c o m p o n e n t s in the squa re 

F i g . 3 2 E f fec t of h igh - f requency boost and 
poor d a m p i n g 
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F x 1 

F x 1 OUT OF P H A S E (LAG) 

Fig . 3 0 T i l t resu l t ing f rom a p h a s e shi f t of f u n d a 
men ta l f r equency in a lagging d i rec t ion . 

F x 3 

F x 3 OUT OF P H A S E (LEAD) 

F ig . 31 L o w f requency c o m p o n e n t l oss and 

p h a s e shif t 

F x 1 

F x 1 OUT OF P H A S E (LEAD) 



w a v e wi l l be ampl i f ied d ispropor t ionat ly greater t han the 
other c o m p o n e n t s c rea t ing a h igher a lgebra ic s u m a long the 
lead ing edge . 

F ig . 3 2 i nd i ca tes h i g h - f r e q u e n c y boos t in an ampl i f ie r 
a c c o m p a n i e d by a l ightly d a m p e d " s h o c k " t rans ient . T h e 
s inuso ida l t ype of d im in ish ing osc i l la t ion a long the top of the 
s q u a r e w a v e ind ica ted a t rans ien t osc i l la t ion in a re lat ive ly 
high " Q " ne two rk in the ampl i f ie r c i rcui t . In th is c a s e , the 
s u d d e n t rans i t ion in the square w a v e potent ia l f rom a sha rp 
ly r is ing, re lat ive ly h igh f requency vo l tage, to a leve l va lue of 
l ow- f requency vo l tage, supp l ies the energy for osc i l la t ion in 
the resonan t ne twork . If th is n e t w o r k in the ampl i f ie r is 
reasonab ly heav i ly d a m p e d , then a s ingle cyc le t rans ien t o s 
c i l la t ion m a y be p roduced a s ind icated in F ig . 3 3 . 

F ig . 3 4 s u m m a r i z e s the p reced ing e x p l a n a t i o n s a n d 
s e r v e s a s a handy re fe rence . 

F i g . 3 3 E f fec t of h igh - f requency boos t a n d good d a m p i n g 

A. Frequency distortion. (amplitude 
reduction of low-frequency com
ponent). No phase shift. 

B. Low-frequency boost (accentuated 
fundamental). 

C. High-frequency loss—No phase shift. 

D. Low-frequency phase shift. E. Low-frequency loss and phase shift. F. High-frequency loss and low-
frequency phase shift. 

G. High-frequency loss and phase shift. H. Damped oscillation. I. Low-frequency phase shift (trace 
thickned by hum-voltage). 

F i g . 3 4 S u m m a r y of w a v e f o r m a n a l y s i s for s q u a r e w a v e tes t ing of amp l i f i e rs 
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PRECAUTIONS 
1 . A v o i d us ing the osc i l l oscope in a locat ion e x p o s e d to 

d i rect sun l ight . 

2 . S e l e c t a p lace f ree f rom high t empe ra tu re and humid i ty . 
Do not use the osc i l l oscope in a dus ty locat ion. 

3 . Do not ope ra te the osc i l l oscope in a p lace w h e r e 
m e c h a n i c a l v ib ra t ions are e x c e s s i v e or a p lace near 
equ ipmen t w h i c h g e n e r a t e s s t rong m a g n e t i c f ie lds or 
impu lse vo l tages . 

4 . T h i s osc i l l oscope is fac tory se t for A C 2 4 0 V operat ion . 
For A C 1 0 0 V , 1 1 7 V or 2 2 0 V opera t ion , c h a n g e the 
pos i t ion of the p lug of the vo l tage se lec to r a t the rear 
pane l a s ind ica ted by the a r row. W h e n the osc i l l oscope 
is to be ope ra ted w i t h A C 1 0 0 V , 1 1 7 V , be su re to 
rep lace the fuse w i t h one ra ted a t 0 . 3 A . 

5 . Do not app ly input vo l t ages e x c e e d i n g the i r m a x i m u m 
rat ings. T h e input vo l tage to t he ve r t i ca l ampl i f ie r is up 
to 3 0 0 V ( D C + A C peak ) , the input for E X T . T R I G is up 
to 5 0 V ( D C + A C p e a k ) , a n d the input to Z A X I S is up to 
1 0 0 V ( D C + A C peak ) . 

6 . D o not i nc rease the b r igh tness of the C R T u n n e c e s s a 

rily. 

7 . D o not leave the osc i l l oscope for a long per iod w i t h a 

br ight spo t d i sp layed on C R T . R e d u c e the b r igh tness 

and so f ten the focus . 

MAINTENANCE 

Removing the case: 
1 . R e m o v e the s i x s c r e w s f rom the top and s ide w a l l s of 

the c a s e , us ing a Ph i l l ips head sc rewd r i ve r . 

F i g . 3 6 

2 . Hold the hand le and lift up. T h e c a s e is n o w ready for 
remova l . 

3 . T o remove the bo t tom plate, u n s c r e w the s i x s c r e w s 
us ing a Ph i l l ips head sc rewdr i ve r . 

2 4 

8 . Se t t i ng the osc i l l oscope 
T h e osc i l l oscope is prov ided w i t h a hand le w h i c h c a n be 
f i xed a t 2 2 . 5 ° ang le in te rva ls , permi t t ing it to be s e t 
e i ther ver t i ca l l y , hor izonta l ly or as lan t . 
Do not p l ace a n y ob jec t on the osc i l l o scope or cove r the 
vent i la t ion ho les of the c a s e w i t h a c lo th or the l ike, a s it 
w i l l i n c rease the t empera tu re ins ide the c a s e . 

F i g . 3 7 R e m o v a l of bo t tom plate 

C a u t i o n : A h igh vo l tage ( 2 0 0 0 V ) is p resen t on the C R T 
socke t and the lower pr inted c i rcu i t board . Be fo re 
remov ing the c a s e , be su re to turn off the power , and do 
not t ouch t h e s e par ts w i t h hand or a s c r e w d r i v e r e v e n 
af ter the c a s e h a s been r e m o v e d . 

MAINTENANCE AND ADJUSTMENT 

F i g . 3 5 

Screws of cabinet 

Lift up 

r Screws of bottom 
plate 

Loosen the screws 

Slide backwards 
and lift up 



AC Voltage selector: 
T h e osc i l l oscope m a y be opera ted f rom 1 0 0 V , 1 1 7 V , 2 2 0 V , 
2 4 0 V , put t ing the A C vo l tage se lec to r in p lace of another . 
(Re fe r to F ig . 3 8 ) 

Fuse 

100V, 1 1 7 V - 0 . 7 A 
220V, 2 4 0 V - 0 . 3 A Voltage selector connector 

Adjustment of C R T bright line azimuth: 
C R T bright l ine ang le ad jus tment . A d j u s t the T R A C E 

R O T A T I O N (front panel ) until t he bright l ine is a l igned w i t h 

the hor izontal l ine marked on the C R T s c a l e . 

ADJUSTMENT: 
O b s e r v e t h e f o l l o w i n g b e f o r e m a k i n g a d j u s t m e n t s : 
T h e osc i l l oscope is fac tory ad jus ted prior to sh ipment . If 
read jus tmen t b e c o m e s n e c e s s a r y , the fo l lowing points 
shou ld be obse rved . 

1 . C h e c k the p o w e r supp ly for cor rec t vo l tage. 
2 . For ad jus tmen ts , use a w e l l insu la ted sc rewdr i ve r . 
3 . Be fo re mark ing ad jus tmen ts , be sure to turn on the 

p o w e r and w a i t unti l the unit is s tab i l ized. 
4 . For ad j us tmen t s , fo l low the p rocedures descr ibed 

be low. 

5. If spec ia l tes t i ns t rumen ts are required for ad jus tmen ts , 
con tac t T r i o ' s se rv i ce s ta t ion. 

180V ADJ Adjustment 
1 . R e m o v e the bo t tom plate a s desc r i bed prev ious ly . 
2 . A d j u s t V R 1 0 9 on the lower c i rcu i t board s o that 1 8 0 V 

a p p e a r s on the No. 1 5 pin of the connec to r P 1 1 0 on the 
s a m e c i rcu i t board, ( see F ig . 3 9 ) 

Blanking Voltage Adjustment 
1 . Pul l the P U L L A U T O knob to d isp lay a br ight l ine on 

C R T . 

2 . A d j u s t V R 1 0 8 on the lower c i rcu i t board through so 
that br ight l ine d i sappea rs at 9 ~ 11 o 'c lock posi t ion of 
the b r igh tness ad jus tmen t knob, (see F ig . 3 9 ) 

Step ATT DC BAL Adjustment (see Fig. 39): 
T h i s ad j us tmen t is requi red w h e n the br ight l ine m o v e s up 
and d o w n by turn ing the ver t i ca l a t tenuator ( V O L T S / D I V ) . 

1 . S e t the C H 1 ver t i ca l input se lec to r s w i t c h 
( A C - G N D - D C ) to G N D . T h e n cen te r the br ight l ine by 
pul l ing the P U L L A U T O knob. 

2 . T u r n the ve r t i ca l a t tenua to r ( V A R I A B L E ) ful ly 
c o u n t e r c l o c k w i s e . A d j u s t V R 1 0 1 through the hole on 
the left s ide of the c a s e so that the br ight l ine is not 
de f lec ted a s the a t tenuator V O L T S / D I V is tu rned . 

3 . M a k e ad jus tmen t for C H 2 in the s a m e m a n n e r us ing 
V R 1 1 1 in the hole at the r ight s ide of the c a s e . 

Variable DC BAL Adjustment (see Fig. 40): 
T h i s ad j us tmen t is requir red w h e n the br ight l ine m o v e s up 
or d o w n by turn ing the ver t i ca l a t tenuator V A R I A B L E . 

1 . R e m o v e the c a s e a s desc r i bed prev ious ly . For 
ad jus tmen t , use the aux i l ia ry pr inted c i rcu i t board on 
the bot tom. 

A d j u s t C H 1 w i t h V R 4 0 1 f rom the left s ide and C H 2 
w i t h V R 4 0 2 f rom the top. 

2 . T u r n the var iab le a t tenuator V A R I A B L E ful ly 
c o u n t e r c l o c k w i s e s o that the br ight l ine is cen te red on 
the s c a l e . T h e n , turn the a t tenuator ( V A R I A B L E ) ful ly 
c l o c k w i s e . If, a t th i s t ime , the br ight l ine sh i f t s up or 
d o w n , ad jus t V R 4 0 1 or V R 4 0 2 unti l it s t a y s in the 
cen te r posi t ion. 

3 . R e p e a t the above p rocedu res unt i l t he br ight l ine is 
s tab i l i zed w h e n the a t tenuator ( V A R I A B L E ) is rotated. 
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F ig . 3 9 F i g . 3 8 



F ig . 4 0 

Fig. 41 

CRT Centering Adjustment 
1 . R e m o v e the c a s e a s desc r ibed prev ious ly . 

2 . S h o r t the tes t t e rm ina l s T P 1 0 1 and T P 1 0 2 on the lower 
pr inted c i rcu i t board, ( see F i g . 4 0 ) 

3 . W i t h a br ight l ine d i sp layed , ad jus t V R 1 0 5 on the s a m e 
c i rcui t board so that the bright l ine c o m e s to the ver t i ca l 
center posi t ion, ( see F ig . 3 9 ) 

Horizontal Position Adjustment (see Fig. 41) 
1 . R e m o v e the c a s e a s desc r i bed prev ious ly . 

2 . T o ad jus t the hor izontal posi t ion of w a v e f o r m under the 
no rma l s w e e p condi t ion, p roceed a s f o l l ows : 

W i t h the <> P O S I T I O N se t to i ts m e c h a n i c a l cen te r 
pos i t ion, ad jus t V R 3 0 5 ( P O S A D J ) on the c i rcu i t board 
on the s ide w a l l of the c a s e s o that the w a v e f o r m s ta r t s 
at the left end of the sca le . 

3 . T o ad jus t the hor izonta l pos i t ion of the w a v e f o r m w h e n 
the S W E E P T I M E / D I V is in the X - Y pos i t ion , per fo rm 
the s a m e ad jus tmen t and then ad jus t V R 3 0 8 on the 
s a m e c i rcu i t board so tha t the br ight spot c o m e s to the 
cen te r of t he s c a l e . 

ASTIG Adjustment (see Fig. .39) 
Ad jus t V R 1 0 6 , on the lower pr inted c i rcu i t board , th rough 
the ad jus tmen t hole in the bot tom cove r unt i l t he br ight l ine 
of fers the s a m e t h i ckness . T h i s ad j us tmen t shou ld be 
per fo rmed at the s a m e t ime w i t h t he F O C U S contro l . O n c e 
it is ad jus ted , no fur ther ad jus tmen t is requi red. 
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SCHEMATIC DIAGRAM 
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