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F E A T U R E S 
• T h e ver t i ca l a x i s prov ides high sens i t iv i ty ( 5 

m V / d i v ) and w i d e bandw id th ( 3 0 M H z , — 3 
d B ) . [2 m V , 2 0 M H z (— d B ) w i th 5 • 2 m V 
s w i t c h ] 

• Exce l l en t b r igh tness and error- f ree m e a s u 
rement w i th the use of square , d o m e d , m e s h 
type, rear -s tage acce le ra t ion ( 6 k V ) C R T . 

• De lay s w e e p funct ion that en la rges any g iven 
portion of s igna l for e a s y observa t ion . 

• A L T de lay s w e e p funct ion indiv idual ly se t s for 
de lay and nonde lay observa t ions of C H 1 and 
C H 2 s lopes of internal and ex te rna l s y n c s igna ls . 

• F ix s y n c funct ion for au tomat i c synchron iza t ion 
of va r i es w a v e f o r m s . 

• Dis tor t ion- f ree observat ion of s igna ls up to 3 0 
MHz . 

• Se lec t i on of 5 s y n c s igna ls , A L T , C H 1 , C H 2 , 
L I N E and E X T . 

• S y n c coup l ing for A C , L F R E J , H F R E J , and D C 
a s s u r e s s tab i l ized synchron iza t ion of va r ious 
t ypes of w a v e f o r m s . 

• A L T and C H O P s w i t c h e s are prov ided for A L T or 
C H O P observa t ion throughout all ranges . 

• A u t o f ree- run s y s t e m enab les the t race to be 
c h e c k e d e v e n a t no-s igna l t ime. 

• H 0 L D 0 F F funct ion for s tabi l ized s y n c h r o n i z a 
t ion of comp lex s igna ls s u c h a s v ideo s igna ls 
and logic s igna ls . 

• X - Y changeove r s y s t e m a l l o w s C H 1 ampl i f ier to 
be used a s Y a x i s ampl i f ier and C H 2 ampl i f ier a s 
X a x i s ampl i f ier . 

• S ing le s w e e p funct ion for observa t ion of a s ing le 
w a v e f o r m . 

• Spo t i l luminat ion of C R T permi ts the w a v e f o r m 
on the s c a l e to be photographed. 

• T h e adopt ion of I C ' s in the logic changeove r 
c i rcui t p rov ides for improved reliabil i ty. 
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S P E C I F I C A T I O N S 
Cathode Ray Tube 
T y p e : 

1 4 0 C G B 3 1 

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

S c a l e : 
8 d i v X 1 0 div (1 div = 9 . 5 m m ) 

Vertical Ax is (CHI and CH2) 
D e f l e c t i o n F a c t o r : 

2 m V / d i v - 5 V / d i v ± 3 % 

Attenuator : 
5 m V / d i v - 5 V / d i v , 1 - 2 - 5 s teps 
F ine ad jus tmen t b e t w e e n 1 0 and P U L L 2 
m V / d i v ranges 

I npu t i m p e d a n c e : 
1 Mf i ± 2 % 
2 3 p F ± 3 p F 

F r e q u e n c y r e s p o n s e : 
D C D C - 3 0 M H z (wi th in - 3 d B ) at 5 m V / -

div - 0 . 2 V / d i v 
[ D C - 2 0 M H z (wi th in - 3 d B ) at P U L L 2 
m V / d i v ] 

A C 5 Hz - 3 0 M H z (wi th in - 3 d B ) at 5 m V / -
div - 0 . 2 V / d i v 
[5 Hz - 2 0 M H z (w i th in - 3 d B ) at P U L L 
2 m V / d i v ] 

R i s e t i m e : 
1 1 . 7 n s e c ( 3 0 M H z ) or l e s s , 1 7 . 5 n s e c ( 2 0 M H z ) 
or less . 

O v e r s h o o t : 
3 % or less ( 1 0 0 kHz square w a v e ) 

C r o s s t a l k : 
Bet te r than — 6 0 d B (a l te rnate) , better t han 
- 4 0 d B (chop) . 

O p e r a t i n g m o d e s : 
C H 1 C H 1 only 
C H 2 C H 2 only 
D U A L Dual t race 

A D D S ing le t race a lgebra ic s u m of C H 1 and 
C H 2 (s ingle t race a lgebra ic d i f ference 
of C H 1 and C H 2 w h e n C H 2 s igna l is 
inverted.) 

Dual - t race C h a n g e o v e r 
T R I G S O U R C E in A L T post ion: A l te rna te t race 
in all S W E E P T I M E / D I V ranges. 
T R I G S O U T C E in any posi t ion other than A L T : 
T r a c e chopped at P U L L C H O P . 
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C H O P f requency: 
Approx . 2 0 0 k H z 

C H 2 polarity: 
Normal or inver ted 

M a x i m u m inpu t v o l t a g e : 
6 0 0 Vp -p or 3 0 0 V ( D C + A C peak) 

M a x i m u m undistorted ampl i tued: 
More than 8 div ( D C - 3 0 M H z ) 

Horizontal Axis (Horizontal input thru 
CH2 input) [X5 MAG not indued] 
Def lect ion factor: 

S a m e a s ver t ica l ( C H 2 ) 

Input i m p e d a n c e : 
S a m e a s ver t ica l ( C H 2 ) 

Frequency r e s p o n s e : 
D C D C - 2 M H z (wi th in - 3 d B ) 
A C 5 Hz - 2 M H z ( w i t h i n - 3 d B ) 

X - Y operat ion: 
wi th S W E E P T I M E / D I V s w i t c h in X - Y posi t ion, 
the C H 1 input b e c o m e s the Y - a x i s input and the 
C H 2 input b e c o m e s the X - a x i s input. T h e X - Y 
posi t ion contro l b e c o m e the hor izontal posi t ion 
contro l . 

X - Y p h a s e di f ference: 
3 ° or less at 1 0 0 kHz 

Sweep Circuit (Common to CHI and 
CH2) 
S w e e p s y s t e m : 

N O R M : Tr iggered s w e e p . 
A U T O : A u t o m a t i c s w e e p . S w e e p is obta ined 

w i thou t input s igna l . 
S I N G L E : S i n g l e s w e e p . 

S w e e p t ime: 
0 .2 jus/div — 0 . 5 s / d i v ± 3 % , 1 - 2 - 5 s t e p s , 2 0 
ranges , ad jus tab le 

S w e e p magni f ica t ion: 
Obta ined by en larg ing the above s w e e p 5 t imes 
( ± 1 0 % ) f rom center . 

Linearity: 

± 3 % ( ± 1 0 % for 0 . 5 /xs and 0 . 2 yus/div ranges 
w i th X 5 M A G ) 



Triggering 
Source: 
Internal: 

A L T Tr iggered by C H 1 or C H 2 ver t ica l input 
s igna l . 

C H 1 T r iggered by C H 1 input s igna l . 

C H 2 Tr iggered by C H 2 input s igna l . 

L I N E Tr iggered by power line f requency . 

External 

E X T Tr iggered by an ex te rna l s igna l appl ied 
to E X T T R I G jack . 

M a x i m u m input vol tage: 

5 0 V ( D C + A C peak) 

Type : 
Norma l ( N O R M ) , au tomat i c ( F I X ) . 
In a u t o m a t i c m o d e , t h e s w e e p t r i g g e r s 
au tomat ica l l y w i thou t an input s igna l . 

Coupl ing : 
A C , L F R E J , H F R E J , and D C 

Sensitivity (Based on sine wave): 

Coupling Bandwidth (Hz) 
Minimum Sync Voltage 

Coupling Bandwidth (Hz) 
INT (div) EXT (Vp-p) 

A C 2 0 ~ 2 5 M 
10 ~ 3 0 M 

0.5 
1 

1 
5 

DC DC ~ 2 5 M 
DC ~ 3 0 M 

0.5 
1 

1 
5 

FIX 
4 0 ~ 2 0 M 
2 0 ~ 2 5 M 

0.5 
1 

2 
5 

LF R E J 

HF R E J 

Attenuate below 10 kHz. 
Attenuate above 1 0 0 kHz. 

Video Sync: 
F R A M E : S y n c h r o n i z e d w i t h ver t ica l s y n c 

s igna l 
L I N E : S y n c h r o n i z e d w i th hor izontal s y n c 

s igna l 

F O L D O F F : 
Cont inuous ly var iab le f rom zero ( N O R M ) to 
more than 1 0 t imes ( M A X ) . 

Delay Sweep 
Delay t ime: 

1 fis — 1 0 0 m s , 5 ranges 
F ine ad jus tmen t b e t w e e n ranges 

A L T : 
Delay t ime c a n be se t indiv idual ly for C H 1 
and C H 2 in A L T s w e e p mode by C H 1 D E L A Y 
a n d C H 2 D E L A Y s w i t c h e s . 

Ji t ter : 
5 , 0 0 0 : 1 

Intensity modula t ion: 
De lay s w e e p set port ion i l luminated 

Calibration voltage: 
S q u a r e w a v e , posi t ive polar i ty 
0 . 5 V ± 1 % , re fe rence level OV 
1 kHz ± 3 % 

Intensity Modulation 
Input vol tage: 

More than + 2 V ( T T L compat ib le ) 

Input i m p e d a n c e : 
1 0 k f i 

B a n d w i d t h : 
D C - 5 M H z 

M a x i m u m input vol tage: 
5 0 V ( D C + A C peak) 

Trace rotation: 
T r a c e angle ad jus tab le on front pane l 

Power Requirements 
P o w e r supply vo l tage: 

A C 1 0 0 / 1 2 0 / 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 : 
Approx . 3 0 W 

Dimensions 
W i d t h : 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 4 0 m m ) 
F igures in ( ) s h o w m a x o m u m s ize. 

Weight: 
Approx . 8 .6 kg 

Accessories 
Probe ( P C - 2 2 ) 2 p ieces 

A t tenua t ion 1 / 1 0 
Input impedance 1 0 Mf i , 
less than 1 8 p F 

R e p l a c e m e n t fuse 

0 . 7 A 2 
0 . 3 A 2 

Inst ruct ion m a n u a l 1 copy 
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CONTROLS ON PANELS 

Fig. 1 Front panel controls and indicators 

Controls on Front Panel 

1. f POSITION/PULL 5 • 2mV 
T h i s contro l ad jus ts ver t i ca l posi t ion during C H 1 
operat ion and Y posi t ion dur ing X - Y operat ion. 
T r a c e c a n be se t to any des i red posi t ion. A right 
turn of the contro l w i l l shi f t t r ace u p w a r d , a n d the 
left turn d o w n w a r d . 

W h e n t h e knob is pu l l ed a t 5 m V / d i v of 
V O L T S / D I V ( 4 ) , the sens i t iv i ty is i nc reased to 2 
mV /d i v . T h e sens i t i v i t y r e m a i n s the s a m e w h e n the 
knob is pul led at any posi t ion other than 5 m V / d i v . 

2. INPUT 
Ver t i ca l input te rmina l for C H 1 , and Y input 
te rm ina l for X - Y opera t ion . 

3. AC-GND-DC 
Ver t i ca l input se lec to r for C H 1 , and Y input se lec to r 
for X - Y operat ion. 

A C : T h e D C componen t of input s igna l is 
b locked by capac i to r . 

G N D : T h e input te rm ina l opens and the input 
of in ternal ampl i f ier is grounded. 

D C : T h e input te rm ina l i s d i rect ly connec ted 
to the ampl i f ier and all c o m p o n e n t s of 
input s igna l are ampl i f ied . 

4. VOLTS/DIV 
Ver t i ca l a t tenuator for C H 1 , or for Y dur ing X - Y 
operat ion. T h e s c a l e is g raduated in vo l tage per 
" d i v " on C R T s c r e e n . Ca l ib ra ted vo l tage is 
ind icated w h e n V A R I A B L E (5 ) is tu rned ful ly 
c l o c k w i s e . 

S e t th is contro l for proper w a v e f o r m accord ing to 
the input vo l tage used . Se lec tab le in 1 0 ranges 
f rom 5 m V / d i v to 5 V / d i v . W h e n P U L L 5 • 2 m V 
(1) is pul led a t 5 m V / d i v , the sens i t i v i ty is i nc reased 
to 2 m V / d i v . 

5. VARIABLE 
Ver t i ca l sens i t iv i ty f ine contro l for C H 1 . It is a lso 
used to contro l Y dur ing X - Y operat ion. It cont i 
n u o u s l y c o n t r o l s b e t w e e n 1 0 r a n g e s o f 
V O L T S / D I V . In the ex t rme c l o c k w i s e ( C A L ) 
posi t ion, the ver t i ca l a t tenuator is ca l ib ra ted. 

6. POSITION/X-Y ^ • / P U L L 5 • 2 mV 
Ver t i ca l posi t ion ad jus ter for C H 2 . It h a s the s a m e 
funct ion a s % P O S I T I O N / P U L L 5 • 2 m V (1 ) . D u 
ring X - Y operat ion, it is used a s X posi t ion adjuster . 

7. INPUT 
Ver t i ca l input te rmina l for C H 2 or X input te rmina l 
for X - Y operat ion. 
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8. AC-GND-DC 
Ver t i ca l input se lec to r for C H 2 . It h a s the s a m e 
funct ion a s A C - G N D - D C (3 ) . Dur ing X - Y oprat ion, 
it is used a s X input se lector . 

9. VOLTS/DIV 
Ver t i ca l a t tenuator for C H 2 . It h a s the s a m e 
funct ion a s V O L T S / D I V (4 ) . Dur ing X - Y operat ion, 
it is used a s X at tenuator . 

10. VARIABLE 
Ver t i ca l sens i t i v i ty f ine control for C H 2 . It h a s the 
s a m e f u n c t i o n a s v a r i a b l e ( 5 ) . D u r i n g X - Y 
operat ion, it is used a s X f ine adjuster . 

11. MODE 
Mode se lec to r h a s the fo l low ing func t ions : 
C H 1 : On l y t h e inpu t s i g n a l to C H 1 is 

d isp layed a s a s ing le t race . 
C H 2 : On l y t h e inpu t s i g n a l to C H 2 is 

d isp layed as a s ing le t race . 
D U A L : Dua l t race opera t ion ; both the C H 1 

and C H 2 input s i gna l s are d isp layed on 
t w o separa te t race. W i t h S O U T C E 
( 2 1 ) in A L T posi t ion, A L T operat ion is 
e f f e c t e d i n d e p e n d e n t l y o f o t h e r 
s w i t c h e s . W i t h S O U R C E in a n y 
pos i t i on o ther t h a n A L T , C H O P 
operat ion at about 2 0 0 kHz is e f fected 
prov ided P U L L C H O P s w i t c h ( 3 3 ) is 
pul led. For A L T operat ion, dep ress th is 
s w i t c h . 

A D D : A l geb ra i c s u m of both c h a n n e l s (or 
a lgebra ic d i f fernce in I N V E R T posi t ion 
of C H 2 P O L A R I T Y ) is d isp layed a s a 
s ing le t race. W h e n S O U R C E is in A L T 
or C H 1 posi t ion, the s w e e p is t r iggered 
w i t h C H 1 input s igna l . 
W h e n S O U R C E is in C H 2 posi t ion, the 
s w e e p is t r iggered w i th C H 2 input s i g 
nal . 

12. CH2 POLARITY 
C H 2 polar i ty changeove r s w i t c h . 

13. GND 
G N D te rmina l . 

14. LED Pilot Lamp 
T h i s l amp l ights w h e n P O W E R ( 1 5 ) is O N . 

15. POWER/INTENSITY 
Turn th is knob ful ly c o u n t e r c l o c k w i s e and the 
power is O F F . Tu rn it c l o c k w i s e to turn on the 
powe r and ad jus t the intensi ty. 

16. DELAY TIME 
Delay t ime contro l h a s 5 - range se t t i ngs f rom 1 iu.s 

to 1 0 0 ms . Obta in approx ima te de lay t ime requi
red for the w a v e f o r m to be observed f rom S W E E P 
R A N G E and the s c a l e on the C T R s c r e e n , and s e t 
the contro l to the range inc lud ing tha t t ime. 

17. VARIABLE 
T h i s contro l is u s e d for f ine ad jus tmen t of de lay 
t ime. S i n c e it is of a back lash type, f i rst turn the 
k n o b fo r c o a r s e a d j u s t m e n t , t h e n t u r n it 
c o u n t e r c l o c k w i s e for f ine ad jus tmen t . T u r n the 
knob to shi f t the de lay posi t ion ( i l luminated) a s 
des i red . T h e de lay s w e e p is s ta r ted at the left of 
the i l luminated port ion. A right turn of the knob 
leng thens the de lay t ime. 

18. FOCUS 
S p o t f o c u s contro l to obta in op t imum w a v e f o r m 
acco rd ing to b r igh tness . 

19. ASTIG 
A s t i g m a t i s m ad jus tmen t p rov ides op t imum spo t 
roundness and b r igh tness w h e n used w i th F O C U S 
( 1 8 ) . O n c e it i s ad jus ted , no fur ther a d j u s t m e n t s 
are required. 

19. TRACE RPTATION 
T h i s is used to e l im ina te inc l inat ion of hor izontal 
t race. 
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Fig. 2 Front panel controls and indicators 

2 1 . S O U R C E 
S y n c s igna l se lec t s w i t c h func t ions a s fo l l ows : 
A L T : W i t h M O D E ( 1 1 ) in C H 1 posi t ion, the 

s w e e p is t r iggered w i th C H 1 input s i g 
nal . In C H 2 posi t ion, it is t r iggered 
w i t h C H 2 input s igna l . 
IN D U A L p o s i t i o n , C H 1 t r a c e i s 
t r iggered by C H 1 input s igna l a n d C H 2 
t race is t r iggered by C H 2 input s igna l 
a n d A L T o p e r a t i o n i s e f f e c t e d 
independent ly of other s w i t c h e s . If, in 
th is c a s e , the t r a c e s of C H 1 and C H 2 
are ex t reme ly a w a y f rom e a c h other, 
the t r a c e s canno t be t r iggered eas i ly . 
W h e n the input s igna l is h igher t h a n 1 0 
kHz , se t C O U P L I N G ( 2 2 ) to LFre j to 
fac i l i ta te the t r igger ing. W h e n T R I G 
M O D E is in F R A M E posi t ion, only the 
C H 1 input s igna l is t r iggered. 

C H 1 : C H 1 ver t i ca l input b e c o m e s tr igger s i g 
nal . 

C H 2 : C H 2 ver t i ca l input b e c o m e s tr igger s i g 
nal . 

L I N E : T r iggered to p o w e r l ine f requency . 
EXT: S igna l fed to E X T T R I G ( 2 8 ) b e c o m e s 

tr igger s igna l . 

22. COUPLING 
T h i s is used for se lec t ion of 4 t y p e s of s ync 
coup l ing ; A C , L F r e j , HFre j and D C . 

23. LEVEL/PULL AUTO 
S y n c level ad jus tmen t de te rm ines point on w a v e 
form s lope w h e n s w e e p s ta r t s ; ( — ) equa ls mos t 
negat ive point of t regger ing and ( + ) equa ls mos t 
posi t ive point of t r igger ing. 

B y pul l ing the L E V E L knob, A U T O s w e e p is 
e f fec ted ; the s w e e p is se t in f ree- runn ing s ta te 
e v e n w h e n no t r igger input s igna l is app l ied, w i t h 
f l y -back line d isp layed on C R T ; w i t h tr igger s igna l , 
t r igger s w e e p is e f fec ted w h e r e tr igger level is 
ad justab le . For s ing le s w e e p operat ion, push the 
knob. 

24. ^ P O S I T I O N / P U L L x 5MAG 
Horizonta l posi t ion ad jus ter to shi f t t race to any 
des i ted hor izontal posi t ion. A right turn of the 
ad jus ter w i l l shif t the t race to r ight, and v i ce v e r s a . 
Push-pu l 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 ; normal w h e n pushed in. B r i gh tness is 
s l ight ly dec reased . 
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25. SWEEP TIME/DIV 
Horizonta l s w e e p t ime se lector . It s e l e c t s s w e e p 
t ime of 0 .2 jus/div to 0 . 5 s / d i v in 2 0 ranges . X - Y 
operat ion is poss ib le by turn ing the knob ful ly 
c l o c k w i s e . W h e n V A R I A B L E ( 2 6 ) is tu rned ful ly 
c l o c k w i s e to t he C A L posi t ion, ca l ib ra ted reading is 
obta ined, w h i c h is the s w e e p t ime per "d i v " . 

26. V A R I A B L E 
U s e d for f ine ad jus tmen t of s w e e p t ime. Cont i 
nuous ad jus tmen t b e t w e e n 2 0 ranges of S W E E P 
T I M E / D I V is poss ib le . S w e e p t ime is ca l ib ra ted at 
the ex t reme c l o c k w i s e post ion ( C A L ) . 

27. CAL 
Cal ibrat ion vo l tage te rmina l . Cal ibrat ion vo l tage is 
0 . 5 V at about 1 kHz square w a v e . 

28. EXT TRIG 
Input for ex te rna l tr igger s igna l . Ex te rna l t r igger 
s igna l is appl ied to th is te rmina l w i th S O U R C E ( 2 1 ) 
se t to E X T posi t ion. 

29. N O R M / F I X 
N O R M : T h e tr igger ing level is se lec ted by 

L E V E L contro l ( 2 3 ) . 
F I X : T h e tr iggering level is au tomat ica l l y se t 

at the ave rage level of the w a v e f o r m 
u s e d for t r igger ing. 

30. NORM/DELAY CH1 , CH2 
Delay set t ing s w i t c h . C H 1 is de layed by p ress ing 
the C H 1 s w i t c h and C H 2 de layed by the C H 2 
s w i t c h regard less of the posi t ion of the D E L A Y • 
I N T E N D ( 3 2 ) . 

In A L T mode, C H 1 and C H 2 are de layed or 
non-de layed indiv idual ly by us ing C H 1 and C H 2 
s w i t c h e s . 
In C H O P m o d e , C H 1 and C H 2 are de layed 
s imu l taneous ly by p ress ing the D E L A Y C H 1 
( C H O P ) s w i t c h . T h e D E L A Y C H 2 s w i t c h h a s no 
ef fect on de lay operat ion. In normal mode, normal 
s w e e p is obta ined. 

31. NORM/DELAY INTEN'D 
N O R M : T h e br ightness ad jus ted by I N T E N S I T Y 

is unmodu la ted . 

D E L A Y I N T E N ' D : T h e br igh tness of the spot 

de te rmined by D E L A Y T I M E ( 1 6 ) and 
V A R I A B L E ( 1 7 ) i s m o d u l a t e d . 
Modu la t ion is re leased by p ress ing 
D E L A Y C H 1 , C H 2 . 

32. NORM (LINE)/FRAME 
N O R M : In th is pos i t ion, normal w a v e f o r m is 

obse rved or the osc i l loscope is s y n 
chron ized w i th hor izontal s y n c s igna l of 
v ideo s igna l . 

F R A M E : In th is posi t ion, the osc i l l oscope is se t 
in V I D E O M O D E and the ve t i ca l ( T V . V ) 
s y n c c i rcui t is ac t i va ted . T h e o s 
c i l loscope is synchron ized w i th ver t i ca l 
s y n c s igna l of v ideo s igna l . 

33. HOLDOFF/PULL CHOP 
Holdoff t ime adjuster . In N O R M posi t ion, holdoff 
t ime is m i n i m u m . In M A X posi t ion, it is more than 
1 0 t imes that in N O R M posi t ion. 
C H O P operat ion is e f fec ted w h e n S O U R C E ( 2 1 ) is 
in any posi t ion other than A L T . 

34. SLOPE 
T h i s s w i t c h is u s e d to se lec t s y n c polari ty. 
+ : S w e e p is t r iggered on pos i t ive-go ing 

s lope of w a v e f o r m . 
—: S w e e p is t r iggered on negat ive-go ing 

s lopope of w a v e f o r m . 

35. NORM, SINGLE, R E S E T 
N O R M : T h i s posi t ion is used for normal tr igger 

s w e e p . 

S I N G L E : T h i s posi t ion is used for s ing le s w e e p . 
In R E S E T posi t ion, the osc i l l oscope is 
set in tr igger s tandby mode and the 
R E A D Y lamp ( 3 6 ) l ights. W i t h input 
s igna l appl ied, s w e e p is e f fec ted only 
once and the l amp goes off. W h e n 
photograph ing the w a v e f o r m on the 
s c a l e , th is s w i t c h shou ld be se t in 
R E S E T posi t ion. 

36. READY 
T h i s l amp ind ica tes that the osc i l l oscope is ready 
for s ing le s w e e p observa t ion . In N O R M s w e e p 
mode, the lamp keeps l ight ing. 

37. HANDLE 
T h i s handle a lso s e r v e s a s a s tand of the 
osc i l loscope. 
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CONTROLS ON SIDE PANEL 

Fig. 3 Side panel facilities 

38. V A R I . A T T . DC B A L 
For ad jus tmen t of C H 1 (or Y ) ver t ica l D C ba lance . 
A d j u s t m e n t should be made so that the w a v e f o r m 
posi t ion is not sh i f ted w h e n V A R I A N L E (5 ) is tur
ned. 

39. S T E P . A T T . DC B A L 
For ad jus tmen t of C H 1 (or Y ) ver t ica l D C ba lance . 
A d j u s t m e n t shou ld be made so that the w a v e f o r m 
posi t ion is not sh i f ted w h e n V O L T S / D I V (4 ) is tu rn
ed. 

40. VARI. ATT. DC BAL. 
For ad jus tment of C H 2 (or X ) ver t ica l D C ba lance . 
T h e funct ion of th is control is the s a m e a s tha t of 
V A R I . A T T . B A L . ( 3 8 ) . 

41 . S T E P . ATT . DC B A L 
For ad jus tment of C H 2 (or X ) ver t ica l D C ba lance . 
T h e funct ion of th is control is the s a m e a s that of 
S T E P . A T T . B A L . ( 3 9 ) . 

CONTROLS ON R E A R P A N E L : 

42. Fuse Holder 
F u s e rated at 0 . 5 A shou ld be used for 2 2 0 / 2 4 0 V 
operat ion. For operat ion on 1 0 0 / 1 2 0 V , be su re to 
u s e a 0 . 7 A fuse . 

43. Z AXIS INPUT 
I n t e n s i t y m o d u l a t i o n t e r m i n a l . I n t e n s i t y i s 
modu la ted at vo l tages of more than + 2 V . 

44. Cord Reel 
U s e d to w i n d powe r cord w h e n the osc i l loscope is 
to be carr ied or s tored. It a lso s e r v e s a s a s tand 

8 

w h e n the osc i l l oscope is used in upr ight posi t ion. 

45. Power Connector 
A C power connector . For connec t ion , use the 
suppl ied cord. 

46. Power Voltage Selector 
S e t th is s w i t c h to the cor rec t opert ing vo l tage. 

47. Voltage Indicating Plate 
U s e vo l tages and f u s e s spec i f ied . 

Fig. 4 Rear panel facilities 



OPERATION 
PRELIMINARY OPERATION 
T o ensu re cor rec t oper t ion, se t the osc i l loscope as 
i l lustrated be low before sw i t ch ing on the power . 

For deta i led ins t ruc t ions , refer to "Con t ro l s on P a 
n e l s " . 

Fig. 5 Initial setting 

OPERATING P R O C E D U R E S 
(figures in [ ] denote CH2) 

1 . S e t the p o w e r vo l tage se lec tor to the correct 
vo l tage observ ing the ar row mark on the plug. 

2 . Tu rn P O W E R ( 1 5 ) c l ockw ise . T h e powe r is 
turned to O N and L E D pilot lamp ( 1 4 ) l ights. 

3 . T r a c e wi l l be d isp layed. If no t race appears at 
the center of the sc reen , ad just P O S I T I O N (1 ) 
[ 6 ] . Ad jus t br ightness by I N T E N S I T Y ( 1 5 ) . If 
t race is unc lear , adjust F O C U S ( 1 8 ) . 

4 . T h e osc i l l oscope is n o w ready for m e a s u r e 
ment . For m e a s u r e m e n t , p roceed a s fo l l ows : 
App ly a s igna l vo l tage to I N P U T (2 ) [ 7 ] . T h e n 
turn V O L T S / D I V (4 ) [ 9 ] c l o c k w i s e unti l the 
w a v e f o r m is properly d isp layed on the scope . 
B y set t ing M O D E ( 1 1 ) and S O U R C E ( 2 1 ) to 
C H 1 , the C H 1 input s ignal to I N P U T (2 ) w i l l 
appear . S imi la r l y , by set t ing M O D E and 
S O U R C E to C H 2 , then the input s igna l to C H 2 
I N P U T (7 ) w i l l appear . A t D U A L posi t ion, t w o 
w a v e f o r m s are d isp layed on the sc reen . D u a l -
t race s w e e p is genera ted by t w o me thods ; 
a l ternate and chop. 

A t A D D posi t ion, a lgebra ic s u m of C H 1 and 

C H 2 ( C H 1 + C H 2 ) is obta ined. W h e n P U L L 
I N V E R T (7 ) knob is pul led, the input to C H 2 is 
appl ied to C H 1 in reve rse polar i ty and thus 
a lgebra ic d i f ference ( C H 1 — C H 2 ) is obta ined. 

5. W h e n the s igna l vo l tage is more than 5 m V and 
w a v e f o r m fa i l s to appear on the s c r e e n , the o s 
c i l loscope m a y be c h e k e d by feeding input 
f rom C A L ( 2 7 ) . S i n c e cal ibrat ion vo l tage is 
0 . 5 V , the w a v e f o r m b e c o m e s 5 div a t the 
0.1 V / d i v posi t ion on V O L T S / D I V . 

6. B y s e t t i n g . L E V E L ( 2 3 ) to N O R posi t ion, the 
f ree- runn ing auto funct ion is re leased . 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 L E V E L is tu rned 
c o l c k w i s e or c o u n t e r c l o c k w i s e and a p p e a r s 
aga in a t the approx imate mid posi t ion of it. In 
both N O R and A U T O modes , t r igger ing level 
c a n be ad jus ted . 

7. W h e n D C c o m p o n e n t is m e a s u r e d , s e t 
A C - G N D - D C (3) [ 8 ] to D C . If, in th is c a s e , the 
D C c o m p o n e n t con ta ins " + " potent 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 con ta ins 
" — " p o t e n t i o a l , t h e w a v e f o r m m o v e s 
dounward . 

T h e re ference point of " 0 " potent ia l is c h e c k e d 
at G N D posi t ion. 
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TRIGGERING 
T o observe a s ta t iona ty input s igna l w a v e f o r m , the 
s w e e p c i rcu i t mus t be t r iggered correct ly . T h i s c a n 
be accomp l i shed e i ther by the input s igna l ( internal 
tr iggering) or by app ly ing a s igna l , hav ing a spec i f i c 
re lat ionship (a mul t ip le of integer) w i t h input s igna l 
in t e rms of t ime, to the ex te rna l tr igger te rmina l 
(ex terna l t r igger ing). 

Internal Triggering: 
B y set t ing T R I G G E R I N G S O U R C E ( 2 1 ) to INT ( A L T 
C H 1 , C H 2 or L I N E ) , the input s igna l is connec ted to 
the internal t r igger c i rcui t . In th is pos i t ion, a part of 
the input s igna l fed to the input te rmina l (2 or 7) is 
app l ied f rom the ver t i ca l ampl i f ier to the tr igger 
c i rcu i t to c a u s e the tr igger s igna l t r iggered w i th the 
input s igna l to dr ive the s w e e p circui t . 

External Triggering: 
Exte rna l t r igger ing is a c c o m p l i s h e d by set t ing the 
S O U R C E s w i t c h ( 2 1 ) to E X T prov ided a tr igger 
s igna l is appl ied to the ex te rna l t r igger input ter
minal ( 2 8 ) . Ex te rna l t r igger ing is usefu l w h e n you 
w i s h to tr igger w i t h a s igna l d i f ferednt f rom the in
put s igna l . It shou ld be noted, howeve r , that the 
tr igger s igna l mus t have a re la t ionsh ip w i t h the in
put s igna l in t e r m s of t ime to ensu re ef fect ive 
observa t ion of w a v e f o r m . 

F i g . 6 s h o w s tha t t he s w e e p c i rcui t is dr iven by the 

gate s igna l w h e n the gate s igna l in the burst s igna l 
is appl ied to the input te rmina l . 
F i g . 6 a lso s h o w s the input /ou tput s igna ls , w h e r e 
the burst s igna l genera ted f rom the gate s igna l is 
app l ied to the ins t rument under test . 
T h u s , accu ra te t r igger ing c a n be a c h i e v e d w i thou t 
regard to the input s igna l fed to the te rm ina ls (2) 
and ( 7 ) , so that no fur ther t r igger ing is required 
e v e n w h e n the input s igna l is va r ied . 

Coupling: 
T h e C O U P L I N G s w i t c h ( 2 2 ) is a s w i t c h to se lec t 
the coupl ing mode of tr igger s igna l to the tr igger 
c i rcui t accord ing to the type of tr igger s ignal ( D C , 
A C , s igna l supe rposed on D C , s igna l w i t h low f re-
qu incy no ise, s igna l w i t h high f requency no ise , 
e tc . ) . 

A C : 

T h e A C ( capac i t ance ) coup l ing permi ts t r igger ing 
by A C c o m p o n e n t only ; D C c o m p o n e n t in tr igger 
s igna l is cu t off. T h i s range is normal ly used 
tr igger ing is s tab i l ized w i thou t regard to D C c o m 
ponent. Note that if the f requency of tr igger s igna l 
is l ess than 1 0 Hz, the s igna l level b e c o m e s low 
w h i c h resu l ts in di f f idcuty of t r igger ing. 

L F R E J : 

Tr igger s igna l is fed to the tr igger c i rcui t v ia a high 
p a s s fi lter w h e r e the low f requency c o m p o n e n t 
( less than 1 0 kHz) is e l im ina ted and thus t r igger ing 
is e f fec ted only by the high f requency componen t . 
A s s h o w n in F ig . 7 , w h e n the tr igger s igna l c o n 
ta ins l ow f requency no ise (part icu lar ly hum) , it is 
e l im ina ted so that t r igger ing is s tabi l ized. 

W A V E F O R M W I T H L O W F R E Q U E N C Y N I S E 

T R I G G E R S I G N A L BY LF R E J E C T I O N 

Fig. 7 Effect of LF rejection in sync coupling 

T R I G G E R S I G N A L 
' ( G A T E S I G N A L ) 

CH 1 ( A M P L I F I E R 
INPUT S I G N A L 
OR O T H E R S I G N A L S ) 

C H 2 ( A M P L I F I E R 
O U T P U T S I G N A L 
OR O T H E R S I G N A L S ) 

Fig. 6 External triggering 

H F R E J : 

In con t ras t w i t h L F R E J , the tr igger s igna l is fed v ia 
a low p a s s fi l ter w h e r e high f requency componen t 
(more than 1 0 0 kHz) is e l iminated and thus tr igger
ing is e f fected only by l ow f requency componen t . 
F ig. 8 s h o w s that the high f requency noise c o n 
ta ined in the w a v e f o r m is e l im ina ted so that 
t r iggering is s tab i l ized. 
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W A V E F O R M W I T H HIGH F R E Q U E N C Y N O I S E 

Fig. 8 Effect of HF rejection in sync coupling 

D C : 

Tr igger s igna l is d i rect ly coup led w i t h the tr igger 

c i rcui t and t r igger ing is e f fec ted by D C . T h i s 

method is a d v a n t a g e o u s w h e n t r igger ing w i t h a 

low f requency s igna l l ess than 1 0 Hz or a l amp 

w a v e f o r m that va r ies w i t h s l o w repeat ing D C . 

Triggering Level: 
Tr igger point on w a v e f o r m is ad jus ted by the 

L E V E L ( 2 3 ) and S L O P E ( 3 4 ) contro ls . F ig. 9 s h o w s 

the re lat ionship b e t w e e n the S L O P E and L E V E L of 

tr igger point. Tr igger ing level can be ad jus ted a s 

necessa ry . 

+ D I R E C T I O N 

L E V E L 

- D I R E C T I O N 

Fig. 9 Triggering slope and level 

Auto Trigger: 
B y se t t ing the M O D E ( 2 3 ) to A U T O the s w e e p 

c i rcui t b e c o m e s the f ree- runn ing s ta te a s long a s 

there is no tr igger s igna l , permi t t ing the c h e c k of 

G N D level . W h e n a t r igger s igna l is p resent , the 

tr igger point c a n be de te rm ined by the L E V E L and 

S L O P E for observa t ion a s in the normal tr igger 

s igna l . W h e n the t r igger ing level e x c e e d s the l imit, 

the tr igger c i rcu i t a lso b e c o m e s the f ree- runn ing 

s ta te w h e r e the w a v e f o r m s ta r t s running. W h e n 

L E V E L is in N O R posi t ion, there is no s w e e p a g e nor 

t race w h e n tr igger s igna l is absen t or the t r igger ing 

level e x c e e d s the l imit. 

a l w a y s e f fec ted in the cen te r of w a v e f o r m , 

e l iminat ing the need for ad jus t ing the t r igger ing 

level . A s s h o w n in F ig . 1 0 ( A ) or ( B ) , w h e n 

N O R M / F I X set to N O R and the t r igger ing level is 

ad jus ted to e i ther s ide of the s i gna l , the t r igger 

point is dev ia ted a s the input s igna l b e c o m e s s m a l l 

w h i c h , in turn , s tops the s w e e p operat ion. 

B y set t ing N O R M / F I X to F I X , the t r igger ing level is 

au tomat ica l l y ad jus ted in the app rox ima te cen te r of 

the w a v e f o r m and the s igna l is synch ron ized 

regard less of the posi t ion of L E V E L a s s h o w n in 

F ig . 1 0 (c ) . 

W h e n the input s igna l is sudden ly c h a n g e d f rom a 

square w a v e f o r m to a pu lse w a v e f o r m , the tr igger 

point is sh i f ted ex t reme ly t o w a r d the " — " s ide of 

the w a v e f o r m u n l e s s the t r igger ing level is read 

jus ted a s s h o w n in F ig. 11 ( A ) . S e e Fig. ( A ) - ( 2 ) , 

(3 ) . 

A l s o , if the tr igger point h a s been se t to the " — " of 

square w a v e f o r m (F ig . 11 ( B ) - ( 1 ) ) and the input 

s igna l is c h a n g e d to a pu lse s igna l , the tr igger point 

is dev ia ted and the s w e e p a g e s tops . W h e n th is 

happens , se t F I X / N O R M to F I X posi t ion and the 

t r igger ing is e f fec ted in the app rox ima te center of 

the w a v e f o r m , mak ing it poss ib le to observe a 

s tab i l ized w a v e f o r m . F ig. 11 (C) . 

T R I G G E R 
POINT NORM mode 

FIX mode 

Fig. 10 F IX mode waveforms 

FIX: 
W h e n N O R M / F I X ( 2 9 ) is se t to F I X , t r iggering is 
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T R I G G E R S I G N A L B Y HF R E J E C T I O N 

P O S I T I V E - G O I N G 
S L O P E 

N E G A T I V E - G O I N G 
S L O P E 

T R I G G E R 
POINT 



( I ) 

( 2 ) 

( 3 ) 

T R I G G E R ' 
POINT 

T H E INPUT S I G N A L C H A N G E D 
INTO T H E P U L S E W A V E F O R M 

(a) W H E N T H E T R I G G E R L E V E L IS S E T 
A R O U N D T H E C E N T E R OF T H E W A V E F O R M 

S W E E P S T O P S W I T H NO T R I G G E R 

R E A D J U S T L E V E L 

(b) W H E N T H E T R I G G E R L E V E IS S E T TO 
T H E " - " S I D E OF T H E W A V E F O R M 
(MODE S W I T C H S E T TO " N O R " ) 

T R I G G E R I N G W I T H O U T S E T T I N G L E V E L 

(C) M O D E S W I T C H S E T TO " F I X " 
Fig. 11 

D E L A Y S W E E P 
A n y des i red port ion of w a v e f o r m c a n be magni f ied 
for e a s y observa t ion (F ig . 12 s h o w s an e x a m p l e of 
observa t ion of the en la rged r is ing port ion of 
square w a v e ) . 

1 . Us i ng S W E E P T I M E / D I V ( 2 5 ) . read the ap 
p rox imate de lay t ime of the port ion to be 
magni f ied (about 3 . 5 m s in F ig . 1 2 - a ) . 

2 . Next , se t D E L A Y T I M E (1 6 ) to the range w h i c h 
inc ludes the de lay t ime ( 1 0 - 1 m s range in F ig. 
1 2 - a ) . 

3 . P r e s s I N T E N ' D ( 3 1 ) and the w a v e f o r m is par
t ial ly in tens i ty modu la ted . Tu rn V A R I A B L E 
( 1 7 ) so that the s tar t ing point of the port ion to 
be magn i f ied c o m e s to the left end of the 
modu la ted w a v e f o r m (F ig . 12 -b ) . 

4 . P r e s s D E L A Y ( 3 0 ) cor respond ing to the 
channe l to be obse rved and de lay s w e e p is 
e f fec ted s tar t ing at the se t point (F ig . 1 2 - c ) . 

5. Under th is condi t ion, ad jus t S W E E P T I M E / D I V 
( 2 5 ) and the des i red port ion of the w a v e f o r m 
can be magn i f ied (In F ig. 1 2 - d , S W E E P 
T I M E / D I V ( 2 5 ) is se t to 0 . 2 m s / D I V 

- 3 . 1 5 D I V -
S W E E P T I M E / D I V : 1ms 

E N L A R G I N G ^ 
PORTION 

/ D E L A Y T I M E 
1 m s / D I V x 3 .5 = 3 .5ms 

Fig. 12 

If it is des i red to obse rve the s a m e input in dua l -
t race mode , fo l low the above s t e p s 1 , 2 and 3 and 
then p ress ei ther C H 1 or C H 2 D E L A Y ( 3 0 ) . In th is 
w a y , one channe l c a n be observed in normal s w e e p 
and the other in de lay s w e e p , t hus permi t t ing c o m 
par ison of t w o w a v e f o r m s . 
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R E A D J U S T L E V E L 

S A M E L E V E L A S (1) ' T R I G G E R POINT 

T R I G G E R 
POINT 

L E V E L (23) L E V E L (23) 



Triggering with HOLDOFF : 
W h e n a se r i es of comp lex pu lses appear 
per iodical ly a s s h o w n in F ig . 1 3 , it s o m e t i m e s 
happens that the w a v e f o r m is d isp layed double 
w i thou t being synch ron i zed a s i l lust rated in F ig. 1 4 
depending on the se t t ing of s w e e p t ime. 
In this c a s e , the w a v e f o r m c a n be synchron ized by 
cont inuous ly va ry ing the s w e e p t ime w i t h S W E E P 
V A R I A B L E ( 2 6 ) , but th is method is unprac t ica l 
b e c a u s e the t ime base is not ca l ib ra ted . 
T o obtain a stabi l ized synchron iza t ion , turn H O L D -
O F F ( 3 3 ) s l o w l y c l o c k w i s e f rom the N O R posi t ion 
to change the s w e e p cyc le ( t ime base rema ins the 
s a m e ) so tha t the s w e e p a g e is s tar ted at the s a m e 
point of the w a v e f o r m at all t imes . 
If a j i t ter a p p e a r s w h e n tr igger level is ad jus ted to 
the m a x i m u m set t ing , ad jus t the H O L D O F F control 
unti l s y n c s igna l is s tab i l ized. 

SingSe Sweep Operation: 
I r regular w a v e f o r m s of vo ice s igna ls or i n s t a 
n taneous w a v e f o r m s (chat ter ing) w h i c h occu r 
w h e n m e c h a n i c a l s w i t c h e s are man ipu la ted are 
d isp layed double and cannot be observed c lear ly , if 
the normal repeat ing s w e e p is rsed. 
In th is i ns tance , se t S I N G L E posi t ion and the 
s w e e p a g e is m a d e only once w i t h the initial s y n c 
s igna l to permi t e a s y observa t ion . T h i s method is 
a lso a d v a n t a g e o u s w h e n photographing s u c h 
w a v e f o r m s . T o se t the osc i l loscope in the tr igger 
s tandby s ta te af ter the comple t ion of s ingle s w e e p , 
N O R M / S I N G L E ( 3 5 ) se t to R E S E T ( R E A D Y lamp 
( 3 6 ) w i l l l ight). 

T h e s ing le s w e e p wi l l n o w star t aga in w h e n a s y n c 
s igna l is appl ied. T h e R E A D Y lamp goes off at the 
comple t ion of the s w e e p . 

Fig. 14 H O L D O F F not used 

PHOTOGRAPHING 
T h e w a v e f o r m on the s c a l e of C R T s c r e e n c a n be 
photographed. 

Normal sweep 
W h e n photograph ing, be sure to use a c a m e r a 
w h o s e shut ter se t is not in ter locked w i t h the f i lm 
winder . 

1 . App ly a s igna l to be observed to the input ter
minal and t r igger so that the w a v e f o r m s t a y s 
st i l l . 

2 . Under th is condi t ion, take a photograph of the 
w a v e f o r m . 

3 . Next , se t S W E E P T I M E / D I V ( 2 5 ) to 0 .1 m s 
a n d T R I G L E V E L ( 2 3 ) to P U L L A U T O . T h e n , 
se t N O R M / S I N G L E s w i t c h ( 3 5 ) to R E S E T and 
hold the s w i t c h in that posi t ion. T h e s c a l e c a n 
be photographed by the l ight of the spot . 

4 . A d j u s t the b r igh tness of the s c a l e w i t h 
I N T E N S I T Y ( 1 5 ) and opera te the c a m e r a for 
doub le -exposure . T h e s c a l e and the w a v e f o r m 
can be photographed together. 

Sing le S w e e p 
1. In N O R M s w e e p , ad just the in tensi ty of the 

sca le w i t h I N T E N S I T Y ( 1 5 ) w i th the o s 
c i l loscope opera ted a s out l ined in i tem (3 ) and 
take a photograph of the sca le . In this c a s e , 
the shut ter speed of the c a m e r a shou ld be se t 
to " B " . 

2 . Next , se t the c a m e r a shut ter to " fu l l o p e n " 
posi t ion. 
P u s h T R I G L E V E L ( 2 3 ) and turn for o p t i m u m 
tr iggering, and set N O R M / S I N G L E s w i t c h ( 3 5 ) 
to S I N G L E . T h e n reset the osc i l l oscope so 
that it can be tr iggered. 

3 . App ly a s igna l to be observed to the input ter
mina l . 

4 . W i t h the s igna l appl ied, the osc i l loscope c o m 
pletes a s w e e p and R E A D Y goes off. Opera te 
the shut ter of the c a m e r a . 
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MEASUREMENTS OF PULSE RISING 
(FALLING) TIME 
T h e s c a l e s 1 0 % and 9 0 % on the C R T s c reen are 
used for accu ra te m e a s u r e m e n t s of pu lse r is ing 
(fal l ing) t ime. T o m e a s u r e pu lse r is ing t ime, 
proceed as fo l lows : 

1 . W i t h a pu lse s igna l appl ied to the input ter
m i n a l , a d j u s t V O L T S / D I V ( 4 ) [ 9 ] a n d 
V A R I A B L E ( 5 ) [ 1 0 ] so t h a t t h e p u l s e 
ampl i tude is se t to the 0 and 1 0 0 % s c a l e s (F ig . 
15 ) . 

2 . Turn S W E E P T I M E / D I V ( 2 5 ) to magni fy the 
r ising port ion of the w a v e f o r m a s large a s 
poss ib le [ V A R I A B L E ( 2 6 ) shou ld be s e t to C A L 
posi t ion] . 

3 . A d j u s t < > P O S I T I O N ( 2 4 ) t o s e t t h e 
w a v e f o r m s at 1 0 % and 9 0 % to the ver t i ca l 
cen ter sca le respect ive ly , then m e a s u r e T 1 and 
T 2 us ing the hor izonta l cen te r s c a l e . T h e pu lse 
rising (fal l ing) t ime is T 1 -+- T 2 . 

Fig. 15 
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APPLICATIONS 
APPLICATIONS OF DUAL-TRACE 
OPERATION 
Introduction: 
T h e mos t obv ious and ye t the mos t use fu l feature 
of the dua l - t race osc i l loscope is that it h a s the 
c a p a b i l i t y fo r v i e w i n g s i m u l t a n e o u s l y t w o 
w a v e f o r m s that are f requency or phase- re la ted , or 
that have a c o m m o n synchron iz ing vo l tage, s u c h as 
in digital c i rcui t ry. S imu l t aneous l y v i ew ing of input 
and e ts output is an invar iable aid to the c i rcui t 
des igner or the repa i rman. S e v e r a l poss ib le 
app l ica t ions of the dua l - t race osc i l loscope w i l l be 
r ev i ewed in deta i l to fami l iar ize the user fur ther in 
the bas ic operat ion of th is osc i l loscope. 

Frequency Divider Waveforms Viewing: 
Fig. 16 i l lus t ra tes the w a v e f o r m invo lved in a bas i c 

d iv ide-by- two ci rcui t . F ig. A ind ica tes the re ference 

or co lck pulse t ra in . F ig. B and Fig. C ind ica tes the 

poss ib le ou tpu ts of the d i v ide -by - two c i rcui t ry. F ig. 
1 6 a l so ind ica tes the se t t ins of spec i f i c osc i l l oscope 
cont ro ls for v i e w i n g these w a v e f o r m s . In addi t ion 
to t hese bas ic contro l se t t ings , the T R I G G E R I N G 
L E V E L cont ro l , a s we l l as the C H 1 and C H 2 ver t ica l 
posi t ion cont ro ls shou ld be se t a s requ i red to 
produce su i tab le d isp lays . In the d raw ing of F ig. 1 6 , 
the w a v e f o r m leve ls of 2 div are ind icated. If the 
exac t vo l tage m e a s u r e m e n t s of the C H 1 and C H 2 
are des i red , the C H 1 and C H 2 V A R I A B L E cont ro ls 
mus t be p laced in the C A L posi t ion. T h e C H 2 
w a v e f o r m may be e i ther that ind ica ted in Fig. 1 6 B 
or F ig . 1 6 C the d iv ide-by- two output w a v e f o r m is 
s h o w n w h i c h o c c u r s dur ing the fal l ing t ime of 
pu lses . In th is c a s e , the output w a v e f o r m is sh i f ted 
w i th respec t to the leading edge of the re fe rence 
f requency pu lse by a t ime interval co r respond ing to 
the pu lse w id th . 

NORM 

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 NOT 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 TO 
L E A D I N G E D G E OF R E F E R E N C E P U L S E 

Fig. 16 Waveforms in divide-by-two circuit 

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 ) 

B. I D E A L D I V I D E B Y E I G H T O U T P U T 

C. P R O P A G A T I O N D E L A Y IN D I V I D E B Y 
E I G H T C I R C U I T 

Divide-by-8 Circuit Waveforms: 
Fig. 17 ind ica tes w a v e f o r m re la t ionsh ips for a bas i c 
d iv ide-by-e ight c ircui t . T h e osc i l l oscope se t t ings 
are ident ical to those used in F ig. 1 6 . T h e 
re ference f requency of F ig. 1 7 A is suppl ied to the 
C H 1 input, and the d iv ide-by-e ight output is 
appl ied to the C H 2 input. F ig. 17 ind ica tes the 
t ime re la t ionship b e t w e e n the input pu l ses and out
put pu lses . 

In an appl icat ion w h e r e the logic f requency , the a c 
cumu la ted r ise t ime e f fec ts of the consecu t i ve 
s tages produce a built- in t ime propagat ion de lay 
w h i c h mus t be c o m p e n s a t e d for F ig. 1 7 C ind ica tes 
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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 TO 
T R A I L I N G E D G E OF R E F E R E N C E P U L S E 

Fig. 17 Waveforms in divide-by-eight circuit 



the poss ib le t ime de lay w h i c h m a y be in t roduced 
into a f requency div ider c ircui t . B y us ing the dua l -
t race osc i l l oscope, the input and 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 ) to m e a s u r e the e x a c t 
a m o u n t of propagat ion de lay that occu rs . 

Propagation Delay Time Measurement: 
A n e x a m p l e of propagat ion de lay in a d iv ide-by-
eight c i rcui t w a s g iven in the p rev ious paragraph. 
S ign i f i can t propagat ion de lay m a y occu r in any c i r 
cuit . T h i s osc i l l oscope has fea tu res w h i c h s impl i fy 
m e a s u r e m e n t of propagat ion de lay t ime. F ig. 1 8 
s h o w s the resu l tan t w a v e f o r m s w h e n the dua l - t race 
presenta t ion is c o m b i n e d into a s ing le - t race 
presenta t ion by se lec t ing the A D D posi t ion of the 
M O D E s w i t c h . W i t h C H 2 P O L A R I T Y s w i t c h in 
the normal posi t ion (pushed in) the t w o inputs are 
a lgebra ica l ly added in a s ing le - t race d isp lay. 
S im i la r l y , in the inver ted posi t ion (pull) the t w o in
puts are a lgebra ica l ly sub t rac ted . E i ther posi t ion 
prov ides a p rec ise d isp lay of the propagat ion t ime 
(Tp) . Us ing the ca l ib ra ted t ime base ( C A L ) . T p c a n 
be measu red . A more p rec ise m e a s u r e m e n t c a n be 
obta ined if the T p port ion of the w a v e f o r m is e x 
panded hor izontal ly by pul l ing the X 5 M A G c o n 
trol. It a lso may be poss ib le to v i e w the des i red 
portion of the w a v e f o r m at a fas te r s w e e p speed . 

Distortion Measurement: 
Distor t ion of an ampl i f ier may be m e a s u r e d w i t h 
th is osc i l loscope. T h i s m e a s u r e m e n t is espec ia l l y 
var iab le w h e n the s lope of a w a v e f o r m mus t be 
fai thful ly reproduced by an ampl i f ier . F ig. 19 
s h o w s the tes t ing of a c i rcui t us ing a t r iangular 
w a v e , s u c h a s is found in the l imiter c i rcui t of a 
t ransmi t te r modulator . T h e m e a s u r e m e n t m a y be 
made using any type of s i gna l ; mere ly use the type 
of s igna l for tes t ing that is normal ly appl ied to the 
ampl i f ier dur ing norma l operat ion. T h e procedure 
for d istort ion tes t ing is a s fo l l ows : 

1. App ly the type of s igna l normal ly encoun te red 
in the ampl i f ier under test . 

2 . Connec t C H 1 probe to the input of the 
ampl i f ier and C H 2 probe to the output of the 
ampl i f ier . It is preferabble if the t w o s igna ls 
are not inver ted in re la t ionsh ip to each other, 
but inver ted s igna l s c a n be used . 

3 . S e t C H 1 and C H 2 A C - G N D - D C s w i t c h e s to 
A C . 

4 . S e t the M O D E s w i t c h to D U A L . 
5 . S e t S O U R C E s w i t c h to C H 1 and ad just c o n 

trols as desc r ibed in the procedure for s y n 
chroniz ing w a v e f o r m s . 

6. A d j u s t C H 1 and C H 2 P O S I T I O N cont ro ls to 
supe r impose the w a v e f o r m s direct ly over e a c h 
other. 

7. A d j u s t C H 1 and C H 2 ver t ica l sens i t i v i ty con 
trols ( V O L T S / D I V and V A R I A B L E ) so that the 
w a v e f o r m s are a s large a s poss ib le w i thou t e x 
ceed ing the l imi ts of the s c a l e , and so that 
both w a v e f o r m s are exac t l y the s a m e height. 

8. N o w , se t the M O D E s w i t c h to A D D posi t ion 
and the C H 2 P O L A R I T Y s w i t c h to the P U L L 
I N V E R T posi t ion (if one w a v e f o r m is inver ted 
w i th respec t to the other, use normal C H 2 
polar i ty). 

Ad jus t the f ine ver t ica l sens i t iv i ty contro l ( C H 2 
V A R I A B L E ) for the m i n i m u m r e m a i n i n g 
w a v e f o r m ; if the t w o w a v e f o r m s are exac t l y 
the s a m e ampl i tude and s a m e w a v e f o r m and 
there is no distor t ion, the w a v e f o r m s wi l l 
c a n c e l and there wi l l be only a s t ra ight 
hor izontal line rema in ing on the sc reen . 
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C H 2 P O L A R I T Y 
" N O R M " 

E X P A N D T H I S PORTION FOR M O R E 
P R E C I S E T I M E 
M E A S U R E M E N T 

C H 2 P O L A R I T Y 
" I N V E R T " 

Fig. 18 Using A D D mode for propagation 
time measurement 



D I S T O R T I O N : 
D I F F E R E N C E B E T W E E N 
CH 1 S I G N A L A N D 
C H 2 S I G N A L 

A D J U S T POSIT ION C O N T R O L S 
TO S U P E R I M P O S E W A V E F O R M S 
D I R E C T L Y O V E R E A C H O T H E R 

A D J U S T S O BOTH W A V E F O R M S 
A R E S A M E A M P L I T U D E 

Fig. 19 Distortion measurement 

Gated Ringing Circuit (burst circuit): 
Fig. 2 0 s h o w s a burst c i rcui t . T h e bas ic se t t ings of 
control knobs are the s a m e as those in Fig. 1 6 . T h e 
w a v e f o r m E A is the re ference w a v e f o r m and is 
appl ied to C H 2 input. A l l other w a v e f o r m s are 
samp led at C H 1 and compared to the re fe rence 
w a v e f o r m of C H 2 . T h e burst s igna l can be e x a m i n 
ed more co lse ly e i ther by increas ing the s w e e p 
t ime or by pul l ing the P O S I T I O N control to ob
ta in 5 t imes magn i f i ca t ion . 

Delay Line Test: 
T h e dua l - t race feature of the osc i l l oscope c a n a l so 
be used to de te rmine the de lay t imes of t r a n s m i s 
s ion type de lay l ines as w e l l a s u l t rasonic type 
de lay l ines. T h e output of de lay l ines is observed 
on C H 2 w h i l e be ing synchron ized w i t h the input 
pu lse of C H 1 . T h e interval b e t w e e n pu lses shou ld 
be large c o m p a r e d to the de lay t ime to be observ 
ed. In addit ion to de termin ing de lay t ime, the pu lse 
distort ion inherent in the de lay l ine c a n be deter
m ined by exam ina t i on of t he de lay pu lse obse rved 
on C H 2 w a v e f o r m display. 

F ig. 2 1 s h o w s the typ ica l osc i l l oscope set t ings a s 
we l l as the bas i c tes t c i rcui t . Typ i ca l input and out
put w a v e f o r m s are s h o w n on the osc i l loscope d is
p lay . In add i t i on to d e t e r m i n i n g t h e de lay 
charac te r i s t i cs of the line, the output w a v e f o r m 
revea ls any distort ion that may be int roduced f rom 
an impedance m i s m a t c h . 

Stereo Amplifier Servicing: 
Ano the r conven ien t use for dua l - t race osc i l l oscope 
is in t roubleshoot ing s te reo ampl i f iers . If ident ica l 
ampl i f ie rs are u s e d and the output of one is w e a k , 
d is tor ted or o t he rw i se abno rma l , the dua l - t race o s 
c i l loscope can be ef f ic ient ly used to local ize the 
defec t ive s ta te . W i t h an ident ical s igna l appl ied to 
the inputs of both ampl i f ie rs , a s ide-by-s ide c o m 
par ison of both un i ts c a n be m a d e by progress ive ly 
samp l ing ident ica l s igna l points in both ampl i f ie rs . 
W h e n the de fec t ive of mal funct ion ing s tage has 
been located, it can be immed ia te ly observed and 
ana lyzed . 

Fig. 20 Gated ringing circuit and waveforms 
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Fig. 22 
Measuring amplifier 
phase shift ' 

Amplifier Phase Shift Measurements: 
In the square w a v e tes t ing sec t ion of th is m a n u a l , 
square w a v e distor t ion is exp la ined in t e r m s of 
phase shif t of the s igna l componen ts w h i c h c o m 
pr ise the square w a v e . T h e s e phase shi f ts can be 
ver i f ied d i rect ly by provid ing a s ign w a v e input 
s ignal to the ampl i f ier and observ ing the phase of 
output s igna l w i t h respec t to the input s igna l . 
In all ampl i f ie rs , a p h a s e shif t is a l w a y s assoc ia ted 
w i th a change in ampl i tude response. For e x a m p l e , 
at the — 3 d B response point, a phase shif t of 4 5 ° 
occu rs . F ig. 2 2 i l lus t ra tes a mi thod of de termin ing 
ampl i f ier phase shi f t d irect ly. In th is c a s e , the 
m e a s u r e m e n t s are being m a d e at approx imate ly 
5 0 0 0 Hz. T h e input s igna l is used as a re ference 
and is appl ied to the C H 1 input jack. 
T h e V A R I A B L E contro l is ad jus ted a s required to 
provide a comp le te cyc le of the input w a v e f o r m 
d isp layed on 8 div hor izontal ly, wh i l e the w a v e f o r m 
ampl i tude is se t to 2 div. T h e 8 div d isp lay 
represents 3 6 0 ° at the d isp layed f requency and 
cen t imete r rep resen ts 4 5 ° of the w a v e f o r m . 
T h e ver t i ca l a t tenuator conto ls of C H 2 are ad jus ted 
a s required to produce w a v e f o r m ampl i tude of 2 
div. T h e C H 2 P O S I T I O N control is the ad jus ted so 
that the C H 2 w a v e f o r m is d isp layed on the s a m e 
hor izontal a x i s a s the C H 1 w a v e f o r m . T h e d is tance 
b e t w e e n the t w o w a v e f o r m s then represents the 
p h a s e shif t b e t w e e n the t w o w a v e f o r m s . In th is 
c a s e , the zero c rossove r points of the t w o 
w a v e f o r m s are compa red . T h e i l lustrat ion s h o w s a 
p h a s e d i f ference of 1 div w h i c h m e a n s a phase shi f t 
of 4 5 ° 

Television Servicing: 
M a n y of the te lev is ion serv ic ing p rocedures c a n be 
per formed us ing s ing le - t race operat ion. T h e s e are 
out l ined later in the appl icat ion sec t ion cover ing 
s ing le - t race operat ion. One of t hese p rocedures , 
v i ew ing the mul t i -burs t s ignal in the V I T S (ver t ica l 
interval tes t s igna l ) , c a n be accomp l i shed more 
ef fect ive ly us ing a dua l - t race osc i l loscope. T h e 
V I T S s igna l is spec i f i ca l l y used for charac te r i s t i c 
c h e c k s of the t r ansm iss i on s y s t e m of a b roadcas t 
s ta t ion or a ne twork including repeater s ta t ion or 
for changeover of t r ansm iss i on s y s t e m . In m a n y 
c a s e s , th is s igna l d ies not appear in the normal 
v ideo s igna ls . E v e n w h e n it is inc luded in the 
s igna ls , the method of insert ing the informat ion is 
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P U L S E 

G E N E R A T O R INPUT 

U L T R A S O N I C D E L A Y L INE 
(5Msec) O U T P U T 

5 0 0 0 pps 
1 M s e c P U L S E W I D T H Fig. 21 Delay line measurement 

A F S I G N A L 
G E N E R A T O R 

INPUT A U D I O 
A M P L I F I E R 

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 8 div 

; O U T P U T 
• L O A D 



dif ferent depend ing on b roadcas t s ta t ions. A l s o , 
the V I T S in format ion on Fie ld 1 ( 1s t in ter laced 
scann ing) and Fie ld 2 (2nd in ter laced scann ing) are 
dif ferent in m a n y c a s e s . E x a m p l e s of V I T S s igna l is 
s h o w n in F ig. 2 3 . 
B e c a u s e the osc i l l oscope s w e e p is synchron ized to 
the ver t ica l b lank ing s igna l , the w a v e f o r m of Fie ld 1 
canno t be d is t ingu ished f rom that of F ie ld 2 . T h i s 
c a u s e s the V I T S s igna ls to be super imposed onto 
e a c h other, resul t ing in a diff iculty of v i ew ing . W i t h 
dua l - t race operat ion us ing the s a m e input, the 
w a v e f o r m c a n be v i e w e d s e p a r a t i l y w i t h o u t 
over lapping b e c a u s e of the ef fects of osc i l l oscope ' s 
a l ternate s w e e p operat ion and in ter laced scann ing 
or T V s igna l . 

T h e possib i l i ty of v i ew ing V I T S s ignal prov ides an 
impor tant role in se rv ic ing T V se ts . T h i s V I T S 
s igna l can local ize t rouble to the an tenna , tuner, 1 F 
or v ideo sec t i ons and s h o w s w h e n rea l ignment 
m a y be requered. T h e fo l lowing procedures s h o w 
how to ana lyze and interpret osc i l loscope d i sp lays 
of the V I T S . 

T h e V I T S is t ransmi t ted dur ing the ver t ica l b lank ing 
interval . O n the te lev is ion set , it can be s e e n a s a 
bright wh i t e l ine above the top of the p ic ture, w h e n 
the ver t ica l l inear i ty or height is ad jus ted to v i e w 
the ver t i ca l b lank ing in terval (on T V s e t s w i t h inter
nal re t race b lank ing c i rcu i ts , the b lanking c i rcu i ts 
mus t be d isab led to s e e the V I T S ) . 
T h e t ransmi t ted V I T S h a s a spec i f i c f requency , 
ampl i tude and w a v e f o r m a s s h o w n in F ig. 2 3 . T h e 
te lev is ion n e t w o r k s use the prec is ion s igna ls for ad 
j us tmen t and check ing of ne twork t r ansm iss i on 
equ ipment , but the mul t iburst s igna l in V I T S c a n 
a lso be used fo check ing the operat ing condi t ion of 
T V set . T h e f i rst f r ame of V I T S at the " B " sec t ion 
( l ine 18 ) in F ig . 2 2 beg ins w i th a wh i t e re fe rence 
s igna l , fo l lowed by s ine w a v e f requenc ies of 0 . 5 
M H z , 1.0 M H z , 2 M H z , 3 M H z , 4 . 0 M H z and 3 . 5 8 
MHz . T h i s s e q u e n c e of f requenc ies is ca l led the 
"mu l t i - bu rs t " w h i c h is ve ry usefu l . 

F I E L D 1 

F I E L D 2 

NO. 2 7 9 NO. 2 8 0 

V E R T I C A L B L A N K I N G I N T E R V A L 
(NO. 2 6 3 ~ NO. 2 8 2 ) 

( M U L T I - B U R S T ) 

F I E L D 1 and 2 

NO. 17 
NO. 2 7 9 

Fig. 23 V ITS signal. Fields 1 and 2 

T h e V I T S other than the mul t i -burst s igna l is 
di f ferent depend ing on b roadcas t s tat ion. V I T S 
s ta i r case w a v e f o r m conta in ing burst s ignal of 3 . 5 8 
M H z is va luab le to the network , but have less va lue 
to the serv ice techn ic ian . A s Field 1 is in ter laced 
w i t h Fie ld 2 , the line 1 7 is fo l lowed by the l ine 2 7 9 
and the line 18 is fo l losed by the line 2 8 0 . T h e e n 

t ire V I T S appea rs at the bot tom of the ver t i ca l 
b lanking pulse and jus t before the f i rst l ine of v ideo. 
E a c h of the mul t i -burs t f requenc ies is t ransmi t ted 
at equal s t rength . B y observ ing the compara t i ve 
amp l i tudes of t hese f requenc ies after the s ignal is 
p rocessed through the te lev is ion rece iver , the f re
quency response of the se t is checked . 
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LINE NO. 17 

3 ,58 MHz ( M U L T I - B U R S T ) 3 ,58 
MHz 

'NO. 18 HORIZ. S Y N C . P U L S E 
V E R T I C A L B L A N K I N G I N T E R V A L -
(NO. 1 ~ NO. 21 ) 

NO. 18 
NO. 2 8 0 



Al l f r equenc ies of mul t i -burs t are t ransmi t ted at the 
s a m e leve l , but w i l l appear a s s h o w n in Fig. 2 2 
even on a good color te lev is ion se t , due to its 
response cu rve ; s h o w i n g the a l l owab le a m o u n t of 
a t t e n u a t i o n for e a c h m u l t i - b u r s t f r e q u e n c y . 
R e m e m b e r t h a t — 6 d B equa ls half the re ference 
vo l tage ( the 2 . 0 M H z modula t ion shou ld be used 
for re ference) . 

T o local ize t rouble, s tar t by observ ing the V I T S at 
the v ideo detector . T h i s w i l l local ize trouble to a 
point ei ther before or af ter the detector. If p icture 
qual i ty of each channe l is di f ferent, the trouble is in 
the tuner or an tenna s y s t e m . If the picture qual i ty 
is the s a m e for all c h a n n e l s but the mul t i -burst is 
abno rma l , then the t rouble m a y be in the I F s tage . 
A s another e x a m p l e , let us a s s u m e that w e have a 
se t on the bench w i th a ve ry poor picture. Our o s 
c i l loscope s h o w s the V I T S at the v ideo detector to 
be about normal e x c e p t that the burst at 2 . 0 M H z 
is low c o m p a r e d to other burst s igna l . T h i s 
sugges t s an I F t rap is de tuned into the p a s s b a n d , 
chopping out f r equenc ies about 2 M H z be low the 
picture carr ier f requency . S w i t c h to another 
channe l . If ampl i f ier requ i res real ignment . If the 
p icture qual i ty is the s a m e , then our reason ing is 
right, and the I F the picture qual i ty of another 
channe l is no rma l , the F M trap at the tuner input is 
m isad jus ted . F ig. 2 5 s h o w s the method of v i e w i n g 
the V I T S w a v e f o r m s . 

Fig. 24 Color TV IF amplifier response curve 

1. S e t a color T V rece iver to the s ta t ion t ransmi t 
t ing color s i g n a l s con ta in ing V I T S . 

2 . T h e method s h o w n in F ig. 2 5 is used to obtain 
F ie ld 2 ver t i ca l s igna l on C H 1 . 

3 . S e t the osc i l l oscope and the rece iver into 
operat ion. C o n n e c t the C H 1 probe (set at 1 0 : 
1) to the test point of v ideo detector or other 
des i red tes t point in the v ideo sec t ion of the 
te lev is ion receiver . 

4 . S e t the S L O P E s w i t c h e as fo l lows : 
A . If the s y n c and b lank ing pu l ses of the 

observed v ideo s igna l are posi t ive, use the 
- f s w i t c h posi t ion. 

B. If t he s y n c a n d b l a n k i n g p u l s e s a re 
negat ive , use the — s w i t c h posi t ion. 

5. A d j u s t the s w e e p t ime V A R I A B L E control so 
that 2 ver t ica l f ie lds are d isp layed on the o s 
c i l loscope s c r e e n . 

6. Connec t the C H 2 probe (set to 1 0 : 1) to the 
s a m e test point a s does the C H 1 probe. 

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 lace the s w e e p t ime V A R I A B L E in the C A L 

posi t ion. 
9. S e t the S W E E P T I M E / D I V control to the 0 .1 

m s / d i v posi t ion to expand the display. T h e 
V I T S in format ion wi l l appear toward the right 
hand port ion of the expanded w a v e f o r m d is 
p lays . T h e w a v e f o r m informat ion on e a c h 
t race m a y appear as s h o w n in F ig. 2 3 . 
B e c a u s e there is no provis ion for synchron iz ing 
the osc i l l oscope d isp lay to e i ther of the t w o 
f ields w h i c h compr i se a comp le te ver t ica l 
f rame, it canno t be predic ted w h i c h f ie ld d is 
play wi l l appear on the C H 1 or C H 2 . 

10 . W i t h the de lay s w e e p appl ied (see page 1 3 ) , 
ad jus t V I T S s igna l s a s s h o w n in F ig . 2 3 . 

1 1 . O n c e the C H 1 and C H 2 d isp lays have been 
ident i f ied a s be ing e i ther Field 1 or Field 2 
V I T S in format ion, the probe cor responding to 
the w a v e f o r m d isp lay c a n be used for s i gna l -
t rac ing and t roub leshoot ing, and the remain ing 
probe should be left at the v ideo detector tes t 
point to insure that the sync s igna l is not in
ter rupted. If the s y n c s ignal is interrupted, the 
w a v e f o r m d i sp lays may be reversed b e c a u s e , 
a s prev ious ly exp la ined , there is no provis ion is 
the osc i l l oscope to identify ei ther of the t w o 
ver t ica l f ie lds w h i c h compr i se a comp le te 
f rame. 
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fig. 2 5 Set-up for viewing fields 1 and 2 of V I T S information. 

APPLICATIONS OF SINGLE-TRACE 
OPERATION 
introduction: 
In addi t ion to the dua l - t race app l ica t ions prev ious ly 

out l ined, there a re , of cou rse , m a n y se rv i ce a n d 

laboratory app l i ca t ions w h e r e only s ing le - t race 

operat ion of the osc i l l oscope is required. 

Single-trace Operation and Peak-to-
peak Voltage Readings: 
For genera l t roub leshoot ing and isolat ion of 
t roubles in te lev is ion rece ive rs , the osc i l l oscope is 
an ind ispensab le ins t rument . It prov ides a v i sua l 
d isp lay of a b s e n c e or p resence of normal s igna ls . 
T h i s method (s igna l - t rac ing) may be used to t race a 
s igna l by m e a s u r i n g s e v e r a l points in the s igna l 
path. A s m e a s u r e m e n t s proceed along the s ignal 
path , a point m a y be found w h e r e the s ignal d i s 
appears . W h e n th is happens , the source of t rouble 
h a s been located. 
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 mere p resence or a b s e n c e of s igna l . It p rov ides 
a peak - t o -peak vo l tage m e a s u r e m e n t of the s igna l 
a s we l l a s presenta t ion of w a v e f o r m s . T h e 
s c h e m a t i c d iag ram or a c c o m p a n y i n g se rv ice da ta 
on the equ ipmen t be ing se rv i ced usua l ly inc ludes 
w a v e f o r m p ic tures . T h e s e w a v e f o r m p ic tures 
inc lude the requi red s w e e p t ime and the normal 
peak - to -peak vo l tage. C o m p a r e the peak - to -peak 
vo l tage read ings on the osc i l l oscope w i t h e those 
s h o w n on the w a v e f o r m p ic tures. 

Composite Video Waveform Analysis: 
Probably the mos t important w a v e f o r m in te le 
v i s i o n s e r v i c i n g is t h e c o m p o s i t e w a v e f o r m 
cons is t ing of the v ideo s igna l , the b lank ing pedesta l 
s igna l and the s y n c pu lses .F ig . 2 6 and Fig. 2 7 s t o w 
t y p i c a l p s c i l l o s c o p e t h a c e s w h e n o b s e r v i n g 
compos i te vedeo s igna l s synchron ized w i t h ho
rizontal s y n c pu l ses and ver t ica l b lanking pu lses . 
Compos i t e v ideo s igna ls c a n be observed at va r ious 
s t a g e s of the te lev is ion rece iver to de te rmine 
w h e t h e r c i r c u i t s a r e p e r f o r m i n g n o r m a l l y . 
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 apperance of 
a normal w a v e f o r m , and the c a u s e s of var ious ab
normal w a v e f o r m s help the techn ic ian locate and 
cor rec t m a n y p rob lems. T h e techn ic inan shou ld 
s tudy s u c h w a v e f o r m s in a te lev is ion rece iver 
k n o w n to be in good operat ing condi t ion, not ing 
the w a v e f o r m at va r ious points in the v ideo 
ampl i f ier . 

T o se t up the osc i l l oscope for v i ew ing compos i te 
v ideo w a v e f o r m s , use the fo l lowing procedures : 

1 . T u n e the te lev is ion set to a loca l channe 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 posi t ion for observ ing T V hor izonta l 
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 ames . 

4 . For hor izontal l ine, se t L I N E / F R A M E s w i t c h to 
L I N E . For ver t ica l f r ame , se t the s w i t c h to 
F R A M E . 

5. S e t the S O U R C E s w i t c h to the C H 2 posi t ion. 
6. S e t the T R I G G E R I N G L E V E L control to the 

A U T O posi t ion. 
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Fig. 26 Set-up for viewing horizontal fields of composite video signal 

7. S e t the C H 2 A C - G N D - D C s w i t c h to the A C 
posi t ion. 

8. Connec t a probe cab le to the C H 2 IN P U T jack . 
Connec t the ground cl ip of the probe to the 
te lev is ion se t c h a s s i s . 
W i t h the probe se t to 1 0 : 1 a t tenuat ion, c o n 
nec t the tip of the probe to the v ideo detector 
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 ica l def lec t ion poss ib le w i thou t going off-
sca le . 

10 . Ro ta te the T R I G G E R I N G L E V E L control to a 
posi t ion that p rov ides a synchron ized d isplay. 

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 
horizontal l ines or t w o ver t ica l f r a m e s of c o m 
posi te v ideo d isp lay. 

1 2 . If the s y n c and b lank ing pu l ses of the d isp layed 
v ideo s igna ls are posi t ive, se t the S L O P E 

s w i t c h to the + posi t ion; if the s y n c and 
b lank ing pu l ses are negat ive , use the — 
posi t ion. 

13 . 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 prov ides a w e l l s y n 
chron ized d isp lay. 

14. A d j u s 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 best focus . 

15 . 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 as the co lor burst , us ing de lay s w e e p (see 
page 1 3 ) , en large the des i red port ion of the 
w a v e f o r m . 

16. T h e polar i ty of the observed w a v e f o r m m a y be 
reversed w h e n mov ing f rom one moni t i r ing 
po in t to a n o t h e r ; t h e r e f o r e , it m a y be 
n e c e s s a r y to reve rse the polari ty of the S L O P E 
sw i t ch . 
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Fig. 27 Set-up for viewing vertical fields of composite viedo signal 



Sync Pulse Analysis: 
T h e I F response of a te lev is ion rece iver c a n be 
eva lua ted to s o m e ex ten t by carefu l observa t ion of 
t h e h o r i z o n t a l s y n c p u l s e w a v e f o r m . T h e 
appea rance of the s y n c pu lse w a v e f o r m is a f fected 
by the I F ampl i f ie r b a n d p a s s cha rac te r i s t i cs . 
S o m e typical w a v e f o r m s y m p t o m s and their re la 
t ion to IF ampl i f ier response are ind icated in F ig. 
2 8 . S y n c pu lse w a v e f o r m d is tor t ions produced by 
posi t ive or negat ive l imit ing in I F over load c o n 
di t ions are s h o w n in F ig . 2 9 . 

Fig. 28 Analysis of sync pulse distortion 

FM RECEIVER ADJUSTMENTS 
1 . C o n n e c t a s w e e p generator to the m ixe r input 

of the F M receiver . S e t the s w e e p genera tor 

for a 1 0 . 7 M H z cen te r s w e e p . 

2 . Connec t the s w e e p vo l tage output of the 

s w e e p genera tor to the C H 2 input j a c k of the 

osc i l l oscope and se t the os i l i oscope cont ro ls 

for ex te rna l hor izontal s w e e p ( S W E E P T I M E / 

D I V to X - Y ) . 

3 . Connec t the ver t ica l input probe to the 

demodu la to r input of the F M receiver . 

4 . A d j u s t the osc i l l oscope ver t i ca l and hor izontal 

gain con t ro ls for d isp lay s imi la r to that s h o w n 

in F ig. 3 0 A . 

5. S e t the marke r genera tor prec ise ly to 10 .7 

MHz . T h e marker " p i p " shou ld be in the 

cen te r of the bandpass . 

6. A l ign the I F ampl i f ie rs accord ing to the 

manu fac tu re r ' s spec i f i ca t ions . 

7. Move the probe to the demodu la to r output. 

T h e " S " cu rve shou ld be d i sp layed , and the 

10 .7 M H z " p i p " shou ld appear in the center 

(see F ig. 3 0 B ) . 

A d j u s t the demodu la to r accord ing to the 

manu fac tu re r ' s ins t ruc t ions so the marke r 

m o v e s equa l d i s tance f rom the cen te r a s the 

marker f requency is ampl i f ied equa l a m o u n t 

f rom the 1 0 . 7 M H z cen te r f requency . 
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Fig. 29 Sync pulse waveforms 
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APPLICATION OF X-Y OPERATION 
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 th an 
osc i l l oscope. Typ i ca l app l i ca t ions are inc i rcu i ts 
des igned to produce a spec i f ic p h a s e shif t , and 
m e a s u r e m e n t of phase shif t d istor t ion in audio 
ampl i f i e rs or other aud io ne two rks . Dis tor t ions 
due to non- l inear ampl i f i ca t ion is a lso d isp 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 appl ied to 
the ver t ica l input of the osc i l l oscope , and the out
put of the tes ted c i rcu i t is appl ied to the hor izontal 
input of the osc i l l oscope. T h e a m o u n t of phase 
d i f f e r e n c e b e t w e e n the t w o s i g n a 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 phase m e a s u r e m e n t s , use the fo l lowing 
p rocedures (refer to F ig. 3 1 ) . 

1 . Us ing an audio s igna l genera tor w i th a pure 
s inuso ida l s igna l , app ly a s ine w a v e tes t s igna l 
to the audio ne two rk be ing tes ted . 

2 . S e t the s igna l genera tor output for the normal 
operat ing level of the c i rcu i t be ing tes ted . 
Obse rve the c i rcu i t ' s output on the o s 
c i l loscope and if the tes t c i rcui t is overdr iven , 
the s ine w a v e d isp lay is c l ipped and the s igna l 
level mus t be reduced . 

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

4 . S e t the M O D E to X - Y . 

5. Connec 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 cont ro ls for a 
su i tab le v i e w i n g s ize. 

7. S o m e typical resu l ts are s h o w n in F ig . 3 2 . 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 l ine. If the ver t ica l and ho
rizontal ga in are proper ly ad jus ted , this l ine is 
at 4 5 ° angle. A 9 0 ° phase shif t p roduces a 
c i rcu lar osc i l l oscope pat tern. P h a s e shif t of 
less (or more) the 9 0 ° p roduces an el l ipt ical 
L i ssa jous pat tern. T h e amoun t of phase shif t 
can be ca lcu la ted by the method s h o w n in F ig . 
3 3 . 
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Fig. 31 Typical phase measurment alignment set-up 
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Fig. 3 2 Typical phase measurement oscil loscope 
displays 

SINE ?S = ; | 

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

Fig. 3 3 Phase shift calculation 

Frequency Measurement: 
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 input of the osc i l l oscope and s e t the 

M O D E to X - Y . 

2 . Connec t the C H 1 probe to the s igna l to be 

m e a s u r e d . 

3 . A d j u s t the C H 1 a n d C H 2 for proper s i zes . 

4 . T h e resu l t ing 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 (see Fig. 

3 4 ) . 

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

Fig. 34 Lissajous' waveforms used for frequency 
measurement 
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APPLICATIONS OF DELAY S W E E P 
B y us ing de lay s w e e p , v ideo s igna l c a n be en larged 

for e a s y observa t ion , p roceed a s fo l l ows (F ig . 3 5 ) : 

1 . S e t the control knobs on the osc i l l oscope a s 

s h o w n in F ig. 3 5 to observe v ideo s igna l (F ig . 

3 5 - a ) . 

2 . W i t h I N T E N ' D d e p r e s s e d , ad jus t D E L A Y T I M E 

and V A R I A B L E so that the left end of the in

tens i ty modula t ion r e a c h e s near the end of the 

f i led 1 (F ig . 3 5 - b ) . 

3 . P r e s s D E L A Y ( C H 1 ) and the osc i l l oscope is se t 

in de lay s w e e p mode wh i l e the w a v e f o r m s tar 

t ing a t the port ion se t by the in tensi ty modu la 

t ion is d isp layed (F ig . 3 5 - c ) . 

4 . B y ad jus t ing S W E E P T I M E / D I V , the w a v e f o r m 

dur ing ver t ica l b lank ing t ime c a n be magni f ied 

for observa t ion (F ig . 3 5 - d ) . 
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V I D E O S I G N A L 1 

F I E L D 1 F I E L D 2 
V I D E O S I G N A L 
S Y N C S I G N A L <a) S I G N A L W A V E F O R M 

D E L A Y I N T E N S I T Y 
"MODULATION" 

(b) INTEN'D 

(c) D E L A Y 

( d ) M A G N I F I E D W A V E F O R M 

Fig. 35 



P R E C A U T I O N S 
1 . Avo id us ing the osc i l l oscope in a locat ion ex 

posed to d i rec t sunl ight . 

2 . S e l e c t a p lace free f rom high tempera tu re and 

humidi ty . 

Do not use the osc i l l oscope in a dus ty locat ion. 

3 . Do not opera 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 ipment w h i c h genera tes s t rong 

magne t i c f ie lds or impu lse vo l tage. 

4 . T h i s osc i l l oscope is factory 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 

operat ion, c h a n g e the posi t ion of the p lug of 

the vo l tage se lec to r a t the rear panel a s in

d icated by the a r row mark . W h e n the o s 

c i l loscope is to be opera ted w i th A C 1 0 0 V , 

1 2 0 V , be su re to rep lace the f use w i th one 

rated a t 0 . 7 A . 

5. Do not apply input vo l tages exceed ing their 

m a x i m u m rat ings. T h e input vo l tage to the 

ver t ica l ampl i f ier 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 

100V. 1 2 0 V - 0 . 7 A 
220V. 2 4 0 V - 0 . 3 A 

Fig. 36 

( D C + A C peak ) , and the input to Z A X I S is up 

to 5 0 V ( D C + A C peak) . 

6. Do not i nc rease the br igh tness of C R T un

necessar i l y . 

7. Do not l eave the osc i l loscope for a long per iod 

w i th br ight spot d isp layed on C R T . R e d u c e the 

br igh tness and sof ten the focus . 

8. For X - Y opera t ion , use the P U L L X 5 M A G 

s w i t c h in the P U S H posi t ion. If it is se t in the 

P U L L pos i t ion, no ise m a y appear in the 

w a v e f o r m . 

9. Se t t i ng the osc i l loscope 

T h e osc i l l oscope is prov ided w i t h a handle 

w h i c h can be f ixed at 2 2 . 5 ° ang le in terva ls , 

permi t t ing it to be se t ei ther ver t ica l ly , hor izon

tal ly or as lan t . 

Do not p lace any object on the osc i l l oscope or 

cover the vent i la t ion ho les of the c a s e w i th a 

c loth or the l ike, a s it w i l l i nc rease the 

tempera tu re ins ide the c a s e . 
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V O L T A G E 
S E L E C T O R 

F U S E H O L D E R 

Fig. 37 



MAINTENANCE AND ADJUSTMENT 
MAINTENANCE 
Removing the case: 

1. R e m o v e the s e v e n 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 Phi l l ips head 

sc rewdr i ve r . 

R E M O V E T H E 
7 S C R E W S 

Fig. 38 Removing the top case 

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

3 . T o remove the bot tom plate, u n s c r e w the four 
s c r e w s us ing a Phi l l ips head sc rewdr i ve r . 

R E M O V E T H E 4 S C R E W S 

Fig. 39 Removing the bottom case 

C a u t i o n : A high vo l tage ( 5 0 0 0 V ) is p resen t on the 
C R T socke t . Be fo re remov ing the c a s e , be sure to 
turn off the power , and do not touch t hese par ts 
w i th hand or a sc rewd r i ve r e v e n after the c a s e h a s 
been removed . 

ADJUSTMENT 
O b s e r v e the fol lowing before mak ing 
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 low ing points shou ld be observed . 

1. C h e c k the powe r supply for cor rec t vo l tage. 

2 . F o r a d j u s t m e n t s , u s e a w e l l i n s u l a t e d 
sc rewer i ve r . 

3 . Be fo re mark ing ad jus tmen ts , be su re to turn on 
the power and w a i t unti l the unit is s tab i l ized. 

4 . For a d j u s t m e n t s , f o l l o w the p r o c e d u r e s 
descr ibed be low. 

5. If spec ia l tes t i ns t rumen ts are requi red for a d 
j u s t m e n t s , con tac t T r i o ' s se rv i ce s ta t ion . 

A d j u s t m e n t of P o w e r S u p p l y and C R T C i r c u i t s : 

1. A d j u s t m e n t of l ow powe r vo l tage 
M e a s u r e the vo l tage at the No.8 pin of P 3 0 6 
and ad jus t V R 3 0 4 for + 1 0 8 V ± 1 % . 

Next , m e a s u r e the vo l tage on the p ins 2 
through 5 of P 3 0 6 and on the pin 1 of P 3 0 4 to 
c h e c k that t hese vo l tages are / 8 V , + 5 V , 
+ 1 5 V , + 1 0 V and + 1 2 0 V , respect ive ly . (F ig . 
4 0 ) 

2 . A d j u s t m e n t h igh tens ion vo l tage 

A d j u s t V R 3 0 3 s o that the vo l tage on the pin 9 
o f P 3 0 1 r e a c h e s - 1.5 kV ± 1 % ( C R T ca thode 
vo l tage) . 

3 . In tens i ty ad jus tmen t 
W i t h I N T E N S I T Y knob se t in the 11 o 'c lock 
posi t ion, ad jus t V R 3 0 2 unti l the t race d is 
appears , then ad jus t T C 3 0 1 so that the 
br igh tness at the s w e e p s tar t ing point is the 
s a m e a s t h e b r i g h t n e s s a t o the r p o i n t s 
( S W E E P T I M E / D I V in 0 .2 us posi t ion). F inal ly , 
ad jus t the spo t w i t h F O C U S and A S T I G . (F ig . 
4 0 ) 

4 . C R T t race rotat ion 

A d j u s t the T R A C E R O T A T I O N (front panel ) un 
til the t race is a l igned w i t h the hor izontal l ine 
marked on the C R T s c a l e . (F ig . 3 9 ) 

5. A d j u s t m e n t of pat tern distort ion 

D isp lay a C A L vo l tage w a v e f o r m over the full 
a rea of the C R T sc reen and m a k e sure that a 
ver t ica l line a p p e a r s on e a c h " d i v " of the 
hor izontal s c a l e . Ad jus t V R 3 0 1 so that the 
ver t ica l l ine is s t ra ight at any posi t ion on the 
s c r e e n . Next , ad jus t the spot w i t h F O C U S and 
A S T I G once aga in . (F ig . 4 0 ) 
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A d j u s t m e n t s of C H 1 Ver t ica l C i rcui t : 

Before mak ing ad jus tmen ts , se t the knobs of 
osc i l loscope a s fo l l ows : 

M O D E C H 1 posi t ion 
V O L T S / D I V 5 m V / d i v posi t ion 

5. C R T Cente r A d j u s t m e n t (F ig . 4 2 ) 
W i t h the tes t t e rm ina ls P 4 0 1 and P 4 0 2 of the 
ver t ica l m a i n ampl i f ier shor ted , ad jus t V R 4 0 2 
until the bright l ine c o m e s in the center of C R T . 

6. V A R I A B L E A T T D C B A L A d j u s t m e n t (F ig . 4 0 ) 
Ad jus t V R 1 0 1 so that the bright line s t a y s sti l l 
a t any posi t ion of V A R I A B L E of V O L T S / D I V . 

7. S T E P A T T D C B A L Ad ju tmen t (F ig . 4 1 ) 
A d j u s t V R 1 0 3 so that the bright line s t a y s sti l l 
a t any posi t ion of V O L T S / D I V . 

8. P O S I T I O N A d j u s t m e n t (F ig . 4 0 ) 
W i t h P O S I T I O N knob set in the m e c h a n i c a l 
center pos i t ion, ad jus t V R 1 0 5 unti l the bright 
l ine is cen te red on C R T . 

9. Sens i t i v i t y A d j u s t m e n t (F ig . 4 2 ) 
W i t h a ca l ib ra ted 1 kHz 0 . 5 V s igna l appl ied, 
adjust V R 4 0 1 for 5 D I V def lect ion. 

A d j u s t m e n t of C H 2 Ver t ica l C i rcu i t : 

Before mak ing ad jus tmen ts , se t the knobs of 
osc i l loscope a s fo l l ows : 

M O D E C H 2 posi t ion 
V O L T S / D I V 5 m V / d i v posi t ion 

10. V A R I A B L E A T T D C B A L A d j u s t m e n t (F ig . 4 1 ) 
A d j u s t V R 1 0 6 unti l the br ight l ine s t a y s sti l l a t 
any posi t ion of V A R I A B L E of V O L T S / D I V . 

1 1 . S T E P A T T D C B A L A d j u s t m e n t (F ig . 4 1 ) 
Ad jus t V R 1 0 8 until the bright l ine s t a y s sti l l at 
any posi t ion of V O L T S / D I V . 

12 . P O S I T I O N A d j u s t m e n t 
W i t h P O S I T I O N knob se t in the m e c h a n i c a l center 
posi t ion, ad jus t V R 1 1 2 unti l the bright l ine is 
centered on C R T . (F ig . 4 0 ) 

1 3 . Sens i t i v i t y A d j u s t m e n t 
W i t h a ca l ib ra ted 1 kHz 0 . 5 V s igna l appl ied, 
ad jus t V R 1 1 0 for 5 D I V def lect ion. (F ig . 4 0 ) , 

Horizontal C i rcu i t A d j u s t m e n t : 

14. ^ • P O S I T I O N A d j u s t m e n t (F ig . 4 3 ) 
W i t h P O S I T I O N knob se t in the m e c h a n i c a l 
center post ion, ad jus t V R 1 0 s o that the s tar t point 
of bright line is a t the left end of the s c a l e . 
15 . X P O S I T I O N A d j u s t m e n t (F ig . 4 3 ) 

W i t h M O D E se t in X - Y and X a x i s ( C H 2 ) input 
in G N D , ad jus t V R 1 2 unti l the bright spot is 
cen te red on the sc reen . 

Fig. 40 Location of adjustments, bottom of scope 
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V R 1 0 6 CH2 VARI A T T DC B A L . 

V R 1 0 8 CH2 S T E P A T T . DC B A L . 

VR101 CH1 VARI . A T T . DC B A L . 

VR103 CH1 S T E P A T T . DC B A L . 

Fig. 41 Location of adjustments, right and left sides of scope 

Fig. 4 2 Location of adjustment, left side of scope Fig. 4 3 Location of adjustments, right side of scope 
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S C H E M A T I C D I A G R A M 



S C H E M A T I C D I A G R A M 

I6 Q109 

CS-1830 

Note: Res is to r w i t h no spec i f ied va lue are those of 1 / 4 W and ± 5 % . A l s o , the c i rcu i t e l emen ts m a y be changed 

w i thou t not ice ow ing to a techn ica l innovat ion. 
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