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SYLVANIA SERVICE OSCILLOSCOPE TYPE 405 

GENERAL DESCRIPTION 

The S y l v a n i a S e r v i c e O s c i l l o s c o p e Model 405 
has been d e s i g n e d p r i m a r i l y f o r the r a d i o and 
t e l e v i s i o n s e r v i c e m e n ' s use in o b s e r v a t i o n o f 
wavefo rms and r e s p o n s e c u r v e s i n r a d i o and 
t e l e v i s i o n r e c e i v e r s and o ther general app l i ca ­
t i o n s . I t w i l l a l s o s e r v e as a v a l u a b l e 
instrument f o r l a b o r a t o r y and p r o d u c t i o n work. 
The i d e n t i c a l h o r i z o n t a l and v e r t i c a l ampl i f i e r s 
are usefu l i n comparing the phase ang le o f two 
s i g n a l s . I t s smal l s i z e and l i g h t weight make 
i t e s p e c i a l l y use fu l as a p o r t a b l e instrument. 
A m u l t i v i b r a t o r sweep c i r c u i t p r o v i d e s l i n e a r 
sawtooth sweeps from 16 c y c l e s to 50 k c , usab le 
to 75 k c , which may be synch ron ized i n t e r n a l l y 
o r e x t e r n a l l y . The v e r t i c a l a m p l i f i e r has a 
s e n s i t i v i t y o f 30 m i l l i v o l t s and a bandwidth 
t o 2 c y c l e s to 700 k c . A 6 0 - c y c l e v o l t a g e i s 
a v a i l a b l e on the f r o n t panel f o r v o l t a g e c a l i ­
b r a t i o n . 

SPECIFICATIONS 

1. Power l i n e requi rements : 105 t o 125 v o l t s , 
50 t o 60 c y c l e s . U s e s 60 w a t t s a t 117 
v o l t s , 60 c y c l e s . 

2 . Tube c o m p l e m e n t : 
One S y l v a n i a Type 5UP1 - Cathode ray t u b e . 
One Sy lvan ia Type 12AT7 - Cathode f o l l o w e r / 

v e r t i c a l p r e - a m p l i f i e r . 
One S y l v a n i a Type 12AT7 - V e r t i c a l ampl i ­

f i e r . 
One Sy lvan ia Type 12AT7 - Cathode f o l l o w e r / 

h o r i z o n t a l p r e - a m p l i f i e r . 
One Sy lvan ia Type 12AT7 - Hor izon ta l ampli­

f i e r . 
One S y l v a n i a Type 12AT7 - Sweep o s c i l l a ­

t o r . 
One S y l v a n i a Type 1V2 - High v o l t a g e r e c ­

t i f i e r . 
One S y l v a n i a Type 6X4 - Low v o l t a g e r e c ­

t i f i e r . 

3 . A c c e l e r a t i n g P o t e n t i a l : 1 2 5 0 v o l t s . 

4 . I n p u t I m p e d a n c e s : 

A. V e r t i c a l ampl i f i e r : 2 .2 megohms, 22 mmf. 

B. Hor i zon t a l a m p l i f i e r : 2.2megohms, 22 mmf. 

5 . A m p l i f i e r F r e q u e n c y R e s p o n s e : 

A. V e r t i c a l : S i n e wave 2 c y c l e s t o 700 
k i l o c y c l e s +0 - 3 d b . 

B. H o r i z o n t a l : S ine wave 2 c y c l e s t o 700 
k i l o c y c l e s +0 - 3 d b . 

6 . A m p l i f i e r S e n s i t i v i t y : 

A. V e r t i c a l : 30 m i l l i v o l t s ( . 030 v o l t s ) rats 
s ine wave f o r one inch peak t o peak de­
f l e c t i o n . 

B. H o r i z o n t a l : 30 m i l l i v o l t s ( . 0 3 0 v o l t s ) 
rms s i n e wave f o r one inch peak t o peak 
d e f l e c t i o n . 

7 . V e r t i c a l Gain C o n t r o l s : 
Compensa ted s t e p a t t e n u a t o r and l o w im­
pedance smoo th a t t e n u a t o r , 

8 . D i r e c t i o n o f S w e e p : L e f t t o r i g h t . 

9 . D e f l e c t i o n : Beam d e f l e c t e d t o the left 
b y a p o s i t i v e e x t e r n a l s i g n a l t o t h e 
HORIZ. IN. b i n d i n g p o s t . Beam d e f l e c t e d 
up by a p o s i t i v e s i g n a l t o the VERT. IN. 
b i n d i n g p o s t . 

10. Sweep Synchroniza t ion : In ternal or external . 

11. Maximum c o m b i n e d a c and d c s i g n a l v o l t ­
age p e r m i s s i b l e a t VERT. IN . b i n d i n g 
p o s t : 6 0 0 v o l t s p e a k . 

12 . Maximum c o m b i n e d a c and dc s i g n a l v o l t ­
age p e r m i s s i b l e a t HORIZ. IN. b i n d i n g 
p o s t : 6 0 0 v o l t s p e a k . 

13 . Sweep r a t e : 16 c y c l e s t o 75 k i l o c y c l e s . 

14. Output at 6 0 ~ b i n d i n g pos t i s 3 .15 v o l t s RMS* 

15. Cab ine t S i z e : 11 3 / 1 6 " h i g h , 8 3 / 8 " w i d e , 
and 16 3 / 4 " d e e p . 

16. W e i g h t : 20 p o u n d s . 



Fig. 1 — T h e front panel of the Type 405 Service Oscilloscope. T h e 
controls are located for most convenient operation. 



OPERATING INSTRUCTIONS 

NOTE: T o o b t a i n p r o p e r r e s u l t s w i t h y o u r 
o s c i l l o s c o p e , i t i s a d v i s a b l e t o f a m i l i a r i z e 
y o u r s e l f w i t h the p a n e l c o n t r o l s by making 
some s i m p l e t e s t s . These t e s t s w i l l a s s u r e 
you that your o s c i l l o s c o p e i s in proper working 
c o n d i t i o n . 

1. To Make Preliminary Tests of Control Func­
tion: 

A. Se t the f o l l o w i n g c o n t r o l s t o a p p r o x i ­
mate ly half scale: 

1. FOCUS 
2 . V E R T . CENTER 
3 . I I O R I Z . CENTER 
4 . SWEEP VERNIER 
5 . S Y N C . AMP. 

B. S e t VERT. GAIN and H O R I Z . GAIN t o 
f u l l c o u n t e r c l o c k w i s e p o s i t i o n . 

C. S e t VERT. ATTEN. t o c e n t e r p o s i t i o n . 

D . S e t SWEEP RANGE t o t he l i n e b e t w e e n 
1 2 0 ~ and 1 2 0 0 ~ . Th i s g i v e s the SWEEP 
VERNIER c o n t r o l a r ange from 120 t o 
1200 c y c l e s . 

E. Se t the SWEEP VERNIER t o about c e n t e r . 

F . S e t t h e H O R I Z . SEL. t o INT. SYNC. 

G. Turn the i n s t r u m e n t ON and g r a d u a l l y 
i n c r e a s e the INTENSITY c o n t r o l s e t ­
t i n g u n t i l a d o t a p p e a r s somewhere 
on the s c r e e n o f the c a t h o d e ray tube . 
I f the do t does no t appear ( a f t e r about 
h a l f a minute warmup o f the instrument) 
move t h e VERT. CENTER and HORIZ . 
CENTER c o n t r o l s s l i g h t l y , a s i t may 
be o f f s c r e e n . 

H. A d j u s t t h e VERT. CENTER and HORIZ. 
CENTER c o n t r o l s u n t i l t h e d o t i s i n 
the e x a c t c e n t e r o f t he s c r e e n , and 
a d j u s t the FOCUS c o n t r o l f o r s h a r p ­
e s t i m a g e . U s u a l l y the f i n e s t f o c u s 
i s o b t a i n e d a t l o w i n t e n s i t y . 

I . Now s l o w l y i n c r e a s e the HORIZ. GAIN, 
and n o t e t ha t the d o t w i l l expand t o a 
l i n e a c r o s s the face o f the tube . This 
i s the h o r i z o n t a l sweep, and the l i n e 
w i l l r e t u r n t o a d o t i f t h e HORIZ. 
SEL. i s t u r n e d t o HORIZ. IN. p o s i ­

t i o n . Th i s i s because i n t h i s p o s i t i o n 
the i n t e r n a l sweep o s c i l l a t o r i s turned 
o f f , and t h e h o r i z o n t a l a m p l i f i e r i s 
c o n n e c t e d d i r e c t l y t o the HORIZ. IN. 
b i n d i n g p o s t . Any s i g n a l a p p l i e d t o 
t h e HORIZ . IN. b i n d i n g p o s t w i l l 
cause the l i n e t o lengthen h o r i z o n t a l l y 
i n p r o p o r t i o n t o the peak va lue o f the 
a p p l i e d s i g n a l . 

J. W i t h t h e HORIZ . SEL. c o n t r o l s t i l l 
in t h e H O R I Z . I N . p o s i t i o n , a p p l y 
the 6 0 ~ a c s i g n a l f rom t h e b i n d i n g 
p o s t on the f r o n t pane l t o the VERT. 
I N . b i n d i n g p o s t . Turn t h e H O R I Z . 
GAIN c o n t r o l f u l l y c o u n t e r c l o c k w i s e , 
and s l o w l y i n c r e a s e t h e VERT. GAIN. 
The d o t w i l l now expand i n t o a v e r t i c a l 
l i n e , which i s the t r ace o f the e l e c t r o n 
beam caused by the a l t e r n a t i n g v o l t a g e 
a p p l i e d t o t h e v e r t i c a l d e f l e c t i n g 
p l a t e s o f the cathode ray tube , through 
the v e r t i c a l a m p l i f i e r . The h e i g h t o f 
t h i s l i n e i s p r o p o r t i o n a l t o the peak 
v a l u e o f t h e v o l t a g e . a p p l i e d . 

K. Turn the SWEEP RANGE c o n t r o l t o t he 
1 6 - 1 2 0 c y c l e p o s i t i o n and s l o w l y i n ­
c r e a s e t h e h o r i z o n t a l g a i n u n t i l t h e 
t o t a l t r a c e width i s about three or four 
i n c h e s . By c a r e f u l adjustment o f the 
SWEEP VERNIER, and t h e SYNC. AMP. 
c o n t r o l s a s t a t i o n a r y s i n e wave pa t t e rn 
can be o b t a i n e d , showing s e v e r a l c y c l e s 
o f the waveform o f the 60 c y c l e s i g n a l 
a p p l i e d to the v e r t i c a l a m p l i f i e r . I t 
i s the b e s t p r o c e d u r e t o a d j u s t t he 
SWEEP VERNIER w i t h t h e SYNC. AMP. 
at f u l l c o u n t e r c l o c k w i s e , u n t i l the 
p a t t e r n i s as s t a t i o n a r y as p o s s i b l e , 
then u se o n l y as much s y n c , s i g n a l as 
n e c e s s a r y . 

L . R o t a t e t h e SWEEP VERNIER t o o b t a i n 
p a t t e r n s c o n t a i n i n g up t o 3 c y c l e s o f 
t h e s i n e w a v e . T h i s i n d i c a t e s t he 
manner in which a c o n v e n i e n t number o f 
c y c l e s o f the v o l t a g e under examinat ion 
may be d i s p l a y e d . 

2. Summary of Control Functions: 
A. INTENSITY. V a r i e s t h e b r i g h t n e s s 

o f t h e i m a g e , by c h a n g i n g t h e b i a s 
on t h e c a t h o d e r a y t u b e . 

B. FOCUS. C o n t r o l s t h e w i d t h o f t h e 
imagefo rming e l e c t r o n beam by v a r y i n g 
the p o t e n t i a l a p p l i e d t o the f o c u s i n g 
e l e c t r o d e o f t h e c a t h o d e r a y t u b e . 



C. VERT. CENTER. Moves t he c e n t e r l i n e 
( z e r o v o l t a g e p o s i t i o n ) o f t he image 
up o r down by a p p l y i n g f i x e d p o t e n t i a l 
d i f f e r e n c e s be tween the v e r t i c a l d e ­
f l e c t i n g p l a t e s . 

D. HORIZ. CENTER. M o v e s t h e s w e e p c e n ­
t e r l i n e ( z e r o sweep p o s i t i o n ) t o the 
l e f t o r r i g h t by a p p l y i n g f i x e d po ten ­
t i a l d i f f e r e n c e s between the h o r i z o n t a l 
d e f l e c t i n g p l a t e s . 

E. HORIZ. SEL. A l l o w s the s w e e p t o be 
s y n c h r o n i z e d by an e x t e r n a l s i g n a l 
when i n t he EXT. SYNC, p o s i t i o n , o r 
by an i n t e r n a l s i g n a l from the v e r t i c a l 
a m p l i f i e r when i n the INT. SYNC, p o s ­
i t i o n . When t h i s s w i t c h i s i n t he 
HORIZ . IN . p o s i t i o n , t h e i n t e r n a l 
s w e e p m u l t i v i b r a t o r i s i n o p e r a t i v e 
and the beam i s d e f l e c t e d h o r i z o n t a l l y 
by t h e s i g n a l o n t h e HORIZ. IN . 
b i n d i n g p o s t s . 

F. VERT. ATTENUATOR. R e d u c e s the h e i g h t 
o f the v e r t i c a l t r a c e by a t t e n u a t i n g 
t h e s i g n a l f e d f r o m t h e VERT. I N . 
t e r m i n a l t o t h e c a t h o d e f o l l o w e r . 
Wi th t h e VERT. GAIN c o n t r o l s e t t o 
f u l l c l o c k w i s e p o s i t i o n , the 0-2 p o s i ­
t i o n a p p l i e s f u l l s i g n a l t o the input 
c a t h o d e f o l l o w e r , t h e 2 - 4 0 a p p l i e s 
l / 2 0 t h o f the s i g n a l , e t c . The VERT. 
GAIN c o n t r o l f u r t h e r r e d u c e s the pa t ­
t e rn h e i g h t as d e s c r i b e d in " G " below. 
The VERTICAL ATTENUATOR p o s i t i o n s 
a re marked i n v o l t s t o make the p r o p e r 
s e t t i n g s i m p l e r . 

G. VERT. GAIN. V a r i e s h e i g h t o f t r a c e 
by changing the amount o f s i g n a l f ed t o 
the v e r t i c a l a m p l i f i e r from the i npu t 
c a t h o d e f o l l o w e r . A l t h o u g h the t r a c e 
h e i g h t can be made very small by r o t a t ­
i n g t h i s c o n t r o l , i t i s s t i l l p o s s i b l e 
t o o v e r l o a d the ca thode f o l l o w e r , which 
i s a h e a d . T h e r e f o r e t he VERT. A T ­
TENUATOR s h o u l d a l w a y s be s e t a t the 
maximum a t t e n u a t i o n p o s i t i o n c o n ­
s i s t e n t w i t h d e s i r e d t r a c e h e i g h t . 

H. SYNC. AMP. S t a b i l i z e s t h e t r a c e . 
P r o v i d e s f o r a p p l i c a t i o n o f a s y n ­
c h r o n i z i n g v o l t a g e t o the h o r i z o n t a l 
s w e e p o s c i l l a t o r . 

I . H O R I Z . GAIN. E x p a n d s t h e i m a g e i n 
a h o r i z o n t a l d i r e c t i o n b y v a r y i n g 
t h e o u t p u t o f t he c a t h o d e f o l l o w e r . 
Note that t h i s c o n t r o l does no t vary the 

p o r t i o n o f the s i g n a l a t t h e HORIZ. 
IN. t e r m i n a l which i s a p p l i e d t o t he 
c a t h o d e f o l l o w e r . I t i s " w i d e o p e n " 
a l l t he t i m e and can be o v e r l o a d e d 
r e g a r d l e s s o f t h e s e t t i n g o f t h e 
HORIZ. GAIN c o n t r o l . As a f u l l f i v e 
i n c h e s o f h o r i z o n t a l d e f l e c t i o n i s 
o b t a i n e d from abou t . 1 5 v o l t s i n p u t 
w i th f u l l g a i n a p p l i c a t i o n o f h i g h e r 
v o l t a g e s i s u n n e c e s s a r y . 

J . SWEEP RANGE. S e t s t h e f r e q u e n c y 
range on the h o r i z o n t a l sweep o s c i l l a t o r 
w i t h i n w h i c h t h e SWEEP VERNIER o p ­
e r a t e s . The top o f the range i s i n d i ­
c a t e d by the number on the r i g h t s i d e 
o f the mark t o wh ich the SWEEP RANGE 
s w i t c h i s s e t and t h e b o t t o m o f t he 
range i s i n d i c a t e d by the number t o the 
l e f t o f the mark. For example, i f i t i s 
s e t between the 1 6 ~ mark and the 1 2 0 ~ 
m a r k , t h e SWEEP VERNIER w i l l v a r y 
the sweep r a t e be tween 16 c y c l e s and 
120 c y c l e s . 

K. SWEEP VERNIER. V a r i e s s m o o t h l y t h e 
f r e q u e n c y o f t h e s w e e p o s c i l l a t o r 
between the l i m i t s s e t by the p o s i t i o n 
o f t h e SWEEP RANGE c o n t r o l . 

APPLICATIONS 

E f f i c i e n t a p p l i c a t i o n o f the Type 405 S e r v i c e 
O s c i l l o s c o p e i s dependent upon the u s e r be ing 
a c q u a i n t e d wi th c h a r a c t e r i s t i c s and l i m i t a ­
t i o n s w h i c h a r e d e s c r i b e d b e l o w , P r o p e r l y 
u s e d , t h i s i n s t r u m e n t w i l l be f o u n d t o be 
h i g h l y e f f e c t i v e i n the s t u d y and s e r v i c i n g 
o f a l l t y p e s o f e l e c t r i c a l and e l e c t r o n i c 
e q u i p m e n t , i n c l u d i n g t e l e v i s i o n and r a d i o 
r e c e i v e r s , t e l e v i s i o n and r a d i o t r a n s m i t t e r s , 
amateur and p o l i c e t r ansmi t t e r s and r e c e i v e r s , 
and i n d u s t r i a l and l a b o r a t o r y e q u i p m e n t . 

1. Line Voltage and Frequency. The S y l v a n i a 
Type 405 S e r v i c e O s c i l l o s c o p e i s d e s i g n e d 
t o o p e r a t e on an a c power l i n e wi th the 
nominal v o l t a g e o f 117 v o l t s and a f r e ­
quency o f 50 o r 60 c y c l e s . I t w i l l opera te 
s a t i s f a c t o r y on l i n e v o l t a g e s f rom 105 
t o 1 2 5 v o l t s . 

2 . Cathode Ray Tube Cushion and Graph Mask. 
The cathode r a y t u b e i s p r o t e c t e d by a 
r u b b e r c u s h i o n w h i c h i s c o n s t r u c t e d s o 



Fig . 2—Inpu t lead termination recommended for accurate observation of 
pulses. The capacitance should be adjusted to be equal to about 1 0 % of the 
combined capacitance of the lead and the input capacitance of the vertical 
amplif ier. 

Fig. 3—Def lect ion of the cathode-ray beam caused by the application of d-c 
voltages directly to the deflection plates. The no-voltage position of the lumin­
ous spot is shown at (A ) . The deflections caused by voltages of opposite 
polarity on the horizontal plates are shown at (B) and (C ) , and for the vertical 
plates at (D) and (E) . The effect of a d-c voltage on both sets of plates is 
shown at (F ) . 

Fig . 4 — A straight line pattern results as the cathode-ray beam swings back 
and forth under the inf luence of an a-c voltage. A vertical or horizontal line 
results when the voltage is applied to the vertical (A ) or horizontal (B) deflec­
tion plates. A diagonal line results when an a-c voltage is applied to both 
vertical and horizontal plates, either in phase or 180° out of phase (C) or (D) . 



t h a t a p a p e r l i g h t s h i e l d may be u s e d 
i f d e s i r e d . A p l a s t i c g r a p h mask i s 
p l a c e d i n f r o n t o f t h e t u b e t o a i d i n 
m e a s u r i n g and c o m p a r i n g t h e v o l t a g e s 
o f w a v e f o r m s d i s p l a y e d on the s c r e e n . 

3 . Sensitivity. The high maximum s e n s i t i v i t y 
o f 30 m i l l i v o l t s rms per inch o f d e f l e c t i o n 
s o m e t i m e s c a u s e s u n w a n t e d p i c k u p f rom 
e x t r a n e o u s f i e l d s when a n o n s h i e l d e d 
h i g h i m p e d a n c e l e a d i s u s e d w i t h f u l l 
g a i n s e t t i n g . The v e r t i c a l d e f l e c t i o n 
a m p l i f i e r has a maximum g a i n o f a p p r o x i ­
m a t e l y 550 a n d , t h e r e f o r e , t h e VERT. 
IN. o r H O R I Z . I N . t e r m i n a l s may p i c k 
up n o t i c e a b l e i n t e r f e r e n c e from s t r a y a c 
f i e l d s i n the v i c i n i t y o f the ins t rument . 

In the a c c u r a t e measurement o f r a p i d l y 
r i s i n g p u l s e s , i t i s adv isab le t o terminate 
t h e v e r t i c a l i n p u t l e a d s as shown i n 
F i g . 2 . T h i s r e d u c e s t he s e n s i t i v i t y 
o f the o s c i l l o s c o p e by a f a c t o r o f about 
10 bu t i t a l s o r e d u c e s t h e c a p a c i t a n c e 
i n p r o p o r t i o n . 

4 . Horizontal Input Voltage. The c o m b i n e d 
a c and d c v o l t a g e a p p l i e d t o the HORIZ. 
IN. t e rmina l s should not e x c e e d 600 v o l t s . 

5 . Vertical Input Voltage. The combined a c and 
d c v o l t a g e a p p l i e d t o t h e VERT. IN. 
t e r m i n a l s s h o u l d n o t e x c e e d 600 v o l t s . 
With the s t e p a t t e n u a t o r in the h i g h e s t 
s e t t i n g c o n s i s t e n t w i t h ample s i z e o f 
pa t te rn high input v o l t a g e s may be a p p l i e d 
w i t h o u t o v e r l o a d i n g t h e a m p l i f i e r . I t 
i s s u g g e s t e d tha t t he VERT. GAIN c o n t r o l 
be s e t a t about h a l f s c a l e and the VERT. 
ATTEN. c o n t r o l tu rned t o o b t a i n a p p r o x i ­
m a t e l y t h e d e s i r e d v e r t i c a l d e f l e c t i o n . 
The VERT. GAIN c o n t r o l can be u s e d then 
t o a d j u s t the d e f l e c t i o n t o the d e s i r e d 
amount . Care must be e x e r c i s e d n o t t o 
c a u s e d i s t o r t i o n i n t h e s h a p e o f t h e 
c u r v e by o v e r l o a d i n g t he o s c i l l o s c o p e 
a m p l i f i e r s . 

6 . Frequencies higher than 700 kc. The 
r e s p o n s e o f t he S y l v a n i a S e r v i c e O s c i l l o ­
s c o p e , T y p e 405 i s a p p r o x i m a t e l y 6 d b 
down a t 1 m e g a c y c l e , and 12 d b a t 1.5 
m e g a c y c l e s . 

7 . Voltage, Current and Frequency Measurement. 
A. Voltage Measurement. The p o s i t i o n s 

o f t h e l uminous d o t shown i n F i g . 3 
i n d i c a t e how the s p o t i s d e f l e c t e d 
away from i t s a t - r e s t c e n t e r p o s i t i o n 
t o v a r i o u s l o c a t i o n s on the s c r e e n by 

a p p l y i n g d c v o l t a g e s d i r e c t l y t o 
the d e f l e c t i n g p l a t e s . The p a t t e r n s 
i n F i g . 4 s h o w t h e s t r a i g h t - 1 i n e 
t r a c e s o b t a i n e d when the s p o t s w i n g s 
r a p i d l y b a c k and f o r t h u n d e r t h e 
i n f l u e n c e o f a l t e r n a t i n g v o l t a g e s 
a p p l i e d i n v a r i o u s ways t o the d e ­
f l e c t i n g p l a t e s . T h e s e p a t t e r n s 
a r e o b t a i n e d w i t h t h e h o r i z o n t a l 
l i n e a r s w e e p o s c i l l a t o r s w i t c h e d 
o f f . The e l e c t r o s t a t i c d e f l e c t i o n 
ca thode ray tube i s a v o l t a g e - o p e r a t e d 
d e v i c e , s i n c e d e f l e c t i o n o f i t s e l e c ­
tron beam i s accomplished by s e t t i n g up 
p o t e n t i a l d i f f e r e n c e s on p a r a l l e l 
p l a t e s , between which the beam p a s s e s . 
Goth ho r i zon t a l and v e r t i c a l d e f l e c t i o n 
are p r o p o r t i o n a l t o the in s t an taneous 
va lue s o f appl ied h o r i z o n t a l and v e r t i ­
c a l s i g n a l v o l t a g e s . These v o l t a g e 
v a l u e s may be de te rmined by measuring 
the length o f the t r a c e s they p roduce , 
p r o v i d i n g t h e v i e w i n g s c r e e n i s 
c a l i b r a t e d . 

When an a l t e r n a t i n g v o l t a g e i s a p p l i e d 
t o the v e r t i c a l d e f l e c t i n g p l a t e s , the 
s p o t i s s h i f t e d v e r t i c a l l y up and down 
from the c e n t e r o f the s c r e e n by the 
p o s i t i v e and n e g a t i v e h a l f - c y c l e s , 
r e s p e c t i v e l y . When the same v a l u e o f 
a l t e r n a t i n g v o l t a g e i s a p p l i e d t o the 
v e r t i c a l p l a t e s and a l i n e a r s w e e p 
v o l t a g e i s a p p l i e d t o the h o r i z o n t a l 
d e f l e c t i n g p l a t e s , the p a t t e r n on the 
s c r e e n t a k e s t h e same s h a p e a s t h e 
v o l t a g e app l i ed to the v e r t i c a l p l a t e s 
when the sweep f r e q u e n c y i s a d j u s t e d 
t o an i n t e g r a l m u l t i p l e o f i t s f r e ­
q u e n c y . T h i s p a t t e r n i s shown i n 
F i g . 5 . The t r a c e s h o w s n o t o n l y 
p o s i t i v e and n e g a t i v e peak v o l t a g e 
v a l u e s , b u t t h e w a v e f o r m a s well. 

A d d i t i o n a l i n f o r m a t i o n g a i n e d from a 
s t u d y o f t h e p a t t e r n i n c l u d e s , ( 1 ) 
w h e t h e r t h e p o s i t i v e and n e g a t i v e 
peaks are o f the same a m p l i t u d e , ( 2 ) 
w h e t h e r t h e v o l t a g e i s a t r u e s i n e 
wave o r whe ther i t i s d i s t o r t e d , and 
( 3 ) w h e t h e r t h e v o l t a g e under s t u d y 
has c o n s t a n t f r e q u e n c y . 

V o l t a g e r e l a t i o n s o f the s i n e wave 
t r a c e s a r e i l l u s t r a t e d by F i g . 6 . 
The h e i g h t , measured from the c e n t e r 
o f the s c r e e n t o the upper t i p o f the 
image , i n d i c a t e s the peak v o l t a g e o f 
the p o s i t i v e h a l f - c y c l e . T h i s i s the 
d i s t a n c e OA. S i m i l a r l y , OB ( t h e d i s -



Fig. 5 — T h e voltage waveform produced 
when the saw-tooth sweep voltage is applied 
to the horizontal plates, and an a-c voltage 
to the vertical plates. 

Fig. 6—Vol tage relations of the sine wave. 
The zero base line is xx. The positive peak 
value is at A , the negative peak value at B , 
the rms value at C and the average value 
at D. 

Fig. 7—Lissajous f igure for a frequency 
ratio of 2 to 1 . In (A ) the higher frequency 
is applied to the vertical plates and in (B) to 
the horizontal plates. 

Fig. 8—Lissa jous f igures for the frequency 
ratios of 3 to 2 (A ) and 3 to 1 ( B ) . 



t ance measured down from c e n t e r t o the 
l o w e r t i p o f the p a t t e r n ) i n d i c a t e s 
the peak v o l t a g e o f the nega t i ve ha l f -
c y c l e . For a s i n e wave , d i s t a n c e OC 
i s 7 0 . 7 % o f t h e u p p e r h a l f , a n d , 
t h e r e f o r e , i n d i c a t e s the e f f e c t i v e or 
rms v o l t a g e o f the p o s i t i v e h a l f - c y c l e , 
w h i l e d i s t a n c e OD i s 7 0 . 7 % o f the 
lower h a l f and i n d i c a t e s the rms v o l t ­
age o f the nega t i ve h a l f - c y c l e . These 
p o i n t s a re s o m e t i m e s r e f e r r e d t o as 
" h a l f - p o w e r " p o i n t s . D i s t a n c e AB, 
f rom o n e t i p o f the p a t t e r n t o t he 
o t h e r , i n d i c a t e s t h e p e a k - t o - p e a k 
v o l t a g e . A po in t 63.6% o f the h i g h e s t 
peak above or be low c e n t e r would i n d i ­
c a t e the a v e r a g e v o l t a g e o f the s i n e 
wave h a l f - c y c l e . 

Current Measurement. The c u r r e n t i n 
any c i r c u i t may be o b s e r v e d by i n ­
s e r t i n g a r e s i s t a n c e o f v e r y l o w 
v a l u e i n s e r i e s w i t h t h e c i r c u i t 
under t e s t and c o n n e c t i n g the VERT. 
IN. t e r m i n a l s a c r o s s i t . B e c a u s e 
the v o l t a g e a c r o s s a pure r e s i s t a n c e 
and t h e c u r r e n t t h r o u g h i t a r e e x ­
a c t l y i n phase w i t h e a c h o t h e r , t he 
c u r v e o f v o l t a g e a p p e a r i n g on t h e 
s c r e e n o f the o s c i l l o s c o p e r e p r e s e n t s 
a t r u e c u r v e o f c u r r e n t t h r o u g h the 
r e s i s t a n c e . The r e s i s t a n c e must be 
as s m a l l as p o s s i b l e , s o as n o t t o 
i n t e r f e r e w i t h t he o p e r a t i o n o f the 
c i r c u i t , and y e t g i v e s u f f i c i e n t 
v o l t a g e d r o p t o p r o d u c e a c o n v e n i e n t 
p a t t e r n s i z e o n t h e o s c i l l o s c o p e 
s c r e e n . I f the v o l t a g e c a l i b r a t i o n 
o f t h e o s c i l l o s c o p e and t h e v a l u e 
o f the r e s i s t a n c e b o t h a r e k n o w n , 
the v a l u e o f the c u r r e n t can be com­
p u t e d by u s e o f O h m ' s l a w . 

Frequency Measurements. F r e q u e n c y 
measurements are made by comparing any 
unknown f r e q u e n c y w i t h any known f r e ­
q u e n c y , i f two s i n e w a v e s o f t h e 
same f requency are a p p l i e d t o the v e r ­
t i c a l and h o r i z o n t a l i n p u t s o f t h e 
o s c i l l o s c o p e , a s t r a i g h t l i n e w i l l 
appea r on t he s c r e e n i f t h e y a r e i n 
phase o r a r e 180 o u t o f phase w i t h 
e a c h o t h e r , as shown i n F i g s . 4 ( C ) 
and ( D ) . 

I f the two v o l t a g e s are a t d i f f e r e n t 
f r e q u e n c i e s , a p a t t e r n known as a 
L i s s a j o u s F i g u r e w i l l be p r o d u c e d on 
t he s c r e e n . Fo r v a r i o u s r a t i o s o f 
the two f r e q u e n c i e s d e f i n i t e p a t t e r n s 

a re p r o d u c e d . Fo r a r a t i o o f 2 t o 1 
t he p a t t e r n i s as shown in F i g . 7 . 
The p a t t e r n s f o r the r a t i o s o f 3 t o 2 
and 3 t o 1 a re shown i n F i g s . 8 ( A ) 
and ( B ) . The formula f o r d e t e r m i n i n g 
the f r e q u e n c y r a t i o f rom i n s p e c t i o n 
o f t h e p a t t e r n i s b a s e d u p o n t h e 
number o f t i m e s t h e c u r v e o f t h e 
p a t t e r n t o u c h e s a h y p o t h e t i c a l h o r i ­
z o n t a l l i n e a t t h e b o t t o m o f t h e 
p a t t e r n and t h e number o f t i m e s i t 
t o u c h e s ano ther h y p o t h e t i c a l v e r t i c a l 
l i n e a t the one s i d e o f the p a t t e r n . 
The f o r m u l a i s shown b e l o w : 

This method i s v e r y u s e f u l f o r d e t e r ­
m i n i n g t he f r e q u e n c y o f an unknown 
s i g n a l when a n o t h e r s i g n a l , w h o s e 
e x a c t f r e q u e n c y i s known, i s a v a i l ­
a b l e . C a r e must b e e x e r c i s e d n o t 
t o have an e x c e s s i v e number o f point ' s 
t o c o u n t . I t may be d e s i r a b l e some­
times t o i n c r e a s e the f requency o f the 
r e f e r e n c e s i g n a l t o reduce the number 
o f p o i n t s . 

8 . Television Receiver Servicing. The S y l -
v a n i a S e r v i c e O s c i l l o s c o p e Type 405 i s 
ind i spensab le i n the s e r v i c i n g o f t e l e v i s i o n 
r e c e i v e r s . I t n o t o n l y s a v e s t i m e , but 
i t makes many s e r v i c e o p e r a t i o n s p o s s i b l e . 
I t i s v e r y o f t e n used in c o n j u n c t i o n with 
o t h e r t e s t i n s t r u m e n t s s u c h a s s w e e p 
s i g n a l g e n e r a t o r s and marker g e n e r a t o r s . 

The d i s c u s s i o n g iven he re o f the a p p l i c a ­
t i o n s o f the S y l v a n i a S e r v i c e O s c i l l o s c o p e 
Type 405 i n the s e r v i c i n g o f t e l e v i s i o n 
r e c e i v e r s must n e c e s s a r i l y be very genera l . 
T e l e v i s i o n c i r c u i t s are c o m p l e x i n t h e i r 
d e s i g n and o p e r a t i o n , and t h e r e a re many 
m a n u f a c t u r e r s i n the f i e l d . W h i l e the 
b a s i c d e s i g n o f a l l may be the same, the 
d e t a i l s o f each r e c e i v e r may be d i f f e r e n t 
and i t i s f o r t h i s reason that the s e r v i c e ­
man s h o u l d r e f e r t o t h e m a n u f a c t u r e r ' s 
s e r v i c e n o t e s f o r d e t a i l e d in fo rmat ion and 
i n s t r u c t i o n s f o r a p a r t i c u l a r r e c e i v e r . 



Fig. 9—Inst rument connections for observing the response curve of a video i-f amplif ier. 

Fig. 10—Standard video i-f response curve pro­
duced by the instrument setup shown in F ig . 11 . 



A . Video I F Stages. The instruments re ­
q u i r e d f o r the a l ignment o f the v i d e o 
I F s t a g e s a re an o s c i l l o s c o p e ( S y l -
vania Type 4 0 5 ) , sweep s i g n a l genera tor 
( S y l v a n i a T y p e 5 0 0 ) , and a marker 
g e n e r a t o r or an a c c u r a t e l y c a l i b r a t e d 
s i g n a l g e n e r a t o r c o v e r i n g the v i d e o 
I F r a n g e , ( S y l v a n i a T y p e 5 0 1 ) . 

There are two main types o f I F c i r ­
c u i t s t o be d i s c u s s e d h e r e . In the 
f i r s t , the sound p o r t i o n o f the s igna l 
i s removed from the v i d e o p o r t i o n j u s t 
ahead o f the I F s t a g e s , and in the 
s e c o n d , known as the i n t e r - c a r r i e r 
s o u n d t y p e , t he s o u n d i s t a k e n o f f 
a f t e r t he v i d e o d e t e c t o r and v i d e o 
a m p l i f i e r . The d i f f e r e n c e i n t h e 
p r o c e d u r e f o r the d i f f e r e n t t y p e s o f 
c i r c u i t w i l l be p o i n t e d o u t . 

To o b s e r v e the I F r e sponse c u r v e o f 
a t e l e v i s i o n r e c e i v e r , an o s c i l l o s c o p e 
i s connected t o the v ideo d e t e c t o r c i r ­
c u i t as shown in Fig . 9 . The 60 c y c l e 
square wave r e s p o n s e o f the o s c i l l o ­
s c o p e must be g o o d , as in the S y l v a n i a 
Type 405 , t o a v o i d d i s t o r t i o n o f the 
r e s p o n s e c u r v e . 

The output o f the sweep s i g n a l genera­
t o r , s e t at about the cen te r f requency 
g i v e n by the r e c e i v e r manufacturer i s 
f i r s t c o n n e c t e d t o the g r i d c i r c u i t 
o f the l a s t v i d e o I F s t a g e . The s i g ­
nal sweep wid th s h o u l d be s e t a t ap­
p r o x i m a t e l y e i g h t t o ten m e g a c y c l e s 
t o c o v e r a d e q u a t e l y t h e p a s s - b a n d 
o f t h e I F s t a g e and t h e a d j a c e n t 
s o u n d c h a n n e l . The GND t e r m i n a l s 
o f the Type 405 o s c i l l o s c o p e shou ld be 
c o n n e c t e d t o the ground t e r m i n a l s o f 
t h e s w e e p g e n e r a t o r and t h e SWEEP 
RANGE c o n t r o l t u r n e d t o the 1 6 - 1 2 0 
c y c l e p o s i t i o n . 

The r e s p o n s e c u r v e o f the v i d e o I F 
s tage w i l l now appear on the s c r e e n o f 
the o s c i l l o s c o p e . I t w i l l be s i m i l a r 
in shape t o the curve shown in F ig . 1 0 , 
f o r a p a s s - b a n d I F a m p l i f i e r . The 
o s c i l l o s c o p e c o n t r o l s should be s e t f o r 
a convenient pat tern s i z e and the phas­
ing c o n t r o l o f the o s c i l l o s c o p e adjusted 
t o make the curve as c l o s e as p o s s i b l e 
t o a s i n g l e curve conformat ion . Due t o 
t h e f a c t t h a t b o t h o s c i l l o s c o p e and 
s i g n a l g e n e r a t o r sweep v o l t a g e s a r e 
t aken i n d u c t i v e l y from the a c l i n e , 

i t may sometimes be d e s i r a b l e t o r e ­
verse the l i n e - c o r d p lug in one o f the 
two in s t rumen t s , t o make the r e sponse 
c u r v e s come t o g e t h e r . 

In the s tagger- tuned c i r c u i t s the mark­
e r gene ra to r shou ld be s e t t o the f r e ­
quency o f the l a s t s t age i n accordance 
wi th the manufac tu re r ' s s e r v i c e n o t e s 
and the output lead l o o s e l y coup led to 
the same p o i n t in the r e c e i v e r c i r c u i t 
where the sweep genera tor i s connec ted . 
T h i s w i l l p roduce a " p i p " in the r e ­
s p o n s e c u r v e on the s c r e e n . I f t h e 
p i p d o e s n o t appear where d e s i g n a t e d 
by t he r e c e i v e r m a n u f a c t u r e r , t h e 
trimmer o r tuning s lug on the l a s t I F 
s tage should be adjusted u n t i l i t d o e s . 

In the band-pass c i r c u i t s , the marker 
g e n e r a t o r s h o u l d be s e t t o the f r e ­
q u e n c i e s i n d i c a t e d by t h e r e c e i v e r 
manufac ture r , and the cu rve f i t t e d t o 
the c o r r e c t marker p ips by adjustments 
o f the I F tr immers o r t un ing s l u g s , 
in accordance with the i n s t r u c t i o n s in 
the s e r v i c e n o t e s f o r the p a r t i c u l a r 
r e c e i v e r unde r t e s t . 

The o u t p u t s i g n a l s f rom the s w e e p 
g e n e r a t o r and the marker gene ra to r a re 
now c o n n e c t e d t o the g r i d c i r c u i t o f 
the p r e c e d i n g v i d e o I F s t age and the 
procedure repeated , using the s p e c i f i e d 
s e t t i n g s f o r the f r e q u e n c i e s o f bo th 
g e n e r a t o r s . The amplitude o f the o u t ­
put s i g n a l o f each gene ra to r shou ld be 
a d j u s t e d t o produce a good p a t t e r n on 
the s c r e e n . The adjustments j u s t made 
on t he p r e v i o u s s t a g e s h o u l d n o t be 
d i s t u r b e d . T h i s p r o c e d u r e s h o u l d be 
r epea t ed f o r each I F s t age u n t i l the 
g r i d o f the c o n v e r t e r tube i s r e a c h ­
ed . I f the r e c e i v e r had been badly out 
o f a l i g n m e n t i t may be a d v i s a b l e t o 
repeat the e n t i r e procedure in the same 
o r d e r . Be s u r e a l s o t h a t the sound 
t r aps have been a d j u s t e d f o r minimum 
sound r e sponse at the v i d e o d e t e c t o r . 

In r e c e i v e r s wi th i n t e r - c a r r i e r sound 
the c o m p o s i t e I F s t a g e s a r e b r o a d 
enough t o pass the e n t i r e t e l e v i s i o n 
v i d e o and sound s i g n a l , a l t h o u g h the 
sound c a r r i e r i s c o n s i d e r a b l y a t t e n ­
uated. The sound s igna l passes through 



t he same a m p l i f i e r c i r c u i t s as t h e 
v i d e o s i g n a l , up t o a p o i n t j u s t be fo re 
the p i c t u r e t u b e . At t h i s p o i n t , the 
sound s i g n a l a p p e a r s as a f r e q u e n c y 
m o d u l a t e d b e a t between the v i d e o and 
the sound c a r r i e r s . The sound s i g n a l 
i s t r a p p e d o f f h e r e and f e d t o t he 
sound channe l f o r f u r t h e r a m p l i f i c a ­
t i o n . The a l i gnmen t p r o c e d u r e i s in 
g e n e r a l the same a s d e s c r i b e d a b o v e . 
A n o t i c e a b l e m a r k e r p i p s h o u l d be 
o b t a i n a b l e f o r t h e s o u n d c a r r i e r 
i n t e r m e d i a t e f r e q u e n c y and a s t r o n g 
one f o r the v i d e o i n t e r m e d i a t e f r e ­
q u e n c y . No te t h a t i n the v i d e o I F 
s t a g e s t he a d j a c e n t s o u n d c a r r i e r 
w o u l d be a b o v e the v i d e o c a r r i e r i n 
f r equency , due to the i n v e r s i o n o f the 
p a t t e r n i n t h e c o n v e r t e r s t a g e . 

B. R F Stages. The f i r s t s t e p i s t o 
c o n n e c t the o s c i l l o s c o p e t o the output 
o f the v i d e o d e t e c t o r , as was done f o r 
the a l i g n m e n t o f v i d e o . I F s t a g e s . 
The sweep s i g n a l genera tor i s connected 
t o t h e a n t e n n a t e r m i n a l s w i t h i t s 
ou tpu t f r e q u e n c y s e t app rox ima te ly t o 
the m i d - p o i n t f requency o f the channel 
t o be a l i g n e d . Each channel i s a l igned 
i n d i v i d u a l l y . The output l e v e l o f the 
sweep s igna l genera tor i s s e t t o produce 
a good response curve on the sc reen o f 
the o s c i l l o s c o p e , but no t h igh enough 
t o o v e r l o a d the r e c e i v e r c i r c u i t s . 
A v o i d " s q u a r e - t o p p i n g " c a u s e d by 
r e c e i v e r o r o s c i l l o s c o p e o v e r l o a d i n g . 

The curve on the sc reen i s a composi te 
c u r v e f o r the RF and I F s t a g e s , 
and i t i s i m p o r t a n t t o have the I F 
s t a g e s c o r r e c t l y a l i g n e d b e f o r e any 
judgment can be made o f the RF s t ages . 
I f t h e c u r v e i s d e g r a d e d f r o m t h e 
c u r v e o b t a i n e d f o r the I F s t a g e s , 
the R F t u n i n g s h o u l d be r e a d j u s t e d 
f o r the b e s t shape . The c h e c k o f RF 
a l ignment shou ld be r e p e a t e d f o r each 
o f t h e c h a n n e l s . 

To ob ta in the response curve o f the RF 
s t a g e a l o n e , the o s c i l l o s c o p e may b e 
c o n n e c t e d through a demodula tor p robe 
to the g r i d c i r c u i t o f the mixer s t age , 
o r d i r e c t l y a c r o s s the l o w e r h a l f o f 
the mixe r g r i d r e s i s t o r , i f t h i s r e ­
s i s t a n c e i s i n two s e c t i o n s . When the 
response cu rve i s obse rved d i r e c t l y in 
the R F s t a g e the v i d e o c a r r i e r f r e -

quency w i l l be a t the l o w f r e q u e n c y 
s ide o f the curve and the sound c a r r i e r 
at the h igh f r equency s i d e . The s e r ­
v i c e no tes o f the r e c e i v e r manufacturer 
s h o u l d be c o n s u l t e d f o r s p e c i f i c i n ­
s t r u c t i o n s f o r the c o r r e c t p r o c e d u r e 
f o r o b t a i n i n g the R F s t age r e s p o n s e 
c u r v e s . 

The r e s p o n s e c u r v e o f an a m p l i f i e r 
s tage should be o f a smooth c o n f i g u r a ­
t i o n th rough a l l o f i t s b a n d w i d t h s . 
I f o s c i l l a t i o n i s p r e s e n t , the c u r v e 
w i l l l o s e the smooth o u t l i n e and w i l l 
become j a g g e d because o f the i n t e r f e r ­
ence o f the o s c i l l a t i n g v o l t a g e . For 
the e l i m i n a t i o n o f t h i s c o n d i t i o n the 
m a n u f a c t u r e r ' s s e r v i c e n o t e s s h o u l d 
be c o n s u l t e d f o r s p e c i f i c i n s t r u c t i o n s . 
However , the cause may be found t o be 
in p o o r b y p a s s i n g o f t he c a t h o d e , 
s c r e e n , or p l a t e s c i r c u i t s , poor o r no 
s h i e l d i n g , improper v o l t a g e s , o r p o o r 
g r o u n d i n g . 

C. Trouble Shooting by Waveform Analysis. 
The S y l v a n i a Type 405 O s c i l l o s c o p e i s 
v e r y u s e f u l in the o b s e r v a t i o n o f the 
many v o l t a g e and c u r r e n t waveforms i n 
the v a r i o u s p o r t i o n s o f a t e l e v i s i o n 
r e c e i v e r c i r c u i t . At each p o i n t in the 
c i r c u i t the re i s a d e f i n i t e waveform 
r e q u i r e d f o r good o p e r a t i o n . Wi th a 
k n o w l e d g e o f wha t t h e s e w a v e f o r m s 
s h o u l d b e , and the p r o p e r u se o f t he 
o s c i l l o s c o p e , much t ime c a n be s a v e d 
in the s e r v i c i n g o f t e l e v i s i o n r e c e i v e r s . 

The waveforms shown in the accompanying 
p h o t o g r a p h s were o b t a i n e d w i t h t h e 
VERT. IN. t e r m i n a l s o f t he o s c i l l o ­
scope connected to the r e c e i v e r c i r c u i t 
a s i n d i c a t e d f o r each pho tog raph , and 
the h o r i z o n t a l sweep s e t t o an a p p r o ­
p r i a t e f r equency . They are t y p i c a l o f 
what can be p roduced on the s c r e e n o f 
the Type 405 O s c i l l o s c o p e . P r o f i c i e n c y 
i n o b t a i n i n g s i m i l a r c u r v e s w i l l d e ­
v e l o p r a p i d l y wi th e x p e r i e n c e i n the 
use o f the o s c i l l o s c o p e i n s e r v i c i n g 
t e l e v i s i o n r e c e i v e r s . 

For the v i d e o and h o r i z o n t a l d e f l e c t i o n 
waveforms, the o s c i l l o s c o p e sweep f r e ­
quency used i s 7875 c y c l e s and f o r the 
v e r t i c a l d e f l e c t i o n w a v e f o r m s , t h e 
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Fig. 11—Oscil los 
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Fig . 12—Schemat ic diagram of Sylvania television receiver chassis, 1-518-1, 1-518-2 and 1-518-3. 
Photographs of the waveforms on the following pages were made using this receiver. 



* 1 2 B Y 7 (V7 ) V ideo Ampl i f ier 
Control Gr id (P in 2) 3.5 Vol ts 
( P P ) Ver t ica l . 

* 1 2 B Y 7 (V7) V ideo Ampl i f ier 
Control Grid (P in 2) 3.5 Vol ts 
( P P ) Horizontal. 

* 1 2 B Y 7 ( V 7 ) Video Ampl i f ier 
Plate (Pin 7) 75 Vol ts ( P P ) Ve r ­
tical 

* 1 2 B Y 7 (V7 ) V ideo Ampl i f ier 
Plate (P in 7) 75 Vol ts ( P P ) Hor­
izontal. 

1 2 A X 7 (V14) Hor. Sync Separ­
ator and A G C Rect i f ier Cathode 
(Pin 3) 4.0 Volts ( P P ) Horizon­
tal. 

1 2 A X 7 (V14) Hor. Sync Separ­
ator and A G C Rect i f ier Cathode 
(Pin 3) 6 Vol ts ( P P ) Ver t ica l . 

1 2 A X 7 (V14) Hor. Sync Separ­
ator and A G C Rect i f ier Plate 
(P in 1) 45 Vol ts ( P P ) Ver t ica l . 

1 2 A X 7 (V14) Hor. Sync Separ­
ator and A G C Rect i f ier Plate 
(P in 1) 45 Vol ts ( P P ) Horizon­
tal. 

1 2 A X 7 (V14) Sync Separator 
Plate (P in 6) 40 Vol ts ( P P ) Ve r ­
t ical. 

12AU7 (V15 ) Sync Ampl i f ier 
and Clipper Plate (P in 1) 80 
Vol ts ( P P ) Horizontal. 

12AU7 (V15) Sync Ampl i f ier 
and Clipper Plate (P in 1) 90 
Vol ts ( P P ) Ver t ica l . 

6C4 (V16) Vert ical Oscillator 
Plate (P in 1) 180 Vol ts ( P P ) 
Ver t ica l . 



6C4 (V16) Vert ical Oscillator 
Grid (P in 6) 180 Vol ts ( P P ) 
Vert ical . 

6 A H 4 G T (V17) Vert ical Out­
put Plate (P in 5) 700 Vol ts ( P P ) 
Vert ical . 

6 A H 4 G T (V17) Vert ical Out­
put Gr id (P in 1) 85 Vol ts ( P P ) 
Vert ical . 

6 A L 5 (V18) Horizontal Dis­
criminator Plate (Pin 2) 55 
Volts ( P P ) Horizontal. 

6 A L 5 (V18) Horizontal Dis­
criminator Plate (P in 7) 55 
Vol ts ( P P ) Horizontal. 

Vert ical Deflect ion Coils (Test 
Point 1) 70 Vol ts ( P P ) Ver t ica l . 

12BH7 (V20) Horizontal Dis­
charge Plate (P in 6) 85 Vol ts 
( P P ) Horizontal. 

12BH7 (V20) Horizontal Osci l ­
lator Plate (P in 1) 80 Vol ts ( P P ) 
Horizontal. 

6 C B 6 (V19) Horizontal Control 
Plate (P in 5) 70 Vol ts ( P P ) 
Horizontal. 

Note 1 : The terms "Hor i zon ta l " , or " V e r t i c a l " , refer to the oscilloscope sweep employed. 

Note 2 : A l l waveforms are taken with the oscilloscope horizontal sweep direction f rom left to right 
and with upward deflection corresponding to positive polarity. 

Note 3 : A l l waveforms are measured with respect to chassis unless otherwise indicated. 

Note 4: Have Picture Contrast control at maximum. 



sweep frequency i s 30 c y c l e s . By using 
these sweep f r e q u e n c i e s , two c y c l e s o f 
the d e s i r e d wave form are p roduced on 
the o s c i l l o s c o p e s c r e e n . The h o r i z o n ­
t a l sweep d i r e c t i o n i s f r o m l e f t t o 
r i g h t , and t he v e r t i c a l d e f l e c t i o n 
c o r r e s p o n d s t o p o s i t i v e p o l a r i t y . A l l 
waveforms are measured wi th r e s p e c t to 
c h a s s i s u n l e s s o t h e r w i s e s p e c i f i e d . 
Any s e r i o u s v a r i a t i o n from the wave­
forms shown h e r e i n d i c a t e s tha t some 
p o r t i o n o f the c i r c u i t i s f u n c t i o n i n g 
i m p r o p e r l y due t o a d e f e c t i v e o r im­
p r o p e r l y a d j u s t e d componen t , o r as a 
r e s u l t o f p o o r mechan ica l p o s i t i o n i n g 
o f some component o r l e a d w i r e . For 
e x a c t i n f o r m a t i o n on a p a r t i c u l a r r e ­
c e i v e r , the m a n u f a c t u r e r ' s s e r v i c e 
n o t e s s h o u l d be c o n s u l t e d . 

Radio Receiver Servicing: 
A. AM Receivers. A c c u r a t e a l i g n m e n t 

o f AM r e c e i v e r s may be o b t a i n e d by 
u s i n g the Type 405 O s c i l l o s c o p e wi th 
t h e VERT. IN. c o n n e c t e d t o t h e 
v o i c e c o i l o f t h e l o u d s p e a k e r . An 
ampl i t ude modu la t ed s i g n a l g e n e r a t o r 
ac t s t o feed a s i g n a l i n t o the r e c e i v e r 
and the normal p r o c e d u r e o f a l i g n i n g 
the I F and the R F s tages i s f o l l o w e d . 
The o s c i l l o s c o p e i s u s e d as a peak 
v o l t a g e i n d i c a t o r in t h i s method because 
the h o r i z o n t a l d e f l e c t i o n i s not used. 
The pa t t e rn i s a v e r t i c a l s t r a i g h t l i n e . 

In t he s e r v i c i n g o f b e t t e r q u a l i t y 
r e c e i v e r s i t may sometimes be d e s i r a b l e 
t o examine the s e l e c t i v i t y c u r v e s o f 
the v a r i o u s s t a g e s . To do t h i s , the 
VERT. I N . and GND t e r m i n a l s a r e 
c o n n e c t e d a c r o s s t h e d e t e c t o r l o a d 
r e s i s t o r and t h e o u t p u t o f a s w e e p 
s i g n a l g e n e r a t o r i s c o n n e c t e d t o the 
g r i d o f t h e l a s t I F t u b e . The 
frequency o f the sweep genera tor output 
s i g n a l i s s e t t o the I F f r e q u e n c y 
and t h e s w e e p w i d t h s e t t o a v a l u e 
wide enough t o c o v e r the audio band o f 
the s t a g e . F o r t o p g r a d e r e c e i v e r s 
t h i s w o u l d be o f t h e o r d e r o f 10 
t o 15 k c . 

The s e l e c t i v i t y curve w i l l resemble one 
o f the c u r v e s shown i n F i g . 1 3 . The 
tr immers s h o u l d be a d j u s t e d u n t i l the 
c u r v e has the g e n e r a l a p p e a r a n c e o f 

F i g . 13 ( A ) w h i c h i s n e i t h e r t o o 
b r o a d o r t o o s h a r p . 

The sweep gene ra to r lead i s then moved 
t o the g r i d o f the p r e v i o u s I F tube 
and t h e p r o c e s s r e p e a t e d w i t h t h e 
o s c i l l o s c o p e s t i l l connec ted ac ros s the 
d e t e c t o r l o a d r e s i s t o r . The ampl i tude 
o f the s i g n a l from the genera tor shou ld 
be r e d u c e d t o a v o i d o v e r l o a d i n g the 
s t a g e . The p rocedu re i s r e p e a t e d f o r 
each I F s t a g e u n t i l the g r i d o f the 
m i x e r t u b e i s r e a c h e d . 

The next o p e r a t i o n i s t o a l i g n the RF 
s e c t i o n . The f r e q u e n c y o f t he sweep 
s i g n a l g e n e r a t o r and the r e c e i v e r a r e 
both s e t t o 1500 k c . and the trimmers 
on the RF and o s c i l l a t o r s e c t i o n s o f 
the tuning condenser are ad jus ted u n t i l 
a s e l e c t i v i t y c u r v e s i m i l a r t o t h e 
c u r v e o f F i g . 13 ( A ) a p p e a r s on t he 
s c r e e n . The s w e e p g e n e r a t o r a n d 
r e c e i v e r a re then s e t t o 600 k c . and 
the padders o f the tuning condenser are 
ad jus ted i n s t ead o f the tr immers. The 
s e l e c t i v i t y c u r v e s o f the i n d i v i d u a l 
s t a g e s may be o b s e r v e d by u s i n g a d e ­
t e c t o r p r o b e c o n n e c t e d t o the VERT. 
IN. t e rmina l o f the o s c i l l o s c o p e . In 
t h i s way the v a r i o u s s t a g e s can be 
a l i g n e d i n d e p e n d e n t l y , which i s some­
t i m e s v e r y a d v a n t a g e o u s . 

To i n su re a h i g h - f r e q u e n c y pass band, 
i t i s n e c e s s a r y t o o b t a i n a c u r v e 
( p a t t e r n ) wi th a t o p as s t r a i g h t and 
h o r i z o n t a l as p o s s i b l e . The f l a t 
t o p must be o b t a i n e d w i t h o u t c a u s i n g 
t o o much l o s s o f h e i g h t , o r p r o d u c i n g 
t o p t i l t i n g such as i s i l l u s t r a t e d by 
the p a t t e r n in F i g . 13 ( F ) . 

In the a l i g n m e n t o f a h i g h - f i d e l i t y 
r e c e i v e r , the o s c i l l o s c o p e i s connec ted 
a c r o s s the d i o d e l o a d r e s i s t o r . How­
e v e r , when the r e c e i v e r employs a power 
d e t e c t o r i n s t e a d o f t h e d i o d e t y p e , 
t h e VERT. IN. t e r m i n a l o f t he o s ­
c i l l o s c o p e must be c o n n e c t e d t o the 
p l a t e end o f the d e t e c t o r p l a t e l o a d 
r e s i s t o r , and t h e GND t e r m i n a l o f 
the o s c i l l o s c o p e t o c h a s s i s g r o u n d 
o f the r e c e i v e r , o r to B-minus when the 
c h a s s i s i s n o t a t g round p o t e n t i a l . 
The r e c e i v e r m a n u f a c t u r e r ' s s e r v i c e 
n o t e s s h o u l d be c o n s u l t e d f o r t h e 



Fig. 13—Select iv i ty curve of i-f stages obtained using a sweep signal generator. 

Fig. 14—Osci l loscope connections for i-f amplif ier al ignment in an f-m receiver. 



c o r r e c t v a l u e o f b a n d w i d t h and f o r 
s p e c i f i c i n s t r u c t i o n s on the a l i g n ­
ment p r o c e d u r e . 

B. General Alignment Notes. Many r e c e i v e r s 
use p o w d e r e d - i r o n s l u g s f o r i n d u c t i v e 
tuning and tr imming. V i s u a l al ignment 
o f such r e c e i v e r s i s done in the same 
way a s o u t l i n e d a b o v e , e x c e p t t h a t 
s l u g s i n s t e a d o f c a p a c i t o r s must be 
a d j u s t e d i n t h e v a r i o u s s t a g e s . No 
s p e c i a l c o n n e c t i o n s , n o t a l r e a d y 
c o v e r e d , n e e d b e m a d e . 

In an a l l - w a v e r e c e i v e r , a l ignment o f 
the f r o n t end o f s e t must be comple ted 
f o r e a c h s e t t i n g o f the band s w i t c h . 
The g e n e r a t o r must be s e t s u c c e s s i v e l y 
to f r e q u e n c i e s near the t o p and bot tom 
o f e a c h wave band , j u s t a s t h e f r e ­
q u e n c i e s o f 1500 and 600 k c . were used 
f o r a l i gnmen t o f the b r o a d c a s t r ange . 
A l i g n m e n t o f I F and 2 n d d e t e c t o r 
s t a g e s n e e d be p e r f o r m e d o n l y o n c e . 

O c c a s i o n a l l y the c o n n e c t i o n o f an o s ­
c i l l o s c o p e t o a r ad io r e c e i v e r r e s u l t s 
i n p ickup o f o u t s i d e s i g n a l s , n o i s e , or 
hum v o l t a g e ; o r i n i n t e r n a l r egene ra ­
t i o n o r o s c i l l a t i o n . E i t h e r o f t h e s e 
c o n d i t i o n s w i l l c a u s e m o d u l a t i o n o r 
d i s t o r t i o n o f t h e p a t t e r n o n t h e 
s c r e e n . Usual ly a s h o r t , w e l l - s h i e l d e d 
l e a d t o the v e r t i c a l i n p u t t e r m i n a l s 
w i l l c o r r e c t the t r o u b l e . In s tubborn 
c a s e s , i t may be necessa ry t o inc lude a 
5 0 , 0 0 0 t o 1 0 0 , 0 0 0 ohm s e r i e s r e s i s t o r 
in the v e r t i c a l input l e a d as c l o s e as 
p r a c t i c a b l e t o the p o i n t o f c o n t a c t 
in t h e r e c e i v e r c i r c u i t . 

C. FM Receivers. An FM r e c e i v e r i s 
v e r y s i m i l a r t o , and o f t e n i d e n t i c a l 
w i t h , an AM s u p e r h e t e r o d y n e r e ­
c e i v e r f r o m the a n t e n n a and g r o u n d 
t e r m i n a l s through the I F a m p l i f i e r . 
The a u d i o s t a g e s are the same as in an 
AM r e c e i v e r . The p o i n t o f d i f f e r e n c e 
i s t ha t the AM r e c e i v e r u t i l i z e s a 
s e c o n d d e t e c t o r be tween the I F and 
the AF a m p l i f i e r s , w h i l e t he F M 
r e c e i v e r u s e s a d i s c r i m i n a t o r ( o f t e n 
preceded by one o r more l i m i t e r s t a g e s ) 
i n t h i s same p o s i t i o n . More r e c e n t l y -
d e s i g n e d FM r e c e i v e r s e m p l o y a 
s p e c i a l t y p e o f d i s c r i m i n a t o r , the 

r a t i o d e t e c t o r , w h i c h r e q u i r e s no 
l i m i t e r s t a g e . A l ignmen t o f t he FM 
r e c e i v e r d i f f e r s f rom AM a l i g n m e n t 
c h i e f l y i n t h e s p e c i a l a d j u s t m e n t 
o f the d i s c r i m i n a t o r o r r a t i o d e t e c t o r . 

D. Discriminator-Type Receiver. The I F 
c i r c u i t s are a l i g n e d by c o n n e c t i n g the 
VERT. IN. t e r m i n a l t o t he h i g h s i d e 
o f t h e f i r s t l i m i t e r g r i d r e s i s t o r 
through a s h o r t s h i e l d e d l ead as shown 
i n F i g . 14. An i s o l a t i n g r e s i s t o r 
o f approximate ly 100 ,000 ohms i s some­
t i m e s u s e d as the c o n n e c t i o n t o t he 
c i r c u i t . The output o f a sweep s i g n a l 
g e n e r a t o r i s c o n n e c t e d t o t he g r i d 
o f the l a s t I F tube . The f r equency 
o f the s i g n a l i s the same as the i n t e r ­
media te f r equency o f the r e c e i v e r and 
t h e f r e q u e n c y d e v i a t i o n i s s e t t o 
a p p r o x i m a t e l y p l u s and minus 150 k c . 
f o r a t o t a l s w e e p o f 3 0 0 k c . The 
r e c e i v e r manufac tu re r ' s s e r v i c e n o t e s 
s h o u l d be c o n s u l t e d f o r t h e e x a c t 
va lue o f i n t e r m e d i a t e f r e q u e n c y . The 
trimmers o f the l a s t I F s t a g e shou ld 
be ad jus ted t o ob ta in a pa t t e rn s i m i l a r 
t o tha t o f F i g . 13 ( D ) . The bandwidth 
o f t he I F a m p l i f i e r i s somewha t 
b r o a d e r than i t wou ld be i n an AM 
r e c e i v e r and , t h e r e f o r e , t h e s h a r p 
c u r v e o f F i g . 13 ( A ) w i l l n o t b e 
s a t i s f a c t o r y . 

The sweep genera tor output l ead i s next 
t r a n s f e r r e d t o t he g r i d o f the n e x t 
p r e v i o u s I F s t a g e and the t r immers 
o f t h i s s t a g e a d j u s t e d u n t i l t h e 
s e l e c t i v i t y c u r v e a g a i n m a t c h e s t he 
c u r v e o f F i g . 13 ( D ) . The s i g n a l i s 
f e d t o t h e g r i d o f e a c h I F s t a g e 
u n t i l the g r i d o f the c o n v e r t e r s t a g e 
i s r eached and the p rocedu re r e p e a t e d 
f o r e a c h s t a g e . 

For d i s c r i m i n a t o r a l ignment the VERT. 
IN. t e r m i n a l o f the o s c i l l o s c o p e i s 
connected t o the t op o f the d i s c r i m i n a ­
t o r l o a d r e s i s t o r th rough a s h i e l d e d 
l e a d as shown i n F i g . 15. The sweep 
g e n e r a t o r output must remain connec t ed 
t o t h e s i g n a l g r i d o f t h e c o n v e r t e r 
t u b e . The s w e e p f r e q u e n c y o f t h e 
g e n e r a t o r i s 60 c y c l e s and the sweep 
f r e q u e n c y o f the o s c i l l o s c o p e i s s e t 
t o 120 c y c l e s . The p a t t e r n o n t h e 
s c r e e n w i l l t h e n be s i m i l a r t o t h e 



Fig.15—Oscil loscope connections for discriminator al ignment in an f-m receiver. 

Fig. 16—Alignment pattern for discriminator or ratio detector. The frequency of the sync voltage is 
twice the sweep frequency of the f-m signal generator in (A) and equal to it in ( B ) . 

Fig. 17—Oscil loscope connections for ratio detector al ignment. 



c u r v e s h o w n i n F i g . 16 ( A ) . The 
t r immers o f the d i s c r i m i n a t o r t r a n s ­
former must be ad jus ted t o b r ing po in t s 
A and C, o r E and G, equa l d i s t a n c e s 
from the h o r i z o n t a l c en t e r l i n e (B o r F ) . 
A l s o , the adjustments must be continued 
t o b r i n g B and F equa l d i s t a n c e s from 
D. S l a n t l i n e s AG and CE w i l l i n ­
t e r s e c t , w i th p o i n t D r e s t i n g on the 
h o r i z o n t a l l i n e when a l i g n m e n t i s 
c o r r e c t . A d j u s t m e n t o f the p r imary 
t r immer o f t h e d i s c r i m i n a t o r t r a n s ­
f o r m e r c o n t r o l s t he d i s t a n c e o f the 
p o i n t s A, C, E, and G from the h o r i ­
z o n t a l c e n t e r l i n e . Adjustment o f the 
secondary trimmer c o n t r o l s the p o s i t i o n 
o f the c r o s s - o v e r p o i n t D wi th r e s p e c t 
t o t h e h o r i z o n t a l c e n t e r l i n e and 
s p a c i n g f r o m p o i n t s B and F . 

I f the o s c i l l o s c o p e i s synch ron ized at 
60 c y c l e s and t he s i g n a l g e n e r a t o r 
sweep i s 60 c y c l e s , the dua l p a t t e r n 
shown in F i g . 16 (B) w i l l be p r o d u c e d 
on t h e s c r e e n d u r i n g d i s c r i m i n a t o r 
a l i g n m e n t . The d i s c r i m i n a t o r t r a n s ­
fo rmer t r i m m e r s must b e a d j u s t e d i n 
t h i s c a s e t o b r i n g p o i n t s B and D 
( o r B1 and D 1 ) equal d i s t a n c e s from the 
h o r i z o n t a l c e n t e r l i n e , and po in t s A and 
E e q u a l d i s t a n c e s f rom C, (A1 and E1 

e q u a l d i s t a n c e s f r o m C ) . 

E. Ratio-Detector Type Receiver. The I F 
a m p l i f i e r o f an FM r e c e i v e r u s i n g a 
r a t i o d e t e c t o r i s a l i g n e d in the same 
manner as a d i s c r i m i n a t o r type r e c e i v e r 

e x c e p t tha t the VERT. IN. t e rmina l o f 
the o s c i l l o s c o p e i s c o n n e c t e d through 
a s h i e l d e d lead t o the high s i d e o f the 
d e t e c t o r l o a d r e s i s t o r as shown in 
F i g . 1 7 . The I F a m p l i f i e r up t o and 
i n c l u d i n g t h e p r i m a r y o f t h e r a t i o 
d e t e c t o r t r a n s f o r m e r may be a l i g n e d 
w i t h t h i s c o n n e c t i o n . 

The s e c o n d a r y o f the r a t i o d e t e c t o r 
t ransformer i s a l i g n e d by t r a n s f e r r i n g 
t h e VERT. IN. s h i e l d e d l e a d t o a 
p o i n t B i n F i g . 1 7 , The same p a t t e r n 
a s f o r the d i s c r i m i n a t o r a l i g n m e n t , 
F i g . 16 ( A ) , i s o b t a i n e d u s i n g d o u b l e 
t h e s w e e p f r e q u e n c y o f t h e s i g n a l 
g e n e r a t o r . The d e t e c t o r tr immers are 
a d j u s t e d i n the same manner as f o r 
d i s c r i m i n a t o r a l ignment t o o b t a i n the 
p r o p e r symmetry o f the p a t t e r n . For 
c l o s e a l i g n m e n t o f b o t h p r i m a r y and 
s e c o n d a r y tr immers i t i s n e c e s s a r y t o 
work b a c k and f o r t h w i t h t h e VERT. 
IN. te rminal connec t ed s u c c e s s i v e l y t o 
p o i n t s A and B o f F i g . 1 7 . 

Front End Alignment . The f r o n t end o f 
an AM r e c e i v e r ( t h a t i s , t he R F , 
c o n v e r t e r , m i x e r , o r f i r s t d e t e c t o r -
o s c i l l a t o r s e c t i o n ) r e sembles tha t o f 
any o t h e r supe rhe te rodyne e x c e p t tha t 
i t i s t u n e d t o t he band f r o m 88 t o 
108 Mc. Al ignment i s the same a s f o r 
AM f r o n t ends excep t f o r the ope ra t ing 
f r e q u e n c y . 
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PARTS LIST 

Symbol Description Rating Tol. Part No. 

CAPACITORS 
C101 Fixed-Paper .1mf., 600v +20% -10% 4T-310460-5 
C102 Variable-Ceramic 5-20mmf., 500v 4V-26184-2 
C103 Variable-Ceramic 5-20mmf., 500v 4V-26184-2 
C104 Fixed-Mica 4700mmf., 500v ±10% 4M-647210-301 
C105 Fixed-Mica 200mmf., 500v ±10% 4M-620110-201 
C106 Fixed-Electrolytic 25mf., 50v +250% -10% 4D-2369-6 
C107 Fixed-Ceramic 8mmf., 500v ±20% 4C-680031-216 
C108 Fixed-Ceramic 2mmf., 500v ±10% 4C-520031-216 
C109 Fixed-Paper .025mf., 200v ±20% 4T-425320-5 
C110 Fixed-Electrolytic 4mf., 450v +50% -10% 4D-2369-10 
C111 Fixed-Ceramic 5000mmf., 600v ±10% 4C-650231-216 
C112 Fixed-Paper .1mf., 400v +20% -10% 4T-310470-5 
C113 Fixed-Ceramic 2mmf., 500v ±10% 4C-520031-216 
C114 Variable-Ceramic 7-45mmf., 500v 4V-1887-6 
C115 Fixed-Paper .1mf., 400v +20% -10% 4T-310470-5 
C116 Fixed-Electrolytic (Quad.) 50mf., 250v 4D-26388 
C117 Fixed-Paper .1mf., 400v +20% -10% 4T-310470-5 
C118 Fixed-Paper .25mf., 400v +20% -10% 4T-325440-5 
C119 Fixed-Paper .02mf., 400v +20% -10% 4T-320340-5 
C120 Fixed-Ceramic 2000mmf., 600v ±10% 4C-620231-616 
C121 Fixed-Ceramic 270mmf., 500v ±20% 4C-627131-216 
C122 Fixed-Ceramic 27mmf., 500v ±20% 4C-627031-216 
C123 Fixed-Mica 560mmf., 5 0 0 V ±10% 4M-656110-201 
C124 Fixed-Paper .25mf., 400v +20% -10% 4T-325440-5 
C125 Variable-Ceramic 7-45mmf., 500v 4V-1887-6 
C126 Fixed-Paper .1mf., 600v +20% -10% 4T-310460-5 
C127 Fixed-Electrolytic 4mf., 450v +50% -10% 4D-2369-10 
C128 Fixed-Ceramic 5000mmf., 600v ±10% 4C-650231-216 
C129 Fixed-Electrolytic 25mf., 50v +250%-10% 4D-2369-6 
C130 Fixed-Ceramic 8mmf., 500v ±20% 4C-680031-216 
C131 Fixed-Ceramic 2mmf., 500v ±10% 4C-520031-216 
C132 Fixed-Paper .025mf., 200v ±20% 4T-425320-5 
C133 Fixed-Paper .1mf., 400v +20% -10% 4T-310470-5 
C134 Fixed-Ceramic 2mmf., 500v ±10% 4C-520031-216 
C135 Variable-Ceramic 7-45mmf., 500v 4V-1887-6 
C136 Fixed-Paper .1mf., 400v +20% -10% 4T-310470-5 
C137 Fixed-Electrolytic (Quad.) 50mf., 250V 4D-26388 
C138 Fixed-Electrolytic 4mf., 450v +50% -10% 4D-2369-10 
C139 Fixed-Electrolytic (Quad.) 20mf., 450v 4D-26388 
C140 Fixed-Electrolytic (Quad.) 20mf., 450v 4D-26388 
C141 Fixed-Paper .1mf.. 2500V +20% -10% 4T-310480-5 
C142 Fixed-Paper .1mf., 2500v +20% -10% 4T-310480-5 

RESISTORS 
R101 Fixed-Comp. 1.5 meg., 1/2 W. ±5% 3C-415553-1 
R102 Fixed-Comp. 3.6k., 1/2 W. ±5% 3C-436253-1 
R103 Fixed-Comp. 75k., 1/2 W. ±5% 3C-475353-1 
R104 Fixed-Comp. 2.2 meg., 1/2 W. ±10% 3C-422573-1 
R105 Fixed-Comp. 1k., 1/2 W. ±10% 3C-410273-1 
R106 Fixed-Comp. 1k., 1/2 W. ±10% 3C-410273-1 
R107 Variable-Comp. 10k., 1/2 W. ±10% 3V-25675-5 
R108 Fixed-Comp. 2.7k., 1/2 W. ±10% 3C-427273-1 
R109 Fixed-Comp. 10k., 1/2 W. ±10% 3C-410373-1 
R110 Fixed-W.W. 15k., 5 W. ±10% 3W-26401-2 
R111 Fixed-Comp. 47 ohm, 1/2 W. ±10% 3C-447073-1 
R112 Fixed-Comp. 27k., 2 W. ±10% 3C-727373-2 
R113 Fixed-Comp. 27k., 2 W. ±10% 3C-727373-2 
R114 Fixed-Comp. 2.2 meg., 1/2 W. ±10% 3C-422573-1 
R115 Fixed-Comp. 10k., 1/2 W. ±10% 3C-410373-1 
R116 Fixed-Comp. 3.3k., 1 W. ±10% 3C-633273-2 
R117 Fixed-Comp. 820 ohm, 1/2

1/2 W. ±10% 3C-482173-1 
R118 Fixed-Comp. 68k., 2 W. ±10% 3C-768373-2 
R119 Variable-Comp. 4k., 1/2 W. ±20% 3V-18991-5 
R120 Fixed-Comp. 2.2 meg., 1/2 W. ±10% 3C-422573-1 
R121 Fixed-Comp. 10k., 1/2 W. ±10% 3C-410373-1 
R122 Variable-Comp. 50k., 1/2 W. ±20% 3V-25765-4 
R123 Fixed-Comp. 390 ohm, 1/2 W. ±10% 3C-439173-1 
R124 Fixed-Comp. 390 ohm, 1/2 W. ±10% 3C-439173-1 
R125 Fixed-Comp. 100k., 1/2 W. ±10% 3C-410473-1 
R126 Fixed-Comp. 47k., 1/2 W. ±10% 3C-447373-1 



PARTS LIST — Continued 

Symbol Description Rating Tol. Part No. 

R127 Fixed-Comp. 680k., 1/2 W. ±10% 3C-468473-1 
R128A Variable-Comp. (Dual) 1 meg., 1/2 W. ±10% 3V-26246-1 
R128B Variable-Comp. (Dual) 8 meg., 1/2 W. ±10% 3V-26246-1 
R129 Pixed-Comp. 27k., 2 W. ±10% 3C-727373-2 
R130 Fixed-Comp. 68k., 2 W. ±10% 3C-768373-2 
R131 Variable-Comp. 500k., 1 W. ±20% 3V-26150 
R132 Pixed-Comp. 1 meg., 1 W. ±10% 3C-610573-1 
R133 Variable-Comp. 2 meg., 1 W. ±20% 3V-26151 
R134 Fixed-Comp. 3.3 meg., 1 W. ±10% 3C-633573-2 
R135 Pixed-Comp. 150k., 1/2 W. ±10% 3C-415473-1 
R136 Pixed-Comp. 3.3 meg., 1/2 W. ±10% 3C-433573-1 
R137 Pixed-Comp. 220k., 1/2 W. ±10% 3C-422473-1 
R138 Pixed-Comp. 2.2 meg., 1/2 W. ±10% 3C-422573-1 
R139 Pixed-Comp. 2.7k., 1/2 W. ±10% 3C-427273-1 
R140 Pixed-Comp. 10k., 1/2 W. ±10% 3C-410373-1 
R141 Pixed-Comp. 1k., 1/2 W. ±10% 3C-410273-1 
R142 Pixed-Comp. 1k., 1/2 W. ±10% 3C-410273-1 
R143 Variable-Comp. 10k., 1/2 W. ±10% 3V-25675-5 
R144 Fixed-Comp. 47 ohm, 1/2 W. ±10% 3C-447073-1 
R145 Pixed-Comp. 27k., 2 W. ±10% 3C-727373-2 
R146 Pixed-Comp. 27k., 2 W. ±10% 3C-727373-2 
R147 Pixed-Comp. 2.2 meg., 1/2 W. ±10% 3C-422573-1 
R148 Fixed-Comp. 10k., 1/2 W. ±10% 3C-410373-1 
R149 Fixed-Comp. 3.3k., 1 W. ±10% 3C-633273-2 
R150 Fixed-Comp. 820 ohm, 1/2 W. ±10% 3C-482173-1 
R151 Fixed-Comp. 68k., 2 W. ±10% 3C-768373-2 
R152 Variable-Comp. 4k., 1/2 W. ±20% 3V-18991-5 
R153 Fixed-Comp. 2.2 meg., 1/2 W. ±10% 3C-422573-1 
R154 Fixed-Comp. 10k., 1/2 W. ±10% 3C-410373-1 
R155 Fixed-Comp. 10k., 1/2 W. ±10% 3C-410373-1 
R156 Pixed-W.W. 1k., 5 W. ±10% 3W-26401-1 
R157 Fixed-W.W. 15k., 5 W. ±10% 3W-26401-2 
R158 Pixed-Comp. 56k., 1/2 W. ±10% 3C-456373-1 
R159 Fixed-Comp. 56k., 1/2 W. ±10% 3C-456373-1 

OTHER ITEMS 
Cable Assembly-power 2A-25448-5 
Clamp-cable 7C-18118-3 
Clamp-handle 7C-13180 
Clip-tube contact 7C-18764 

F101 Fuse 1 amp. 2P-24125-1 
Handle-leather 7H-26299 
Holder-fuse 7S-12669 
Holder-lamp 7S-25984 
Jewel-lamp 7Z-25983 
Knob-round 7K-26386 
Knob-small 7K-26274 

I101 Lamp-incandescent 6-8 volt 6T-26290 
Mask-ruled 8N-26268 
Mounting-crt 8N-26140 
Post-binding 7Z-3057 
Shield-crt 7P-26272 
Socket-crt 7S-18718 
Socket-7 pin miniature 7S-26126 
Socket-9 pin miniature 7S-26127 

S101 Switch-rotary (vert, atten.) 2R-26146 
S102A Switch-rotary (sweep range) 2R-26144 
S102B Switch-rotary (sweep range) 2R-26144 
S103 Switch-rotary (horiz. selector) 2R-26145 
S104 Switch-rotary (on-off) 3V-26150 
T101 Transformer-power 5P-26148 
V101 Tube-electron-12AT7 
V102 Tube-electron-12AT7 
V103 Tube-electron-12AT7 
V104 Tube-electron-12AT7 
V105 Tube-electron-12AT7 
V106 Tube-electron-lV2 
V107 Tube-electron-6X4 
V108 Tube-electron-5UPl 



APPENDIX 

There are a number o f books and o the r p u b l i c a t i o n s 
which may be found to be o f value in understanding 
the o p e r a t i o n o f t e l e v i s i o n c i r c u i t s and the use 
o f t e s t equipment in s e r v i c i n g t e l e v i s i o n r e c e i v ­
e r s . The f o l l o w i n g i s a l i s t o f books which are 
s u g g e s t e d f o r fu r the r s tudy: 

TV P a t t e r n s -
Sy lvan ia E l e c t r i c P roduc t s I n c . , Emporium, Pa. 

How to S e r v i c e Radios with an O s c i l l o s c o p e -
Sylvania E l e c t r i c Products I n c . , Emporium, Pa. 

PhotoFact T e l e v i s i o n Cour se -
Howard W. Sams & C o . , I nd i anapo l i s 5 , Ind. 

P r a c t i c a l T e l e v i s i o n Servicing— 
By J. R. Johnson and J. H. Newi t t . 
Murray H i l l Brooks, I n c . , New York, N.Y. 

Televis ion-How I t Works-
By John F. R i d e r . 
John F. R ide r , Pub l i she r , New York, N.Y. 

T e l e v i s i o n S i m p l i f i e d -
By Mi l ton K ive r . 
D. VanNostrand C o . , New York , N.Y. 

T e l e v i s i o n S e r v i c i n g fo r Radiomen-
By H. P. Manly. 
F reder ick J. Drake C o . , Wilmet te , 111 . 

The Video Handbook-
Boland & Boyce I n c . , P u b l i s h e r s , Montc l a i r , N.J . 

T e l e v i s i o n for Radiomen-
By Edward M. N o l l . 
The Macmillan C o . , New York 11 , N.Y. 

Bas ic T e l e v i s i o n -
By Bernard L . Grob. 
McGraw-Hill Pub l i sh ing C o . , New York 18 , N.Y. 



Warranty 

Sylvania E l e c t r i c Products I n c . , warrants each new O s c i l l o s c o p e 
manufactured by i t to be f ree from d e f e c t i v e ma te r i a l and workman­
s h i p and agrees to remedy any such d e f e c t o r t o furnish a new par t 
in exchange f o r any par t o f any u n i t o f i t s manufacture which under 
normal i n s t a l l a t i o n , use and s e r v i c e d i s c l o s e s any d e f e c t , p r o v i d e d 
the uni t i s d e l i v e r e d by the owner t o a Sy lvan ia Author i zed S e r v i c e 
S t a t i on o r to our authorized wholesa le r from whom purchased, i n t a c t , 
f o r our examination, with a l l t r anspor t a t ion prepa id , wi th in 90 days 
from the date o f the s a l e t o o r i g i n a l purchaser and p rov ided examin­
a t i o n d i s c l o s e s i n o u r j u d g m e n t t h a t i t i s t hus d e f e c t i v e . 

This warranty does not extend t o any o s c i l l o s c o p e which has been 
s u b j e c t e d t o misuse , n e g l e c t , a c c i d e n t , i n c o r r e c t w i r ing not our own, 
improper i n s t a l l a t i o n o r to use in v i o l a t i o n o f i n s t r u c t i o n s furnished 
by u s , nor t o u n i t s which have been r e p a i r e d or a l t e r e d o u t s i d e o f 
our f a c t o r y , nor t o cases where the s e r i a l number t h e r e o f has been 
removed, de faced o r changed, nor t o a c c e s s o r i e s used therewi th not 
o f o u r own manufac ture . 

This warranty i s in l i e u o f a l l o t h e r war ran t i e s exp res sed o r 
imp l i ed and no r ep re sen ta t i ve or person i s au thor i zed to assume fo r 
us any o t h e r warranty l i a b i l i t y . 

Th i s warranty i s v o i d u n l e s s warranty card i n c l u d e d with i n ­
strument i s f i l l e d out c o m p l e t e l y and ma i l ed upon i n i t i a l s a l e o f 
the ins t rument by the d i s t r i b u t o r . 

T h i s warranty a p p l i e s o n l y i n the Un i t ed S t a t e s and i t s p o s ­
s e s s i o n s and the Dominion o f Canada where Sylvan ia maintains s e r v i c e 
es tab l i shments . In o the r c o u n t r i e s , wr i t e to the In te rna t iona l Sales 
D i v i s i o n , Sy lvan ia E l e c t r i c Products I n c . , 1740 Broadway, New York 19 , 
New York , o r the Loca l S y l v a n i a R e p r e s e n t a t i v e in your c o u n t r y . 
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