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T h i s n e w co lor- te lev is ion s y s t e m , t h e V i t a s c a n , 
a n a l l -e lectronic v e r s i o n of t h e o ld-s ty le m e 
chan ica l t y p e , is t h e s imples t a n d m o s t re l i ab le 
l ive -act ion color s y s t e m n o w in e x i s t e n c e . It 
can b e r e g a r d e d as u s i n g t h e r e v e r s e of c o n 
v e n t i o n a l s tud io m e t h o d s , as t h e flying-spot 
t u b e is s u b s t i t u t e d for t h e i m a g e - o r t h i c o n 
c a m e r a t u b e a n d c lusters of p h o t o t u b e s r e p l a c e 

r e g u l a r s tud io l i g h t i n g e q u i p m e n t . 

CO L O R - T E L E V I S I O N P I C T U R E S of h i g h q u a l i t y 
w i t h o u t t h e use of expens ive a n d c o m p l i c a t e d color-
television c a m e r a s o r h igh ly t r a i n e d a n d skilled 

c a m e r a a n d m a i n t e n a n c e c rews a r e n o w p r o d u c e d b y t h e 
" V i t a s c a n " sys tem, as d e v e l o p e d b y t h e Al len B. D u M o n t 
L a b o r a t o r i e s , Passa ic , N . J . I t is, in fact, a m o d e r n al l -
e lec t ron ic vers ion of t h e ear l ies t forms of m e c h a n i c a l l ive 
television p i c k u p w h i c h e m p l o y e d t h e flying-spot s c a n n i n g 
pr inc ip les . 

A l t h o u g h V i t a s c a n c a n n o t d i sp lace s t o r a g e - t y p e color-
television c a m e r a s , it is expec t ed t h a t its u n i q u e a d v a n t a g e s 
will e a r n it a m o d e s t p l ace in color- te levis ion p r o g r a m m i n g . 
T h i s a r t i c le p roposes to exp l a in its v i rues a n d s h o r t c o m i n g s . 

O n a n h i s tor ica l level, it is i n t e re s t ing to n o t e h o w t h e 
p re sen t t e chn i ca l s t a t e of t h e a r t ha s a l lowed this rev i ta l i za -
t ion of t h e old flying-spot p r inc ip l e . T h u s , bas ic p r inc ip les 
a r e discussed, a n d evo lu t ion of a w o r k a b l e sys tem l e a d i n g 
to p re sen t c o m m e r c i a l l y ava i l ab l e e q u i p m e n t is t r a c e d . 

HISTORICAL REVIEW 

T H E ANALYSIS A N D SYNTHESIS of a subject b y television 
was first ach ieved b y J. L . Ba i rd , in E n g l a n d , in 1923 . H e 
e m p l o y e d a 30-l ine m e c h a n i c a l s c a n n i n g sys tem. As l a t e 
as 1937, t h e Bri t ish B r o a d c a s t i n g C o m p a n y (BBC) in 
L o n d o n , E n g l a n d , p r o g r a m m e d w i t h a B a i r d m e c h a n i c a l 
l i ve -p ickup flying-spot s c a n n e r o p e r a t i n g a t 240 l ines. 

I n a d v a n c i n g f rom 30 to 240 l ines, t h e m e c h a n i c a l s c a n n e r 
sys tem w a s d o o m e d for t w o m a j o r reasons . Fi rs t , t h e 
e x t r e m e l y a c u t e m e c h a n i c a l p r o b l e m s a n d , second , t h e 
lack of sensi t ivi ty of t h e t h e n ava i l ab l e photoce l l s . S ince 
mu l t i p l i e r pho toce l l s w e r e n o t ava i l ab le , t h e low s ignal 
level g a v e excessive noise w h e n ampl i f ied , t h u s l imi t ing 
t h e ac t ion to h e a d a n d s h o u l d e r c lose-ups. 

T h e first n o n m e c h a n i c a l l ive p i c k u p , u s ing a c a t h o d e - r a y 
t u b e , was d e m o n s t r a t e d ea r ly in 1947 d u r i n g t h e first 
F e d e r a l C o m m u n i c a t i o n s C o m m i s s i o n ' s ( F C C ) color h e a r 
ings in c o n n e c t i o n w i t h t h e R a d i o C o p o r a t i o n of A m e r i c a 
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( R C A ) s i m u l t a n e o u s color- televis ion sys t em. 1 T h e 18- X 
24 - inch s c a n n e d a r e a l imi ted t h e dev ice to h e a d a n d shou lde r 
p i c k u p s . 2 A l t h o u g h 937A mu l t i p l i e r p h o t o t u b e s w e r e used , 
t h e l igh t col lect ion was severely res t r ic ted b y t h e 5 / 1 6 - X 
1 5 / 1 6 - i n c h p i c k u p a r e a . 

T h e D u M o n t co lo r - scanner d e v e l o p m e n t p r o g r a m , 
w h i c h b e g a n in 1949, took a d v a n t a g e of t h e n e w l y avai l 
a b l e 2- inch m u l t i p l i e r p h o t o t u b e s . A l t h o u g h t h e t r a n s 
mission of slides, film, a n d o p a q u e s was ach ieved w i t h 
cons ide rab l e success, it w a s n o t u n t i l 1954 t h a t c o m p o n e n t s 
a n d t e c h n i q u e s h a d sufficiently i m p r o v e d to a l low t h e 
c o n t e m p l a t i o n of a sat isfactory color s c a n n e r for l imi ted 
l ive p i c k u p work , w h i c h w o u l d s u r m o u n t some of t h e 
s h o r t c o m i n g s of ear l ie r e q u i p m e n t s . T h e rea l t echn ica l 
b r e a k t h r o u g h c a m e w i t h t h e c o m m e r c i a l ava i lab i l i ty of t h e 
first 5- inch m u l t i p l i e r p h o t o t u b e s , t h e D u M o n t t y p e 6364. 

A t first, efforts w e r e d i r ec t ed t o w a r d p r o v i d i n g a l ive-
ac t ion color p i c k u p of a Ί1/2- X 10-foot s c a n n e d a r e a solely 
as a s ignal source for r e s e a r c h purposes . H o w e v e r , no t 
w i t h s t a n d i n g its i n h e r e n t l imi ta t ions , it b e c a m e a p p a r e n t 
t h a t a v e r y def ini te use cou ld b e m a d e of t h e p r inc ip le in 
n o r m a l c o l o r - b r o a d c a s t i n g ope ra t i ons . A c o m m e r c i a l ver
sion of this dev ice , t h e V i t a s c a n , was des igned a n d a p r o t o 
t y p e w a s d e m o n s t r a t e d pub l i c ly for t h e first t i m e a t t h e 
N a t i o n a l Associa t ion of R a d i o a n d Telev is ion Broadcas te r s 
( N A R T B ) C o n v e n t i o n in M a y 1955 . T h i s a r t i c le is no t 
i n t e n d e d as a de t a i l ed desc r ip t ion of t h e p re sen t c o m 
merc i a l ly ava i l ab l e e q u i p m e n t , b u t r a t h e r as a h i s to ry of its 
p a r e n t a g e . 

BASIC PRINCIPLE OF OPERATION 

T H E L IGHT f rom a h i g h - v o l t a g e h i g h - b e a m c u r r e n t flying-
spot s c a n n i n g t u b e , w h i c h e m a n a t e s f rom t h e u n m o d u l a t e d 
r e c t a n g u l a r s c a n n i n g p a t t e r n , is focused o n t o t h e subject or 
scene b e i n g televised t h r o u g h a su i t ab le lens sys tem. 

As th is l igh t spot t r averses t h e scene in its r e g u l a r p a t t e r n , 
it is ref lected f rom t h e va r ious ob jec t s ; t h e a m o u n t a n d 
color of reflected l ight a t a n y g iven m o m e n t var ies w i t h t h e 
reflect ion factor a n d color cha rac t e r i s t i c s of t h a t p a r t of t h e 
scene . T h e s c a n n i n g l ight i n c i d e n t on t h e scene is therefore 
modif ied or m o d u l a t e d b y t h e different reflective c h a r a c 
terist ics of t h e scene f rom o n e p a r t t o a n o t h e r . T h e s e 
va r i a t ions in in tens i ty a n d color of t h e reflected l ight a r e 
p icked u p b y g r o u p s of mu l t i p l i e r photoce l l s , su i tab ly dis
posed a r o u n d t h e scene, w h i c h l inea r ly c o n v e r t t h e l ight 
e n e r g y to v a r y i n g c u r r e n t s for process ing t h r o u g h t h e n o r m a l 
co lo r -v ideo a p p a r a t u s for flying-spot scanners . 

T h e p h o t o t u b e s a r e cove red w i t h su i t ab le color filters 
w h i c h , in c o m b i n a t i o n w i t h t h e spec t ra l emission c h a r a c 
ter is t ic of t h e s c a n n i n g t u b e a n d t h e response of t h e p h o t o 
t u b e s , d e t e r m i n e t h e spec t r a l cha rac te r i s t i c s of t h e system. 

T h e m a j o r differences b e t w e e n t h e flying-spot s cann ing 
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o p e r a t i o n for t h e t r ansmis s ion of l ive p i c k u p a n d t h a t for 
t r a n s p a r e n c i e s a r e : (1 ) t h e s c a n n e d a r e a is m a n y t h o u s a n d 
t imes l a rge r for l ive p i c k u p t h a n for sl ide o r film o p e r a t i o n ; 
(2) t h e s c a n n i n g l igh t is ref lected f rom solid objects r a t h e r 
t h a n t r a n s m i t t e d t h r o u g h flat m a t e r i a l as in t h e case of a 
t r a n s p a r e n c y ; (3) u s ing a mu l t i p l i c i t y of p h o t o t u b e s , 
l i gh t ing effects s imi la r to o t h e r l ive-ac t ion television systems 
a r e p r o v i d e d ; (4) con t ro l l ed i l l u m i n a t i o n , in a d d i t i o n t o t h e 
l ight f rom t h e f lying-spot , m u s t b e p r o v i d e d in t h e s t u d i o ; 
a n d (5) special television p r e v i e w i n g t e c h n i q u e s m u s t b e 
e m p l o y e d . 

I n v isua l iz ing h o w t h e V i t a s c a n l ive-ac t ion s c a n n e r 
ope ra te s , it is helpful t o r e g a r d t h e sys t em as b e i n g t h e 
reverse of c o n v e n t i o n a l s t u d i o te levis ion o p e r a t i o n . C lus t e r s 
of p h o t o t u b e s r e p l a c e t h e s t u d i o l igh t ing fixtures a n d t h e 
f lying-spot t u b e is subs t i t u t ed for t h e i m a g e - o r t h i c o n 
c a m e r a t u b e . 

N o r m a l l y , l ight f rom t h e s t u d i o fixtures i l l umina t e s t h e 
scene , a n d ref lected l igh t is g a t h e r e d b y a n objec t ive lens 
o n t o a l ight-sensi t ive e l ec t rode , w h e r e i t is t r a n s f o r m e d b y 
t h e s c a n n i n g process w i t h i n t h e c a m e r a t u b e i n t o e lectr ic 
c u r r e n t s . I n con t r a s t , t h e s c a n n i n g t u b e a n d its lens, 
p l aced w h e r e t h e c a m e r a w o u l d n o r m a l l y b e , p r o d u c e t h e 
l ight a n d pe r fo rm t h e s c a n n i n g o p e r a t i o n a t t h e s a m e t i m e . 
S o m e of th is l ight ref lected f rom t h e scene is i n t e r c e p t e d b y 
t h e p h o t o t u b e c lus ters a n d c o n v e r t e d i n t o e lec t r ic c u r r e n t s . 

T h e a n a l o g o u s r e l a t i onsh ip desc r ibed in t h e foregoing 
was r ecogn ized b y t h e ea r ly p ionee r s in te lev is ion ; th is 
r e l a t i onsh ip w a s de sc r ibed b y L a n c e a n d P e r c y in 1 9 3 5 3 : 
" I n this s t ud io t h e r e h a s b e e n a g r e a t d e a l of w o r k d o n e to 
p r o d u c e a n ar t i s t ic effect b y co r rec t l i gh t ing of t h e a r t i s t s ; 
in fact, i t w a s found t h a t , s ince e a c h p h o t o c e l l c o u l d b e 
con t ro l l ed s epa ra t e ly t o give t h e co r r ec t b a l a n c e b e t w e e n 
t o p , s ide, a n d b a c k l igh t ing , in i m i t a t i o n of t h e l i gh t ing of 
a floodlight s tud io , t h e s imples t w a y of w o r k i n g o u t t h e 
l igh t ing effects w a s t o r e g a r d t h e s c a n n i n g p ro jec to r as a 
c a m e r a , a n d t h e photoce l l s as l ight sources , p l a c i n g t h e m 
a n d a l t e r ing t he i r ga in f rom t h a t p o i n t of v i e w . " 

STUDIO REQUIREMENTS 

I NASMUCH AS T H E V I T A S C A N SYSTEM o p e r a t e s b y v i r t u e of a 
s c a n n i n g l igh t b e a m , n o i l l u m i n a t i o n o t h e r t h a n t h a t f rom 
t h e con t ro l l ed s c a n n i n g sou rce c a n b e a l lowed to r e a c h t h e 
p h o t o t u b e s d u r i n g t h e s c a n n i n g p e r i o d b e c a u s e this e x t r a n e 
ous l ight will on ly p r o d u c e noise . 

T h e s t ud io , the re fo re , m u s t b e sea led aga ins t a m b i e n t 
l ight . E l i m i n a t i n g all a m b i e n t l igh t , h o w e v e r , w o u l d l eave 
t h e s tud io in r e l a t ive d a r k n e s s b e c a u s e t h e l igh t f rom t h e 
s c a n n e r is insufficient t o i l l u m i n a t e t h e s t u d i o a d e q u a t e l y . 

T h i s a c u t e p r o b l e m w a s l i te ra l ly a s t u m b l i n g b lock in 
ear l ie r vers ions of l ive s c a n n e r o p e r a t i o n , s ince lack of l igh t 
seriously res t r i c ted t h e m o v e m e n t of pe r fo rmer s a b o u t t h e 
s tud io , m a d e it imposs ib le t o r e a d , a n d p r o d u c e d a s t a r i n g 
express ion on t h e faces of t h e ac to r s . 

T h e difficulty of p r o v i d i n g a d e q u a t e l ight in t h e s tud io 
w i t h o u t in te r fe r ing w i t h t h e V i t a s c a n o p e r a t i o n h a s b e e n 
resolved b y u t i l i z ing t h e 60-cycle v e r t i c a l - b l a n k i n g pe r iod , 
d u r i n g w h i c h t i m e t h e s c a n n i n g b e a m is ex t i ngu i shed . 

D u r i n g th is b l a n k i n g pe r iod , pu l sed or s t roboscop ic l ights 
s y n c h r o n i z e d w i t h t h e television sys tem a r e flashed o n in 

Fig. 1. Television studio, showing Vitascan and phototube 
clusters. 

t h e s t ud io , p r o v i d i n g a d e q u a t e i l l u m i n a t i o n for s tud io 
ac t ion w i t h o u t u p s e t t i n g t h e s c a n n i n g o p e r a t i o n . D u r i n g 
th is s a m e p e r i o d t h a t t h e l ights a r e pu l sed on , t h e p h o t o 
t u b e s o r associa ted v i d e o ampl i f iers , o r b o t h , a r e keyed off 
to p r e v e n t o v e r l o a d i n g . I n a d d i t i o n t o b e i n g l igh t t igh t , 
noise is f u r the r r e d u c e d b y e m p l o y i n g reflect ive ma te r i a l s 
on t h e u n s c a n n e d wal ls a n d cei l ing, t h u s i nc reas ing t h e l ight 
d i r e c t e d t o t h e p h o t o t u b e s a n d a d d i t i o n a l l y softening t h e 
s h a d o w s . 

EQUIPMENT COMPLEMENT 

I N ITS PRESENT FORM , t h e V i t a s c a n is o p e r a t e d as a one 
or t w o " c a m e r a " sys tem. T h e " c a m e r a s " w h i c h , in 
ac tua l i t y , a r e flying-spot scanner s , m a y b e fixed or m o b i l e . 
O n e f avorab le a r r a n g e m e n t , w h i c h w a s used a t t h e in i t ia l 
p u b l i c d e m o n s t r a t i o n a t t h e 1955 N A R T B C o n v e n t i o n , 
inc ludes t h e D u M o n t m u l t i s c a n n e r e q u i p m e n t t o p r o v i d e a 
fixed s canne r , a u g m e n t e d b y a m o b i l e s c a n n e r p a c k a g e d to 
r e s e m b l e a s t a n d a r d i m a g e - o r t h i c o n c a m e r a . 

F ig . 1 shows t h e s t u d i o of 200 s q u a r e feet a t t h e N A R T B 
C o n v e n t i o n . T h e e q u i p m e n t c o m p l e m e n t i n c l u d e d t h e 
fol lowing i t e m s : (1) t w o s c a n n i n g l igh t sources , o n e m o b i l e 
a n d o n e fixed u n i t , u t i l i z ing t h e D u M o n t m u l t i s c a n n e r ; 
(2) seven c lus ters of D u M o n t 5- inch m u l t i p l i e r p h o t o t u b e s ; 
(3) six pu l sed l ight fixtures; a n d (4) process ing amplif iers . 

T h e D u M o n t m u l t i s c a n n e r , as seen in F ig . 2, is a flying-
spot s c a n n e r sys tem for slide, o p a q u e , a n d m o t i o n - p i c t u r e 
film p i c k u p . I t ut i l izes a 7 - inch h igh -vo l t age c a t h o d e - r a y 
t u b e o p e r a t i n g a t 40 kv . T h e t u b e , w h i c h is a l u m i n i z e d , 

• emp loyes a sho r t pers i s tence z inc-ox ide p h o s p h o r , coa t ed o n t o 
a h i g h - q u a l i t y n o n b r o w n i n g n e u t r a l - d e n s i t y face p l a t e . U s e 
of th is g r a y face p l a t e , r a t h e r t h a n a c lear face p l a t e , 
i m p r o v e s t h e sma l l a r e a c o n t r a s t b y a fac tor of t en b y t h e 
r e d u c t i o n of h a l a t i o n flare. F ig . 3 shows h o w t h e m u l t i -
s c a n n e r is easily a d a p t e d t o l ive p i c k u p w o r k b y t h e r e 
m o v a l of t h e c a b i n e t for 4- X 5- inch o p a q u e s a n d t h e a d d i -
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Fig. 2. Multi-
scanner. 

t ion of t h e des i red foca l - length lens t o t h e f lying-spot 
c a b i n e t . 

T h e m o b i l e l igh t sou rce (Fig . 4) r e s emb le s a te le
vision c a m e r a a n d inc ludes a lens t u r r e t t o p r o v i d e a cho ice 
of focal l eng ths for c lose-up , m e d i u m , or long-sho t w o r k . 
T h i s m o b i l e s c a n n e r e m p l o y s a 5-inch h igh -vo l t age c a t h o d e -
r a y t u b e , o p e r a t i n g a t 35 kv, in w h i c h special p r e c a u t i o n s 
h a v e b e e n t a k e n t o m i n i m i z e t h e p h o s p h o r g r a i n size b y 
careful con t ro l of t h e sc reen ing process . 

T h e p h o t o t u b e c lus ters consist of four D u M o n t 5-inch 
d i a m e t e r 10-s tage mu l t i p l i e r p h o t o t u b e s of t h e t y p e s h o w n 
in F ig . 5, closely spaced in a c o m p a c t h o u s i n g (Fig . 6 ) . 
E a c h p h o t o t u b e is cove red w i t h a n a p p r o p r i a t e color 
filter t o a n a l y z e t h e reflected l igh t f rom t h e scene in to t h r e e 
p r i m a r y co lor c h a n n e l s . O n e cell is a l loca ted to t h e g r een 
(G) c h a n n e l , a n d o n e t o t h e b l u e (B) c h a n n e l . T w o cells 
a r e supp l i ed for t h e r e d (R) c h a n n e l in o r d e r t o c o m p e n s a t e 
for t h e lack of sensi t ivi ty a t t h e r e d e n d of t h e s p e c t r u m . 
T h e p h o t o t u b e s ident if ied w i t h e a c h color c h a n n e l a r e 
b r i d g e d o n t o a coax ia l l ine w h i c h is t e r m i n a t e d a t e a c h 
e n d , t h u s a l lowing t h e a d d i t i o n of as m a n y clusters as 
des i red . 

T h e pulsed , o r s t roboscop ic , l igh ts a r e of t w o types . 

Fig. 3. Multiscanner used as fixed Vitascan. 

I n o n e version, sma l l c o m m e r c i a l l y a v a i l a b l e x e n o n flash 
l a m p s a r e used, five t o a reflect ive fixture. T h e s e l a m p s 
a r e t r igge red t o flash d u r i n g t h e ver t ica l - scan b l a n k i n g 
in t e rva l . I n t h e second d e v e l o p m e n t a l vers ion , m i n i a t u r e 
c a t h o d e - r a y t ubes a r e e m p l o y e d , t h r e e to a reflect ive fixture. 
T h e s e t ubes a r e o p e r a t e d a t 15 k v a n d a r e pu lsed ON d u r i n g 
t h e ve r t i ca l b l a n k i n g in t e rva l . 

O p e r a t i o n on t h e R, B, a n d G s ignals , deve loped from t h e 
c o m b i n e d o u t p u t s of t h e p h o t o t u b e c lusters , is accompl i shed 
in c o n v e n t i o n a l v ideo process ing ampli f iers , p r o v i d i n g 
p h o s p h o r co r rec t ion , g a m m a co r rec t ion , a n d b l a n k i n g 
inser t ion , as n o r m a l l y used in f lying-spot s canne r s . 

T h e foregoing p a r a g r a p h s h a v e p r e s e n t e d a brief gene ra l 
look a t t h e V i t a s c a n sys t em. A n e x p a n d e d e x p l a n a t i o n of 
s o m e of t h e m o r e nove l fea tures of t h e sys tem follows. 

VITASCAN PHOTOMETRY 

R E T U R N I N G t o t h e bas ic p r inc ip les of t h e V i t a scan , it is 
helpful t o g ive a def in i t ion of a l ive-act ion flying-spot 
s c a n n e r . A l ive s c a n n e r is o n e w h i c h televises a n object 
h a v i n g d e p t h , a n d w h i c h , consequen t ly , m u s t p r o v i d e t h e 
a p p e a r a n c e of "effects l i g h t i n g . " F ig . 7 dep ic t s a s chema t i c 
t o p v iew of a s imp le m o n o c h r o m e V i t a s c a n . T h e scene 
b e i n g televised is a s q u a r e w h i t e c a r d su spended s o m e 
d i s t a n c e f rom a g r a y b a c k g r o u n d . W h e n a single p h o t o 
t u b e p i c k u p is p l a c e d a t t h e r i g h t of t h e s canne r , t h e te le
vision p i c t u r e p r o d u c e d looks l ike o n e f rom a s t o r a g e - t y p e 
television c a m e r a v i ewing , f rom t h e c a t h o d e - r a y t u b e 
pos i t ion , t h e scene lit b y a s ingle l a m p a t t h e p h o t o t u b e 
posi t ion. 

C o n s i d e r w h a t h a p p e n s a t seven e q u a l i n c r e m e n t s of t i m e , 
7 1 t h r o u g h 7 7 , w h e n t h e scan is j u s t b e g i n n i n g a n e w l ine 
in t h e m i d d l e of t h e p i c t u r e . T h e t i ny spo t o n t h e c a t h o d e -
r a y t u b e is i m a g e d b y t h e ob jec t ive lens o n t o t h e le f t -hand 
side of t h e g r a y b a c k g r o u n d . A sma l l p o r t i o n of t h e l igh t 
is p i cked u p b y t h e p h o t o t u b e a n d a s ignal c o r r e s p o n d i n g 
to g r a y is g e n e r a t e d a n d d i sp l ayed o n t h e screen of t h e 
television m o n i t o r . B e t w e e n 7 2 a n d 7 J , n o s ignal is 
p r o d u c e d b y t h e p h o t o t u b e , w h i c h resul ts in a b lack s h a d o w 
o n t h e m o n i t o r . A t T3 a n d c o n t i n u i n g t h r o u g h 7 5 , 
t h e p h o t o t u b e t r a n s m i t s a w h i t e s ignal . F ina l ly , f rom 7 5 
to 7 7 , a g r a y s ignal is a g a i n d i sp layed . 

If on ly a s ingle p h o t o t u b e is e m p l o y e d , t h e r e s u l t a n t 
p i c t u r e a p p e a r s t o b e i l l u m i n a t e d b y a l ight a t t h e p h o t o 
t u b e pos i t ion . By e m p l o y i n g a n u m b e r of p h o t o t u b e s , 
a n y des i red l i gh t ing effect c a n b e p r o d u c e d such as " k e y , " 
" f i l l , " a n d " b a c k " l igh t ing . T h e a p p a r e n t in tens i ty of 
t hese " l i g h t s " a r e con t ro l l ed s imp ly b y t h e p h o t o m u l t i p l i e r 
ga in . T h u s , t h e v i d e o level a n d t h e l i gh t ing effects a r e 
con t ro l l ed b y on ly o n e i n d i v i d u a l . 

W i t h t h e co lor V i t a s c a n , t h e p i c t u r e is ana logous to 
h a v i n g r ed , b l u e , a n d g reen l a m p s i l l u m i n a t i n g t h e scene 
r a t h e r t h a n a s ingle w h i t e l a m p . 

W h a t a d d i t i o n a l p r o b l e m s a r e ra i sed w h e n t h e fixed 
V i t a s c a n is r e p l a c e d b y a m o b i l e s c a n n e r w h i c h c a n b e 
m o v e d a r o u n d t h e s tud io a n d w h i c h e m p l o y s a t u r r e t w i t h 
a v a r i e t y of ob jec t ive lens focal lengths? F o r ins tance , if 
t h e s c a n n e r is dol l ied v e r y c lose t o t h e subject , it m i g h t b e 
s u p p o s e d t h a t t h e s igna l level w o u l d b e g rea t ly increased . 
T h i s suppos i t ion is i nco r r ec t . If a 6- X 8-foot g ray a rea 
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is s canned , a c o r r e s p o n d i n g g r a y s igna l a m p l i t u d e is p r o 
d u c e d . If n o w t h e s c a n n e r doll ies in t o s can a 3 - X 4-foot 
a r ea , t h e s ignal level will r e m a i n exac t l y t h e s a m e , b e c a u s e 
t h e p h o t o t u b e r e m a i n s a t t h e s a m e d i s t a n c e a n d still collects 
t h e s a m e p r o p o r t i o n of t h e s a m e t o t a l l igh t flux l e av ing t h e 
s c a n n e r . Also, t h e smal l a r e a wil l b e four t imes as b r i g h t 
as t h e l a rge a r e a b u t , s ince it h a s on ly o n e fou r th t h e a r e a , 
t h e to t a l l ight p i cked u p wil l b e c o n s t a n t . 

T h e s a m e flexibili ty of m o v e m e n t is a l lowed , as w i t h a n y 
television c a m e r a , w h e n t h e lens t u r r e t is c h a n g e d f rom 
n a r r o w to w i d e lens . I n a n y scene , as l o n g as t h e effective 
/ / n u m b e r s of t h e lenses a r e t h e s a m e , t h e s ignal level will 
n o t v a r y w i t h focal l e n g t h . 

T h e color V i t a s c a n also p r o d u c e s a l ive-ac t ion s ignal 
sou rce to ta l ly devo id of co lor r eg i s t r a t i on e r ro r s for t e s t ing 
of color- te le vision e q u i p m e n t . T h i s a b s e n c e of color 
mis reg i s te ry is r e a d i l y a p p r e c i a t e d b y re fe rence a g a i n t o 
Fig . 7 . J u s t p r i o r t o T5, t h e R, B, a n d G s ignals a r e e q u a l 
a n d p r o d u c e w h i t e . W h e n t h e spo t m o v e s t o t h e g r a y 
b a c k g r o u n d , al l t h e p h o t o t u b e o u t p u t s m u s t c h a n g e t o 
ge the r . T h e r e is n o w a y for o n e co lor c h a n n e l t o c h a n g e a t 
a t i m e different f rom a n o t h e r . 

SPECTRAL CHARACTERISTICS 

W H E N T H E V I T A S C A N I S USED for m o n o c h r o m e television 
p i c k u p , t h e over -a l l spec t r a l c h a r a c t e r i s t i c is d e t e r m i n e d b y 
t h e p r o d u c t of t h e p h o s p h o r t imes t h e p h o t o t u b e spec t ra l 
responses . T h i s r e s u l t a n t c u r v e is s h o w n in F ig . 8. If 
a p p r o p r i a t e color filters a r e p l a c e d before t h e p h o t o t u b e s , 
t h e r e s u l t a n t R, B, a n d G sensi t ivi t ies a r e s h o w n . Sensi
t ivit ies r e la t ive to m o n o c h r o m e g i v e R , 1 p e r c e n t ; B, 1 7 p e r 
c e n t ; a n d G, 50 p e r c e n t . T h u s , t h e r e d o u t p u t w a s 
d o u b l e d t o 2 p e r c e n t b y e m p l o y i n g t w o r e d p h o t o t u b e s for 
e a c h b l u e a n d g r e e n o n e . T o o b t a i n e q u a l R, B, a n d G 
s ignals for w h i t e b a l a n c e , i t is necessa ry t o ad jus t t h e p h o t o -
mul t ip l i e r ga ins su i t ab ly . T h e spec t r a l cha rac t e r i s t i c s for 
equa l - s igna l w h i t e , w i t h t h e c o r r e s p o n d i n g ga ins i n d i c a t e d , 
a r e s h o w n in F ig . 9 . T h e p o o r r e d sensi t ivi ty , r e q u i r i n g 
inc reased r e d p h o t o m u l t i p l i e r ga in , resul ts in t h e r e d 
c h a n n e l noise d e t e r m i n i n g t h e over -a l l a c c e p t a b i l i t y of t h e 
s ignal - to-noise r a t i o in t h e s i m u l t a n e o u s co lor s igna l . 

W i t h t h e s t o r a g e - t y p e color- te levis ion c a m e r a s , co lor 
c o n t a m i n a t i o n is p r e s e n t b e c a u s e of t h e n o n l i n e a r t ransfer 
cha rac t e r i s t i c of e a c h c a m e r a t u b e . F r o m t h e s t a n d p o i n t 
of color fidelity, t h e V i t a s c a n is p re fe r red t o a sl ide s c a n n e r 
as a color s ignal source , b e c a u s e co lo r ime t r i c fai lures of t h e 
film processes a r e a v o i d e d . 

OPTICAL PARAMETERS 

S IGNAL-TO-NOISE a n d depth-of-f ie ld cons ide ra t ions h a v e 
p r o v e d to b e ser ious p r o b l e m s . A l t h o u g h theore t i ca l ly 
q u i t e i n d e p e n d e n t , t h e economics of e q u i p m e n t des ign 
m a k e s t h e m m u t u a l l y an t agon i s t i c . 

I n t h e first e x p e r i m e n t s , t h e depth-of-f ie ld w a s on ly 
a b o u t t w o feet. T o inc rease t h e depth-of-f ie ld , t h e lens 
w a s s t o p p e d d o w n , m a k i n g t h e s ignal - to-noise r a t i o objec
t i o n a b l e . T o i m p r o v e t h e depth-of-f ie ld, it is necessa ry 
to use a smal le r lens a p e r t u r e , o r sma l l e r s can size, o r b o t h . 
I n e i t he r case , t h e a m o u n t of l igh t i n c i d e n t o n t h e scene is 
d e c r e a s e d . U n l e s s t h e s a m e t o t a l a m o u n t of l igh t is 

Fig. 4. Mobile 
light source. 

col lec ted b y t h e p h o t o t u b e s , t h e s ignal - to-noise wil l suffer. 
H i g h e r co l lec t ion efficiency c a n b e a c c o m p l i s h e d b y a d d i n g 
s i m p l e ref lectors t o e a c h p h o t o t u b e c lus te r a n d b y cove r ing 
t h e wal ls w i t h a l u m i n u m shee t ing . Also , t h e t o t a l of 
p h o t o t u b e c lus ters c a n b e i n c r e a s e d ; th i s gives in te res t ing 
m o d e l l i n g effects in t h e l i gh t i ng as wel l as g r e a t e r l ight 
col lec t ion . 

As a c o n s i d e r a b l e e c o n o m i c p r o b l e m w o u l d exist in 
l a rge r s tud ios e m p l o y i n g m o b i l e c a m e r a s , it w a s necessary t o 
cons ide r t h e depth-of-f ie ld p r o b l e m p u r e l y f rom t h e s t a n d 
p o i n t of t h e c a m e r a des ign itself. F i rs t , a gene ra l analysis 
of depth-of-f ie ld as a func t ion of c a t h o d e - r a y t u b e ras te r 
size a n d o t h e r va r i ab l e s w a s m a d e . Second , t h e final 
o p t i m i z i n g of t h e c a m e r a des ign for s ignal - to-noise w a s 
d e t e r m i n e d b y p r a c t i c a l p r o b l e m s of c a t h o d e - r a y t u b e 
o p e r a t i o n . 

T h e p r e s e n t V i t a s c a n u n i t s o p e r a t e a t a d i s t inc t t heo re t 
ical d i s a d v a n t a g e w h e n c o m p a r e d t o i m a g e - o r t h i c o n 
c a m e r a s in r e g a r d t o depth-of-f ie ld b u t , in rea l i ty , this 

Fig. 5 . Multiplier phototube. 
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Fig. 6. Phototube cluster. 

difference is less t h a n t h a t i n d i c a t e d b y t h e figures s ince 
t h e t heo re t i c a l depth-of-f ie ld a d v a n t a g e is far f rom b e i n g 
a t t a i n e d in i m a g e - o r t h i c o n color c a m e r a s b e c a u s e of c e r t a i n 
effects w h i c h r e d u c e t h e sha rpnes s . T h i s lack of cr ipsness 
is caused , first, b y op t i ca l a b e r r a t i o n s i n t r o d u c e d b y t h e 
c o m p l i c a t e d lens r e l ay sys tem a n d , second, b y mis reg i s te ry 
of t h e r ed , b lue , a n d g reen c a m e r a scans . 

T h e depth-of-f ield seriously l imi ts t h e television p r o 
g r a m m i n g app l i ca t ions , so t h a t a c o m p r o m i s e h a d to b e 
m a d e in t h e m o b i l e V i t a s c a n des ign . A 5-inch c a t h o d e -
r a y t u b e a l lows a 3.0- X 4 .0 - inch scan size o r smal le r . 
E x p e r i m e n t s i n d i c a t e t h e smal les t p r a c t i c a l s can size t o b e 
2 . 1 - X 2 .8- inch, d e t e r m i n e d p r i m a r i l y b y t h e c u r r e n t 
s a t u r a t i o n , g r a in size, a n d life of t h e p h o s p h o r . T y p i c a l 
o p e r a t i n g cond i t ions a r e 35-kv acce l e r a t i ng vo l t age a t 250-
m i c r o a m p e r e b e a m c u r r e n t . T h e depth-of-f ie ld of t h e 
2 . 1 - X 2 .8- inch r a s t e r a t / / 2 . 8 is a d e q u a t e for m a n y t y p e s 
of television p r o g r a m m i n g ; a t 10-foot focus, n e a r l y a 
4-foot depth-of-f ield is r ea l i zed . 

, STUDIO STROBE LIGHTING 

A s PREVIOUSLY POINTED OUT, t w o different m e t h o d s of 
l igh t ing d u r i n g t h e ve r t i ca l b l a n k i n g i n t e rva l h a v e b e e n 
deve loped . A t p resen t , t h e first p r o d u c t i o n vers ion of t h e 
V i t a s c a n uses a x e n o n flash l a m p , p e n d i n g q u a n t i t y m a n u 
fac tu re of a n o t h e r l ight source , a m i n i a t u r e shor t -pe r s i s t ence 
c a t h o d e - r a y t u b e . A l t h o u g h t h e r e a r e po in t s for a n d 
aga ins t b o t h m e t h o d s , t h e s c h e m e u t i l i z ing t h e c a t h o d e -
r a y t u b e is u l t i m a t e l y to b e p re fe r red . 

I n t h e first m e t h o d , a t r igger vo l t age of severa l t h o u s a n d 
vol ts is app l i ed to t h e e x t e r n a l e l ec t rode of a U - s h a p e d 
x e n o n A m g l o t y p e U-35K l a m p . T h i s v o l t a g e ionizes t h e 
gas a n d a d-c p o t e n t i a l of 350 vol ts f rom a c h a r g e d c a p a c i t o r 
a p p l i e d across t h e i n t e r n a l e lec t rodes m a i n t a i n s t h e ion iza 
t ion , p r o d u c i n g a b l u e - w h i t e l igh t o u t p u t for a p p r o x i m a t e l y 
a 100-mic rosecond d u r a t i o n . I n a s m u c h as t h e t r igge r vol t 
a g e is s y n c h r o n i z e d w i t h t h e ve r t i ca l d r i v e f rom a s t a n d a r d 
sync g e n e r a t o r , t h e flash occcurs d u r i n g t h e ve r t i ca l b l a n k i n g 
in t e rva l . T o p r o v i d e a su i t ab le l igh t level, five x e n o n 
l a m p s a r e used in e a c h fixture (Fig. 10) . 

T h e second m e t h o d for s t robe l igh t ing ut i l izes m i n i a t u r e 
c a t h o d e - r a y t u b e s , D u M o n t t y p e ΚΊ388, as l ight sources . 
E a c h t u b e consists of a l 1 / 2 - i n c h d i a m e t e r glass enve lope 
w i t h a specia l t r i o d e g u n a t o n e e n d a n d a m e t a l p h o s p h o r 

p l a t e , inc l ined a t 4 5 ° , w e l d e d to t h e o t h e r end . T h i s 
enab les t h e p h o s p h o r to b e efficiently a i r -cooled . T h e 
special g u n is des igned to p r o d u c e a n unfocused flood of 
e lec t rons over t h e p h o s p h o r surface, typ ica l o p e r a t i n g 
figures b e i n g 15-kv acce l e ra t i ng vo l tage a t 200-mic ro -
a m p e r e s a v e r a g e c u r r e n t (Fig . 11) . A n e x p e r i m e n t a l l ight 
f ixture ut i l izes t h r e e of these t ubes (Fig. 12) . 

W i t h e i the r of t h e a fo remen t ioned m e t h o d s , a h igh-
c u r r e n t pu l se is g e n e r a t e d a t t h e o u t p u t of t h e p h o t o t u b e s 
d u r i n g t h e s t r o b e l igh t ing pe r iod . I t is, of course , essential 
to p r e v e n t this pu lse from a p p e a r i n g in t h e v ideo signal 
l e av ing t h e process ing ampli f ier . T h e r e a r e t w o conven ien t 
w a y s to accompl i sh t h i s : first, b y key ing t h e p h o t o t u b e s 
off so as to m a k e t h e m i n o p e r a t i v e d u r i n g t h e ve r t i ca l 
b l a n k i n g i n t e r v a l ; a n d , second , b y c l ipp ing a n d key ing 
o u t t h e u n w a n t e d pu l se in t h e v i d e o process ing amplif ier . 

PREVIEW FACILITIES 

T H E PROBLEM of p r o v i d i n g p r e v i e w facilities, w h e r e m o r e 
t h a n o n e s c a n n e r televises t h e s a m e scene, r equ i r e s con
s ide ra t ion . S u p p o s e t h a t t w o V i t a s c a n c a m e r a s a r e 
s c a n n i n g t h e s a m e scene f rom different posi t ions . Because 
b o t h l igh t sources w o u l d b e o p e r a t i n g a t t h e s a m e t i m e , a 
m i x e d s ignal is g e n e r a t e d b y t h e p h o t o t u b e s . O n t h e 
p i c t u r e m o n i t o r , th is w o u l d a p p e a r as t w o s u p e r i m p o s e d 
i m a g e s as seen f rom t h e respec t ive c a m e r a posi t ions. T h e 
p r o b l e m , therefore , is t o de r ive t w o s e p a r a t e signals , w i t h o u t 
crossta lk , f rom t h e t w o s c a n n i n g l ight sources . Obv ious ly , 
s o m e m u l t i p l e x i n g sys tem m u s t b e e m p l o y e d . 

T h e r e a r e severa l possible w a y s of p r o v i d i n g a p rev iew 
p i c t u r e for t h e V i t a s c a n ; sugges ted m e t h o d s w e r e j u d g e d 
for su i tab i l i ty b y t h e fol lowing c r i t e r i a : (1) e c o n o m y , 
g o v e r n e d b y t h e a m o u n t of a d d i t i o n a l n o n s t a n d a r d e q u i p 
m e n t r e q u i r e d ; (2) q u a l i t y of p i c t u r e , t h a t is, s ignal- to-
noise r a t i o , r e so lu t ion , color , or b l ack a n d w h i t e r e n d i t i o n ; 
a n d (3) c o m p l e x i t y of o p e r a t i o n . P r e v i e w i n g systems 
g r o u p themse lves in t w o m a i n ca tegor ies , t i m e a n d spec t ra l 
m u l t i p l e x i n g . As a n e x a m p l e of t i m e mul t i p l ex ing , t h e 
r e t r a c e p o r t i o n of t h e h o r i z o n t a l s c a n n i n g cycle for t h e 
p r e v i e w cou ld b e u t i l ized . S p e c t r a l m u l t i p l e x i n g systems 
c a n b e o p e r a t e d w i t h i n or ou t s ide of t h e visible s p e c t r u m . 

A M P L I F I E R 

Fig. 7. Principle of Vitascan "lighting." 
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W A V E L E N G T H ( M I L L I M I C R O N S ) » 

Fig. 8. Color Vitascan filter shaping. 

W A V E L E N G T H ( MILLIMICRONS ) — » 

Fig. 9. Color Vitascan spectral characteristic. 

T h e p r e v i e w m a y u t i l i ze t h e exis t ing p h o t o t u b e s o r a n 
aux i l i a ry - s to rage c a m e r a associa ted w i t h t h e s c a n n i n g 
source . A n u m b e r of o t h e r m e t h o d s h a v e b e e n inves t i 
g a t e d a n d d i s c a r d e d ; h o w e v e r , o the r s ho ld c o n s i d e r a b l e 
p romise of u l t i m a t e success. 

CONCLUSIONS 

T H E R E APPEAR TO B E t h r e e m a j o r fields w h e r e i n t h e 
V i t a s c a n shou ld find a p p l i c a t i o n . T h e s e a r e : (1) i n d u s t r y , 
(2) color- te levis ion r e s e a r c h , a n d (3) color- te levis ion b r o a d 
cas t ing . 

E x p e r i e n c e w i t h t h e color V i t a s c a n leads t o e n t h u s i a s m 
c o n c e r n i n g its p l a c e as a r e s e a r c h tool . I t ha s def in i te 

Fig. 10. Xenon flash lamp fixture. 

a d v a n t a g e s over a t r a n s p a r e n c y s c a n n e r . I t p rov ides 
exce l len t color- te levis ion s ignals , especial ly in respec t to 
reso lu t ion , co lor r e n d i t i o n , a n d lack-of-color misregis tery . 
F r o m a n o p e r a t i o n a l s t a n d p o i n t , it is t h e s imples t a n d mos t 
r e l i ab le l ive -ac t ion color- te levis ion p i c k u p sys tem in exist
ence . I t s in i t i a l cost is re la t ive ly low because of t h e in
expens ive c o m p o n e n t s e m p l o y e d . O p e r a t i n g costs a r e 
also low b e c a u s e of t h e l ong life a n d smal le r n u m b e r of 
c o m p o n e n t s . 

I n t h e field of color- te levis ion b r o a d c a s t i n g , t h e V i t a s c a n 
h a s b o t h a d v a n t a g e s a n d d i s a d v a n t a g e s . T h e m a j o r dis
a d v a n t a g e s a r e r a t h e r obv ious . I t c a n n o t b e o p e r a t e d 
o u t d o o r s o r w h e r e e x t r a n e o u s i l l u m i n a t i o n exists. M u l t i p l e 
c a m e r a use wil l b e l imi t ed u n t i l su i t ab le p r e v i e w i n g facili
ties a r e d e v e l o p e d . 

H o w e v e r , c e r t a i n of its a d v a n t a g e s a r e n o t obv ious unt i l 
c o m p a r i s o n is m a d e w i t h i m a g e - o r t h i c o n c a m e r a o p e r a t i o n . 
F o r e x a m p l e , t yp i ca l co lor s t ud io o p e r a t i o n r equ i re s 
i l l u m i n a t i o n levels of a t least 100 w a t t s p e r s q u a r e foot. 
I n a d d i t i o n , t h e h e a t g e n e r a t e d p resen t s a f o r m i d a b l e air-
c o n d i t i o n i n g p r o b l e m . T h e V i t a s c a n , therefore , r e p r e 
sents a v e r y s ignif icant r e d u c t i o n in o p e r a t i n g p o w e r costs. 

Perfect co lo r ime t r i c c a m e r a m a t c h is o b t a i n e d a t all 
t imes , s ince t h e p i c k u p t u b e s a r e c o m m o n to all s canners . 
Because of its excel lent color r e p r o d u c t i o n , n o special m a k e 
u p is r e q u i r e d w i t h t h e V i t a s c a n sys tem. 

T h e r e is n o i m a g e b u r n - i n , so t h a t a s c a n n e r m a y be 
left u n d i s t u r b e d o n a scene a t fixed focus for a n y l e n g t h of 
t i m e . Also, t h e w a r m - u p a n d a d j u s t m e n t t i m e r e q u i r e d is 
on ly a few m i n u t e s c o m p a r e d t o t h e h o u r o r l onge r n e e d e d 
for t h e i m a g e - o r t h i c o n color c a m e r a . 
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