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R A D I A T I O N W A R N I N G 

X-Rays and G a m m a - R a y s are dangerous to both 
patient and operator un less establ ished safe expo
sure procedures are strictly observed. 

The useful beam c a n produce ser ious or fatal bodily 
injuries to any persons in the surrounding area if 
used by an unski l led operator. Adequate precau
tions must a lways be taken to avoid exposure to the 
useful beam, as well as to leakage radiation from 
within the source housing or to scattered radiation 
result ing from the passage of radiation through 
matter. 

Those authorized to operate, participate In or super
vise the operation of the equipment must be thor
oughly famil iar and comply completely with the 

currently establ ished safe exposure factors and pro
cedures descr ibed in the National Counci l on Radia 
tion Protection and Measurements ( N C R P ) "Medica l 
X-Ray and Gamma-Ray Protection for Energies up 
to 10 Mev — Equipment Design and U s e " N C R P 
Report # 3 3 as revised or replaced In the future. 

Those responsible for the planning of X-Ray and 
Gamma-Ray equipment instal lat ions must be thor
oughly famil iar and comply completely with the 
structural shielding requirements outlined in N C R P 
# 3 4 as revised or replaced in the future. 

Fai lure to observe these warnings may c a u s e ser ious 
or fatal bodily injuries to the operator, patient or 
those in at tendance. 
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0 section 1 
PICKER X-RAY TUBE DATA 

S PX-17A, 17AF, 17AH, 17AHF x-ray tube unit 

® PX-17B, 17BF, 17BH, 17BHF x-ray tube unit 

0 section 2 
INSTALLATION 

Ci) unpacking and inspection 

{3} mounting 

[E replacement 

d j storage and seasoning 

d filament check 

(10] rotor operation check 

\M adjustment and calibration 

section 3 
PX-17 SERIES X-RAY TUBE RATING CHARTS 

section 4 

HOW TO USE RATING CHARTS i 

(25) single exposures 

(25) use of radiographic rating chart 

@ series of exposures 

® use of anode cooling chart 

@ fluoroscopy 

(2i use of anode cooling charts for fluoroscopy 

(27) e f f e c t o f c a b l e l e n g t h 

fluoroscopy and spotfilm 

© tube housing temperature 

(?i use of housing cooling chart 

(28) special techniques: 

|28) cineradiography 

(29) exposure cycle factor 

S angiography (rapid-sequence radiography) 

ii mammography 
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HOW TO U S E THIS MANUAL 

T h i s m a n u a l p r o v i d e s c o m p l e t e d e s c r i p t i o n s , 

a n d i n s t a l l a t i o n i n s t r u c t i o n s , as w e l l as 

r a t i n g c h a r t s a n d a n e x p l a n a t i o n of t h e i r 

p r o p e r u s e , f o r t h e P X - 1 7 S e r i e s — a s e r i e s 

o f h e a v y - d u t y , r o t a t i n g a n o d e X - r a y t u b e s d e 

s i g n e d f o r u s e a t up t o 125 k V p . 

W h e r e t h e m a t e r i a l a p p l i e s to a l l t u b e s i n 

t h e s e r i e s , it is g r o u p e d t o g e t h e r . S p e c i f i c 

d a t a o n e a c h t u b e t y p e , o n t h e o t h e r h a n d , is 

p r e s e n t e d o n a s e r i e s of s e p a r a t e s h e e t s , 

p e r m i t t i n g n o n - a p p l i c a b l e s h e e t s t o b e d i s 

c a r d e d w h e n a m a n u a l r e l a t i n g t o o n e t y p e 

o n l y is w a n t e d . I n s t a l l a t i o n i n f o r m a t i o n is 

s u p p l i e d i n a s i m i l a r f o r m s o t h a t i t , t o o , 

m a y b e d i s c a r d e d w h e n t h e i n s t a l l a t i o n is 

c o m p l e t e . 

T u b e r a t i n g c h a r t s , w h i c h m a n y c u s t o m e r s l i k e 

t o m o u n t n e a r t h e X - r a y c o n t r o l , a r e g r o u p e d 

c o n v e n i e n t l y o n s h e e t s to p r o v i d e a n e a t , 

u n i f o r m d i s p l a y . C h a r t s a r e p r o v i d e d f o r 

s i n g l e - p h a s e 6 0 H z p o w e r s u p p l i e s as w e l l as 

for t h r e e - p h a s e . A g a i n , n o n - a p p l i c a b l e 

c h a r t s m a y b e d i s c a r d e d t o a v o i d c o n f u s i o n . 

PX-17 S E R I E S X - R A Y T U B E S 

F o r u s e up t o 1 2 5 k V p , t h e P X - 1 7 s e r i e s of X -

r a y t u b e s a r e d e s i g n e d f o r a v a r i e t y of a p 

p l i c a t i o n s w h e r e a h e a v y - d u t y r o t a t i n g a n o d e 

t u b e is r e q u i r e d . A n o p t i o n a l h e a t s e n s o r i s 

a v a i l a b l e w i t h t h e s e t u b e s t o p r o v i d e p o s i 

t i v e i n d i c a t i o n of a n o d e t e m p e r a t u r e at a r e 

m o t e l o c a t i o n . A l s o , t h e s e t u b e s c a n b e s u p 

p l i e d o p t i o n a l l y w i t h a 1 7 5 , 0 0 0 H U a n o d e h e a t 

s t o r a g e c a p a c i t y i n s e r t i n p l a c e of t h e 

s t a n d a r d 1 4 0 , 0 0 0 H U c a p a c i t y i n s e r t . 

E a c h of t h e t u b e s i n t h e P X - 1 7 S e r i e s ( P X - 1 7 A 

a n d P X - 1 7 B ) d i f f e r i n t h e w a y t h e c a b l e t e r 

m i n a l s a r e o r i e n t e d f o r t h e s p e c i f i c a p p l i c a 

t i o n . 

PX-17 S E R I E S A P P L I C A T I O N S A N D O P T I O N S 

W I T H 1 4 0 , 0 0 0 H U 

A N O D E S T O R A G E C A P A C I T Y 

W I T H 1 7 5 , 0 0 0 H U 

A N O D E S T O R A G E C A P A C I T Y 

P I C K E R E Q U I P M E N T A P P L I C A T I O N W I T H O U T 

H E A T S E N S O R 

W I T H 

H E A T S E N S O R 

W I T H O U T 

H E A T S E N S O R 

W I T H 

H E A T S E N S O R 

P I C K E R E Q U I P M E N T A P P L I C A T I O N 

P X - 1 7 A 

P X - 1 7 B 

P X - 1 7 A F 

P X - 1 7 B F 

P X - 1 7 A H 

P X - 1 7 B H 

P X - 1 7 A H F 

P X - 1 7 B H F 

C e i l i n g T u b e m o u n t ( C a t a l o g 6 2 0 8 , 6 2 4 2 S e r i e s ) 

T w i n T r a c k T u b e s t a n d s ( C a t a l o g 6 2 1 0 ) 

B i - R a i l T u b e s t a n d s ( C a t a l o g 6 2 1 3 S e r i e s ) 

C o n s t e l l a t i o n I I T y p e T a b l e s 

Satellite Tables (Catalog 6200 Series) 
C a r d i a c T a b l e s ( C a t a l o g 6 1 6 0 S e r i e s ) 
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Section 1 

PX-17A,PX-17AF, 
PX-17AH,PX-17AHF X - R A Y T U B E UNIT 

P I C K E R X - R A Y 
TUBE DATA 

D E S C R I P T I O N 

T h e P X - 1 7 A , P X - 1 7 A F , P X - 1 7 A H a n d P X - 1 7 A H F a r e 

h e a v y - d u t y , 1 2 5 k V p r o t a t i n g a n o d e X - r a y 

t u b e s e s p e c i a l l y d e s i g n e d f o r t h e P i c k e r C a t . 

6 2 0 8 a n d 6 2 A 2 S e r i e s C e i l i n g T u b e s t a n d s , C a t . 

6 2 1 0 T w i n T r a c k T u b e s t a n d s a n d C a t . 6 2 1 3 S e 

r i e s B i - R a i l T u b e s t a n d s . T h e P X - 1 7 A F i s t h e 

s a m e a s t h e P X - 1 7 A b u t i n c l u d e s a P i c k e r h e a t 

s e n s i n g d e v i c e . 

T h e P X - 1 7 A H t u b e is p r o v i d e d w i t h a h i g h h e a t 

( 1 7 5 , 0 0 0 H U a n o d e h e a t s t o r a g e c a p a c i t y ) i n 

s e r t ; t h e P X - 1 7 A H F i s t h e s a m e a s t h e P X - 1 7 A H 

b u t i n c l u d e s a h e a t s e n s i n g d e v i c e . 

F E A T U R E S 

C o n s e r v a t i v e l y R a t e d 

F o r v o l t a g e s u p t o 1 2 5 k V p f o r s i n g l e - o r 

t h r e e - p h a s e o p e r a t i o n . 

Universal-Type Tube Housing 
O p p o s e d p a r a l l e l c a b l e t e r m i n a l s t o p r o 

v i d e n e a t c a b l e d r a p e a n d m i n i m u m c a b l e 

d r a g f o r o v e r t a b l e u s e . 

H i g h - V o l t a g e C a b l e T e r m i n a l s 

C o n f o r m t o A m e r i c a n S t a n d a r d C 8 6 . 1 a n d 

F e d e r a l S t a n d a r d N o . 7 2 . 

S u p e r i m p o s e d F o c a l S p o t s 

1.0 a n d 2 . 0 m m S t a n d a r d . 

O p t i o n a l f o r P X - 1 7 A H a n d P X - 1 7 A H F 

0 . 5 a n d 1 . 5 m m 

0 . 7 a n d 2 . 0 m m 

0 . 3 a n d l.Oiran - 1 0° t a r g e t 

P i c k e r H e a t S e n s i n g D e v i c e 

( I n P X - 1 7 A F o r P X - 1 7 A H F t u b e u n i t s a n d r e 

q u i r e s 3 6 8 4 C h e a t i n d i c a t o r . ) R e s p o n d s t o 

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

p e r a t u r e . 

C o m p l e t e F a c t o r y R e p l a c e m e n t U n i t s 

E n t i r e u n i t s u p p l i e d r e a d y f o r i n s t a l l a 

t i o n . 

C O N S T R U C T I O N 

S h o c k p r o o f H o u s i n g 

T h e h e r m e t i c a l l y s e a l e d c a s t b r o n z e a n d 

b r a s s h o u s i n g , w i t h t r a n s p a r e n t p o r t , e n 

c l o s e s t h e X - r a y t u b e , s t a t o r a s s e m b l y a n d 

e x p a n s i o n b e l l o w s . T h e s e b e l l o w s a l l o w 

t h e s p e c i a l i n s u l a t i n g o i l t o e x p a n d a n d 

c o n t r a c t o v e r t h e f u l l r a n g e o f o p e r a t i n g 

t e m p e r a t u r e s of t h e X - r a y t u b e . 

R a y p r o o f i n g 

I n a c c o r d a n c e w i t h B u r e a u o f S t a n d a r d s 

H a n d b o o k 76 a n d N C R P R e p o r t # 3 3 . 

M i n i m u m A m b i e n t T e m p e r a t u r e 

1 5° F a h r e n h e i t . 

F i n i s h 

Gray—green enamel with chrome trim. 

Tube Insert 
E n v e l o p e : H a r d g l a s s w i t h w i n d o w o f c o n 

t r o l l e d t h i c k n e s s . 

A n o d e : S o l i d t u n g s t e n d i s k or r h e n i u m 

t u n g s t e n f a c e d m o l y b d e n u m t a r g e t s u p 

p o r t e d b y a m o l y b d e n u m s t e m o n a s p e 

c i a l l y d e s i g n e d c o p p e r r o t o r a n d b e a r 

i n g s t r u c t u r e . 

C a t h o d e : L i n e f o c u s , d o u b l e e l e m e n t , 

t u n g s t e n f i l a m e n t s ( o n e e l e m e n t f o r 

e a c h f o c a l s p o t ) . 

F o c a l S p o t s 

F o r P X - 1 7 A , P X - 1 7 A F t u b e s : 

1.0 a n d 2 . 0 m m S t a n d a r d w i t h T 4 0 K - 1 1 3 

i n s e r t . 

F o r P X - 1 7 A H , P X - 1 7 A H F t u b e s : 

1.0 a n d 2 . 0 m m S t a n d a r d w i t h 

i n s e r t . 

T 4 0 K - 7 3 
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0.7 a n d 2.0nim O p t i o n a l w i t h T 4 0 K - 7 1 

i n s e r t . 

0.5 a n d l . S m m O p t i o n a l w i t h T A O K - 1 1 6 

i n s e r t . 

0 . 3 a n d l.Onnn 1 0° t a r g e t o p t i o n a l 

w i t h T 4 0 K - 1 2 0 i n s e r t . 

X - R a y C o v e r a g e - 1 7° t a r g e t 

1 7° f r o m c e n t r a l r a y w i t h c u t o f f a t 1 5° b y 

a n o d e h e e l , c o m p l e t e l y c o v e r i n g a 1 7 x 1 7 

s q u a r e i n c h a r e a or a 2 1 - i n c h d i a m e t e r 

c i r c l e a t a 4 0 - i n c h t a r g e t - t o - f i l m d i s 

t a n c e . 

T o t a l I n h e r e n t F i l t r a t i o n 

A p p r o x i m a t e l y 1 . 0 m m aluminijm e q u i v a l e n t a t 

1 0 0 k V p . 

W e i g h t 

4 4 p o u n d s ( t u b e o n l y l e s s c a b l e s ) t o b e 

c o u n t e r b a l a n c e d . 

L i s t i n g s 

U n d e r w r i t e r s L a b o r a t o r i e s G u i d e 4 8 0 E 0 F i l e 

E 7 0 6 3 A . 

C a n a d i a n S t a n d a r d s A s s o c i a t i o n G u i d e 

4 8 0 E 2 , F i l e 5 0 3 6 . 

3-1/4" 

TOP VIEW 

CATHODE 

i X - R A Y ^ 
FRONT VIEW BEAM 

1-5/16" 

4 MOUNTING HOLES 

1/4-20 NC-2B 

X 1/2" DEEP 

I t WINDOW 

•16-3/8" 

STATOR 

INSULATORS 

1 11 I -

7-1/2= 

O p t i o n a l I t e m s 

C a t . 3 6 8 4 C H e a t I n d i c a t o r f o r b o t h o v e r -

a n d u n d e r t a b l e t u b e s . 

C a t . 1 2 5 2 S B l o w e r f o r o v e r t a b l e t u b e . 

R A T I N G S 

M a x i m u m V o l t a g e 

1 2 5 k V p r e c t i f i e d . M a x i m u m v o l t a g e t o 

g r o u n d : 6 2 . 5 k V p r e c t i f i e d . 

Radiographic Ratings 
I n accordance with r a t i n g c h a r t s . For a 

suaaession of exposures^ total energy in

put within a given time interval is limit

ed by the thermal charaateristios of the 

tube anode and of the complete unit. 

Angio Ratings 
I n accordance with angio r a t i n g charts and 
c a l c u l a t i o n procedure. 

T h e r m a l R a t i n g s — F o r VX-17A, PX-17AF 

H e a t S t o r a g e C a p a c i t y 

A n o d e : 1 4 0 , 0 0 0 H U ( H e a t U n i t s ) . * 

H o u s i n g : 1 , 2 5 0 , 0 0 0 H U . 

H e a t D i s s i p a t i o n ( M a x i m u m C o o l i n g R a t e ) 

A n o d e : 4 0 , 0 0 0 H U p e r m i n u t e . 

H o u s i n g : 

W i t h o u t a i r c i r c u l a t i o n : 1 5 , 0 0 0 H U 

p e r m i n u t e . 

W i t h a i r c i r c u l a t i o n : 3 0 , 0 0 0 H U p e r 

m i n u t e . 

T h e r m a l R a t i n g s — F o r 17-AH, PX-17 AHF 

H e a t S t o r a g e C a p a c i t y 

A n o d e : 1 7 5 , 0 0 0 H U ( H e a t U n i t s ) . * 

H o u s i n g : 1 , 2 5 0 , 0 0 0 H U , 

H e a t D i s s i p a t i o n ( M a x i m u m C o o l i n g R a t e ) 

A n o d e : 4 0 , 0 0 0 H U p e r m i n u t e . 

H o u s i n g : 

W i t h o u t a i r c i r c u l a t i o n : 1 5 , 0 0 0 H U 

p e r m i n u t e . 

W i t h a i r c i r c u l a t i o n : 3 0 , 0 0 0 H U p e r 

m i n u t e . 

F i l a m e n t R a t i n g s 

F O C A L 

S P O T V O L T S A M P E R E S 

0 .5mm 2.3 t o 5.6 3.5 t o 5.5 

0 . 7 m m 2.6 t o 6 . 0 3.5 t o 5.5 

1 . 0 m m 3.0 t o 8.5 3.5 t o 5.5 

1 . 5 m m 3.5 t o 1 0 . 5 3.5 t o 5.5 

2 . 0 m m 4.0 t o 1 2 . 0 3.5 t o 5.5 

Specifications subject to change. * H U = k V p x m A x S e c o n d s 
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A n o d e M o t o r R a t i n g s 
( N O T E : F o r 6 0 - H z o p e r a t i o n . ) 

S T A R T I N G R U N N I N G 

S e e s . 

V o l t s A m p s . D e l a y V o l t s A m p s . R . P . M . 

1 1 5 A . O 1.0 40 1.4 3 4 0 0 

2 3 0 8.0 1/2 40 1.4 3 4 0 0 

T h e 2 3 0 - v o l t s t a r t p r o d u c e s a p p r o x i m a t e l y 

2 4 0 0 H U p e r s e c o n d i n t h e h o u s i n g . 

T h e 1 1 5 - v o l t s t a r t p r o d u c e s a p p r o x i m a t e l y 6 4 0 

H U p e r s e c o n d . 

T h e 4 0 - v o l t r u n n i n g v o l t a g e p r o d u c e s a p p r o x i 

m a t e l y 75 H U p e r s e c o n d . 
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P I C K E R X - R A Y 
PX-17B,PX-17BF, TUBE DATA 

PX-17BH,PX-17BHF X - R A Y T U B E UNIT 

D E S C R I P T I O N 

T h e P X - 1 7 B , P X - 1 7 B F , P X - 1 7 B H a n d P X - 1 7 B H F a r e 

h e a v y - d u t y , 1 2 5 k V p r o t a t i n g a n o d e X - r a y 

t u b e s e s p e c i a l l y d e s i g n e d f o r t h e P i c k e r C o n 

s t e l l a t i o n I I t y p e d i a g n o s t i c t a b l e s . C a t . 

6 2 0 0 s e r i e s S a t e l l i t e t a b l e s , a n d C a t . 6 1 6 0 

s e r i e s C a r d i a c t a b l e s — r e p l a c i n g t h e P X - 1 2 

s e r i e s o f t u b e s . T h e P X - 1 7 B F i s t h e s a m e as 

t h e P X - 1 7 B b u t i n c l u d e s a P i c k e r h e a t s e n s i n g 

d e v i c e . 

T h e P X - 1 7 B H t u b e i s p r o v i d e d w i t h a h i g h h e a t 

( 1 7 5 , 0 0 0 H U a n o d e h e a t s t o r a g e c a p a c i t y ) i n 

s e r t ; t h e P X - 1 7 B H F i s t h e s a m e as t h e P X - 1 7 B H 

b u t i n c l u d e s a h e a t s e n s i n g d e v i c e . 

F E A T U R E S 

C o n s e r v a t i v e l y R a t e d 

F o r v o l t a g e s u p t o 1 2 5 k V p f o r s i n g l e -

t h r e e - p h a s e o p e r a t i o n . 

o r 

Universal-Type Tube Housing 
O p p o s e d p a r a l l e l c a b l e t e r m i n a l s t o p r o 

v i d e n e a t c a b l e d r a p e , m i n i m u m c a b l e d r a g 

a n d m a x i m u m t r a v e l i n u n d e r t a b l e a p p l i c a 

t i o n s . 

H i g h - V o l t a g e C a b l e T e r m i n a l s 

C o n f o r m t o A m e r i c a n S t a n d a r d C 8 6 . 1 a n d 

F e d e r a l S t a n d a r d N o . 7 2 . 

S u p e r i m p o s e d F o c a l S p o t s 

1.0 a n d 2 . 0 m m S t a n d a r d . 

O p t i o n a l f o r P X - 1 7 B H o r P X - 1 7 B H F 

0 . 5 a n d 1 . 5 m m 

0 . 7 a n d 2 . 0 m m 

0 . 3 a n d 1 . 0 m m 1 0° t a r g e t 

P X - 1 7 B H F t u b e u n i t s a n d r e q u i r e s 3 6 8 4 B o r 

3 6 8 4 C h e a t i n d i c a t o r . ) 

C o m p l e t e F a c t o r y R e p l a c e m e n t U n i t s 

E n t i r e u n i t s u p p l i e d r e a d y f o r i n s t a l l a 

t i o n . 

C O N S T R U C T I O N 

S h o c k p r o o f H o u s i n g 

T h e h e r m e t i c a l l y s e a l e d c a s t b r o n z e a n d 

b r a s s h o u s i n g , w i t h t r a n s p a r e n t p o r t , e n 

c l o s e s t h e X - r a y t u b e , s t a t o r a s s e m b l y a n d 

e x p a n s i o n b e l l o w s . T h e s e b e l l o w s a l l o w 

t h e s p e c i a l I n s u l a t i n g o i l t o e x p a n d a n d 

c o n t r a c t o v e r t h e f u l l r a n g e of o p e r a t i n g 

t e m p e r a t u r e s of t h e X - r a y t u b e . 

o f S t a n d a r d s 

P i c k e r H e a t S e n s i n g D e v i c e 

R e s p o n d s t o a n o d e h e a t t o 

s i v e a n o d e t e m p e r a t u r e . 

w a r n o f e x c e s -

( I n P X - 1 7 B F o r 

R a y p r o o f i n g 

I n a c c o r d a n c e w i t h B u r e a u 

H a n d b o o k 7 6 , a n d N C R P # 3 3 . 

M i n i m u m A m b i e n t T e m p e r a t u r e 

1 5° F a h r e n h e i t . 

F i n i s h 

G r a y - g r e e n e n a m e l w i t h c h r o m e t r i m . 

T u b e I n s e r t 

E n v e l o p e : H a r d g l a s s w i t h w i n d o w o f c o n 

t r o l l e d t h i c k n e s s . 

A n o d e : S o l i d t u n g s t e n d i s k o r r h e n i u m 

t u n g s t e n f a c e d m o l y b d e n u m t a r g e t s u p 

p o r t e d b y a m o l y b d e n u m s t e m o n a s p e 

c i a l l y d e s i g n e d c o p p e r r o t o r a n d b e a r 

i n g s t r u c t u r e . 

C a t h o d e : L i n e f o c u s , d o u b l e e l e m e n t , 

t u n g s t e n f i l a m e n t s ( o n e e l e m e n t f o r 

e a c h f o c a l s p o t ) . 

F o c a l S p o t s 

For PX-17B, PX-17BF tubes: 
1.0 a n d 2 . 0 m m S t a n d a r d w i t h T A O K - l l S 

i n s e r t . 
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F o r P X - 1 7 B H , P X - 1 7 B H F t u b e s : 

1.0 a n d 2.0nim S t a n d a r d w i t h T 4 0 K - 7 3 

i n s e r t . 

0 . 7 a n d 2.0iran O p t i o n a l w i t h T 4 0 K - 7 1 

i n s e r t . 

0.5 a n d l . S m m O p t i o n a l w i t h T 4 0 K - 1 1 6 

i n s e r t . 

• 0 . 3 a n d 1 . 0 m m 1 0° t a r g e t o p t i o n a l 

w i t h T 4 0 K - 1 2 0 i n s e r t . 

X - R a y C o v e r a g e - 1 7° t a r g e t 

1 7° f r o m c e n t r a l r a y w i t h c u t o f f a t 1 5° b y 

. a n o d e h e e l . 

T o t a l I n h e r e n t F i l t r a t i o n 

A p p r o x i m a t e l y 1 . 0 m m a l u m i n u m e q u i v a l e n t at 

1 0 0 k V p . 

W e i g h t 

4 4 p o u n d s ( t u b e o n l y l e s s c a b l e s ) t o b e 

c o u n t e r b a l a n c e d . 

L i s t i n g s 

U n d e r w r i t e r s L a b o r a t o r i e s G u i d e 4 8 0 E O F i l e 

E 7 0 6 3 A . 

C a n a d i a n S t a n d a r d s A s s o c i a t i o n G u i d e 

4 8 0 E 2 , F i l e 5 0 3 6 . 

TOP VIEW 

FRONT VIEW 

1 

6-1/8' 

1 WINDOW m 
CATHODE 

t X-RAY BEAM 

SIDE VIEW 

STATOR INSULATORS 

O p t i o n a l I t e m s 

C a t . 3 6 8 4 B H e a t I n d i c a t o r f o r u n d e r t a b l e 

t u b e . 

C a t . 3 6 8 4 C H e a t I n d i c a t o r f o r b o t h o v e r -

a n d u n d e r t a b l e t u b e s . 

C a t . 1 2 5 2 R B l o w e r f o r u n d e r t a b l e t u b e i n 

G a l a x y a n d C i t a t i o n t a b l e s . 

R A T I N G S 

M a x i m u m V o l t a g e 

125 k V p r e c t i f i e d . M a x i m u m v o l t a g e t o 

g r o u n d : 6 2 . 5 k V p ( r e c t i f i e d ) . 

R a d i o g r a p h i c R a t i n g s 

I n a c c o r d a n c e w i t h r a t i n g c h a r t s . For a 

suaaession of exposures, total energy in

put within a given time interval is limit

ed by the thermal aharaoteristics of the 

tube anode- and of the complete unit. 

C i n e R a t i n g s 

I n a c c o r d a n c e w i t h c i n e r a t i n g c h a r t s a n d 

c a l c u l a t i o n p r o c e d u r e . 

F l u o r o s c o p i c R a t i n g s 

W i t h o u t a i r c i r c u l a t i o n : 5 0 0 H U / s e c o n d , 

f u l l - w a v e r e c t i f i e d f o r 30 m i n u t e s c o n 

t i n u o u s l y , s t a r t i n g w i t h t u b e u n i t 

c o l d ; a l t e r n a t e p e r i o d s of 1 0 - m i n u t e s 

o f f , 1 0 - m i n u t e s o n t h e r e a f t e r . 

W i t h a i r c i r c u l a t i o n : 5 0 0 H U / s e c o n d f u l l -

w a v e r e c t i f i e d , c o n t i n u o u s i n d e f i n i t e 

l y -

The 0.3, 0.6 and 0.7mm focal spots require 

rotor rotation for above ratings. 

T h e r m a l R a t i n g s — F o r PX-17B, PX-17BF 

H e a t S t o r a g e C a p a c i t y 

A n o d e : 1 4 0 , 0 0 0 H U ( H e a t U n i t s ) . * 

H o u s i n g : 1 , 2 5 0 , 0 0 0 H U . 

H e a t D i s s i p a t i o n ( M a x i m u m C o o l i n g R a t e ) 

A n o d e : 4 0 , 0 0 0 H U p e r m i n u t e . 

H o u s i n g : 

W i t h o u t a i r c i r c u l a t i o n : 1 5 , 0 0 0 H U 

p e r m i n u t e . 

W i t h a i r c i r c u l a t i o n : 3 0 , 0 0 0 H U p e r 

m i n u t e . 

T h e r m a l R a t i n g s — F o r PX-17BH, PX-17BHF 

H e a t S t o r a g e C a p a c i t y 

A n o d e : 1 4 0 , 0 0 0 H U ( H e a t U n i t s ) . * 

H o u s i n g : 1 , 2 5 0 , 0 0 0 H U . 

H e a t D i s s i p a t i o n ( M a x i m u m C o o l i n g R a t e ) 

A n o d e : 4 0 , 0 0 0 H U p e r m i n u t e . 

H o u s i n g : 

W i t h o u t a i r c i r c u l a t i o n : 1 5 , 0 0 0 H U 

p e r m i n u t e . 

W i t h a i r c i r c u l a t i o n : 3 0 , 0 0 0 H U p e r 

m i n u t e . 

Specifications subject to change. * H U = k V p X m A X S e c o n d s 
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F i l a m e n t R a t i n g s 

F O C A L 

S P O T V O L T S A M P E R E S 

0 .5mm 2 . 3 t o 5.6 3.5 t o 5.5 

0 .7mm 2.6 t o 6.0 3.5 to 5.5 

1 . 0 m m 3.0 t o 8.5 3.5 t o 5.5 

1 . 5 m m 3.5 t o 1 0 . 5 3.5 t o 5.5 

2 .0mm 4.0 t o 1 2 . 0 3.5 to 5.5 

A n o d e M o t o r R a t i n g s 

S T A R T I N G R U N N I N G 

S e e s . 

V o l t s A m p s . , D e l a y V o l t s A m p s . R.P .M. 

115 4.0 1.0 40 1.4 3 4 0 0 

2 3 0 8.0 1/2 40 1.4 3 4 0 0 

( N O T E : F o r 6 0 - H z o p e r a t i o n . ) 

T h e 2 3 0 - v o l t s t a r t p r o d u c e s a p p r o x i m a t e l y 

2 4 0 0 H U p e r s e c o n d i n t h e h o u s i n g . T h e 1 1 5 -

v o l t s t a r t p r o d u c e s a p p r o x i m a t e l y 6 4 0 H U p e r 

s e c o n d . T h e 4 0 - v o l t r u n n i n g v o l t a g e p r o d u c e s 

a p p r o x i m a t e l y 75 H U p e r s e c o n d . 
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Section 2 

INSTALLATION 

T h i s s e c t i o n i s f o r t h e g u i d a n c e of t h e s e r 

v i c e m a n i n s t a l l i n g t h e X - r a y t u b e a n d m a y b e 

d i s c a r d e d a f t e r t h e t u b e h a s b e e n i n s t a l l e d . 

U N P A C K I N G A N D I N S P E C T I O N 

U n p a c k t h e t u b e u n i t a n d c h e c k t h e n a m e p l a t e 

f o r c o r r e c t t y p e a n d f o c a l s p o t s i z e . I n 

s p e c t f o r s h i p p i n g d a m a g e b y l i s t e n i n g f o r a 

g u r g l i n g or r a t t l i n g n o i s e w h e n t h e h o u s i n g 

i s u p e n d e d ; e x a m i n e t h e h o u s i n g f o r e x t e r n a l 

d a m a g e , o i l l e a k a g e , e t c . ; a n d r e p o r t t o t h e 

c a r r i e r i f n e c e s s a r y . 

M O U N T I N G 

M o u n t t h e t u b e u n i t i n t h e t a b l e , o n t h e 

t u b e s t a n d , e t c . , as d e s c r i b e d i n t h e i n s t r u c 

t i o n s a c c o m p a n y i n g t h e X - r a y a p p a r a t u s . Make 

sure that the proper filter is in place—no 

Zess than 2.5mm of At. equivalent. Connect 
t h e r o t o r c a b l e a n d t h e s h o c k p r o o f c a b l e s . 

R E P L A C E M E N T 

T h i s t u b e u n i t m a y b e p a r t of a c o m p l e t e n e w 

i n s t a l l a t i o n o r i t m a y b e t h e r e p l a c e m e n t f o r 

a t u b e t h a t h a s f a i l e d . I n t h e l a t t e r c a s e , 

i t is n e c e s s a r y t o d e t e r m i n e w h e t h e r t h e 

f a i l u r e w a s a f t e r a n o r m a l l i f e b e f o r e r i s k 

i n g t h e n e w t u b e b y o p e r a t i n g i t u n d e r t h e 

s a m e c o n d i t i o n s w h i c h c o u l d h a v e c a u s e d t h e 

p r e v i o u s f a i l u r e . T h e f o l l o w i n g p r o c e d u r e i s 

r e c o m m e n d e d : 

1 . D i s c u s s t h e f a i l u r e w i t h t h e o p e r a t o r t o 

d e t e r m i n e t h e t y p e o f f a i l u r e , f a c t o r s 

u s e d a t t h e t i m e , i n d i c a t i o n s of f a i l u r e , 

e t c . 

2 . I n s p e c t t h e t u b e f o r a i r i n t h e h o u s i n g , 

o i l l e a k a g e , s p a r k - o v e r i n c a b l e r e c e p t a 

c l e s , o p e n i n s t a t o r c a b l e — a l l of w h i c h 

c o u l d h a v e m a d e t h e u n i t i n o p e r a t i v e 

w i t h o u t d a m a g i n g t h e t u b e . 

3 . I n s p e c t t h e t u b e i n s e r t t h r o u g h t h e p o r t . 

If f i l l e d w i t h o i l , a p u n c t u r e , g e n e r a l l y 

c a u s e d b y o v e r l o a d , h a s o c c u r r e d . A 

b r o k e n i n s e r t c o u l d b e c a u s e d b y c a r e l e s s 

h a n d l i n g . E x c e s s i v e t u n g s t e n d e p o s i t o n 

t h e e n v e l o p e g e n e r a l l y is f r o m t a r g e t 

o v e r l o a d , ' b u t c o u l d a l s o b e f r o m e x c e s 

s i v e f i l a m e n t e v a p o r a t i o n . 

4 . S u r f a c e c r a c k s , a w a r p e d o r c r a c k e d t a r 

g e t , or a c o n t i n u o u s l y m e l t e d b a n d o n t h e 

t a r g e t a r e e v i d e n c e s of o v e r l o a d . S t a 

t i o n a r y m e l t e d s p o t s c o u l d b e c a u s e d b y 

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

f e c t i v e b e a r i n g s . 

S T O R A G E A N D S E A S O N I N G 

S e a s o n i n g o f r o t a t i n g a n o d e t u b e s p r i o r t o 

o p e r a t i o n is n o t m a n d a t o r y u n l e s s s p e c i f i 

c a l l y i n d i c a t e d . H o w e v e r , s o m e b e n e f i t s 

w i l l b e d e r i v e d f r o m s e a s o n i n g e v e n t h e 

b e s t o f h i g h - v a c u u m t u b e s , a n d t h e p r o 

c e d u r e is r e c o m m e n d e d e s p e c i a l l y i n c a s e s 

w h e r e t u b e s h a v e b e e n s t o r e d or i n o p e r a 

t i v e f o r l o n g p e r i o d s of t i m e . 

G e n e r a l l y , p r o c e e d as f o l l o w s : 

A d j u s t t h e m A t o a p p r o x i m a t e l y t h e m a x i m u m 

c o n t i n u o u s f l u o r o s c o p i c v a l u e f o r t h e m a x i m u m 

r a t e d k V p . S t a r t i n g a t 6 0 p e r c e n t o f t h e 

m a x i m u m r a t e d k V p , g r a d u a l l y i n c r e a s e t h e 

k V p i n 5 t o 10 k V p s t e p s u n t i l r e a c h i n g t h e 

m a x i m u m r a t e d v o l t a g e . A s t h e m a x i m u m k V p i s 

a p p r o a c h e d , m o r e t i m e s h o u l d b e s p e n t a t e a c h 

k V p s t e p . F o r e x a m p l e , o p e r a t e f o r a l o n g e r 

p e r i o d b e t w e e n 9 0 p e r c e n t a n d 1 0 0 p e r c e n t 
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r a t e d v o l t a g e t h a n b e t w e e n 6 0 p e r c e n t a n d 9 0 

p e r c e n t . T h e l o n g e r t h e t i m e a t u b e h a s b e e n 

i d l e , t h e l o n g e r t h e s e a s o n i n g i n t e r v a l 

s h o u l d b e . T u b e s i n s t o r a g e f o r m o r e t h a n 

s i x m o n t h s w i l l o f t e n b e n e f i t f r o m s e a s o n i n g 

p e r i o d s of o n e - h a l f h o u r o r l o n g e r . 

S h o u l d . t h e r e b e a n y i n s t a b i l i t y of m A d u r i n g 

s e a s o n i n g , r e d u c e t h e k V p u n t i l t h e i n s t a b i l 

i t y d i s a p p e a r s . T h e n r a i s e t h e k V p a t a 

s l o w e r r a t e t h a n p r e v i o u s l y . 

D o n o t a t t e m p t to s e a s o n a t u b e u n i t i n w h i c h 

a r c i n g o c c u r s t h r o u g h t h e o i l i n t h e t u b e 

h o u s i n g . S u c h a r c i n g is u s u a l l y a u d i b l e as 

c r a c k i n g , s p i t t i n g o r h i s s i n g s o u n d s w h i c h 

b e c o m e l o u d e r a n d m o r e f r e q u e n t as t h e k V p is 

r a i s e d . 

CAUTION 

T H E M O S T C O M M O N C A U S E O F P R E 

M A T U R E F A I L U R E IS O V E R L O A D , 

E I T H E R F R O M O P E R A T I O N B E Y O N D 

T H E T U B E R A T I N G O R F R O M A N 

E X C E S S I V E N U M B E R O F E X P O S U R E S 

W I T H I N S U F F I C I E N T C O O L I N G I N 

T E R V A L S . 

WARNING 

BEFORE PROCEEDING WITH THE 

FOLLOWING FILAMENT AND/OR RO

TOR OPERATION CHECKS, MAKE 

ABSOLUTELY CERTAIN THAT THE 

HIGH TENSION TRANSFORMER P R I 

MARY WIRING HAS BEEN DISCON

NECTED TO PREVENT ANY P O S S I 

BILITY OF X-RAYS BEING E M I T 

TED WHICH CAN RESULT IN S E R I 

OUS OR FATAL BODILY INJURIES 

TO THE OPERATOR AND OTHER 

PERSONS IN THE SURROUNDING 

AREA. 

F I L A M E N T C H E C K 

C h e c k t h a t t h e p r o p e r f i l a m e n t ( l a r g e or 

s m a l l f o c a l s p o t ) i s l i g h t e d a t e a c h m o n i t o r 

p o s i t i o n , i n c l u d i n g f l u o r o s c o p y a n d s p o t or 

c i n e r a d i o g r a p h y . 

R O T O R O P E R A T I O N C H E C K 

E n e r g i z e t h e r o t o r a n d c h e c k t h a t i t r o t a t e s 

c o u n t e r c l o c k w i s e w h e n l o o k i n g i n t o t h e t u b e 

p o r t f r o m t h e c a t h o d e e n d . S e e t h a t t h e 

s t a r t i n g t i m e d e l a y i s c o r r e c t ( u s u a l l y b e 

t w e e n 3 / 4 - a n d 1 - s e c o n d ) a n d t h a t t h e s t a t o r 

v o l t a g e d r o p s t o b e t w e e n 4 0 a n d 5 0 v o l t s w h e n 

t h e r o t o r i s t o b e o p e r a t e d for f l u o r o s c o p y 

( n e c e s s a r y f o r 0 . 3 , 0 . 5 a n d 0 . 7 m m f o c a l 

s p o t s , d e s i r a b l e for t h e l a r g e r f o c a l s p o t 

s i z e s ) . S e e t h a t t h e X - r a y a n d v a l v e t u b e 

f i l a m e n t s b o o s t (on m o d e r n e q u i p m e n t ) , t h a t 

a n e x p o s u r e c a n b e m a d e a f t e r t h e t i m e d e l a y , 

a n d t h a t t h e r o t o r c o a s t s f o r a t l e a s t 2 5 

s e c o n d s a f t e r t h e s t a t o r h a s b e e n d e - e n e r 

g i z e d . D i s c o n n e c t a s t a t o r c a b l e l e a d , a n d 

c h e c k t h a t t h e s a f e t y c i r c u i t w i l l p r e v e n t a n 

e x p o s u r e w i t h t h e r o t o r s t a t i o n a r y r e g a r d l e s s 

of t h e m o n i t o r or h i g h - t e n s i o n s w i t c h p o s i 

t i o n s . 

A D J U S T M E N T A N D C A L I B R A T I O N 

WARNING 

WHEN CALIBRATING THE OVER-

TABLE T U B E , CLOSE THE C O L L I 

MATOR. AND EITHER DIRECT THE 

X-RAY BEAM AWAY FROM THE 

OCCUPANTS OR POSITION THE X-

RAY TUBE ON THE TABLE TOP 

WITH THE BEAM DIRECTED DOWN

W A R D . 

CLOSE THE SHUTTERS AND CHECK 

THAT THE BUCKY SLOT COVER IS 

IN PLACE WHEN CALIBRATING THE 

UNDERTABLE T U B E . SHOULD IT 

BE NECESSARY TO CENTER THE 

X-RAY TUBE OR ADJUST THE 

SHUTTERS WHERE X-RADIATION IS 

NECESSARY, WEAR FLUOROSCOPIC 

GLOVES AND APRON AND TAKE 

PRECAUTIONS TO AVOID EXPOSURE 

TO THE RADIATION. 

FAILURE TO COMPLY WITH THE 

FOREGOING MAY CAUSE SERIOUS 

OR FATAL BODILY INJURIES TO 

THE OPERATOR AND OTHER P E R 

SONS IN THE SURROUNDING AREA. 

R e c o n n e c t t h e h i g h - t e n s i o n p r i m a r y l e a d s . 

B e f o r e c a l i b r a t i n g t h e X - r a y t u b e , h e a t t h e 

a n o d e b y m a k i n g e x p o s u r e s o n t h e l a r g e f o c a l 

s p o t a t l o w m A s e t t i n g s ; f o r e x a m p l e , 80 k V p 

a t 4 m A f o r 5 m i n u t e s , or 7 0 k V p a t 25 m A f o r 

1 0 seconds on, 10 seconds off u n t i l t h e t a r 
g e t i s s l i g h t l y r e d . A l l o w t h e X - r a y t u b e to 

c o o l f o r a t l e a s t f i v e m i n u t e s b e f o r e p r o 

c e e d i n g w i t h t h e c a l i b r a t i o n . 

WARNING 

WHEN OPERATING WITH EXPOSED 

HIGH TENSION CONNECTIONS, BE 

SURE THAT THE HIGH-TENSION 

LEADS ARE MOUNTED ON A S U B 

STANTIAL, WELL-INSULATED S U P 

PORT AND ARE AT LEAST 12-

INCHES FROM GROUND AND MORE 

THAN THREE FEET FROM THE SER

VICEMAN TO AVOID ANY ACCIDEN

TAL CONTACT WITH HIGH VOLTAGE 

WHICH CAN RESULT IN SERIOUS 

OR FATAL BODILY INJURIES TO 

THE OPERATOR. 
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T h e m A s h o u l d b e c a l i b r a t e d f o l l o w i n g t h e 

p r o c e d u r e o u t l i n e d i n t h e i n s t r u c t i o n s f o r 

t h e X - r a y u n i t u s i n g h i g h t e n s i o n m A a n d m A s 

m e t e r s ( u n l e s s t h e c o n t r o l m e t e r s a r e k n o w n 

to b e s u f f i c i e n t l y a c c u r a t e ) . 

I t i s p a r t i c u l a r l y n e c e s s a r y t o c h e c k t h e 

f l u o r o s c o p i c m A a g a i n s t a n m A m e t e r i n t h e 

h i g h - t e n s i o n c i r c u i t t o c o r r e c t f o r s h o c k -

p r o o f c a b l e c a p a c i t y . 

T h e k i l o v o l t a g e c a l i b r a t i o n of t h e X - r a y g e n 

e r a t o r s h o u l d b e c h e c k e d f o l l o w i n g t h e p r o c e 

d u r e i n c l u d e d i n i n s t r u c t i o n s f o r t h e X - r a y 

u n i t u s i n g t h e p r o p e r c a l i b r a t i o n c u r v e . 

CAUTION 

O B S E R V E T H E T U B E R A T I N G S , 

P A R T I C U L A R L Y T H E F R E Q U E N C Y O F 

E X P O S U R E , S O T H A T T H E T U B E 

W I L L N O T B E D A M A G E D D U R I N G 

C A L I B R A T I O N . A T N O T I M E 

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

R A T I N G S B E E X C E E D E D . 

I f t h e t u b e u n i t is b e i n g i n s t a l l e d o n a n o b 

s o l e t e o r c o m p e t i t i v e g e n e r a t o r , it m a y b e 

n e c e s s a r y to c h e c k t h e k i l o v o l t a g e or e s t a b 

l i s h a c a l i b r a t i o n c u r v e a t e a c h m i l l i a m p e r 

a g e r a n g e u s i n g a s p h e r e g a p o r o t h e r m e t h o d . 

D u e t o f i l a m e n t e v a p o r a t i o n w i t h u s e o f t h e 

t u b e , t h e m i l l i a m p e r a g e c a l i b r a t i o n s h o u l d b e 

checked periodically a n d r e v i s e d as r e q u i r e d . 
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Section 3 

PX-17A,PX-17AF,PX 17B,PX-17BF 
X-RAY TUBE RATING CHARTS 

1 4 0 , 0 0 0 H U A N O D E H E A T S T O R A G E C A P A C I T Y 

R O T A T I N G A N O D E - F U L L - W A V E R E C T I F I E D - 6 0 Hz - S I N G L E - P H A S E 

1.0 m m . FOCAL SPOT 2.0 m m . FOCAL SPOT 

RADIOGRAPHIC RADIOGRAPHIC 

8 0 0 

± 1 1 i 
120 6 0 30 20 10 

3 4 5 7510 15 20 

MAXIMUM EXPOSURE TIME IN S E C O N D S 

10 5 4 2 I 2 3 4 5 7 5 10 

MAXIMUM EXPOSURE TIME IN S E C O N D S 

CINERADIOGRAPHIC ANGIOGRAPHIC 

MAXIMUM EXPOSURE TIME IN S E C O N D S TOTAL NUMBER OF EXPOSURES 

U S E OF C H A R T S 

1 . U s e t h e s e c h a r t s o n l y i f y o u h a v e a P X - 1 7 A , P X - 1 7 A F , 

P X - 1 7 B , P X - 1 7 B F t u b e , t h e a n o d e r o t a t e s , a n d i t u s e s f u l l -

w a v e r e c t i f i e d , 6 0 H z , s i n g l e - p h a s e p o w e r . 

2 . P i c k t h e p r o p e r f o c a l s p o t s i z e . 

3 . U s e t h e c h a r t c o r r e s p o n d i n g t o t h e t e c h n i c t o b e u s e d . 

A . F i n d t h e i n t e r s e c t i o n of t w o o f t h e t h r e e e x p o s u r e f a c t o r s 

a n d s e e t h a t t h e t h i r d is Less t h a n t h e v a l u e t h a t a l s o 

i n t e r s e c t s a t t h a t p o i n t . 
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PX-17A,PX-17AF,PX-17B,PX-17BF 
X-RAY TUBE RATING CHARTS 

1 4 0 , 0 0 0 H U A N O D E H E A T S T O R A G E C A P A C I T Y 

R O T A T I N G A N O D E - F U L L - W A V E R E C T I F I E D - 6 0 Hz - T H R E E - P H A S E 

1.0 m m . FOCAL SPOT 2.0 m m . FOCAL SPOT 

RADIOGRAPHIC RADIOGRAPHIC 

120 6 0 3 0 2 0 
2 3 4 5 ? S I O 1520 

MAXIMUM EXPOSURE TIME IN S E C O N D S 

120 6 0 3 0 2 0 I'o 5 4 3 4 5 7 5 10 

MAXIMUM EXPOSURE TIME IN S E C O N D S 

ANGIOGRAPHIC 

T O T A L NUMBER OF E X P O S U R E S 

U S E OF CHARTS 

1 . U s e t h e s e c h a r t s o n l y if y o u h a v e a P X - 1 7 A , P X - 1 7 A F , 

P X - 1 7 B , P X - 1 7 B F t u b e , t h e a n o d e r o t a t e s , a n d i t u s e s f u l l -

w a v e r e c t i f i e d , 6 0 H z , t h r e e - p h a s e p o w e r . 

2 . P i c k t h e p r o p e r f o c a l s p o t s i z e . 

3 . U s e t h e c h a r t c o r r e s p o n d i n e t o t h e t e c h n i c t o b e u s e d . 

4 . F i n d t h e i n t e r s e c t i o n of t w o o f t h e t h r e e e x p o s u r e f a c t o r s 

a n d s e e t h a t t h e t h i r d is less t h a n t h e v a l u e t h a t a l s o 

i n t e r s e c t s a t t h a t p o i n t . 
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PX-17AH,PX-17AHF,PX-17BH,PX-17BHF 
X-RAY TUBE RATING CHARTS 

1 7 5 , 0 0 0 H U A N O D E H E A T S T O R A G E C A P A C I T Y 

R O T A T I N G A N O D E - F U L L - W A V E R E C T I F I E D - 6 0 Hz - S I N G L E - P H A S E 

1.0 m m . FOCAL SPOT 2.0 m m . FOCAL SPOT 

RADIOGRAPHIC RADIOGRAPHIC 

_ 1 i X 
120 60 30 20 

1 
10 5 4 

I 2 3 4 5 7510 (520 

MAXIMUM EXPOSURE TIME IN S E C O N D S 

3 4 5 7 5 10 

MAXIMUM EXPOSURE TIME IN S E C O N D S 

CINERADIOGRAPHIC ANGIOGRAPHIC 

600 

5 0 0 

4 0 0 

2 300 

2 0 0 

^ 100 

.s 1-

k 

J 36 

5 S B c . 

6 e j 

1 
I 1.5 2 3 4 6 8 10 15 20 30 40 60 80100 

MAXIMUM EXPOSURE TIME IN S E C O N D S 

5000 

< 4500 
X 

> 4 0 0 0 
St 
1 3500 

2 
2 3000 

I 2500 

^ 2000 
< 

^ 1500 

\ \ \ \ \ 
\ 

\ 
— ^ 

s 

\:sEc 

10 20 30 40 

TOTAL NUMBER. OF EXPOSURES 

50 60 

U S E OF C H A R T S 

1 . U s e t h e s e c h a r t s o n l y i f y o u h a v e a P X - 1 7 A H , P X - 1 7 A H F , 

P X - 1 7 B H , P X - 1 7 B H F t u b e , t h e a n o d e r o t a t e s , a n d i t u s e s 

f u l l - w a v e r e c t i f i e d , 6 0 H z , s i n g l e - p h a s e p o w e r . 

2 . P i c k t h e p r o p e r f o c a l s p o t s i z e . 

3 . U s e t h e c h a r t c o r r e s p o n d i n g t o t h e t e c h n i c t o b e u s e d . 

A . F i n d t h e i n t e r s e c t i o n o f t w o o f t h e t h r e e e x p o s u r e f a c t o r s 

a n d s e e t h a t t h e t h i r d i s less t h a n t h e v a l u e t h a t a l s o 

i n t e r s e c t s a t t h a t p o i n t . 
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PX-17AH,PX-17AHF,PX-17BH,PX-17BHF 
X-RAY TUBE RATING CHARTS 

1 7 5 , 0 0 0 H U A N O D E H E A T S T O R A G E C A P A C I T Y 

R O T A T I N G A N O D E - F U L L - W A V E R E C T I F I E D - 6 0 Hz - T H R E E - P H A S E 

1.0 m m . FOCAL SPOT 2.0 m m . FOCAL SPOT 

RADIOGRAPHIC RADIOGRAPHIC 

X ± J. 
120 6 0 3 0 2 0 

i 2 3 4 5 7510 1520 

MAXIMUM EXPOSURE TIME IN SECONDS 

2 3 4 5 7 5 10 

MAXIMUM EXPOSURE TIME IN S E C O N D S 

ANGIOGRAPHIC 

U S E OF C H A R T S 

1 . U s e t h e s e c h a r t s o n l y i f y o u h a v e a P X - 1 7 A H , P X - 1 7 A H F , 

P X - 1 7 B H , P X - 1 7 B H F t u b e , t h e a n o d e r o t a t e s , a n d i t u s e s 

f u l l - w a v e r e c t i f i e d , 6 0 H z , t h r e e - p h a s e p o w e r . 

2 . P i c k t h e p r o p e r f o c a l s p o t s i z e . 

3 . U s e t h e c h a r t c o r r e s p o n d i n g t o t h e t e c h n i c t o b e u s e d . 

4 . F i n d t h e i n t e r s e c t i o n of t w o o f t h e t h r e e e x p o s u r e f a c t o r s 

a n d s e e t h a t t h e t h i r d is less t h a n t h e v a l u e t h a t a l s o 

i n t e r s e c t s a t t h a t p o i n t . 
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PX-17AH,PX-17AHF,PX-17BH,PX-17BHF 
X-RAY TUBE RATING CHARTS 

175,000 HU ANODE HEAT STORAGE CAPACITY 

ROTATING ANODE - FULL-WAVE RECTIFIED - 60 Hz - SINGLE-PHASE 

0.7 mm. FOCAL SPOT 

RADIOGRAPHIC 

s 

MAXIMUM EXPOSURE TIME IN SECONDS 

2.0 mm. FOCAL SPOT 

RADIOGRAPHIC 

MAXIMUM EXPOSURE TIME IN SECONDS 

CINERADIOGRAPHIC ANGIOGRAPHIC 

1 

\ fVi, 

- // fin 
'I 

I/I? 0 Sf •f 
c. fx Si i£ '1 

I 1.5 2 3 4 6 8 10 15 20 30 40 60 80 100 
MAXIMUM EXPOSURE TIME IN SECONDS 

5000 

< 
s 4500 
X 

a. 

> 4000 

m 
r) 3500 
m 

O 
2 3000 
o£ 
o. 
I/) 

2500 
t-

z 
2000 

< 
I 1500 

10 20 30 40 

TOTAL NUMBER. OF EXPOSURES 

\ \ • \ k 
\ \ 
V 

V 

k a 

.fits :sgc 

50 60 

USE OF CHARTS 

1 . U s e t h e s e c h a r t s o n l y i f y o u h a v e a P X - 1 7 A H , P X - 1 7 A H F , 

P X - 1 7 B H , P X - 1 7 B H F t u b e , t h e a n o d e r o t a t e s , a n d i t u s e s 

f u l l - w a v e r e c t i f i e d , 6 0 H z , s i n g l e - p h a s e p o w e r . 

2 . P i c k t h e p r o p e r f o c a l s p o t s i z e . 

3 . U s e t h e c h a r t c o r r e s p o n d i n g t o t h e t e c h n i c t o b e u s e d . 

4 . F i n d t h e i n t e r s e c t i o n of t w o of t h e t h r e e e x p o s u r e f a c t o r s 

a n d s e e t h a t t h e t h i r d is less t h a n t h e v a l u e t h a t a l s o 

i n t e r s e c t s a t t h a t p o i n t . 
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PX-17AH,PX-17AHF,PX-17BH,PX-17BHF 
X-RAY TUBE RATING CHARTS 

175,000 HU ANODE HEAT STORAGE CAPACITY 
ROTATING ANODE - FULL-WAVE RECTIFIED - 60 Hz - THREE-PHASE 

0.7 mm. FOCAL SPOT 2.0 mm. FOCAL SPOT 

RADIOGRAPHIC RADIOGRAPHIC 

^ I 2 3 4 5 7.510 1520 3 0 4 0 

ANGIOGRAPHIC 
5 0 0 0 

0. 
> 4 0 0 0 

2 3 0 0 0 

g 2 0 0 0 
§ 

LiJ 

1000 
0 

V \ 
\ \ \ 

k \ 
V 

\ k \ 
\ \ \ \
\  

5  

10 20 3 0 4 0 5 0 
T O T A L NUMBER OF E X P O S U R E S 

6 0 

USE OF CHARTS 

1 . U s e t h e s e c h a r t s o n l y i f y o u h a v e a P X - 1 7 A H , P X - 1 7 A H F , 

P X - 1 7 B H , P X - 1 7 B H F t u b e , t h e a n o d e r o t a t e s , a n d I t u s e s 

f u l l - w a v e r e c t i f i e d , 6 0 H z , t h r e e - p h a s e p o w e r . 

2 . P i c k t h e p r o p e r f o c a l s p o t s i z e . 

3 . U s e t h e c h a r t c o r r e s p o n d i n g t o t h e t e c h n i c t o b e u s e d . 

4 . F i n d t h e i n t e r s e c t i o n of t w o of t h e t h r e e e x p o s u r e f a c t o r s 

a n d s e e t h a t t h e t h i r d i s less t h a n t h e v a l u e t h a t a l s o 

i n t e r s e c t s a t t h a t p o i n t . 
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PX-17AH,PX-17AHF,PX-17BH,PX-17BHF 
X-RAY TUBE RATING CHARTS 

175,000 HU ANODE HEAT STORAGE CAPACITY 

ROTATING ANODE - FULL-WAVE RECTIFIED - 60 Hz - SINGLE-PHASE 

0.5 mm. FOCAL SPOT 1.5 mm. FOCAL SPOT 

RADIOGRAPHIC RADIOGRAPHIC 
100 

90 

80 

70 

O-
60 

1 50 

i 40 

30 

20 

10 I I I 

70 k Vp 

•80 kVp 

50 

\ 

kVp 
90 I'Vp 

— 1 — 
100 kVp 

50 

\ 

kVp 

110 kVp 

1 ~ \ 125 kVp 

\ \ N \ \ N 
s \ 

\ 
\ 

\

I  I  
rSb a 3 0 R TO 3 i i ' 2 3 4 5 75IOf i203O4O 

MAXIMUM EXPOSURE TIME IN SECONDS 

600 

550 

500 

450 

400 

350 

300 

250 

200 

150 

100 

50 

-70 k 

60 k 

-70 k Vp 

80 kVp 
\ 

90 k 

100 k 

N O k 

Vp ^ \ 90 k 

100 k 

N O k 

Vp -J 

\ 
125 kVp 

\ 

\ 

;̂  1 
1 

_ -L ± ± 
120 60 30 20 

1 
10 

i i 
54 2 3 4 5 75 10 15 20 

MAXIMUM EXPOSURE TIME IN SECONDS 

CINERADIOGRAPHIC ANGIOGRAPHIC 

2 
LU 
a 

< 

1.5 2 3 4 6 8 10 15 20 30 40 60 80 100 

MAXIMUM EXPOSURE TIME IN SECONDS 

5000 

4000 

3000 

t2 2000 

1000. 

\ \ \ \ 
\ \ 

\ N 

\ 
\ 

\ 

V 
OSUft 

10 20 30 40 50 60 

TOTAL NUMBER OF EXPOSURES 

USE OF CHARTS 

1 . U s e t h e s e c h a r t s o n l y i f y o u h a v e a P X - 1 7 A H , P X - 1 7 A H F , 

P X - 1 7 B H , P X - 1 7 B H F t u b e , t h e a n o d e r o t a t e s , a n d i t u s e s 

f u l l - w a v e r e c t i f i e d , 6 0 H z , s i n g l e - p h a s e p o w e r . 

2 . P i c k t h e p r o p e r f o c a l s p o t s i z e . 

3 . U s e t h e c h a r t c o r r e s p o n d i n g t o t h e t e c h n i c t o b e u s e d . 

4 . F i n d t h e I n t e r s e c t i o n o f t w o of t h e t h r e e e x p o s u r e f a c t o r s 

a n d s e e t h a t t h e t h i r d i s less t h a n t h e v a l u e t h a t a l s o 

i n t e r s e c t s a t t h a t p o i n t . 
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PX-17AH,PX-17AHF,PX-17BH,PX-17BHF 
X-RAY TUBE RATING CHARTS 

175,000 HU ANODE HEAT STORAGE CAPACITY 

ROTATING ANODE - FULL-WAVE RECTIFIED - 60 Hz • THREE-PHASE 

0.5 mm. FOCAL SPOT 1.5 mm. FOCAL SPOT 

RADIOGRAPHIC RADIOGRAPHIC 

MAXIMUM EXPOSURE TIME IN SECONDS MAXIMUM EXPOSURE TIME IN SECONDS 

ANGIOGRAPHIC 
9000 

< 
s 

\ \ \ 9000 
< 
s \ \
o _  www 

> 
| » o o o 
O 
a. X 

\ \ N \ o_ www 

> 
| » o o o 
O 
a. X 

\\ » 

o_ www 

> 
| » o o o 
O 
a. X V 

o_ www 

> 
| » o o o 
O 
a. X 

UJ 
Q. 

H-

^ 1000 
< 
UJ X n 

8 UJ 
Q. 

H-

^ 1000 
< 
UJ X n 

' 
UJ 
Q. 

H-

^ 1000 
< 
UJ X n 0 10 ZO 30 40 so SO 

TOTAL NUMBER OT E X P O S U K S 

USE OF CHARTS 

1 . U s e t h e s e c h a r t s o n l y i f y o u h a v e a P X - 1 7 A H , P X - 1 7 A H F , 

P X - 1 7 B H , P X - 1 7 B H F t u b e , t h e a n o d e r o t a t e s , a n d i t u s e s 

f u l l - w a v e r e c t i f i e d , 60 H z , t h r e e - p h a s e p o w e r . 

2 . P i c k t h e p r o p e r f o c a l s p o t s i z e . 

3 . U s e t h e c h a r t c o r r e s p o n d i n g t o t h e t e c h n i c to b e u s e d . 

4 . F i n d t h e i n t e r s e c t i o n o f t w o of t h e t h r e e e x p o s u r e f a c t o r s 

a n d s e e t h a t t h e t h i r d i s less t h a n t h e v a l u e t h a t a l s o 

i n t e r s e c t s a t t h a t p o i n t . 

P G 2 1 5 : F 2 • D e c e m b e r 1968 



PX-17AH,PX-17AHF,PX-17BH,PX-17BHF 
X-RAY TUBE RATING CHARTS 

175,000 HU ANODE HEAT STORAGE CAPACITY 

ROTATING ANODE - FULL-WAVE RECTIFIED 60 Hz SINGLE-PHASE 10° TARGET 

0.3 mm. FOCAL SPOT 1.0 mm. FOCAL SPOT 

RADIOGRAPHIC RADIOGRAPHIC 

ad To kk id i ' 2 5 5 7 5 10 2 0 3 0 5 0 7 5 1 0 0 

M A X I M U M E X P O S U R E T I M E IN S E C O N D S 

I 2 3 5 7.510 2 0 3 0 5075100 L X I JL X i . ± 
120 6 0 3 0 20 10 5 4 2 

M A X I M U M E X P O S U R E TIME IN S E C O N D S 

CINERADIOGRAPHIC ANGIOGRAPHIC 

I.S 2 3 4 6 8 10 15 2 0 30 40 6 0 80100 

M W a M U M E X P O S U R E TIME IN S E C O N D S 

20 30 4 0 

T O T A L N U M B E R OF E X P O S U R E S 

5 0 6 0 

USE OF CHARTS 

1. U s e t h e s e c h a r t s o n l y I f y o u h a v e a P X - 1 7 A H , P X - 1 7 A H F , 

P X - 1 7 B H , P X - 1 7 B H F t u b e , t h e a n o d e r o t a t e s , a n d i t u s e s 

f u l l - w a v e r e c t i f i e d , 6 0 H z , s i n g l e - p h a s e p o w e r . 

2 . P i c k t h e p r o p e r f o c a l s p o t s i z e . 

3 . U s e t h e c h a r t c o r r e s p o n d i n g t o t h e t e c h n i c t o b e u s e d . 

4 . F i n d t h e i n t e r s e c t i o n of t w o o f t h e t h r e e e x p o s u r e f a c t o r s 

a n d s e e t h a t t h e t h i r d is less t h a n t h e v a l u e t h a t a l s o 

i n t e r s e c t s a t t h a t p o i n t . 

P G 2 1 5 : F 2 • D e c e m b e r 1 9 6 8 



PX-17AH,PX-17AHF,PX-17BH,PX-17BHF 
X-RAY TUBE RATING CHARTS 

175,000 HU ANODE HEAT STORAGE CAPACITY 

ROTATING ANODE - FULL-WAVE RECTIFIED - 60 Hz - THREE PHASE - 10° TARGET 

0.3 mm. FOCAL SPOT 1.0 mm. FOCAL SPOT 

RADIOGRAPHIC RADIOGRAPHIC 
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M A X I M U M E X P O S U R E TIME IN S E C O N D S 

I 2 3 5 T 5 I 0 2 0 3 0 5075100 
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I 2 3 5 76 10 2 0 3 0 5 0 7 5 1 0 0 j_ _!_! 
120 6 0 30 20 10 5 4 

M A X I M U M E X P O S U R E TIME IN S E C O N D S 
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TOTAL N U M B E R OF E X P O S U R E S 

USE OF CHARTS 

1. Use these charts only If you have a PX-17AH, PX-17AHF, 

P X - 1 7 B H , PX-17BHF tube, the anode rotates, and it uses 

full-wave rectified, 60 H z , three-phase p o w e r . 

2. Pick the proper focal spot s i z e . 

3. Use the chart corresponding to the technic to b e u s e d . 

4. Find the intersection of two of the three exposure factors 

and see that the third is less than the value that also 

intersects at that p o i n t . 
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PX-17 SERIES X-RAY TUBE COOLING CHARTS 
ANODE COOLING CHARTS FLUOROSCOPIC OPERATION 

1 4 0 , 0 0 0 
1 3 0 , 0 0 0 
1 2 0 , 0 0 0 
1 1 0 , 0 0 0 

1 0 0 , 0 0 0 
9 0 , 0 0 0 

8 0 , 0 0 0 
7 0 , 0 0 0 
6 0 , 0 0 0 
5 0 , 0 0 0 
4 0 , 0 0 0 
3 0 , 0 0 0 
2 0 , 0 0 0 
1 0 , 0 0 0 

0 

PX-17A, 

PX-17AF, 

PX-17B, 

PX-17BF 

C O O L I N G T I M E I N M I N U T E S 
2 3 4 5 

C O O U N G TIME IN M I N U T E S 

1 7 5 , 0 0 0 
1 6 0 , 0 0 0 

1 2 0 , 0 0 0 

8 0 , 0 0 0 

4 0 , 0 0 0 

V 
V 

_ — 

X 
s 

' 

175,000 

PX-17AH, 

PX-17AHF, 

PX-17BH, 

PX-17BHF 

4 6 B 1 0 

C O O L I N G T I M E I N M I N U T E S 

U s e i f m o r e t h a n o n e r a d i o g r a p h i c e x p o s u r e i s 

p l a n n e d w i t h i n 10 t o 1 2 m i n u t e s . 

U s e as f o l l o w s : 

1 . C h e c k e a c h e x p o s u r e a g a i n s t 

K a d i o g r a p h i c R a t i n g C h a r t . 

a p p r o p r i a t e 

2 . C a l c u l a t e h e a t u n i t s of e a c h e x p o s u r e 

( k V p X m A X S e c o n d s ) a n d a d d t o u n i t s r e 

m a i n i n g i n a n o d e f r o m p r e v i o u s e x p o s u r e s 

(if a n y ) . 

3 . S u b t r a c t u n i t s l o s t 

t w e e n e x p o s u r e s . 

t h r o u g h c o o l i n g b e -

4 . S e e t h a t a c c u m u l a t i n g h e a t u n i t s n e v e r 

e x c e e d t h e a n o d e h e a t s t o r a g e c a p a c i t y 

( 1 4 0 , 0 0 0 o r 1 7 5 , 0 0 0 u n i t s ) . 

*For your convenience the heat-unit scales on the F l u o r o 

scopic Operation Charts have been increased by a Heat I n 

put Correction Factor of 1.3 to simplify use of the 

charts. This value accounts for the shockproof cable c a 

pacity usually encountered. For a fuller explanation of 

cable capacity effects and use of the Cooling C h a r t s , see 

"How to Use the Rating Charts" in this m a n u a l . 

140,000 

100,000 

2 4 6 8 

T I M E I N M I N U T E S 

12 

a n d U s e t o d e t e r m i n e p e r m i s s i b l e f l u o r o s c o p y 

s p o t f i l m e x p o s u r e s c h e d u l e s . * 

U s e as f o l l o w s : 

1 . C a l c u l a t e t h e h e a t i n p u t r a t e t o b e u s e d 

f o r f l u o r o s c o p y ( u n i t s p e r s e c o n d = k V p x 

m A ) . 

2 . F i n d t h e c o r r e s p o n d i n g h e a t i n p u t c u r v e 

(or i t s a p p r o x i m a t e p o s i t i o n ) o n t h e a p 

p r o p r i a t e F l u o r o s c o p i c O p e r a t i o n C h a r t 

a n d d e t e r m i n e t h e n u m b e r o f h e a t u n i t s 

c o r r e s p o n d i n g t o t h e e x p e c t e d f l u o r o s c o p 

i c e x p o s u r e t i m e . * 

3 . C h e c k t h a t t h e s p o t f i l m t e c h n i c i s p e r 

m i s s i b l e u s i n g t h e a p p r o p r i a t e R a d i o 

g r a p h i c R a t i n g C h a r t . 

4 . F i n d t h e t o t a l h e a t u n i t s f o r t h e s p o t -

f i l m e x p o s u r e s ( n u m b e r of e x p o s u r e s x k V p 

X m A X S e c o n d s ) . 

5 . A d d t h e s e u n i t s t o t h e h e a t u n i t s e x p e c t 

e d d u r i n g f l u o r o s c o p y ( s t e p 2 ) . T h e t o 

t a l s h o u l d b e l e s s t h a n t h e a n o d e h e a t 

s t o r a g e c a p a c i t y (140,000 o r 175,000 H U ) . 
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H O U S I N G C O O L I N G CHART 

1 , 2 5 0 , 0 0 0 
V 

CD \ 
i 1 , 0 0 0 , 0 0 0 \i 1 , 0 0 0 , 0 0 0 

o 8 0 0 , 0 0 0 \ o 8 0 0 , 0 0 0 
\ o 

U 6 0 0 , 0 0 0 \ 
o 
U 6 0 0 , 0 0 0 

S 4 0 0 , 0 0 0 S 4 0 0 , 0 0 0 

2 0 0 , 0 0 0 2 0 0 , 0 0 0 

W I T H 0 
A I R - C I R C U L A T O R 0 

W I T H O U T 
A I R - C I R C U L A T O R 0 

1 6 

3 0 

3 0 4 5 

6 0 9 0 
C O O L I N G T I M E I N M I N U T E S 

6 0 

1 2 0 

7 5 

1 5 0 

U s e i f h e a v y s c h e d u l e of e x p o s u r e s i s p l a n n e d 

w i t h i n t w o t o f o u r h o u r s . 

U s e as f o l l o w s : 

1 . C a l c u l a t e h e a t u n i t s p e r m i n u t e ( k V p x m A 

X e x p o s u r e s p e r m i n u t e x e x p o s u r e t i m e = 

H U p e r m i n u t e ) . * * 

2 . C a l c u l a t e t h e n u m b e r of m i n u t e s o f p e r 

m i s s i b l e o p e r a t i o n b e f o r e h o u s i n g h e a t 

s t o r a g e c a p a c i t y is r e a c h e d ( m i n i m u m o f 

o p e r a t i o n = h o u s i n g h e a t s t o r a g e c a p a c i t y 

i h e a t u n i t s p e r m i n u t e ) . 

3 . F r o m H o u s i n g C o o l i n g C h a r t d e t e r m i n e t h e 

w a i t i n g p e r i o d r e q u i r e d b e f o r e m a k i n g a n 

o t h e r s e r i e s o f e x p o s u r e s . 

4 . T o c a l c u l a t e t h e p e r m i s s i b l e t i m e f o r a 

s u c c e e d i n g s e r i e s , r e p e a t s t e p 2 a f t e r 

s u b t r a c t i n g h e a t u n i t s r e m a i n i n g f r o m 

p r e v i o u s e x p o s u r e s f r o m t h e h o u s i n g h e a t 

s t o r a g e c a p a c i t y . 

* * I f l e s s t h a n 1 5 , 0 0 0 H U p e r m i n u t e ( w i t h o u t 

a i r c i r c u l a t o r ) or 3 0 , 0 0 0 H U p e r m i n u t e 

w i t h a i r c i r c u l a t o r ) t h e h o u s i n g w i l l n o t 

o v e r h e a t . 



NOTE 

The charts contained in this 
section are for illustrative 
purposes only. Use the pre
ceding rating and cooling 
charts for the specific type 
of tube that will be used. 

Section 4 
HOW TO USE RATING CHARTS 

T h e r a t i n g c h a r t s i n t h i s m a n u a l m u s t b e u s e d 

t o d e t e r m i n e w h e t h e r or n o t a g i v e n c o m b i n a 

t i o n of k V p , m A , a n d e x p o s u r e t i m e c a n s a f e l y 

b e u s e d w i t h o u t d a m a g i n g t h e X - r a y t u b e . 

S i n c e t h e t u b e s a r e c o s t l y , t h e c h a r t s s h o u l d 

b e c o n s u l t e d a n y t i m e t h e t u b e i s c a l l e d u p o n 

to o p e r a t e a t m a x i m u m e n e r g y or f o r a s e r i e s 

of e x p o s u r e s . 

c h a r t s a p p l y t o g e n e r a t o r s d i f f e r i n g i n t h e 

f o l l o w i n g c h a r a c t e r i s t i c s : 

• 5 0 - or 6 0 - H z f r e q u e n c y , 

• S i n g l e - o r t h r e e - p h a s e p o w e r s u p p l y . 

USE OF 
RADIOGRAPHIC RATING CHART 

T h r e e f a c t o r s m u s t b e c o n s i d e r e d w h e n d e t e r 

m i n i n g p e r m i s s i b l e e x p o s u r e s f o r r o t a t i n g a n 

o d e X - r a y t u b e s : 

1 . T h e m a x i m u m p e r m i s s i b l e e n e r g y v a l u e of 

a single exposure—determined f r o m t h e 

R a d i o g r a p h i c R a t i n g C h a r t s f o r t h e f o c a l 

s p o t u s e d , r o t o r s p e e d a n d t y p e o f p o w e r 

s u p p l y . 

2 . T h e m a x i m u m r a t e a t w h i c h a series of ex
posures, l e s s t h a n 10 t o 12 m i n u t e s 

a p a r t , m a y b e s a f e l y m a d e — d e t e r m i n e d 

w i t h t h e a i d o f t h e A n o d e C o o l i n g C h a r t 

a n d c a l c u l a t i o n s . 

3. T h e e f f e c t of a h e a v y e x p o s u r e s c h e d u l e 

o n t h e tube housing temperature—deter
mined f r o m t h e H o u s i n g C o o l i n g C h a r t . 

SINGLE EXPOSURES 
R a d i o g r a p h i c R a t i n g C h a r t s f o r s i n g l e e x p o 

s u r e s a r e b a s e d o n t h e a s s u m p t i o n s t h a t t h e 

a n o d e , a t t h e b e g i n n i n g of t h e e x p o s u r e , i s 

a t r o o m t e m p e r a t u r e a n d i s r o t a t i n g a t p r o p e r 

s p e e d . 

F o r y o u r c o n v e n i e n c e , t h e r a t i n g c h a r t s a p 

p l y i n g t o t h e s e t u b e s a r e a r r a n g e d s o t h a t 

o n e m a y b e s e l e c t e d f o r t h e p a r t i c u l a r t y p e 

of X - r a y g e n e r a t o r a n d c o m b i n a t i o n o f f o c a l 

s p o t s i z e s t o b e u s e d a n d t h e o t h e r c h a r t s 

d i s c a r d e d t o a v o i d c o n f u s i o n . N o t e t h a t t h e 

A t t h e l e f t o f e a c h p a g e of r a t i n g c h a r t s , 

y o u w i l l f i n d g r a p h s f o r t h e s m a l l e r f o c a l 

s p o t — a t t h e r i g h t g r a p h s f o r t h e l a r g e r f o 

c a l s p o t . F o r c e r t a i n f o c a l s p o t s i z e , s e p a 

r a t e c h a r t s a r e p r o v i d e d f o r y o u r c o n v e n 

i e n c e w i t h d i f f e r e n t t e c h n i q u e s : R a d i o g r a 

p h y , C i n e r a d i o g r a p h y , a n d A n g i o g r a p h y . 

T o u s e t h e R a d i o g r a p h i c R a t i n g C h a r t s , f i n d 

t h e i n t e r s e c t i o n of t w o o f t h e t h r e e e x p o s u r e 

f a c t o r s a n d s e e t h a t t h e t h i r d is l e s s t h a n 

t h e v a l u e w h i c h a l s o i n t e r s e c t s a t t h a t 

p o i n t . F o r e x a m p l e , s u p p o s e t h e c h a r t l i k e 

t h e o n e b e l o w ( 2 m m s p o t , f u l l - w a v e , 6 0 - H z , 

s i n g l e - p h a s e p o w e r ) i s b e i n g u s e d . 

7 0 0 

5 0 0 

5 4 0 0 

3 0 0 

2 0 0 

1 0 0 

L t e - k 
s 

>: 
=^ 

1 
1 2 0 

i i 1 
6 0 3 0 2 0 

1 
1 0 

1 1 
5 4 2 3 4 5 1 0 

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

I f 300 m A f o r 2 s e c o n d s is s e l e c t e d , t h e i r 

p o i n t of i n t e r s e c t i o n c o r r e s p o n d s w i t h 83 

k V p , the maximum kVp to be used with those 
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factors. O n t h e o t h e r h a n d , i f 5 0 0 m A at 9 0 

k V p i s t o b e u s e d , the maximum exposure time 
is slightly over 1/20 second. S i m i l a r l y , i f 

1/60 s e c o n d a t 1 1 0 k V p i s t o b e u s e d , the 
maximum mA is 450. ( U s u a l l y 4 0 0 m A w o u l d b e 

u s e d a n d t i m e a d j u s t e d a c c o r d i n g l y . ) 

SERIES OF EXPOSURES 
W h e n a n u m b e r of e x p o s u r e s a r e t o b e m a d e 

w i t h i n 10 t o 12 m i n u t e s , s u c h as f o r c i n e , 

a n g i o g r a p h y , c h e s t s u r v e y , s t e r e o a n d s p o t -

f i l m t e c h n i q u e s , t h e a m o u n t of h e a t t h a t t h e 

a n o d e c a n s a f e l y a c c u m u l a t e m u s t b e c o n s i d 

e r e d . T h i s a n o d e h e a t s t o r a g e c a p a c i t y , 

l i s t e d f o r P i c k e r t u b e s , is d e f i n e d i n h e a t 

u n i t s : t h e p r o d u c t of k V p x m A x s e c o n d s . 

NOTE 
T h e h e a t u n i t s d e r i v e d f r o m 

t h e p r o d u c t of k V p x m A x 

s e c o n d s a p p l y o n l y t o t u b e s 

o p e r a t i n g f r o m g e n e r a t o r s u s 

i n g s i n g l e - p h a s e p o w e r . F o r 

t h r e e - p h a s e g e n e r a t o r s p r o 

d u c i n g 6 p u l s e s p e r c y c l e , 

t h e h e a t u n i t p r o d u c t m u s t b e 

m u l t i p l i e d b y 1.35 (35 p e r 

c e n t more h e a t i n g i s p r o 

d u c e d ) ; f o r t h o s e p r o d u c i n g 

12 p u l s e s p e r c y c l e , m u l t i p l y 

b y 1 . 4 0 . 

USE OF ANODE COOLING CHART 
T h e A n o d e C o o l i n g C h a r t is u s e d t o d e t e r m i n e 

w h e t h e r a s e r i e s of e x p o s u r e s a r e p e r m i s s i b l e 

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

a s s u m e t h a t t h e r e h a v e b e e n e x p o s u r e s t o t a l 

i n g 1 0 0 , 0 0 0 h e a t u n i t s o n a t u b e w i t h 1 7 5 , 0 0 0 

H U a n o d e h e a t s t o r a g e c a p a c i t y . T w o m i n u t e s 

l a t e r , a l a t e r a l l u m b a r s p i n e e x p o s u r e a t 8 2 

k V p a n d 3 0 0 m A s is m a d e . W h a t w a i t i n g t i m e 

(if a n y ) is r e q u i r e d b e f o r e m a k i n g a p o s t e r i 

or o b l i q u e l u m b a r s p i n e e x p o s u r e a t 75 k V p 

a n d 1 5 0 m A s ? 

C O O L I N G T I M E I N M I N U T E S 

Solution: R e f e r t o t h e a n o d e c o o l i n g c u r v e 

f o r t h e t u b e ( a b o v e ) a n d n o t e t h a t 1 0 0 , 0 0 0 H U 

i s a t a c o o l i n g t i m e of 2 - 1 / 2 m i n u t e s . 

T w o m i n u t e s l a t e r (or 4 - 1 / 2 m i n u t e s t o t a l o n 

t h e c u r v e ) t h e a n o d e w i l l h a v e c o o l e d t o 

6 4 , 0 0 0 u n i t s . T h e l a t e r a l l u m b a r e x p o s u r e 

e q u a l s 2 4 , 6 0 0 h e a t u n i t s (82 k V p x 3 0 0 m A s ) , 

s o t h a t a f t e r t h i s e x p o s u r e t h e t o t a l a n o d e 

h e a t w i l l b e 8 8 , 6 0 0 u n i t s ( 6 4 , 0 0 0 + 2 4 , 6 0 0 ) . 

T h e o b l i q u e e x p o s u r e r e q u i r e s 1 1 , 2 5 0 h e a t 

u n i t s (75 k V p x 1 5 0 m A s ) , s o t h a t t h e t o t a l 

a n o d e h e a t w i l l b e 9 9 , 8 5 0 u n i t s ( 8 8 , 6 0 0 + 

1 1 , 2 5 0 ) . S i n c e t h i s is l e s s t h a n t h e 1 7 5 , 0 0 0 

h e a t - u n i t c a p a c i t y o f t h e t u b e , t h e e x p o s u r e 

c a n b e m a d e w i t h o u t a n y w a i t i n g t i m e . 

FLUOROSCOPY 
F l u o r o s c o p i c e x p o s u r e t i m e is l i m i t e d a l s o i n 

s o m e i n s t a n c e s b y t h e t o t a l h e a t t h a t c a n b e 

s a f e l y a b s o r b e d b y t h e a n o d e of t h e X - r a y 

t u b e . T h i s l i m i t a n d t h e c o o l i n g r a t e of t h e 

a n o d e a r e s h o w n on t h e A n o d e C o o l i n g C h a r t s . 

E a c h c u r v e s h o w s t h r e e c h a r a c t e r i s t i c s o f t h e 

a n o d e s : 

1 . T h e m a x i m u m h e a t s t o r a g e c a p a c i t y of t h e 

a n o d e i n h e a t u n i t s . 

2 . T h e t i m e i t t a k e s f o r t h e a n o d e t o c o o l 

f r o m o n e e n e r g y l e v e l t o a n o t h e r . 

3 . T h e a m o u n t of h e a t t h a t w i l l a c c u m u l a t e 

d u r i n g a f l u o r o s c o p i c e x a m i n a t i o n . 

F o r y o u r c o n v e n i e n c e , p e r m i s s i b l e f l u o r o s c o p 

i c e x p o s u r e s a r e p r e s e n t e d i n t e r m s of i n p u t 

e n e r g y c u r v e s w h i c h a c c o u n t f o r t h e c o o l i n g 

t h a t o c c u r s d u r i n g e x p o s u r e . S e v e r a l t y p i c a l 

v a l u e s h a v e b e e n p l o t t e d o n t h e A n o d e C o o l i n g 

C h a r t s . F o r o t h e r s y o u w i l l h a v e t o i n t e r p o 

l a t e . 

USE OF ANODE 
COOLING CHARTS FOR FLUOROSCOPY 
T h e h e a t t o b e d i s s i p a t e d b y t h e t u b e i s d e 

termined by multiplying the kVp and mA, then 
s e l e c t i n g t h e i n p u t e n e r g y c u r v e c o r r e s p o n d 

i n g t o t h i s v a l u e (or i t s a p p r o x i m a t e p o s i 

t i o n ) o n t h e A n o d e C o o l i n g C h a r t . T h e n b y 

f i n d i n g t h e p o i n t o n t h e c u r v e t h a t c o r r e 

s p o n d s w i t h t h e e s t i m a t e d e x a m i n a t i o n t i m e 

( h o r i z o n t a l a x i s ) , t h e c o r r e s p o n d i n g n u m b e r 

of h e a t u n i t s a c c u m u l a t e d i n t h e a n o d e c a n b e 

f o u n d o n t h e v e r t i c a l a x i s . 

F o r e x a m p l e , a n e x a m i n a t i o n at 1 0 0 k V p a n d 4 

m A p r o d u c e s 4 0 0 h e a t u n i t s p e r s e c o n d ( 1 0 0 x 

4 ) . F r o m t h e c o r r e s p o n d i n g c u r v e o n t h e S a m 

p l e A n o d e C o o l i n g C h a r t , i t c a n b e s e e n t h a t 

t h i s a m o u n t of e x p o s u r e a d d s a b o u t 6 6 , 0 0 0 

h e a t \its t o t h e a n o d e a f t e r 4 m i n u t e s . 

U s u a ^ - x y , t h i s a m o u n t o f h e a t is h a n d l e d e a s 

i l y b y t h e t u b e . 

T o f i n d t h e t i m e r e q u i r e d f o r t h e a n o d e t o 

c o o l a g i v e n a m o u n t , l o c a t e t h e i n t e r s e c t i o n 
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o f t h e o r i g i n a l h e a t u n i t s on t h e c o o l i n g 

c u r v e , t h e n n o t e t h e e q u i v a l e n t t i m e . R e p e a t 

t h i s p r o c e d u r e a t t h e l o w e r h e a t u n i t v a l u e 

a n d d e t e r m i n e t h e t i m e d i f f e r e n c e . In ef
fect, the input energy curves show you the 
rate heat i s added to the anode during fluo
roscopy, and the cooling curve shows you the 
rate that the heat is dissipated after the 
exposure is terminated, 

EFFECT OF CABLE LENGTH 
A t t h e l o w m A l e v e l s u s e d i n f l u o r o s c o p y , t h e 

l e n g t h of t h e s h o c k p r o o f c a b l e s e f f e c t s t h e 

a m o u n t of i n p u t e n e r g y t o t h e a n o d e a t v a r i 

o u s c o m b i n a t i o n s o f k V p a n d m A . T h i s i s b e 

c a u s e a t l o w m A t h e w a v e s h a p e c h a n g e s f r o m 

p u l s e d D C t o a n e a r c o n s t a n t p o t e n t i a l f o r m , 

w h i c h c o n t a i n s m o r e e n e r g y . T h e H e a t I n p u t 

C a b l e C o r r e c t i o n F a c t o r t a b l e h e l p s y o u d e 

t e r m i n e h o w m u c h m o r e e n e r g y i s a p p l i e d t o 

t h e t u b e , d u e t o c a b l e c a p a c i t y , t h a n i s 

s p e c i f i e d o n t h e A n o d e C o o l i n g C h a r t s . N o t e 

t h a t t h i s f a c t o r i n c r e a s e s w i t h i n c r e a s i n g 

c a b l e l e n g t h a n d k V p , b u t d e c r e a s e s w i t h i n 

c r e a s i n g m A . 

CABLE CAPACITY AT LOW MA changes the wave
shape of the energy reaching the X-ray tube 
from that shown by the dotted lines to a near 
constant potential form. The actual shape 
depends on cable length, kVp, and mA. 

w h e r e l o w m A , h i g h k V p , a n d r e l a t i v e l y l o n g 

shockproof cables are used, t h e H e a t I n p u t 

C o r r e c t i o n F a c t o r w i l l b e a s l a r g e as 1.4 

( 4 0 % m o r e e n e r g y r e a c h i n g t h e X - r a y t u b e ) . 

T h i s m e a n s t h a t t h e A n o d e H e a t S t o r a g e C a p a c 

i t y w i l l b e r e a c h e d m o r e q u i c k l y f o r g i v e n 

f a c t o r s t h a n i f c a b l e c a p a c i t y w e r e n o t c o n 

s i d e r e d . H o w e v e r , t h e h i g h e r e n e r g y a v a i l 

a b l e a t t h e t u b e d u e t o t h e n e a r c o n s t a n t p o 

t e n t i a l w a v e - f o r m e n a b l e s t h e u s e r t o o p e r a t e 

a t l o w e r k V p o r m A w h i l e m a i n t a i n i n g t h e s a m e 

s c r e e n b r i g h t n e s s . T h e s e l o w e r f a c t o r s m a y 

e v e n r e d u c e t h e h e a t u n i t i n p u t m o r e t h a n i t 

i s i n c r e a s e d b y t h e c a b l e c a p a c i t y . 

FLUOROSCOPY AND SPOTFILM 
T o i l l u s t r a t e t h e a p p l i c a t i o n of t h e f a c t o r s 

i n v o l v e d i n d e t e r m i n i n g p e r m i s s i b l e e x p o s u r e s 

w h e n f l u o r o s c o p y is c o m b i n e d w i t h s p o t f i l m s , 

a h y p o t h e t i c a l p r o b l e m w i l l b e p o s e d . A s s u m e 

a s t o m a c h f l u o r o s c o p i c e x a m i n a t i o n f o r 5 m i n 

u t e s a t 1 0 0 k V p a n d 4 m A c o m b i n e d w i t h e i g h t 

s p o t f i l m s a t 9 0 k V p , 4 0 m A s , u s i n g a t u b e 

h a v i n g t h e s a m e a n o d e c o o l i n g c h a r t as t h e 

s a m p l e s h o w n p r e v i o u s l y . T h e l e n g t h o f - e a c h 

s h o c k p r o o f c a b l e i s 3 6 - f e e t . Is t h i s t e c h 

n i q u e p e r m i s s i b l e ? 

Solution: 

T h e i n p u t e n e r g y is 1 0 0 k V p x 4 m A = 4 0 0 u -

n i t s p e r s e c o n d . F r o m t h e c u r v e f o r 4 0 0 u -

n i t s p e r s e c o n d o n t h e A n o d e C o o l i n g C h a r t , 

t h e a n o d e h e a t s t o r a g e f o r 5 m i n u t e s = 7 6 , 0 0 0 

u n i t s . R e f e r r i n g t o t h e H e a t I n p u t C a b l e 

C o r r e c t i o n F a c t o r t a b l e f o r 3 6 - f e e t , 4 m A , 

a n d 1 0 0 k V p , t h e h e a t i n p u t r a t i o w i l l b e a p 

p r o x i m a t e l y 1 . 2 4 . M u l t i p l y i n g t h e 7 6 , 0 0 0 

f l u o r o s c o p i c h e a t u n i t s x 1.24 = 9 4 , 2 4 0 

u n i t s . 

T h e t o t a l . h e a t f r o m t h e e i g h t s p o t f i l m e x p o 

s u r e s w i l l b e 2 8 , 8 0 0 u n i t s (8 x 9 0 x 4 0 ) . 

T h e r e f o r e , t h e t o t a l a n o d e h e a t w i l l b e 

1 2 3 , 0 4 0 u n i t s ( 9 4 , 2 4 0 + 2 8 , 8 0 0 ) , w h i c h i s 

w i t h i n t h e a n o d e h e a t s t o r a g e c a p a c i t y o f t h e 

h e a v y d u t y t u b e s . 

TUBE HOUSING TEMPERATURE 
T h e t h i r d f a c t o r t h a t m a y h a v e t o b e c o n s i d 

e r e d i n d e t e r m i n i n g p e r m i s s i b l e e x p o s u r e 

s c h e d u l e s i s t h e t o t a l h e a t s t o r a g e c a p a c i t y 

of t h e h o u s i n g ( u s u a l l y 1 , 2 5 0 , 0 0 0 u n i t s ) . 

T h i s r a t i n g m u s t b e f o l l o w e d t o p r e v e n t t h e 

o i l , a n d so f o r t h , i n t h e h o u s i n g f r o m b e c o m 

i n g t o o h o t t o r e m o v e t h e h e a t r a d i a t e d f r o m 

t h e a n o d e , a n d t o p r e v e n t d a m a g e t o t h e i n 

t e r i o r p a r t s of t h e t u b e s u c h as t h e p o r t , 

e x p a n s i o n d i a p h r a g m , a n d c a b l e i n s u l a t o r s . 

HEAT INPUT CORRECTION FACTOR FOR SHOCKPROOF CABLE CAPACITY 

K V P 

F O R 2 4 - F T C A B L E S F O R 3 6 - F T C A B L E S F O R 4 8 - F T C A B L E S F O R 6 0 - F T C A B L E S 

K V P 

1 m A 3 m A 5 m A 1 m A 3 m A 4 m A 1 m A 3 m A 4 m A 1 m A 3 m A 4 m A 

75 k V p 1.32 1.17 1.06 1.35 1.24 1,18 1.36 1.27 1.24 1.3.7 1.30 1.27 

1 0 0 k V p 1,34 1,22 1 , 1 1 1,36 1 . 2 8 1.24 1.37 1 . 3 1 1.28 1,38 1,33 1.30 

1 5 0 k V p 1.36 1.28 1.18 1.37 1.32 1,29 1.38 1.34 1.32 1.39 1.35 1.33 
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USE OF HOUSING COOLING CHART 
T o i l l u s t r a t e t h e u s e o f t h e H o u s i n g C o o l i n g 

C h a r t ( h e a t s t o r a g e c a p a c i t y a n d c o o l i n g 

r a t e ) , a s s u m e t h a t 7 0 m m c h e s t s u r v e y f i l m s 

w i l l b e m a d e u s i n g a n a v e r a g e e x p o s u r e o f 9 0 

k V p , 2 0 0 m A , 2/5 s e c o n d (80 m A s ) a t t h e r a t e 

o f 4 p e r m i n u t e . 

1 2 3 4 5 1 0 

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

a n d s i n c e i n t h i s c a s e t h e h e a t u n i t s p e r e x 

p o s u r e i s 7 , 2 0 0 , t h e r e f o r e t w o e x p o s u r e s p e r 

m i n u t e (2 x 7 , 2 0 0 = 1 4 , 4 0 0 u n i t s ) c o u l d b e 

m a d e s a f e l y . 

Or a s s u m e t h a t a f t e r o p e r a t i n g for 4 4 m i n u t e s 

a t t h e o r i g i n a l r a t e t h e t u b e i s p e r m i t t e d t o 

c o o l f o r 3 0 m i n u t e s , w h i c h f r o m t h e H o u s i n g 

C o o l i n g C h a r t w o u l d r e d u c e t h e h e a t s t i l l i n 

t h e h o u s i n g t o a b o u t 8 0 0 , 0 0 0 u n i t s . I t w o u l d 

t h e n b e p o s s i b l e t o r e s u m e o p e r a t i o n f o r 15 

m i n u t e s [ ( 1 , 2 5 0 , 0 0 0 - 8 0 0 , 0 0 0 ) i 2 8 , 8 0 0 = 

1 5 ] . A f t e r t h i s t i m e t h e h o u s i n g h e a t w o u l d 

r e a c h t h e m a x i m u m p e r m i s s i b l e , a n d i t w o u l d 

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

r a t e d e s c r i b e d p r e v i o u s l y . 

SPECIAL TECHNIQUES: 
F o l l o w i n g a r e t h e s p e c i a l i n s t r u c t i o n s f o r 

c a l c u l a t i n g t h e d u r a t i o n f o r c i n e r a d i o g r a p h y , 

a n g i o g r a p h y , a n d m a m m o g r a p h y e x p o s u r e s f r o m a 

f u l l - w a v e r a t i n g c h a r t . 

Solution: NOTE 
F r o m t h e r a d i o g r a p h i c r a t i n g c h a r t a b o v e , i t 

w i l l b e n o t e d t h a t t h e i n d i v i d u a l e x p o s u r e i s 

w e l l w i t h i n t h e r a t i n g ( 1 - 1 / 2 s e c o n d s ) . T h e 

t o t a l a n o d e h e a t s t o r a g e i s 7 , 2 0 0 u n i t s p e r 

e x p o s u r e (90 x 8 0 ) , a n d 2 8 , 8 0 0 u n i t s p e r m i n 

u t e ( 7 , 2 0 0 X 4) a t t h e 4 e x p o s u r e s p e r m i n u t e 

r a t e . S i n c e t h e a n o d e c o o l i n g r a t e is g e n e r 

a l l y 4 0 , 0 0 0 u n i t s p e r m i n u t e ( n o t e t h e r m a l 

r a t i n g o n t u b e d a t a s h e e t s ) , t h i s t e c h n i q u e 

i s p e r m i s s i b l e . 

H o w e v e r , a f t e r a b o u t 4 4 m i n u t e s ( 1 , 2 5 0 , 0 0 0 i 

2 8 , 8 0 0 ) a t o t a l h o u s i n g h e a t s t o r a g e i n e x 

c e s s o f 1 , 2 5 0 , 0 0 0 u n i t s w o u l d b e r e a c h e d . 

W h e n t h i s m a x i m u m i s r e a c h e d , i t i s t h e n n e c 

e s s a r y t o r e d u c e t h e r a t e of h e a t i n p u t t o 

t h e m a x i m u m c o o l i n g r a t e o f t h e h o u s i n g ( n o t e 

t h e r m a l r a t i n g ) or l e s s , b y a d d i n g a i r c i r c u 

l a t i o n , o r b y r e d u c i n g t h e n u m b e r of e x p o 

s u r e s . A s s u m i n g a m a x i m u m o v e r a l l c o o l i n g 

r a t e o f 1 5 , 0 0 0 u n i t s ( w h i c h i s c o r r e c t f o r 

t h e t u b e h o u s i n g w i t h o u t a i r c i r c u l a t i o n ) , 

1 , 2 5 0 , 0 0 0 

§ 1 , 0 0 0 , 0 0 0 

"2 8 0 0 , 0 0 0 

o 
^ 6 0 0 , 0 0 0 
t-

i 4 0 0 , 0 0 0 

2 0 0 , 0 0 0 

W I T H 0 
A I R - C I R C U L A T O R 0 

W I T H O U T 
A I R - C I R C U L A T O R 0 

\ 
\ 
\ 
\ 

s 

1 
1 5 

3 0 

3 0 4 5 

6 0 90 
C O O L I N G T I M E I N M I N U T E S 

6 0 

1 2 0 

7 5 

1 5 0 

A l l m A v a l u e s r e f e r r e d t o a r e 

f u l l - w a v e , s i n g l e - p h a s e v a l 

u e s as i n d i c a t e d o n t h e T u b e 

C h a r t s a n d m A m e t e r d u r i n g 

n o r m a l c o n t i n u o u s e x p o s u r e . 

T h e y a r e n o t r e a d i n g s m a d e 

d u r i n g i n t e r m i t t e n t o r p u l s e d 

e x p o s u r e s . 

CINERADIOGRAPHY 
1 . D e t e r m i n e t h e e x p o s u r e ( k V p a n d m A s ) r e 

q u i r e d f o r p r o p e r f i l m d e n s i t y . 

2 . U s i n g t h e s e f a c t o r s ( k V p a n d m A ) , r e f e r 

t o t h e a p p r o p r i a t e R a d i o g r a p h i c R a t i n g 

C h a r t a n d d e t e r m i n e t h e l o n g e s t s i n g l e 

e x p o s u r e t h a t i s p e r m i s s i b l e . 

NOTE 
F o r f o c a l s p o t s o f 0 . 7 m m a n d 

l a r g e r , t h e k V p a n d m A v a l u e s 

s e l e c t e d w i l l u s u a l l y p e r m i t 

e x p o s u r e t i m e s l o n g e r t h a n 

t h e m a x i m u m t i m e on t h e r a t 

i n g c h a r t . I f s o , t h e f o l 

l o w i n g f o r m u l a i s u s e d t o d e 

t e r m i n e t h e t i m e of f i l m r u n 

a n d s t e p s 3 a n d 4 b e l o w d o 

n o t a p p l y . 

M A X I M U M T I M E F O R F I L M R U N (IN S E C O N D S ) = 

A N O D E H E A T S T O R A G E C A P A C I T Y ( H E A T U N I T S ) 

( H E A T U N I T S P E R E X P O . ) X ( C I N E F I L M R A T E ) 
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USE OF HOUSING COOLING CHART 
T o i l l u s t r a t e t h e u s e o f t h e H o u s i n g C o o l i n g 

C h a r t ( h e a t s t o r a g e c a p a c i t y a n d c o o l i n g 

r a t e ) , a s s u m e t h a t 7 0 m m c h e s t s u r v e y f i l m s 

w i l l b e m a d e u s i n g a n a v e r a g e e x p o s u r e of 9 0 

k V p , 2 0 0 m A , 2/5 s e c o n d (80 m A s ) a t t h e r a t e 

o f 4 p e r m i n u t e . 

1 ? 3 4 5 1 0 

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

a n d s i n c e i n t h i s c a s e t h e h e a t u n i t s p e r e x 

p o s u r e i s 7 , 2 0 0 , t h e r e f o r e t w o e x p o s u r e s p e r 

m i n u t e (2 x 7 , 2 0 0 = 1 4 , 4 0 0 u n i t s ) c o u l d b e 

m a d e s a f e l y . 

Or a s s u m e t h a t a f t e r o p e r a t i n g f o r 4 4 m i n u t e s 

a t t h e o r i g i n a l r a t e t h e t u b e is p e r m i t t e d t o 

c o o l f o r 30 m i n u t e s , w h i c h f r o m t h e H o u s i n g 

C o o l i n g C h a r t w o u l d r e d u c e t h e h e a t s t i l l i n 

t h e h o u s i n g t o a b o u t 8 0 0 , 0 0 0 u n i t s . I t w o u l d 

t h e n b e p o s s i b l e t o r e s u m e o p e r a t i o n f o r 15 

m i n u t e s [ ( 1 , 2 5 0 , 0 0 0 - 8 0 0 , 0 0 0 ) i 2 8 , 8 0 0 = 

1 5 ] . A f t e r t h i s t i m e t h e h o u s i n g h e a t w o u l d 

r e a c h t h e m a x i m u m p e r m i s s i b l e , a n d i t w o u l d 

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

r a t e d e s c r i b e d p r e v i o u s l y . 

SPECIAL TECHNIQUES: 
F o l l o w i n g a r e t h e s p e c i a l i n s t r u c t i o n s f o r 

c a l c u l a t i n g t h e d u r a t i o n for c i n e r a d i o g r a p h y , 

a n g i o g r a p h y , a n d m a m m o g r a p h y e x p o s u r e s f r o m a 

f u l l - w a v e r a t i n g c h a r t . 

Solution: NOTE 

F r o m t h e r a d i o g r a p h i c r a t i n g c h a r t a b o v e , i t 

w i l l b e n o t e d t h a t t h e i n d i v i d u a l e x p o s u r e i s 

w e l l w i t h i n t h e r a t i n g ( 1 - 1 / 2 s e c o n d s ) . T h e 

t o t a l a n o d e h e a t s t o r a g e is 7 , 2 0 0 u n i t s p e r 

e x p o s u r e (90 x 8 0 ) , a n d 2 8 , 8 0 0 u n i t s p e r m i n 

u t e ( 7 , 2 0 0 X 4) a t t h e 4 e x p o s u r e s p e r m i n u t e 

r a t e . S i n c e t h e a n o d e c o o l i n g r a t e i s g e n e r 

a l l y 4 0 , 0 0 0 u n i t s p e r m i n u t e ( n o t e t h e r m a l 

r a t i n g o n t u b e d a t a s h e e t s ) , t h i s t e c h n i q u e 

i s p e r m i s s i b l e . 

H o w e v e r , a f t e r a b o u t 4 4 m i n u t e s ( 1 , 2 5 0 , 0 0 0 i 

2 8 , 8 0 0 ) a t o t a l h o u s i n g h e a t s t o r a g e i n e x 

c e s s of 1 , 2 5 0 , 0 0 0 u n i t s w o u l d b e r e a c h e d . 

W h e n t h i s m a x i m u m i s r e a c h e d , i t i s t h e n n e c 

e s s a r y t o r e d u c e t h e r a t e of h e a t i n p u t t o 

t h e m a x i m u m c o o l i n g r a t e o f t h e h o u s i n g ( n o t e 

t h e r m a l r a t i n g ) or l e s s , b y a d d i n g a i r c i r c u 

l a t i o n , or b y r e d u c i n g t h e n u m b e r of e x p o 

sures. A s s u m i n g a m a x i m u m o v e r a l l c o o l i n g 

r a t e o f 1 5 , 0 0 0 u n i t s ( w h i c h i s c o r r e c t f o r 

t h e t u b e h o u s i n g w i t h o u t a i r c i r c u l a t i o n ) , 

1 , 2 5 0 , 0 0 0 
C3 
z ; 
in 
=) , 0 0 0 , 0 0 0 

o 8 0 0 , 0 0 0 

o 
6 0 0 , 0 0 0 

= ) 4 0 0 , 0 0 0 

31 2 0 0 , 0 0 0 

W I T H 0 
A I R - C I R C U L A T O R 0 

W I T H O U T 
A I R - C I R C U L A T O R 0 

\ 

1 5 

3 0 

3 0 4 5 

6 0 9 0 
C O O L I N G T I M E I N M I N U T E S 

6 0 

1 2 0 

7 5 

1 5 0 

A l l m A v a l u e s r e f e r r e d t o a r e 

f u l l - w a v e , s i n g l e - p h a s e v a l 

u e s as i n d i c a t e d o n t h e T u b e 

C h a r t s a n d m A m e t e r d u r i n g 

n o r m a l c o n t i n u o u s e x p o s u r e . 

T h e y a r e n o t r e a d i n g s m a d e 

d u r i n g i n t e r m i t t e n t o r p u l s e d 

e x p o s u r e s . 

CINERADIOGRAPHY 
1 . D e t e r m i n e t h e e x p o s u r e ( k V p a n d m A s ) r e 

q u i r e d f o r p r o p e r f i l m d e n s i t y . 

2 . U s i n g t h e s e f a c t o r s ( k V p a n d m A ) , r e f e r 

t o t h e a p p r o p r i a t e R a d i o g r a p h i c R a t i n g 

C h a r t a n d d e t e r m i n e t h e l o n g e s t s i n g l e 

e x p o s u r e t h a t i s p e r m i s s i b l e . 

NOTE 

F o r f o c a l s p o t s o f 0 . 7 m m a n d 

l a r g e r , t h e k V p a n d m A v a l u e s 

s e l e c t e d w i l l u s u a l l y p e r m i t 

e x p o s u r e t i m e s l o n g e r t h a n 

t h e m a x i m u m t i m e on t h e r a t 

i n g c h a r t . I f s o , t h e f o l 

l o w i n g f o r m u l a i s u s e d t o d e 

t e r m i n e t h e t i m e of f i l m r u n 

a n d s t e p s 3 a n d 4 b e l o w d o 

n o t a p p l y . 

M A X I M U M T I M E F O R F I L M R U N (IN S E C O N D S ) = 

A N O D E H E A T S T O R A G E C A P A C I T Y ( H E A T U N I T S ) 

( H E A T U N I T S P E R E X P O . ) X ( C I N E F I L M R A T E ) 
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3 . D e t e r m i n e t h e E x p o s u r e C y c l e F a c t o r a s 

r e l a t e d t o a s i n g l e c o n t i n u o u s e x p o s u r e 

( s e e E x p o s u r e C y c l e F a c t o r ) . 

4 . T o o b t a i n t h e m a x i m u m n u m b e r o f s e c o n d s 

o f f i l m r u n , m u l t i p l y t h e l o n g e s t p e r m i s 

s i b l e c o n t i n u o u s e x p o s u r e b y t h e E x p o s u r e 

C y c l e F a c t o r . 

5 . I f t h e f i l m r u n t i m e is t o o s h o r t , t h e n 

r e c a l c u l a t e o n t h e b a s i s of a s l o w e r 

f r a m e r a t e or l a r g e r f o c a l s p o t . 

EXPOSURE CYCLE FACTOR 
F o r a g i v e n k V p a n d m A t h e f u l l - w a v e r a t i n g 

c h a r t w i l l g i v e t h e l o n g e s t p e r m i s s i b l e c o n 

t i n u o u s e x p o s u r e t i m e w h i c h w o u l d a l s o b e t h e 

f i l m r u n t i m e for a c o n t i n u o u s e x p o s u r e . 

H o w e v e r , t h e n u m b e r of s e c o n d s of f i l m r u n 

c a n b e I n c r e a s e d i f t h e e x p o s u r e s a r e t u r n e d 

o f f b e t w e e n f r a m e s d u r i n g f i l m t r a n s p o r t . 

T h e E x p o s u r e C y c l e F a c t o r i s a n u m b e r w h i c h 

e x p r e s s e s t h e r e l a t i o n s h i p b e t w e e n a c o n t i n u 

o u s a n d an i n t e r m i t t e n t e x p o s u r e s e q u e n c e — 

t h e f a c t o r b y w h i c h t h e f i l m r u n c a n b e i n 

c r e a s e d f o r a s e q u e n c e of intermittent e x p o 

s u r e s . I t i s e x p r e s s e d b y t h e f o l l o w i n g f o r 

m u l a : 

N 
s •> 

[ \ V s 

N \ 
L T V 

s \ 

1 1 1 1 
1 2 0 6 0 3 0 2 0 

1 
TO 

1 1 
5 4 1 2 3 7 . 5 1 5 3 0 4 0 

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

Solution: 

1 . R e f e r r i n g t o t h e R a d i o g r a p h i c R a t i n g 

C h a r t , n o t e t h a t t h e p e r m i s s i b l e c o n t i n u 

o u s e x p o s u r e f o r t h e a s s u m e d f a c t o r s i s 

o v e r 40 s e c o n d s . T h e h e a t u n i t s p e r e x 

p o s u r e = 1 0 0 X 2 0 X 1/60 = 3 3 - 1 / 3 h e a t 

u n i t s . T h e r e f o r e , t h e f o r m u l a o f p a r a 

g r a p h 2 w i l l a p p l y . 

M A X I M U M T I M E F O R F I L M R U N = 1 4 0 . 0 0 0 

3 3 - 1 / 3 X 3 0 

1 4 0 S e c o n d s of C o n t i n u o u s F i l m R u n 

E X P O S U R E C Y C L E F A C T O R = 

1 
( E X P O S U R E T I M E ) X ( E X P O S U R E R A T E ) 

E x p o s u r e C y c l e F a c t o r s f o r t y p i c a l c i n e f i l m 

r u n s a r e g i v e n b e l o w : 

E X P O S U R E E X P O S U R E E X P O S U R E 

T I M E R A T E C Y C L E F A C T O R 

1/120 s e c . 60 p e r s e c . 2 
1/120 s e c . 30 per s e c . 4 

1/120 s e c . 15 p e r s e c . 8 

1/120 s e c . 7-1/2 p e r " 16 
1/60 s e c . 30 p e r s e c . 2 
1/30 s e c . 15 p e r s e c . 2 
1/15 s e c . 7-1/2 p e r " 2 

( D o e s n o t a p p l y f o r p u l s e d g r i d c o n t r o l o p e r 

a t i o n . ) 

T o i l l u s t r a t e , a s s u m e e x p o s u r e f a c t o r s o f 1 0 0 

k V p , 2 0 m A , 1/60 s e c o n d , a n d 3 0 f r a m e s p e r 

s e c o n d u s i n g a t u b e h a v i n g t h e a b o v e R a d i o 

g r a p h i c R a t i n g C h a r t , a n d a n a n o d e h e a t s t o r 

a g e c a p a c i t y of 1 4 0 , 0 0 0 u n i t s . C a l c u l a t e t h e 

m a x i m u m c o n t i n u o u s f i l m r u n . 

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

2 . T o i l l u s t r a t e t h e u s e of t h e E x p o s u r e C y 

c l e F a c t o r , a s s u m e t h a t a t u b e w i t h a 

s m a l l e r f o c a l s p o t h a v i n g t h e a b o v e R a 

d i o g r a p h i c R a t i n g C h a r t is u s e d . R e f e r 

r i n g t o t h e r a t i n g c h a r t f o r t h i s s i z e 

f o c a l s p o t , t h e l o n g e s t c o n t i n u o u s e x p o 

s u r e i s 2 2 s e c o n d s ( f o r 1 0 0 k V p , 2 0 m A ) . 

3 . N o t e f r o m t h e t a b l e t h a t t h e E x p o s u r e C y 

c l e F a c t o r is 2 f o r 30 f r a m e s p e r s e c o n d 

a n d 1/60 s e c o n d e x p o s u r e . T h e m a x i m u m 

n u m b e r o f s e c o n d s of f i l m r u n i s t h u s 

2 2 X 2 = 4 4 s e c o n d s . 

T h e C i n e r a d i o g r a p h i c R a t i n g C h a r t s i n c l u d e d 

i n t h i s m a n u a l m a y b e u s e d t o d e t e r m i n e t h e 

m a x i m u m e x p o s u r e t i m e d i r e c t l y , i f d e s i r e d . 
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ANGIOGRAPHY (RAPID-SEQUENCE RADIOGRAPHY) 

A s p r e v i o u s l y i n d i c a t e d , t o o m a n y e x p o s u r e s 

w i t h i n a l i m i t e d p e r i o d of t i m e m a y o v e r h e a t 

t h e t u b e i n t h r e e d i f f e r e n t w a y s : 

1 . T h e s u r f a c e of t h e t a r g e t c a n b e o v e r 

h e a t e d b y r e p e a t i n g e x p o s u r e s b e f o r e t h e 

h e a t on t h e s u r f a c e h a s h a d t i m e t o d i s 

s i p a t e i n t o t h e a n o d e p r o p e r . 

2 . T h e e n t i r e a n o d e c a n b e o v e r h e a t e d b y r e 

p e a t i n g e x p o s u r e s b e f o r e t h e a n o d e h e a t 

c a n r a d i a t e i n t o t h e s u r r o u n d i n g o i l a n d 

t u b e h o u s i n g . 

3 . T h e t u b e h o u s i n g c a n b e o v e r h e a t e d b y 

m a k i n g e x p o s u r e s m o r e r a p i d l y t h a n t h e 

t u b e h o u s i n g c a n d i s s i p a t e i t s h e a t t o 

t h e s u r r o u n d i n g a i r . 

T o p r e v e n t t h i s d a n g e r o u s o v e r h e a t i n g , t h e 

f o l l o w i n g c o n d i t i o n m u s t b e m e t : 

The total heat units of a series of exposures 
nude in rapid sequence must not exceed the 
heat units permissible, as indicated by the 
Radiographic Eating Chart, for a single expo
sure of a duration equal to the total elapsed 
time required to complete the series of expo
sures . 

T h i s r u l e a p p l i e s w h e n e a c h i n d i v i d u a l e x p o 

s u r e i s w i t h i n t h e r a d i o g r a p h i c r a t i n g , is of 

t h e s a m e n u m b e r o f h e a t u n i t s a n d is s e p a 

r a t e d b y t h e s a m e t i m e i n t e r v a l . W h e n t h e 

t i m e i n t e r v a l b e t w e e n i n d i v i d u a l e x p o s u r e s 

e x c e e d s t h e m a x i m u m t i m e r a n g e o f t h e r a d i o 

g r a p h i c r a t i n g c h a r t , i t c a n b e a s s u m e d t h a t 

t h e r e w i l l b e n o d a n g e r o f o v e r h e a t i n g t h e 

t a r g e t s o o n l y t h e a n o d e o r h o u s i n g h e a t 

s t o r a g e c a p a c i t y n e e d b e c o n s i d e r e d . 

P r o c e e d as f o l l o w s t o d e t e r m i n e w h e t h e r t h e 

r a p i d - s e q u e n c e t e c h n i q u e i s p e r m i s s i b l e : 

1 . D e t e r m i n e t h a t t h e i n d i v i d u a l e x p o s u r e 

f a c t o r s a r e w i t h i n t h e r a d i o g r a p h i c r a t 

i n g f o r t h e t y p e of t u b e a n d f o c a l s p o t 

e m p l o y e d . 

2 . C a l c u l a t e t h e t o t a l n u m b e r o f h e a t u n i t s 

f o r t h e p r o p o s e d s e r i e s : ( k V p x m A x e x 

p o s u r e t i m e x n u m b e r o f e x p o s u r e s p e r 

s e c o n d x t o t a l t i m e f o r s e r i e s ) . 

3 . R e f e r r i n g t o t h e r a d i o g r a p h i c r a t i n g 

c h a r t , d e t e r m i n e t h e m a x i m u m m A f o r t h e 

k V p a n d d e s i r e d t o t a l t i m e f o r t h e s e 

r i e s . 

4 . C a l c u l a t e t h e t o t a l p e r m i s s i b l e h e a t 

u n i t s f o r t h e s e r i e s [ k V p x m A ( f r o m 3 

a b o v e ) x t o t a l t i m e for t h e s e r i e s ] . 

5 . C o m p a r e t h e t o t a l n u m b e r o f h e a t u n i t s 

f o r t h e p r o p o s e d s e r i e s ( f r o m 2 a b o v e ) 

a g a i n s t t h e t o t a l p e r m i s s i b l e h e a t u n i t s . 

I f t h e t o t a l p e r m i s s i b l e h e a t u n i t s i s 

g r e a t e r t h a n t h a t o f t h e p r o p o s e d s e r i e s , 

t h e n t h e t e c h n i q u e m a y b e u s e d . 

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

T o i l l u s t r a t e , a s s u m e a t e c h n i q u e of 1 0 0 k V p , 

4 0 0 m A , 1/10 s e c o n d , a t t h e r a t e o f 6 e x p o 

s u r e s p e r s e c o n d f o r a t o t a l t i m e of 3 s e c 

o n d s ; u s i n g a t u b e h a v i n g t h e a b o v e r a d i o 

g r a p h i c r a t i n g c h a r t . 

Solution: 

1 . F r o m t h e t u b e r a t i n g , t h e m a x i m u m e x p o 

s u r e t i m e a t 1 0 0 k V p , 4 0 0 m A is o v e r 3 / 2 0 

s e c o n d s o t h a t i n d i v i d u a l e x p o s u r e is 

p e r m i s s i b l e . 

2 . T h e t o t a l niomber of h e a t u n i t s f o r t h e 

d e s i r e d t e c h n i q u e = 1 0 0 k V p x 4 0 0 m A x 

1/10 s e c o n d x 6 e x p o s u r e s p e r s e c o n d x 3 

s e c o n d s = 7 2 , 0 0 0 H U . 

3 . F r o m t h e r a t i n g c h a r t , t h e m a x i m u m m A a t 

1 0 0 k V p a n d 3 s e c o n d s t o t a l t i m e = 2 1 0 

m A . 

4 . T o t a l p e r m i s s i b l e h e a t u n i t s = 1 0 0 k V p x 

2 1 0 m A x 3 s e c o n d s = 6 3 , 0 0 0 H U . S i n c e 

t h i s i s less t h a n t h a t of 2 a b o v e , t h e 

p r o p o s e d t e c h n i q u e cannot b e u s e d . I t 

w i l l b e n e c e s s a r y t o r e d u c e t h e t o t a l 

n u m b e r o f h e a t u n i t s , p e r h a p s b y o p e r a t 

i n g a t t h e r a t e of 5 e x p o s u r e s p e r s e c 

o n d . T h i s w o u l d r e s u l t i n a t o t a l of 

6 0 , 0 0 0 H U w h i c h is w i t h i n t h e p e r m i s s i b l e 

r a n g e . 

T h e A n g i o g r a p h i c R a t i n g C h a r t s i n c l u d e d 

m a y b e u s e d t o d e t e r m i n e t h e m a x i m u m n u m 

b e r of e x p o s u r e s d i r e c t l y i f d e s i r e d . 

MAMMOGRAPHY 
W h e n s e q u e n c e s of e x p o s u r e s a r e t o b e m a d e 

o v e r e x t e n d e d p e r i o d s , t h e h e a t i n g a n d c o o l 

i n g c h a r a c t e r i s t i c s of t h e a n o d e s y s t e m a n d 

of t h e c o m p l e t e t u b e u n i t m u s t b e c o n s i d e r e d . 
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A s i m p l i f i e d m e t h o d of d e t e r m i n i n g t h e m i n i 

m u m c o o l i n g t i m e b e t w e e n e x p o s u r e s i s as f o l 

l o w s : 

1 . D e t e r m i n e t h a t t h e i n d i v i d u a l e x p o s u r e 

f a c t o r s a r e w i t h i n t h e r a d i o g r a p h i c r a t 

i n g s f o r t h e t y p e of t u b e a n d f o c a l s p o t . 

2 . S e e t h a t n o n e of t h e i n d i v i d u a l e x p o s u r e s 

e x c e e d s t h e a n o d e h e a t s t o r a g e c a p a c i t y 

o f t h e t u b e . 

3 . D e t e r m i n e t h e w a i t i n g t i m e b e t w e e n e a c h 

e x p o s u r e b y s e l e c t i n g t h e e x p o s u r e w i t h 

t h e l a r g e s t n u m b e r of h e a t u n i t s a n d s u b 

t r a c t i n g i t s h e a t u n i t v a l u e f r o m t h e 

a n o d e h e a t s t o r a g e c a p a c i t y . 

4 . U s i n g t h e a n o d e c o o l i n g c u r v e , d e t e r m i n e 

t h e c o o l i n g t i m e e q u i v a l e n t t o t h e h e a t 

u n i t r e m a i n d e r f o u n d i n s t e p 3 . 

T o i l l u s t r a t e , a s s u m e a s e r i e s of m a m m o g r a p h -

i c e x p o s u r e s w i t h t h e g r e a t e s t e x p o s u r e 30 

1 

\ \ f 
\ \ 
\ A\ 

\ 
— * « 

1 1 1 1 1 1 ! 1 2 3 5 7.5 10 ^0 30 50 75 IC 

0 m 30 ZQ To 5 2 

MAXiMUM EXPOSURE TIME IN SECONDS 

k V p , 3 0 0 m A , 6 s e c o n d s o n a t u b e w i t h a n a n 

o d e h e a t s t o r a g e c a p a c i t y of 1 4 0 , 0 0 0 u n i t s . 

Solution: 

1. T h e t e c h n i q u e i s w i t h i n t h e r a t i n g o f t h e 

t u b e — s e e a b o v e c h a r t . 

2 . T h e h e a t u n i t s t o t a l = 30 k V p x 300 m A x 

6 s e c o n d s = 5 4 , 0 0 0 u n i t s , w h i c h is w i t h i n 

t h e a n o d e h e a t s t o r a g e c a p a c i t y . 

\— 1 4 0 , 0 0 0 
1 3 0 , 0 0 0 
1 2 0 , 0 0 0 

LU 1 1 0 , 0 0 0 
on 

1 1 0 , 0 0 0 

1 0 0 , 0 0 0 
9 0 , 0 0 0 

> 
8 0 , 0 0 0 

E: 7 0 , 0 0 0 
LU 

Q: 
o 

6 0 , 0 0 0 LU 

Q: 
o 5 0 , 0 0 0 
tn 4 0 , 0 0 0 

<C 3 0 , 0 0 0 
2 0 , 0 0 0 
1 0 , 0 0 0 

o z r 0 
< : 0 

\ 
\ 

\ 

s 

C O O L I N G T I M E I N M I N U T E S 

3 . A n o d e h e a t s t o r a g e e q u a l s 8 6 , 0 0 0 h e a t 

u n i t s ( 1 4 0 , 0 0 0 - 5 4 , 0 0 0 = 8 6 , 0 0 0 ) . 

4 . 8 6 , 0 0 0 u n i t s o n t h e a n o d e c o o l i n g c u r v e 

e q u a l s a b o u t 1.8 m i n u t e s , s o e x p o s u r e s of 

5 4 , 0 0 0 h e a t u n i t s o r l e s s c a n b e m a d e a t 

t i m e i n t e r v a l s o f 1.8 m i n u t e s u n t i l t h e 

housing h e a t s t o r a g e c a p a c i t y i s r e a c h e d . 
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