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In a helium plasma with carbon impurity, the pressure broadened profiles of seven C III and 
two C IV lines have been measured. The plasma which was produced by magnetic compression had 
typically an electron density of 4-10 1 7 c m - 3 , a temperature of 60 000°K, and a life time of about 
0.1 fts. Electron densities have been deduced from the width of the He II 2 = 3203 Ä line. If 
AEn'^kT {AEa> = energy difference between perturbed level i and perturbing level i') the 
classical straight line non-adiabatic theory gives values being in good agreement (error < ± 25%) 
with measured widths for six lines. For two lines the deviations are larger. For the C IV resonance 
line (A = 1550 Ä) with AEu'^>k T, the profile can be explained by hyperbolic path, adiabatic col-
lision theory. The semiempirical Gaunt-factor approximation gives a rough estimate of the width, 
but normally the values obtained are too low. 

A . Introduction 

N u m e r o u s invest igat ions h a v e b e e n car r i ed out 
o n the pressure b r o a d e n i n g o f neutral and s ing ly 
i on i zed a t o m lines emitted f r o m a p l a s m a . A g r e e -
ment between theory a n d e x p e r i m e n t is with s o m e 
e x c e p t i o n s within + 20% f o r the n e u t r a l 1 , ± 5 0 % 
( o r even m o r e ) f o r the s ing ly i o n i z e d a toms 2 ' 3 . F o r 
mul t ip ly i on i zed i ons , near ly n o quant i tat ive c o m -
p a r i s o n be tween t h e o r y and e x p e r i m e n t has b e e n 
m a d e a l though b r o a d e n e d l ines o f those i ons h a v e 
been o b s e r v e d in m a n y l a b o r a t o r y a n d as t rophys i ca l 
p lasmas . T h e m a i n r e a s o n f o r this g a p o f i n f o r m a -
t ion is p r o b a b l y that an accurate m e a s u r e m e n t o f 
the e lec t ron dens i ty ne w a s n o t p o s s i b l e in these 
p lasmas b e c a u s e o f s t r o n g dens i ty g rad ients . T h e r e -
f o r e , a l o n g p l a s m a c y l i n d e r o f a b o u t 3 0 c m length 
and 0 . 6 c m d iameter w a s used h e r e as a l ight s o u r c e 
(see chapter : " E x p e r i m e n t a l A r r a n g e m e n t " ) . 

In this p a p e r w e d e s c r i b e m e a s u r e m e n t s o f the 
p r o f i l e s o f C I I I and C I V l ines emit ted f r o m a m a g -
net ica l ly c o m p r e s s e d p l a s m a w h o s e e lec tron dens i ty 
n e is d e d u c e d f r o m the w id th o f the H e II l ine 
X = 3 2 0 3 Ä . S ince C I I I ( 4 7 e V ) a n d C I V ( 6 4 e V ) 
have s imi lar i o n i z a t i o n e n e r g i e s as H e l l ( 5 4 e V ) , 
it can b e expec ted that their l ines are emitted f r o m 
the s a m e r e g i o n o f the p l a s m a . T h e r e f o r e the e r r o r s 
o f the l ine w i d t h a n d ne caused b y in -homogeneous 

p l a s m a layers shou ld b e l o w . T h e t empera ture T is 
n o r m a l l y no t very cr i t i ca l f o r the in terpre ta t i on of 
l ine b r o a d e n i n g data. T has been es t imated with 
su f f i c i ent a c c u r a c y f r o m an absolute l ine intensity 
and f r o m the a p p e a r a n c e o f a l ine intensi ty m a x i -
m u m as func t i on of the vo l tage o f the c o n d e n s e r 
b a n k . 

B. Calculation of the Line Width 

F o r the isolated i o n l ines observed h e r e e lec tron 
c o l l i s i o n s are the m a i n b r o a d e n i n g m e c h a n i s m 1 - 3 

a n d a L o r e n t z intensity p r o f i l e I(AOJ) o r I {AX) w i th 
a sh i f ted m a x i m u m can b e e x p e c t e d : 

It A \ w 1 l(Ao)) = 
' rr {Aco — d)2+w 

o r 1{AX)= 2njAk-8)*+(AXhl2)2 

w h e r e w = half -half w i d t h in a n g u l a r f r e q u e n c y 
units, AXh = ful l h a l f w i d t h o f the l ine in w a v e l e n g t h 
units, d and d = l ine shi f t . M a i n l y two m e t h o d s have 
been used f o r the c a l c u l a t i o n : the c lass ica l straight 
l ine and the s e m i e m p i r i c a l Gaunt f a c t o r a p p r o x i m a -
t ion. 

In the c a s e AErf kT the h y p e r b o l i c o r b i t cal-
cu la t i on c a n b e r e p l a c e d b y the stra ight l ine ap-
p r o x i m a t i o n 2 ' 3 . T h e f o l l o w i n g e q u a t i o n s f o r the 
b r o a d e n i n g of a level i h a v e been used 1 : 

wi + id,= ^ n0 [l)2 f f f ( v ) { I 2 \(i\R\ry |2 -[A(z?P) +iB(z&»)] 

it 

and z T = - m i n * ( I f ^ j 2 | ( * ' | / ? I O I 2 
V \ O ) JTl V itn 
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w i t h A, B, a, b f u n c t i o n s d e f i n e d i n 1 , | ( i j / ? | z ' ) | 2 

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

t i o n v e c t o r t a k e n f r o m BATES a n d D A M G A A R D 4 , 

AEw = e n e r g y d i f f e r e n c e b e t w e e n p e r t u r b e d l e v e l i 

a n d p e r t u r b i n g l e v e l i . U p p e r a n d l o w e r l e v e l 

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

m e a n s : w — ^ w i ( i = l o w e r o r u p p e r l e v e l ) . O n l y a 

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

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

l e r t h a n 1 5 % i n t h e l i n e w i d t h w. 

T h e a v e r a g e o v e r t h e v e l o c i t y d i s t r i b u t i o n h a s 

b e e n o b t a i n e d i n a n a p p r o x i m a t e m a n n e r t a k i n g 

/ f(v) d u = 1 a n d v a c o n s t a n t v a l u e , e i t h e r 

a) v={v~1)~1 or b) u = ( u 2 ) 1 / l . 

T h e r e s u l t s h a d a d i s c r e p a n c y o f m o r e t h a n 1 0 % 

o n l y in a f e w c a s e s , w h e n t h e c a l c u l a t i o n s w e r e a n y -

h o w l ess a c c u r a t e , s i n c e the c o n t r i b u t i o n s o f s t r o n g 

c o l l i s i o n s w e r e l a r g e . 

F o r t h e C I V r e s o n a n c e l i n e w i t h A En' >kT a d i a -

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

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

f o r m e d b y S A H A L - B R E C H O T a n d S E G R E 5 . T h e i r 

v a l u e y = 2 w = 0 . 4 - 1 0 - 6 n e s _ 1 f o r 7 , = 4 - 1 0 4 ° K 

h a s b e e n u s e d . 

GRIEM 2 g i v e s t h e f o l l o w i n g s e m i e m p i r i c a l e q u a t i o n f o r t h e w i d t h t F s e o f a n i o n l i n e 

h 
W ^ 8 

EN Y* 
k T, 

IkT 
A E v i I 

f kT 
AE„\ 

= i o n i z a t i o n e n e r g y o f h y d r o g e n , | ( i ' | / ? | i ) | 2 

a n d \(f \ B \ f)\2 s q u a r e s o f m a t r i x e l e m e n t s o f t h e 
a l l o w e d t r a n s i t i o n s f r o m t h e l o w e r a n d u p p e r l eve l 
of the emitted line, gse(S k T/\ 2 AEi'i |) = semiempiri-
c a l G a u n t f a c t o r g i v e n g r a p h i c a l l y i n 2 ] . 

C. Evaluation of the Plasma Parameters 

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

t h e h a l f w i d t h o f t h e H e I I l i n e X = 3 2 0 3 Ä u s i n g t h e 

r e l a t i o n 

n e = C ( Z Ü h ) ' / l 

w i t h C = 2 . 2 5 • 1 0 1 5 c m " " 3 A~Vl, w h i c h is a m e a n 

v a l u e b e t w e e n t h e e x p e r i m e n t a l a n d t h e o r e t i c a l 6 

o n e . T h e S a h a e q u a t i o n c a n n o t b e u s e d f o r H e I I 

u n d e r t h e p r e s e n t c o n d i t i o n s 6 . U s i n g the m e t h o d 

d e s c r i b e d i n 6 , it w a s c a l c u l a t e d that d u e t o m u l -

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

1 2 % h i g h e r t h a n n ; . T h e d e n s i t y w a s a l w a y s n e = 

4 - 1 0 1 7 c m - 3 , e x c e p t f o r t h e m e a s u r e m e n t o f t h e 

X = 5 8 0 1 Ä l i n e , w h e r e ne = 6 . 9 • 1 0 1 7 c m - 3 w a s u s e d . 

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

a s f o l l o w s . T h e p l a s m a t e m p e r a t u r e w a s v a r i e d b y 

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

o f t h e c o n t i n u u m , o f the C I I I 4 1 8 7 Ä l i n e a n d o f 

t h e o p t i c a l l y t h i n w i n g s o f t h e C I V r e s o n a n c e l i n e 

w e r e m e a s u r e d ( F i g . 1 ) . A m a x i m u m o f a, the 

r a t i o o f t h e n u m b e r o f C I V i o n s to the to ta l n u m b e r 

o f C i o n s , as f u n c t i o n o f T is e x p e c t e d , w h i c h l i e s 

at s o m e w h a t h i g h e r T t h a n t h e m a x i m u m o f t h e 

C I I I l i n e a n d at s o m e w h a t l o w e r T t h a n t h a t o f t h e 

C I V l i n e . F i g u r e 1 s h o w s that t h i s m a x i m u m s h o u l d 

a p p e a r at a v o l t a g e o f a b o u t 2 0 . 3 k V . T h i s v o l t a g e 

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

o f a i s n o t v e r y s e n s i t i v e t o t h e a p p l i e d i o n i z a t i o n 

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

a p p l i e d w e g e t a = 0 . 8 3 a n d 7* = 5 6 0 0 0 ° K . T h e 

v a l u e o f T h a s t o b e k n o w n o n l y r o u g h l y f o r t h e 

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

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

t h i c k C I V r e s o n a n c e l i n e , h a s t o b e k n o w n 

(n;o = n u m b e r o f c a r b o n i o n s i n t h e C I V g r o u n d 

state c m - 3 ) . T h i s h a s b e e n p e r f o r m e d b y t w o m e -

t h o d s : 

1 . T h e c a r b o n c o n c e n t r a t i o n i n t h e i n i t i a l g a s is 

2 . 8 % . W i t h 7ie = 1 . 1 2 / 1 ; ( d u e t o t h e d o u b l e i o n i z a -

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

i o n s t o e l e c t r o n s i s 2 . 5 % . F r o m t h i s v a l u e a n d na 

= 4 - 1 0 1 7 c m - 3 , a c a r b o n i o n d e n s i t y o f 1 - 1 0 1 6 

c m - 3 i s d e d u c e d . W i t h a = 0 . 8 3 w e o b t a i n t h e C I V 

i o n d e n s i t y / i c i v = 8 . 3 • 1 0 1 5 c m - 3 . U s i n g B o l t z -

m a n n ' s l a w f o r t h e d i s t r i b u t i o n o f C I V i o n s o v e r 

t h e d i f f e r e n t C I V e n e r g y l e v e l s w e f i n d 

n i 0 = 0 . 6 2 5 nc i v = 5 . 2 • 1 0 1 5 c m " 3 . 

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

2 . U s i n g t h e a b s o l u t e i n t e n s i t y o f C I I I 1 = 4 1 8 7 

Ä , a h y d r o g e n l i k e o s c i l l a t o r s t r e n g t h , S a h a ' s e q u a -

t i o n b e t w e e n C I I I 5 g x G state a n d C I V g r o u n d 



state , a n d 7 = 5 6 0 0 0 ° K , a v a l u e o f n i 0 = 5 . 4 - 1 0 1 5 

c m - 3 w a s d e d u c e d . T h e a g r e e m e n t b e t w e e n t h e t w o 
d e r i v e d v a l u e s o f n i 0 i n d i c a t e s , t h a t t h e S a h a e q u a -
t i o n is s u f f i c i e n t l y a p p r o x i m a t e d f o r C I I I . 

D. Experimental Arrangement 

T h e e x p e r i m e n t is s imi lar to that d e s c r i b e d ear l ier 
b y the a u t h o r 6 . It is a smal l theta-pinch a r r a n g e m e n t 
with a pre ion izat ion , a p r e h e a t i n g , a n d a m a i n dis-
charge us ing a 25 k V , 3 /uF c o n d e n s e r b a n k . T h e c o m -
press i on c o i l has a l e n g t h of 3 0 c m a n d a d i a m e t e r o f 
4 c m . T h e filling p r e s s u r e w a s a b o u t 0 .4 T o r r H e + me-
thane ( 0 . 2 - 6 % ) . 

S p e c t r o s c o p i c observa t i ons have b e e n m a d e ax ia l ly 
at b o t h ends . O n o n e end , the p l a s m a rad ia t i on is fo -
cussed in v a c u u m (i . e. filling p r e s s u r e o f the d i scharge 
tube ) b y a m i r r o r o n the slit of a 5 0 c m E b e r t - v a c u u m 
m o n o c h r o m a t o r , o n the o t h e r end it is f o c u s s e d in air 
b y a quartz - f luor i te a c h r o m a t on the slit o f another 
50 c m E b e r t m o n o c h r o m a t o r e q u i p p e d with a photo -
e lec tr i c detec tor . A c a r b o n arc was used f o r abso lu te 
ca l ib ra t i on of the m o n o c h r o m a t o r - p h o t o m u l t i p l i e r ar-
rangement . T h e pro f i l es have b e e n s c a n n e d shot b y 
shot, taking o n e shot a b o u t every 9 0 sec . A t y p i c a l os-
c i l l o g r a m is shown in F i g u r e 2. 

E. Results 

T h e e x p e r i m e n t a l v a l u e s AXh o f the h a l f w i d t h s 
t o g e t h e r w i t h the c a l c u l a t e d v a l u e s AXhi , AXh2, a n d 
AXh3 a r e g i v e n in T a b l e 1 . AXh2 a n d AXh3 o b t a i n e d 
b y s t r a i g h t l ine a p p r o x i m a t i o n , s h o w s in m a n y c a s e s 
a s u r p r i s i n g l y g o o d a g r e e m e n t w i t h the e x p e r i m e n -
tal v a l u e s , in c o n t r a s t t o m a n y o b s e r v a t i o n s o n 
s i n g l y i o n i z e d a t o m s . T h e e x p l a n a t i o n is e a s y . T h e 
i n c r e a s e d n u c l e a r c h a r g e Z a n d m a i n q u a n t u m n u m -

b e r n o f the v i s i b l e a n d n e a r U V l i n e s c a u s e t h e 
l e v e l s t o b e m o r e h y d r o g e n - l i k e t h a n t h o s e o f n e u -
tral o r s i n g l y i o n i z e d a t o m s 7 . T h e r e f o r e the e n e r g y 
d i f f e r e n c e A E u ' ( b e i n g l a r g e c o m p a r e d t o t h e l i n e 
w i d t h h w) i s n o r m a l l y s m a l l c o m p a r e d t o k T a n d 
the c l a s s i c a l s t r a i g h t l ine m o d e l is w e l l a p p r o x i m a t -
e d . T h e w a l f w i d t h Z l / h l c a l c u l a t e d w i t h t h e s e m i -
e m p i r i c a l G a u n t - f a c t o r s h o w s a l s o a r o u g h a g r e e -
m e n t , h o w e v e r t h e v a l u e s a r e n o r m a l l y s m a l l e r t h a n 
the o b s e r v e d o n e s . 

R e l a t i v e l y s t r o n g d e v i a t i o n s b e t w e e n c a l c u l a t e d 
a n d o b s e r v e d v a l u e s a r e o b t a i n e d in t h e c a s e o f the 
A = 5 6 9 6 Ä a n d e s p e c i a l l y t h e X = 4 3 2 6 Ä l i n e . P e r -
h a p s t h e n o r m a l l y n e g l e c t e d c o l l i s i o n s c a u s i n g t r a n -
s i t i o n s b e t w e e n the t w o C I I I t e r m s y s t e m s ( i o n i z a -
t i o n l i m i t s C I V 2 S a n d 2 P ) a r e i m p o r t a n t f o r the 
b r o a d e n i n g o f these l ines . 

F o r the o p t i c a l l y t h i n l i n e s , the o b s e r v e d p r o f i l e s 
fit a d i s p e r s i o n p r o f i l e w i t h i n the e r r o r l i m i t s i n all 
c a s e s . A n e x a m p l e is g i v e n i n F i g . 3 f o r the 
3 2 S 1 / 2 — 3 2 P 1 2 ? ^ 3 / 2 d o u b l e t o f C I V , w h i c h a l s o 
s h o w s v e r y we l l the e x p e c t e d 2 : 1 i n t e n s i t y r a t i o 
a n d the e q u a l h a l f w i d t h . 

T h e i n t e r p r e t a t i o n o f the o p t i c a l l y th i ck C I V r e -
s o n a n c e l i n e p o s e s s o m e d i f f i c u l t i e s , a l t h o u g h the 
i n t e n s i t y o f t h e l i n e c a n b e f o l l o w e d u p o v e r a w i d e 
w a v e l e n g t h r a n g e ( F i g . 4 ) . T h e e x a c t d e p e n d e n c e 
o n AX is d i f f i c u l t to d e t e r m i n e o n the f a r w i n g s , 
b e c a u s e t h e r e a r e s t r o n g C I I I l i n e s a n d o t h e r , n o n 
i d e n t i f i e d ( p e r h a p s a l s o C I I I ) l ines . T h e l i n e c o r e , 
h o w e v e r , is n o t p e r t u r b e d b y o t h e r l i n e s , a n d t h e r e -
f o r e the e v a l u a t i o n o f AX h h a s b e e n m a d e in t h i s 
w a v e l e n g t h r e g i o n . T h e tota l h a l f w i d t h o f t h e d o u -
b l e t w a s v e r y r e p r o d u c i b l e at 5 . 5 Ä + 0 . 1 5 Ä o v e r 

Transit ion AK Ah l Ah2 A/lh3 

5696 2 s 3 p 1 P - 2 s 3 d 1 D 1.9 0.8 1.0 1.2 
4647 2 s 3 s 3 S i - 2 s 3 p 3 P 2 0.95 0.55 0.8 0.9 
4326 2 p 3 s 1 P - 2 p 3 p 1 D 2.1 0.6 0.9 1.1 
4187 2 s 4 f i F - 2 s 5 g i G 4.1 3.8 3.6 3.7 
3609 2 s 4 p 3 P — 2 s 5 d 3 D 6.2 7.6 7.5 7.1 
2163 2 s 3 d : D — 2 s 4 f XF 0.46 0.39 0.47 0.45 
1532 2 s 3 p * P — 2 s 4 d X D 0.43 0.44 0.49 0.44 
5802 3 s 2Si/2 — 3 p 2P3/9 | 3 s 2Si/2 — 3 p 2P3/9 | 

1.6 0.84 1.35 1.45 
5812 3 s 2Si/2 — 3 p 2 Pi /2 I 
1548.2 2 s 2 S i / 2 - 2 p 2 P 3 , 2 ] 

0 .024 0.0064 0.02 
1550.8 2 s 2Si/2 — 2 p 2 Pi /2 J 1 

Table 1. AXh = Experimental halfwidth in Ä for an optically thin layer, Zl/.hi = semiempirical halfwidth, AXh2 — halfwidth 
from straight line approximation taking v~1 = (1/v), d / h 3 = halfwidth from straight line approximation taking v = (v2) 

AXh4 = halfwidth from hyperbolic orbit approximation. All values of AXh are given for n e = 4 -10 1 7 c m - 3 . 
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Fig. 1. Fig. 2. 

Fig. 1. Intensities at 2 = 3627 A (continuum), 2 = 4187 
A (C III, two runs), and 2 = 1543 A (CIV) as func-

tion of voltage of the condensers. 

Fig. 2. Intensity at 2 = 3 2 1 0 A ( H e l l ) (upper curve) 
and 2 = 1544 A (CIV) (lower curve) as function of 

time. Sweep 0.1 ^s/div. 
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Fig. 3. The dispersion profile of the C I V 3 2 S 1 / 2 - 3 2 P 1 / 2 , 2P s / 2 
doublet with Zl2h = 2 . 7 A at no = 6.9 '101 7 c m - 3 . Ä constant back-

ground intensity of 6 units has been subtracted. 

Fig. 4. Experimental profile of the C I V 2 2 S 1 / 2 - 2 2PI/2 , 2P s / 2 re-
sonance doublet at ne = 4-10 1 7 c m - 3 , nio-l — 1.6-1017 c m - 2 . 
• — x — • Experimental profile with values of two different runs. 

Dispersion profile for /I2h = 2 . 4 - 1 0 - 2 A and an estimat-
ed intensity background of about 2 units. 
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f o u r r u n s . F r o m t h i s v a l u e w e o b t a i n AX.h i n t h e 

f o l l o w i n g w a y : F i r s t w e find f r o m t h e e q u a t i o n o f 

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

I = B( l-e~x) 

t h e o p t i c a l t h i c k n e s s at t h e h a l f w i d t h o f a n o p t i c a l l y 

t h i c k l i n e 

r = l o g ( b B _ J ) / l o g e = l o g 2 / l o g e = 0 . 6 9 

( B = K i r c h h o f f - P l a n c k f u n c t i o n , r = x l = o p t i c a l 

t h i c k n e s s , v, = e f f e c t i v e a b s o r p t i o n c o e f f i c i e n t = a b -

s o r p t i o n m i n u s i n d u c e d e m i s s i o n c o e f f i c i e n t , I = 

l e n g t h o f t h e o p t i c a l l a y e r = 3 0 c m ) . 

S e c o n d l y w e u s e t h e e q u a t i o n f o r x o f a c o l l i s i o n 

b r o a d e n e d l i n e [ s e e 8 , E q . ( 6 8 , 1 6 ) ] t a k i n g w a v e -

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

l o w i n g i n d u c e d e m i s s i o n 

X2 
n-io'f 

l-Ah 
1 e x p \ IkT j T~ 2 m c2 "i0 ' AX2+(AXh/2)2 

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

Xt = 1 5 5 0 . 8 Ä a n d X2 = 1 5 4 8 . 2 Ä 

w i t h a d i s t a n c e AXa = 2 . 5 7 3 Ä a n d n e g l e c t i n g AXh 

i n the d e n o m i n a t o r w e o b t a i n 

e2 X2 

2 m c2 " iO - 1 
h A X h + U A X h 

AX2 (AX+AXa)2 

( he 

I n th i s e q u a t i o n w e p u t t h e n u m e r i c a l v a l u e s { j x = 

2 f 2 , f2 = 0 . 0 9 5 ( s e e 4 ) , X = 1 5 5 0 Ä , 1 = 3 0 c m , ni0 

= 5 . 2 - 1 0 1 5 c m - 3 . 

W i t h a r b i t r a r y A/ih = x, w e d r a w t h e c u r v e r ( z U ) . 

A t the 5 . 5 Ä w i d t h o f t h e p r o f i l e w e m e a s u r e r * . 

T h e n the e x p e r i m e n t a l v a l u e o f AXih = 2 . 4 - 1 0 - 2 Ä 

f o l l o w s f r o m x*/0.69 =x/AXh . T h i s v a l u e is i n sa t i s -

f a c t o r y a g r e e m e n t w i t h t h e c a l c u l a t e d w i d t h 5 o f 

2 - 1 0 ~ 2 Ä . T h e a c c u r a c y o f t h e t h e o r e t i c a l v a l u e is 

n o t g i v e n i n 5 f o r the c a s e / l £ V j > l , t h e e s t i m a t e d 

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

4 0 % . 
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