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ABSTRACT 

Coronal Fe XIV emission da ta  obtained during t h e  t o t a l  

s o l a r  e c l i p s e  of 1 2  November 1966 have been reduced t o  emission 

l i n e  p r o f i l e s .  

scanning of t he  Fabry-Perot i n t e r f e romete r  and of i t s  ins t rumenta l  

broadening func t ion  were determined i n  t h e  a n a l y s i s  of t h e  

r e l a t i o n  between t h e  observed p r o f i l e  and t h e  t r u e  emission 

p r o f i l e .  The d a t a  are presented as emission l i n e  halfwidths  

and as  temperature assuming pure thermal Doppler broadening f o r  

49 p o s i t i o n s  ou t  t o  l , 5  s o l a r  r a d i i  and f o r  four  p o s i t i o n s  from 

1 . 6  t o  2,O s o l a r  r a d i i .  

The e f f e c t s  of n o n - l i n e a r i t i e s  i n  wavelength 
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FOREWORD 

This  i s  t h e  second q u a r t e r l y  r e p o r t  f o r  NASA Contract  

NASr-65 (24) e n t i t l e d ,  "Analysis of Coronal Line Profi les" ' ,  

This r e p o r t  c o n s t i t u t e s  t h e  f i n a l  r e p o r t  for Sub Task 1 of t h i s  

c o n t r a c t  which r e q u i r e s  t h e  reduct ion  and a n a l y s i s  of t h e  d a t a  

obtained under NASA Contract  Task Order NASr-65(12). The l i n e  

p r o f i l e s  of t h e  coronal  Fe X I V  emission observed during t h e  

t o t a l  s o l a r  e c l i p s e  of 12 November 1966 have been reduced t o  

provide l i n e  ha l fwid ths  versus  s o l a r  p o s i t i o n  angle  and r a d i u s ,  

The a n a l y s i s  of t h e  d a t a  inc ludes  d i scuss ion  of source and 

ins t rumenta l  e f f e c t s  i n f luenc ing  t h e  l i n e  p r o f i l e  and t h e  i n t e r -  

p r e t a t i o n  of ha l fwid th  i n  t e r m s  of  temperature,  
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ANALYSIS OF CORONAL LINE PROFILES 

I. INTRODUCTION 
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The ex i s t ence  of temperaturesof t h e  order  of a m i l l i o n  

degrees i n  t h e  s o l a r  corona has been accepted genera l ly  since 

about 1945. P resen t  research  i n t o  coronal  temperature i s  

d i r e c t e d  towards more accu ra t e  measurements w i th  higher  s p a t i a l  

r e s o l u t i o n  and a more r igorous  examination of t he  var iance  due 

t o  t h e  d i f f e r e n t  methods of measuring t h e  coronal  temperature. 

These s t u d i e s  are  e s s e n t i a l  i n  order  t o  understand t h e  physics  

of t he  corona. 

The method of temperature measurement of a plasma by high 

r e s o l u t i o n  spectroscopy of emission l i n e  widths has become a 

widely accepted technique i n  both physics  and astronomy s i n c e  the  

end of t he  l a s t  century.  Buisson, Fabry and Bourget (1914) were 

t h e  f i r s t  workers t o  apply the  Pabry-Perot in te r fe rometer  f o r  

t h i s  purpose when they measured t h e  i n t e r f e r e n c e  f r i n g e s  formed 

by emissions i n  t h e  Orion Nebula. During the  e c l i p s e  of 1954 

Ja r r e t t  and von Kluber (1955) f i rs t  obtained f r i n g e s  from t h e  coronal  

A5303 A (Pe X I V )  emission using a Pabry-Perot in te r fe rometer .  

They repeated t h e i r  observat ions during t h e  e c l i p s e  of 1958 when 

they a l s o  obtained i n t e r f e r e n c e  f r i n g e s  from the  A 6374 A (Fe X) 

emission ( J a r r e t t  and von Kluber 1958). 

The observat ions descr ibed i n  t h i s  r e p o r t  are  an extension 

of t h e i r  technique us ing  pho toe lec t r i c  de t ec t ion  and s p e c t r a l  scanning 
I I T  R E S E A R C H  I N S T I T U T E  
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by magnetos t r ic t ive  displacement of t he  in t e r f e romete r  plates .  

The observat ions were made during t h e  eclipse of 1 2  November 1966 

from t h e  NASA a i r c r a f t  "Galilee" which provided a h igh  a l t i t u d e  

observing platform. 

This  r e p o r t  desc r ibes  t h e  a n a l y s i s  of t h e  d a t a  which 

c o n s i s t s  of t h e  fol lowing tasks :  

a) determine t h e  p o s i t i o n  of t h e  f i e l d  of view 

wi th  respect t o  t h e  e c l i p s e d  sun f o r  each 

l i n e  p r o f i l e  

b) c o r r e c t  t he  observed l i n e  p r o f i l e  f o r  

ins t rumenta l  broadening and elec t r i e d /  

mechanical n o n - l i n e a r i t i e s .  

c )  r e l a t e  t h e  l i n e  width t o  temperature assuming 

pure Doppler broadening by thermal processes .  

I I T  R E S E A R C H  I N S T I T U T E  
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I1 0 DESCRIPTION OF THE OBSERVATION 

A. Equipment 

The genera l  layout  of t h e  o p t i c a l  system i s  shown i n  

Figure 1. 

v i a  t h e  v a r i a b l e  wedge and fo ld ing  mir ror .  The o b j e c t i v e  focuses  

t h e  f i e l d  onto t h e  a p e r t u r e  whose s i z e  governs t h e  angle  of 

acceptance of t he  te lescope .  I n  opera t ion ,  t h e  system i s  

i n i t i a l l y  a l igned  on t h e  s u n ' s  cen te r  w i th  the  v a r i a b l e  wedge 

a l igned  t o  have zero  e f f e c t  on t h e  incoming l i g h t ;  t h e  two 

composite wedges can have any o r i e n t a t i o n  r e l a t i v e  t o  each o the r ,  

t h e  r e s u l t a n t  e f f e c t  upon a l i g h t  beam being similar t o  t h a t  of 

a s i n g l e  wedge a t  a s p e c i f i c  o r i e n t a t i o n .  Hence f o r  a f ixed  

Light  from t h e  corona i s  d i r e c t e d  t o  t h e  o b j e c t i v e  

r e l a t i v e  o r i e n t a t i o n  of t h e  component wedges, t h e  f i e l d  of view 

i s  de f l ec t ed  by a s p e c i f i c  amount, and r o t a t i o n  of t he  complete 

assembly about t h e  o p t i c  a x i s  provides a c i r c u l a r  sweep of t h e  

f i e l d .  A f t e r  t h e  i n i t i a l  alignment, t h e  gyro-s tab i l ized  h e l i o s t a t  

i s  locked-in and a r e l a t i v e  r o t a t i o n  of t he  wedge assembly t o  t h e  

f i r s t  p o s i t i o n  b r ings  t h e  region of t he  corona a t  1.1 RQ, onto 

t h e  a p e r t u r e  where R8 i s  one s o l a r  r ad ius .  

B. Po in t ing  and F i e l d  of V i e w  

The f i e l d  of view defined by the  en t rance  a p e r t u r e  was 

1.45 minutes of a r c  or  0.09 Re a t  t he  t i m e  of e c l i p s e .  The 

I I T  R E S E A R C H  I N S T I T U T E  
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F ig .  1 Showing the  General Layout of the  Optical 
System for the Aircraft I n s t a l l a t i o n  to  
Inves t iga te  Coronal Emission Profiles, 
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technique employed t o  scan t h e  corona w a s  such t h a t  a continuous 

360" r o t a t i o n  i n  p o s i t i o n  angle  a t  a cons t an t  r a d i u s  was performed 

i n  13 seconds. 

r o t a t i o n  proceeded again.  

t h a t  t h e  dwell  t i m e  i n  a t y p i c a l  emission f e a t u r e  was about 

The r a d i u s  then changed au tomat ica l ly  and t h e  

The s p e c t r a l  scanning ra te  w a s  such 

0 .1  second. 

motion of t h e  p o s i t i o n a l  scanner w a s  2 . 8  degrees.  

Hence t h e  smearing i n  p o s i t i o n  angle  due t o  t h e  

During the  e c l i p s e ,  t h e  d r i v e  system of the  wedge assembly 

provides a r o t a t i o n  of t he  f i e l d  a t  the  s e l e c t e d  r a d i a l  d i s t a n c e  

from t h e  sun ' s  cen te r .  Af t e r  each r o t a t i o n ,  an automatic change 

i n  r a d i u s  i s  made and t h e  r o t a t i o n  i s  repea ted ,  

t akes  p lace  continuously during t h e  e c l i p s e ,  and a continuous 

recording of t h e  p o s i t i o n  of t h e  f i e l d  of view i s  made. 

This  opera t ion  

Figure 2 shows t h e  o p t i c a l  arrangement a f t e r  t he  l i g h t  

has  passed through t h e  ape r tu re .  Coronal l i g h t  t ransmi t ted  by 

the  a p e r t u r e  i s  co l l imated  a t  t h e  en t rance  t o  t h e  in t e r f e romete r  

housing. Two scanning Fabry-Perot i n t e r f e romete r s  are i n s t a l l e d  

t o  provide a redundant system; t h e  design i s  such t h a t  t h e  back-up 

Fabry-Perot i s  used t o  provide scans of theA6374 A (Fe X) emission 

l i n e  while  t h e  main in t e r f e romete r  i s  scanning the  A5303 A 

(Fe X I V )  emission. Both emissions are obtained from t h e  same 

f i e l d  of view defined by t h e  f i e l d  ape r tu re .  

u n i t  o r  i t s  a s soc ia t ed  c i r c u i t r y  f a i l  during t h e  observa t ions ,  

t h e  system can be  changed t o  t h e  back-up instrument  i n  about 

10 seconds. 

Should t h e  A5303 A 

I I T  R E S E A R C H  I N S T I T U T E  
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Photomultipliers 
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Transmits Red Light 

r r  
I F i g .  2 Showing Layout of Two Fabry Perot Interferometers 

to Record h5303A and h6374A Emission Profiles 
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Afte r  pass ing  through t h e  en t rance  a p e r t u r e  t h e  coronal  

l i g h t  was co l l imated  be fo re  f a l l i n g  on a d i ch ro ic  beamspl i t te r  

set a t  45" t o  t h e  i n c i d e n t  l i g h t .  

s p l i t t e r ,  t h e  r ed  and green reg ions  of t h e  spectrum were 

separated and each passed through a 5 A h a l f  width mul t i l aye r  

d ie lec t r ic  f o r e f i l t e r  cen tered  r e s p e c t i v e l y  on A 6374 A and 

By t h e  a c t i o n  of t h e  beam- 

5303 A. Af t e r  pass ing  through t h e  f o r e f i l t e r s ,  each l i g h t  

beam passed through an in t e r f e romete r  which scanned through a 

s p e c t r a l  reg ion  of about 3.5 A w i t h  a s p e c t r a l  r e s o l u t i o n  of 

about 0 . 1 4  A. The l i g h t  t ransmi t ted  by each in te r fe rometer  was 

focused onto photomul t ip l ie r  tubes whose outputs  were amplif ied 

and recorded on a high speed s t r i p  c h a r t  recorder .  Continuous 

v i s u a l  monitoring of t h e  outputs  of bo th  in t e r f e romete r s  during 

opera t ion  was provided by an osc i l l o scope  and, hence, a f a i l u r e  

of e i t h e r  i n t e r f e romete r  system would be  immediately apparent .  

The s h o r t  t e r m  s t a b i l i t y  of t he  po in t ing  s y s t e m  was 

designed t o  give an accuracy of - + 10 seconds of a r c .  During two 

n ight t ime p r a c t i v e  f l i g h t s ,  s tar images were observed on t h e  

a p e r t u r e  screen  under magnif icat ion and no d i sce rnab le  r ap id  

movement took p lace .  

as  d iscernable  then t h e  po in t ing  was b e t t e r  than 1.0 minute of 

arc over per iods  of less than a few seconds. 

I f  w e  regard an o s c i l l a t i o n  of 0 . 5  mm amplitude 

l i T  R E S E A R C H  I N S T I T U T E  
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III. ANALYSIS OF THE DATA 

A. P o s i t i o n  of  t he  F i e l d  of V i e w  

The analog da ta  record contained information regard ing  

t h e  po in t ing  of t h e  instrument wi th  respect t o  s o l a r  p o s i t i o n  

angle  and r ad ius .  

Correct ions were requi red  f o r  t h e  p o s i t i o n a l  information 

a s  follows: 

1) A c o r r e c t i o n  w a s  made t o  account f o r  m u l t i p l e  

obl ique r e f l e c t i o n s  i n  t h e  o p t i c a l  system; t h i s  

w a s  measured before  the  eclipse f l i g h t  using 

a v e r t i c a l  l i n e  on the  viewing pos t .  An 

important check w a s  obtained during the  eclipse 

from t h e  p o s i t i o n  of t h e  p l a n e t  Venus r e l a t i v e  

t o  the  sun as  measured on a photograph taken 

during t o t a l i t y .  The camera looked i n t o  t h e  

gyro s t a b i l i z e d  h e l i o s t a t  and was r i g i d l y  

a t tached  t o  t h e  instrument frame. 

2)  A c o r r e c t i o n  w a s  made f o r  t h e  slow d r i f t  of  

t h e  gyro s t a b i l i z e d  platform; t h i s  c o r r e c t i o n  

was obtained by measuring t h e  t o t a l  d r i f t  of 

t h e  s o l a r  image over t h e  per iod of t o t a l i t y  

on t h e  a p e r t u r e  p l a t e  of t h e  te lescope ,  Assuming 

t h a t  t he  ra te  w a s  cons tan t ,  a c o r r e c t i o n  f o r  

each r a d i u s  and p o s i t i o n  angle  w a s  obtained by 

I I T  R E S E A R C H  I N S T I T U T E  
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i n t e rpo la t ion .  

co r rec t ion  occurred f o r  t he  l a s t  readings  

s ince  the  sun ' s  image was i n i t i a l l y  centered 

on the  ape r tu re ,  The amount of t h e  maximum 

cor rec t ion  w a s  0.06 Re i n  r ad ius  and 3" i n  

pos i t i on  angle .  

A cor rec t ion  w a s  made f o r  changes i n  a i r c r a f t  

t r i m ;  the  a i r c r a f t  flew nose up (2') during 

t h e  eclipse f l i g h t  and t h i s  requi red  a co r rec t ion  

of a s i m i l a r  amount t o  ob ta in  t h e  l o c a l  v e r t i c a l ,  

The maximum amount of t h i s  

3)  

B. Derivat ion of Emission P r o f i l e  

The da ta  record f o r  t h e  5303 A emission shown i n  

Figure 3 con ta ins  a r egu la r  no i se  component wi th  a frequency of 

s eve ra l  hundred cyc le s  per  second. The f i r s t  task  i n  obta in ing  

the  t r u e  emission p r o f i l e  was t o  smooth these  data by hand, 

A cor rec t ion  was then made f o r  a s l i g h t  d i f f e rence  i n  the  scanning 

ra te  between decreasing and inc reas ing  cu r ren t .  

i n  the  ana lys i s  of the  data w a s  t o  compensate f o r  non-l inear  

e f f e c t s  i n  the  s p e c t r a l  scan. Such e f f e c t s  may be due t o  two 

poss ib l e  causes ,  non- l inea r i ty  i n  the  scanning c u r r e n t  o r  

non- l inea r i ty  of t he  magneto-s t r ic t ive  e f f e c t  as s a t u r a t i o n  

occurs.  

t o  be l i n e a r  except f o r  t he  l a s t  15 percent  near  maximum cur ren t .  

Since t h e  emission p r o f i l e s  f e l l  on the  l i n e a r  po r t ion  of t h e  scan 

The next  s t e p  

The form of the  scanning cu r ren t  i s  shown i n  Figure 3 

I I T  R E S E A R C H  I N S T I T U T E  
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Fig. 3 Data Record for 5303 A Coronal Emission 
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w e  can n e g l e c t  t h e  e f f e c t  of non- l inea r i ty  i n  the  scanning 

c u r r e n t ,  

e f f e c t ,  a series of measurements of t he  5461 A emission from a 

low p res su re  mercury lamp were made be fo re  and a f te r  e c l i p s e  

t o t a l i t y o  

p r o f i l e  appearing i n  d i f f e r e n t  o rde r s  a t  d i f f e r e n t  c u r r e n t s  

provided a c a l i b r a t i o n  of t h e  ins t rumenta l  broadening func t ion  

versus  c u r r e n t ,  

i n  t h e  magneto-s t r ic t ive  e f f e c t  of t he  in t e r f e romete r  w a s  obtained 

from i n i t i a l  spectral scans of t h e  coronal  emission a t  a f ixed  

pos i t i on .  Four f i r s t  order  p r o f i l e s  were obtained a t  a lower 

va lue  of scanning c u r r e n t  and four  second order  p r o f i l e s  a t  a 

higher  va lue  of c u r r e n t ,  The widths of t h e  observed p r o f i l e s  

were compared f o r  t he  d i f f e r e n t  va lues  of c u r r e n t  t o  provide t h e  

co r rec t ion .  The d i f f e r e n c e  i n  p r o f i l e  width between orders  was 

then a sc r ibed  t o  non- l inea r i ty  i n  t h e  magnetos t r ic t ive  e f f e c t  

To determine non- l inea r i ty  of t h e  magneto-s t r ic t ive  

The v a r i a t i o n  i n  t h e  ha l fwid th  of t h e  mercury l i n e  

A f u r t h e r  measure of t h e  e f f e c t  of non- l inear i ty  

The ins t rumenta l  width at h a l f  i n t e n s i t y  (or  h a l f  width) 

was obtained from t h e  traces of t h e  A5461 A Hg emission made 

be fo re  and a f t e r  t h e  e c l i p s e ,  

s i n c e  t h e  h a l f  width of t h e  emission from t h e  low p res su re  mercury 

lamp i s  s i g n i f i c a n t l y  less than t h i s ,  i t  w a s  assumed t h a t  a l l  of 

t h e  l i n e  broadening was due t o  t h e  ins t rumenta l  e f f e c t ,  

t h e  ins t rumenta l  h a l f  width i s  0.135 A .  Correct ion f o r  t h e  

ins t rumenta l  e f f e c t  w a s  then made by us ing  a sum of squares  technique: 

The measured h a l f  width w a s  0.135 A ;  

Hence, 
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6. Rela t ion  of Temperature t o  the Emission P r o f i l e  

The h a l f  width of a thermally Doppler broadened l i n e  i s  

r e l a t e d  t o  temperature by t h e  following equation: 

T =  Ai2 M 

where T i s  t h e  temperature i n  degrees Kelvin; AA 
width of t h e  co r rec t ed  p r o f i l e  i n  A; M is  t h e  mean atomic weight 

of t he  emi t t i ng  ion ,  and 

these  va lues  f o r  t h e  parameters, equat ion (2)  becomes: 

i s  t h e  h a l f  

i s  t h e  wavelength i n  A ,  Using 

I I T  R E S E A R C H  I N S T I T U T E  
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I V  0 INTERPRETATION OF LINE PROFILES TO DETERMINE TEMPERATURE 

I n  cons ider ing  t h e  va r ious  processes  by which emission 

l i n e s  may be  broadened i n  t h e  corona a l l  processes  except  thermal 

and macroscopic l i n e  of s i g h t  motions are gene ra l ly  neglec ted ,  

Many observa t ions  have been made i n  an a t tempt  t o  e s t a b l i s h  t h e  

r e l a t i v e  importance of thermal and macroscopic motions. 

(1966) g ives  a survey of t h e  c o n t r i b u t i o n s  t o  t h i s  study and 

concludes t h a t  n e t  macroscopic l i ne -o f - s igh t  motions make l i t t l e  

con t r ibu t ion  t o  t h e  observed l i n e  widths.  The p r i n c i p l e  support  

f o r  t h i s  conclusion i s  given by t h e  f a c t  t h a t  a c t u a l  Doppler 

s h i f t s  of t h e  emission peak were rare  and when p resen t  were very 

small. 

B i l l i n g s  

The de tec ted  coronal  emission during a s i n g l e  s p e c t r a l  

scan i s  made up of c o n t r i b u t i o n s  from a l l  volume elements w i th in  

t h e  f i e l d  of view. B i l l i n g s  (1964 and 1966) d i scusses  s e v e r a l  

d i s t o r t i o n  e f f e c t s  which can broaden coronal  emission without  

producing displacement o r  asymmetry. 

and o s c i l l a t o r y  motions i n  which t h e  f i e l d  of view inc ludes  whole 

numbers of such systems and a l s o  sysmmetric inflow o r  outflow of 

matter from each f e a t u r e .  

similar d i s t o r t i o n s  of a thermal Gaussian p r o f i l e .  

These inc lude  c i r c u l a t o r y  

A l l  of t hese  motion types r e s u l t  i n  

There i s  a l s o  t h e  case where the  l i ne -o f - s igh t  inc ludes  

s e v e r a l  f e a t u r e s  a t  d i f f e r e n t  temperatures which produce a 

superpos i t ion  of d i f f e r e n t  thermal ha l fwid ths ,  The n e t  r e s u l t  

of t h i s  type of summation i s  a p r o f i l e  which i s  a l s o  d i s t o r t e d  
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from a Gaussian p r o f i l e  b u t  i n  a manner nea r ly  oppos i te  t o  t h a t  

produced by motion d i s t o r t i o n .  Thus, t h e  presence of bo th  types  

i n  varying degrees r e s u l t s  i n  a c a n c e l l a t i o n  of effects al though 

t h e  r e s u l t a n t  i n d i c a t e s  t he  dominant mode. 

It appears  then t h a t  l i n e  p r o f i l e  measurements cannot be  

unambiguously r e l a t e d  t o  temperature by pure Doppler broadening 

c a l c u l a t i o n s  b u t  may be so i n t e r p r e t e d  bear ing  i n  mind these  

p o s s i b l e  sources  of e r r o r ,  

be presented i n  t a b u l a r  form giv ing  both l i n e  halfwidtha and 

Doppler temperatures a s  a func t ion  of s o l a r  p o s i t i o n  angle  and 

r a d i u s  and a s  temperature on an overlay p l o t  of a photograph of 

t h e  corona taken during t h i s  e c l i p s e .  

through the  cour tesy  of D r .  Gordon Newkirk, High A l t i t u d e  

Observatory, Boulder, Colorado. 

The d a t a  from t h i s  experiment w i l l  

The photograph was provided 
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v o  RESULTS 
i 
i 

S p e c t r a l  scanning of t h e  coronal  5303 A emission was 

conducted i n  two success ive  groups, 

i n  Table I and formed t h e  major po r t ion  of t h e  d a t a  (i.e. 49 

sepa ra t e  emission p r o f i l e s ) .  

ra te  of one p r o f i l e  every 0.25 second, t h e  dwell t i m e  i n  t h e  

emission being about  0 . 1  second, When t h e  s i g n a l  t o  no i se  r a t i o  

became s m a l l ,  t h e  second group, shown i n  Table 11, was obtained 

a t  a much slower scan ra te ;  t h e  scanning w a s  done by hand a t  

approximately one scan per 2-3 seconds. The corona p o s i t i o n a l  

scanner w a s  switched o f f  during these  slower scans and t h e  p o s i t i o n  

angle  w a s  set  near  265". I n  a l l ,  four  sets of four  scans each 

were obtained i n  t h e  second group, g iv ing  four  mean temperature 

va lues  as ind ica t ed  i n  Table 11. 

The f i r s t  group i s  presented 

These were obtained a t  a scanning 

The t a b l e s  p re sen t  t h e  l i n e  widths  and der ived temperatures 

f o r  each p o s i t i o n  i n  t h e  corona where d a t a  were obtained versus  

t h e  p o s i t i o n  angle  (e r e f e r r e d  t o  t h e  p ro jec t ed  p o s i t i o n  of t h e  

no r th  pole  on t h e  s o l a r  d i sk )  and t h e  co r rec t ed  r a d i a l  d i s t a n c e  

r e l a t i v e  t o  t h e  sun ' s  c e n t e r  i n  u n i t s  of t h e  s o l a r  r ad ius .  

Figure 4 shows t h e  temperature map superimposed on t h e  photograph 

of t he  corona. Estimated accuracy i n  l i n e  width measurements i s  

- + 25% which g ives  an accuracy of - + 50% i n  t h e  der ived temperatures.  
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TABLE I 

Fe X I V  Emission Line Halfwidths and Temperatures 

P o s i t i o n  Radius Halfwidth Temperature 
Angle (OK x 10-6) 

319 
316 
313 
303 
298 
291 
284 
131 
126 
117 
112  
102 
097 
091 
084 
073 
068 
056 
049 
038 
020 
0 15 
005 
358 
349 
340 
331 
325 

1.15 
1.15 
1.16 
1.18 
1 , 1 9  
1.20 
1 . 2 1  
1.19 
1 - 1 9  
1 . 1 7  
1.16 
1.15 
I, 14 
1.13 
1 . 1 3  
1.11 
1.10 
1.10 
1.10 
1.09 
1.10 
1.10 
1.10 
1.11 
1 . 1 2  
1.13 
1 ,14  
1.15 

a 566 
.616 
.613 
,624 
.611  
e 701 
553 

.694 

.611  

.494 

.537 

., 689 

.428 

.488 
e 618 
.506 
* 595 
.492 
.722 
.653 
.643 

561 
e 537 
.701 
.727 
518 

.518 

1.1 
1.5 
1.5 
1 .5  
1 . 4  
1.9 
1 . 2  
1 .9  
1 .4  
0.9 
1.1 
1.8 
0.7 
0.9 
1.5 
1.0 
1.4 
0.9 
2 . 0  
1.6 
1.6 

1 . 2  
1.1 
1.9 
2 .0  
1,0 

1 . 0  
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TABLE I (continued) 

P o s i t i o n  Radius Halfwidth Temperature 
Angle (OK x 10-6) 

315 
308 
017 
010 
000 
354 
326 
320 
130 
125 
118 
113 
104 
100 
090 
083 
108 
097 
092 
081 
070 
110 
106 
101 
099 

1.24 
1.25 
1.15 
1.16 
I. 17  
1.18 
1.22 
1.23 
1.36 
1.34 
1.34 
1 .32  
1.31 
1.30 
1.28 
1.26 
1.45 
1.43 
1.41 
1.40 
1.39 
1.56 
1.55 
1.54 
1.53 

1 . 7  

628 
672 

.752 
,440 
,631 
.651 
.578 
e 807 
- 6 1 1  
.480 
522 

.509 
514 

e 558 
e 758 
.826 
699 
647 

.580 
828 

.554 

1.5 
1 . 7  
2 . 2  
0.7 
1 , 5  
1 .6 
1 . 3  
2.5 
1.4 
0.9 
1.1 
1.0 
1.0 
1 . 2  
2 .2  
2.6 
1 . 9  
1.6 

1.3 
2.6 

1 .2  
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TABLE I1 

Fe XIV Emission Line Halfwidths and Temperatures 

Posit ion Radius Temperature Mean Ha lfwid th 
Angle (OK x 10.6) Temperature 

260 
260 
260 
260 
258 
258 
258 
258 
258 
256 
256 *’ 

256 
25 6 
255 
255 
255 
255 

1.70 
1.70 
1.70 
1.70 
1.78 
1.78 
1.78 
1.78 
1.78 
1.91 
1.91 
1.91 
1.91 
2.00 
2.00 
2.00 
2.00 

- -  

1.3 
1.4 
1.0 
0.7 1.1 
1.9 
1.7 
1.8 
2 .1  
1.5 
2.0 
1.5 
0.9 

1.7 
2.2 
2.5 
1.4 

e _ _  

1.8 

1.5 

2.0 

e 580 
.594 

.425 

.709 

.660 

.675 

.738 

.620 

.719 
,616 
.483 

b 500 

.655 
e 762 
811 
602 

I 
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