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INTR OIfl t TION

()hs er s , i t i ons  of f i l a m e n t s  it  radio s s , i s c l e i f t ’ t h i s  I u u s e  been I )res ented h~ a n u u i i i h e r
au thor s .  I 

~~ l ) i sc  ob se rva t ions  ot radio  f i l a m e n t s  sh ow then i  as depressions a g a i n s t  the  q u i e t
back g r o u n d :  in o the r  words . f hii ’~ are seen i i i  ah sorpt  lOl l - \ so there hi ave been some ohse rva-
t ou t s  of t i l a t i i e t i t s  ( p r o m i n e i l e e s )  in e i l l i s s i on  I u h f  r e c e n t l s  , s i t i i p lc t i t ode l s  h as e  been used
to exp la in  the  ob s e r v a t i o n s :  however . there  are th ree  r e c en t  papers wh l i i i  p resent  more
d e t a i l e d  n i ode fc .4_ 0 W h i l e  i t  ssas w i t h  respect to the  s i i u i l ) l C  iu i o de l s  t h a t  t h e  pres ent  a n d ~ sk
was or ig l  .11 lv proposed. t i e  n ew models wi l l  also he disc uiss ed. I h i s  report  ri ’s-hews past
c I t  o u t s  and at t e mpt s  (0 use some un ique  observat ions  ob t a i n ed  at the  La Post a Ast rogel I-
p h y s ica l  Ohser s a to rv  ( I PA ( )  I to b e t t e r  “ d e f i n e ’’ radio  f i l a m e t i  I s .  I h e s e  o b s er v a t i o n s  ir e
un i que in t h a t  the  same f i l a m e n t  p ro nl i t l eul ce  has been seen at  two f requenc ie s  in 1)0th
em is siohi and ab sorp t ion .

First ,  the data  are presen ted and param eters  u s e f u l  for  mode l devehopn i en  t are
t a b u l a t e d .  N e x t ,  the  siml) Ic models are discussed and the re l evanc y of our ob se rva t i ons  to the
ness mo dels is shown.  \~e end w i t h  conclusions and suggest ion s fo r  f u t u r e  work .

l)AT A

l) u r i n g the end of N o s e i n b e r  and the  f i r s t  par t  n u t  l) ecenib er  I ~~‘3. a large f i l a m e n t
5s ,is seeii to tr aver se the  solar disc.  [he opt ica l  ohs erva t io i i s  of the  f i l a t u i e n  1 pre sen ted here
sc crc ob ta ined  f rom the  Sacramen to I’ea k 0 h sers a tory .  At  radio wave lengt  lis . t lie t i l ame u t
was seen a’~ a depression or “ahsorptiot ~ fe ature  whil e on the disc , and usually in em ission
whi l e  on the  west l i m b . These radio oh se rv a t io n s  were made at  LPA() as par t  of a solar mot h -
t o r ing  program where  r ad iospec t r o l i e l iog ran i s at . 5 (~i — n i iii and 2 . 0—cm wave le n g ths  are
acquired da i l y  . A I t hough  data  have been col lected since A ugu s t  I n )  2 . th e  present  case is t he
onl y obvious ohce rs a t  ion of a f i  l amen t  in ciii j~ si Oh1

The radio maps are acquired 1w s c ann ing  the  s t un  in a square  hoii strop h e n d o n i c  ra ster
c o n t a i n i n g  35 1w 35 p o i n t s  at  SJ mm and 1°) by 1’) po in t s  a t  2 .t) ciii . The grid spac ing  us I .1)
and 2.0 a r emin .  and data  a c q u i s i t i o n  requires  about  ~0 n t i n u ’ t e s  and  25 m i n u t e s  , u t  ~ . o u i m i t i
and 2 . 1) cm. re spec t ive ly  . Lach map  is c a l i b r a t e d  by st anda rd  techni ques: h o w e v e r ,  due to
v a r y i n g  a t u t i o s p heric a t t enua t ion  and system gain change s. the data ba se had to b~ n on n a h i / e ( l
to provide con sis tent  re sults . 7 The n o r m a l i t a t i o n  h a s  r e su l t ed  in a b ack ground es e l f  a ssu i n i ed
c o n s t a n t  in t ime ) wh ich  does not  vary more t hau i  ± I f r o m  map to map .  I Ii is t u ake s  possible
cotilp ari sot is of f e a t u r e s  f rom one day to the n ex t  w i t h  a hi gh degree of a ccu r acy .  S am p le
m aps ob t a ined  at each wave leng th  are shown in t i g t i  r I ’s I and  2. The ten t  p e ra tu r e  con tours
are in percent of the cent ra l  disc a n t e n n a  t e in p e r a t n i  e t h e  i n t e rva l  between con to t i r s  is h
near the  disc center .

11w a n t e n n a  pat tern produces sm o o t h i n g  ot th e  r a d io  hn ig l i  t uess  d i s t r i b t l  t i on  s t u c l u
t h a t  t e a t u r e s  away f rom the disc cen te r  become ‘‘hidden. ’’ I o c o m p e n s a t e  fo r  t l n s . an as L’rage
map has been constructed and subtracted f rom i n d i v i d u a l  maps to pro dti ci ’ d i t  f e rence d  h l l . u f ) s .

An e x am p le of su ch a d i f f e r e n c e d  map is shown in figure 3. I )ue  to the a r y i n g  solar angula r

I Khang il ’din . VV , Soviet A str onon iy ’AJ . 8, p 234 -242 , 19o 4
2. K u ndu .  MR . Solar Physics . 25 , p 108-I 15 , 1972
3. Kundu .  MR . and Mc( u ll ough , TP , Solar Physics , 24 . p 133- t 4 1 , I ’ t 1 2
4 Straka , RM . Papagiannis . MI) , and Kogut , JA , Solar l i IyS i i s . 45 . p I 3 h — 1 4 9 . 19 ’ S

5 . ( ‘hiuderi - i)r ago . I .  fur s t , I , I l i r th,  W , and Lanto s . I’. A s t r o t u u u i t i ~ ar id As t r o p h y sics . .)~~~. p 4 2 ’t — 4 35 . 1975
(u Ru t , . M , I ’ur st , I - , I I i r I h , W , and Kundu , MR . Solar Physi cs . 45 , p 125- t ~9 . 975
7. Megatek Corporation Report R2005-03 i-I [-3 . by I I Wet er . 5  Ap r il  I )
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d i a m e t e r  amid  , i n t e l i u m a  p ,ii~i i i i e t e i s . soni c t i ; i c e r t . u u i i t i e s  i i i  p m ( ~ l l l c e ( i  i i e , u i  t I l e  h i u u i h :  h oss cscr .
l i i i’ f e a t u r e s  we are look ing  fo r  . m e  s i g n i f i c a n t  e t m n l u g h u  to t  appear  iii sp i t e  of t h i s  l i i  order I t ,
i i i ip r ov e the  l i m b  r e su l t s , a d i f l e r e t i c e d  q u a d r a n t  55 is produced hs s u b t r a c t i n g  t h t e  m i r r o r
image of t I m e  no r thwes t  q u a d r a n t  f r o t m i  t he  n o r t h e a s t  q t t a d r a n t .  ( o n  tours  sscre t h u e u i  p l o t t e d
onl ~ ahose ti m e +5 li’s- el.

I I I  ve r ik  the i d e t i t i t y  of f e a t u r e s . t he  set of t i g i u m e s  4 t h r o u g h 7 ss~u s prepar ed .  1 hu e
Sa c rami t en  lo u Peak Ob servatory I l~ . pho tograp hs li~u s c ~upe r i i t ipos ed  on t l t e n u  t r a t m sp a r e u i c i e s
showi t ig  the  d i t t e r e r i c ed  radio in ap s .ut  .5 .~~~ i n u n .  I l ie  lower p :ir u el is t he  no rma l  e \ p o s m u u 1  used
to shi o ss d isc f e a t u r e s  wh i l e  t I m e  upper  pau i e l  is o s e m e \ p o se d  to b n iu ig  o u t  l i m b  s t r u c t u r e  l i i
f igure  4 . t h e  f i l a m e n t  ss .’ are t u t t e n e s t e d  in is near  the  c e n t r a l  i n e r i d i : u m i  i t  : u h o n i t  4 ( 1 N l a t i t u d e
I h e  deepest c o n t u m u m i  sh ows a depres siot i  o u t  s !i g l i t l v  i t m ore  t h a n  —3 . Ou t 2 and 3 1) ece u im hcr .
the  f i l a u m i e n t  t t u o s e d  to t h e  h i u m m h . as see t m in f i gures LI and 7 . I h e  c o t m t n i u i r s  i i i  t he  r i p p e r  pan e l
sli ow the  pro~mm m i nence  as a 4 14 e nh ati ce men t - Figure .5 ha s been prepared t O ) sh ow t u e
ch a r a c t e r i s t i c s  ot t he  f i h a u m m e t m t ; p r o m m m u n e u i c c  we are com i cer t i ed w i t h .

MODELS ,-~N l)  DATA INT ERI ’R LTAT ION

[he simp lest model use d to describe the  radi o ,  ( m m  aum d low ciii  I o b s e r v a t i n i u m s  of
‘ m i s ,u~sunme s absorp t ion  of radio was es o r i g i n a t i n g  in the chro inosp here  h~ I l ie  cooler.

l a m e n t  in t ime co ru m a.  Kt i i i i lu ~ .ut t e m p t s  to deriv e e s t i t im a t e s  of I
~ 

amid  N~ h~ looking
me meau i op t ica l  dep t h . r Kt . ss hene K is the  absor p t ion  coe f f i c i en t  and  t h e  d imens ion

u u t  t h e  t i h a t i m e n t  t h roug h which  the  radio waves u n u s t  Pass he depe um d eu i ee  of K out 
~~ 

and  N e
allows e i th e r  to he de te rmined  it  t he  o ther  is k n o w n  or. if one obser ses at  t sso was e l e n g t h s .

ami d can be de te rmined  w i t h o u t  as su lmm p t i ons .  according to K u i m d t u  - I t i r t h e r . ,m s one goes
to Iou iger wave leng ths  ( h ig h er in t I m e  solar a tmosp h ere I I l ie amoun  I of .u b sorp t io mi  sh ot i  Iii
decrease as a larger f r a c t i o n  of f l u e  r a d i a t i o t m  cot mi es t r o u n  above the t i l ame t i t .  I h i s  same mmioi d e l
a l lows i ndependen t  d e t e r m i n a t i o n  of 

~e and N~. f t he  f i l a m e n t  is seeui in both  em i ss io um am i d
ab so ) r p t ion  provided ti m e f i l a m e n t  is op t i ca l ly  t h u i c k .  I l ie e lectr on t empera tu re  is then  the
sam m ie as the hr ig ht rues s  t empera tu re .

The radiat ive tran sfe r equa t io n  f o u r  t ime l i l a m n e t i t  omi the  disc caui lie w r i t t e t i

— I B(dis c)  = T~ 
-T j : Ta + I [ c

_T
a + ‘a I I )

where the parameters  are i l l u s t r a t e d  iui f i gu re  9a arid d e f i n e d  as fo l l ows :

I 11(di sc )  = observed h r ig h t mm es s  te i f lpe rat t t re  of the  f i l a m e n t  oti the  disc.

T~ e~~~ 
a = bri gh tness  tempera  lure  c o n t r i b u t i o n  f r o m  below f i l a i u m e n t ,

e a = hr lg li t ness t e mpera t  tire con tn hu tiom i t rom mm the f t  l amm me u i

‘r
a 

e
1’a = brightness tempera ture  c o n t r i b u t i o n  from below tIme a l t i t u d e  of th e

f i l amen t  in the absence ot a I i  l amen t ,
= brigh t ness tempera ture  of the f i l a m e n t ,

T1: = optical  th i cku m e s s  of t ime f i l an m en 1. atid

T
a 

= optical th i ck mi e s s  of the region above time f i l amen t .

8. Kundu , MR , Solar Physics , 13 , p 348-3S . 1 970
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LENGTH F: 1.36 X 10~ km = 3’lO”
DEPRESSION ~3%
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A . THE FILAMENT ON THE DI SC B. THE FILAMENT ON THE LIMB

f :i gtir e 0) Fi la m m i ent  oim the disc amid on the I in m h -

Because t Ime f i l a i m m e m i t is smal le r  t h an tIme b e a i m m w i d t h m  of tIme . i u t e u m t m ~i. w h a t  is .u ~ t u l . h I \
obsersed is an at u  t e n t m a  t e t u m p e r a t u r e .  I disc ’ which  is a conm b immat  oum of the  br ig hm t t m e s s  1 1 1 m m  ~~C

a f u r e s  of t Ime f i l a i i i e n t  a umd t h e  sur rounding  area on the  sum i . [hi s  a n t e i m m i a  t e t i m p e r a t o i r e  is

giv em m by

.\ —r~ —T —T

‘disc = 

~~~~~ 
e a + a + Tal ( 2 )

B 
. .  

-Ta +

w ii crc

F W I I M  2
(‘ = atm t emmna  h eaimm area = it I I I rad — I

A = projected t i l a n m e n  t area I rad I. and

B = ( — A  ( r e m a i n i n g  area I ( rad I .

Time f i r s t  term on the ri gh t — hma r md side of equa t ion  I 2)  repre s emmt s  thm e  c omm t n b u t i o m m of
f rom the f i l a m e n t  wh ile tIme second terimm accounts  fo r  the  c o i m t n i h u t i o n  of t h a t  port iot i  ot t ime
a im tenna  beam not oii time f i l ament  hu t  looking at the sur rou imdi n g  are a .

For time l inmh observation , time same e quat io im s  h old w i t h  time except ion  t h a t  t ime imot a -
l ion requires mod i f i ca t ion  to account  f ’or time d i f fe re im ces  between time disc amid  I i i i m h  condi t ion s .
The rad ia t ive  t r ans f e r  equa t ion  is

-r ’ - — T ’ _r ’
‘B ( l i m b )  = 

~~~~ e ~
‘ a + I e a + ‘ a ( 3 )

I I

j
— 5 -  :_ _

_
._ ‘ 

. . . ..-.—-‘ - --- S ..— 
-



, i t i i l t h e  ii ’ s t I h l m T l i ~ . i u u u 1 ’ I u m u . l  1 - i i u p c m . m t o i m c  Is

T T

~i imi  = I I,’ I 
~

. e LI + I a 1

-F I I~~e ~ + l~~
)

I ) i c  I l I l u i m e s  i l e t m o ) t c  t h e  l i m b  s~ u m i b o l  fo r  t h e  e q t i i t . i l e m i t  di sI s\ h i i l ) o ) I .  I hi ~’si ’ are i l l u s t r a t e d  in
I u g m i r l  I ) f ~ I t  sh i on i l d  he tm o leo l  t h a t

I i )  T 1. - is pr i m ed I I t o l r  t h e  l imb ,  because r k~ and L u s  i mot  l i i i ’ s . i i i i ~’ I i i  t h e  ~~~
ami d I i u i m h  observat i ons .

1 t o ( - is u i o t  p n i m i m e d  i m m e q o i . i t i o u i  14 1 because the h e a t m m w i d t h m  r e h m m a m u m s  u m t m c l i a m m g e d .

l i m e  t l ( ’ s1’ l s , I t i o m t i s  nu de  at  I P \ (  ) have hecim reduced to t h e  d i t  l er enc e  het sve e t i  t i m e  i n d i v i d u a l
u m m a p  and t h e  ‘ m l  k g r u u u m u m d  . i sc r .m g e . Sohving fo r  t h is d i f f e r e u m e e  t l s i umg  e q u a t i on  I 21 ~m s 1 -~

I \ — u i - — T  —T 13 —T ]
~ 

= I — I I .  c ~ + I i :  e ~ + I + — u I , .  i’ ~ + I I I S
u i so  

~ ( ii a ( 0 a

—T 13
l i e  ~~~ I ) + — ( i e ~~+ i  . 1

~ 
p ‘t ~ 

p a

\ s i i i i i l a r  e q u a t i o n  r e su l t s  t r o u t i  u~ i n m g e q u a t i o u m  I 4 .  i - n l u a f i o m i  I 5 )  m~u a ~ be si tm ip l if m ed to

— Ti  —T —T —T
_

t l d i s i. — I I , e  a ,, 1 1 1 , 
~~~~~~ ~~~~ 

a 1 i l l )
( p

where  aga in a s m u t m i l a r  e q u a t i o u m  holds f u l r  t h e  l i m b case For the  reasomi t h at
1m 

r 0 ~ I .

eqoi atio )ii ( I  call he si iiip h i f i e d  ag a i im to

—r-

~~~disc = — I 
~~ 

e — l~~ + I j : )  - i 7 )

. \ s s t l i i m i t m g  a c o m i m s t a n t  t e i i i l ) e r . i t t m r e  arid e lect ron d e u m s i t ~ t l m r o n i g h i o u i t  t h e  ra d k m f i l a i t m e u m t  am i d
ti s i u ig

— T i :
I i  = 1 , 1 1 — c ‘ I

I I.

so i i e i c  is l Ime  e c L  f m o i i  t e i i i pe r a tu r e  in the radi o f i l a m e m m t .  we ca lm r ewr i t e  eo~u a t i o i m  I 
‘ ) us

~~~disc = ( I t , - l~~ l I _ c
_T

i )

or 
~~~~ .disc

I = —-  — + I . ( S I
Ti; P

I l — c  ‘ IA

°) . Aerospace (‘orpor at iun Report ATR~73 (~ 102 8. On the Source o) (lie Slowly V ai~ ing (‘oi mi p o nen t a t (‘eti l l’

(1 metre and M i t l i u t u c u t e  Wavelengths , by i - I  Shin iaho iku r o . ( ~A (‘hapina n . 113 Ma~ tleld , and S 1-de lson . I S l e b  73
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\ m m  , u t i i m o i s t  ~ol1 ’ t i t T l i I  1’ n l u m j t r u u l m  I~ I . i i m i s  f o r  t i m e  h m i i m l  c isc hl ~i m l I L ’ l\

~ h m u m m h
+ 1 .

T i
I o I

I q u m a t i l l t u s  I S )  m u d  1 1 1 ) 1  .un he s i m b  1’d i l l  f our  \~ .u\  s t o o h t a i m m  I , amid  l u l l  Tj  I o n  N ,
bec,i m is e u sec u,’°l I I I I )

TI :~ I I = TI ?n I —~ -- - 1w

V h m u c h i  . i I lo1o s l I m e  I o l I o ~ h g  so u l t i t m o u s .

( a I e t l u a t i o m u m  I~~ I a t  ho~t h i  wu~ e I e n g t h i s .
I b )  e ( l m I . u t i ~~ii I i ) (  . i t  110911 1~.i1cl e I i g t h 1 s .

I l l  e q t i .u  I i o tm s  I S I  and 1 1 ) 1  at  S ( ~ I m i m m i . ~u mol
( d l  e q u a t i o u m s  I S I  a t m o l  ( 9 )  a t  2, 0 c i i i .

I l n m~~e~ er . soimie u i f t I l l ’S0’ L , u s cs are e a s I e r  t o m  sol~ 1’ ton  t h m a u m  o the rs  he1 . m t i s c  I , ) ‘ I ‘
.. . i u i d I ‘ Is

0
d i t t i c m m l t  l o u  a s c e r t a ium o h m i c  t o  I t s  s , I r m : u t m o l m  w i t h  r ad ia l  d m s t j u m o -c h ear t h e  I i i m m b .  0mm the  disc

‘a + ~~ = l ( t SSs ( )K at  S L I  m m i m m m : 101)00K .11 , ,
() o u i i l and becau se of t I me  g t o ’ .u t  ho ’i gh t  of t h e

f i l a m e n t  ‘a 0: l memmce.  we k t m m~ I~3 ~i t  ~‘a chm wave length m auto sse can s nml ’t e  ca se I a ) .  1 able 1
l i s t s  the  sal t i es  o f  t he  paratumeters used to solve e q u a t i o n  I S ) .  I h e  t e c h m n i q u e  e inp ln m ~ ed s~ , ms ot mo ’
( I f  t r i a l  a t io l  error 01mm t I m e op t i ca l  o l e p t h i  Al s o . because the  valu e  of t h e  projected f i l a u m i e m m t are a
us u t i c e r t a i t i  due to t h e  possible tmonco i tm c ide t i e e  of t Ime  si /c  ami d pos i t ion  of t Ime  radio  at i d
o p t i c a l  f i l a m m m e u i t .  t h e  va lue  o m f  \ s~~u s a l lowed to s a r y .

T A R I  I I P A R ; \ M F l  i R S  FOR 1111:  5 0 1 1 1  I ON oi~ I , .

________ ~~‘disc =

8.O unrn h i S S  -9 . 03 l ( SSSuf K

2 ( f cmm m 12.506 —0 .03 I ( - I 0900 K

The technique used to sod ye I or I e aim d N 1, was as follows:

I . ( hoose a sal tie of A -

2 Solve equation 4 8), varying 1”I: ( usitig equatiotm ( 1 0 )  to relate T ) : I 5 0  m m m i i i )  amid

• T j : ( 2 ( 1 ci il  I un t il ‘c I 8. 1> i i i n m = e 2 ( 1  ciii ) is achieved I

‘ 1
H

_ _ _ _ _ _ _ _  - 
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.15 t hlu .’Ii sol~ u, ’ oI to i  t i s im ig  10

( ~~~~~ I , ~~ S 1 1 1 1

T
I l~ , I . 5  1/ 2

= — T -— , 1 1 2 1
~~~~~~

\o

T t 1 ~~ k t m m  I see I e m m g t l m  i)  in f i gure S I

S 4 h u m

l~ . = (ho ’ t e r t m h i l m e o l  I rom i m s tep 2

( 2 2 ‘ I ( t ’ —  ( i . ~s t i t i i t s

I ( o i  I u l  st c l  u i m t i l  .m comp lete  range ut  t ime  va lues  of \ I t a s  h~.o ’ m m e x p lored

RESULTS AN 1) I ) I SCUSSION

I i g t i rc s  1 ( 1 — 1 2  arc p l o t s  of 1 . . N~ . amid ‘r1. - ( S O  ii inm I as .m t u n c t i o m m i  of f l u e  r a t i o  .\

ml S ( u  u m m u i m .  I t  should be noted t h a t  because fo r  -\ ( > 0 2  there is no so l t i l io m to the  e q u a t i o n .
t h e t . m t i u  \ ( ‘ c a t m m m o t  ex cee t h  t h i s  s a m e A lower l i m i t  us also , u r r t s c t h  at  because , t o > r  \ ( ‘ I f

l I m o ’ so l u t i o t i  id ols I m e g a t i s .’ v a lues  of I ~, . I hese two )  l i m i t s  y ie ld  t ime  f o l l o w i n g  l i u m m i t s  om i 
~~ 1 a m i d

I t , . .m s o h t , m i u i e d  I r o u m m  f i g u r e s  10 a n h  I I :

I 0 °
~ ~~~~ 

2 l U ’0 cm im -
~

( 1  3 I
S ‘ 10- ‘ e ~~ / l 0~ K -

I l l o  uppe r  l i m i t  u u t  \ ( wou ld  ob t a i n  it  t ime w i d t h  of t ime  h i l a m i m e i m t  were a p p r o x i i i m a t c l v  1 . 7
t i t m i e s  t h u  ob sersed o p t i c a l l y .  I )ue  to tIme  i r regular  shape of the f i l a i n e u m t I see f i gure S I .  i t  is
u t u f t l c l o l t  t o , i sc o ’ r t . u i h m  the  t r u e  o ) p t i ca i  area. However ,  us ing  g rap h ical  L I m n i ques . i t  Imas h eeim
e s t i m i i , i i o u I  t h a t  \ ( ( S t  m i i i i i  ( i s  a p p i o m x i i m m a t e l y  0 . 1 2  if t i m e  o ) p t i c a l  and  ra .h io  f i l a m i m e n t s

o h m . i o h e I h i s  id ol s ( l ie  t o l l o w i m m g  e s t i u i m a t e s  f o r  N e and I~, I I rotim f i g u r e s  10 and I I I :

- 7 0 ‘ I ~~ cm 3
‘I I.

( 1 - 41

1 W -( OM P ON I NT MO i) I L..S

I i i  f l i t ’ ab o ve . u i m . i l ~ sis ssc I i , i s e  a s su i tn e d  t l i . u t  t ime radio l i l a m e m m t ,  h~ wh ich we ui ie a n  t i m a t
4 st r t u ~ (U I i ’ I Im ( l ie  solar il u n  isp li ere res pon msi He for  tIme obsers-ed c lua i i ge  in an t e imim a te inpera ture .

Ihrs a u m i i t o r t i i  t e i i i p e n a t u r e  ,ind dens i t y .  I h i s  is o l u v i o u m i s l y  mi n t  co r r ec t .  hti t i t  leprese nts  a good

I l l  \ I t .’n . (‘W , A s f t I 1Ili ~ sho , uI ( ) u i . u t u t i i u ~ s . I he At h i lo v c i’ ho ’ss, t u l i v e u s i l y  of I i tu l > u iu . l~~I h3 

‘4

,._,,. ~~~~“~~~~ ‘ .‘ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~‘ ~~~~~~~~~ -
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u h I u l m , u I m u m o o l o ’I I r u  uo ’oo r u l  ( u f o - I s . S t r . m k a 4 amid }3rul /  muse  I w o  .‘ u m i m m p u u l l o ’ l l t t i i u t i e l s  in . u u t . u l s i i t g
r a d io  t i l , i m i m e t m t  d a t a .  i 3 u u f l m  muode l s  c u m u i m h i u i e  demise.  co m o d f i l , u m h m e t m t  s m i t h  a l m t l o ’d lm ~ an ~ p t i c a I I \
t i t i u m  t m , u t i s u t j o m u t  ( , u ~ o - i  - Iuowo ’~ o’m t h m e ~ o u t  l e t  in t i m e  m o ’ h a t i v e  s i / o ’s o m l  l i m e  tvo u c uh mm t utio ’u mts 1m m f l u e
I3f i t ,  i m m o . t . ’i , t s s l m i c l i  is s m t i t i l , u t  t o >  t h i . m t  d i scussed f s  S i i i m o > i i  : u i md  \\ i o k s ( r m m u m . 1 t i l l  f i l a u i i e u m t  is
s u i t u u u i l m d eol ll\ .1 shi . ’, u t l i  s s l m i c h u  is h u m f l m  o p t I c a l l y  I h m i i m  a tm. !  pi i~~sm c a i l s  h u m .  1 m m  t e r m i i s  of p i o —

~ec t eo l , u m o , i ,  t i m e  s l u o - , i t h m  0 ct i ~~ic ’ o m t t l ~ a h o m t i t  ( L i  t I m e  are. i  oi l  f l i e  I i I ; m n i e i m t  \~ I t l i l t u  t h i s  t h i n

‘.l u o ’ . u t l m .  t i m e  t e u m m l c l . u l u m u c  u l s o ’ s I r o m i t u  t h a t  u i  f l u e  cool i i L u i m i o ’ t i t  t o >  t h e  a m m i h i o ’ r m l  t e i m m p e m . u t m i m - .’ of
. u p p r o x i t n a f ~- l \  I ( ( I >  K

l t m  t i i o  S t n a k , u  t m m o u . l e l . t i i o  t i l a m u e t m t  us s t u r r o m u m m o l e o h  Ps . u c : m \ i t \  wh ic h us o p m l 0 . ~I l ~ t h m i m i
k i t  p h m \ s i o - a l l \  q t i m t c  I , um ’ u.~c . 1mm t o m  m i s  u i  p r o t e c t e d  . m u e u .  t he  e , m s i f ~ u u c . u m p i e s  a h o i m i t  10 t u l m m o ’s
Oie a rea  u > t  l imo ’ I m l a i m m o ’ t m t  I hm e \  c om m el t i de  t h a t  if  t he  t e u m m p e r ~m t u n e  s t r u c t t m r c  i h i s i t i e  I l k -  , i \  i R  is
t i m e  s , u u m m e  u s i i i  t i m e  sum r u m i l m d i t m g  ~u t i m m u > s p h i ere .  t i m e  e i e c t r o t m  d c m m s i t ~ m u u s t  be lo.s~-r t i m , i m m  a i m m h i o ’ u m t
t l \  .1 ( m c l i o > f  t \ ~ u m

Vu . o ’ , i t i ccl aim u~ ic , m ol t he  el f e e t  oul  t h u s  more cot imp l i c a t eo l  s t r t m c t m a r e  Ps ,i s l i ght
u m m o > t l m t i o , u t i o t i  u t  t i m e  . m t m a l \  sus .  I I  we d e f i i m e  t i l e  f o l l o w i n g  p a r a m i l e t e r s :

= ~~ ‘I c~ t o l l  area o u t  t ime  i i l a m i m e n f  in t i m e  . i u i t e r n i a  h ,’a m m m .

‘2 = p l u ) ( C o  ted area of t Ime  c a v i l ’  or sh e a t h  .u p u r t  I r o m m m  ~

T 1 I = > i p m m 1 . u I  t h m i c k m i e s s  i t i  area ~ I

T 1 2 = u p t i c a I  t im k-k ness in area ,~~

~~ 

TU = h i j g h i t m m e s s  t e t u i p e r a t t i r e  co ii r i b m u t io i u  (rum  -
~~ ar i d

I~ 2o
_ T

0 I m n i g h m t i m o ’ss t e l t m p eratui e c o t m t n i b t i t i o n  I r o i m i m  -~

t l u o ’ u m O ur  o h m s .’ u u h s 0 ’r s , u t i o m m i s . ( l ie  d i f f e r e i m c e d  i m m a p  shows

“~~‘ l i s  \ l I I I —T - ‘
~2 I~~~> — T : >

t I ~~I
( ‘ l~~ (

_
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CONCLUSIONS
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