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ABSTRACT. Tn Un\ p.iiu r, wv lunt-disnis'-otl tlif* rondilion̂  nf of radiô
frequency waves from the snlnr niniorqjheir v\itli Hjc aid n( ni;qj;nclo‘ ii)ijiic llKories of pinpa- 

j^ation of radiu-wa\cs an i MiisC'd atmosplicn* travnsed Iiy a iiinji.i;nclic field. H lias

been shown from these theories that the magnetic field of the spots iictuallv enables Hie 
e-coniponent of the waves tf) escape fiom decpei layers of the solar altnnsphen* and thus 

provides an explanation of the fdisc'rvatimial fact that radio'Wnvi-s me aclnally emitted 
bv tht“ spot regions theniMdves ll Is shoAii that the same' tln^ories giNC a geneml and 

satisfactory explanation fd all (h(‘ facts ()hserved so far, e g . ,  Umcircular polarisation, and 
suddeii intensification of emission w itli the (aisot of radio Hares Piog\amines foi further 

Wf>rk are indicated.

I. I N T R O  n n C T T 0  N

111 s e v o n il  c o m iu m iic a t in n s  t o  Nature a m i e ls e w h e re ,  v a r io u s  B r i t is l i ,  

A u s l i a l i a n  a n d  N e w  Z e .a la m le r  w o rk e r s  h a v e  d c s c r ih e d  e x p e v im e i i ls  w h irh  p r o v e  

c o n c lu s iv e ly  th a t du rin ;.; l im e s  o f  s o la r  d is tu rb a n c e ,  Ih e r e  a rc  la r g e  o u tb u is ls  

o f  r a d io - f r e q u e n c y  e n e r g y  fr o m  th e  su n . T h e  w a v e - le n g th s  o f  th e  r a d io  

w a v e s -  as o b s e r v e d  b y  t l ie s e  w o rk e rs ,  v a r y  f r o m  1.5 .lo  m e t re s  ( j o o  M e / sec 
t o  10 M c / s e c ) an d  t l ie r c  is s h o r t  a c co u n t o f  a s o l i t a r y  w o rk  m  th e  c e n t im e t r e  

r e g io n  (D ic k o  an d  B e r in g e r ,  ig/|61, in  w h ic h  e m is s io n  h a s  b e en  m ea su red  b y  a 

d i f f e r e n t  te c i in in u e .

T K e  c o n in n iu ic a l io n s  a rc  m o s t ly  s h o r t .  T h e  m o s t  c o m p le t e  a c c o u n t  h as  

so far been given b y  A p p le t o n  a n d  H e y  ( i 9 '|6 ). R .e le v a i it  p o in ts  f r o m  th e ir  

a c c o u n t  a r e  g iv e n  b e lo w .  _

The o b s e r v a t io n s  w e r e  m a d e  w h en  th e r e  w a s  o u tb u rs t  o f  s u n -s p o t  a c t iv i t y  

w h ic h  s ta r te d  o n  2 2n d  F e b r u a r y ,  ig . i6 .  A c c o r d in g  to  th e ir  s ta te m e n t  th e  

s u n s p o t  c ro s s e d  th e  s o la r  d is c  at a h e l io g r a p h ic  la t itu d e  2 2 " N .  c e n tra  

m e r id ia n  p a s s a g e  o c c u r r in g  on  :8 th  F e b r u a r y ,  10.^6. T h e  m a x im m n  sr/.c o f  

th e  s p o t  w a s  so tn e  tw o  th o u s a n d  m il l io n th  p a r i  o f  t l ie  s u n ’ s l ic m is p l ie r c .  A 
v e r y  e x t e n s iv e  a n d  b r i l l ia n t  s o la r  f la r e  o c c u r r e d  f r o m  a p p r o x im a te ly  12 h o u rs  t o  

i S - o t  h o u r s  o n  28th  F e b iu a iy ,  a n d  th e  a c c o m p a n y in g  ra d io  fa d e o n l  w in c h  

b k m n  ju s t  a f t e r  12 horn  s la s ted  t i l l  20-0-0  h ou rs- A  g ,  ea t m a g n e t ic  .storm  

b r o k e  o u t  w i t h  g r e a t  a c t iv i t y  a t 7-^2  h o u rs  on  2nd M a r c h .  T h e d a y s o t  

g r e a t e s t  in t e n s i t y  o f  so la r  n o is e ,  i . c . ,  2 7 th  a n d  aS th  F e b r u a r y ,  o c e m r e d  w h e n  

th e  s u n -s p o t  w a s  n e a r  th e  c e n tr a l m e r id ia n  p a s s a ge  an d  at th e  tu n c  o f  in te n s e
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su n -sp o t a c t i v i t y  s e v e r a l  s o la r  f la r e s  w e r e  o b s e r v e d  in  a d d it io n  to  th e  m o s t  

b r i l l ia n t  o n e  t o  w h ic h  r e fe r e n c e  has a lr e a d y  b e e n  m a d e . T h e  s u n -sp o t d e c r e a s ­

e d  in  s iz e  a f t e r  th e  2 8 th  F e b r u a r y  a n d  a t  th e  sa m e  t im e  s o la r  n o is e  s y b s id e d -  

T h e  r e p o r ts  so  fa r  p u b lis h e d  m a k e  i t  c le a r  th a t  th e  m e t r e  r a n g e  m ic r o w a v e  

r a d ia t io n s  a re  e m it t e d  o n ly  d u r in g  t im e s  o f  s o la r  a c t iv i t y .  In  fa c t  a c lo s e  

s ta t is t ic a l c o r r e s p o n d e n c e  b e tw e e n  th e  s u n -s p o t  a c t i v i t y  a n d  m c t ie  r a n g e  m ic r o ­

w a v e  e m is s io n  h as  b e en  e s ta b lis h e d  b y  P a w s e y ,  P a y n e - S c o t t  a n d  M a c R e a d y  

(3 9 4 7 ) a n d  o th e rs .

T h i s  c lo s e  c o r re s p o n d e n c e  is fu r th e r  c o n fir m e d  b y  t l ic  e x p e r im e n ts  o f  R y le  

a n d  V o n b e r g  (1 9 4 6 ) w l io ,  b y  a n  in g e n io u s  a d a p ta t io n  o f  th e  fa m o u s  M ic h e ls o n -  

P e a s c  m e th o d  o f  m e a s u r in g  s te l la r  d ia m e te r s ,  s h o w e d  th a t  th e  a c tu a l j 'e g io n  

rro m  w l i i d i  th es e  r a d io -w a v e s  a re  c o m in g  s u b te n d s  an  a n g le  n o t  g r e a te r !  th a n  

10' o f  a rc , th e  s o la r  d ia m e t e r  b e in g  32 ' o f  a rc . T h e  s iz e  o f  th e  r a d io W a v is  

g e n e r a t in g  r e g io n s ,  th u s  d e te r m in e d ,  is  o f  th e  sam e  o rd e r  o f ,  th o u g h  son W ^vh at 

la r g e r  th a n , th e  s iz e  o f  th e  la r g e  s u n -s p o t  g ro u [> s  (3 ' o f  an a r c ) .  P a w s e y  )^f ai 
f in d  b y  a d i f le r c n t  m e th o d  th a t th e  d ia m e te r  is  a b o u t 6 '.

T h e  m a in  c h a r a c te r is t ic s  o f  th e s e  s o la r  r a d io  n o is e ,  as d e te rm in e d  b y  th e  

v a r io u s  w o rk e r s ,  can  b e  s u m m a r is e d  as f o l lo w s :—

(/) ' r i i e  r a d ia t io n  is  c lo s e ly  c o n n e c te d  w i t l i  s u n -sp o ts , a p p e a r in g  a n d  d is ­

a p p e a r in g  w ith  th e  la t t e r .

iii) T h e  ra d ia t io n  h as  th e  c h a ra c te r is t ic s  o f  r a n d o m  n o ise^  th e  in ten s iily  

o f  th e  s p e c tru m  is  n e ith e r  s te a d y  w ith  t im e  n o r  c o n t in u o u s  in  w a v e - le n g th ,  n o r  

m o n o c h r o m a t ic .

(lii) T h e  in t e n s it y  o f  r a d io -e m is s io n  is  e x t r a o r d in a r i ly  h ig h .— A p p le t o n  a n d  

H e y  w o r k in g  on  4 .7  m e tre s , fo u n d  th a t  th e  r a d io  f lu x  fr o m  th e  a c t iv e  a rea  w a s  

10'  ̂ t im e s  th a t  a s so c ia ted  w ith  b la c k  b o d y  r a d ia t io n  f r o m  th e  d is c  as a  w h o le ,  

S u p p o s in g  th a t  o n ly  1 / 200th  p a r t  o f  th e  s u n 's  h e m is p h e re  is  a c t iv e ,  th e  in t e n ­

s it y  in c r e a s e s  to  2 .1 0 '' t im e s  th e  b la c k  b o d y  r a d ia t io n  fr o m  th e  s u n ’s d is c .

(iv) T h e  in t e n s it y  is  s u b je c t  t o  s u d d en  f lu c tu a t io n s  o c c u r r in g  g e n e r a l ly  

w ith  th e  o n s e t  o f  f la r e s  o r  o th e r  d is tu rb a n c e s .

(•a) P o la r is a t io n .— E x p e r im e n t s  o n  th e  p o la r is a t io n  o f  th e  r a d io  n o is e  

h a v e  b e en  c a r r ie d  o u t b y  A p p le t o n  a n d  H e y  (1 9 4 6 ) in  L o n d o n ,  b y  R y l e  a n d  

V o n b e r g  (1946 ) in  C a m b r id g e  a n d  M a r t y n  (1 9 4 6 ) in  C a n b e r r a .  T h e y  h a v e  a ll 

fo u n d  th a t  th e  r a d io  n o is e  is  in v a r ia b ly  c ir c u la r ly  p o la r is e d ,  b u t  o th e r w is e  th e  

d e s c r ip t io n s  a re  c o n fu s in g .  D e s c r ib in g  th e  i )o la r is a t io n  o f  w a v e s  fr o m  th e  

s u n -s p o t  g r o u p s  o f  J u ly  27 to* A u gu .^ t 3, 1946, R y l e  a n d  V o n b e r g  s a y : —

M e a s u r e j i ie n t s  ta k e n  o v e r  th e  p e r io d  J u ly  27 to  A u g u s t  3 rd , s h o w e d  th e  

p o la r is a t io n  to  b e  a n t ic lo c k w is e ,  v ie w e d  a lo n g  th e  p o s i t iv e  d ir e c t io n  o f  p r o p a ­

g a t io n  ( l e f t  h a n d e d ).  B e tw e e n  A u g u s t  3 a n d  A u g u s t  7. th e  d e g r e e  o t 

p o la r is a t io n  d im in is h e d ,  b e in g  v i r t u a l l y  c o m p le t e ly  r a n d o m  o n  A u g u s t  7. On 
A u g u s t  8 , 4 0 %  p o la i is a t io n  w a s  o b s e r v e d  a g a in  b u t w ith  r ig h t -h a n d e d  

p o la r i t y ,  th e  r e s u lt  p r e s u m a b ly  o f  in c r e a s e d  a c t i v i t y  in  a s u b s id ia ry  sun* 

s p o t . "
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M a r t y u  (1 9 4 6 ) w o r k in g  in  th e  s o u th e rn  la t itu d e s  (3 5 ''$  C a n h e r n i )  w h i le  

o b s e r v in g  th e  sa m e  s u u -s p o ls  o c c u n iu g  in  th e  la s t w e e k  o f  J u ly  1946 n o t e d :—

I t  w a s  fo u n d  th a t  t l ie  r ig h t -h a n d e d  c ir c i t la r ly  p o la r is e d  p o w e r  r e c e iv e d  

w^as s o m e  s e v e n  t im e s  g r e a te r  th an  th a t  r e c e iv e d  w h e n  th e  s y s te m  a c c e p te d  

o n ly  l e f t d ia n d e d  p o la r is e d  ra d ia t io n .  T h r e e  d a y s  la t e r ,  w h e n  th is  su n -s p o t 

g r o u p  c ro s s e d  th e  m e r id ia n  th ese  c o n d it io n s  w e r e  r e v e rs e d  ; f i v e  t im e s  m o r e  

p o w e r  b e in g  th e n  r e c e iv e d  on  th e  le f t -h a n d e d  th an  on  th e  r ig l i l - h a n d e d  

s y s te m

T h u s  s im u lta n e o u s ly  o b s e r v in g  the^ sam e  su n -sp o t g r o u p s  th e  sen se  o f  

r o ta t io n  o f  th e  p o la r is e d  s ig n a l in  th e  tw o  h e m is p h e re s  w e r e  fo u n d  b y  th e  

o b s e r v e r s  to  b e  o p p o s ite .

A s  w i l l  b e  m a d e  c le a r  la te r ,  i t  w i l l  b e  h e lp fu l  to  th e  u n d e r s ta n d in g  o f  th e  

p h e n o m e n o n  i f ,  s im u lta n e o u s ly  w ith  th e  r e c o r d in g  o f  th e  p o la r is a t io n ,  a ll th e  

c h a r a c te r is t ic s  o f  s u n -s p o ts  (h e l io g r a p h ic  la t i t u d e  a n d  lo n g itu d e ,  d is ta n c e  fr o m  

th e  c e n t r e  o f  th e  d is c ,  m a g n e t ic  fie ld  s t r e n g th ,  c la s s if ic a t io n ,  e t c . )  a r e  g i v e n .

M c a s u r c n i e n i s  l o i  r a d i a t i o n  i ? e J o w  m e t r e  r a n g e

Appleton and Hey stale that they could not detect any enhancement of 
solar noise on wave-lengths as short as i/xo metre. Similar obscivalions by the 
T .R-E. establishment on a 3/10 metre yielded a negative result. The radio 
noise associated with the sun-spot activity becomes significant, without very 
special technique, when the wave-lengths ap]>roach i .5 metres. Ihe results aie 
in accordance with the observations of MacReady, Pawscy, Payne-Scotl (1946). 
On the otherhand Dicke and Beringer (1945) workqg in the centimetre range 
and using special technique found that microwaves of 1.25 cm. length 
arc emitted during times of solar activity, the corresponding black body tern- 

peratuie being iiouo"K.

2 P R E L I M I N A R Y  A T T E M P T S  AT A T H E O R Y  OF T H E
P H E N O M E N O N

The problem is lo Bud oul the physical mechanism which sives rise to
the radio-irequency waves in the snn and also lo discuss how Ihese waves are 
propagated through the solar atmosphere. Let us first confine ourselves to 
he second asi.ecl oi the prohlom, for whatever may be tl.c physmal mechamsm 

^^i^-tisn-to  the radio-waves, it is clear .hat their pas»,ge ihrtmgh the varmus 
Uyersof the soUt atmosphere would he regulaied by ihe laws of electrtn
uiagnelisin. As is well-known, the various layers <if the solar alinospheie aic

highly ionised, the eleelrou-density, according to well-tcsled as rophysica 
theories being lo’ t/c.e. ior ihe pholosphcnc level, lo /e.c. for the base o
the chrmnosphere (500 km above photosphere) which fall to 3 . 5 * 1 0 /c e, at
the top ot tha chromosphere (.4500 knil. The density thereafter tails slowly 
toou^hont the whole corona, but is ~ io*/c,c. even al dmtance of 10 solnr

diameters-
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T l i e  q u ie s c e n t  su n  h as, l ik e  th e  F^arlli, a p e rm a n e n t  m a g u e i ic  f ie ld ,  th e  

e x is t e n c e  o f  w h ic h  w a s  f irs t  in d ic a te d  b y  th e  in v e s t ig a t io n s  o f  G .  K .  H a le .  

O n  a c c o u n t  o f  its  s m a ll  v a lu e ,  th e  r e a l i t y  o f  th e  e fT ec t h a s  b e e n  s o m e t im e s  

c a l le d  in t o  q u e s t io n ,  b u t r e c e n t  in v e s t ig a t io n s  b y  T l i ie s s e n  (1 9 4 b ) a p p e a r  

t o  h a v e  s a t is f ie d  th e  a s t r o p h y s ic is t s  th a t  th e  f ie ld  is r e a l.  T h e  V a lu e  is  25 

gaUvSS a t l l i e  s o la r  m a g n e t ic  e q u a to r ,  a n d  50 g a u s s  a t th e  m a g n e t ic  p o le s .  

A c c o r d in g  t o  H a le  an d  T l i ie s s e n  th e  im ig n e t ic  a x is  is  in c l in e d  a t an  

a n g le  o f  to  th e  s u n 's  a x is ,  b u t f o r  o u r  p u rp o s e  w e  ca n  la k e  th e  t w o  a x e s  

t o  1)e  id e n t ic a l .  B e s id e s  th is  s m a ll p e rm a n e n t  m a g u e i ic  f ie ld ,  m a g n e t ic  f ie ld s  

o f  a  h ig h e r  o rd e r  a re  d e v e lo p e d  in  s p o t  r e g io n s  d in in g  l im e s  o f  s o la r  a c t i v i t y .

T h e  c o n d it io n s  in  th e  sun  a r e ,  t h e r e fo r e ,  so n ic  w h a t  s im ila r  16 th o s e  p ije v a il-  

in g  in  D ie  K a r lh 's  a lm o s jd ie r e  'io n o s ] )h e r e )  f o r  t r a n s m is s io n  o f  r a d io -W a v e s  

th r o u g h  it ,  an d  th e  s a m e  m a th e m a t ic a l  m e th o d s  n h ic l i  h a v e  b e en  d e v e ip p e d  

b y  A p p le t o n ,  l l a i i r e e  a n d  o th e r s ,  c a n  b e  u sed  in  th e  [^ resen t e a s e  \

T l i e  a u th o r s  (vSaha, B a n e r je a  an d  G u l ia ,  1947 ) h a v e ,  h o w e v e r ,  c n in ifie \ c ly  

re c a s t  th e  m a th e m a t ic a l t r e a tm e n t  o f  p r o p a g a t io n  o f  r a d io - w a v e s  th r o u g i i  an  

io n is e d  a tm o s i ih e r e  w h ic h  is  t ia v e is e d  b y  a m a g n e t ic  f ie ld ,  a n d  r e s u lts  f r o m  

th is  ] )a p e r  a re  f r e e ly  used  in  th e  ] )r e s e i i t  o n e .  T h e  m a in  c o n c lu s io n s  o f  A p j> le *  

to n  a r e ,  l i o w e v e r ,  q u it e  s u f f ic ie n t  f o r  a p r e l im in a r y  s u r v e y  o f  th e  p ro h le n u

A c c o r d in g  to  th e s e  w o rk e r s ,  a i)e a n i o f  u n i io la r iz e d  r a d io - w a v e s  on  e n t r y  

in t o  th e  i o i i o s p l iu c  is  s ] f f i t  u j) in t o  t w o  w a v e s ,  w h ic h  a re  s ty le d  o r d im lr y  

(s h o r t ly  c a l le d  n -w a v c ) ,  an d  e x t r a o r d in a r y  I s h o r l ly  c a l le d  c - w a v e ) .  T h e y  

t r a v e l  w i th  d i f fe r e n t  v e lo c i t i e s ,  / .c ., r e f r a c t iv e  in d ic e s ,  h a v e  d i f f e r e n t  s ta te s  o f  

p o la r is a t io n  a n d  a re  a b s o rb e d  to  d i f fe r e n t  d e g r e e s .  T h e s e  q u a n t it ie s ,  viz., th e  

r e f r a c t i v e  im l ic e s ,  ] )o la i  is a t io n  a n d  a b s o i i i t io n  a r e  fu n c t io n s  o f  e le c t r o n  d e n s it y  

N ,  d a m ]> in g , f i e ld - s t r e n g th  H ,  a n d  th e  a n g le  o f  p r o p a g a t io n  w h ic h  is  th e  

a n g le  l ie lw e e n  l l i e  m a g n e t ic  f ie ld  an d  th e  d ir e c t io n  o f  p r o p a g a t io n .  In  th e  

ca s e  w h e n  d a m p in g  can  b e  n e g le c t e d  th e  r e f r a c t i v e  in d ic e s  f o r  t l ie  tw o  w a v e s  

a re  fu n c t io n s  o f  N ,  H ,  a n d  0 an d  d e c r e a s e  s t e a d i ly  as  N  in c r e a s e s . W h e n  

/X b e c o m e s  z e r o ,  t l ic  w a v e  c a n  n o  lo n g e r  p r o c e e d  f o r w a r d ,  b u t  is  r e f le c t e d  

b a c k .  T h e  l im i t in g  c o n d it io n s  (A p p le t o i i - c o n d i l io n s )  f o r  p e n e t r a t io n  a rc  

f o r  th e

N <  <  1.2 1 X lo"**o-wavi.', (2 .1 )

e-wavc, N <  / (/ + /*) <  i.2 i lo ” i ( f±fh)

where / =  w a v e  f r e q u e n c y  =  c//̂

fh = gyroinagnetic frequency for a field H

ai_
2ST me

=  2*8 X

These conditions are independent of <9,

(2 .2 )
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L e t  u s  a p p ly  th e s e  c o n d it io n s  to  th e  s o la r  a tm o s p h e r e ,  h 'o r  ih e  o-\V!iVc,

N  <  I . 2 5 X  IO-® x / 2

<  1.25 X lo '" ’ f o r  / =  r o  M c / s e c ,  A =  30 m  |
J- ... f j . i a )

<  5 X 10** for /  — 200 M e/sec, A =  1 ,5  in '

T h i s  s h o w s  th a t  th e  o -c o iiii> o n e iit  o f  th e  m e t r e  w a\ 'es  c a n n o t  e s c a p e  fr o m  

th e  s u n  u n le s s  th e y  o r ig in a t e  in  th e  c o r o n a ,  a n d  th a t so p r o g r c s s iv e l j f  in  th e  

u p p e r  la y e r s ,  a s  w e  ta k e  la r g e r  waves. ' I 'h e  o - c o in p o n c m  o f  30 m et re  w a v e s  

ca n  c o m e  o n ly  f r o m  b e y o n d  a d is ta n c e  o f  s e v e r a l d ia m e te r s  o f  th e  su n .

The e-wave should .satisfy two conditions :
(a ) / s h o u ld  b e  >  //,

(h) N  s h o u ld  b e  <  i.2S x lo "*^  x /ly -j/,)

( a )  .shows that the e-componenl of microwaves cannot escape ironi the 
quiescent sun unless / ,> 100 Mc/sec, A <; 3 metres, but microwaves of 
longer wave-length have been detected, ( h )  states that e-inicrowaves sati.sfying 
condition ( a )  would have to originate even in higher layers, i.c., their probabi­
lity of escape from deeper layers is much less than that of o-vvaves.

These difiiuillies have been sought to be explained with the aid of 
the hypothesis that the microwaves actually originate in the higher corona 
to which a temiieratuie of the order of a million degree is ascribed. But the 
hypothesis does not explain why the microwaves are .so copiously emitted 
during times of solar .spottedness and are actually emitted, as now apiicars 
almost certain, from the spots themselves and not from llie quiescent 
regions, unless we make the very improbable assumption that it is only the 
3pols which develop the million degree temperature. The assumption is 
extremely improbable in view of the fact that s])ectroscopic evidence shows
that spots are regions of much lower temperature than even the photospliere.
This necessitates the investigation of the pi obleiii from an altogether different 

point of view.

S n , n s p o l s  a n d  m i c r o 7t a v r  e m i s s i o n

'' T h e  su ii-sp o tj? , a c c o r d in g  to  th e  c la s s ic a l in v e s t ig a t io n s  o f  H a le  a n d  

N ic h o ls o n  (1 0 2 5 ), a re  fo u n d  to  s h o w  m a g n e t ic  f ie ld s  o f  e n t i r e ly  d i f l e r e n l  o r d e r  

o f '  m a g n i tu d e  th a n  th e  qu ie .s cen t su n . I r o n i  a  f e w  l i im d r e d  g a u s s  f o r  t in y  s p o ts  

t o  about 4000 g a u s s  f o r  th e  la r g e s t  o n e s . T h e i r  d ir c c l iu n  is  n o rm a l to  th e  

solar surface at th e  c e n t r e  o f t  he  s p o t ,  b u t b e c o m e s  in c l in e d  to  th e  s u r fa c e  

as  w e  g o  o u tw a r d s  t o  th e  p c n u m b ra l r e g io n s ,  as s l io w u  in  F i g .  i .  T h e  la r g e s t  

n u m b e r  o f  s p o ts  o c c u r  in  c lo s e  p a ir s , s h o w in g  o p p o s it e  p o la r i t y ,  a n d  e v e n  

th o s e  w h ic h  a r e  a p p a r e n t ly  s in g le ,  a p p e a r  t o  h a v e  an  in v is ib le  c o m p a n io n ,  

h a v in g  o p p o s it e  p o la r i t y  s o m e w h e r e  in s id e  th e  s u r fa c e .  In  fa c t ,  t h e  s p o ts  a r e  

k n o w n  t o  b e  h y d r o d y u a m ic a l  v o r t ic e s ,  i ia s s in g  u n d e rn e a th  th e  a p p a r e n t  su r­
f a c e ,  t h e  t w o  e n d s  o f  t l i e  v o r t ic e s  b e in g  the t w o  c o m p o n e n ts  o f  the b i fo c a l
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spots. Spot groups show very complicated forms for which referetice may 
be made to original sources (Nicholson, 1938) and reports (Nicolet, 1942).

1

F ig . I

Schematic repre&entation of linch of force of the magnetic
field in the region above a sun-spot (Nicholson). ^

Let US now apply the Appleton-conditions for escape of radio-waves from 
the spots, supposing that they originate sonicwheic within the spots.

For the o-componeul, since its condition of escape does not depend on the 
magnetic field, the conditions (2.1) will continue to apply, j .c., the o-component 
of microwaves cannot escape from the sun, unless they originate in the corona 
over the spots. '

We observe that /a — 2.8xio*fe,

where k =  value of the magnetic field in kilogausses ; so that h  =  cms._  IC2-7 ,
k

It is well known from Appleton’s theory tliat the polarisation and refractive 
index of the e-component depend very largely on the quantity <» =  }h If 
=  Xi\h. We have for the sunspots w =  q.skm, where m =  length of the 
microwave emitted in metres. Taking fc =  i, m = 2.1, <0 =»< 20, but the value 
may be much larger for longer waves and larger fields. Taking an average 
value of 20 for «<>, we can easily draw the following c o n c l u s i o n s » 

Since w >  >  i, the condition that the square of the refractive index 
vanishes at the point where the electron concentration is given by the formula 
4irNe*/w <  H P -P iD is absent. If we plot the value of the refractive index 
for the e-wave in the case w >  i as a function of electron concentration, me 
find that, when damping is neglected, the (/'o' —N) curve’ is'a smooth«ne,

decreasing, gradully tozei»o ai N f i f +h)  (vide Fig. 2), while /lo* reaches

the zero value at N ----—  /‘ ■rnn

Since the wave can proceed till this condition is satisfied the limiting 
concentration for escape of the e-wave is given by

N <  1.25 « lo"* fif+fh)



Micpowaoes o/ R a ^ o  Range from  Sun  

Taking f =  1.5 x ro* (A =» 3 metres)

Wc should have N  ^  1 .35  x l o " '  x  1 .5  x  10" x  2 .8  x  l o V -

^  6-6 X lô /c

205

F ig . 2

Variation of the stiuare of the refractive index of the extraordinary wave 
with electron concentration for different angles of propagation (for w = 2o).

Tlie ealculatkm shows that the e-coinponeut can come from far deeper 
layers than the o-component, in fact from deej) chromospheric layers, where 
the electron density is (i+o>J =s< 21 times the limiting density for o-waves.

Tlie magnetic field measured for the spots refer to the lowest layers__in
fact, as will be shown later for the reversing layer of the spots. The field 
above and below must be very different. We have given in §3, plausible 
formulae for the variation of the field above the reversing layer, and these 
formulae may probably be experimentally verified as suggested by Hale long 
ago (vide appendix).

But these methods are not applicable for finding out the value of the 
magnetic field below the reversing layer, for which we have to fall back upon 
some speculative theories. If the spots are hydrodynamical vortices, they 
should funnel out on reaching the chromosphere, hut their cross-sections must 
be very small just below the reversing layer, and according to Chapman 
(1944), fields may reach enormous values of the order of a million gauss. I f  
this be correct the'e-coniponent can escape from far deeper layers.

3. C H A R A C T E R I S 'i' I C S O P T H E  S P O T  A T M O S V II E R E

Though the -ideas outlined in the previous paragraphs make it clear 
that it is the strong magnetic field of the-sunspots, which allows only one 
component of microwave beams to come out from very deep layers, the 
application of the above ideas to the actual problem of emission requires a
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more detailed knowlaljrc of tlic physical conditions prevailing iri Vahous 
layers of the spot-region.

The physical quantities of whicli kn6wlcdge is particularly needed in this 

connection, are: ;
(1) The concentration of different kinds of atoms anjimpleculcs at different

le v e ls .

(2) The electron concentration at different levels.

(3 ) T h e  m a g n e t ic  f ie ld  an d  its  V 'a r ia tion  w i t h  h e ig h t .

Methods, based on sound phy-sical theories, have been developed for 
dc'terniining the various ])hysical characteristics of the normal solar atmosphere, 
with the aid of data obtained from astrophysical observations, account of 
which will be found in Unsbld’s Siernaimosphdre and Stromgren‘s 
analysis ol the conifiosition of the solar atmosphere. The term 
“ Solar atmosphere’ ’ is used in a comprehensive sense after Ttosscland 
to denote the totality of the phenomena known under the terms: the 
Reversing Layer, the Chromosphere and the Corona, and they are treated 
together, because, inspite of the fact that the nomenclature had their origin 
in different groups of observational data, the problems of tlje, three layers 
easily pass into one another.

It is well-known that the sun-spot and its neighbourhood show very great 
deviations from the normal solar atmosidierc, marked by fall of teinpeMture, 
develoiiiiierit of magnetic fields, and radial, transverse and vertical motion of the 
solar gases, giving rise to difficult hydvodynamical problems. A comprehensive 
theory, explaining the whole history and physical characteristics of spots, is still 
wanting, but our requirements, as given above, are limited. But even here, 
information is very scanty. The elaborate methods, which hgye been used for 
finding out the concentration of various types of atoms and electron density 
of the normal solar atmosphere in different layers, can be applied also to 
spots, but this has uot yet been done. Only indirect methods of comparison 
with the normal atmosphere are available (Moore 1931, Richardson 1931). 
For these reasons, it is necessary to review critically the methods used for 
the uornial solar atmosphere.

T h e  n o r m a l  r e v e r s in g  la y e r  is  a r e g io n  e x t e n d in g  f r o n i  th e  l e v e l  o f  th e  

p h o to s p h e r e  t o  th e  b ase  o f  th e  c h r o m o s p h e r e ,  a  d is ta n c e  o f  3 0 0 -5 0 0  k m . 

T h e  F r a u n h o fe i  l in e s  m o s t ly  o r i g in a t e  f r o m  a b s o r p t io n  o f  c p u t im io u s  

p h o t o s p h e r ic  l i g h t  b y  th e  a to m s  a n d  m o le c u le s  c o n ta in e d  in  th is  la y e r .

Several methods are available for finding out the composition of the 
reversing layer, but the results, though of the same order, do not tally with 
each other. According to Russell {1928) the composition (percenljege -of 
atoms) is 91% H, probably 3% He, 3% O, 1.5% other elements of which Fe 
forms the preponderating part, and 1.5%  electrons. The atmosphere is nearly
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p u rely  h y d r o g e n ,  a n d  b e c o m e s  m o re  s o  BS ffV  
n u m b e r  o f  H - a to n is  o v e r  i  c .c .  o f  p h o to s p h e re  is  g iv e n  b y  R u sse f/  BS 
1,8 X io®^/c.c.

T h e  e le c t r o n s  in  th e  r e v e r s in g  la y e r s  an d  th e  c h ro m o s p h e re  a re  m o s t ly  

d e r iv e d  f r o j i i  th e  th e r m a l io n is a t io n  o f  n ie la ls .

F o r  th e  c h r o m o s p h e r e  v e r y  e x te n s iv e  in v e s t ig a t io n  b y  W i l d t  (1Q 47I, 

b a s e d  o n  a n a ly s is  o f  fla sh  sp ec tru m  d a ta , is  a v a i la b le ,  fr o m  w h ic h  T a b ic  I has  

b e en  c o m p i le d  :

A c c o r d in g  to  W i l d t  (1 9 47 ) th e  c o n c e n tra t io n  o f  H - a lo m s  in  Ih c  c h ro m s o p *  

h e r e  is  g i v e n  b y  th e  fo r m u la  :

77h =  6.76 X X 10 '“:; (in cnis,),

T h e  h y d r o s t a t ic  d e n s ity  g ra d ie n t ,  o n  th e  assinn f> tion  o f  a te m p e ra tu re  o f  

5ooo® K  is  6 .9  X lo^ ^ ^ cm -^ . is, as i f  th e  w e ig h t  o f  h y d r o g e n  has d itn v iish ed  

t o  ,9 2 / 6 ,9 — 1 / 7 .5  o f  its  v a lu e  o r  th e  t e m p c ra ln r e  has risen  to  n e a r ly  35000^ 'K .

T h e  e le c t r o n - d e n s it y  at a n y  p o in t  w ith in  t l ie  eluom osphcM C  can  b e  

o b ta in e d  b y  e x t r a p o la t io n ;  a ssu m in g  th e  e x p o n e n t ia l  la w  to  h o ld  g o o d ,  ca lcu la^  

l i o n  s h o w s  th a t  n =  w h e re  x T h e  g r a d ie n t

is  a lm o s t  h a l f  th a t  o f  H ,  as e le c t ro n s  a rc  n o t  o b ta in e d  o n ly  fr o m  th e  io n is a t io n  

o f  H  b u t  a ls o  f r o m  th e  m e ta l l ic  e le m e n ls  v vh ic li a re  a lm o s t c o m p le t e ly  io n is e d .

T h e  v a lu e s  o f  e le c t r o n  d e n s ity  in  th e  c o ro n a  ( fr o m  20,000 k m  u p w a rd s ) a re  

g i v e n  b y  B u ii ib a u c li  (1 9 3 7 ). T h e s e  are  o b ta in e d  fro m  a th o ro u g h  d iscu ss ion  

o f  n u m e r o u s  m e a s u re m e n ts  o f  th e  b r ig litn e s s  o f  th e  c o ro n a , on th e  b as is  o f  K .  

vS ch \varzsch ild *s  l ]y i)O th e s is , g e n e ra l ly  a ccc j> ted , th a t th e  c o n t in u o u s  sp ec tru m  

o f  th e  s o la r  c o r o n a  is  d u e  to  ] )h o to s p h e n c  l ig l i t  s ca tte red  b y  fr e e  e le c t r o n s . 

B u m b a u c h 's  c a lc u la t io n s  (Uiiŝ d̂d, j)-/t^o) e x te n d  fro m  20000 k m  to  n e a r ly  ten  

t im e s  th e  s o la r  r a d iu s ,  an d  th e  d e n s ity  v a n e s  fro m  /i x  t o  ̂ to  n e a r ly  nr* lex .  
T h e  f i g u r e  f o r  th e  to p  o f  i l ic  c h r o m o s jd ie r c  (i..'i500 k in ) h as  l)c cn  

e x t r a p o la t e d  b y  W i l d t  fr o m  B n in b a u c ir s  f i g n ie .  A n o th e r  c a lc u la t io n  based  

on  e x t r a p o la t io n  o f  h y d r o g e n  d en s it ie s , g iv e s  a,. =■2 x  10 '̂ le-e. a t t l i is  h e ig h t ,  

B u n ib a u c h ’ s f ig u r e s  h a v e  r e c e n t ly  b een  r e v is e d  b y  A l le n  (19/16) a n d  v a n  d e r  

Hulst (1947).
Tap.tu T

Eocalily
i

Level above Photosphere , Hydrogen density Electron density

Reversing layer 0 to 300 hm i 6.76x10^^

Base of chrotnospbcrc 500 krii ! 4 X lo'S ] .6 X lo”

Top of chromosphere 14,500 km j  2 X 10̂ '̂ 3.5 X

Corona > ?,o,ooo km j ! 3 X 1()H t(» lot
1

T H E  M A G N E T I C  I M E b D  I N T H E  S P O T  R E G I O N S  

Magnetjc field of sun-spots has been systemalically measured in the Moun 
Wilson Observatory since the great discovery by Hale m 1908, as part of th<
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r o u t in e  p r o g r a m m e  o f  th e  o b s e r v a t o r y  a n d  th e  r e s u lt s  a r e  a v a i la b le  in  p u b l ic a ­

t io n s  o f  th e  o b s e r v a t o r y  a n d  in  v a r io u s  r e p o r t s .

F o r  th e  m e a s u r e m e n t  o f  th e  f ie ld ,  th e  ir o n  l in e  A = 6 i 7 3 '3 4 6  X, w h ic h  is 
e x c e p t io n a l l y  s h a r p ,  h as  b e en  g e n e r a l ly  u s e d . A s  th is  is  a  l in e  o f  in t e n s i t y  5 

o n  th e  R o w la n d  s c a le ,  a n d  in  th e  c h r o m o s p h e r e  s p e c t r u m  r e a c h e s  o n ly  a 

h e ig h t  o f  4 0 0  k m ,  it  can  b e  ta k e n  th a t  th e  f ie ld s  m e a s u re d  r e f e r  t o  th e  lo w e s t  

l e v e l  o f  th e  s p o t .

B u t  ( o r  th e  p u r p o s e s  o f  th is  p a p e r ,  w e  r e q u i t e  t l i e  v a lu e  o f  th e  s p o t  f i e ld  

a t  h i g h e r  le v e ls ,  a n d  a w a y  f i o iu  th e  a x is  o f  th e  f i e ld .  T h e r e  a p p e a r s  to  b e  

n o  s y s te m a t ic  o b s e r v a t io n  on  th is  p o in t ,  t h o u g h  H a l e  (1 9 0 8 ) w a s  a w a r e  o f  th e  

n e c e s s i t y  o f  su ch  o b s e r v a t io n s .  H e  s t a t e s : * |

W e  h a v e  a lr e a d y  s e en  th a t  th e  s t r e n g t h  o f  th e  f i e ld  in  s p o ts  a p p a r i i i t l y  

c h a n g e s  v e r y  r a p id ly  a lo n g  a s o la r  r a d iu s ,  a n d  is  s m a ll  a t  th e  u p p e r  le v e\  o f  

th e  c h r o m o s p h e r e . ' '  \

W e  h a v e  g i v e n  in  A p p e n d ix  th e  fu l l  p a s s a g e  f r o m  th e  o r i g in a l  p a p e r  

o f  H a l e  w h ic h  s u g g e s t s  a p r o g r a m m e  fo r  n ie a s u r c n ie n t  o f  th e  m a g n e t ic  f ie k l  

a t  v a r io u s  le v e ls  a b o v e  th e  r e v e r s in g  la y e r  o f  s p o ts .  T o  o u r  k n o w le d g e  th e s e  

s u g g e s t io n s  h a v e  n o t  b e e n  w o r k e d  o u t  b u t  th e y  a r e  w o r t h  a tr ia l-

T w o  d i f f e r e n t  a n d  in d ir e c t  in e t l io d s ,  b a s e d  on  M o u n t  W i l s o n  m ea su rc tn en L  

o f  th e  f ie ld  o v e r  v a r io u s  d istance^^ f r o m  th e  c e n t r e  o f  th e  u m b ra ,  a re  a v a i la b le .  

T h e s e  a r c  g i v e n  b e lo w  :—

( i )  B r o x o n  (1 0 4 2 ) w d iile  o b s e r v in g  th e  e f f e c t  o f  th e  s p o t  f ie ld s  o n  c o s m ic  

r a y s  s u g g e s t e d  th a t  th e  m a g n e t ic  f i e ld s  o f  u n ip o la r  s p o ts  m a y  b e  f a i r l y  

a p p r o x im a t e ly  r e p r e s e n t e d  b y  th e  f i e ld  o f  a v e r t i c a l l y  p la c e d  m a g n e t  h a v in g  

a d ip o le  m o n i e n t V 2 6 / H 0/8 s itu a te d  a t a d e p th  o f  a / v / 2 w i t h  th e  a x is  

c o in c id in g  w ith  th e  a x is  o f  th e  s p o t ,  w h e r e  a == r a d iu s  o f  th e  s p o t  a n d  H q is  

th e  f ie ld  s t r e n g t h  a t  th e  s p o t  c e n t r e .  F o r  c o m p le t e  m a p p in g  o f  s u ch  a  f i e ld ,

The co-ordinate system for a circular spot (broxon t>pel
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'  S A .  Z - a x is
a lo n g  M b M  a n d  Y - a x i s  p e rp e n d ic u la r  l o  Ih e  p la n e  o f  th e  p a p e r  I F i g .  3 ). A s

th e  f i e ld  IS s y m m e t r k a l  a b o u t th e  a x is  le t  us f in d  o u t th e  f ie ld  a t a n y  p o n it  

K a . o .c in  th e  X Z  p la n e . L e t  a ls o  R  =  M P  a n d  V =  <  PM vS  be th e  p o lo i 

c o - o r d in a t e s  o f  P  w i t h  M  ( 0 . 0 , -a/s/ z) as o r ig in .

T h e n  th e  p o t e n t ia l  i l  a t P  is  g iv e n  b y
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n = tS B ^ J = u____ (z+j/^/z) )
R'^ {x  ̂+ (r+ (1/ v/g )* -̂

a .  =
R*

H* = 3 y  2
8

JJ„  ^(j,+,i:/V2)

PI0 =  - fi s in  

R̂ ^
H .  =  _ 2 ( C + i / V 2 )^ - ^ -  ^

4V 2'{^  +

(3.1)

H = Ho
4V

V̂.’24 4a  + l/\/2 ?

w it h

_ s 

=  /ve
l/V'2)‘-*}®

•V =  c -  ai;.

S in c e  in  th e  a b o v e  c o - o rd in a te  s ys tem s ,

ta n  =  x j ( z - \ - a i  t j 2 ) =

R '
\/1 + 3 cob“0

(l + W 2j
(3-2)

We h a v e  cot ^ =  H . / H j .  =  c o l  --------
3 s in  (p c o s  <!> '

E x p r e s s io n  (3 .1 ) g i v e s  th e  in a g u itu d e  o f  th e  m a g n e t ic  f ie ld  at a n y  p o in t  

o n  o r  a b o v e  th e  s p o t  a n d  t o  g e t  f ie ld  d ir e c t io n ,  w e  )> lot th e  c u r v e s  r e p r e s e n t in g  

l in e s  o f  f o r c e  g i v e n  b y

R  =  A  sin^(/i, A = a r b i t a r y  c o s ta n t .

T o  s h o w  h o w  th e  f ie ld  in t e n s it y  v a r ie s  w ith  d is ta n c e  f i  o m  th e  s p o t  c e n tr e  

a n d  w i t h  h e ig h t ,  th e  q u a n t i t y  H / H o  h a s  b e e n  p lo t t e d  ( P i g ,  4 ) a g a in s t  ^ f o r  

v a lu e s  o f  ? =  o ,  T ,  '5 ,  '6 , I 'o .  T h e  to p m o s t  c u r v e  f o r  ^ = o  g i v e s  H a t 

d i f f e r e n t  p o in t s  a lo n g  th e  s p o t  s u r fa c e .  A t  th e  e d g e  o f  th e  s p o t  H/Ho b e c o m e s  

n e a r ly  1 4 %  w h e r e a s  it  o u g h t  to  b e  z e r o .  T h e  o th e r  c u r v e s  f o r  £ = T ,  ‘ 3 , '6  

a n d  i ‘ o  g i v e  th e  f i e ld  in t e n s it ie s  a t  d i f fe r e n t  p o in ts  o n  p la n e s  p a r a l le l  t o  th e  

s p o t  s u r fa c e  a t  h e ig h t s  o f  ^ o .  i V  I'h a n d  u n it  t im e s  th e  s p o t  r a d iu s . A s  w e  g o  

h i g h e r  a n d  h ig h e r  a b o v e  th e  s i)o t  s u r fa c e ,  th e  f i e ld  b e c o m e s  m o ic  o r  le ss  

c o n s t a n t  o v e r  th e  e n t ir e  p la n e  as is  e v id e n t  f r o m  th e  lo w e s t  c u r v e  fo r  =  

w h ic h  is  s i tu a t e d  a t a  h e ig h t  e q u a l t o  th e  s p o t  ra d iu s .

F i g .  5 g i v e s  th e  l in e s  o f  fo r c e  a t d i f fe r e n t  p o in ts  T h e  t a n g e n t  t o  th e s e  

c u r v e s  a t  a n y  j io in t  g i v e s  th e  d i r c c i io n  o f  th e  m a g n e t ic  f ie ld  a t th a t  p o in t .  

T h e  th ic k  l in e  S A  is  th e  s p o t  s u r fa c e .  F r o m  (3 .2 ) w e  n o t e  th a t  ^ -c o n s ta n t  

l in e s  a r e  th e  l in e s  o f  c o n s ta n t  '/'• V a lu e s  o f  ^ f o r  c e r t a in  d i f fe r e n t  v a lu e s  

o f  0  a r e  r e p r e s e n t e d  b y  a r r o w s  in  th e  d ia g r a m .  V '= o  is  th e  l in e  c o in c id in g
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Variation cf the intensi­
ty of the magnetic 
field along and above 
the spot surface 
(hroxon type). i

I încs of force of the 
spot field according 
to llroxon.

M
F ig . s

with the central line ^>=o Gradually as <p increases, V'also increases, and 
at the periphery i>=Ttl2, showing that the z-component of the magnelic 
field is absent at the edges, i.e., the field is perfectly horizontal at the edges.
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(2 ) C h a p m a n  (1943 ) lia s  ;^iveu a n o th e r  a p p ro a ch  to  tlk ' p io b le n i .  In ’)! 

f in d in g  OUV th e  s p o t  f ie ld s  a t dilTereiit p o in ts , h e  argues tns fo l lo w s  ;

I f  th e  tw o  en d s , w h e l l ie i  o f  th e  s tra igh t  o t  s e n iie ir c u la r  n ia g n e l,  a re  

s u f f ic ie n t ly  fa r  a p a r t ,  w e  can  c a lc u la te  th e  n ia g i ie t ic  f ie ld  near each  as if th e  

o th e r  w e r e  n o t  th e re . S u p p o se  th e  s u r fa ce  d e n s ity  (o f  m aga ic t ic  poles^ 

o v e r  th e  e n d  d e p e n d s  o n ly  on the d is ta n c e  r fr o m  th e  cenli e o f th e  s iio l ; 

a n d  th e  m a g n e t ic  in te n s ity  H  an d  its  in d in a l io n  w i l l  likewise d e i»e ti(l 

o n ly  o n  r. I  h a v e  c a lc u la te d  i/' for various r e la t io n s h ip s  l i e lw e c u 't- and  r 

in  o r d e r  to  f in d  o u t w h a t d is tr ib n t io n  o f  a* w o u ld  a g r e e  a p ^ p io x im a te ly  w ith  

N i c h o l s o i r s  in e a s u re in e iit  o f  lo i  a s m i-s p o l. 'I 'h e  d e ta ils  a ie  o m it te d  h u e .  

1 g i v e  o n ly  th e  r e s u lts  fo r  t l ie  assum ed v a r ia t io n  o f  s u r fa c e  d e n s ity ,

fiO
2VT \

/ \ 2 / /2
I r ,» (3 -3 )

Takin}> the same axes as before, the iiiatuietic poiiteutial at a ]ioinl P ( v, o, c) 
is, given by

n =  '-'“ i  { '  r ' d - i ' y  — . e W » ---------- „ -  (,,4 )

w h e r e
La +;

tan  ^  =  '

T h is  is  an  e l l ip t ic ' fu n c t io n  m  A . ”

S in c e  f o r  o u r  p u r jjo s e  o f  iuvesti,eating t l ic  p i<> iiaga tion  o l c . i i i - w a v e s  i l l  

th e  s o la r  a tm o s p h e ie ,  w e  a rc  n o t  m u ch  c o n c e rn e d  r\ ith  t l ie  a c tu a l v a i ia t io i i  

o f  th e  f ie ld  o v e r  th e  s u r fa c e  o f  th e  s j io l ,  b u t  m a in ly  w ith  th e  o rd e i o f  

m a g n itu d e  o f  H  o n  an d  a b o v e  th e  sp o t a n d  as o u r  l in e  o f  a r g u m e n t  w i l l  be 

th e  s a m e  f o r  d i f ie r e n t  k in d s  o f  v a r ia t io n s  o f  th e  m a g n e t ic  f ie ld s , w e  d o  n o t

Variation of the value of the magnetic field along the axis of a spot aertrding to Ohaptnaii lA) 
andBroxon (Bg ( C = z / a ) ,  2=distance along the axis, a=radiusof spot.
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p r o c e e d  f n r t l i c r  w i th  C lu ip iu a n  b a s s n in p lio n s ,  b u t  s to p  h e r e  m e r e ly  c o m p a r in g  

th e  v a r ia t io n  o f  U f o i  th e  a x ia l  c a s e  f o r  C h a p m a n  a n d  B i o x o n  f ie ld s .  

F o r  th e  a x ia l  c a s e  c x j/ r c s s io j i  (3 .4 )  g i v e s

I I (3-5)

V a lu e s  o f  H / H n  h a v e  b e e n  p lo t t e d  a g a in s t  f o i  (a x ia l  c a s e ) f o r  C h a ]) i i ia n  

f ie ld s  ( A )  a n d  lb  0x011 f ie ld s  (B ) in  F ig ^  6 . T h e  g e n e r a l  t r e n d  o l  th e  t w o  c u r v e s  

is  th e  s a m e , 'b u t  C h a j)ir ia ii\ s  v a lu e s  a r e  s o m e w h a t  h ig l i c r .  W e  f in d  th a t in  b o th  

th e  c a s e s , fo r  la r g e  s p o ts  o i r a d iu s  n =  2 S ,o o o  k in ,  a n d  ^ f i t j l d s

o f  t l ie  o r d e r  o f  k j o o  I '  ]>ersist a t h e ig h t s  o f  th e  o r d e r  o f  1 5 ,0 0 0  k m , / .r ., (the 

t o ] )  o f  th e  c l i r o m o s p h e r c .  F o r  su ch  s p o ts  th e  f ie ld s  r e d u c e  t o  a p p r o x im a t e ly  

13 t o  3 0 %  at 3 0 ,0 0 0  k n u  \

4. P R O P  AG A T  TON OF  K. M. W A V E S \

W e  a re  n o w  in  a p o s i t io n  t o  di>scuss th e  a c tu a l p r o b le m  o f  p r o p a g a t io n  

o f  r a d io ‘ Vvavcs l l i r u i ig h  t l ie  s o la r  a tm o s p l ic r e  s u ir o u n d in g  th e  s i )o ls ,  o n  th e  

s u p p o s it io n  th a t  t l ie s e  w a v e s  h a v e  th e ir  o r ig in  d e e j )  w itJ iin  th e  s p o ts ,  a n d  a r e  

c o n s e q u e n t  on  th e  p h y s ic a l  j ir o c c s s c s  t a k in g  p la c e  w i t h in  th e  s u n  w h ic h  g i v e  

r is e  t o  s p o ts .

A s  m e n t io n e d  b e fo i c ,  th e  p r o p a g a t io n  d e p e n d s  o n  : N ,  th e  electr^Dii d e n s i t y , '  

H ,  th e  m a g n e t ic  f i e ld ,  3 th e  d a m p in g  c o e f f i c ie n t  =  v //j w h e r e  v is  th e  n u m b e r  

o f  c o l l is io n s  s i i f ic r e d  b y  a n  e le c t r o n  p e r  s e c , ;/? =  p u ls a ta n c c  =  27r/, 6 th e  

a n g le  o f  p r o p a g a t io n ,  w h ic h  is  th e  a n g le  b e tw e e n  th e  d i r e c t io n  o f  p r o p a g a t io n  

a n d  th e  i )O s it iv e  d i i e c l i o n  o f  l in e s  o f  f o r c e .  W e  h a v e  d is c u s s e d  N  a n d  I I ,  

w e  s h a ll  n o w  d is c u s s  th e  o th e r  q u a n t i t ie s .

{a) The damping factor S —v/y?
I n  th e  r e v e r s in g  la y e r  (5 0 0  k n is ) ,  w e  h a v e  T 6 o o o ° K ,  «  — c o n c e n t r a t io n  o f  

a to m s  m o s t ly  l i y d r o g e n  =  4 . io ^  ^ / c .c . ,  1/, ~ e l e c t r o n  d e n s i t y  1 0 ^ p e r  c .c .  

T h e  m e a n  f r e e  p a th  o f  e le c t r o n s  is , t h e r e f o r e ,  L (  ==4\/5 L ,  w h e r e  L  is  th e  

m e a n  f r e e  p a th  o f  h e a v y  p a r t ic le s ,

= 4 V 2 ---- =  - Ji,-— _Tc 3 cms.Hence 10

c =meau molecular velocity of electrons

hJtT=  ~---- CSC 5.10 ‘ cms.
V fhe

Hence v = c l L r  2.10^ sec"^.

Taking A =  2J)i , /=  1.5.10**, j; =  2n-y

and 8 =  v/j) 2.I0~‘ .

The value of S is thus seen to be very small even on the reversing layer. In 
the higher layers f? falls very rapidly and therefore it is justifiable to neglect 
damping altogether.
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(6 )  T h e  a n g le  o f  p ro p a ga tio n

2 / 3

L e t  th e  g lo b e  re ])r e s en t t l ie  sun, C  its  b o d y  c e n tr e  and C l i  th e  d ir e c t io n  

o f  th e  K a r th -  us th e c e n tre  u f the v is ib le  d is c . L e t  S  be the p os iliu n  o f  

t h e  c e n t ie  o i  the u m b ra  o f  the spot.

Position of spot ns seen from tho iNirlli 

S-positioii of the spot on sim (iifter Smai t,

S p h e r i c a l  A s l t o n o m y ) ,

T h e n  l ] i e  c lir e c lio n  o f  l l i e  sp o t ; ix is , an d  o f  t l ie  c en tra l m a g n e t ic  f ie ld  o f  

th e  st>ot is a lon.e C S- T h e  an.ule I '.C S , w l i ic l i  is g e n e ra l ly  d en o ted  hy f> (h u t 

w e  s h a ll d e n o te  i t  h y  \ as f> has h ee ii used in a d iR 'e ren t s en se ), can he o h la in c t l 

b y  c a lc u la t io n  tro in  d a i ly  o h sc/ va lio ii o f  D ie  sp o t ( v i d e  S m a rt, S f d i f t i r a l  

A s t r o n o m y ,  p . 172). W h e n  th e  sp o t firs t a jip ea rs  on th e  east l im b , x  =  tK>'’ , 

b u t  th e re  is  h a rd ly  a n y  o b s e rv a t io n  a v a ila b le  at th e  firs t a p p ea ra n ce  o f  th e  

s p o t .  O b s e r v a t io n s  g e n e r a l ly  s tart a f t e i  a d a y ,  w h en  x  =“  7 5 g ra d u a lly  \ 
d im in is h e s  d a y  h y  d a y , b a t  e v e n  d u r in g  c e n tra l m er id ia n  iia ssa g e  \  is g e n e ra l ly  

d i f le r e n t  f r o m  z e r o ,  e x c e jn  on  v e r y  ra re  o cca s ion s . A f t e r  c e n tra l m e r id ia n  

p a s s a g e , X a g a in  in c rea ses  d a y  b y  d a y  t i l l  it is g o "  w h en  th e  sp o t d is a p p ea rs  

o n  th e  w e s t  l im b .

C h o i c e  0/  A x e s . — T h e  p la n e  K C S  m a y  be tak en  as l l ie  ( X Z )  p la n e , Ch, 

b e in g  th e  a x is  o f  Z, th e  a x is  o f  X  b e in g  p e rp c n d ic n la i to  C iv  in  Ih e  p la iie  

E C S .  T h e  a x is  o f  Y  is  perpendicular to  th e  plane o l l ',k S  ( b i g .  o ) .

 ̂Allude 0) Ino/mMolion.—(See F iK .o )  A c c o r d in g  to  ou r  a s su m p tio n , th e  

sou rce  o f  r, d io -w a v e s  i.s th e  funnel shaped v o lu m e  abou t .S, w ith  C S  as a x is .  

T h e  v o lu m e  c o m p r is e s  th e  w lm le  c o n ic a l s j.a ce  o f  th e  so la r  a tm o sp h e re  w it l i  

th e  s p o t  as th e  base, w h ic h  is  travcr.sed  h y  th e  lin e s  o i fo r c e .  I f  th e  l in e s  o f

force were everywhere p a r c l le l  to  C S , e - x i n h e  p o la r i t y  o f  th e  sp o t were R

(l in e s  o f  force a w a y  f r o m  th e  s u r fa c e ) a n d  =  | i r - x  ! i f  th e  p o la r i t y  w e re  V  

( l in e s  o f  fo r c e  p a s s in g  in to  th e  s u r fa c e  ),
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Unt such is not ihc case, as the lines of force curve away from the direc­
tion of CvS, as discussed in :- 3. Let us find out the anj;le  ̂ for any point P 

<*(■) witiiin the spot. 'I his is the anslc between CE, and the taufj^enl 
to the lines of force at P . These make an angle i/' defined by (3.2) with CS, 
at an aziinmh a =  tan~' jj/^.

0 varies between x + X as a varies between o and 3;r,

F i g . 8

I’ lanr lliroiiRli Itarlli, Sun ’s centre and spot 
centre, show iiip how anjjle of propng.ition of
waves vaiics in tlie m iglibourhtiod uf spot.

The equations of propagation of the radio-waves through the s])ot atmos­
phere can now be wriUen, using the symbols of the previous paper. 
They are

d-’
(E* -I-jF i E(/) +qo^(E* + tF iE „) =  o 

for the o-wave

du'-̂  ® » '* ‘ ’E2E„)-t-q®,.(E, + tF2Ei,)=o 

for the e-wave

... (4.1)

where u^^ny.jX, F j = V 'i+ g “ -  | g |, F2 =  V i + g“ + 1 g |,

* g=KJ sin 2f?/2 cos 6 (r—1)

and C/u — I —
I + cxj sin 0 (V X “  I S' 1

r

fur r<Z 1

l-ui sin  ̂ (\/i + ĝ  *  I g i )
— for >

•• (4.2)
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____ . f o r  r < C  I
i “ w sin <9 (Vi-l jjff)

(4 .8)
— 1  ̂ —  f o r r > i

I  +  w s in  0 ( ^  X +  +  igl )

The w a v e s  w i l l  b e  a b le  t o  c o m e  o u t  as l o n g  a s  a n d  c;.," a re  >  o . L e t  

u s  f i r s t  in v e s t i g a t e  t h e  p r o b a b le  v a lu e s  o f  q,r a n d  q r  in  th e  s p o t  r e g io n .  They 
v a r y  f r o m  p o in t  t o  p o in t  an d  w e  g i v e  th e  v a lu e s  o f  th e  r e le v a n t  ( ]u a n t it ie s  

f o r  A = i - 5 n / ,  / =  2 ^ 1 0 ^ /se c.

We have 5.10'^ i.a X IQ-ti H.

R e fe r e n c e  t o  p a p e r  ( I ) *  s h o w s  th a t w h a le v e i  th e  v a lu e s  o f  u» an d  0 , q „ *  

a lw a y s  t e n d s  t o  z e r o  a t / =  I . T h i s  h a p p e n s  a t a h e ig h t  o f  13500  k m . >So a l l  

o - w a v e s  c o m in g  f r o m  b e lo w  th is  l ie ig h t  a re  u i r i i e d  b a c k .

A s  r e g a r d s  th e  e -vvu ve , t l i e  t r a n s i )a r e n c y  e x t e n d s  t o  th e  p o in t  w h e r e  

r ~ i  +  w. F o r  th e  p r e s e n t  ea se , w e  a s su m e  th a t  N ,  th e  io iw c o n c e i i t r a t io n  

v a r ie s  a c c o r d in g  t o  th e  la w  N  — ' {vide T a b le  II), The e -w a v e  ca n

le a k  o u t  f r o m  le v e ls  w h e r e  7 <  j f o ) .  F o r  th e  p r e s e n t  ca se  th is  h a p p e n s  a t  

rr >  3 g o o  k in s .  S o  th e  w h o le  c o lu in n ,  a b o v e  a h e ig h t  o f  3900 k i i i ,  w o u ld  b e  

t r a n s p a r e n t  t o  th e  e - w a v e s  o f  w a v e - le n g th  :?m ( F i g .  g ) .

The dotted curve show's the variation of , -  3

The other curve gives (i + as a function of height.

* Saha, Banerjea and Cuba, 1947* liid. J .  Phys., 21, i 8r. 

3—1639P—5

F i g , 9

X s= w ith  h e i g h t  o v ei tlic* spr-L f-'t A a» 4 m



It is easy to see that the shorter waves would be able to CQine from corres­

pondingly deeper layers.

Polarisaliou and sense of polaiisation of the — D e t a i le d  d e s c r ip t io n

o f  m e a s u re m e n ts  o f  p o la i  is a l io n  is n o t  a v a i la b le  ; b u t  in  a l l  th e  s h o r t  n o te s  

w h ic h  h a v e  b een  p u b lis h e d  i t  is  s ta te d  th a t  th e  p o la r is a t io n  is  c i r c u la r ,  e v e n  

w h e n  th e  s p o ts  a r e  c lo s e  to  th e  l im b .  S o m e  s ta te  th a t  th e  s en se  o f  p o la r is a t io n  

c h a n g e s  on  c ro s s in g  th e  m e r id ia n  (M a r t y n ,  1 9 4 6 ), w h i le  o t h e is  d o  n o t  f in d  a n y  

s u c h  c h a n g e  (B o w e n ,  1 9 4 6 ),

T able I I
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Level above 
pliotosphere 

in km
N.

i r )

NoriTial Spot
re Atmosphere

T1 (Broxon)

0 1.6 .10 " Cc 320 176 36oor 50.4

500 I.at).10" ,, 141.9 3330 M 46.6

1 ,000 1.04.in " ,, 208 114.4 3063 42.9

1,500 S 37.10’ “ „ 167 9^.SS 2885 „ 40.39

2,000 6.80.10’ “ ,, 136 74.80 2720 „

3»ooo 4.42.10’“ „ 88 48.^0 2364 „ 35-m

5,000 1 S6.in’“ ,, 37 20.35 1830,, 25.62

S.ooo S'la.io" ID 5-50 1296 „ 18.14

30,000 2.14.10“ „ 5 2.75 io68 „ 15.00

14,500'' 3 10 * 1, .66 •53 720 .. 10.80

20,000^ 2.9.10" , .64 •35 618 „ 8.65

30,000 2.5.10“ „ •50 .28 360,, 5 04

40,000 2.1.10* „ .46 •25 187 2.62

50.000 1.7.10" „ ‘ 34 .19 104 „ 1.46

100,000 .85.10“ ,, .20 .11 14 0 .20

1000,000 .11.106 „ .00 .00 0 0

* This value is not extrapolated from the curve *, but is an experimental value
obtained from coronal data. I

(ij These values are taken from extrapolation of the values of electron concentration in 
the corona obtained from scattering of light by free electrons given bj Bambauch (See 
Physik der Stern-atmosphare, page 440, 1938) and recently collected by Allen (1946), 
»nd Van dc Hulst (1947)»



Microwaves oj Radio Range from Sun 277

It is only possible to make some general statements abrnu polarisation 
from our theory. We have both for (he o-wavc, and
the e-wave. Since g is changing at every point, so polarisation of the wave, as 
it is piopagated through the solar atmospliere, is coustanlly changing. A large 
lg| means liiieai polarisation , a small means circular polaii.sation Inside 
the chiomo.splicie |g| is large, hence the waves will be “ linearly ptdarised” .
Hut BS tlie waves pass thiou^h tlic corona boLh u» and i tend to vanish aiul 
O) sin  ̂ 0/2(r-i) cos 9  is a very small quantity, c.g., it is .066 for 0 -  120'' at a 
height of 10̂ ' km above the photosphere ajid hence and the waves
become circular. TLable II gives the values of r and 01 {gr the spot atmosphere 
at vaiious heights.

The sense of polarisation would depend upon the value of 0,

The waves have to pass through the Earth's ionosphere before wc receive 
them. But in this case

/\ 7T N C ̂  i l l *  —ii • **r —---------------- o- —  JO u -  0035 cos- 9  “  o.
5-10®

Hence F i = Fi; = i, z.c., the magnetic field is too weak to cause any change in 
the polarisation of the micro-w'aves from the sun. #

5. G F N K K A b  D E D U C T I O N S

It is not possil)le to penetrate more deeply into tlie phenomena with the 
aid of our theory, unless the observations become more refined and tlic 
technique is improved, but some general statements can be made*

The equations of propagation show that tlie escape of waves and the 
sense of their circular polarisation are extremely sensitive to the value of 
the spot field and the concentration of electrons. In our treatment vve 

■ have taken the source to be single spot («.type), but observations have 
shown that majority of spots are bipolar, consisting of a leader and a follow,er 
with ojipositc polarity, whose field-strength undergoes rapid changes with 
the age. Let us quote from Chajmian (1943) •

“  vSun-spot Dipole Moments.—Hale found that most sunspot groups at 
some stage in their lifediistory, show bipolarity that is to say, they include 
two spots, or two regions or groups of spots, of opposite magnetic polarity, 
one red (R) and the other violet (V). At other stages, however, there is 
often only one spot, of like polarity over all its area ; this is called a unipolar

A typical .spot group begins as two small spots, or two groups or spots, of 
opposite polaiity, nearly in the same latitude, and 3" or 4" apart m longitude. 
The two principal spots grow rapidly and separate m longUnde to a distance 
of 10" or moie; the rear spot attains its maximum area in 3 or 4 da>s , the
leader attains a larger maximum area in 7. S or 9 days,
develop within the group, mostly near the two- mam oues  ̂ Ih e  d pole 
moment of the group is greatest when the spots are largest and furthest apart.



C o n s id e r  a  n o t a b le  e a s e , th a t  o f  th e  g r e a t  b ip o la r  g r o u p  M .  W .  6 7 2 5 , 

S °  S , c o n s is t in g  o f  t w o  g i e a t  s p o ts  e: ch  o f  r a d iu s  2 0 ,0 0 0  k m ,  a b o u t  1 4 “ a p a r t ,  

t o g e t h e r  w i t h  m a n y  s m a lle r  s p o ts  b e tw e e n ;  f o r  th is  g r o u p  H =  3 9 0 0 I ’ ; c o n  

s id e r i r i g  o n l y  th e  t w o  la r g e  sp o ts , th e  d ip o le  m o m e n t  is  5 x  10 ’ “ km \ i.e., 6 0 0 ,0 0  

t im e s  a s  g i e a t  a s  th e  l i a r t h 's  d ip o le  m o m e n t ,  a n d  a b o u t  1 / 1 7 0  o f  t h a t  o f  th e  

s u n . The  s u n - s p o t  d ip o le  m o m e n t  is o f  c o u r s e  h o r iz o n t a l ,  a n d  n e a r l y  p a r a l l e l  

to  ( l i e  s u n ’s e q u a t o r ,  th o u g h  th e- le a d in g  s j io t  is  g e n e r a l l y  s o m e w h a t  n e a r e r  

t o  th e  e q u a t o r  th a n  is  th e  f o l l o w e r .  A t  th e  e q u a t o r  th e  d ip o l e  a x i s  is  a l o n g  

th e  e q u a t o r ,  a n d  a c c o r d in g  t o  W .  B r u n n e r  i t s  in c l in a t io n  t o  t h e  e q u a t o r  

in c r e a s e s  w dth  la t i t u d e  t o  a b o u t  1 6 ” a t  3 0 “ l a t i t u d e . ”

M a n y  o f  th e  s jto ts  w h o s e  r a d io  e m is s io n  h a d  b e e n  u n d e r  in v e s t i^ ^ a t io n  

d itr in .g  th e  la s t a n d  th e  jn e s e n t  y e a r ,  a p j ie a r  to  h a v e  b e e n  o f  th is  t y p e .  j

I n  su c h  c a s e s , e a c h  o n e  o f  t h e  c o m p o n e n t  s p o ts  w ith  d e f e r e n t  ] i o ia r i t y  

w i l l  u n i t  m ic r o w a v e s  o f  d i f f e r e n t  in t e n s i t y  a n d  w i t h  c i r c u la r  p o la r is a t io n  o f  

o p j io s i t e  s e n s e . T h o u g h  th e  w a v e s  f r o m  e a c h  s p o t  m a y  b e  c o - h e r e n t )  th e
^  I • \

w a v e s  f r o m  l l i e  t w o  s p o ts  m a y  n o t  b e  c o - l iu r e n t ,  l ik e  fr o m  t w o  d is t in c t

s o u r c e s , ' r i i i s  a i> p e a rs  t o  e x p la in  in  a g e n e r a l  ^vay tb c  o b s e r v a t io n s  o f  R y l e  

a m i V o i i b e r g ,  M e u ly n ,  a n d  o f  A p [ ) l c l o n  a n d  H e y ,  B u i it  is  d e s ir a b le  t l i a t  

r a d i o ^ ) s e r v a l i o u s  b e  c o u jd e d  w i l l i  s im u l la u e o u s  o b s e r v a t io n s  o t  th e  p o la r i t y  

a n d  f ie ld  s t ie n j i i l l i  o f  l l i e  c o in i )o u e n t  s j)O ts .

W h e n  th e  s ] )o t  sj.ronp is  o f  t l ie  7-t3 [ )e  (m u l t ip o la r  a n d  w ith o u t  d e m a r ­

c a t io n )  th e  j io la r is a t io n  m a y  b e  r a n d o m .

S u d d e n  c h a n g e s  in  in  t e n s i t y .— S u d d e n  ch a l],^ e s  in  in t e n s i t y  a r e  e x p e c t e d  

w h e n  H  a n d  "N c h a n g e  s u d d e n ly .  T h i s  h a i> p en s  d u r ii i i^  f la r e s  w h ic h ,  as  

C le o v a i ie l l i  (1 9 4 5 ) h a s  s h o w n ,  a i e  c o n n e c t e d  w d tli th e  y - t y p e  o f  s p o ts ,  w h e r e  th e  

f ie ld  strenjL^tli u n d e i .e o e s  la p id  c lia n .e e s . T h i s  m a y  a f f e c t  m ic r o w a v e  e m is s io n  in  

t w o  w a y s ,  (1 ) s u d d e n  in c r e a s e  in  th e  v a lu e  o f  I f ,  w d ll a l l o w  th e  e - c o m p o n e n t  

o f  th e  m ic r o w a v e  t o  c o m e  f r o m  d e e p e r  layc i\s  a n d  v i c e  v e r s a ,  (2 )  i f  th e  p h y s ic a l  

m e c h a n is m  o f  e m is s io n  .e iv e n  o u t  b y  th e  s e n io r  a u th o r  (S a h a ,  1 9 4 6 ) b e  c o r r e c t ,  

s u d d e n  f lu c tu a t io n s  o f  m a g n e t ic  f i e ld  w d ll in d u c e  m o r e  c o p io u s  e m is s io n  o f  

n iic ro w ^ a ve s . , B u t  th is  p o in t  r e q u ir e s  f u r t h e r  in v e s t i g a t io n .

A P P K N D I X  1

T h e  l in e  A  -  6 1 7 3 .3 4 6  is  th e  w x 'a k e s l m e m b e r  o f  a  d^p^'D ^—  

m u l t ip l e t  o f  F e .  I t s  p o s i t io n  is  g i v e n  in  t a b le  m e n t io n e d  b e lo w  :

T h e  m u l t ip l e t  is  d ^ s *" 'D — d ^ s 'T  a c c o r d in g  t o  R u s s e l l .  T h e  e x c i t a ­

t io n  p o t e n t ia l  o f  t h e  l e v e l  is  4 .2 1  v o l t s  ( v =  34121  c m " ^ ) .  T h e  o t h e r

l in e s  o f  th e  m u l t ip l e t ,  n o t a b ly  6 1 3 7 .0 0 5 , a n d  6 1 5 1 .6 3 0  e tc *  a r c  a ls o  s o m e t im e s  

u s e d  f o r  m e a s u r e m e n t  o f  th e  s u n s p o t  f ie ld s .

T h e  t h e o r e t i c a l  Z e e n ia m i- p a t t e r n  o f  6 1 7 3 .3 2  is  g i v e n  b y  A v = + a ( o ,  5 / 3 )*

This is also experimentally verified* The Mount Wilson values of 
magnetic field are obtained from comparison of laboratory data with observa­
tional data, and are therefore independent of particular Zeemann-pattern*
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Hale's suggcsUoit fot m(;asineiiic}il oj mai^nctic fuhi in the 
hishi'i Inyns of Ihc spot

"  Oil considerations it Will be seen, however, that the sepaiation of the 
doublets must depend, in some dejtrce on the disti ibution of (he absorbing 
vapor in the solar atmosphere, and on the coefiicient of absorption of the 
particular line employed. A striking instance of tliis kind, alTecting lines 
of the same scries, is illustrated in the case of hydrogen, described in a 
previous p a p e r . A l t h o u g h  tlie Hn line extends to the upper part of the 
chromosphere and prominences, the mean level rcjircsented by its absor])tion 
is much lower than that given by Hu. The consequence is that Mo enables 
us to photograph the solar vortices, the characteristic stream lines of which 
do not appear at the lower I I s level. .Similarly, if the intensity of a given 
titanium line falls off rapidly, the level represented by tins line may be com­
paratively low. If, on the other hand, its intensity curve is of such a form 
as to indicate that the absorption at higher elevations ])hiys an important 
part, the mean level rcprc.sented by the line may be considerably higher 
than in the previous case. I'o  settle this question we must know :

(1) The range of elevation in the sj)ot of the vajun s of iron, titanium, 
and other elements:

(2 )  T h e  in t e n s i t ie s  o f  th e  line .s  o f  the.se e le m e n t s  a t d i f f e i e n l  le v e ls  ;

(3) T h e  r a te  a t w h ic h  th e  s t r e n g t h  of th e  f ie ld  d e c r e a s e s  u p w a rd .

I n  th e  a b s e n c e  o f  i j i f o r m a t io n  r e g a r d in g  th e  f i r s t  ( w o  )> o in ts , w e  m a y  

e n q u ir e  a s  t o  t h e  p r o b a b le  r e la t iv e  b e h a v io r  o t i i l a n m m ,  i i o n ,  a n d  o th e r  

elem en tsif t h e  d is t r i l .u t io n  o f  th e  v a p o r s  a t  d i f f e r e n t  le v e ls  w e r e  th e  s a m e  

as in  t h e  c h r o m o s p h e r e ,  f r o m  a d i.scu .ssion  o f  a  la r g e  n u m b e r  o f  p h o to -  

g r a p h s  o f  t h e  f la s h  s p e c t r u m ,  m a d e  b y  d i f f e r e n t  o b s e r v e r s  a t .s ev e ra l e c l ip s e s ,  

Jewell has c o m p i le d  a t a b le  s h o w in g  th e  h e ig h t s  a b o v e  th e  s u n ’s  l im b  at-

* Solar Vortices.
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lained by various lines in ilie blue and violet The heights for titanium 
range from too miles (j 6o ktn) for 4466.0 to 3500 miles (5640 km) foi 4466.7, 
Avhile certain strong ciilianccd lines in the ultra-violet leach elevations of 
6000 or Sooo miles (9660 or 12,880 krn). For iron the inininium height is 
200 miles (320 km) for 4482.4 and the maximum looo miles (i 6 jo  km) for 
4584.0. Chromipm ranges from too miles for 4280.2 to 1200 miles (1930 km) 
for 4275.0 ; manganese from ** too miles or more for 4451,8 to 800 miles 
(1290 km) or more'' for 4030.9; vanadium from 100 miles for 4390.1 to 
200 miles for 4379.4 . It thus appears that the range in level rejireseiiled 
by the titanium lines is much greater than for the lines of iron, chromium, 
manganese, and vanadium. If the vapors were similarly distributed in spots, 
the maximum strength of field indicated by the titanium lines shpiild 
therefore correspond with the maximum value for iron, but some titanium 
lines, produced by absorption at higher niĉ jn levels, should give Iqvver 
field strength. Chromium should agree more nearly with iron. Vaiiadiunii  ̂ if 
the less refrangible lines reach no greater elevations, should give closely 
accordant (niaxinmm) values for the field sticngth. It will perhaps be 
possible, with the aid of tlic 30 feel spectrograph, to dctciminc the 
relative levels in the chroinos])herc allained by most of the lines in (picstion, 
but it is a nmcli more difficult matter to do this for sun spots. I hope, 
however, that our new specliohcliograpli of 30 feet focal length may throw 
some light on this suliject.''

It is evident that these considerations will have no bearing on the 
present problem unless tlic field strength decreases very rapidly upward in 
si)ots. That this probably occurs is shown by the fact that the D-lines of 
sodium and the b-lines of magnesium are usually but slightly affected in the 
spot spectruiiJ,t t̂nd are displaced through a very small distance when the 
Nicol is rotated. Thus, at the level represented by these lines, which attain 
elevations in the cliruniospherc probably not exceeding 5000 miles, the field 
strength is reduced to a small fraction of its maximum value.
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