
C O R R E L A T I O N S B E T W E E N B R I G H T N E S S F I E L D S 

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

G . A . C H A P M A N a n d N . R . SHEELEY, J R . 

(Steward Observatory, (Kitt Peak National Observatory**, 
University of Arizona, Tucson, Ariz., U.S.A.) 

Kitt Peak National Observatory, 
Tucson, Ariz., U.S.A.) 

A B S T R A C T 

In places on the solar surface where longitudinal magnetic fields are detectable using Leighton's 
photographic technique, spectroheliograms taken in the cores of many Fraunhofer lines show a 
bright photospheric network similar to, but with finer structure than, the familiar chromospheric 
network visible on Ca+ K 2 3 2 spectroheliograms. This paper describes preliminary results of a study 
of the relation between the photospheric network and its associated magnetic fields. 

1. Introduction 

A s D r . K i e p e n h e u e r m e n t i o n e d in his i n t r o d u c t o r y lec ture yes t e rday , m a n y op t ica l 
p h e n o m e n a seem t o be direct products of m a g n e t i c fields. T h e C a + K 2 3 2 emiss ion a n d 
H a b r igh ten ings a r e r e p e a t e d l y refer red t o as i n d i c a t o r s of m a g n e t i c fields, a n d 
s p e c t r o h e l i o g r a m s in these l ines a r e c o m m o n l y used t o guess w h e r e these fields m a y 
be l oca t ed o n t h e so l a r sur face . F igu re 1 i l lus t ra tes t h e c lose spa t i a l r e l a t i o n s h i p 
b e t w e e n the l o n g i t u d i n a l m a g n e t i c fields a n d t h e K 2 3 2 emis s ion . 

W e a re n o t l imi ted t o c h r o m o s p h e r i c l ines as i n d i c a t o r s of m a g n e t i c fields, bu t c an 
a l s o use p h o t o s p h e r i c l ines . W e h a v e k n o w n for s o m e t i m e (Beckers a n d S c h r o t e r , 
1966 ; Sheeley, 1966b, 1967) t h a t m a n y p h o t o s p h e r i c l ines a r e w e a k e n e d i n p laces o n 
t h e so l a r surface w h e r e t h e r e a r e re la t ively s t r o n g m a g n e t i c fields. T h i s is i l lus t ra ted in 
F i g u r e 2. A s we shal l d e m o n s t r a t e , s p e c t r o h e l i o g r a m s t a k e n in t h e co r e s of t he se l ines 
s h o w a bright photospheric network s imi la r t o , b u t m o r e de l i ca te t h a n , t h e fami l ia r 
b r i g h t c h r o m o s p h e r i c n e t w o r k vis ible o n s p e c t r o h e l i o g r a m s t a k e n in t h e c o r e of t h e 
C a + K l ine a n d H a . A t t h e K i t t P e a k N a t i o n a l O b s e r v a t o r y we a r e n o w u s i n g t h e 
n e w l y ins ta l led s p e c t r o h e l i o g r a p h w i th t h e 82-cm so la r i m a g e of t h e M c M a t h S o l a r 
T e l e s c o p e to s t u d y t h e r e l a t i on b e t w e e n p h o t o s p h e r i c m a g n e t i c fields a n d the a s -
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F I G . 1. Spectrogram of a magnetic feature taken on June 19,1966. The magnetic feature is indicated 
by the pair of dark lines caused by hairs across the entrance slit. Note that the Ca+ K line has bright 
# 2 3 2 emission at this point. 

soc ia t ed w e a k e n i n g s in F r a u n h o f e r l ines in h o p e s of finding o u t w h a t cause s t he line 
w e a k e n i n g s . 

2. Preliminary Results 

F i g u r e 3 s h o w s a s p e c t r o h e l i o g r a m t a k e n in t h e c o r e o f t h e X 5131 l ine of F e i 
t o g e t h e r w i th a Z e e m a n p h o t o g r a p h o f t h e s a m e reg ion . T h e 2 5131 l ine is a ' d ege ­
n e r a t e ' Z e e m a n t r ip le t a r i s ing f r o m t r a n s i t i o n s be tween s ta tes h a v i n g t h e s a m e L a n d e 
g- fac tors . T h e m a g n e t i c sens i t iv i ty is AX/B=30x 1 0 " 5 A / g a u s s . T h e slit w i d t h s were 
25 [i c o r r e s p o n d i n g t o a b a n d p a s s o f 0*02 A . T h e a t m o s p h e r i c see ing was excel lent . 
T h e Z e e m a n p h o t o g r a p h was m a d e a b o u t \ \ h o u r s la te r d u r i n g very p o o r seeing 
c o n d i t i o n s , a n d is i n c l u d e d h e r e o n l y for a r o u g h c o m p a r i s o n b e t w e e n t h e p r o n o u n c e d 
p h o t o s p h e r i c n e t w o r k visible in t h e A 5131 s p e c t r o h e l i o g r a m a n d t h e l ong i t ud ina l 
m a g n e t i c fields. I n a d d i t i o n t o t h e b r i g h t n e t w o r k visible in t h e X 5131 s p e c t r o h e l i o ­
g r a m t h e r e is a ' b r i g h t r i n g ' visible in t h e p e n u m b r a of t h e l a rge s u n s p o t . S p e c t r o -
h e l i o g r a m s in t h e co re of t h e Zeeman- in sens i t i ve X 5124 line d o n o t s h o w such ' b r i g h t 
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F I G . 2 . Spectrogram of the X 5250 wavelength region taken on July 4, 1966. The arrow A indicates 
the position of a magnetic feature along the slit. The arrow B marks a position on the Sun both where 
the absorption lines have a characteristic arch-shaped appearance (the arch concave to the red) and 
where the continuum is locally bright, probably corresponding to a very bright solar granule. Notice 
that several Fraunhofer lines appear weakened at A, whereas they do not at B. Notice also that the 
continuum at A is locally dark, suggesting that the magnetic field occurred in a dark lane in the granu­
lation field. 

p e n u m b r a l r i ngs ' , as o n e w o u l d expec t if these r ings a r e p r o d u c e d by s e p a r a t i o n of the 
m a g n e t i c c o m p o n e n t s o f a Z e e m a n - s e n s i t i v e l ine by a m a g n e t i c field. 

F i g u r e 4 s h o w s a Z e e m a n - s t e p s c a n m a d e us ing t h e C a IX 6103 l ine w i t h a n e n t r a n c e 
slit o f 75 \x a n d exit slits e a c h of 50 fx. T h e left a n d r igh t c o l u m n s s h o w uncance l l ed 
Z e e m a n s p e c t r o h e l i o g r a m s , m a d e f r o m lef t-circularly a n d r igh t -c i rcu la r ly po la r i zed 
l ight respect ively for a g iven sign of t h e q u a r t e r - w a v e p l a t e (A /4 ) . T h e b o t t o m figures 
a r e d o u b l y cance l l ed Z e e m a n p h o t o g r a p h s m a d e f r o m s o m e of t h e a b o v e pa i r s . T h e 
l ong i t ud i na l m a g n e t i c fields s h o w n in t h e Z e e m a n p h o t o g r a p h c o r r e s p o n d t o a b r i gh t 
n e t w o r k visible in t he s p e c t r o h e l i o g r a m s m a d e a t AX = —0-02 A , n e a r t h e c o r e of t he 
l ine. P r o c e e d i n g fu r the r i n t o t h e wings of t h e line th i s b r i g h t n e t w o r k o c c u r s a l te r ­
na te ly on s p e c t r o h e l i o g r a m s in t h e left o r r igh t c o l u m n d e p e n d i n g o n t h e sign of the 
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F I G . 3. Upper picture: SHG taken in the core of X 5131 on August 2, 1967. Lower picture: Z-photo 
of low quality obtained on August 2, 1967 about 1 hour after the X 5131 SHG. 

q u a r t e r - w a v e p l a t e . W e i n t e r p r e t th i s a s a n i nd i ca t i on t h a t whe reve r a l ine-of-s ight 
c o m p o n e n t of m a g n e t i c field c a n b e de tec t ed ou t s i de s u n s p o t s us ing L e i g h t o n ' s 
t e c h n i q u e w i th t h e X 6103 l ine , a loca l ly b r i g h t fea tu re c a n a l so b e de t ec t ed in t h e s a m e 
so l a r p o s i t i o n o n a s p e c t r o h e l i o g r a m t a k e n in t h e co re of th is l ine . 

F i g u r e 5 s h o w s a pa i r o f s p e c t r o h e l i o g r a m s m a d e s i m u l t a n e o u s l y t h r o u g h t w o exi t 
s l i ts . T h e u p p e r figure is a X 5124 s p e c t r o h e l i o g r a m a n d t h e m i d d l e figure is a X 5131 
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I 

F I G . 4. /4 sequence of uncancelled Zeeman spectroheliograms at different distances from the X6103 
line core together with a doubly cancelled Z-photo for the same region (August 7, 1967). 
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F I G . 5. Upper picture: SHG taken in the core of the Zeeman-insensitive line / 5124. Middle picture: 
SHG taken simultaneously in the core of the strongly Zeeman-sensitive line A 5/31. Bottom picture: 
Doubly cancelled Z-photo taken about I hour earlier on June 27, 1967. 
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s p e c t r o h e l i o g r a m . A l so i n c l u d e d is a Z e e m a n p h o t o g r a p h of t h e s a m e r eg ion . A 
b r i g h t n e t w o r k c o r r e s p o n d i n g r o u g h l y t o t h e l ong i tud ina l m a g n e t i c fields is a p p a r e n t 
in b o t h t h e X 5124 a n d X 5131 s p e c t r o h e l i o g r a m s desp i t e t h e fact t h a t t h e X 5124 line is 
Zeeman- in sens i t i ve a n d t h e A 5131 is s t rong ly Z e e m a n - s e n s i t i v e . H o w e v e r , t h e b r igh t 
n e t w o r k is definitely m o r e p r o n o u n c e d in t h e X 5131 s p e c t r o h e l i o g r a m t h a n in the 
X 5124 o n e . A l s o t h e b r i g h t p e n u m b r a l r i n g is ev iden t in t h e X 5131 p i c t u r e b u t n o t in 
t h e X 5124 p ic tu re . O u t s i d e s u n s p o t s , t h e field s t r e n g t h s va ry f r o m a b o u t 70 gaus s for 
t h e fa in te r fea tures t o a b o u t 500 g a u s s for t h e m o r e in t ense o n e s . 

F i g u r e 6 s h o w s t w o s p e c t r o h e l i o g r a m s m a d e s i m u l t a n e o u s l y in t h e c o r e of t he 
X 5250-218 F e i l ine b u t t h r o u g h p o l a r o i d s t h a t w e r e a t r i gh t ang le s t o e a c h o the r . 
N o t e t h a t t h e a p p e a r a n c e o f t h e b r i g h t p e n u m b r a l r i ng is different in t h e t w o s p e c t r o ­
h e l i o g r a m s , b u t o t h e r f ea tu res in t h e t w o p i c tu re s a p p e a r t h e s a m e , a s s h o w n in the 

F I G . 6 . Left picture: SHG taken in the core of X 5250 through a polaroid placed with its axis of 
polarization parallel to the exit slit. Middle picture; SHG taken in the core of X 5250 simultaneously 
with that in the left picture but with a polaroid placed with its axis of polarization perpendicular to the 
exit slit. Right picture: Cancelled transverse Zeeman photograph produced by placing a unity gamma 
contact print of the left picture in contact with the middle picture (June 29, 1967). 
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F I G . 7. A sequence of doubly cancelled Zeeman photographs showing the magnetic field in a facuta 
near the East limb of the Sun on July 20, 1967. 
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cance l led p i c tu re o n t h e r igh t . W e i n t e r p r e t th i s resu l t as a n i n d i c a t i o n b o t h t h a t the 
c o m p o n e n t of magnet ic- f ie ld t r a n s v e r s e t o t h e l ine o f s ight is d i r e c t e d a p p r o x i m a t e l y 
a l o n g t h e r a d i u s of t h e s u n s p o t a n d t h a t if s u c h a t r a n s v e r s e field exis ts in t h e n e a r b y 
p lage i ts field s t r eng th is less t h a n o u r d e t e c t i o n t h r e s h o l d of a p p r o x i m a t e l y 300 gauss . 

F i g u r e 7 s h o w s a s e q u e n c e of Z e e m a n p h o t o g r a p h s in w h i c h t h e q u a r t e r - w a v e p l a t e 
was a l t e rna te ly + 4 5 ° a n d —45° f r o m t h e e n t r a n c e slit. A n e l o n g a t e d f ea tu re a p p e a r s 
ve ry c lose t o t h e S o u t h e a s t s o l a r l i m b c o r r e s p o n d i n g t o t h e l o c a t i o n o f a l a rge facula 
o b s e r v e d o n t h e whi te - l igh t i m a g e . T h i s f ea tu re is b i p o l a r in t h e sense t h a t i n t h e u p p e r 
p i c t u r e t h e l i m b w a r d s ide is l i g h t e r - t h a n - a v e r a g e w h e r e a s t h e c e n t e r w a r d side is 
d a r k e r - t h a n - a v e r a g e . T h i s p o l a r i z a t i o n reverses w i th e a c h reversa l o f t h e q u a r t e r - w a v e 
p l a t e , a s s h o w n in t h e f igure. C a l i b r a t i o n a n d m e a s u r e m e n t of th i s Z e e m a n p h o t o ­
g r a p h revea led t h a t t h e l ine-of-s ight c o m p o n e n t of t h e field w a s in t h e 7 0 - 1 0 0 g a u s s 
r a n g e . T h e ' n e u t r a l l ine ' o c c u r s a t 85° 3 2 ' f r o m d i sk c e n t e r a n d t h e m a x i m u m field 
s t r eng th s o c c u r a t a p p r o x i m a t e l y 0 ° 2 6 ' ( c e n t e r w a r d ) a n d 0 ° 2 1 ' ( l i m b w a r d ) of th is 
l ine. T h e r a n g e of ang le o v e r w h i c h t h e c e n t e r w a r d side h a s d e t e c t a b l e field is 1° 0 6 ' , 
w h e r e a s t h e r a n g e of ang l e o v e r w h i c h t h e l i m b w a r d side h a s d e t e c t a b l e field is 0° 36 ' . 
T h e s e figures c o r r e s p o n d t o a f e a t u r e wh ich e x t e n d s 1 3 0 0 0 k m c e n t e r w a r d a n d 7300 
k m l i m b w a r d , m e a s u r e d a l o n g t h e so l a r sur face . T h e p o l a r i t y o f t h e s ide of t h e facula 
n e a r e s t t he d i sk center is t h e s a m e (nega t ive) as t h e p o l a r i t y o f t h e following s po t s 
of th is s a m e S o u t h e r n h e m i s p h e r e . T h i s b i p o l a r effect h a s of ten b e e n seen in l a rge 
s u n s p o t s n e a r t h e s o l a r l i m b a n d h a s b e e n i n t e r p r e t e d a s a m a n i f e s t a t i o n of a n in­
c l i na t ion of t h e s u n s p o t field f r o m t h e ver t ica l ( H a l e a n d N i c h o l s o n , 1 9 3 8 ; L e i g h t o n , 
1960). Of ten t h e s u n s p o t s o b s e r v e d h a v e b e e n t h e long- l ived l e a d i n g s p o t s t h a t a r e 
typ ica l of t h e r e m n a n t s o f s u n s p o t g r o u p s , a n d t h e po la r i t i e s o f t h e c e n t e r w a r d sides 
o f t hese b i p o l a r f ea tu res h a v e t h e po la r i t i e s t h a t t h e s p o t a s s u m e s as it c o m e s i n t o view 
o n t h e so la r d isk . I n t h e case desc r ibed he re , t h e r e were n o s p o t s vis ible w h e n t h e 
Z e e m a n p h o t o g r a p h w a s o b t a i n e d a n d n o n e c a m e s u b s e q u e n t l y i n t o v iew. W e in te r ­
p re t th is t h e n as a m e a s u r e of a n i nc l i na t i on f r o m t h e ver t ica l o f t h e l ines of force 
a s soc ia t ed wi th facu lae by e n o u g h t o p r o d u c e a t a n g e n t i a l field of r o u g h l y 7 0 - 1 0 0 
g a u s s . Since t h e c o m p o n e n t s n o r m a l t o t h e sur face a r e genera l ly in t h e r a n g e 2 0 0 - 5 0 0 
gaus s , we e s t i m a t e a d ive rgence of t h e l ines of force w i th i nc l i na t i ons in t h e r a n g e 
10-20° f r o m t h e n o r m a l t o t h e s o l a r sur face . 

F i g u r e 8 s h o w s t w o p a i r s of uncance l l ed Z e e m a n p h o t o g r a p h s o b t a i n e d in t h e 
v io le t w i n g of t h e N a D x (X 5896) l ine . T h e first p a i r ( u p p e r r o w ) h a s X/4= + 4 5 ° wi th 
r e spec t t o t h e e n t r a n c e slit , a n d t h e s econd p a i r ( l ower r o w ) h a s X/4 = — 4 5 ° wi th 
r e spec t t o t h e slit. A d o u b l y cance l l ed Z e e m a n p h o t o g r a p h is i n c l u d e d ( twice) for 
c o m p a r i s o n . T h e s e s p e c t r o h e l i o g r a m s were t a k e n o n M a y 3 , 1967 d u r i n g r a t h e r p o o r 
see ing , b u t in a n ac t ive r eg ion w h e r e smal l flares a n d b o m b s w e r e o b s e r v e d in a 1/4 A 
b a n d p a s s H a filter. T h e a p p e a r a n c e of t he r eg ion in t h e H a filter l o o k e d cons ide rab ly 
m o r e l ike t h e d o u b l y cance l l ed Z e e m a n p i c t u r e t h a n e i the r of t h e u n c a n c e l l e d p la t e s . 
T h e r e were filaments vis ible w h e r e t h e r eg ions of o p p o s i t e m a g n e t i c field a r e c o n t i g u -
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F I G . 8. Upper left: SHG taken in the violet wing of Na D\ with a quarter-wave plate in front of 
the entrance slit and a polaroid parallel to the exit slit. Upper center: SHG taken simultaneously with 
that of the upper left in the violet wing of Na Di with a quarter-wave plate in front of the entrance slit 
and a polaroid perpendicular to the exit slit. Lower left and center: Same as upper left and center, 
except the axis of the quarter-wave plate was changed from +45° to the entrance slit to —45° to the 
entrance slit. Right column: Doubly cancelled Z-photos made from the four other pictures (poor seeing 
on May 3, 1967). 

o u s . W e see a b r i g h t f ea tu re in t h e left p i c tu r e of t h e first p a i r ( u p p e r r o w ) a n d t h e 
r i gh t p i c tu r e of t h e s e c o n d p a i r ( l ower r o w ) . T h i s b r i g h t f ea tu re is a l so visible as a 
' b l a c k ' m a g n e t i c field in t h e d o u b l y cance l l ed Z e e m a n p h o t o g r a p h . W e t h i n k t h a t th is 
N a Dl b r i g h t e n i n g c o r r e s p o n d s t o a flare o r b r igh t b o m b , a n d t h u s s u p p o s e t h a t such 
fea tu res o c c u r in r eg ions o f l o n g i t u d i n a l m a g n e t i c field t h a t a r e c o n t i g u o u s t o r eg ions 
h a v i n g l ong i tud ina l m a g n e t i c field of o p p o s i t e sign, b u t n o t between r eg ions h a v i n g 
fields of o p p o s i t e sign. 

A n o t h e r e x a m p l e of such b r igh t f ea tu res in N a D , is given in F igu re 9, which 
c o m p a r e s a s p e c t r o h e l i o g r a m in t h e c o r e of N a Dl w i th a s p e c t r o h e l i o g r a m t a k e n in 
t he C a + K line on the s a m e d a y . 
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3 . Summary 

W e s u m m a r i z e o u r p r e l i m i n a r y resu l t s a s fo l lows : 
(1) A l t h o u g h t h e p h o t o s p h e r i c n e t w o r k is visible o n s p e c t r o h e l i o g r a m s in b o t h 

Z e e m a n - s e n s i t i v e a n d Z e e m a n - i n s e n s i t i v e l ines , i t seems m o r e p r o n o u n c e d o n spec­
t r o h e l i o g r a m s t a k e n in t he co r e s of h igh ly Zeeman-sens i t i ve l ines t h a n o n s p e c t r o ­
h e l i o g r a m s t a k e n in t h e co r e s of Z e e m a n - i n s e n s i t i v e l ines of t h e s a m e s t r e n g t h . Th i s 
sugges t s t h a t t h e d i rec t s e p a r a t i o n o f m a g n e t i c c o m p o n e n t s of Z e e m a n - s e n s i t i v e l ines 
b y t h e m a g n e t i c field m a y p l a y a s ignif icant ro le in p r o d u c i n g t h e p h o t o s p h e r i c ne t ­
w o r k . T h i s is ce r ta in ly t r u e for t h e s t r o n g fields in s u n s p o t p e n u m b r a s w h e r e s p e c t r o ­
h e l i o g r a m s in t h e co re s of h igh ly Zeeman- sens i t i ve l ines s h o w ' b r i g h t p e n u m b r a l 
r i n g s ' s u r r o u n d i n g s u n s p o t u m b r a s whi le s p e c t r o h e l i o g r a m s in t h e co r e s of Z e e m a n -
insens i t ive l ines d o n o t s h o w s u c h ' r i n g s ' . 

(2) A n a t t e m p t was m a d e t o see if t h e m a g n e t i c fields a s soc i a t ed wi th t h e n e t w o r k 
dev ia t e a p p r e c i a b l y f rom t h e n o r m a l t o t h e so la r sur face , first b y p h o t o g r a p h i c a l l y 
m e a s u r i n g t h e l ine-of-sight c o m p o n e n t n e a r t h e so la r l i m b , a n d s e c o n d b y p h o t o ­
g raph i ca l l y m e a s u r i n g the c o m p o n e n t t r ansve r se t o t h e l ine of s ight n e a r t h e disk 
cen te r . T h e m e a s u r e m e n t s a r e c o n s i s t e n t w i th a d ivergence of t h e l ines o f force f rom 
t h e n e t w o r k w i t h i nc l ina t ions of r o u g h l y 15° f r o m t h e n o r m a l t o t h e s o l a r sur face . 

(3) M a n y b o m b s a n d flares t h a t o c c u r in H a seem visible a s c o r r e s p o n d i n g b r igh t -
en ings o n uncance l l ed Z e e m a n s p e c t r o h e l i o g r a m s m a d e w i t h t h e N a D A (A 5896) l ine, 
a n d p r o d u c e de t ec t ab le l ine-of-s ight c o m p o n e n t s of m a g n e t i c field o n t h e cancel led 
Z e e m a n s p e c t r o h e l i o g r a m s . 

4. Conclusion 

W e h a v e b e g u n t o ex tend o u r s t u d y of t h e l ine w e a k e n i n g s o r g a p s a s soc i a t ed wi th 
m a g n e t i c fields f r o m t h e o n e - d i m e n s i o n a l a spec t p r o v i d e d b y s p e c t r o g r a m s t o the 
t w o - d i m e n s i o n a l view p r o v i d e d b y s p e c t r o h e l i o g r a m s . W e c a n easi ly find r eg ions o n 
t h e s o l a r sur face w h e r e t he F r a u n h o f e r l ines a r e w e a k e n e d , b u t w e still d o n o t k n o w 
w h a t cause s these w e a k e n i n g s . O u r p r e l i m i n a r y o b s e r v a t i o n s sugges t t h a t t h e y a r e 
p r o d u c e d b y a c o m b i n a t i o n of l ine f o r m a t i o n u n d e r t h e phys ica l c o n d i t i o n s a c c o m ­
p a n y i n g m a g n e t i c fields a n d t h e d i r ec t s e p a r a t i o n of Z e e m a n c o m p o n e n t s b y these 
fields, t h e d o m i n a n t m e c h a n i s m d e p e n d i n g o n t h e s t r e n g t h of t h e l ine . By t a k i n g 
s p e c t r o h e l i o g r a m s in l ines o f v a r i o u s s t r e n g t h a n d Z e e m a n sensi t iv i ty we a r e p resen t ly 
a t t e m p t i n g t o r ep lace t h e g a p s in o u r k n o w l e d g e b y k n o w l e d g e of t h e g a p s . 
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D I S C U S S I O N 

Bappu: Could you elaborate on the techniques used, image size, dispersion, method of Zeeman 
shift detection, etc.? 

Sheeley: The Kitt Peak spectroheliograph is similar to the one at Mount Wilson except that there 
are two exit slits with a prism-type beamsplitter just ahead of them at Kitt Peak, whereas at Mount 
Wilson there is a beamsplitter just ahead of the entrance slit and only one exit slit. The Kitt Peak 
solar image is 82 cm and the dispersion used was about 0.8 A /mm. The techniques used were essential­
ly those used by Leighton at Mount Wilson. 

Severny: In my opinion the described effect of the increase of intensity in the core of metallic lines 
associated with strong magnetic field is essentially the same as that investigated by Dr. Tsap of 
Crimean Observatory. Tsap found well-expressed correlation between the strength of magnetic force 
(H\\ as well as H±) and the contrast AJjJ in the core of the line in the sense that AJ/J increases with 
increasing H. (See Publ. Crim. astrophys. Obs., 35 (1966), 161.) 

Sheeley: If I were asked how the fluctuations in line intensity might depend on magnetic field I 
would suggest that for sufficiently small fields the relation would be 

AJ 

j ~ 2Bf + BJ, 
and since we might expect B\\ to be roughly 3 times B±, the longitudinal component , B\\, would be 
expected to have the dominant effect. This relation comes from an expression of the form (1 - f co s 2 y) 
(AA)2, and does not include possible effects of line saturation. 

Krat: I should like to remind that at first time after the beginning of regular magnetographic 
observations many 'invisible' spots with the field strength about of several hundred gauss were 
discovered. But an exact comparison of the results of magnetic-field scanning with direct photographs 
of the active regions with good resolution showed that always these 'invisible' spots coincide with 
very small sunspots which were not noticed at the process of scanning. The direct photographs of 
the Sun at high resolution obtained by Dr. Schwarzschild and his colleagues show many small spots 
in the vicinity of the greater ones. Such small spots cannot be seen on the photographs or spectro­
grams taken at lower resolution. As preliminary results I may mention that o n the photographs taken 
by the first Soviet stratospheric station show spotlike objects of great contrast being not greater as 
0". 4 in size. The resolution on Dr . Sheeley's photographs does not enable us to make definite state­
ment that the magnetic fields observed by him in the intergranular space do not belong to small 
sunspots. 

Sheeley: I do not agree. 
Kiepenheuer (Question to Dr . Krat): Are your small structures of 0 4 diameter really spots, or 

are they just dark structures? 
Krat: (did not answer this question). 
G. W. Simon: In one of the slides you showed an intensity-network pattern which you said originated 

in the photosphere, although the structure appeared to resemble closely the well-known chromo­
spheric network structure. A t what height in the atmosphere is the line formed which you used to 
obtain this spectroheliogram? 

Sheeley: Although the A 5131 network occurs in roughly the same places o n the solar surface 
where the K232 network occurs, the A 5131 network has a more delicate or finer appearance than the 
K232 network. Although we do not really know where the A 5131 line is formed, presumably it is 
well below the height at which the core of the K line is formed, and we interpret the finer structure 
of the A 5131 network as a further indication of this. 
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