
D E V E L O P M E N T O F M A G N E T I C F I E L D S I N A C T I V E R E G I O N S * 

E. T A N D B E R G - H A N S S E N a n d C . P O R T E R 

(High Altitude Observatory, Boulder, Colo., U.S.A.) 

1. Introduction 

T h e m a g n e t o g r a p h of t h e H i g h A l t i t u d e O b s e r v a t o r y s t a t i o n a t C l i m a x h a s been 
used to s tudy c h a n g e s in t h e l ong i tud ina l c o m p o n e n t of t h e m a g n e t i c field in a n u m b e r 
of act ive r eg ions . F o r a desc r ip t ion of t h e i n s t r u m e n t see Lee , R u s t , a n d Z i r in (1965). 
By secur ing s i m u l t a n e o u s H a p i c tu re s of t he r eg ions we c o m p a r e t h e m a g n e t i c d a t a 
wi th t he op t ica l a p p e a r a n c e of t h e p lages . F r o m such s tud ies we have selected the 
resul ts of t w o act ive r eg ions t o p re sen t he re . 

2 . The Observations 

T h e o b s e r v a t i o n s were m a d e wi th a 10" a p e r t u r e s c a n n i n g t h e ac t ive reg ions to 
bui ld u p a m a p ( m a g n e t o g r a m ) of t h e d i s t r i bu t i on of t h e l ong i tud ina l c o m p o n e n t of 
t h e m a g n e t i c field. F i g u r e s 1 a n d 2 p e r t a i n t o t w o different r eg ions , A a n d B, b o t h 
observed o n 28 F e b r u a r y 1967. F igu re 1 s h o w s t h e m a g n e t i c field in r eg ion A (PA 334, 
R V 0-75) a t 1730 U T a n d a t 2000 U T . T h e r e is n o g rea t c h a n g e in t h e s t r u c t u r e of t he 
m a g n e t i c field, b u t t h e field s t r eng th of t h e S o u t h e r n b i p o l a r s t r u c t u r e ( d o m i n a t e d by 
a b ipo la r s u n s p o t g r o u p ) h a s decreased significantly. F o r i n s t ance , t he S o u t h e r n 
posi t ive p lage a r e a dec reased in in tens i ty f rom a m a x i m u m va lue of a b o u t 380 gauss 
( ± 1 5 gauss ) t o 190 g a u s s ( ± 11 gauss ) . T o wi th in t he accu racy of o u r m e a s u r e m e n t s , 
t he N o r t h e r n pos i t ive p lage a r e a r e m a i n e d u n c h a n g e d d u r i n g th i s s a m e per iod at 
95 gaus s ( ± 1 2 gauss ) . 

F igu re 2 s h o w s t h e d e v e l o p m e n t of r eg ion B ( P A 360, R V 0-60) be tween 2140 U T 
a n d 2304 U T . T h e m a i n c h a n g e is a n invas ion of a pos i t ive m a g n e t i c field in to a 
p rev ious ly m a i n l y nega t ive m a g n e t i c p l age in t h e N o r t h e r n p a r t o f t h e observed 
reg ion . T h i s w a s n o t a c c o m p a n i e d by a n y visible c h a n g e in t h e H a p lage . T h e s t ruc tu r e 
of t he S o u t h e r n b i p o l a r a r ea r e m a i n e d in essence u n c h a n g e d d u r i n g th i s t ime . In 
a d d i t i o n t o t h e H a p i c t u r e we s h o w in F igu re 2 a n A e r o s p a c e w h i t e l ight p h o t o g r a p h 
o f reg ion B. 

* Presented by J .M. Malville. 
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2000 U.T. 
F I G . 1 . Magnetograms (isogauss plots) and Ha filter grams of active region A (PA 334, RV 0-75) 

at 1730 UTandat 2000 UT. 
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2304 UX White Light 
F I G . 2. Top; magnetogram and Ha filtergram of active region B (PA 360, RV 0-60) at 2140 UT. 

Bottom: magnetogram at 2304 UT and white-light picture (Aerospace Corporation) of active region B. 

3 . Discussion 

A s t r a igh t fo rward i n t e r p r e t a t i o n of t h e a b o v e - m e n t i o n e d o b s e r v a t i o n s indica tes 
t h a t - even in p lages d o m i n a t e d by s t r o n g s u n s p o t fields - t h e r e a r e a t t imes signi­
ficant c h a n g e s in p e r i o d s of several h o u r s . T h e c h a n g e s p e r t a i n e i the r t o va r i a t ions in 
t h e magnetic-f ield in tens i ty , o r to changes in the d i s t r i bu t ion of pos i t ive a n d negat ive 
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fields. H o w e v e r , c a u t i o n shou ld be exercised in a t t r i b u t i n g all t h e c h a n g e s in t h e 

o b s e r v e d long i tud ina l c o m p o n e n t t o real c h a n g e s in t h e m a g n e t i c field. W e observe t he 

m a g n e t i c field us ing t h e H a l ine a n d a n u n k n o w n a m o u n t of c h a n g e in t h e obse rved 

l ong i t ud ina l field m a y be d u e t o a t e m p o r a l c h a n g e in t h e H a s o u r c e func t ion . A 

ce r t a in c h a n g e in t e m p e r a t u r e o r dens i ty of t h e p lage p l a s m a m a y o c c u r w i t h o u t a 

c h a n g e in t h e m a g n e t i c field. A t h o r o u g h s t u d y of t he H a - t r a n s f e r p r o b l e m s in m a g ­

ne t i c p lages m u s t the re fo re p r e c e d e a n y final i n t e r p r e t a t i o n of t h e c h a n g e s obse rved in 

t h e l ong i tud ina l c o m p o n e n t . 
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D I S C U S S I O N 

Maltby: Could you comment on the accuracy of the magnetic-field observations? 
Malville: The accuracy of these measurements is approximately ± 15 gauss. For a number of 

reasons the accuracy is less than the usual error of ± 2 gauss in our measurements with the Climax 
magnetograph. 

H. U. Schmidt: Is the change of the field intensity in one of your examples more pronounced than 
the change in topology? If so , it would be hard to understand the corresponding migration of flux. 
It would imply a very peculiar correlation between the velocity and magnetic field. 

Malville: The slides showed examples of changes of topology and also changes of magnetic intensity. 
Severny: It seems to me dangerous to ascribe the effect of a change of magnetographic signal in 

Ha entirely to magnetic field, because the signal is proportional to the intensity and to the field 
strength. Ha in plage regions appears in emission and the change from absorption to emission leads 
to the reversal of the signal from plus to minus. We have been recording magnetic fields in Ha for 
3 years and found that it is extremely difficult to eliminate the influence o f intensity in the case of 
plage regions even if we have independent simultaneous records of Ha intensity. 

Malville: The Climax magnetograph is continuously calibrated in order to minimize the effects 
of varying line profile in H a due to plage emission. T w o signals are synchronously detected at two 
frequencies, one signal due to switching of the phase of the A/4 plate and the other due to the dis­
placement of the center of gravity of the line produced by an oscillating relay lens ahead of the 
double slits of the magnetograph. One signal is divided by the other, so that for equal wavelength 
shifts of the two systems variations in line shape, even to the extent of emission reversals, are entirely 
removed. However, the observed variations in the magnetic field, may I believe, also arise from 
fluctuations of the 'effective' height at which the radiation is formed. Such an alternate explanation 
for the observed fluctuations cannot be eliminated. 

Beckers: T o elaborate o n a remark made by Drs . Krat and Severny about the interpretation of 
Ha-magnetograph measurements: With a height reversal of the source function as may occur in 
plages one has indeed a superposition of a background Ha-absorption line o n the plage-emission line. 
Were only the plage-emission line present one would measure an opposite signal from the case in 
which only the Ha-absorption line is present under the same magnetic-field conditions. It is therefore 
very hard to estimate either field sign or magnitude for a mixture of the two, if the field is different 
in both. This is so even if you make a calibration as done at H A O . The changes in the magnetic field 
in the paper may be real changes but may also be changes in the Ha optical properties in plages 
(see Solar Physics 3 (1968), Section 6). 
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