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Mawetic A s s  e t r y  and Fluctuat ions s f  the  General Magnetic 

Fie ld  of the Sun 

The influence of magnetrograph resolving power on the  s t a t i s t i c a l  

r e s u l t s  of the mean i n t e n s i t y  a, the  length s, and the number rr of 

"magnetic elementsff (of d i f f e r e n t  po l a r i t y )  of the  general  magnetic 

f i e l d  of the  sun has been invest igated.  It was found t h a t ,  while the 

ne t  magnetic f lux  and n -remain constant ,  the  mean f i e l d  s t reng th  (of 

a given sign) increases by a fac tor  of 1 .3  - 1.4  (Table 3 ) ,  and the  

length 3 decreases by a f ac to r  of 1 . 2  - 1.3 when resolut ion i s  increased 

from 27" t o  2 .51f (c . f .  Table 4 ,  Fig. 2).  It w a s  a l so  found t h a t  a t  A 

reso lu t ion  of 23" X 23" (Mount Wilson rout ine  recordings) , about 50% 

of a l l  the  general magnetic f i e l d  components with a length of l e s s  
I 

than 10" were not  recorded (below noise l e v e l ) ,  while according t o  

the Crimean rout ine  recordings of the  f i e l d ,  l e s s  than 16% of the 

components with a magnitude of l e s s  than 3" a re  l o s t  ( resolut ion,  

2 .5" X 9") . t 

Twenty-four (24) recordings of the N- and S-polar regions ( l a t -  

i tude  55 - 75', longitude 4- - 25O, cf . Table 1) , made i n  1965, were 

measured and analyzed by the  very same method a s  i n  r e f .  [ I ] .  A l -  

though the  t o t a l  histogram (Table 5 ,  Fig. 10) f o r  the whole year i nd i -  

ca t e s  t h a t  i n  I965 the  sun was very nearly d ipolar  with a new f i e l d  of 

a0.6 gs (S-polarity) a t  the  nor th  and -0.8 gs a t  the  south, there  

were sharp deviat ions from t h i s  a c t i v i t y  ( c f .  FFg. 11).  Slow f l u c t -  

ua t ions ,  most prominent i n  September - October, 1965, were discovered 

when both polar  regions were of the  same S-polari ty.  Most i n t e r e s t i ng  



f ive  rapid (on the order of I day) f luc tua t ions ,  almost sylchrsnous a t  

both poles ,  which always exh ib i t  a lapse (on the  order  of 24 hours) of 

the northern peak behind the southern peak ( c f .  Fig.  IS, which a l so  

gives the m u n t  Wilson data) .  J u s t  a s  i n  1964, there  was a f l ux  

bias  of the  southern po la r i t y  a t  the  nor th  pole over t h i s  same f lux  

a t  the  south pole ,  and over f luxes  a t  poles of opposi te  po l a r i t y  (cf,. 

(3.4) fo r  mean f lux  r a t i o s )  - an e f f e c t  due t o  the  g rea t  expanse of 

the magnetic - f i e l d  substantiates these conclusions and ind ica te  t h a t  

the f i e l d  i n  the  chromosphere i s  m 1 . 5  times l e s s  (weaker) than i n  

the photosphere. 
/ 

A study of  f i ve  magnetic f i e l d  recordings of the e n t i r e  ( so la r )  

d i sk ,  made a t  high resolut ion ( c f .  Fig.  13) ,  showed t h a t  ( fo r  a given 

l a t i t u d e )  the  d i s t r i b u t i o n  of mean f l u x  (FS - FN) was non-uniform 

over the  whole d i sk  ( c f .  Fig 14) ,  which sometimes leads t o  the  magnetic 

asymmetry e f f e c t  - a bias  of one p o l a r i t y  i n  t he  northern and southern 

hemispheres, and even throughout the  e n t i r e  ( so la r )  d i sk  (df .  Table 

8). The ne t  f l ux  from the  v i s i b l e  hemisphere of the  sun v a r i e s  from 

21 21 
4-8.10 t o  -9.10 Mxv: reasons a r e  s e t  f o r t h  a s  to  why these f l u c t -  

uat ions ,  a s  well  a s  polar  f i e l d  f luc tua t ions ,  could hardly be connected 

with ro t a t i on  of the sun. 

Auto-correlation curves (cf .Fig .  17) f o r  general magnetic f i e l d  

s t rength  f luc tua t ions  were i n  good agreement with those found by 

Rogerson fo r  i n t e n s i t y  f luc tua t ions  of the  ~a'-chromosphere g r id .  

The radius  of auto eor re la t ion  (7e5 ' ' ) ,  as  well  a s  the  pos i t ion  of  

the  p r inc ipa l  maximum on the frmagnetic componentfr s i ze  histrogram, 
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indicates  t h a t  50 - 60% of the elements (components) a re  shor te r  than 

12". Two weak secondary maxima on the histogram (24" X 48") indicate , .  

as i n  r e f .  [ 11 , the  p o s s i b i l i t y  of steady f luc tua t ions  with two over- 

tones. There a l so  e x i s t s  a well  expressed cross-corre la t ion between 

magnetic f i e l d s  a t  d i f f e r e n t  photosphere l eve l s  ( A  5250 & A6103 Cu 

I) , but p rac t i ca l ly  no type of cor re la t ion  between f i e l d  f luc tua t ions  

a t  these l eve l s  and the  corresponding r a d i a l  v e l o c i t i e s .  

1. Observational Data. Comments on Methodology 

This paper i s  p a r t  of a s e r i e s  of inves t iga t ions  of the  general  

magnetic f i e l d  of the  sun, beginning with the  period,  1963 - 1964 

[ l ]  . Data on r e g i s t r a t i o n s  bf the  general magnetic f i e l d  during 1965 

and the  f i r s t  iif 1966 a r e  compiled i n  Table 1. A s  a r u l e ,  recordings 

. were made of the S- and N-polar zone sect ions  which extend over 01 a t  

+ 120" from the r i g h t ,  joining the north and south points  on the  d i sk ,  - 
and over 6 , 30" t o  180" from the  N- o r  S-limbs of the  d i sk  (which 

corresponds to  l a t i t u d e s  from 76 - 54O). Scanning of t h i s  rec tangular  

sect ion was ca r r i ed  ou t  over a radian angle 6 , a t  30" i n t e rva l s ;  

scanning speed was 1" per sec of time (v  = 30, 15 March, 1965, with 

p a r t  of the  recording made a t  v = 60, i . e . , lq l / sec)  ; and the time 

constant  was 2.5s. In  f i v e  cases (Table I ) ,  when the  weather was 

s t i l l  and cloudless the  e n t i r e  day, recordings of the  complete d isk  

were made (from W t o  E ) .  I n  t h i s  case,  it was necessary t o  scan a t  a 

r a t e  twice a s  f a s t  (2"fsec) and the  dis tance  between successive sect ions  

was doubled, i , e ,  60f"n order  t o  record the enkire d i sk  within a day 
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The pr inc ipa l  d i f ference  bemeen the  method used i n  [ 7 ]  and i n  

t h i s  work and the  method used by Babcock [21 i s  t h a t  the  resolving 

power of our reccjrdings (ilsually,  2ff X 9If, and sometimes 2" X k . 5 " )  

was 10 times higher than i n  121 and 30 times higher than i n  the  

da i ly  recordings a t  Mount Wilson Observatory (23" X 23"). Although 

the resolut ion of our recordings was i n f e r i o r  t o  t ha t  of Leighton' s 

spectroheliographic method 131 , which depended so le ly  upon manifestat-  

ions of solar  a c t i v i t y ,  the  method employed i n  [ 31 does not  permit 

detect ion of those weak f i e l d s  4 30 gs ,  which c o n s t i t u t e  the ~ a j o r  

p a r t  of the  general f i e l d .  Therefore, t h i s  method i s  unsui table  f o r  

inves t igat ing the  general f i e l d  due t o  the  subs t an t i a l  l o s s  of i n fo r - '  

. mation. 

A second important d i f ference  from a l l  previous work on the 

general f i e l d ,  including our f i r s t  study [ I ] ,  i s  t h a t  recordings of 

the  f i e l d  fo r  1965 - 1966 were made no t  only a t  the  green l i n e  
I 

5250, but a lso  a t  o ther  l i n e s ,  e.g. Ha o r  h6103  C a  I;  from 10 

August, 1965, s imi lar  recordings were made simultaneously with two 

magnetoggaphs as  described i n  [41.  Such simultaneous recordings a r e  

of spec ia l  i n t e r e s t  i n  understanding the  nature  of  the  general so l a r  

magnetic f i e l d .  They a l so  f a c i l i t a t e  considerable increase i n  the  ' 

number of recorded def lec t ions ,  which a r e  caused by the  f i e l d  and which 

a r e  d i s to r t ed  agains t  a noise background: f luc tua t ions ,  caused by 

the f i e l d  a re  l o s t  on recordings a t  both l i n e s  i n  one and the  same 

place ,  I n  Section 4 the general magnetic f i e l d  a t  the chromosphere 

l eve l  i s  reviewed according t o  H& l i n e  recordings, 



Table l , Observational Bata 

1) No / ; 2) Bata; 3 )  Time (Hoscow) ; 4 )  A°rT Records; 5 )  Gap; 

6 )  Cal ib ra t ion :  Time (Moscow) ; 7) Ca l ib ra t ion :  Reject; 8) ATT 

c a l i b r a t i o n s ;  9) Unit  Br gs/mm; 10) Recorded Sect ion;  11) Length 

1 mm. 
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Table I, (Continued) 



Table 1. Notes by number 

1 - '6== 5', v = 60; field is also recorded on the disc center. 

Caiibration E - W =. 1600, 16 August, 1966.  Grcjup 66 ctii E. 

2 - % = 5 ' ,  v = 60. Smaller group 68, 69 in the N-hemisphere. 

The whole disc, do = 35, 

. - 
3 - = gS, v = 60, 30. Group 76 in N-hemisphere. . . - --..- ... - - - - - .  , . . -  - .-- d .  - 

The whole disc, d, = 35. 

Z 

4 - $= 2', v = 15. Group 76 in N-hemisphere, extinguishes. 

5 - "t= 5', v = 60; No spots observed. 

The whole disc, d, = 35. 

6 - 3 =  2S, v = 15. No spots observed. 

7 - $= 2', v = 30. New FEV, EMI. No spots observed. 

8 - = 2', v = 30. .ALE modulation situated behind the gap. Bi- 

polar group 102. 

9 - d =  2', v = 30; No spots observed. I 

10 - $=  2S, v = 30. No spots observed. 

11 - The whole disc = 2S, v = 30. No spots observed. 

12 - $=  2S, v = 30. No spots observed. 

13 - 5 = 2S, v = 30. Calibration 1.90 (E - W) = 2060, group 105, 

a very weak spot. 

14 - = 2s , v = 30. The same calibration as 31 July, 1965, No 

spots observed, 

15 - The whole disc, = 2.58, v = 15. The same calibration, no spots 

observed, 
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Table 1. Notes continued. 

16 - Simultaneous recording We ; % -- 2S, v = 30; calibration for 

5250 1 .5  (E - W) = 800, starting with this day and to 13 

Marcy, 1966. The commencement of simultaneous recording on a 

twin magnetograph, weak group 108. 

17 - Simultaneous recording Hg ; r=  ZS, v = 30; group 108 disappears. 

18 - Simultaneous Her ; v and% the same as 11 August, no spots 

observed. 

19 - Simultaneous Ha ; ', v are the same. Group 112 is dipolar. 

20 - simultaneous H a  ; 'f , v are the same. No spots observed. 
/ 

21 - Simultaneous H g l  ; '$, v are the same, output gap 0.6 X 1.2 by 

error. Very small group 118, 119. 

22 - Simultaneous Ha .; \Z , v are the same, no spots observed. 

23 - 'C = zS, v = 30. Second channel did not function. Very small 

spot 129. 

24 - The whole disc, simultaneous recording in A5250 and h6103; 

25 - Simultaneous recording of intensity in the nuclear lines, ray 
velocity. Calibration (E - W) = 1600 for A5250; 1.35 (E - W) 
= 2060 for 1\6103. Somei&at small, single spots 145, 146 in 

N- and S -hemispheres, 



A t h i rd  d i f ference  i s  t h a t  the s ignal  reg i s te red  by us was pro- 

port ional  t o  the s i z e  of the  longitudinal  f i e l d  Hlr, while i n  [21  

and i n  o ther  s tud ies  r51 , the  recorded s igna l  w a s  proport ional  t o  HFI 

X I ,  where 1 i s  i n t ens i ty ;  i n  which case ,  the  e f f e c t  of I may se r ious ly  

a l t e r  the r e s u l t s  a t  high resolut ion when recording the  e n t i r e  d isk .  

Of prime importance i n  recording the  e n t i r e  so l a r  d isk  i s  e s t -  

abl ishing the co r r ec t  zero posi t ion [I ,  p.  1031 ; i n  the  absence of 

instrument alignment and po la r iza t ion ,  the dark l i n e  (closed s l i t  o f .  

the spectograph) f i xes  the  zero pos i t ion .  When these f ac to r s  a r e  pres-  

e n t ,  the pos i t ion  of the  median noise l i n e  i s  not the same a t  the  p r i -  

mary and secondary ADP c r y s t a l s ,  and i n  general ,  does not correspond 

t o  the  dark l i n e .  With each recording of the  general f i e l d ,  photo- 

mul t ip l ie r  noise a t  the  secondary modulator must be recorded i n  order  

not t o  confuse noise  with def lec t ions  r e su l t i ng  Irom a weak magnetic 

f i e l d  which would appear t o  be forceful  with respect  to  the s l i t ,  

when recording f luc tua t ions  of a "calm field".  The median l i n e  of such 

noise,  i n  the absence of alignment, depends upon brightness and must 

correspond t o  the  dark l i n e .  I n  not  one of the  1965 recordings 

was a d i f ference  i n  the pos i t ion  of these l i n e s  found to  extend 

beyond the  l i m i t  of 0.5 gs,  which i s  noticeably l e s s  than f u l l  noise  

amplitude. 

Such i s  the  complex nature of instrumental po la r iza t ion  e f f e c t s .  

In 1964 [ l ]  we regulated the zero pos i t ion  i n  recording f luc tua t ions  

i n  the  non-magnetic l i n e  A 5123. The recording of  noise (at the  
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AD?) i n  the  continuous spectrum range a l so  o f f e r s  the  p o s s i b i l i t y  of 

f ix ing the t rue  zero posi t ion by taking the  "non magneticff polar-  

i z a t i on  e f f e c t  i n to  account, Sh i f t s  of  the  zero posi t ion r e l a t i v e  t o  

the dark l i n e  (o r  median noise l i n e s  i n  the  case of a secondary 

modulator) a r i s e  due t o  various emission e f f e c t s  which lead t o  the  

f i l t e r i n g  of l i n e a r  po la r iza t ion  through the  ADP c i r c u l a r  po la r iza t ion  

modulator a t  the main frequency ( in  an Htr recording set-up [ I ] ) .  

Whether o r  not  the  d r i f t  of k 3 proceeds not  only t o  a double fr&uency, 

but a l so  i n  some degree, t o  a main frequency, may be ascer ta ined i f  

a polaroid i s  placed before the  AD? c i r c u l a r  po la r iza t ion  modulator: 

with t h i s ,  a t  t h b a i n  frequency (when adjus t ing to  record the  lon- 

g i tud ina l  f i e l d  Htt) , a s ignal  occurs whose magnitude and sign depend 

upon the  o r i en t a t i on  of the  a t tenuat ion ax i s  of the  polaroid.  
4 

Whether o r  not  the s igna l  i s  associated with sca t te red  l i g h t  may be 

determined i f  the  spectograph i s  covered, the , s igna l  from the  polaroid 

remains. It i s  most favorable record t h i s  s ignal  i n  the continuous 

spect ra  t o  avoid confusion with f i e l d  e f f e c t s ,  although any (continuous) 

f i e l d  e f f e c t  i s  neg l ig ib ly  small ( i n  adjus t ing f o r  Hlr) i n  comparison 

with the  complete l i n e a r  po la r iza t ion  s igna l  from the  polaroid ,  

espec ia l ly  i n  the  ac t ive  region. Therefore, i f  during r e g i s t r a t i o n  

of the  general f i e l d ,  these , s igna l s  from the  polaroid a r e  recorded, 

and i f  t h e i r  re la t ionsh ip  t o  the  instrumental po la r iza t ion  s igna l s  i s  

known, then the  zero posi t ion e r r o r  can be evaluated. Examples of 

p o ~ a r o i d  s igna l  recordings a r e  given i n  Fig. 1, It i s  d i f f i c u l t  

to  observe the  i n s t  ent  $olarizakion s igna l  d i r e c t l y  because it i s  



very weak; however, it can be done. It shows up as a noise deflec- 

tion line extending from the zero line (dark) in the range where there 

is no field fluctuation (at the primary ADP); this deflection shows up 

equally well, both in the continuous spectrum or in line h5123, and 

also in the magnetosensitive line; but in the latter case, care should 

be taken to avoid magnetic field effects. 

S A5250 
.OC 

I I  

. . 5  
0 

--5 

N 

Fig, 1: Examples of linear polarization signal recordings with circular  
polarization modulator - a polaroid in front of the hlJBP with the 
attenuation axis parallel to ( \\ ) and perpendicular to (L) the slit. 



Table 2 gives some measurements of spontaneous zero s h i f t  

r e l a t i v e  t o  the dark l i n e  (with an indicat ion of the d i r ec t ion  of  s h i f t ,  

i . e .  t o  a N- o r  S-polari ty)  , and a lso  measurements of longi tudinal  

f i e l d s  s igna l s  from the  polaroid with the  ax i s  b f  propagation along 

the s l i t ,  Xtr ,  and across xl . From a comparison of these s igna l s  and - 
the value 4 , i t  i s  obvious t h a t  d always has the  sign xll and an 

average value of - 1/16 x ll . A s  i n  [ I ]  , we f ind tha t  i n  1964, the  

zero s h i f t  may be disregarded, which follows a l so  from cont ro l  recording 

i n  5123. However, upon r e s e t t i n g  the  magnetograph on dual f o r  

simultaneous recording i n  two l i n e s  [ 4 ] ,  i n  May - June, 1965-, 

sca t te red  l i g h t  augmented and made b =I gs  N f o r h  5250. A t  the same 

time then,  i n  May, upon s e t t i n g  up o ther  m u l t i - s l i t  photomult ipl iers  

- EMI, an attempt was made to  r e g i s t e r  the  gengral f i e l d  i n  Ha , which 

a l so  showed a high instrumental po la r iza t ion  of 8:5N (noise i n  Hq, 

-10 gs) .  This required r ad i ca l  improvement . i n  arrangement, and i n  

p a r t i c u l a r ,  removal of a powerful source of sca t te red  l i g h t  i . e . ,  the  

ADP c r y s t a l  located i n  o r  out  of the  spectograph s l i t .  On 23 June, 

1965, an ADP modulator was i n s t a l l e d  behind the  s l i t ,  which g rea t ly  

improved i t s  heat  regime. Simultaneous removal of s ca t t e r ed  l i g h t  

i n  the  spectrograph by i n s t a l l i n g  diaphragms i n  appropriate places 

required t h a t  (Table 2), fo r  5250 i n  1965, the  zero posi t ion 

corresponded t o  the dark l i n e  pos i t ion  (excluding apparatus ad jus t -  

ment periods when no recordings..were made) with s u f f i c i e n t  accuracy, 

i . e . ,  a t  low noise w p l u t i d e s .  



Table 2, Zero Position 

1. With 20 May, 1965, new FEV, EMI and a reconstruction of the 
* 

make -up. 

8.VII 
19.VII ' 

4 5.IX 19661'. 

'f . 

5 i2.IX , 

2'7 

2. 23 July, 1965. ADP situated behind the gap. 

3. Declination values in H- and b5250 correspond inversely to 

Comments by Number 
/ 

H a  
. He 
' 5250 

' 6103 
5250 
6103 

the right and left order of the grids (mesh). 

4. In January - February, 1966, the schematics were reconstituted, 

i 6 N  
3 4 N  

8,O N 

12 ,5S 
7 , i  N 
8,Q S 

2"'channel for h5250. 

5. 2"channel for h 5 2 5 0 ;  

3 2 s  
21 S 

26,549 

5 0 N  
26,s 8 
29.2 N 

< 5 N  
9 3 N  - 

- 
0 ,4  N 
0,63 S 



The f i r s t  recording o f  1966 r e q u i r e s  s p e c i a l  cons ide ra t ion .  

13 March, which i s  of considerable  i n t e r e s t  because i t  was made over 

the  e n t i r e  d i sk  i n  two l i n e s  h 5250 and n 6 1 0 3 .  Here, zero s h i f t s ,  

due t o  ins t rumenta l  p o l a r i z a t i o n  during readjustment ,  must be considered 

i n  comparing r e s u l t s  including both l i n e s .  I f  the  d e f l e c t i o n  from t h e  

zero "dark" l i n e  i s  measured, then t h e  e n t i r e  recording i n  A6103 i s  

s h i f t e d  a b i t  downward, t o  the  nor thern  p o l a r i t y ,  but  t h e  recording  

i n  h5250 i s  s h i f t e d  upward t o  t h e  southern p o l a r i t y .  This  g ives  

the  systematic  d i f f e r e n c e  between the  average f i e l d  i n  t h e  r ed  and 

green l i n e s  Hgreen - Hred = -2.3 g s ,  count ing the  upward d e f l e c t i o n  

( ~ - ~ o l a r i t ~ )  as p o s i t i v e .  Since the  a c t u a l  value of  H = Htr + A , 
where Htr i s  t h e  t r u e  f i e l d  value ( r e l a t i v e  t o  t r u e  zero) , and A i s  

, 

t he  zero c o r r e c t i o n ;  then counting Htr f o r  both Sines simultaneously,  

we have n r e d  - = 2.3 gs .  While it follouls from Table 2 

t h a t ,  on an average,  on one hand x // (red)  /x 11 (green) = -1.4 and 

on t h e  o t h e r  hand, Pred/hgreen = -1.6, so on an average,  A red = 

-1 .5A green ' Thus we o b t a i n  dgreen = 4-0.92 g s ,  and Ared = -1.4 g s .  

Therefore,  i n  c a l i b r a t i o n s  i n  A5250 and h6103,  1 .71 and 3.28 gslmm 

r e s p e c t i v e l y ,  we o b t a i n  Ared = 4-0.5 and Agreen = -0.43 mm. These 

co r rec t ions  w e r e u s e d  i n  c a l c u l a t i n g  the  f l u x  d i f f e r e n c e s  FS - FN ( # 3 ) .  

L e t  us  po in t  ou t  some o t h e r  p e c u l i a r i t i e s  o f  the  recordings .  1 )  

The s l i t s  o f  the  magnetograph photometer, a s  customary, were placed a t  

the  s t e e p e s t  p a r t  of the  l i n e  contour: f o r  A5250 i n  o rde r  V t h e  s l i t  
0 

/ 

was 1 .8  X 0.7 rrrm (which corresponds t o  a d i s t ance  = 0.064 A 

from t h e  s l i t  t o  the  c e n t e r  of t h e  l i n e ) ,  and f o r  h6102.7,  2.0 X 0.7 m, 

. . 
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which corresponds t o  bh= 0.08 . 2) In most cases ,  the so l a r  image 

a t  the s l i t  of the spectrograph equalled 200 mm, so a s l i t  60 X 1 . 0  m 

corresponds t o  a square 2.5" wide and 9" high, A s l i t  60 X 1 . 5  mm 

i s  only used when (winter and spring) the  so l a r  image i s  350 m, 

which corresponds t o  the exact resolving power 2.5" X 9" (Table 1) . 
3 )  A l l  the  recordings were made taking i n t o  account the  p o s s i b i l i t y  

of a qu ie t  sun, where no expressed a c t i v i t y  cen te rs  on the d i sk  a re  

reg i s te red  on the spectroheliograms. The occasional absence of v i s i b l e  

d e t a i l s  on the d i sk  compelled us t o  use a so la r  image reduced t o  31 cm 

fo r  guiding and scanning where scanning was ca r r i ed  out  along the  

western limb. #4) Unti l  i s sue  of the  double magnetograph 10 August, 

1966, ca l i b ra t i on  of recordings i n  A5250 was done a s  usua l ,  by 
I 

r eg i s t e r ing  prominences on the  E and W limbs of $he sun (1.5' from 

the  limb) with the  a id  of a 4-k h - p l a t e  attachment t o  the  polaroid 

a s  per  t he  formula [61 

(E -, W) = 1600 gs .  ( 1  = I )  

After 10 August, 1966, recordings i n  A5250 were made with a brightness 

compensator, i n  which case ,  ins tead of equation (1.1) we have ' . 

I 
2,752(~-~)=800 gS, 

1 0  

of where 1,/1~---the darkening i n  t ha t  p a r t  of the  d i sk  being recorded. 

For 'the polar  zones chosen by us ,  I@/I, S 0.55, and ca l ib ra t i on  was 
/ 

determined from the  condition 

1,5(C---W)==800 g s ,  (1.2) 

Recording 13 March, 1966, w a s  c a r r i ed  out  with a brightness compensator 

( f o r  i t s  ca l ib ra t i on  (1.1)). Regis t ra t ions  i n  h6102,7 and NO, a r e  



always made with a brightness compensator. For the l i n e  K,, the  

Landau fac tor  g == 1.14 i s  2.6 times l e s s  than f o r  h 5 2 5 0 .  Therefore, 

considering t h a t  the wave length r a t i o  of Ka and A5250 i s  1 . 2 5 ,  

we obta in ,  ins tead of 1600 gs ,  the value 1600 * = 3400 g s ,  so 

t ha t  f o r  Ha , the  equation f o r  c a l i b r a t i n g  with a brightness compen- 

sa to r  i s  h6I 

( E  - W) = 3400 gs ( 1  3) 

on condition t h a t  ca l i b ra t i on  i s  ca r r i ed  out  with a % h p l a t e  

espec ia l ly  f o r  the  wave h6563. I f  it i s  ca r r ied  out with a p l a t e  

fo r  h5250, then 1 - W must be mul t ip l ied  by s t i l l  another value 

which, according t o  our measurements, i s  1.55. Analogously f o r  

h 6102.7, g = 2 . O ,  and the value E - W with brightness compensator: 
I 

1,14 6,56 E - W =  --.3400=2070 gs .  
@ 

2,W 6.10 

Exactly a s  before,  i f  c a l i b ra t i on  i s  ca r r i ed  out  with the  usua l  A -  
p la t e  ( fo r  h 5250), the  f ac to r  f o r  E - W i s  1.35, according t o  our 

measurements. 

2. - The Effect  - of Resolving Power 

I t  was found i n  [I]  t h a t ,  when scanning the same region a t  

d i f f e r en t  resolving powers (from 27'' t o  4.5") , maximum f i e l d  s t rength  

i n  magnetic "elementstf increase by 2 - 3 times a t  most (Fig. 3 ,  [I]). 

This was done fo r ' one  c e r t a i n  sect ion which contained only 3 elements. 

In  order  t o  c l a r i f y  t h e  e f f e c t  of resolving power on the  s t a t i s t i c a l  

r e s u l t s  of general f i e l d  measurements, based on averaging da t a  on 

many elements, it would be necessary to  scan l a rge r  areas  a t  d i f f e r e n t  



resolving powers, which was done i n  the  s e r  of 1965 and was used 

[ T I  t o  c l a r i f y  the  question of concentration of the  f i e l d  i n  t h in  

fL1asnents. Successive recordings of a 120'' X 120" sec t ion  a t  

1 resolut ions  R = 27fP ( s l i t  he ight ,  3 mm, Ser ies  I )  , R - 9" (height 

1 mm, Ser ies  11) , R = 4.5" (height 0.5 mm, Ser ies  1111) and R = 2.25" ' 

(height 0.25 mm, Ser ies  IV) were made so t h a t  the same sec t ion  was 
9 

scanned a t  d i f f e r en t  R ' s ,  allowing a comparison of s t a t i s t i c a l  r e s u l t s  

a t  d i f f e r en t  R 'S .  A de ta i l ed  descr ip t ion of the  mate r ia l  i s  given 

i n  [ 71 . We reworked t h i s  mater ia l  f o r  the express purpose of  de te r -  

mining the e f f e c t  of resolut ion on our systematic measurements of 

the  general f i e l d .  Analysis lead us t o  consider a number of  elements 

i n  t he  f i e l d  within given l i m i t s :  0 - 2, 2 F 4 ,  4 - 6 gs ;  e t c . ,  f o r  

the  e n t i r e  120" X 1201r region, recorded a t  a give5 reso lu t ion .  Since 

(#3) there  a r e  S-polar i ty  components, the N- and 3-poles were anal-  

yzed separa te l6 ,  Records made on Ju ly  13, 18, 21 ,  22 and 23 were 

us.ed f o r  the  N-pole, and f o r  the  S-pole, only three  records from 

July  24, 25 and 26 ,  1965. Dis t r ibut ions  (histograms) of  a number of 

S- and N-polarity components a t  both poles a t  d i f f e r e n t  resolut ions  

a r e  given i n  Table 3, from whence i t  follows t h a t  the average f i e l d  

s t rength  of a given p o l a r i t y  
ZS,N = Z h i V i ,  

where vi--frequency of occurrence (percentage of the general number 

of cases) of the f i e l d  s t rength  hi, increases with resolving power R 

(Fig,  2,a) which might be expected t o  agree with our da ta  given i n  $11 

Fig .  3 .  



Our measurements show maximum average f i e l d  s t rength  increase t o  

30% as  resolut ion i s  increased from 27" t o  2.25", while i n  [ 7 ]  , we 

found a sharper increase to* 60%. 

Rather unexpected i s  the  considerable increase (1.5 - 2.6 times) 

- 
i n  ne t  mean f i e l d  s t rength ,  Ks - hN a t  the  S-pole and the small 

- 
increase i n  zs - hN a t  the  ole ole (crosses i n  Fig.  2 , a ) .  (Measure- 

ments i n  r71 ind ica te  a twofold increase i n  t h i s  value.) Of course 
- 

the  increase i n  Ks, hN and the di f ference  TiS - EN a r e  not  evidence 

of an average increase i n  iT f o r  the e n t i r e  sect ion recorded, and 

cannot vary with resolut ion (see below) because the recordings mentioned 

embraced, not  the  whole sec t ion ,  but only c e r t a i n  pa r t s  which were 

the same f o r  d i f f e r e n t  R (see scanning procedure a t  various reso lu t ions  

i n  Fig. 3 ) .  - 
Let us review the  problem of average f i e l d  value more c a r e f u l l y  

a t  various aper tures .  Assume t h a t  the  f i e l d  cons i s t s  of t i ny  

"elementsfc of a purely longitudinal  4- and - pole with a n -shaped  

d i s t r i bu t ion  ins ide  element so t h a t  the  f i e l d  outs ide  the elements 
$ 

equals zero. We w i l l  assume tha t  the  brightness and the  spaces between 

them a re  equal.  The f i e l d  s t rength ,  measured with magnetograph s l i t  

aperture a r ea  S, w i l l  be i n  general 

where in tegra t ion  i s  ca r r ied  out  over the whole area  S;  II+, H--- 

average s t rengths  f o r  elements of  f w d  - po la r i t y ;  S+, S_--measured 

areas of + and - elements, respect ively;  i t  i s  obvious t h a t  S+ + S- ( S. 



urn o I 

Fig. 2 :  Variations in characteristic polar field magnitudes at various 
resolutions: I = 27" -  I1 = 9Ir; 111 = 4 . 5 " ;  I V  = 2.25" .  a--mean 
(weighted) intensityi26 --mean flux intensity; @--mean length; 
$ --mean number of field components. The large dark and light circles 
are the mean values for several days (see text), and the triangles 
were obtained from [ I ] ,  
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Table 3 .   ist tog rams of Field Strength at Various Resolving Powers 

Let us review the simple case where our elements have the same strength 

gi - HL - H , the same shape (square) and area (equal 'to 1) ; then, 
- 1 H = (S+-S-) 

(2.2) 

and let us review the case given in Fig. 4, when a given section, 

containing four elements (three with 4-H and one with -H distributed 

as shown in Fig, 4 ) ,  is first scanned with a slit that encompasses 

the entire section (enclosed in dash-line)--Case I; then 3 times in 

succession with a slit 3 times smaller (Case XI); and finally with a 

slit 6 thes smaller, successively 6 times (Case III), where the slit 



Fig. 3: Distribution and s i ze  of s l i t s  during consecutive scanning 
of the same section (S, N1.0 - S,NZe0 3 a t  d i f f e ren t  resolutions 
(Roman numerals). 

width i s  considered constant and equal t o  the width of a section whose 

area i s  taken as  18 uni t s .  Then we have, corresponding to  the  various 

cases, the following resu l t s :  

Case I 

Case I1 

1 s t  section: S+- 0 ,  s,=o, 7il=0 - 
2nd section: :s+=i, S,=i, l i a = O  ' 

n - L 

3rd section: S+=2, S-=O,Ha=gH 

Average f i e l d  strength:: 



Case PIX 

- 1 s t  sect ion:  s ,=o,s ,=o,  / f l = O  - 
2nd section: s , ~ o , s , - 0 ,  J I z + = O  - 

- 1 ,  S , = l , ' / f a = O  3rd sect ion:  s+- - 
4th  section: s ~ + r = ~ , ~ - s i ,  I I ~ = O  

n - L 
5th  section: s + ~ = 2 ,  s,=o, ~ s = g g  - 
6th  sect ion:  s+=o, 8,-0, i b = o  

Average f i e l d  strength: 

1 4 m 

-p 4 

Fig. 4: Scanning the  same sect ion (dash-line) , which contains 4 
f i e l d  components (small squares),  using aper tures  ,of d i f f e r e n t  s i z e s  
(case I ,  11, and I I I - - see  t ex t )  . 

Thus, upon scanning a given region a t  d i f f e r e n t  resolut ions  so t h a t  

the e n t i r e  region i s  covered uniformly, without omissions and over- 

l aps ,  the  average f i e l d  cannot vary,  which i s  co r r ec t ly  shown i n  [8] . 
I n  o ther  words, ne t  magnetic f l ux  does not  depend on the resolving 

power i f  the same region is' covered a t  various resolut ions .  But, 

recording a t  resolut ion I1 (Fig. 4 ) ,  the  sec t ion  i s  scanned only 

twice (Fig, 4k dotted l i n e ) ,  then f o r  the  f i r s t  sec t ion  we obta in  

- 
Hl = 0; f o r  the second, Bq = 2 / 6 ~  and the  average f i e l d  H = (0 + 1 / 3 ~ ) / 2  

- 1 / 6 ~  greater  thm the f i e l d  a t  low reso lu t ion ,  I f  analogously, 



with s l i t  111, we scan only sect ions  3 ,  4 and 5 ,  then we obta in  ;m 

average f i e l d  of = 1 /3  2/3H = 2 / 9 ~ ,  which i s  s t i l l  g rea t e r  than 

a t  resolut ion 11. Hence, we  obta in  a twofold increase i n  the  average 

f i e l d  due to  incomplete scanning of the  region. Apparently, t h i s  

e f f e c t  showed up i n  [71  , where an average n e t  f l ux  increase 'was 

discovered, which i s  physical ly  impossible. From the scanning diagrams 

i n  Fig. 3 ,  it  i s  apparent t ha t  the average f i e l d  f o r  Ser ies  I V  w i l l  
- 

be considerably increased (possibly twofold a s  i n  the c i t e d  example);. 

and f o r  Ser ies  I ,  decreased, which may give the increase mentioned. 

Therefore, a l l  of  the  recordings were revised t o  el iminate the  

over est imation i n  Ser ies  I (only the  numbers a re  shown i n  Fig. 3 ) ,  

taking i n t o  account t h a t  Ser ies  I V  recordings could hardly be compared 

with the  o thers  without being reduced by some f ac to r .  Those values 

proport ional  t o  N- and S-polar i ty  f i e l d  f luxes  were determined: 

namely, the areas  bounded by the  recorded f i e l d  and the  zero l i n e ,  

i . e .  t he  values 

taken separately fo r  S and N f luc tua t ions .  The sum of these  areas  

f o r  a given sect ion,  dividing i t  by the  length L ,  gives the  average 

f i e l d  of given po la r i t y  F 
' 

/L; then the  average of a l l  sec t ions  outs ide  S,N 

the  given area  i s  ca lcula ted a s  , t Z ~ s . ~ ~ ~ * w h e r e  n--the number of 

sect ions .  By an analogous method, the  mean length of S- and N-polarity 

elements r , : ~  ~ S , N  and the  average nmber  of  elements were found. 

The r e su l t8  of  aLI d i f f e r e n t  measurements for - a l l  da ta  c i ted  above a r e  



given i n  F ig .  2 ,  a ,  b and c individually for  the N-and S-poles 

(see a lso Table 4).  A t  the N-pole, where the average i s  well estab- ; 

- 
l ished by measurements, i f  the values TiS and HN increase a t  a l l ,  it 

i s  negligible,  which underscores the s ta ted  f ac t  tha t  deflection arnp- 

l i tude  increases with resolution. However, no increase i n  TIS - EN 

with resolution (Fig. 2, graph, top) was detected i n  re la t ionship with 

the above statement of net  f lux constancy (even i f  one considers tha t  

the value of t h i s  difference for  Series IVmust be reduced by a factor  

of -2). An increase i n  f i e l d  strength with resolution i s  compensated 

by reducing the s i ze  of the f i e l d  elements. As fo r  the S-pole, which 
, 

i s  established by only three measurements, an increase i n  net  f i e l d  

RN - H with resolution ( i n  accordance with an analogous f i e l d  
S - 

increase.E = EN - hs i n  f i g .  2,a) i s  observed along with increases 

i n  HN and RS. 

An increase i n  average f i e l d  with resolution,  a t  a  given polar i ty ,  

i s  apparently re la ted  to  the f ac t  tha t  the mutual annihilat ion e f fec t  

of f i e l d s  within the l imi ts  of s l i t  range decreases with aperture 

( for  example, i n  Series I ,  Fig. 4 ,  the 4- f i e l d  was 1 / 9 ~ ,  but for a 

' 1  2 1 1  
s l i t  3 times smaller, it was ( - g H - k g ~ ) ~ = ~ H ) .  - However, an increase i n  

net  f i e l d ,  HN - H fo r  the S-pole i s  a t  best ,  f i c t i t i o u s ,  and i n  
S 

essence, r e f l e c t s  only an increase i n  the f i e l d  HN, since the mean 

f i e l d  strength BS (Table 4) '  on the average i s  only 0 . 6  gs ,which i s  

considerably below mean t o t a l  noise amplitude, as i s  shown by i t s  

dependency on s l i t . h e i g h t  i n  Fig, 5 ,  In  general, noise may strongly 
- 

a f fec t  the measurements in .Se r i e s  IV, although common f i e l d  f luctuat ions  



Table 4 

, 

are well separated, oweing to their systematic character. Indirect 

analysis of S-pole recordings for 24, 25 and 26 July, 1965, shows 

an almost complete absence of S-polarity fluctuations, but the majority 

of fluctuations studied were simple, long "period',' noises; while at 

the same time, strong (up to 35 gs) N-polarity fields were noticed. 

This is also illustrated on an isogauss field map drawn for one of 

these days (Fig. 6). Let us now review how the volume of information 

on the general solar magnetic field varies with resolving power--to 

be exact--when transferring from our most frequently used resolving 

power (2.5" X 9") to the resolution used, for example, at Mount 

Wilson Observatory: R = 23" X 23", Information loss at greater . 

aperture would not exist if there were no noises--all of the small 

elements would add their part to the mean field 



Fig.  5: Dependency of mean ( t o t a l )  noise  amplitude on resolut ion 
f o r  d i f f e r en t  days. The large  s t r i ped  c i r c l e s  a r e  mean values. 

where So i s  the  aper ture  a rea ,  and recording a t  loy  reso lu t ion  would 

only d i f f e r  from high resoiu't ion i n  t h a t  

of the l a t t e r .  However, 

the former would be an average 

due t o  the  presence of  noise ,  small element 

with area  s i Q  so at  low resolut ion gives only a very weak f i e l d  

! I = " H ~  so (even a t  considerable Hi), which may f a l l  below the  s e n s i t i v i t y  

threshold of the magnetograph, the  

the  noise ,  Our problem i s  t o  f ind which 

f i e l d  s igna l  compared with 

f i e l d  element dimensions and 

f i e l d . s t r e n g t h s  mark the  onset  of information lo s s .  Mean noise  

l eve l  (based on many measurements) f o r  the  Crimean magnetograph [ l ]  

( f o r  a spec ia l ly  chosen photoelect r ic  mu l t i p l i e r  EMI); t h i s  we took 

a s  the threshold s ignal .  The s igna l  magnitude va r i e s  a s  the  square 



root  of the l i g h t  f lux  in to  the spectrograph, i , e ,  the  square roo t  

of the entrance aperture ( s l i t )  a rea  a t  the same d / f ,  Thus, our 

chreshhold s igna l  f o r  a 2Yi X 23" s l i t  w i l l  be 

For us ,  d / f  of the  in take  op t i c s  equalled 1/50; but  a t  d / f  

= 11150 (Mount Wilson), the  mean threshhold noise  would i n  no way be 

l e s s  than 1 gs a t  the same time constant  f =  2.5'. Even taking i t  a t  

0.5 gs,  a l l  of  the  f i e l d  elements, f o r  which H# and a rea  s s a t i s f y  

the  inequality1 
I 

~ ~ $ < 0 9 5  ec* 
\ , 

i 

give a s igna l  ,(noise threshhold, using a 23" X 23" s l i t .  

A t  the  same time, f o r  a s l i t  So = 2.5" X 9" and analogous 

inequal i ty  i s  

Fig.  7 gives the dependency of maximum HM arid HC on S / S ~ - c u r v e s  

I and I1 show t h a t  a l l  elements with f i e l d s  and dimensions below 

curves I and 11 l i e  within the  noise l i m i t s .  The weight mean s t reng th  

of general f i e l d  elements i s  i n  agreement with [ I ]  and t h a t  given i n  

t h i s  work may be taken a s  5 gs .  It follows from Fig. 7 t h a t  a t  a 23" 

X 23" resolut ion and s t rength  of 5 g s ,  only those elements w i l l  be 

reg i s te red  whose dimensions a r e  - 
d >, dz = 7",5, 

the  mean square noise equal to  0.1 gs ,  a t  a 
s l i t  height  of 70" and time constant of 5"; upon rechecking on a 
23" X 23" s l i t  ( a t  a width of the i n i t i a l  s l i t  of 2"), we obta in  a 
noise o f - 0 . 2  gs,  but a t  a time constant of 2.5s it would be -0.3 gs. 
I n  C91, fo r  a 10" X 10" s l i t ,  the noise  i s  4 0.5 gs a t  % = !jS, which 
gives a threshhold noise,  a t  R = 23" X 23Ir and h '  4 0.512.3 = 0.2 gs ,  
o r  8 . 3  gs a t  $ = =  2.3s. I f  we consider t h a t  the &al ib ra t ion  i n  r e f .  
[ 2 ]  and [ 91 a r e  Lower by a f ac to r  of 2 i n  comparison with ou r s ,  then 

the threshhold s igna l  w i l l  be 0.6 gs i n  re la t ionsh ip  t o  the  value of 
0.5 gs chosen by us.  



i .e., greater than the radius of correlation [51 ; whereas, at a reso- 

lution of 2.5'' X 9", elements with the same strength and with dimen- 

sions 3'*, or even 'nigher, are registered if it is considered that 

the slit is 2.5" in width. According to the data in [51 (Table LO, 

Fig. 20), this indicates that no less than 30% of all elements are 

lost at a 23" X 231t resolut'ion, while we lost no more than 10% of all 

elements. Fig. 8 shows a comparison of maps of ourdata and Mount 

Wilson Observatory data (footnote on pg. ) for 2 August, 1965; 

from this, it is apparent that our map shows 158 elements, i.e., 

we have 1.72 times more detail (in number) than the Mount Wilson 

map, regardless of a "gapn of about 2 in our recordings at the pole 

and simliarly, for a disk o f 4 4  (ratio of the distance between suc- 

cessive sections and the top of the slit). The gap in the Mount 

Wilson recordings equalled 1, the disk was uniformly covered by the 

recordings. 

Up to this time, we have considered differences in the time 

constant T .  The Mount Wilson may in Fig. 8 was obtained in 80m, 
I' 

which corresponds to a scanning rate of 231f/sec. Since the speed 

R/-$ does not cause serious information loss, then f , ~  IS, while for 

us 1; = 2.5'. This increases the threshhold hold field (2.5) by a 

factor' of i.e. it gives 0.79 gs instead of 0.5 (noise drops 

as the square root of 1/.Q: ), which means that only elements with d 

> 10" are registered, which is no more than 50%. If we take 'e = 2.5' 

at a speed of 23"/sec, we obtain an amplitude drop in the ratio 

(1 - e-2*5)/(1 - e-I) for. all signals, i.e., by a factor of 1.4; - 1 

according to curve 1, Fig. 7, this leads to information loss for all 



elements when d) d p  = 8.5", which is about 45%. 

Besides this, it should be considered that, at the poles, 

there is an uncompensated decrease insensitivity by a factor of 1.2 = 

2.0 due to a brightness drop at the limb of the disk, which leads to 

an increase in threshhold (2.5) to 1 gs at most, and to loss of 

elements with d)12". Thus, the method of registration used at 

Mount Wilson Observatory ~eads to loss of information for no less than 

50% of the elementsL of the general magnetic field, but has the ad- 

vantage of covering the entire field uniformly. We lost only 10% 

of the information, but the disk was covered only half as thoroughly 

as it snould have been, based on data on the radius of autocorrelation 

(7.5"): the interval between sections should not be more than double 

the radius of autocorrelation; otherwise, new field elements appear. 

Our recordings are usually~carried out with a 25't interval; and even 

at a speed of 2"/sec (which is twice greater than R / X ) ,  recording 

the disk with this type of gap takes at least 8h. All the same, in 

understanding the physical nature of the general field, to record 

at high resolution, even if not the whole disk, is more preferable 

than recording a larger section that contains a known area of chao- 

ticity in field distribution (outside of the active zones)--this 

follows from the recordings of the field over the entire disk and 

l ~ h e  loss of-50% of the information in recording with a 23" X 23" 
slit may immediately be confirmed by histograms of average field - 

strength (Fig. 10) which show that field elements with Hp ) 6 gs 
(according-to the Mount Wilson calibration, 3 3 gs--the magnitude 
at which isogauss on th*ps of this observatory begin) constitute i. 
no more than 50%. 
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from n e t  f i e l d  d i s t r i bu t ions  with magnitude as given below ( ~ i g s ,  

13 and 14) .  

Fig.  6: 
cal lbra  
nupinber s 

N,, tnopoz), s t  

I I 

Map of the  f i e l d  26 Ju ly ,  1965, obtained a t  r e  
t i o n ,  L = 2.35 g s ;  v e r t i c a l  nmbers  are N - p ~ l a r i  

a re  S-polari ty,  

40 

30 

solut ion 
ty, hori 

resolut ion 2.5" X 9" (Curve 11). 

0 

- 

- 

Fbg. 7: Dependency of  threshhold s igna l  on the 
- magnitude of magnetic f i e l d  components 

a t  resolut ion 23" X 23" (curve 1) and 



Fig. 8 : Comparison of general field maps of the  e n t i r e  d i sk  fo r  2 
August, 1965, obtained a t  Mount Wilson Observatory ( l e f t )  and i n  
Crimea ( r ight) :  Isogauss begln a t  3 gs: N-polarity,  s o l i d  l i n e ;  
S-polar i ty ,  dashed l i n e ;  the  numbers a t  the  r i g h t  a r e  the  numbers 
of t h e  sect ions  made i n  the Crimean. 

See next  page. 





3 ,  The Polar  Field and I t s  Variations 

A s  i n  [ l l ,  frequency d i s t r i bu t ion  histograms were constructed f o r  

the occurrence of maxima i n  f luc tua t ion  amplitudes of S- and N-polarity 

f i e l d s  a t  i n t e rva l s  of 0 - 2 ,  2 - 4 ,  4 - 6 ( e t c . )  gauss on each day 

of observation f o r  the e n t i r e  zone near  the pole ,  shown i n  Table 1. 

Using these histograms, we'found the  weighted mean f i e l d  s t reng th  

value p-'jJHtv(i) -- -- 

For the  given p o l a r i t i e s  HS and EN, f o r  each day of observation.. 

Histograms were not  made fo r  separa te  days, but the  values HSand HN 

f o r  the  N- and 'S-poles a re  given separa te ly  i n  Fig. 9 and i n  Table 

6.. On those days when we recorded the  whole d i sk ,  the  recordings were 

divided in to  2 zones: the  polar  (sect ions  1 - 8 ,  f r o m 4 3 0  to-70° 

l a t i t ude )  and the  equator ia l  (sect ions  9 - 14 from 0 to-30O) ; f o r  

both zones the values and ZN were determined: ' the  equa tor ia l  values 

have been espec ia l ly  s e t  apar t  i n  Fig. 9 .  This value d i s t r i b u t i o n  

i m e d i a t e l y  shows a predominance of ~ - ~ o l a r i t ~ ' a t  the N-pole, and 

N-polarity a t  the S-pole i n  the majori ty of cases.  A remarkable 

r i s e  i n  the s t rength  of  both p o l a r i t i e s  toward middle year,  and a drop 

toward year end, a r e  noted. It should be remembered t h a t  each value 

i n  Fig. 9 i s  a weighted average over 50 - 80 (on the average) elements 

of a S- o r  N-polarity f i e l d .  

Examination of  the  histograms does not  allow, a s  i n  1964, a l l o -  

ca t ion of a l l  the  data  t o  a c e r t a i n  c h a r a c t e r i s t i c  period, 



Fig. 9: Mean (weighted) f i e l d  s t reng th  f o r  N- and S-polar regions a s  
a  whole on d i f f e r e n t  days of  1965: dots ,  S-polari ty;  c i r c l e s ,  N- 
pola r i ty .  

S-nomc t 45 
I I I 1 I I I 

dU 1 1 1 1 0 Y 8 1 2  16 z o - Z Y  

Fig. 10: Average histograms, fo r  1965, of the frequency of f i e l d  
components of d i f f e r en t  po l a r i t y  and s t reng th  f o r  the N (s t r ipped 
columns) pole and the  S-pole: the  dashed l i n e  i s  the  noise  h i s t o -  
grm per L 11 . 



Fig. 11: Net f i e l d  s t r e n g t h  H ( 
d i f f e r e n t  days:  d o t s ,  N-pole; c 
a s  [ 7;; those with dashes above 
ua t ion  which e x h i b i t  a delay a t  

I 

a s  per  f l u x  magnitude, a and H ( a s  per  weighted mean va lue ) ,  on . 
i r c l e s ,  S-pole. Po in t s  and c i r c l e s  with t h e  dash below a r e  t h e  s m &  
a r e  Mount Wilson d a t a .  I ,  11, e t c .  i n d i c a t e  peaks of  r ap id  f l u c t -  
the  N-Pole. The u n i t  of  t h e  Mount Wilson s c a l e  equals  2 . 1 0 ~ ~  mx*.c.. . ' . . - 



Table 5: Histogram of Field-Occurrence Frequency, 1965 

Table 5 summarizes the frequency of f i e l d  occurrence, HS and HN, 

for  the en t i r e  year, 1965, and f i g .  10 i s  a  summary histogram fo r  

1965. It does not show t h e  type of d is t r ibut iona l  asymmetry a t  the 

N-pole, as  i n  1964: the values are  of ten found t o  be more o r  l e s s  

the same a t  both the N- and S-poles, and equally so for  S- and N- 

po la r i t i e s .  Noteworthy i s  the  appearance of a  small number of high 

in tens i ty  f i e lds  (up to  20 - 25 gs,  without correcting f o r  resolution) 

i n  the polar zones, especially amonb S-polarity f i e l d s  a t  the N-pole. 

The minimum a t  0  - 2 gs i s  a t t r ibu ted  to  the f a c t  tha t  the 

majority of such fluctuations a re  noises ( the noise histogram i s  in-  

dicated by the dashed l i n e ) .  

Table 5 shows tha t  most S-polarity f i e l d s  were a t  the N-pole 

(5,3 g s ) ;  they are a h s t  equalled ( in  terns of  average weight) by 

the 4.8 gs N-polarity f i e l d  a t  the.S-pole. The average net  f i e l d  a t  

the N-pole was +0,6 gs (s-polari ty);  and a t  the S-pole, 0.8 gs 



(N-polarity);  hence, the  t o t a l  average fo r  1965 i s  approximate, The 

sun may ass imi la te  a d ipole ,  a s  i n  1964, when the f i e l d  a t  the  S-pole 

was t o t a l l y  nonexistant fo r  the f i r s t  ha l f  year .  

However, the re  were periods when the  behavior of the  general  

f i e l d  was i n  sharp con t ras t  t o  a f i e l d  c h a r a c t e r i s t i c  of a dipole.  

I n  due course, t h e  behavior of t he  f i e l d  i s  characterized by the  

quanti ty 

found i n  f i g .  11,b; f o r  thoroughness, we have added here ,  t he  l a s t  

2 months of 1964 and observations f o r  13 March, 1966. Along with 

these values,  the  average values of  the  quant i ty  

1 ' A F  - ;a i - ( ~ B - ~ N )  = T $ ;  

*. ..-. 1 % -  .. - .. 
where FS and F - - t o t a l  f luxes of S- o r  N-polarity f i e l d s  f o r  a given 

N 

sect ion of length L,  . 

The quant i ty  F, as i n  I11 was calcula ted by planimetry of an a r ea  

bounded by the  recording and the  zero l i n e  i n  an a r ea  of S- o r  N- 

de f lec t ion  and expressed i n  gs-mm of recording length;  s ince  the  

cos t  of 1 m m  of recording i n  seconds of  a r c  i s  known, the  quant i ty  

F can e a s i l y  be expressed i n  mksv (see below) 

Table 6 gives average values of FS - FN ( i n  u n i t s  of gs/sec a r c ) ,  

and F S / ~ N  i s  characterized by a predominance of f l u x  of one p o l a r i t y  

over the o the r ,  Mean H (3,2) was obtained by averaging the r a t i o  

F/L f o r  each sect ion;  t h i s  i s  b e t t e r  than averaging &F and L 

individual ly  and then t h e i r  r a t i o ,  because the  length L v a r i e s  l i t t l e .  
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%he va r i a t i on  i n  P% with time Is shown i n  f i g ,  l l a ,  Comparison 

of FS/FN i n  t ab le  6 with the mean values of  AS/AN (length r a t i o  of 

N and S elements), and a lso  the  mean r a t i o  of the number of elements 

(ns/nN), demonstrate the  r a the r  obvious p ropor t iona l i ty  between 

FS/FN and these numbers (graphs not  p lo t t ed ) ,  s ince  the  average of 

the  quan t i t i e s ,  themselves, i s  = HnP( [I]  . ~t i s  a l so  apparent 

t h a t  the  lengths of the  elements, and not  t h e i r  i n t e n s i t y  and number, 
/ 

have the  g rea t e s t  e f f e c t  on the  magnitude of F. 

Fig. l l b  shows s imi la r  behavior f o r  &H, the n e t  f i e l d  based on 

the  frequency d i s t r i b u t i o n  of maximum amplitudes, and R,  the  n e t  

f i e l d  based on f luxes ,  although, some points  of d i f ference  a r e  t h a t  

they occur due to  "admi.xturesU of prot racted elements of a weak f i e l d  

o r  s m a l l  elements of a s trong f i e l d .  A s  f a r  a s  each point  is  concerned- 

and these a re  averages of 60 - 80 measurements - these f luc tua t ions ,  

even the  rapid ones, a r e  completely va l id .  These rap id  f luc tua t ions  

a r e  on the  order  of 24  hours, e .g . ,  15 - 17 March, 24  July  - 2 August 

and 10 - 12 August, and recur j u s t  a s  wel l  a t  both S- and N-polar i t ies ,  

i n  which case,  the  peaks, espec ia l ly  the  minima, a t  the  N-pole a r e  

repeated a t  the  S-pole a f t e r  a lapse  of 1 - 2 days, f o r  the  cases  

c i t ed .  For example, i n  March the  f i e l d  a t  the S-pole reached a 

maximum on the  16th and dropped t o  normal on the  17th; and a t  the  N- 

pole,  it reached a maximum only on the  17th;  s imi la r  e f f e c t s  were 

observed i n  July ,  The following p i c tu re  i s  obtained: 



It shows i n  4 cases ,  a lapse of 1 - 2 days f o r  peak magnitude of  6~ 
o r  i n  the f i e l d  a t '  the  N-pole i n  comparison with the  S-pole. I f  

these lapses a r e  due t o  a magnetic disturbance propagated from the  

S- t o  N-polar region,  then i t s  veloci ty  would be*5.km/sec, which 

approximates turbulence veloci ty  i n  the  upper layers  of the  s o l a r  

atmosphere. 

Let us review t h i s  e f f e c t  c r i t i c a l l y .  I f  it were r e l a t e d  t o  

zero e r r o r ,  the occurrence of peaks would be simultaneous: a l l  values 

a t  both the N- and S-poles f o r  a given day would be more or -  l e s s  

equally sh i f t ed  (with respect  t o  N- o r  S-polar i ty) .  And moreover, 

analys is  of the  recordings would show no bas i s  f o r  a t t r i b u t i n g  t h i s  

e f f e c t  t o  zero e r r o r  i n  the  given cases .  Cal ibra t ion e r ros ,  which 

would increase o r  decrease N- and S- f ie ld  i n t e n s i t y  values,  would 

obviously increase the  di f ference  HS - HN, the  n e t  f i e l d  H (o r  SH) , 

by the  same f ac to r .  F i r s t  of a l l ,  however, t h i s  e r r o r ,  l i k e  zero 

e r r o r ,  appears equally and simultaneously i n  the  f i e l d  a t  both N and 

S-poles; and secondly, it does not  exceed, as a r u l e ,  30%, whereas we 

a re  deal ing with var ia t ions  2 - 3 times g rea t e r  and more (a  30% e r r o r  
< 

i s  inev i tab le  due t o  - sm periodic pulsa t ions  i n  ve loc i t i e s  on the  

Sun). 

Due t o  ro t a t i on ,  a 240If sec t ion  reg i s te red  over 01 would be almost 



Table 6 :  Data on the P o l a r  F i e l d  and Its V a r i a t i o n s  
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Table 6 (continued) 



completely renewed, i . e . ,  would almost complete a cycle ,  a f t e r  24 

hours, which would undoubtedly cause rapid (on the  order  of 24  hours) 

f luc tua t ions  i n  ther~mean value of the  n e t  f i e l d  i n  a f ixed sect ion 

(with respect  t o  the  disk  image). I f  the  f luc tua t ions  i n  question 

were r e l a t e d  t o  ro t a t i on ,  then the  lapse a t  the  N-polar region wi th  

respect  to  the S-polar region would be possible i f  some type of 

common magnetic anomaly passed s t r a i g h t  along the  so l a r  meridian and, . 

due t o  inc l ina t ion  i n  the  ax i s  of  revolut ion of the  Sun, extended t o  

the north-south l i n e ,  a t  the  end of which our region i s  located,  t h i s  

meridian would, it seems, t raverse  the  S-region e a r l i e r  than the  N- 

region (when the  i nc l ina t ion  of the N end of the  ax i s  of revolut ion 

i s  toward the  eas te rn  limb of the  d i sk) .  However, the  posi t ioned 

angle of the  ax i s  of revolut ion from the  end of  July  t o  the  beginning 

of August, 1965, was c lose  t o  zero, and i n  March, almost 20'; so i n  

the  S-region, the  t ravers ion,  conversely, should be l a t e r ;  hence, t h i s  

e f f e c t  could hardly be a t t r i b u t e d  t o  i nc l ina t ion  i n  the  ax i s  of 

revolut ion of the  sun. Moreover, l oca l i za t ion  of a magnetic anomaly 

s t r i c t l y  along the  meridian from one pole t o  another i s  highly  improb- 

able .  Furthermore, recordings fo r  March 15 and 16 ,  covering the  

e n t i r e  d i sk  and encompassing a wide range of l a t i t u d e s  (from the  

pole t o  - +20 - 30') and longitudes from the  E t o  the  W limbs of the  Sun, 

does no t  confirm the ro t a t i on  e f f e c t .  Emissions introduced from new 

regions,  emanaeing from the  E limb, would hardly cause such f luc tua t ion ,  

because the  increase i n  a r ea  due t o  ro t a t i on  would be no more than 2%. 



And f i n a l l y ,  l e t  us review the  e f f e c t  of: s e l ec t ion ,  v i z . ,  t h a t  

the values Y% and Q H  i n  f i g .  11 and i n  t ab le  6 were obtained by 

averaging f luxes and maximum amplitudes of  sect ions  which var ied  

from day t o  day: For example, when the  whole d isk  was recorded, 

these values encompassed a range from 30 t~ 70' l a t i t u d e  (S, N 1 - 8) ,  

while polar  region recording covered, as  a r u l e ,  the range 50 - 70° 

(S, N 0.5 - 3.0);.moreover, the po la r  regions were recorded a t  30" 

i n t e r v a l s ,  whereas the  whole d i sk ,  a t  60" i n t e r v a l s  (See t a b l e  1 ) .  

It follows from the  discussion i n  A r t .  2 ,  t h a t  the heterogeneous 

se lec t ion  of sect ions  must lead t o  var ia t ions  i n  magnetic f l u x  values , ,  

i . e . ,  t o  var ia t ions  i n  the  magnitude 6 ~ ;  but i n  cases of chaot ic  

d i s t r i b u t i o n  of t he  f i e l d ,  the  e f f e c t  of the  choice of sect ions  on 

the  magnitude of 6 H i s  no t  e s s e n t i a l  - it va r i e s  i n  equal measure with 

the  number of cases.  Therefore, the  periods which a r e  of  i n t e r e s t  

t o  us ( f i r s t ,  the  15 - 17 March; and second, 23 Ju ly  - 2 August), 

which show rapid f luc tua t ions ,  were revised so t h a t  the  choice o f  

sect ions  was the  same throughout the  e n t i r e  period: there  were 5 f o r  

the  f i r s t  period (S ,  N 1.0; 2.0; 3.0; 4.0 and 5.0) and f o r  the  

second (S, N 1.0; 1.5; 2.0; 2.5). The r e s u l t s  of working t h i s  data  

i n to  a form t h a t  i s  more su i t ab l e  f o r  review than f i g .  11 i s  given 

i n  f i g .  12, which gives an o r i g i n a l  treatment of the  da ta  from f i g .  11 

and t ab l e  6 ,  

A comparison of  both r e s u l t s  shows t h a t ,  although se l ec t ion  has 

a marked e f  f e e t  on f luc tua t ion  and 'gamy>litudes ,'I i .e . , lowering some 

peaks and r a i s i n g  others ,  i t  does not  q u a l i t a t i v e l y  change the pic ture :  
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fo r  the  second period the f luc tua t ion  e f f ec t  and the  s h i f t  i n  & W  

fo r  peak II increased ( i n  i n t ens i ty )  ; the  e f f e c t  (of se lec t ion)  

on FI and 6~ increased for  peak 1x1; and the  e f f e c t  f o r  a small 

peak a t  the  S-pole, peak IV disappeared i n  6 ~ ,  'but increased i n  3, 

and here the  maxima of IV a r e  synchronous.. For points  of the  

'second period,  the  se lec t ion  f ac to r  does not  play a r o l e .  

The r e a l i t y  of synchronous f i e l d  f luc tua t ions  a t  the  N- and 

S-poles based on other  da ta  would be an extremely des i rab le  v e r i f i c a -  

btion. With t h i s  i n  view, we have employed several 'magnetic f i e l d  maps 

of Mount Wilson observatory1, which contain information on the  polar  

f i e l d  (e.g. ,  c f .  Fig. 8).  Unfortunately, due t o  the  low resolut ion 

(23" X 23"), the maps contain information only on the  l a r g e s t  elements 

of a r e l a t i v e l y  strong f i e l d  (beginning a t  3 gs per Mount Wilson c a l -  

i b r a t i on ) ,  and i n  a number of  cases ,  do not  give recordings of  the  polar  

f i e l d  a t  a l l  (due t o  a drop i n  s e n s i t i v i t y  by a f ac to r  of 1.5 - 
2.0 a t  the  limb of the  d i sk  and the  absence of a brightness compensator). 

From a l l  the  mater ia l  (from March t o  November, 1965) only 21 days 

could be se lected where tne  measurements were f r e e  from the following 

discrepancies: a) zero d r i f t  and f i e l d  manifestat ions ac tua l ly  of 

only one sign both a t  the poles and over the  whole d isk;  b) very 

scant data  a t  the poles ( l a t e  t i m e  o f  r e g i s t r a t i o n ,  clouds, e t c . )  and 

c)  in ter ference from clouds, adjustments, e t  a l e  For reasons which 

cause i n foma t ion  lo s s  a t  %ow reso lu t ion ,  see A r t ,  2, By isogauss 

planimetry i n  the polar  zones (from O fo  N6,  S6 o r  over a l a t i t u d e  from 

'we a re  g ra t e fu l  t o  D r .  R. Howard (Mount Wilson Observatory) f o r  
placing these maps a t  our d isposal ,  



Fig. 12 :  Polar f i e l d  f luc tua t ions  
a t  the N-pole (dots) and S-pole 
( c i r c l e s )  a s  per  measurements of  
the  same sect ions of t he  po la r  
cap ( so l id  l i n e ) :  these  same 
measurements a f fec ted  by the  s e l e  
ec t ion  e f f e c t  (Fig. 11 and Table '6) 
a r e  the  po in t s  and c i r c l e s  not  
joined by a l i n e .  

9 

90 - 56O), S- and N-polarity f luxes and the  di f ference  FS - FN, converted 

t o  Mx.v, were found. They a re  i nd i ca t ed  i n  Fig. l l a  by po in t s  and 

c i r c l e s  with dashes above them. A number of consecutive (day t o  n ight)  

data  (from 22 t o  30 Apri l)  show the  same synchronous, rapid  f l uc tua t ion  

of the polar  f i e l d  with a staggered miminim a t  the  N-pole (28 Apri l )  

r e l a t i v e  t o  the  minimum at. the S-pole (27 April)  (here, maximum magni- 

tudes are  the same--26 Apr i l ) .  Regardless of the f a c t  t ha t  t he  rapid  

synchronous f luc tua t ions  ("jerkstp as it were) of the  po la r  f i e l d  seem 



convincing, fu r the r  reseach in to  possible explanations f o r  the  e f f e c t  

a r e  necessary. 

A second remarkable anomaly i s  prot racted f i e l d  var ia t ions :  

i n  the f i r s t  half-year  (February-June) the  appearance of a f i e l d  of  

the same negative s ign was observed a t  both poles;  while a t  the  end 

of the  year (September-December), the  wave of a pos i t i ve  f i e l d  was 

d i s t i n c t l y  recorded a t  both poles.  We see t h a t  the  overwhelming 

majori ty of Mount Wilson data ,  which compensates def ic iencies  i n  our 

data  f o r  1 October t o  30 November, a l so  shows t h i s  f i e l d  r o t a t i o n  a t  

the  S-pole, i .e . ,  a t  times, judging from the  po la r  f i e l d ,  the  Sun 

a c t s  a s  a "monopole" of f i r s t  one s ign and then the o ther .  A t  

d i f f e r e n t  periods,  the f i e l d s  disappear o r  drop-o a low magnitude 

a t  one pole o r  the o ther  (or  both, 20 September, 1965). A t  the  

end of 1964, and i n  January and p a r t i c u l a r l y  July  - August, 1965, the  

Sun acted a s  a "dipole. r r l  

I f  we now compare the  balance of magnetic f luxes a t  the  poles  

( fo r  t h i s  purpose Table 6 gives values f o r  F ~ ( N ) / F ~ ( s ) ,  the  r a t i o  of 

N-polarity f luxes a t  the N-pole t o  f luxes  a t  the S-pole, and , the  

r a t i o  of f luxes i n  the  last column of Table 6 )  then the  average of 

f luxes  f o r  the  whole year presents the  following pic ture :  

whereas, f o r  the  period from January t o  September, t h i s  r a t i o  i s  

2,0:0.6:0.7:1, i . e , ,  the  appearance of  a ne t  S - f i e ld  a t  both poles 

sing the  value H f o r  the  North R(N) and 
south R(S)  poles (Table 6 ) ,  t h a t  the  d i f ference  R(N) - R(S) (ne t  
polar  f i e l d  of  the  sun) i s  pos i t i ve  throughout the  year and shows 
no seasonal advance with the  he l iocen t r i c  l a t i t u d e  of  the  Earth,  
Bo, of the  type found i n  [21 .  



a t  the end of the  year sharply increases the  imbalance of f luxes a t  

the poles ,  which i s  c h a r a c t e r i s t i c  of  the  whole year. If we cornpare 

t h i s  r a t i o  with t h a t  measured i n  1964, 

then i t  i s  apparent t h a t  the "magnetic asymmetry" of the  Sun, i n  the  
I .  

sense t h a t  there  i s  aipredominance of uncompensated S-polar i ty  f l u x  

a t  the N-pole, was maintained, although N-polarity f l ux  i n  the  southern 

hemisphere increased by a f ac to r  of -1.5. 

It may be assumed t h a t  the  magnetic asymmetry and other  phenomena 

described above a r e  only c h a r a c t e r i s t i c  of t he  photosphere of the  Sun, 

\ but  i n  the upper s t r a t a ,  the p i c tu re  f o r  some reason "normalizes." 

Let us examine t h i s  problem. Measuring the  general  magnetic f i e l d  i n  

the  chromosphere, i n  l i n e  H O t  , i s  fraught  with g rea t  d i f f i c u l t i e s .  

F i r s t  i s  the low s e n s i t i v i t y  of the H l i n e  t o  the magnetic f i e l d :  

the s p l i t t i n g  of ~ h ~ - ~ h  i s  here 1.66 times l e s s  i f  the  multicom- 

ponent p ic tu re  in  H w  i s  compared t o  the  normal t r i p l e t .  The noise 

histogram (without a modulator) g ives ,  fo r  the  yeighted mean average 
- 

of noise  amplitude, h = 4.31 gs ,  while i n  l i n e s  Ah6103 and 5250 it 

i s  about 2 gs [ l ]  . This magnitude no t  only compares with i n t e n s i t y  

values cha rac t e r i s t i c  of the general f i e l d  (c f .  Table 7) but  a l s o  

exceeds them, a s  the  f i e l d  i n t ens i ty  histogram shows. Moreover, pro- 

t r ac t ed  noise f luc tua t ions  have a mean "wave length" of 6.3". corn- 

parable to  the c h a r a c t e r i s t i c  length of small f i e l d  elements, which . 

a l so  masks t h e i r  appearance, 
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Table 7: Comparison of Photosphere and Chromosphere Fields (K) 

A second reason is the strong effect of instrumental polarization 

on the zero position for recordings in HQ (see Table 2 and Fig. 1); 

here, the effect of zero shift reaches 1 - 2 gs in a good case; actually 
zero shift is difficult to eliminate due to the high intensity of 

scattered light (intense spectrum brightness of order I). Also, mani- 

festations of HQ -line polarization are not to be excluded, slnce 

"quasiresonance" lines [ 101 "constitute almost 3 - 5% in the event of 
prominences . 

Finally, recordings of the whole field in H k  may be subject to 

the marked effect of both the ragged, filamentary make-up of this 

line due to the discrete structure of the chromosphere and the irregular 

velocities of its constituent fibers and also, due to the effect of 

emission formation in the chromosphere, which lead to the sme asym- 

metric effect. In order to determine how muck these factors affected 

the recordings, the same sections were registered in H a  with the ADP 



polar iza t ion modulator shut o f f ,  which made possible the i d e n t i f i c a t i o n  

of those f i e l d  f luc tua t ions  causing l i n e  p r o f i l e  a s  e t r y ,  More- 

over,  brightness i n  the  body (and sometimes the  wing) of N q  w a s  

recorded simultaneously, which allowed f o r  ve r i f i ca t i on  without H %  

emission a f fec t ing  s igna l  magnitude, 

Of a l l  the 1965 H a - l i n e  recordings, there were only three ,  

which were se lected and ca re fu l ly  analyzed, i n  which the  majori ty of 

f luctuat ions  could be r e l a t ed  to  t rue  f i e l d s .  Since Hgr and me ta l l i c  

l i n e  recordings during t h i s  period were a t  d i f f e r e n t  times, then a 

comparison of individual  sect ions  would not  be e n t i r e l y  accurate;  it 

i s  b e t t e r  i n  t h i s  case,  t o  compare the mean f i e l d  f o r  the whole polar  

region. The r e s u l t s  of such comparison a r e  given i n  Table 7.  

We see t ha t  the  s igns  of the  n e t  f i e l d  i n  H q  and the me ta l l i c  

- 
l i n e  correspond i n  every instance: H magnitudes show good agreement, 

a l so .  Most c h a r a c t e r i s t i c ,  however, a r e  the measured S- and N-polarity 

f l ux  magnitudes FS and FN (or  the mean i n t e n s i t i e s  HS a n d x  which 
N'  

were obtained by dividing F and FN by 125 mrn). In  a l l  cases ,  the  S - 

southern f i e l d  f l ux  i n  the photosphere exceeded chromosphere f l u x  by 

an average f ac to r  of 1 - 5. * Noise e f f e c t s  show up i n  Hw fo r  the 

nor th  po la r i t y  and are  espec ia l ly  s trong a t  the N-pole where the  f i e l d  

of this po la r i t y  i s  weak--mean H i s  considerably l e s s  than 1 gs (which 

i s  only 25% of the mean noise amplitude of - 4  gs) .  Regardless of t h i s  

e f f e c t ,  the  mean r a t i o  of N-polarity f luxes i n  the  photosphere and 

chromosphere show a t o t a l  30% deviat ion from un i ty ,  Apparently, i t  

i s  a f a c t  t ha t  S-elements (components) i n  the photosphere a r e  l a r g e r  
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by 30% than in the chromosphere; however, a similar difference may 

be attributed to some small zero displacement in H-polarity H Q  

recordings. 

The most important conclusion to be drawn from comparing the polar 

fields in the photosphere and the chromosphere is that there is no 

essential difference in them, with the exclusion of intensity magni- 
P 

tude which, robably, is-1.5 times greater in the photosphere. Hence, 

the characteristic disruption of flux balance (magnetic "asymmetry") 

found at the photosphere level of the field remains in force in the 

chromosphere. An analogous field asymmetry effect at the N- and S- 

poles in 1963 was found in 1111 from polarization measurements of 

several chromospheric lines at the limb. 



Fig. 13 gives e x q l e s  o f  or ig ina l  recordings of the f i e l d  f o r  

the e n t i r e  d isk  f o r  27 ~ u l ;  and 2 August, .1965, along with ~ a '  --spectro- 
' i 

heliograms fo r  the same days. The good correspondence between the  l o c a l  

f i e l d s  and even weak f luc tua t ions  i n  Fig. 13 were mentioned more 

than once, e a r l i e r .  

Looking a t  Table 6, themean values f o r  the polar  and equa tor ia l  

zones, i n  cases of recording the  f i e l d  of the  whole d i sk ,  show t h a t ,  

f o r  the  southern hemisphere, the  sign of the  n e t , f i e l d  of the  polar  

(30 - 70' l a t i t ude )  and equator ia l  (0 - 300) zones were the same i n  . - 

6 out  of  7 cases,  but  there  was no such correspondence i n  the  northern 

hemisphere i n  3 cases ,  the  signs a t  the  pole and a t  the  equator were 

d i f f e r e n t ,  and i n  4 cases ,  s imi la r .  I n  the  southern hemisphere, the  

numerical values of  the n e t  f i e l d  Ti of the  polar  and equa tor ia l  

zones showed good correspondence t o  each o ther ,  while i n  the  northern 

hemisphere there  was no such correspondence. The magnetic f i e l d  of 

the southern hemisphere was subs t an t i a l l y  more uniform i n  magnitude 

and s ign,  which, i n  most cases,  was negative (N-polarity).  A t  the 

same time, g rea t  inhomogenities i n  the  sign of the  f i e l d  were ob- 

served i n  the  northern hemisphere; t h i s  i s  a l s o  apparent from the  

d i s t r i bu t ion  of f l ux  FS - FS with l a t i t u d e  (See below Fig.  14; 16 

March, 1965, is  an exception f o r  the southern hemisphere). These 

p e c u l i a r i t i e s  a l s o  express the  unique "magnetic as 

both hemispheres of the  Sun, c i t e d  i n  [la based on 1964 measurements, 

This w a s  e spec ia l ly  s t rongly  expressed, apparently, from September 



to December, 1965, when the s-ign of the mean field PT at the S-pole 

became positive--the same as at the N-pole (Fig, 11). Pt is difficult 

to not relate this magnetic asymmetry to the sharply expressed as 

of solar activity: the overwhelming majority of active zones in 1964 - 
1965 were concentrated in the northern hemisphere, including here, 

the distribution and intensity of green and red coronal emissions, 

which is well illustrated in bulletins of the Boulder High Altitude 

Observatory [121 . 
A more detailed presentation is given by the graph in Fig. 14 

which shows the distribution, by latitudes, of net magnetic flux 

magnitudes h~ = FS - FN (3.3) , averaged over all latitudes at each 
longitude for which a section was made. We see here, for example, the 

distributions for March 15 and 16 when rapid variations in the mean 

net field of the polar regions took place: April 7, when the field 

at both poles was negative; July 27 (a polar field of various signs) ; 

and August 2, when the field had a "dipole" character. There is 

obviously no type of regular flux change &F wi latitude, but, on 

the contrary, irregular and sometimes rapid changes of sign and flux 

magnitude are observed. However, all distributions have in common, a 

predominance sf negative flux (N-polarity) and an irregular magnetic 

distribution in the southern hemisphere, including the pole, In the 

southern hemisphere in 4 out of 5 cases the following similarity may 

be observed: the presence of 2 zones with a rotating Eield--zones 

of negative field: one at the equator (9 = 20') and the other in 

the median latitudes (9 = 35 - 50~). Upon comparing the distributions 
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of March 15 and 16 (Fig. 141, i t  i s  possible t o  f ind some silmilarity 

bemeen them: a l l  the peaks f o r  the  16th ( I ,  I1 e tc . )  a r e  smewhat 

sh i f t ed  towards the  equator i n  re la t ionsh ip  t o  t h e i r  posi t ion on the 

15th ( i f  sign i s  ignored). I f  our predicat ion of peaks f o r  a l l  da tes  

i s  co r r ec t ,  then we obta in  the  following inagnitudes of magnetic 

disturbance "sh i f t s t f  toward the equator and t h e i r  v e l o c i t i e s  (counting 

a time in t e rva l  equal t o  10' sec) .  

i t y  
sec 

. A veloci ty  of 1.6 km/sec i s  c h a r a c t e r i s t i c  of photospheric movements. 

I f ,  i n  the  given case ,  we ac tua l ly  have a systematic d r i f t  of chara- 

c t e r i s t i c - f i e l d  disturbances from the  poles t o  the  equator (along the  

meridian), then t h i s  cuuld be connected with the  wel l  known t h e o r e t i c a l  

phenomenon of meridional c i rcula t ion-- the  r a d i a l  outburs t  of gases a t  

the poles and t h e i r  flow towards the  equator along the  meridisan [131. 

True, these movements proceed much slower, Therefore, i f  the  v e l o c i t i e s  

of magnetic disturbance,  a s  found i n  A r t .  3 and a lso  evaluated here ,  

r e f l e c t  a t rue  process,  then they should, more than l i k e l y ,  belong t o  

disturbances of the  f luc tua t ion  o r  wave-type which run from one pole 

t o  the  o ther ,  I t  i s  appropriate to  remember t h a t  Alvin 's  wave ve loc i ty  

i n  the  photosphere ( i n  a -10 gs f i e l d )  i s  of  the  s m e  order ,  -1 h / s e c  

(or  a b i t  l e s s ) ,  



I t  i s  i m e d i a t e l y  apparent t ha t  on March 15, an exemplary balance . ',.' - I  

of f luxes was observed i n  the  northern hemisphere, but i n  the southern 

hemisphere, the S-poiar i ty  f i e l d  i s  p r a c t i c a l i y  n i l ,  so t h a t  rhe 

t o t a l  ne t  f lux  from the  whole Sun i s  negative;  whereas, on March 

16, the  t o t a l  f l ux  i s  pos i t ive  i n  both hemispheres. I n  the  remaining 

cases ,  the net  f i e l d  i s  negative. This may seem strange,  when one 

considers the  predominance of an average S-polar f i e l d  a t  the poles,  

a s  follows from Table 6 and ( 3 . 4 ) .  However, a review of t h i s  t ab l e  
t 

shows no such S-polar i ty  dominance f o r  the days studied.  Secondly, 

the  f luxes i n  t h i s  Table belong t o  the  polar  zone, whereas, he re  we 

a re  dealing with an i n t e g r a l  over the whole d i sk  ( the  predominance of 

S-polari ty a t  the N-pole may be "masked" by emanations from the  other  

p a r t  of the  disk) .  F ina l ly ,  the  f luxes FS - FN i n  Table 6 ,  A r t .  3 

were computed on the bas i s  of mean f i e l d  s t reng th  i n  a d e f i n i t e  sec- 

t i on ,  and i n  the  given case we a r e  comparing in t eg ra l s  from t h i s  magni- 

tude on the  bas i s  of l a t i t u d e  (see below, Table 8 ) .  Correcting f o r  

zero pos i t ion ,  ca l i b ra t i on ,  e t c . ,  showed t h a t  the f lux magnitude FS 

f i d m  the  15th t o  the  16th of March was an ac tua l  e f f e c t ;  i t  follows, . 

a l so ,  t o  keep i n  view, t h a t  the recording f o r  15 March i s  incompletely 

evaluated: data  on the  equator ia l  zone a r e  lacking,  as t h i s  was  an 

instance when the  majori ty of emissions from the southern f i e l d  occur- 

red March 16th. The l i f e t ime  of the  individual  f i e l d  components as 

c i t e d  by us i n  1141 i s  from 4 - 1oh9 so t h a t  a f t e r  24 hours, the  

general f i e l d  i s  e s s e n t i a l l y  renewed, 

Le t  us now review the re la t ionsh ip  between t rue  f i e l d  f l u x  
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Fig. 14: Dis t r ibut ion of mean f lux  FS - FN ( f o r  a given l a t i t u d e )  of 
the  general magnetic f i e l d  fo r  d i f f e r en t  recordings of the  general  
f i e l d :  The values f o r  (FS - FN) : Mx-v l i e  along the v e r t i c a l  
axes. The dashed l i n e s  f o r  the  15 March, 1965, recordings ind ica te  
cases when a spot was included i n  determining the di f ference  FS - EN. 



Fig. 15: On the determination of a re la t ionship between t o t a l  and 
measured flux.  

through the v i s i b l e  hemisphere of the Sun 
+=la +n/a F , = S S H . ~ ~ = R ~  5 . 5  H.C 
-n/¶ -n/l 

and the magnitude measured by us (3.3) 
, . L +%/a . 
FB,N= 5 o H ~ ~ ~ Z  = Roos t  \ HllcosM?- n / 4  

Here (Fig. 15), i t  i s  obvious tha t  

whereq i s  l a t i t u d e ,  7( i s  the longitude of points on the surface of 

the sun, and the axis x i s  taken i n  the direction of the , l ine of 

s ight ,  so tha t  H p  = Hx; and HR i s  the r ad ia l  component of the  f i e l d  

vector. It i s  apparent tha t  
. o  

Hn = (H,rl) = Hz cos (P cos R + HY cos (P sin h + H ,  sin9 =. 

= HII  cos 9 cos h + H L  (00s x cos cp sink -1- sin% sin q), 

Here H L i s  the l a t e r a l  component of the f i e l d  const i tut ing angle x 
# 

with axis y .  Prom equations (4.l:and 4.2) on the strength of (4.4) 

it fslLows tha t  

(4.5). 



Table 8: To ta l  Flux of  t h e  General Magnetic F i e l d  o f  t h e  Sun as a 
mole. 

Remarks by Number 

1) Incomplete recording. No equatorial zone flow is calculated with- 

out spots (group 76) ; with M FII = -1.70~~0~~Mx.v. By Mount Wilson 

21 data, flow -1.88*10 . , 

2) Reliable value; Mount Wilson data for 3.16 unavailable; for the 

17th they are noted as unreliable. S-fields partially non-existent. 

3) Mount Wilson Data is unavailable. 

4) Mount Wilson Data is unavailable; for 7.28 this data are marked as 

unreliable--notes recorded very late, fields in polar zones absent. 

5) Mount Wilson data is noted as unreliable due to strong electronic 
1 

variations: zero drift to the N-pole is noted (in the S direction 



i.e,, total flux is derived from the flux F , connected with measure- 
Il 

ments by us of the 'iflux" of the longitudinal component, and the 

flux FL from the lateral component. Strictly speaking, in order to 

determine the complete flux in a general case, it is necessary to 

know not only Hl l  but also HA . The magnitude FII , thus, may be 
determined from observations, knowing FS - FN, (fig. 14), and 

multiplying them by COST and integrating over (P . In order to 
express it in Mx.v, it must be taken into consideration that FSN 

i ' s  expressed in gs, multiplied by mm of length of the recording. 

Table 8 gives the cost of 1 mm of recording in seconds of arc on the 

Sun (this is determined by recording speed and scale); if FSN is 

expressed by the number of gs multiplied by the number of sec of arc, 

then obviously the unit 

The fluxes of S(+) and N(-) polarity (in Mx.v) for each hemisphere 

were computed by planimetry from the distribution FS,Ncos 9) for each 

day (Table 8); here (Table 8) net fluxes for both hemispheres and 

for the Sun in general, *II , are given. We see that the total flux 

21 of the longitudinal field varies from 4-8*102' to -9.10 Mx.v, that is, 

takes on both positive and negative values, attaining values which 

21 exceed' the field flux from large spots (4 8.10 Mx.v [15I ) . This 
flux variation is equivalent to the mean variation 

-- 

' - , . Foil 
" H@"----, 

- ,.: ,n R$ 

within the limits of -0.5 to d.5'gs9 which characterizes the behavior 

of the Sun as a magnetic variable star. 
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In  order to  evaluate the extent to  which the f lux fluctuation FII , 

found by us ,  a f fec t s  the t o t a l  f lux  var ia t ion Fo, the emanation from 

(contribution of) FL must be found. Let us introduce a t  each point 

on the sphere (R,  , A) the orthogonal coordinate system ( r  , t )  with 

the or ig in  a t  t h i s  point ,  with the axis r along the radius vector of 

points where i s  the tangent to the meridian, and where t i s  tangent 

to  the c i r c l e  of l a t i tude  a t  t h i s  point.  Le (Hrt dP, H t )  be the vector 

components of f i e l d  H a t  the point (R,(P, A )  i n  t h i s  system. From 

Fig. 15, we have 
- .. . 

H z  = H, cos rp +.Bflin pt . . 
H,= H,sinh+ H,aos5= Hrcoscpsin 

.& 
. -i . - - -- *. 

so tha t  

FL = 5 5 {H. (sina cp + aasa rp sinal) + H p  sin cp oos cp cosa h)+' 
.+ HI coscpsin~cosh 

} da 
. - 1  

Let us evaluate t h i s  magnitude f o r  the case of a dipole f i e l d ,  In 

t h i s  case we have ' . 

where % = 2 a / ~ ~  i s  the dipole moment. In  t h i s  case, (4.1) and (4.7) 

a re  eas i ly  calculated,  and we obtain 

i.e., a Large par t  (about 70%) of the f lux Fo i s  determined by the 

magnitude of FI , since the variat ions i n  t h i s  magnitude characterize 
A, 

varia t ions  i n  $0-1 flux.  I n  other cases, without knowing the specif ic  



distribution of the field, it is difficult to give a reliable eval- 

uation of the emanation of (i .e., the contribution of) FL . 
It foiiows to mention that the disruption of the balance of 

S- and N-fluxes for the entire disk is on the whole (for the days 

shown in Table 8), equally applicable to the poles is a fact which 

is related, as already cited in f 11 , not to transformations in field 

strength, but to transformations in areas and to the dimensions of 

the components of the predominant polarity, This is well illustrated 

in Fig. 16, which shows the distribution of the average ratios Hi/RN ' 

and L /f: for a given latitude over the whole disk: regardless of the 
S N 

high, overall predominance of % over F[N; in all cases the ratio XSfiN 

is considerably less than unity, which also leads to the predominance 

/ 

of F *EN over F This indicates that the mean gradient N N - - S O  

since the S components are more lengthy but the intensity is not 

strongly different, that is, the forces acting on N components are 

greater than the forces- acting on S components. 

Variation in themagnitude and sign of the net flux (or mean 

intensity) of a field in t ~ ~ e  visible hemisphere of the Sun has a 

direct bearing on the problem of magnetic variable stars. Our re- 

gistrations indicate comparatively rapid fluctuations in the mean 

poloical field, which are very difficult, if not impossible, to 

explain by the rotation effect: the absence of a field at the S- 

pole in the first half'of 1964, the appearance of a field of one sign 

at both poles from September - October, 1965, the occurrence of rapid 
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(almost 24 k r )  sylchronsus f luctuations , and other f a c t s ,  do not 

support the ro tor  hypothesis. Data on the general f i e l d  of the Sun 

i s  s t i l l  scant,  but the data given i n  t h i s  paragraph show tha t  f luc t -  

uations i n  the sign and magnitude of the t o t a l  f lux are  en t i r e ly  

actual  and are charac ter i s t ic ,  not  only fo r  the polar f i e l d ,  but a lso 

for  the whole general f i e l d ,  as already c i t ed  by us i n  [I]  and [ 161 . 
Recently, a report  [171 on rapid f luctuations (5 times i n  several  days) 

of net  magnetic f lux,  according to  data from magnetic maps of Mount 

Wilson (within the range of - +boo from the center of the disk) ,  f o r ,  

revolutions 1431 - 1437, was issued; i t  was also found tha t  the f lux 

fo r  t h i s  period remained negative ( in  the sense t h a t  F~ > F ~ ) .  Unfor- 

tunately, due t o  information losses of approximately 50% of a11 f i e l d  

components a t  a resolution of 23" X 23" (see end of A r t  T I )  and 

the occasional appearance of a f i e l d  of only one sign on the map 

(zero d r i f t ) ,  it i s  d i f f i c u l t  t o  say to  what extent  these measurements 

represent actual  fluctuation's i n  the f lux of the general f i e l d ,  but 

apparently, some of them are  r ea l  (perhaps the t e x t  dea l t ,wi th  only 

those cases when there were no spots on the disk);  spots a re  not 

admissible i n  f lux determination.' In  one way o r  another, a careful  

study of the general magnetic f i e l d  of the sun from the point  of view 

- of explaining the rapid f luctuations i n  'flux i s  of great  i n t e r e s t  i n  

understanding the nature of the magnetic va r i ab i l i ty  of s t a r s  and Sun. 

'1t should be kept i n  mind tha t  one spot may give a f lux equal to  
the tar81 f lux of the general f i e l d  of the sun, 



Example of the  d i s t r i b u t i o n  of  the r a t i o s  T? 
. S  N 

.(dots) and . 

- 
L (c i rc les )  according t o  l a t i t u d e  f o r  27 Ju ly ,  1965, recordings 

S N 

of the general f i e l d .  
, . 

5. Auto-Correlation of Fie ld  Fluctuat ions and Cross 

Correlat ion of Field-Velocity: 

Dimensions of Magnetic Non-uniformities 

Determination of the  co r r e l a t i on  between neighboring devia t ions  

(autocorrelat ion) i n  recordings of a f i e l d  (or  r a d i a l  ve loc i ty )  

permits a determination of t o  what ex ten t  f l u x  fluctuations i n  record- 

ings d i f f e r  from ac tua l  cases.  The range of ac tua l  d i f ference  of the  

coe f f i c i en t  of autocorre la t ion from zero depends on the  c h a r a c t e r i s t i c  

dimensions of the  magnetic components. I f  u i ,  u i s  the devia t ion 
i - f - m  

from &he arit 'hmetie mean value ( i n  a s e r r e s  s f  measured deviations of 

the  recording),  then the  coe f f i c i en t  of auto co r r e l a t i on  [151 i s  



Where rn 1s the order of autocorrelation (m =? L gives the correlation 

between neighboring members of the series; and rn = 2, the same for 

all members over 1, etc .) . If the fluctuations form a very long, 

homogenous series, then, according to the increase in m, we may 

divide the series so that the number of measured points for any m 

will always be the same, equal to N; then instead of (5.1) we have 
e - . -  - .  - . .  

The length of the recording of the field divided by N = 150/300 

equidistant points; an interval vetween the points is usually from 

0.5 to 1.0 &, or from 1.5" to 3" (on the disk of the Sun). Compu- 

tation was carried to m = 30 on the computer.' Autocorrelation 
% N  

curves (A.K. ) are shown in Fig. 17, un-normalized ( (zuIul+n, .  , , above) , 
1 

and normalized (5.2) (below) for a series or a number of recordings: 

averages of 10 such curves for 10 sections of recordings of the 

field--in the center of the disk (Sec. 240" X 240") for 14 November, 

1964 (in line 5250), on the average of 2 curves for 2 long recordings 

polar field (from the W limb to the E limb) for the N- and S-poles, 
I 

13 March, 1965, were made simultaneously, both for the line 5250 and 

also for the line h6103. Recordings were carried out at a resolution 

of 2.5" X 9", speed of lU/sec and time constant of 2.5'. In this 

same Figure 17, squares indicate the autocorrelation for fluctuation 

in the intensity of the calcium spectroheliograms obtained in [I91 . 
Regardless of the change in contrast and size in the cells of the cal- 

cium grid with the cycie of' cell activity [201, our autocorrelation 

ratitude to N. V. Godovnikov for compiling 
the program and calculating the autocorrelation cuwes on the com- 
puter "MINSK-%" and to G. Ua. Vasil'yeva for counsel on questions 
connected with the application of correlation analysis. 



shows good agreement wi th  t h e  a u t o c o r r e l a t i o n  f o r  the calcium g r i d s  

measured i n  1953; a t  t h e  same time, a u t o c o r r e l a t i o n  C211 f o r  f i e l d  

f l u c t u a t i o n s ,  recorded with a  very small  ape r tu re  (2.5" X 2'') show 

s u b s t a n t i a l  dev ia t ion  from a l l  of these  d a t a  ( c i r c l e s )  ; analogous 

c o r r e l a t i o n s  [211 were obtained a l s o  i n  [22] wi th  a l a r g e  a p e r t u r e  

(2.4".X 6 " ) .  We see  t h a t ,  r ega rd less  of  e s s e n t i a l  d i f f e r e n c e  (Fig ,  

17) i n  au tocor re la t ion  ( i n  absolu te  u n i t s )  f o r  the  c e n t e r  of  t h e  Sun 

( t r i a n g l e s )  and t h e  poles  and a l s o  f o r  t h e  N-pole ( c rosses ,  l a r g e  

values)  and t h e  S-pole ( p o i n t s ,  small  values)  , t he  r e l a t i v e  auto-  

c o r r e l a t i o n s  (Fig.  1 7 )  a r e  p r a c t i c a l l y  t h e  same i f  one does n o t  

cons ider  t h e  r i s e  i n  the  t o t a l  curve due t o  t h e  e f f e c t  o f  a  s m a l l ,  

cons tan t  mean f i e l d  ( a t  the  d i s t ance  -30") i n  two cases .  This  does 

no t  i n d i c a t e  a l s o  an e s s e n t i a l  d i f f e r e n c e  i n  the  r e l a t i v e  a u t o c o r r e l a t i o n  

of  the  d i f f e r e n t  l i n e s  i n  which t h e  recording  i s  made. This i s  extremely 

important,  because both l i n e s  c o n t r o l  each o t h e r  independently.  The 

agreement between A5250 and h6103 i s  e n t i r e l y  v a l i d  s i n c e  t h e s e  

l i n e s  a r e  c l o s e  t o  each o t h e r  i n  depth of  image [41 . Somewhat un- 

2 expected, a r e  the  high (absolute)  va lues  o f  rm expressed i n  g s  . It 

i s  f u r t h e r  obvious t h a t  the l a r g e  r va lues  of  rm gs2 f o r  t h e  N-pole 

( than  f o r  the  S-pole) express the  magnetic asymmetry e f f e c t  o f  the  

f i e l d  mentioned above. 

The good correspondence between our  au tocor re la t ions  and those 

i n  C%91 expresses  the  we l l  known f a c t  o f  a very t i g h t  c o r r e l a t i o n  

bemeen magnetic f i e l d s  and t h e  c a l c i m  chromosphere g r i d ,  both as t o  

p o s i t i o n  and a l s o  i n  the  sense of  t h e  c ~ r r e s p o n d e n c e  of  i n t e n s i t y  and 
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brigh.lsness ( the  l a t e s t  data  on t h i s  may be seen i n  /231 and [ 2 4 ] ) ,  

Power spectra f o r  the averaged curve (from the  autocorre la t ions  

given in  Pig. 17), give i n  a l l  but two cases ,  a  constant  f i e l d  a t  

the 30" sect ion,  are  given i n  Pig. 18 and were computed on the  computer 

and were ca lcula ted on the computer according t o  the  formula 

which shows nothing new i n  comparison with [ 21 , unless perhaps a small 

maximum f o r  the c h a r a c t e r i s t i c  length of 5.2" = 4,000 km. 

Let us review the  e f f e c t  on magnetic f i e l d  recordings of such 

d i s t o r t i n g  fac tors  a s  photomultiplier noise and image f luc tua t ion .  
I 

A t  a  high time constant ,  f luc tua t ion  noise (Schottky e f f e c t )  of long 

"period1' may be mistakenly accepted as r e a l  f i e l d  f luc tua t ion ,  

espec ia l ly  w i t h  small aper tures ,  when the  noises a r e  comparable t o  

the  s ignal  from the general f i e l d ,  Vibrations lead t o  the rap id  ap- 

pearance and disappearance of the range of a  high o r  low (and even a 

reverse sign bias)  f i e l d ,  which, during constant  scanning, a r e  recorded 

a s  f i e ld .  f luc tua t ions .  This e f f e c t  i s  more strongly expressed a t  

small apertures because they a r e  comparable t o  the  v ibra t ion  amplitude. 

I n  order  t o  explain the r o l e  of these disturbances,  we made recordings 

a t  d i f f e r e n t  resolut ions  and time constants  'C of both the "pure" 

noises of the PEM (photoelect r icmul t ip l ier )  (with the po la r iza t ion  

modulator o f f ) ,  and a l so  noises connected w i t h  image v ibra t ion  and 

PEM noises ,  I n  t h i s  case ,  the  image of the Sun was not scanned, but 

held i n  a f ixed posi t ion i n  the s l i t  of the  spectrograph and recordings 

on mP-09 were made a t  a  speed a t  which magnetic s i e l d s  a r e  usual ly  



Fig. 17 : Autocorrelation curves of magnetic f i e l d  f luc tua t ion ,  
unnormalized ( l e f t )  and normalized ( r i gh t )  (5.2) fo r  10 recordings 
a t  the  center  of the  Sun, 14 Nov., 1964 (average open t r i a n g l e s ) ;  
and two long sect ions  of the  polar  zone recorded 13 March, 1965, i n  

5250 (dots ,  S-pole; crosses ,  N-pole) and simultaneously recorded i n  
/\ 6103 (half-darkened dots  and darkened (closed) t r i ang le s  fo r  the  S- 
and N-poles, respec t ive ly) .  Unit lengtn along ax i s  x equals 2.85. 



Fig. 18: 
below the 
d imens ion 

Power spectrum f o r  mean autocorre la t ion curve of Fig.  17: 
wave numbers k = 2 f l /h ,  where i s  the  c h a r a c t e r i s t i c  
(above, i n  km and sec/arc)  . 

recorded (I1! per IS, v =. 30, and 1" per 2', v = 60). A l l  of the  

f luc tua t ions  recorded i n  t h i s  way would then be caused apparently 

by image f luctuat ion and PEM noises .  Table 9 gives data  on these 

measurements, and Fig. '19 gives autocorre la t ions  f o r  each s e t  of data .  

The autocorrelat ions f o r  noises co l lec ted  i n  Fig. 19 show 

ser ious  di f ferences  which apparently, i n  the majori ty of them, a r e  

r e l a t e d  t o  the presence o r  absence of a f luc tua t ing  magnetic f i e l d  

a rea ,  near  the aper ture ,  with a f luc tua t ion  amplitude which gives  an 

autocorre la t ion,  o r  nearly so ,  with the  recording of  an ac tua l  f i e l d  

d i s t r i bu t ion ,  o r  something d i f f e r e n t  from t h i s  ( the  l a t t e r ) .  The 
I 

autocorre la t ion of only s ing l e  noises a l so  s t rongly  a f f e c t s  t he  

transparency and the  time constant  of the  recordings (compare the  two 

recordings' made without an ADP, 13 July and 14 November, 1964). 

Upon comparing these noise autocorrelat ions with those i n  Fig,  17, 

we see t h a t  the e f f e c t  ,of noise may be s ign i f i can t ,  A s  f o r  example: 

the nomal ized autocorre la t ions  [ 211 [ 221 completely, as i s  no t  
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d i f f i c u l t  to  prove, l i e  wi thin  the range of noise qutocorre la t ions  i n  

Pig ,  19. Since fo r  "noise" autocorre la t ions  sometimes reach noise 

values comparable with those of ordinary f i e l d  recordings (Fig ,  17 ) ,  

the  discrimination of noise f luc tua t ions  connected with v ibra t ion  i s  

no simple matter .  It would be extremely benef ic ia l  t o  inves t iga te  t h i s  

problem i n  d e t a i l ,  although the conclusions would hardly agree with 

those i n  [251, because the  autocorre la t ion of these spec t ra  character ize  

moreso, the "carryingtt c apab i l i t y  of the  method of r e g i s t r a t i o n  than 

the  f i n e  s t ructured f luc tua t ions  themselves (granulat ion,  the  general 

f i e l d )  . 
A t  an average distance of rm= 0.5, t he  f i e l d  f l uc tua t ion  of  13 

Marcy, 1966, reached 7.7" f o r  our autocorre la t ions ,  although f o r  

individual  autocorre la t ions  , it f luctuated from 7.1" to  9.2"; f o r  

14 November, 1964, t h i s  value reached 7.5"; the  s t a t e d  values a r e  c lose  

t o  the  i n t eg ra l  value of autocorre la t ion 

._ - 
A drop i n  autocorre la t ion t o  zero may be considered t o  take place  a t  

a d is tance  of-20". A small,  secondary maximum i s  possible at  30", 

but  i t s  appearance is  not  always d i scern ib le .  Not t o  be excluded 

i s  the  p o s s i b i l i t y ,  f l n a l l y ,  t h a t  the sca le  of  autocorre la t ion f o r  

ac tua l  f i e l d  f luc tua t ions  changes from case t o  case ,  reaching 5.5" 1 

o r  even l e s se r  values,  a s  s t a t ed  i n  [21] and [22] ; however, i n  t h i s  

case the  e f f e c t  of noise i s  m p l i f i e d  and very unre l iab le .  

1 
The value found by G .  Ua. Vasil 'yeva f o r  our 13 July ,  1964, 
recording of the  f i e l d .  



Table 10: Histogram of Magnetic Component Lengths 

Of interest also is the distribution of "wave lengths" of the 

fluctuation of the general magnetic field of S- and N-polarities, 

determined from the statistical distribution of lengths of S- and 

N-components on the recordings, themselves,(Art. 111). Histograms 

of the lengths of S- and N-components for both fields, and also for 

the equatorial zones to the N- and S- of the equator (in the case of 

recording the whole disk), were constructed for each date shown in 

Table 11. They do not show any type of systematic difference with 

time, therefore, in Table X and Fig. 20, we have given summary histo- 

grams for the whole of 1965 of the S and N deviations for both poles 

(top) and the equator (bottom). Their comparison does not show serious 

differences: for the poles, there is a relatively small increase in 

the frequency of short components (1 4 16") and a decrease in Che fre- 

quency of long components (1') 20"); this may be due in part to the 

influence of the prsjectian effect. The predominance of average 



length of S-components at the N-pole over the lengths of N-components, 

which is confirmed by the data in Table VI, is evident, from which it 

follows that the mean ratio rS/xN = 1.86 at the N-pole. For the S -  

pole, such a predominance of dimensions was not discovered, and from 

Table VL it follows that ps/xN = 1.00. Upon relating frequency 

distribution according to length [ 11 and confirming this distribution 

by the result of [261 , the main maximum is concentrated in the interval 

of 8 - 16". Just as for analogous histograms for 1964, along with 

the principal maxima in the range 8 - 16", secondary maxima show up 
well in the interval 1 from 20 - 24", and a small frequency increase 
in the range of 44 - 48" is observed. The principal maximum corresponds 

well to the doubled radius of correlation 7.5"; from Table 10 it is 

apparent that, for the poles, this dimension is on the average of 

62% and at the equator, 47%, that is, on an average of % or a bit 

more of all of the total number of all magnetic components, which 

could be expected. The complete length of autocorrelation (about 20") 

corresponds well to the secondary maximum and the discontinuity in 

the distribution curve at 1 3 44 - 48" (about 35,000 h) . This 

characteristic dimension corresponds to the mean dimension of a super 

granule, according to [ 271 . However, the number of magnetic components 

of this size is small, that is, no more than 10% of the general number. 

The secondary maximum for lengths 20 - 24" (17,00O',km) appears only 
for magnetic components (about 25% of all components); it would be 

interesting to find the optical analogue since the dimensions of the 

+ Ca cell of the chromosphere grid is always higher than this value-- 

it varies from 30 -. 90,000 lun [ 19, 24-1 . 
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Fig. 20: Average histograms, f o r  a l l  of  1965, of general magnetic 
f i e l d  component lengths a t  the  N- and S-polar (upper) and equa tor ia l  
zones t o  the  N and S of the equator (lower). 

The c h a r a c t e r i s t i c  dimensions found by us ,  12 - 16, 20 - 24, and 

A 
44 - 4811, form a sequence, which i s  obtained by almost doubling the 

previous member, s imi lar  t o  the "overtone$" of some s ta t ionary  

f luc tua t ion  s t a t e  of a magnetized "liquid", as was mentioned by us i n  

[ I ] .  This brings about the  idea of r e l a t i n g  the  general magnetic 

f i e l d  to  the  f i e l d  of a ve loc i ty  which character izes  the  motion of 

plasma on the surface of the Sun, 

The following rea'sons ind ica te  the  p o s s i b i l i t y  of r e l a t i n g  f i e l d  

N and ve loc i ty ,  F i r s t ,  f o r  a s h p l e  unidimensional r a d i a l  tube of 



l i n e s  of force ,  under the  condition of suspended s t a t e ,  t h i s  r e l a t i o n -  

ship may be perceived from condition of preservat ion of s t a t e  

s i i o  - * k i n ~ t ,  (5 .4)  

where S i s  the  a rea  of a sect ion of the  tube. Further ,  i f  we mul t i -  

ply the basic hydromagnetic equation f o r  the  accompanying l i q u i d  

( r e j ec t ing  the member with the  extinguished f i e l d ,  s ince  it e x i s t s  

only f o r  l a rge  (on the  order  of a ykar) i n t e r v a l s  of  time) 

i 

- rot (v x 11). 
at - .  

by the  quanti ty H i n  the same point ,  then, a f t e r  averaging, w e  w i l l  

obtain by time period 

n and the turbulent  scrambling of l i n e s  of  force o rd ina r i l y  l ead  t o  

, i . e . ,  the  r i g h t  s ide  of (5.5) i s  pos i t ive ,  and i f  3G0, then 
at 

ro t  v x 11 + a' t h a t  i s ,  there  must be some co r r e l a t i on  between v and H. 

To f ind  the  co r r e l a t i on  between the  longi tudinal  f i e l d  HW and 

the  veloci ty  along the l i n e  of s igh t ,  we have used a recording of  

. t h e  e n t i r e  f i e l d  f o r  13 March, 1966, over the  e n t i r e  d i s k  simultan- 

eously a t  two leve l s  of the  so l a r  atmosphere-- )(6103 and A5250 

(difference of level,*260 km), Examples of these recordings a r e  

given i n  Fig. 21; f o r  vel-oci t ies ,  we have drawn a smooth median 
' ,  

course from the  W t o  the E limb of the  d i sk  and reviewed the  f luc tua-  

t i on  vg r e l a t i v e  to  t h i s  median. The in t e rva l  was chosen j u s t  a s  i n  

the ease of autoeorre%ation,  with a length of *300H, back a b i t  from 

the limb of the  d i sk ,  and di.vided in to  equidis tant  p a r t s  ( a t  a 

dis tance  of 2 .85If) . According t o  the  formula 



where 
L L L 

1 1 
(vH) = -- L H (1.) u (z) dz, ( v a )  = \ ul (z )  dz, (Ha)  - 

b 

we hav,e calculated the coeff ic ient  of cross correia t ion.  Directiy 

from Fig. 1, it i s  apparent tha t  there i s  a  well expressed correla t ion 

between the recordings of the f i e l d  a t  two leve ls ;  i t  i s  d i f f i c u l t  t o  

ascer ta in  the presence of t h i s  type of re la t ionship fn  the case of 

f ie ld-veloci ty ,  because the eyes notice a  correla t ion even when 

k 0.5. However, for  ve loc i t ies  a t  two leve ls  the correla t ion i s  

also well expressed, Table 11 gives the r e s u l t s  of calculations (on 

the computer, see Footnote 2) of the coef f ic ien t  k  for  d i f f e ren t  

sections ( la t i tudes)  across the disk of the Sun. We see tha t  k, as a  

, ru le ,  i s  2 0.5 for  relat ionships between the f i e lds  separately and 

the ve loc i t ies  separately a t  two leve ls .  However, fo r  the cor re la t ion  

f ie ld-veloci ty ,  themagnitude k does not exceed 0.5 ( in  one case, 0.28). 

Besides t h i s ,  we see from Fig. 1 7  tha t  the coef f ic ien t  of autocorrelation 
,.. 

a t  a  distance which corresponds to  the difference i n  the leve l  of 

16103 and A5250 (300 km) always seems greater  than the coef f ic ien t  

of a  cross correla t ion between the f i e l d s ;  t h i s  indicates ,  even a t  a  

distance of *300 km (diameter of a  granule) a  relat ionship between 

the f i e lds  which, i n  considerablemeasure, weakens and a  large pa r t  of 

the general f i e l d  being measured i s  concentrated i n  a  very narrow 

stratum. The loss  of relat ionship i s  s t i l l  more strongly 'expressed i n  

comparing recordings of HI i n  A5250 and ~ g c  

The f a c t  s f  an almost complete absence of correla t ion between 

l ~ h e  author i s  grateful  to  piof .  M. Huber, Boulder, U.S.A. f o r  use- 
f u l  counsel on questions concerning f ie ld-veloci ty  during h i s  v i s i t  
to the observatory, 



f i e l d  and velocity i s  extremely d i f f i c u l t  from a theoret ical  point of 

view, a  f a c t  tha t  i s  mticeable  even for  the active regions of the Sun 

[ 2 8 l .  I t  i s  possible t h a t ,  as  a  r e s u l t  of rapid f luctuations i n  

velocity with the period of 29oS, as found i n  [ 31 , t h i s  re la t ion-  

ship i s  poorly expressed when regis ter ing f i e l d s  t h a t  usually require 

much time. However, t h i s  problem requires more a t ten t ion  i n  the 

future.  

6 .  Principal  Results and Nature of the Magnetic 
Variabi l i ty  of the Sun 

We have presented the indisputable f a c t  of comparatively rapid 

f luctuat ions ,  during the cuurse of a  year, from season to  season, of 
I 

the general magnetic f i e l d  of the Sun, during which the magnetic f lux  

a t  both poles over the en t i r e  v i s ib le  surface changes magnitude and 

sign, and par t icu lar ly ,  i n  a  manner i n  which the Sun i n  average for -  

mation changes from a  magneto-unipole and becomes bipolar,  and 

vice versa. We have observed the "magnetic asymmetry" of the N and 

S  hemispheres--more of ten,  a  predominance of average S-polar magnetism 

i n  the Northern hemisphere, an e f fec t  which accompanies the asymmetry 

of solar  ac t iv i ty .  The f a c t  of a  v is ib le  disturbance i n  the mean bal-  

ance of magnetic f luxes,  both fo r  polar zones and also fo r  the e n t i r e  

v i s i b l e  hemisphere of the Sun, i s  a  phenomenon charac ter i s t ic  appa- 

xently of the majority of magneto-variable s t a r s .  It i s  d i f f i c u l t  

to a t t r i b u t e  t h i s  to  the ro ta t ion  e f fec t ;  s t i l 1 , t h e r e  a re  a  few, but 

r e l i ab le ,  measurements which show t h a t  the r e - e s t a b l i s b e n t  sf a 



balance of f luxes ,  which i s  observed a t  the  photosphere l e v e l ,  can 

hardly be expected i n  the chromosphere. And a l so  we can hardly expect 

i t ,  apparently i n  the upper s t r a t a  of the  atmosphere, t h a t  i s ,  i n  the  

corona o r  a lso  i n  in te rp lane ta ry  space. A sec tor  of the  diagram of 

the in terplanetary  f i e l d ,  according t o  measurements from October, 1963, 

t o  February, 1964, a t  In terplanetary  S ta t ion  IMP-1, shows t h a t  the  

in terplanetary  f i e l d  i s  very f i n e l y  s t ructured:  i t s  magnitude and 

sign changed rapidly ,  and the f i e l d  of one sign appears, a t  most, 20% 

more of ten  than the  other  1291 . I f  the  in te rp lane ta ry  f i e l d  i s  a 

continuation of the so l a r  f i e l d ,  which shows a c lose  connection be- 

tween data  on the planetary f i e l d  and the  appearance of a region of 

high magnetism on the Sun, then the  f i n e  s t ruc tu re  of the  i n t e r -  

planetary f i e l d  i s  a r e f l e c t i o n  of the  f i n e  s t ruc tu re  of the  general  

f i e l d  of  the  Sun, and the  predominance of a f i e l d  of one s ign 

ind ica tes  a continuation of the  e f f e c t  of disturbance of balance, 

which i s  observed i n  the  photosphere and the  chromosphere, and i n  

in terplanetary  space. 

Along with t h i s ,  very rapid  (on the order  of 24 hours) ttsynchronousll 

f luc tua t ions  have been discovered, i . e . ,  "a lapse" of the  po la r  f i e l d  

(possibly, the f i e l d  a s  a whole) during which the  peak values of the  

mean f i e l d  a t  the N-pole l ag  behind these same values f o r  the  S-pole 

by 1 - 2 days, which requ i res  a veloci ty  o f e l 0  km/sec f o r  the  pro- 

pagation of magnetic disturbance from pole t o  pole.  

The nature of these rapid f l u c ~ a t i o n s  and a l so  the longer 



f luc tua t ions  mentioned above, i s  not  c l e a r ,  a s  i s  the  case of the  

magnetic v a r i a b i l i t y  of s t a r s ,  which i s  "one of the  most i n t e r e s t i n g  

and challenging problems of astrophysics" [ 301 . Most of a l l ,  i t  

f  oPlows t o  note t ha t  purely magnetic EPuctuations (of an incompressible 

6 i dea l  f l u id )  C31I would requ i re  i n t e rna l  f i e l d s  of  over 10 gs i n  

order  t o  give a period approaching t h a t  observed. I f  the  studied 

e f f e c t s  a r e  r e l a t e d  ac t ive ly  t o  some type of so l a r  f luc tua t ions  a s  a  

while,  then they must be, a s  cor rec t ly  c i t e d  i n  [ X I ,  mechanical 

f luc tua t ions  (magnetic forces  on the average a r e  not  l a rge)  , t h e i r  

3 frequency would be -GM/R , and t h e i r  period on the  order  of 2 h r s .  

The p o s s i b i l i t y  of s ta t ionary ,  "standingt1 waves on the  surface of the  

sun i s  indicated by a s e r i e s  of maxima i n  the frequency of occurrence 

of c h a r a c t e r i s t i c  lengths of magnetic components, which form a s e r i e s  

(12", 24It, 48") of the  overtone type; these maxima a r e  not  sharply 

expressed; which i s ,  possibly,  connected with the  disturbance of the  

f l uc tua t ion  s t a t e  of convection and turbulence, 

Fig. 21: Examples of simul- 
taneous magnetic f i e l d  r e -  
cordings i n  5250 and i n  
i n  6103 (b and d) and r a d i a l  
v e l o c i t i e s  i n  these l i n e s  
(a  and c )  obtained 13 March, 
1966, upon recording the  
general  magnetic f i e l d ,  

&6t03 - - - -- . -- as250 - - A - ".A-=-- 



Table 11: Coeff ic ients  of  Field-Field and Field-Velocity Cross 
Correlat ion f o r  General Magnetic Fie ld  Recordings, 13 March, 1966 

- -I  
1 

In order t o  explain changes i n  the  magnitude and s ign of  the  

f i e l d  of the e n t i r e  d i sk  of the  Sun, we might consider the  motion of 

a type of gyrat ing f luc tua t ion  [ 21 , when the surface layer  moves, f i r s t  

f a s t e r ,  then slower than the  i n t e rna l  l ayers ,  t r a i l i n g  o f f  frozen 

"suspended" l i n e s  of force .  This would lead  t o  va r i a t i ons  i n  the  

i nc l ina t ion  of l i n e s  of force  and possibly,  t o  changes of sign. From 

th i s  po in t  of view, i t  would be i n t e r e s t i ng  to  t r a c e  the  va r i a t i ons  

over the  e n t i r e  d i sk  of the  Sun, and a l so  the  time function of  the  

s h i f t  e f f e c t  of b r igh t  cen te rs  of  the ~ a +  chromosphere g r i d  and 

quiescences of the  f i e l d  i n  H& r e l a t i v e  t o  quiescences o f  the  photo- 

spher ic  f i e l d .  I n  [I41 we found t h a t  on an average the  former were 

sh i f t ed  to  the E ( f e l l  behind during ro ta t ion)  r e l a t i v e  to  the  l a t t e r ,  

but t h i s  i s  an average e f f e c t :  i n  individual  cases ,  a s h i f t  t o  the  



equator was observed. It i s  poss ible  t h a t  the d i s t r i b u t i o n  of these  

s h i f t s  over tne d i sk  i s  d i f f e r e n t ,  and tha t  they vary per iod ica l ly  

wich time, This mechanism, however, i s  not  e f f ec t ive  during '@field 

suspension", a s  shown i n  1321 ; the absence of f i e ld -ve loc i ty  cor-  

r e l a t i o n  favors . the idea t h a t  f luc tua t ions  may, i n  a comparatively 

shor t  time, change f i e l d  during the  emanation of l i n e s  of  force ,  

which, up t o  tilis time, l i e  over the  surface,  I n  l i n e  with t h i s ,  i t  

follows t o  mention t h a t  the emanation, apparently may be r ea l i zed  a s  

a d i r e c t  r e s u l t  of f luc tua t ion ,  but  not  the  "b r i l l i ancy  e f f e c t  , I t  

which f o r  the general f i e l d ,  i s  neg l ig ib le ,  a s  shown i n  [ 331 . That 

rapid f luc tua t ions  of ve loc i ty  w i t h  a period of 290' a c tua l ly  take 

place a t  the  surface of the  Sun i s  an experimental f a c t ,  f i r s t  described 

i n  0 1 .  

Another possible manifestat ion,  espec ia l ly  of rapid  f luc tua t ion ,  

r i s e s  from the  incongruity of  the  magnetic ax i s  and the  ax i s  of  ro t a -  

t i o n  r301 . This was f i r s t  r e jec ted  f o r  the  sun on the  bas i s  of  

e a r l i e r  observations by Hale, which gave reason to  bel ieve  t h a t  the 

magnetic ax i s  corresponded with the ax i s  of ro ta t ion .  However, 

these observations a r e  inadequate a s  a whole and scanty,  a s  a r e  a l l  

photographic measurements of the  general f i e l d .  The quan t i t a t i ve  

di f ference  of the  f l e l d  from a dipolar  f i e l d ,  the  manifestat ion of an 

average f i e l d  of one p o l a r i t y  a t  both poles and over t he  whole d i sk ,  

the  magnetic a s  

i nd i ca t e  t h a t  the concept 

the  N- and S-hemispheres, and other  f a c t s  

tha% a pemanent magne%ig: solar ax i s  is not  



- 83 - 
l og i ca l  (with the exception, perhaps, of brief intervals of time i n  

1965): If such an axis exist, then its position in spade, deter- 

mined on the basis of symmetry of location relative to its magnetic 

"massio on the surface of the Sun, by far would not correspond with 

the axis of rotation. 

The other side of the problem is the statistical character of 

the general field, in particular, the absence of field-velocity 

correlation, which gives no basis for accepting the picture drawn 

in C341 that requires the concentration of a field in the limbs of a 

super granule, where a substance flows inside. The effect of such 

concentration in the limbs of convective vorticles is theoretically 

impossible during the motion of a strongly flowing liquid across the 

field 1351 (the flow effuses from the body of the cell). However, 

the autocorrelation curves and histograms found by us for field 

distributions magnetic component lengths do not show increases in 

frequency and dimensions characteristic of a super granule. They 

show substantially smaller dimensions, which is in good correspondence 

with the data in [191 for fluctuation in the intensity of the calcium 

chromosphere grid. Likewise, we didn't obtain any type of indication 

of a relationship between the components of a magnetic field and 

convective cells, i.e., granules. This may be related to the fact 

that at depths higher than - h (the upper boundary of the convective 

zone) the motion is completely irregular (possibly, turbulences of a 

varying degree) not being related to convective motions below the 



level of h, or depending on these motions only in $ha& they are created 

by convection. In this case, the magnetic energy of chaotic fluctua- :. 

tions must be constricted, due to the massive scale (dimensions greater 

than the complete scale of autocorrelation) of the field components 

which are "piecestr of a field "chipped off" from the sun spots and 

which exist for a comparatively long time. It would be important to 

find evidence of the existence of such large scale fields in registra- 

tions of the general field. 

In conclusion, the author expresses his gratitude to E. I. Lim- 

orenko for processing the recordings of the field, and to V.tI, 

Gapeyev for preparing the final illustrations. 

December, 1966 
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