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ABSTRACT. Spher i ca l -harmonic - f ο u r i e r CSHF) ana lys i s o f sun ' s 
'nominal t o r o i d a l magnet ic f ie ld ' , computed using s u n s p o t 
d a t a during 1874-1976 , shows t h a t s u n s p o t a c t i v i t y can be 
cons idered a s poss ib ly or ig ina t ing in i n t e r f e r e n c e o f sun's 
a x i - s y m m e t r i c 'hydromagnetic ' o s c i l l a t i o n s o f odd d e g r e e s 
up t o I 3; 21 and per iods 22y. The r e l a t i v e ampl i tudes and 
r e l a t i v e p h a s e s o f t h e s e o s c i l l a t i o n s remain f a i r l y 
c o n s t a n t , leading t o b u t t e r f l y d iagrams with s t a b l e 
l a t i t u d e - t i m e c o r r e l a t i o n s on all l a t i t u d e s c a l e s >9 . The 
ampl i tudes and p h a s e s do however undergo slow c o h e r e n t 
v a r i a t i o n s . The main modes C£<11> r e p r e s e n t an approximate ly 
s tanding osc i l la t ion . 

The mean power s p e c t r u m can be f i t t e d exce l l ent ly t o t h e 
f o r m a ^ e x p <-b£> e x p e c t e d f o r waves t r a p p e d b e t w e e n t h e 
poles . 

1. I n t r o d u c t i o n 

In an e a r l i e r paper CGokhale and Javaraiah , 1989) we used 
s u n s p o t d a t a during 1902-1954 t o show t h a t SHF ana lys i s o f 
' sunspot o c c u r r e n c e probab i l i ty ' yields approximate ly same 
r e l a t i v e ampli tudes and r e l a t i v e p h a s e s , during d i f f e r e n t 
s u n s p o t cyc le s , f o r ax i symmetr ic modes o f ' l ly' p e r i o d i c i t y 
wi th even d e g r e e s up t o I s~ 2 2 , in which m o s t o f t h e SHF 
power i s c o n c e n t r a t e d . This was shown t o be a consequence 
o f a s imi lar s t a b i l i t y o f r e l a t i v e ampli tudes and r e l a t i v e 
p h a s e s o f ax i symmetr ic modes , o f '22 y' per iod and odd 
d e g r e e s a t l e a s t up t o I % 11, in a 'nominal t o r o i d a l 
magnet i c f i e ld ' def ined by a t t a c h i n g t o t h e s u n s p o t 
o c c u r r e n c e probab i l i ty s i g n s < + / - > according t o Hale's 
laws o f magnet ic p o l a r i t i e s . Reasons were g iven t o be l i eve 
t h a t t h e s e modes r e p r e s e n t s low MHD o s c i l l a t i o n s o f t h e sun. 

In t h i s paper we p r e s e n t r e s u l t s o f t h e SHF ana lys i s o f 
t h e 'nominal t o r o i d a l f i e ld ' f o r t h e 82 i n t e r v a l s o f 22 y 
l e n g t h during 1874-1976, each i n t e r v a l being displaced by 
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one year with r e s p e c t t o t h e p r e v i o u s one. We a l so d i s c u s s 
physical meaning o f t h e modes and o f t h e energy spec trum. 

2 . D a t a a n d M e t h o d o f A n a l y s i s 

The hel iographic c o l a t i t u d e s θ ί , longi tudes φί> and epochs t i 
Cin days and f r a c t i o n s f r o m 0.0 UT o f January 1. 1874) . 
f o r each s u n s p o t group , on each day o f i t s o b s e r v a t i o n .were 
de termined using r e l e v a n t i n f o r m a t i o n f r o m a magnet ic t a p e 
o f t h e Greenwich photo -he l iographic d a t a which was kindly 
provided t o us by H.Balthassar. 

S u n s p o t o c c u r r e n c e probab i l i t y 4p> <6?.<£.t) during any 
i n t e r v a l CTi ,T2) i s def ined { p a p e r ID a s descr ibed by a 
de l ta f u n c t i o n a t each d a t a po int < μ ν , φ ΐ , τ Ο in ίμ>φ,τ'> 
s p a c e , mult ipl ied by t h e r e c i p r o c a l o f t h e t o t a l number o f 
d a t a p o i n t s during < T i , T 2 ) . where ,u=cos θ and r = t i / < T 2 - T i ) . 

The 'nominal t o r o i d a l f ie ld'B^ < Ö . # . t ) was determined f rom 
p<Ô..#»t> a s in paper ICsee s ec . l aboveXThe SHF c o e f f i c i e n t s 
of Bp<e»<£.t)are a l so computed using t h e o r t h o n o r m a l i t y o f 
t h e SHF f u n c t i o n s a s descr ibed in paper I. 

3. R e s u l t s a n d D i s c u s s i o n 

As in paper I, m o s t of t h e SHF power i s found t o be 
c o n c e n t r a t e d in ax i symmetr ic modes o f odd d e g r e e s with 
<22y> per iodic i ty . 

The ampli tudes o f t h e s e modes during t h e 82 i n t e r v a l s o f 
22y each . C1874-1895, 1873-1896, e t c . ) remain in t h e r a n g e s 
shown in Fig 1 Ca). The r e l a t i v e p h a s e s o f t h e s e modes 
during t h e 82 i n t e r v a l s a r e shown in Fig. lCb). 

These r e s u l t s conf irm t h e conclusion in paper I t h a t 
p<Ö.<£,t) i s r e l a t e d t o B'p<6>.<£,t) in a nonlinear way a s 
pCÔ,4>,t)% ίΒ<ρ <ö.<£.t)] where B£><£f<£.t) can be cons idered 
a s g iven by s u p e r p o s i t i o n o f *22 y> periodic ax i symmetr ic 
modes o f odd d e g r e e s a t l e a s t up t o 21 whose r e l a t i v e 
ampl i tudes and r e l a t i v e p h a s e s remain approximate ly 
c o n s t a n t s o a s t o yield s t a b l e b u t t e r f l y d iagrams in 
p<65.c£>t). The main modes up t o / ^ 9 d e s c r i b e an 
approximate ly s t a t i o n a r y o sc i l l a t i on . s ince t h e i r r e l a t i v e 
p h a s e s a r e near 0" o r 180 . 

In o r d e r t o i l l u s t r a t e t h e s ign i f i cance o f t h e c o n s t a n c y 
o f t h e r e l a t i v e ampl i tudes and p h a s e s we compare t h e s e with 
t h o s e in F igures 2 Ca), 2Cb) a s computed f rom a s imula ted 
d a t a s e t in which t h e va lues o f t i a r e r e t a i n e d a s in t h e 
r e a l d a t a b u t t h e va lues o f t h e l a t i t u d e s λ ι Χ = 9 0 ° - Θ Ο a r e 
s imulated a s fol lows: λ ν = (random s i g n ) χ CXo + Δ λ ν ΐ , in 
which, during t h e f i r s t s e v e n y e a r s o f each s u n s p o t cyc le . 
X o reduces l inearly f r o m 23 t o 10 and Δλν. a r e random 
values b e t w e e n C-9 ,+9 ) . During t h e l a s t f o u r y e a r s o f each 
cyc le , Ko remains c o n s t a n t a t 8 and A\i has random va lues 
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b e t w e e n C - o ° > + 6 ° > . 
From comparison of* F igures 1 and 2 it, i s c l ear that, t h e 

c o n s t a n c y and t h e va lues o f t h e ampli tudes and p h a s e s o f t h e 
modes up t o l m 13 can be reproduced by t h e s imulated data . 
This i s because t h e s y s t e m a t i c v a r i a t i o n o f λ ο t r u l y 
r e p r o d u c e s t h e l a t i t u d e - t i m e c o r r e l a t i o n in t h e b u t t e r f l y 
diagram on s c a l e s > ίο Λ However in Fig.2 t h e power in t h e 
modes I >13 i s much smal ler t h a n t h a t in Fig.l. Also t h e i r 
phase v a r i a t i o n s become increas ing ly i r r e g u l a r , t i l l a t 

Figure 1. Ca> Spec trum o f r e l a t i v e ampli tudes o f t h e 
ax i symmetr ic modes of 22y per iod ic i ty in *Β<ρ' The b a r s 
r e p r e s e n t t o t a l s c a t t e r o f t h e 82 values corresponding t o 
t h e 82 i n t e r v a l s . The cont inuous curve r e p r e s e n t s t h e va lues 
ob ta ined f rom t h e whole d a t a s e t of t h e 103 years . <!b) 
Re la t i ve p h a s e s <<ρ -φ ,_>. 

Time 
(Interval number) 

Figure 2. Ca> Re la t ive ampli tudes and <b> r e l a t i v e p h a s e s 
o b t a i n e d from t h e 'simulated* data . 
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As po in ted o u t in paper I, t h e per iod i n d i c a t e s slow-MHD 
n a t u r e o f t h e modes which r e q u i r e s t h e s e t o be t o r s i o n a l i f 
t h e bas i c f i e ld i s poloidal. However t h e s e o s c i l l a t i o n s may 
have b o t h t o r o i d a l and meridional v e l o c i t y components > 
c o n s t i t u t i n g e s s e n t i a l l y an "MHD dynamo". 

4.2 'REALITY' OF THE 'NOMINAL' TOROIDAL FIELD 

The 'nominal t o r o i d a l f i e ld ' need n o t r e p r e s e n t t h e r e a l 
t o r o i d a l f ie ld. Y e t i t s e e m s t h a t i t does so» s i n c e i t s 
s p a t i a l and t e m p o r a l f r e q u e n c i e s , a s well a s t h e amplitude 
s p e c t r u m , a r e s imi lar t o t h o s e o f t h e radial f i e ld der ived 
f r o m ful l disc magne tograms CStenf lo , 1988) . 

4.3 THE FORM OF THE ENERGY SPECTRUM 

The s low MHD waves r e s p o n s i b l e f o r t h e s e o s c i l l a t i o n s must 
be t r a p p e d b e t w e e n t h e p o l e s , with small phase s h i f t s and 
d i s s ipa t ion . The t rapp ing will lead t o a _power s p e c t r u m ^ a / 2 

in t h e small Ζ domain and poss ib ly ^a Z e x p C - b O i n t h e l a r g e 
I domain. The power s p e c t r u m given by s q u a r e s o f t h e 
ampl i tudes in Fig.l can be f i t t e d exce l l ent ly <ίχ - conf idence 
>99.98%> t o t h e f o r m a ? e x p ( - b ^ ) with a=0.0142 and 
b=0.552 + 0.015. 
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4.1 PHYSICAL NATURE OF THE OSCILLATIONS 

4 . P h y s i c a l s i g n i f i c a n c e 

£=21, i t becomes e x t r e m e l y i r r e g u l a r . This shows t h a t the 
value o f t h e ampl i tudes and t h e c o n s t a n c y o f p h a s e s upto 
I % 21 cannot be ob ta ined by a s imulated d a t a s e t unless 
i t r e p r o d u c e s <Ö-t> c o r r e l a t i o n s on all s c a l e s down t o ^ 9 ° . 
Such a s imulat ion will need ad-hoc ' s y s t e m a t i c ' a s s u m p t i o n s 
j u s t f o r reproducing t h o s e c o r r e l a t i o n s . I t i s much s impler 
and s t r a i g h t f o r w a r d t o conclude t h a t t h e c o r r e l a t i o n s in 
t h e r e a l Bi and t i r e s u l t f r o m i n t e r f e r e n c e o f t h e 
g lobal o s c i l l a t i o n s o f B̂ > wi th ampli tudes and p h a s e s a s 
g iven by t h e SHF analys i s . CVe u s e t h e word 
" i n t e r f e r e n c e " s ince ρ <Ö,<£,t> i s non- l inear ly r e l a t e d t o 

B<p c e ^ , t » . 
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