
Instability, Chaos and Predictability Copyright © 1992 by Nova Science Publishers, Inc. 
in Celestial Mechanics and All rights of reproduction in any form reserved. 
Stellar Dynamics ISBN 1-56072-054-9 

TIDAL FORCE OF SUN DUE TO PLANETARY RADIAL 
ALIGNMENT AND SUN-SPOT CYCLE 

S.D. Verma 
Department of Physics and Space Sciences, Gujarat University, 

Ahmedabad 380009, India 

ABSTRACT 

It i s well known tha t the Sun's r a d i a t i o n and a l a rge num­
ber of phenomena occurr ing on the sun have influence on the 
Ea r th ' s near environment i . e . Atmosphere, Ionosphere,Magneto­
sphere, e t c . These manifest themselves a s day-night , seasons, 
t i d e s and many changes in the neutra l atmosphere; changes in 
meteorological parameters . These changes a re d i r e c t l y or i n ­
d i r e c t l y r e l a t e d to v a r i a t i o n s in solar parameters, such as 
solar f l a r e s , magnetic storms, v a r i a t i o n s in sunspot number 
occurr ing in solar photosphere. Sunsports a re observed, t h e i r 
number counted and t h e i r accura te records maintained for long 
time (many c e n t u a r i e s ) . The sunspot number seems to follow 
per iodic changes with several per iods ; mainly 11 years and 
23.5 yea r s . Recently i t has been shown* tha t the combined t i ­
dal force of the inner p l ane t s and two l a rges t ipla i le ts ,Jupi ter 
and Saturn, have periodic change of 11 and 23.5 years . It was 
proposed tha t t h i s small force may be having a t i ny influence 
on the surface of the Sun and causing some nonlinear effect 
which r e s u l t s into formation of sunspots and thus causes the 
v a r i a t i o n s in the number of sunspots . In the present work i t 
i s shown tha t whenever the combined t i d a l force on sun i n c r e ­
ases then sunspot number seems to increase and when force d e ­
creases sunspot number dec reases . This i s shown for Solar Cy­
c le number 21 . 

* "Influence of p lane ta ry motion and Radial alignment of p l a ­
ne t s on Sun" S.D. Verma published in "Space Dynamics and 
C e l e s t i a l Mechanics", Ed. K.B.Bhatnagar ,p .143-154 ,1986 by 
D.Reidel Publishing Company. 
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INTRODUCTION 

Sunspots have been obse rved f o r hundreds of y e a r s and 
r e c o r d s a r e made. The l o n g e s t and most r e l i a b l e r e c o r d s beg ­
in from 1850 A.D. onwards , eventhough t h e e a r l y t e l e s c o p i c 
o b s e r v a t i o n s s t a r t e d in 1610 A.D. The sunspot c y c l e of 11 y e ­
a r s p e r i o d has been known s i n c e v e r y e a r l y t i m e s . The sunspots 
appear on t h e p h o t o s p h e r i c d i s c o n l y i n t h e e q u a t o r i a l r e g i o n , 
w i t h i n 40° North and South l a t i t u d e s . In o r d e r t o put t h e r e ­
a l - t i m e m o n i t o r i n g of t h e sunspot a c t i v i t y on a q u a n t i t a t i v e 
b a s i s , an a r b i t r a r y index R~ was e s t a b l i s h e d which i s s t i l l 
u s e d . A d a i l y measure of_ t h e s p o t t i n e s s i s r e p r e s e n t e d by a 
Z u r i c h Sunspot number 'R ' d e f i n e d a s 

R = k (10 g + f ) 

where f i s t h e number of i n d i v i d u a l s p o t s , g t h e number of 
r e c o g n i z a b l e group of s p o t s , and k a s u b j e c t i v e c o r r e c t i o n 
f a c t o r t o a l l o w fo r d i f f e r e n c e s i n o b s e r v i n g c o n d i t i o n s of 
t e l e s c o p e s o r o b s e r v e r s . The v a l u e of R has s tood up r e a s o n ­
a b l y well i n compar ison w i t h r e l a t e d more o b j e c t i v e i n d i c e s 
such a s t h e 10 .7 MHz s o l a r r a d i o f l u x on d a i l y measurements 
of sunspot a r e a s . In F i g . 1 R i s p l o t t e d v e r s u s t i m e fo r t h e 
l a s t 200 y e a r s , t a k e n from Eddy (1980) , which c l e a r l y i n d i c a ­
t e s c y c l i c v a r i a t i o n s of a p p r o x i m a t e l y 11 year p e r i o d . C u r r i e 
(1973) has a p p l i e d t h e new d a t a a d a p t i v e app roach to power 
spectrum e s t i m a t i o n of s t u d y i n g v a r i o u s l i n e s ( p e r i o d i c i t i e s ) 
p r e s e n t i n t h e sunspot number v a r i a t i o n s . These l i n e s a r e d i s ­
cussed and e x p l a i n e d i n t h e p a p e r . 

A p l o t of t h e month ly a v e r a g e sunspot number R v e r s u s 
t i m e , shown i n F i g . 2 , f o r t h e g r e s e n t s o l a r c y c l e ( c y c l e num­
ber 21) c l e a r l y i n d i c a t e s t h a t R c h a n g e s i . e . i n c r e a s e s s e v e ­
r a l t i m e s q u i t e d r a s t i c a l l y w i t h i n a month. Many t i m e s i t d e ­
c r e a s e s a l s o q u i t e suddenly though s l i g h t l y s lower t h a n i t s 
i n c r e a s e . A model^ i s proposed i n t h e next s e c t i o n t o e x p l a i n 
t h e s e changes i n R w i t h t i m e . T h i s model i s t u s e d t p e x p l a i n 
v a r i o u s l i n e s ( p e r i o d i c i t i e s ) i n t h e power spectrum of sunspot 
number. 

MODEL 

Before g i v i n g t h e b a s i c f e a t u r e s of t h e m o d e l , t h e v a r i a ­
t i o n ( i . e . sudden c h a n g e s ) i n R i s shown in F i g . 2 . Here mon­
t h l y a v e r a g e R i s p l o t t e d v s t i m e fo r s e v e r a l y e a r s f o r t h e 
p r e s e n t s o l a r c y c l e ( c y c l e n o . 2 1 ) t a k e n from NOAA prompt r e^ . 
p o r t . I t i s worth p o i n t i n g out t h a t s u b s t a n t i a l changes in R 
a r e r e c o r d e d i n c o n s e c u t i v e m o n t h s . T h i s means t h a t sudden 
c h a n g e s ^ bo th i n c r e a s e and d e c r e a s e in monthly a v e r a g e sunspot 
number R occu r w i t h i n a month. Attempt i s made to d e v e l o p a 
ba s i c model to e x p l a i n t h e s e f e a t u r e s . 
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The proposed mechanism in t h i s model i s t h a t t h e d i f f e ­
r e n t i a l t i d a l f o r c e ( T . F . ) of p l a n e t s on S u n ' s s u r f a c e , i n i ­
t i a t e s some p r o c e s s which c a u s e s i n s t a b i l i t i e s in t h e c o n v e -
c t i v e zone of t h e sun . T h i s l e a d s t o t h e fo rma t ion of s u n -
s p o t s . T h i s t i d a l f o r c e pe r u n i t mass , a t and near t h e s u r ­
f a c e of t h e sun due t o e a r t h i s e x p r e s s e d below 

A . T . F . = 4GM R R~3 (2 ) 
o o o v ' 

where R i s t h e r a d i u s of sun, G g r a v i t a t i o n a l c o n s t a n t , M o o 
t h e mass and R t h e o r b i t a l r a d i u s of t h e p l a n e t E a r t h i n 
t h i s c a s e . 

The Table 1 below g i v e s t h e v a l u e of t h e D i f f e r e n t i a l 
T ida l Fo rce ( T . F . ) per u n i t mass on t h e e q u a t o r i a l r e g i o n of 
t h e s u r f a c e of t h e sun . I t i s exp re s sed a s 

F = (M/M 0 )(R/R 0 )~ 3 (3 ) 

which i s no rma l i sed t o t h e f o r c e due td E a r t h . P e r i o d s of t h e 
p l a n e t s a s wel l a s t h e r a d i a l a l i gnmen t p e r i o d of p l a n e t s 
w i th J u p i t e r i s a l s o g i v e n i n t h e t a b l e . 

D.T.F 

Per iod 
(Year s ) 

A l i g n ­
ment 
Pe r iod 

(Year s ) 

Mercury 

0 .91 

0.24 

T. 

.246 

TABLE 

Venus 

2 .16 

0.615 

T. 
JV 

.645 

1 

E a r t h 

1 

1 

T. 
j e 

1.09 

Mars 

.03 

1.88 

T. 
jma 

i 

2 . 2 9 

J u p i t e r 

2 .26 

1 1 . 8 6 

I 1 1, 

-

Saturn 

0.11 

29 .5 

T. 
JS 

19.83 

T h i s f o r c e i s t h e l a r g e s t due t o J u p i t e r . Now whenever 
t h e r e i s r a d i a l a l i g n m e n t (0° o r 1 8 0 ° ) of one o r more p l a n e t s 
wi th J u p i t e r , t h e n t h e f o r c e s due t o a l i g n e d p l a n e t s add up 
and magni tude of t h e f o r c e ' F ' i n c r e a s e s . The sum of T . F . due 
to J u p i t e r , Venus, E a r t h , Mercury, Sa turn and Mars i s e v a l u a ­
t e d and i s shown i n lower p a r t of F i g . 2 . T h i s p l o t c l e a r l y 
i n d i c a t e s t h a t whenever t h e r e i s a r a d i a l a l i gnmen t of two or 
more p l a n e t s w i t h J u p i t e r t h e r e i s an i n c r e a s e i n t h e magn i ­
t u d e of t h i s f o r c e , shown by lower h i s togram i n F i g . 2 . N o t i c e 
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that every time the re i s an increase in t h i s force, s imulta­
neously the re i s an increase in R. I t i s worth point ing-out 
that the peaks in F precede the increase in value of R by 
about one month_or l e s s . Most of the sudden decreases i . e . 
depressions in R value a re a l so preceded by a decrease in the 
magnitude of the f o r c e . There i s one to_ one co r r e l a t i on be t ­
ween magnitude of T.F. and the number R. I t i s inferred tha t 
every time force increases sunspots a re formed and R increa­
ses. The time of formation t . of sunspots i s about a month 
af ter alignment 

t . < 1 month 

Similarly, whenever the magnitude of T.F. decreases , i t i s 
followed by a decrease in the number fi". This i nd ica t e s tha t 
reduction in force al lows sunspots to decay (or d i sappear ) . 
The decrease in R i s sometimes delayed by a month or more. 
From t h i s i t i s inferred tha t decay of sunspot occurs in a 
time in te rva l of more than a month. Let i t be ca l l ed as de­
cay t ime, (time of disappearance) t , . Looking at the his to­
grams of F ig . " * I ™»« -_j , ~o, _-._.= it.-.t ^ J 
than a month, 
grams of F ig . 2 for 1978 and 1981 one no t ices tha t t . i s more 

t , > 1 month 

Thus,looking a t the one to one correspondence seen in 
T.F. and R, i t i s inferred tha t sunspot number i s r e l a t ed to 
the t i d a l force , t h e i r formation i s perhaps i n i t i a t e d by T.F. 
and formation time i s about a month or l e s s . While the reduc­
t ion in magnitude of the force allows some sunspots to decay 
and disappear in time of more than a month. 

This model was f i r s t proposed by Verma (1986) where a t t ­
empt was made to explain the main sunspot cycle p e r i o d i c i t ­
i e s . This f ea tu re i s discussed in d e t a i l in the next sec t ion . 

PERIODIC LINES OF SPECTRUM OF SUNSPOT NUMBER } 

Using hundred y e a r ' s data of sunspot number Curr ie (1973) 
obtained a l i n e spectrum and found 11.1 and 23.6 years as 
the main per iods ( l i n e s ) . This spectrum i s reproduced and 
shown in F ig . 1. These per iodic cyc les ( l i n e s ) a re na tura l ly 
explained using the model of Verma (1986). The main idea of 
the model i s represented here in the context with the p e r i o ­
dic (cycle) l i n e s . The t i d a l force of Jup i t e r on the sun i s 
the l a r g e s t . Each time a p lane t i s r a d i a l l y al igned with 
Jupi te r the t i d a l force of the two and force 
increases in cycle fashion with the period of alignment of 
a p lanet with J u p i t e r . The alignment per iods of Mercu ry (T . ) , 
Venus ( T i v ) , Earth ( T . ) , Mars (T. ) and Saturn (T . g ) with 
Jupi ter a re evaluated and given in Table I I . Let us cons i ­
der the alignment period of two p l ane t s Venus and Earth with 
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J u p i t e r . The alignment period T. wi l l be in t eg ra l mul t ip le 
of T.„, and T. . Similarly T. __, alignment period of Venus 

j v j e * jvm 
and Mercury with Jup i t e r wi l l be mul t ip le of T. and T. . 

j v jm 
When t h i s idea i s extended to r a d i a l alignment of t h ree p l a ­
ne t s with J u p i t e r , then T . v e m wi l l be i n t eg ra l mul t ip l e of 
T. ,T. and T. . This way per iods a re derived for one,two, 
th ree or four p lanet alignments with J u p i t e r . These a re l i s t ­
ed in Table I I . Large number of these per iods a re matching 
qu i t e well with l i n e s (per iods) of the power spectrum of sun-
spots (Currie 1973), both a re l i s t e d in Table I I . This com­
parison seems to ind ica te good agreement between ca lcu la ted 
and observed l i n e s (pe r iods ) . 

When Curr ie (1973) used sunspot data of about two hund­
red years (1770-1960) a marginal evidence i s seen for a l i n e 
with p e r i o d i c i t y of 66.7 years . This period i s explained <, 
qui te well with the model proposed by Verma (1986), by c o n s i ­
dering r a d i a l alignment of Mercury, Venus, Earth and Mars 
with Jup i t e r and i s a lso l i s t e d in the Table I I . 

The agreement between ca lcu la ted and observed va lues i s 
reasonable within the u n c e r t a i n t i e s of the measurements. 

DISCUSSION AND SUMMARY 

The basic model i s based on the idea tha t the d i f f e r e n ­
t i a l t i d a l force due to var ious p l a n e t s on the surface of the 
sun changes with time due to the r a d i a l al ignments of one or 
more p l a n e t s with J u p i t e r . I t i s believed tha t t h i s force 
i n i t i a t e s the process which c r e a t e s the sunspots . Thus the 
time v a r i a t i o n of t h i s force i s co r re la t ed with the changes 
in the sunspot number. In t h i s paper one to one c o r r e l a t i o n 
i s shown between the two. The comparison of the peaks and a 
no t iceable small delay between the peaks of sunspot number 
and those of the force , i s inferred as the time1 o f ' i n i t i a t i o n 
or time of formation of the sunspots ( t* < a month) and the 
r e l axa t ion time, a f t e r the force i s suddenly reduced, i s the 
time in which sunspots decay or d i sappear . This decay time, 
t d i s > a month. 

Various per iods i . e . l i n e s in the spectrum of sunspot num­
ber from few years to 66 years have been explained in terms 
of the alignment per iods of one or more p lane t s with J u p i t e r . 
Several per iods of l e s s than 2 years a re p red ic t ed . 

Thus the re a re c l ea r i nd ica t ions which demonstrate that 
the p lanetary t i d a l force (T.F. ) has influence on the Sun's 
surface, which i s v i s i b l e in the form of sunspots on the pho-
tospher ic d i sc of sun. 
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TABLE I I 

Name of 
the 
p l a n e t s 
a l i g n e d 

Alignment 
Per iod 

(Year ) 

Observed 
l i n e s 
( p e r i o d s ) 
of sunspo t 
number 
spectrum 
i n y e a r s 
C u r r i e ( 1 9 7 3 ) 

Sum of 
T . F . 

Per iod 
e v a l u a t i o n 

. 2 4 6 

. 6 4 5 

1 . 0 9 

2 . 2 9 

1 9 . 8 3 

1 0 . 9 

5 . 5 

3 . 6 6 

2 . 7 5 

2 . 2 

9 . 7 5 

J + V + M 2 3 . 6 1 

1 4 . 6 7 

J + M 

J + V 

J + E 

J + Ma 

J + S 

J + V + E 

Ifarmonics 

2.27 

1 1 . 1 

5 . 6 8 

3 . 6 8 

2 . 6 8 

2 . 1 7 

9 . 9 

2 3 . 6 

1 4 . 7 

J + M + Ma 

J+M+V+ E 

6 .75 

4 . 7 9 

66.53 

6 .76 

4 . 8 

66 .7 

3 . 1 7 

4 . 4 2 

3 . 2 6 

2 . 2 9 

5 . 4 2 

5.33 

3 .2 

6.33 

T. 
jm 

T. 
j e 

jma 

T. 

1 0 T . = 17 T. 
j e j v 

9 T . e = 1 5 T . v 

3 7 T j v = 9 5 Tjm 

2 3 T j v = 5 9 Tjm 

I 1211. = 33 T. 
' * j v jm 

3 T . =27T. jma jm 

2T. =20T. jma jm 

61T. =103T. 
j e j v 

=271T. 
jm 

The p e r i o d s marked * have not been o b s e r v e d i n 
y s i s b e c a u s e t h e l o w e r l i m i t o f e v a l u a t i o n was 

C u r r i e ' s a n a l -
2 y e a r s . 

413 

https://doi.org/10.1017/S0252921100066306 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100066306


ACKNOWLEDGEMENT 

Author wishes to thank Dr. (Mrs.) V. Sinha and Shri S.P. 
Bhatnagar for i n t e r e s t i n g d i scuss ions and reading the manus­
c r i p t of the paper. 

REFERENCES 

[ 1 ] Curr ie , R.G.(1973), Astrophys. & Space Sc. 20,509. 
[2 ] Eddy,John, A, Proc. Conf. Ancient Sun (1980),p .113, 

J r . Geochem. Sbc. & Met. Society, Suppl .13,Pergamon 
P res s . 

C3] O.Brien.K. (1979), J r .Geophys.Res. 84,423. 
[4 ] Solar - Geophysical Data Prompt Reports of NOAA.Feb. 

(1985), 463 P a r t i . 
[ 5 ] Stuiver , M. (1980), Nature, 286,868. 
[ 6 ] Stuiver, M. and Grootes, P.M., Proc. Conf .Ancient Sun 

(1980),p.165, J r .Geochem. Soc. 8s Met. Society, Suppl .13, 
Pergamon Press . 

[7 ] Stuiver , M. and Quay,P.D. (1980), Science, 207,11. 
[ 8 ] Verma, SJ ) . (1985), Space Dynamics and Ce l e s t i a l Mecha­

n ic s , 143-154(1986) Ed.K.B. Bhatnagar,Published by 
D.Reidel Publishing Company. 

414 

https://doi.org/10.1017/S0252921100066306 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100066306



