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ABSTRACT. Duvall, Harvey and Pomerantz (1986) reported the existence of 
a 'structural asymmetry' inside the Sun. We show that this asymmetry is not 
a consequence of the Sun's rotation. We attribute the asymmetry, rather, to 
a toroidal magnetic field inside the Sun. Consistency requires a field of 
about one megagauss located in the lower part of the convection zone. 
Accounting for such a field would wreak havoc on our understanding of the 
solar dynamo and convection. 

Duvall, Harvey and Pomerantz (1986, hereafter denoted by DHP) determined 
that there is no apparent variation in rotation from the surface through the 
convection zone of the Sun. This result is consistent with that of Duvall et 
al (1984) which applies for the equatorial plane of the Sun. The DHP result 
followed from their observations and study of oscillations having degree 
between 20 and 98 . In fac t , their study implied that the surface differential 
rotation rate persists even below the convection zone. 

DHP presented their frequency splitting using 

v{n,£,m)-V(n,£,0) = J£W+l)]h qxP{ [-m/M(Jt+l)]9 

i-0 

where V is the mean frequency for a particular Ζ and the Px are Legendre 
polynomials. Table 1 shows their result. The advantage of a Legendre expan-
sion over a polynomial in m is that the former yields increasingly orthogonal 
terms as Ζ increases. The DHP rotation law follows from the odd coeffi-
cients in the table because the rotation rate can be written as 

Ω(Γ,μ) = Ωο(Γ) + αχ(τ)μ? + Ω2(Γ)// + · · · , μ = COS0. 

For the DHP data, the series cuts off with Ω2; Ωο, Ωχ and Ω2 are indepen-
dent of radius. The even coefficients in the table ref lect the 'structural 
asymmetry'. We show here that this asymmetry is not due to the second 
order ef fec ts of rotation, to which the largest two contributions arise from 
the Coriolis force and the centrifugal ef fects of rotation on the equilibrium 
shape of the Sun. In the notation of DHP, the magnitude of the second 
order Coriolis term is approximated by 
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Z range ai Û2 a 3 a* a S 

20-29 446.1±2.7 18 .213.4 20.8±4.1 0.4±4.7 -5.2+5.3 
30-39 444.5 1.5 4.5 2.0 20.1 2.4 8.7 2.7 -6 .2 3.0 
40-49 445.4 1.1 8.2 1.5 20.2 1.8 3.4 2.0 -1 .8 2.2 
50-59 442.3 1.0 8.2 1.3 23.0 1.5 2.8 1.7 -7 .4 1.9 
60-69 444.2 0.9 8.6 1.2 20.8 1.4 4.0 1.6 -3.5 1.8 
70-79 444.4 0.8 4.4 1.0 21.4 1.2 3.5 1.4 -3 .9 1.5 
80-89 446.0 0.9 4.0 1.1 20.0 1.4 3.0 1.5 -3 .0 1.7 
90-98 444.0 1.0 6.4 1.3 22.9 1.5 -2 .9 1.7 -1.7 1.9 

zc% 
Û2,c ~ 0-1 nHz. 

The term Ω χ is the coefficient of the /^-term in the rotation law because 
the coefficient o f the larger /^-term would be multiplied by the Ledoux con-
stant which is quite small. The centrifugal stretching terms is approximated 
by 

3<c>wn 
fl2,d ~ — j 0.5 nHz, 

where <e> is the magnitude of the mean centrifugal distortion of the Sun. 
Our detailed calculation of the a 2 , d - te rm reveals that i t varies between -1.0 
nHz (at Ζ = 25) and -0.3 nHz (at Ζ = 9 5 ) . This is far too small to account 
for the data. The a 4 - term from rotation is considerably smaller stil l . 

We assume that a toroidal magnetic field is responsible for the asym-
metry. This assumption is consistent with the latitudinal geometry of sunspots 
and the expectation that differential rotation would shear a poloidal field 
into a toroidal field with the la t ter growing with time (Mestel and Moss, 
1977) . For instance, a minuscule rel ic poloidal field could be sheared into a 
large toroidal field. We define the field, B T , in general terms by 

% = s i n 2 * £ ßk(r)>ßK 
T T T l • ν 

4ττρ k-0 

The ß k ( T ) - t e r m and the pressure, p , define the radial dependence of the 
field. The field changes the frequencies directly through its perturbation of 
the Lorentz force and indirectly through its e f fec ts on the equilibrium model. 
In particular, the perturbation of the gravitational potential e f fec ts the 
whole star resulting in a change of frequency even for modes which do not 
interact with the field. Including all the aforementioned e f fec t s , we write 
kernels in the form 

TABLE 1 Average rotation coefficients and standard deviations (nHz) 

where c is the local speed of sound and the a ' s are as defined by DHP. 
These expressions are completely general for the toroidal field and the K J k 

may be calculated for individual modes, or as in the present case , for a 
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Figur« I. K 2 k f o r k ' 0 ( X r k i . h ' K ) < m d l i ' 2 ( ) for th* Λ·20-29 bond. 
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Ftgur« 3 K 2 k for k « 0 ( X r^). k ' l ( ) and k - 2 ( » for tht J . 5 0 - 5 9 bond. Figur« 4. K 4 k for k« I ( ) and k»2 ( ) for rh« Λ« 5 0 - 5 9 bi 

Figur« 5. K z k for k « 0 ( X j g ) . k«K ) « n d k « 2 ( -» for th« 4·90-»β band. 
Figur« β. K 4 k for k ' l ( ) and k -2 « ) for th« J > 9 0 - 9 6 band. 

Fleur* 2. K 4 k for k*l ( ) and k>2 ( ) for th* -»« 2 0 - 2 9 band. 
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group of modes. The Oj- and K J k - terms are measured in nHz and the remain-
ing terms^jn the integrand are unitless with time being measured in units of 
1/ /47TG<p> where <p> is the mean solar density. 

We have calculated the K j k in a rough approximation, assuming that the 
radial derivative of the oscillation energy could be replaced by its envelope 
value, i.e. 1 /c for r > r t and 0 for r < r t . The inner turning point, r t , has 
been determined from the condition 2TU/ = JZ{Z+l)c{rt)/rt9 where c ( r t ) is the 
speed of sound a t the turning point and u is the frequency of the mode. We 
chose 3 mHz for this frequency and the average Ζ-value for each >6-band of 
DHP. We calculated kernels in this way for ft = 1,2 and 3 for j = 2,4 and 6. 
These kernels are plotted in Figures 1 to 6 for the Ζ = 20-29, 50-59 and 
90-98 bands for j = 2 and 4. The kernels for j = 6 are much smaller and are 
not shown. The values for the kernels shown in the figures are appreciably 
smaller than expected from a simple order-of-magnitude estimate to account 
for a2 and a 4 . I t can be seen that £ ' s of the order of ΙΟ"2 - 1 0 3 would be 
required i f the field were located in the convective envelope. Considerably 
larger β1 s would be required if the field were located in the core . The ker-
nels tend to peak near the inner turning point. This fac t and the larger 
value of a2 for the Ζ = 20-29 band require a field on the order of one 
megagauss in the lower part of the convection zone. Such a field would play 
a significant role in the motion in that part of the convection zone. This can 
be seen by estimating the square of the ratio of the Alfvén velocity to the 
Brunt-Väisälä frequency times radius, that is, 

4 π ρ | Ν | 2 r 2 

Arbitrarily assuming the field were located just beneath the surface 
implies i t would have to be about a kilogauss - such a field would be diffi-
cult to imagine as being stabilized over the 11 year solar cycle . The struc-
ture in the kernels near the model surface arises from derivatives of r which 
are the results of eliminating radial derivatives of the field. 

The next stage of this work is underway and is a precise calculation of 
the toroidal field's role in frequency splitting. We do not expect , however, 
that the results will differ much from those presented here. Equivalent cal-
culations will be done for a poloidal field. 
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