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Recent results from helioseismology (see Goode, these Proceedings) have shown 
that the inferred contours of the solar angular velocity are more or less radial in 
the convection region, and the rotation becomes uniform below. These observations 
contradict the prevailing numerical models of Taylor columns which predict angu­
lar velocity contours parallel to the rotation axis of the Sun. Thus, an alternative 
explanation of solar differential rotation is called for. 

Presently, it is not feasible to construct a thermally-relaxed, dynamically self-
consistent numerical model of the solar convection zone (see Chan and Serizawa, 
these Proceedings). It is then appropriate to explore simplified models that may 
shed some light. A number of analytical models have been proposed for the solar 
differential rotation, and the reader is referred to the book by Riidiger (1989) for 
a comprehensive review of this subject. Here, we report on some recent develop­
ment on the convective resonance model proposed by Chan et al. (1987; hereafter 
referred as CSM). 

In the convective resonance model, differential rotation is described in terms of 
the zonally symmetric velocity field. The model is linear, axisymmetric, and eddy 
diffusion describes the Reynolds stresses that dissipate energy and momentum. 
Latitudinal variations of convective heat transfer (Weiss, 1965; Durney and Rox­
burgh, 1971; Belvedere and Patemo, 1977) are invoked to drive the motions. An 
important aspect of the model is that the superadiabatic gradient is dynamically 
important; and a resonant convective eigenmode then develops which is rather 
insensitive to the magnitude and latitude dependence of the excitation source. 

Using scale analysis, we illustrate how such a resonance develops. With stan­
dard notations, the linearized conservation equations, for the zonally averaged 
temperature perturbation, ST, meridional velocity, V, and zonal velocity, U, are 
written in the simplified form 

AT ™-v = q, (i) 
PlTd \H 

l±AT-nu-^ = o, (2) 
Al Td 
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nv - — = o, (3) 
Td 

where q is the excitation source, Q the mean rate of rotation, A and d the horizontal 
and vertical length scales, H the pressure scale height, T& = <P/v the dissipation 
time constant, and Pr the Prandtl number; the hydrostatic approximation A Inp = 
ATd/TH is used. The solution then is 

v - TX[n2+T-2_ap^rf w 

U = QrdV = v'laV. (5) 

Since the Taylor number is large, Ta^> 1, and the solar envelope is convectively 
unstable, i.e. 6V > 0, the denominator in Eq. (4) can vanish. A resonance then 
develops such that the wavelength 

d gPvSV 
A " V ~ F ~ (6) 

is preferentially excited. When the conservation equations are formulated for a 
spherical envelope, using spherical harmonics, only discrete wavelengths can be 
excited. 

For the simplified one-layer Boussinesq model of CSM it was shown that the 
fundamental resonance mode matches the surface differential rotation of the sun. 
In the following, we present a compressible model which accounts for stratification; 
the resulting differential rotation in the solar interior is discussed and compared 
with observations. 

Our stratified model is spectral in terms of zonal spherical harmonics and 
is constructed with the following specifications: (i) The linearized hydrodynamic 
equations are solved for the response to a small source (described with the spherical 
harmonic, P2) in the energy equation, (ii) The domain of computation extends 
from 0.57 to 0.93 solar radii, and the bottom of the convection zone is at 0.69. 
(iii) The distribution of the superadiabatic gradient 8V in the convection zone is 
determined by vpCpTSV/PrH = flux; where v, the diffusivity is constant, and 
Pr = 0.3; p is the density; Cp is the specific heat under constant pressure; i.e. 
6V oc p-1. (iv) The stratification of the stable layer below the convection zone 
is based on a standard solar model, (v) No-slip boundary conditions are adopted 
at the bottom and stress-free conditions at the top; (vi) The degree of spherical 
harmonics is up to 6. (vii) The number of vertical grid points is 100. 

A search for resonance was performed by varying 6V0, the value of the supera­
diabatic gradient at the top of the convection layer. The lowest order resonance 
occurs at 6V0 = 3.7 x 10 - 4 (with 6V ~ 5 X 1 0 - 5 in the middle of the convective 
layer, u = 1.2 x 1010 cm2s_ 1) . 

We show the computed angular velocity distribution as a surface plot in Fig. 
1 and the observations (Dziembowski et al., 1989) in Fig. 2. Latitude and depth 
are represented by horizontal coordinates, and the angular velocity by the vertical 
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Fig . 1. Computed differential rotation 
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Fig . 2. Observed solar differential rotation (Dziembowski et al., 1989) 
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coordinate. The velocity distribution is very similar to that obtained from helio-
seismology, and when its magnitude is matched to that observed at the surface, 
the maximum meridional velocity is only about 10 cm/sec. There are also some 
disagreements. The small extraneous dip in the surface angular velocity at the 
equator is not observed, and the magnitude of the differential rotation decreases 
somewhat faster towards the bottom of the convection zone. However, these dis­
crepancies are not serious, considering that the model has been constructed with a 
simple set of assumptions without any fine tuning. The model needs to be explored 
further by varying the distributions of £V and u in the convection zone. 
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