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Internal Angular Velocity
Angular velocity Ω (r, θ ) and meridional circulation 
Solar rotation removes the (2l + 1)-fold degeneracy of the 
frequencies of non-radial p-mode of degree l 
Inversion of the frequency splitting angular velocity as a function 
of depth Ω (r ) 
Multiplets with non-equidistant frequency spacing angular 
velocity as a function of latitude Ω (θ )
Strong gradients of Ω (r, θ ) near the surface r = 0.95 and at the 
bottom of the convection zone r = 0.7
Transition from solid-body rotation of the radiative core to 
differentially rotating convection zone solar tachocline
The angular velocity of the core matches the surface rotation at
about ±30° (≈435 nHz)
Shear results from non-uniform rotation converts poloidal
to torroidal magnetic fields αΩ dynamo solar activity
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Kosovichev et al. (1997)
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Bertello et al. (2000)
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Angular Velocity at the Surface
Measuring the solar surface rotation is complicated by the presence 
of other velocity fields
Surface rotation is represented in the form

The coefficients A, B, and C are determined by a least-square fit to 
the measurements
Gegenbauer and Legendre polynomials
A represents the equatorial rotation rate (≈14.5°/day)
Old (recurrent) sunspots rotate slower than the average sunspot
The parameter C  corresponds to high latitudes not meaningful 
for sunspots, which do not occur at latitudes higher than ≈40°
Tracers include prominences, EUV bright points, coronal holes, …
Coronal holes seem to rotate rigidly

2 4sin sinA B Cψ ψΩ = + +
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Schröter (1985)
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Timothy et al. (1975)
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Variability
Variations of the Sun’s 
angular velocity (small 
effect ≈0.1°/day)
The whole solar surface 
slowly speeds up and 
slows down in unison
“Torsional Oscillator” 
(equatorial retardation 
≈0.04°/day and       
wave-like periodic 
variation)
11-year periodicity

Howe, Komm, & Hill (2000)
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Meridional Circulation
Axisymmetric longitudinally averaged north-south and radial velocity 
components
LOS component of meridional circulation ≈10 m/s, same order of 
magnitude as measurement errors
Equatorward flow at latitudes lower than ≈25°
Poleward flow at higher latitudes
Dividing line corresponds to the central latitude of the sunspot zone
Antisymmetric component: northward flow around ±15°
Same symmetries a visible in giant cell patterns and large-scale 
magnetic field
Meridional flow patter extents to a depth of ≈107 m
No proper theoretical description, yet!

November 10, 2005 Center for Solar-Terrestrial Research

Howard & Gilman (1986)
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Haber et al. (2000)


