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11-year Solar Cycles

familiar buttertlies... yet profound
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Early attempts

Galileo Galilel
b. 15 February 1564
d. 8 January 1642




ITMAGO SOLIS LXVIL 32v
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Curlus Moaculzb.2 Eii{ 9. ad
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Christoph Scheiner

25 July 1573 (or 1575)

in Markt Wald

near Mindelheim in Swabia
18 July 1650

in Neisse in Silesia

Axis annuuy Fixus.
Z Axit hmranrms Mobilis.



Solar Cycle
Animated

MDI - Hathaway



UV view of
solar
magnetism
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Zoom-in detail on radial velocity
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Evolving Solar Activity in Current Cycle

Cycle 23 Sunspot Number Prediction (October 2005)
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Theoretical Solar Cycle (and it’s many elements)
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Probing the interior with helioseismology

. helping to sort out some of the dynamics

GLOBAL ACOUSTIC WAVES_ INTERNAL GRAVITY WAVE

ps(€ = 2, 100) g10(£ = 5)



Solar
Oscillation

One of millions
of modes, each with
a different tone!




Linearized Perturbations Make Life Easier

Radial Velocity (linear modes):
V(r,0,¢,1) = Vo(r) Y["(0,¢) e7*™"*

Y = P"(cos 8)e'™?
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from Michelson
Doppler Imager

~ 20° across




Power Spectrum of Global Modes

frequency, mHz
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Observed p-mode frequencies
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Interior Angular Velocity
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Mean Angular Velocity Profiles
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