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Figure 3. Obzearved power spectrum of the solar five-
minude oscillaions (Dewbmer 1975).  The haicking
and comionrs show power as a functon of horizonial
Mhnﬂmgd::!:"jwu:,_jmﬁv

; ,{;::ﬁu%:?ﬂ Rours of observations extending over approximarely half
o 20 40 &0 @0 100 lines show frequencies computed by Ulrich (1970), Wolff
TIME [minutes) —= {1972) and Ando & Osaki {1975, respectively.

Figure 2. Doppler velocity as a function of time and po- 3. HIGH-DEGREE MODES OF THE S0LAR IN-
sitiom om the solar disk. The separation behween adfacent TERIOR

curves corresponds to a velocity amplinede of 4A00ms—1.

{Adapied from Musman & Rusi 1970.)
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Figare 12. .ijpuﬂ':-l::y‘snkramiﬂ::ﬁ:ms af degres up io
arcund 140, obigined from four days of Doppler observa-
nions on a relar image opacally collapsed in the diraction
orithogonal to the retation @mas. The frequency resoluion
has been degraded 1o B pHz. (From Dwvall & Harvey
I953)
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Figwre 10. (a) Power specirum of comtimuwous S-day
whaole-disk Doppler velocity observanion from the Sowth
Pole. (B) Superposition of segmenis of kemgth 136 uHz
Jrom the specorum shown in panel a). (From Gree e al.
I980.)
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Figure 14. Inferred solar equaforial rotafion rate, from
observafions by Duvall & Harvey (1984) of sectoral-
mode rotational splittings, as a function of fractional ra-
dius v/ R. A piece-wise constant solution has been fii-
ted, in a least-squares sense, to the observed splitfings.
The average error bars refiect the observational uncer-
tainties. The dashed line shows the surface equatorial
rotation rate. (From Duvall et al. 19584.)
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Figure 16. Rotafion rate inferred from inversion of the ro-
tational splitfings of Libbrecht (1988b, 1989); the dashed
lines indicate the 1 — o error limits. The surface values
are indicated by the straight lines starting at r/R = 1.
Note that the resulfs indicated at the ‘Pole’ in fact corre-
spond to an extrapolation from lower latitudes. (Adapted
from Christensen-Dalsgaard & Schou 1988.)
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1. GONG(Global Oscillation Network Group)

since 1995

2. MDI(Michelson Doppler Imager on SOHO
since 1996



A(hy1) = ﬁ * Sy dr (1)

J(r,1) = 2r pr* fn (6, sieds, (2

Qr,1) =1 L "Q(r,8,1) sin®68 d8. (3)

Theangular momentum, A (k, 1), can then be written as

A(h,1) = 33—" fi k pr' (1) dr . (4)

We also define the solid-body rotation of the Sun, (), for
the region ( R;, R;) where R; is the smallest value of h in our
analysis,

(1) f prt dr = L P dr . (5
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Figure 17. Observed multiplet frequencies from 144 days of MDI observations, against degree 1, the error bars correspond
to 1000c. The lowest set of modes are the f modes. (See Schou et al. 1998.)
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Figure 1. Mean rotation profile for RLS inversions of
GONG data. The dashed lines make a 25° angle to the

rotation axis.
Figure 20 izontal aas
T —— L

B T g R —
ﬂhkhﬂqfﬁm:m.m,ﬂﬂﬂlmtmhdm;ﬂumﬂﬂamdmmn 3P, 457 60° and
T5°. The analysis used OLA imversion of 144 days of MDT data. Ihbﬁmtnﬂawsnp.tg‘ﬁah_ﬁﬁdm

reliable determination is possible with this data set. { Adapted from Schow et al. 1998.)
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Fra. 1.—Tap: Angular momentum of a thin spherical shell divided by its

of radius averaged over all data sets. Crosses, solld

Squuares, dashed line: MD1 data. Bottor: Radial gradient

uf.lmmbub]andﬂmradml gradient of px r* (solid line). Fertloal dotted

lines: Upper shear layer at r = 096 R and the base of the convection zone
atr =0.71 Ry.
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Fic. 2—Top: Corresponding ﬂ-in?m:lmtanmiar velocity, {1, aver-
aged over all data sets as a function of radins. Botfom: Average mitation
rate { at 0°, 15°, 30°, 45°, 60°, and 75 from GOMNG (dashed fines) and

MDI data (dotted lines) compamed to ). Crosses: GONG data. ¢
MDI data.
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Figure 1. A contour diagram of the rotation-velocity
residuals obtained using 2D RLS inversion of GONG
data shown at a few representative depths. The red con-
tours are for positive dv,, while blue contours denote
negative values. The contours are drawn at intervals of 1
m/s; the contour for zere velocity is not shown.
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1 Kummaretal 1999
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Walker et al(1979), Baade(1979), Bolton(1982),
Vogt & Penrod(1983)
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Vogt & Penrod (1983)

NRPIZL S ES = DHE S

RENCKDABEENBE T EE=MH (FERER)

Ando(1982)
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Ando(1983)
-NRP®Prograde modelZ& 4
Osaki(1986)
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REM: F>0 FRE (RPRS)
F<b ®E (RERE)
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with (A) w, =03, V, = 1km s !, and T = 0.06, and (B) w, =
0.1, ¥, = 1kms™ ', and T = 4, the oscillation period T is

7.2
~ —5 yr (case A). .

Hl 4n eyt 41'1.'(I'.i|:, fr—
T= RY/GMT = /GMRT,
mzaﬁx"‘ ™ P '

53
~Fyr{ca$ta B). (13)
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Fig. 3. The nonlinear calculation of the oscillation of rotation profile for
the same model as in Fig. 2. The full scale of the abscissa is given by the
phase speed (w,/m). In the subsequent figures, this convention is also used
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