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Large A and small d separations
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Small separations. Ay(N) = Vpg— Vi1o Ai(N) = Vo1 — Va1 ac

Small separations: dy,(N) = Vg — Vi1 di3(N) = Vo1 — Vs
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Classical separations\

Ag(N)= Vo= Vn-10
Aqy(n) = Va1~ Vn11 ec
doo(N) = Vho ~ Vn12

di3(N) = Vo1 — Vi

Solar model A



Normalised Power

Normalised Power

CoRoT stars are not easy - probably only |=0,1 modes
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Normalised Power

1=0,1 “ L arge” separ ations

5000 5500
Frequency(uHz)
A1 (N) = Vo= Vnaa

A10 (n) = Vn1~ Vno
An # Aqg
systematic and modul ated?

Solar model A



1=0,1 Small Separations




1=0,1 Small Separations

o leé

Aps(N) A10(N) Ag (N+1)

Vn11 Vho Vni Vn+10

Agy (N) —A4o (N) o1 (N) = Vpo— (Vap1F Vi1)/2
A (N+1)—A;p(N) = dig(N) =(Vpg+ Vir10) 12—V

5 point: ddy; (N) = (V10— 4Via1t 6Vno— Vi1t Viea0)/8

dd;5(N) = -(V1.1— Vot 6V — 4V ot Vier1)/8
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S point small separations v*dd,, v*dd,,

1000 2000 3000 4000
Frequency (uHz)

1=0,1 small

separations
do1(N),  dyp(N)
ddy,(n), dd,,(n)

Both show a mean
variation similar to but
different from d,(n)
giving a diagnostic of
the internal structure,
and a periodicity about
the mean indicating a
region of sharp change

Solar model A



Solar data from BISON and GOLF
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Periodic modulations

0 | acoustic radius  fe lhe T

'I(' Te acoustic depth The 0

Modulation caused by ‘discontinuities’ in acoustic variables (c,/7,0)

Modulation freguencies ~ 1/(2 distance from boundary) 1/(2t), 1/(27)
A=1/2T)~ 136. 7. v ,~800, v,~230. 7. y,.~165, v,~350

t+ 7=T = Uv,+ Vv =1A pairs



Origin of modulation frequencies

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

= 7 _—4 b8 N
do Vo

— = —sin? O(w,t 5
- —sin (wt+6) — O(w,t) 0 ” =

by, Vi)t
Ad=— - sin (wt—|—5) dt Ad(t)=— ; [cos(?wt1+251)—1] t >t
0 w

QuickTime™ and a
TIFF (Uncomp eeeee d) decomp rrrrrr
eeded to see this pictur

QuickTimeT
TIFF (Uncompresse d) decompressor
are needed to see this picture.

QuickTime™ and a
TIFF (Uncompresse d) decompressor
are needed t i

ded to see this picture.

o(w)FF(V)=F[p(r)]



. . LWl 2 A I'J/
Acoustic radius t/T e It

sy Y=/ (o)
: ' = :tan[Qwvt——€+5 B il
i X G /dt 3 (0w, )
: 2mvY
0.5 I
| | ' Xo=— =—tan [2nvT—ay (v, 7)]
R ZI'QI’%(()JLIGHCV (33%0 #9ae dl[)g/d’?‘



2T\ av* 3

1 d? (o0 — &p) A2
dip = (Vn,() + Vn-|—1,0)/2 —Unl din=—10;{—-0 d L -
| 0= orr ! 0+ dv? 8 "

to leading order these are determined by 0,-0,, which is determined
by the interior structure

1 1
ddoy(n) = 5 do1(n) + 7 (dio(n) +dio(n—=1))  cancels out d2o/dv?

The mean variation of 0,-0, determined by the interior structure
periodic modulation by boundaries of convective envelope, core ...



1 do dé 1
Ao =Vpo—Vn-10= oT (1 + — {don — d_OA(]} ) N —

L /1 dov d(6o — 1) A
AUl = VUno0—Vn-11—= ( [51 50 = == AOI ( 0 1) 01] n

2T

1 /1 dox d(61 — 6y) A
A1p =VUp1—Vpo = 57 (2 [50_51+d_A10 (1d,/ 0) 21@]

2 dv dv 2

The difference between Ay, and A, is primarily due to 8,- 0, which is
determined by the interior structure

+ )



Can we say anything about CoRoT stars. HD49933 ?

A,=88nHz









Periods should match in pairs /v, + 1/v, = 1/A

Envelope model fitted to large seps gives T~5680s, A~88.Hz (guide)
Hell acoustic depth ~ 900secs; v, ~ 450 - 650 mHz

accoustic depth of base Con Zone ~ 2380secs; v, ~ 210uHz

signals at ~ 2201/Hz and ~ 350u/Hz should have corresponding
signals at ~150 and 120 (Nyquist ~ 86.Hz)

signal ~700 mHz could be Hell zone ; corresponding signal 100.Hz

Not convinced frequencies are accurate enough !
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Small separations d01, d10

hd49935_IRLR.1xt Power Spectrum of residuals to linear fit d01,d10
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Periods should match in pairs /v, + 1/v, = 1/4

158 in 2nd diff: from depth of Czone hence should be signal of
~200 fromradiusin dOl - there!

If 750 issignal fromHell in D could be signal of ~100 in dO1
signal ~ 520 in dO1 should be 105 in 2nd diff

If 700 signal acc depth of Hell zone could be signal 100 in 2nd diff
Large seps. 86-88 T = 5680 - 5800

Envelope model fitted to large seps (not nec correct) gives

Hell 450 - 650; BCZ v~ 210, T (acc radius) = 5680 (+- 70) secs
should be
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3 point small separations vxd,, v*d,,

2000 5000
Frequency (uHz)

5 point small separations vxdd,, v*dd,, |

2000 3000
Frequency (uHz)

|1=0,1 separations
dOl(n) :Vn,O_(Vn—1,1+Vn,1 )/2
Aio(N)=(VnotVii10) 12=Vn1

ddy; () = (V10— 4Vi11t
6Vn,O i 4Vn,1+ Vn+10 )/8

dd,y(n) =-(vp.11—4vpot
6Vn,1 — v, 10T V11 )/8

Solar model A




Oscillations of a Spherical Star

6\I1(r ’t) — Wnlm(r) Ylm(69¢) eizth

V=V, m Y mSpherical harmonics

n radial order ~ no of nodes
| degree, m azimuthal order

Only modes of low degree
observable over integrated disc

m degenerate Q, B =0
n=18, =2, m=2 Valm™ Vnl0o= Vn|










