Lecture 14

Exitation of sound waves (Stix p. 230)
p and g modes (Stix pp. 198-201)
Convection, granulation (Stix pp. 237)
simulations




|_ast time

 FFT: line width, side lobes, ...
» Doppler shift: from dispersion relation

e Departures at bottom of convection zone

— Abundances of heavier elements (Z)
— Potential problems with mixing length theory




What causes sound waves?

Perturbations from the core
Perturbations from the surface
Perturbations within convection zone

Pertubations at interface to radiative
Interior

E. An instability
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1st law of thermodynamics
du = dW + dQ

change Workon change
of internal orfrom of heat
energy system

Energy Is conserved

—> no perpetual motion machines

dw = -PdV compression/expansion
dQ =TdS change of entropy

adiabatic changes: dS=0



Specific volume v
v=volume/mass = p!

dW =—PdV dw=—Pdv=—-Pdp™

szizdp
Yo,



Internal energy & specific heat

ou ou
du = (EJT dv + (a—_l_jv dT du=c,dT

%f_/ %K_J

=0 for =C, =Specific

perfect gas heat at const
volume

Internal energy equation

c,dT = iz do+Tds
Io,



Pressure, density, entropy

P
¢, dT =—-dp+Tds

P,
thmi P RT
53?32:&?!? c,TdInT = Ed In p+Tds Perfectgas: — = RT
P p MU
R dinP=dInT+dInp
SO c,dInP :(—Jrcvjd In p+ds
N lLl P
k if ds=0

c / C, =V Ratio of specific heats at congtant pressure —— P o p7
P and constant volume, respectively



Using entropy

rewrite. CVdIan(%—cvjdln;Hds

—_—
C

as:
ds=c,dInP-c dInp

Use vertical derivative: stratification

ds_C dinP - dinp

dz Y dz " dz




Entropy & convection

— 1 . Adiabatic changes: S=const
S / C In P In '0 P equilibrium: S+ - buoyant

S pert
_ overshoot

pert

S \\unstable

Z
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Buoyancy?

—@ p ¢+ O
|
—(®)

P r

Moves upward If p* > p,*
Moves upward If p* < p,*
Moves upward if or>0
Moves upward If 6r>0




Using entropy: pressure equilibrium

as: ds=c,dInP-c,dInp

ds/c,=-dInP-dlnp

Small changes
&lc,=-0InP-5Inp

Pressure equilibrium oInP=0
between blob and =&lc,=—5Inp

surroundings 5s>0 > buoyant



Original mixing length model
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Interior



Upward displacement: expansion

-2 why?
@ p r o+ Or
|
—@ P r

A. Density decreases upward

B. Pressure decreases upward

C. Temperature decreases upward
D. All of the above

E

Neither of the above: It Is related to
entropy



It IS related to density decrease

USE O:V.(pu):pV-U+U°V,0

oln p u

SO 0=V.u+u, =V.u-——
0z H,
U
V-u=—
Hp

—> upward compression If density
Increases In the upward direction



Does It become heavier or
lighter than surroundings?

I.e., positive or negative buoyancy?

@ P— ¢ + OF

|
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Upward displacement: expansion

-2 why?
@ p r o+ Or
|
—@ P r

A. Density decreases upward

B. Pressure decreases upward

C. Temperature decreases upward
D. All of the above

E

Neither of the above: It Is related to
entropy



Buoyancy oscillations

Momentum eqn:

Po o —Vp, + o 9...
ol p,
Entropy equarion: 83 = 5,0 /p
1 _

E——Ul VSO =olnp

=-d&/c,
Ignore pressure for now,

S0 as to understand =-S5,/ Co

buoyancy effect ( lw -0 /ij(alz] _0



Doppler shift: linearize about u,=const

Expand continuity eqgn: %0 =—-U-Vp—-pV-u

Momntum eqgn (isothermal): pa_u —pu-Vu —EVp+...
ot H
Linearized form Trial solution Ay (z,1) = pe"* ™ +cc.
:“ansatz” u ) Z,t _ u Zelk Z—iot +C.C.
6101 —Uy Vo = poV -y L=
ot
ou RT lo—U,,iK, —1K A
Po—=-Uy VU, ——Vp, o 2P0 P
ot y7i RT . . . =0
—ik, —  l1wp, —U,,IK, G,
y7i
Dispersion relation
RT |,
( 02kz ) k C, =- IRT 7 Sound speed

u



g-modes

» \Would probe the center
e Are evanescent in the convection zone
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What we learned

A bit of thermodynamics
« Working with entropy
« How to do simulations




Homework 3

Choose a recent article (see list of sites and examples below) that interests you, then write a brief report that
describes the science upon which it is based. Some key questions that you may like to consider include:

e [s the journalist leaving out any important information?

e [s the science reported faithfully or is it misrepresented?

e If the article includes "everyday-world" analogies or similes, are they misleading?

e [f the science includes cbservations, does the article describe how, when & where the cbservations were
made?

¢ Does the article convey a sense of why these results are important?

Your report should be about 1000 words in length, which is roughly 4 double-spaced pages. It can also include
images or equations, but those don't count toward the 1000 word total. Please also include a full copy of the
news story (with URL) that you chose to analyze. You can submit the whole thing -- your report and the story it's
based on - either electronically (PDF preferred; see main course page for my email address) or on paper.

Your grade will be based on how well you convey your understanding of the topic (i.e., expressing what you have
learned in your own words) and how you link the material to the topics that we're covering in class. Spelling and
proper grammar will also be taken into account, since the ability to communicate your thoughts clearly in writing
is a key skill to develop.

Science media news sites:

On the following sites, it will be helpful to search for keywords like "Sun", "solar flare", "solar wind", "plasma”,
"magnetospheres", or "aurora":

e Science.nasa.gov/science-news/
e Space.colm/news
e sciencemad.org/category/space




Check detalls

Mind boggling as that number is, this tremendous energy output cannot
explain how material that is spit out by these explosions gets ramped up to
nearly the speed of light. It's like expecting a golf cart motor to power a
Ferrari.

Bin Chen, a researcher at the Harvard-Smithsonian Center for
Astrophysics is the lead author on a new research paper that provides the
first solid observational evidence that ultraspeedy particles released during
a solar eruption are accelerated by a kind of stationary shock wave called
a "termination shock."

Chen and his coauthors saw evidence of this termination shock during a
solar flare on March 3, 2012, using the Karl G. Jansky Very Large Array
(VLA) in New Mexico. The recently upgraded telescope was beneficial for
two reasons. First, it detects radio waves, which means it isn't
overwhelmed by the brightest flashes of light emitted during a solar flare.
But looking at a solar flare radio frequencies does reveal the particles
accelerated by the termination shock.



Verify with ADS

SAO/NASA ADS Astronomy Query Form for Axel Brandenburg

Sitemap What's New Feedback Basic Search Preferences FAQ HEILP

Looking for an easy on the eyes UI? Try ADS Bumblebee !

Send Query | [ Return Query Form ] [ Store Default Form ] [ Clear ]
Databases to query: @ Astronomy 0 Physics ®& arXiv e-prints

Authors: (Last, First M, one per line) I SIMBAD ®NED & ADS Objects
[ Exact name matching Object name/position search

[ Reqguire author for selection [ Require object for selection
(@® OR O AND O simple logic) (Combine with: @ QR O AND)
*Chen,Bin ‘ ‘
Publication Date between [ ] l ] and [ ] [ ]
(MM)  (YYYY) (MM)  (YYYY)

+ Full Refereed Journal Article (PDE/Postscript)

- arXiv e-print (arXiv:1512.02237)

- References in the article




arXiv version easier?

Bibcode Score Date List of Links

Authors Title Access Control Help

0 20155ci...350.1238C 1.000 12/2015A E F X R U
Chen, Bin; Bastian, Timothy S.; Particle acceleration by a solar flare termination shock

Shen, Chengcai; Gary, Dale E.;

Krucker, Sam; Glesener, Lindsay

0 201 5PhRvD..9216002C 1.000 12/2015A E X RC U
Chen, Bin; Wu, Jie-qiang Large interval limit of Rényi entropy at high temperature

0 201 5JHEP...12..109C 1.000 12/2015A E X RC U
Chen, Bin; Wu, Jie-qiang 1-loop partition function in AdS 3/ CFT o

0 201 5arXivl 51208400C 1.000 12/2015 A X RC U

Chen, Bin; Wu, Jie

Non-vanishing and sign changes of Hecke eigenvalues for
half-integral weight cusp forms




Try to understand
at least one
details from one
caption
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Fig. 1. Solar flare seen in multiple wavelengths (A) The eruptive flare observed 1n EUV and X-ray

lengths by the heric Imaging Assembly 171 A (red), X-Ray Telescope (XRT; aboard
Hinode) Be-thin (yellow contours, showing the eruption), and AIA 131 A (green, showing the newly-
reconnected flare loops) passbands, which are respectively sensitive to plasma temperatures of 0.8
MK, >2 MK, and 10 MK. (B) Closer view of the flaning region (box in A, rotated clockwise to an upright
orientation). A radio source (blue; at 1.2 GHz) is observed at the top of hot flaring loops (~10 MK), which
is nearly cospatial with a non-thermal HXR source (white contours, at 15-25 keV) seen by the Reuven
Ramaty High Energy Solar Spectroscopic Imager (RHESSI)

...one detail that
relates to the title
of the paper
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Fig. 3. Obgervation and simulation of the dynamic termination sheck (A) A closer visw of the LT
region (white box mn Fig. 1B) at 18:30:57 UT (denoted as # in Fig. 2E). The TS appears as a dynamic

surface delineated by the many wwesoled radio sources, each of which corresponds to a mdio spike 1
the dynamic spectrum at a grven hone and fregquency (colomwd dots indicate their cenfroid locaton). Whate
contowrs show the coromal HXR source at 15-25 keV. The grayscale background is the AIA 94 A
mfensity. (B) The T3 15 seen in the MHD simulafion as a sharp layer of velocity discontinmty at the LT
The fagt-mode magnefosonic MMach number 15 shown m color, overlaid with magnetc field lines. (C)
Physical scenano of emassion processes near the TS. Facio smkes are emitted as accelerated electons
mpinge density fluctuations at the shock (blue circles). These electrons also produce a HXER source in the



