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 \enus & Jupiter this a.m.
» Exoplanets: radial velocity
 Transit method = Kepler

;" Axel Brandeénburg w/ Max Gilbraith
- (Offiee hours: Mondays 2:30 — 3:30 in X590
and Wednesdays 11-12 in D230)
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A. Venus appears to move faster
B. Jupiter appears to move faster
C. Both move at the same speed



A. Venus appears to move faster
B. Jupiter appears to move faster
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First

confirmed
exoplanet
discovery

Hot Jupiter

Find it in the sky!









Jupiter-mass planet around solar-mass star
103 M, around 1 M,
at 0.1 AU

Distance of star to center of mass?

A. 10* AU
B. 103 AU
C. 10°AU

MR=mr, so R=r*m/M =0.1*103/1 = 104



Circumference: 2 £ 10* AU = 6x10 AU
Period 0.132 yr = 0.03 yr ~ 10 days
Speed = 6x10* AU/ 10d
= 6x104 x 1.5e11 m/10°s
= 108/10° m/s = 100 m/s

But what if orbit tilted?? |-

th tg, Th ldl t th bt lmotion fitted on each

p th | the ocity as a free parameter and with the
tr r fixed parameters ta I-( from Table 1.



A. Actual velocity larger?
B. Actual velocity smaller?




A. Actual velocity larger?
B. Actual velocity smaller?

- Only know minimal mass

Larger wobble, larger mass of the planet!!



New Kepler Planet Candidates
AsofJuly 23, 2015
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 Actually 5 planets
« ~100 ppm
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23:36 UTC
8:36 JST




ther spots are




moments before transit during transit

(light curve is flat) (dip in light curve)
never a transit!
(planet’s orbit 1s
tilted relative to
the observer)

o — o —

“Only” ~2% of all Kepler stars show transits

But: can “easily” observe Earth-sized planets = 100 ppm



A. 10%

B. 1%

C. 1 permille
D. 100 ppm
E. 10 ppm



A. 10%

B. 1%

C. 1 permille
D. 100 ppm
E. 10 ppm

Jupiter’s radius 1s 10% of the Sun’s radius
- it’s area is therefore 1% of the solar disk



* Need long-term stability?
 Fraction of heavy elements?

' ’ Star brightness vs. temperature
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+~—— White dwarf: —

. Oh Be A Fine [Guy/Gal/Girl] Kiss Me (Right Now [Smack/Sweetheart]).
. Oh Begone, A Friend's Gonna Kiss Me (Right Now Smack).
. Only Boys Accepting Feminism Get Kissed Meaningfully.



* Originally A, B, C, D,
Later reorganized by temperature
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Annie j{Jmp Cannon
(1863-1941) > 1901

Astronomy”

- ottt ‘ i Ao .

“There is no joy more intense than that of coming upon a fact that cannot be
erstood in terms of currently accepted ideas.”
—Cecilia Payne

CeC|I|a Payne// =
™ (1900- 1978)t

What are the stars made of? The answer to this fundamental question of astrophysics

4

, Stars made
of H& He |

was discovered in 1925 by Cecilia Payne and explained in her Ph.D. thesis. Payne

showed how to decode the complicated spectra of starlight in order to learn the relative
amounts of the chemical elements in the stars. In 1960 the distinguished astronomer
Otto Struve referred to this work as “the most brilliant Ph.D. thesis ever written in
astronomy.”




Spectal Type M/Msun Life span [Gyr] | Percentage

O 60 0.0005 0.001

B 6 0.05 0.1

A 2 1 1

= 1.5 2 2

G 1 10 I

K 0.7 20 15

\Y 0.2 600 I

 Life might not emerge on O, B, and A stars

« But they make up small percentage



A. 2% of its current age
B. 5%

C. 10%

D. 20%

E. 50%



Kepler-444 i1s 11.2 Gyr old!

-2 It was born when Universe was

A. 2% of Its current age

B. 5%

13.8 Gyr
C. 10% -11.2 Gyr
D. 20% 26Gyr
E. 50%

2.6/13.8 =0.2 = 20%



A. 2% of Its current age
B. 5%

C. 10%

D. 20%

E. 50%



asymptotic giani
branch stars

\ /% Hydrogen fusion
horizontal Helium fusion
bé"tanch
o Carbon fusion

Oxygen fusion

Nonburning hydrogen

Neon fusion

main M 2
sequence agnesium __-

(cwarfs) fusion
Silicon fusion-
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All topics will come up

See sample example
— And 1ts model solutions

15 min Q/A before the quiz

Friday: Carol Cleland:
— shadow biosphere



