
ASTR/GEOL-2040: Search for life 

in the Universe: Lecture 31

• Venus & Jupiter this a.m.

• Exoplanets: radial velocity

• Transit method  Kepler

Axel Brandenburg w/ Max Gilbraith

(Office hours: Mondays 2:30 – 3:30 in X590

and Wednesdays 11-12 in D230)



Venus & Jupiter

• First 

confirmed 

exoplanet 

discovery

• Hot Jupiter  



Venus & Jupiter

A. Venus appears to move faster

B. Jupiter appears to move faster

C. Both move at the same speed
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Venus & Jupiter

A. Venus appears to move faster

B. Jupiter appears to move faster

C. Both move at the same speed



51 Pegasi b (=51 Peg b)

• First 

confirmed 

exoplanet 

discovery

• Hot Jupiter  

Find it in the sky!



Measure 

speed of 

star or 

planet?

A. Star

B. Planet

C. Both



Wobble of host star



Example of last lecture

• Jupiter-mass planet around solar-mass star

• 10-3 Msun around 1 Msun

• at 0.1 AU

• Distance of star to center of mass?

A. 10-4 AU

B. 10-3 AU

C. 10-2 AU

MR = mr,  so  R = r*m/M = 0.1*10-3/1 = 10-4 



Speed

• Circumference: 2 p 10-4 AU = 6x10-4 AU

• Period 0.13/2 yr = 0.03 yr ~ 10 days 

• Speed = 6x10-4 AU / 10 d

= 6x10-4  x 1.5e11 m/106s 

= 108/106 m/s = 100 m/s

• But what if orbit tilted??



Inclined orbit

A. Actual velocity larger?

B. Actual velocity smaller?



Inclined orbit

A. Actual velocity larger?

B. Actual velocity smaller?

Larger wobble, larger mass
Only know minimal mass

of the planet!!

earth



Other suns

• Serious search since 1937 (van de Kamp)

• 1992 planets around pulsars (!?)

• 1995 planet around sun-like star

• Exoplanet = extrasolar planet

Direct 

imaging
Radial

velocity
transit



Transit method
Kepler-444

• Actually 5 planets

• ~ 100 ppm
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Older stars, less Fe

• Fe produced over stellar generations

• Old stars: less 



Older stars, less Fe

• Fe produced over stellar generations

• Old stars: less 

The other spots are

 sunspots!



• See midterm + quizzes

• See all homework

We’ll miss most of the planets!

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

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



Jupiter sized planet

A. 10%

B. 1%

C. 1 permille

D. 100 ppm

E. 10 ppm
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Jupiter sized planet

A. 10%

B. 1%

C. 1 permille

D. 100 ppm

E. 10 ppm
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Jupiter’s radius is 10% of the Sun’s radius

 it’s area is therefore 1% of the solar disk



Which stars can host planets?

• Need long-term stability?

• Fraction of heavy elements?



From classification to understanding

• Originally A, B, C, D, …

• Later reorganized by temperature

Annie Jump Cannon

(1863-1941)  1901

Cecilia Payne

(1900-1978)

Stars made

of H & He



Enough time for life?

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

• But they make up small percentage

Spectal Type M/Msun Life span [Gyr] Percentage

O 60 0.0005 0.001

B 6 0.05 0.1

A 2 1 1

F 1.5 2 2

G 1 10 7

K 0.7 20 15

M 0.2 600 75



Kepler-444 is 11.2 Gyr old!
 it was born when Universe was

A. 2% of its current age

B. 5%

C. 10%

D. 20%

E. 50% 
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2.6 Gyr
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Born when Universe was

A. 2% of its current age

B. 5%

C. 10%

D. 20%

E. 50% 

13.8 Gyr

-11.2 Gyr

------------

2.6 Gyr

2.6/13.8 = 0.2 = 20%



• Carbon comes from nuclear fusion in stars

• Late stages of evolution

31

Organic matter in the Universe



Quiz on Wednesday

• All topics will come up

• See sample example

– And its model solutions

• 15 min Q/A before the quiz

• Friday: Carol Cleland:

– shadow biosphere


