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We’ve talked about the 
Terrestrial Planets and 

the Jovian Planets -
What about planets 

around other systems?

Review



Why is it so difficult to detect 
planets around other stars?

Review



Planet Detection

• Direct: Pictures or spectra of the 
planets themselves

• Indirect: Measurements of stellar 
properties revealing the effects of 
orbiting planets

Review



UV         Visible                                  Infrared

• Planet is always fainter than the star, but at infrared 
wavelengths the relative brightness is the closest

•e.g. Jupiter is only 10,000 times fainter at IR

Review
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Even in the infrared, direct 
detection is still VERY hard

Only a few planets have been detected by this method

Brown Dwarf

Planet(?)

Review



How can we detect planets 
around other stars?

• What about indirect detection?
– Detecting the planet by detecting 

its interaction with things around 
it.

• What properties of the planet 
could affect the star?

Review



Detections due to MASS of planet
• Astrometric Technique
• Doppler Technique

Detections due to SIZE of planet
• Transit Technique

Review



Astrometric Technique
• Can detect planets 

by measuring the 
change in a star’s 
position on the sky

• Tiny motions are 
very difficult to 
measure
– 1 arcsecond ~ 

width of a human 
hair from about 30 
feet away

Review



Doppler technique (shift of spectral 
lines)

• Usually involves 
measuring the gas 
in a lab (on Earth)

• Then, measure 
redshift or 
blueshift of the 
astronomical 
object to get the 
velocity towards or 
away you.

A

B

C

D

Which object 
is moving 
away the 
fastest?

Review



Doppler Technique
• Measuring a star’s 

Doppler shift can 
tell us its motion 
toward and away 
from us 

• Current 
techniques can 
measure motions 
as small as 1 m/s 
(walking speed!)



Suppose you found a star with the same mass as 
the Sun with spectral lines that are slightly 
redshifted then slightly blueshifted with a 

repeating period of 16 months—what could you 
conclude?

A. It has a planet orbiting at less than 1 AU.
B. It has a planet orbiting at greater than 1 AU.
C. The planet is much more massive than the 

Earth
D. The planet is much less massive than the 

Earth
E. We do not have enough information to know 

the planet’s orbital distance or mass.

Clicker Question
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Velocity curves



Various Velocity Curves

• Period gives distance from star
• Amplitude gives mass of planet
• Asymmetry of curve gives eccentricity of orbit

Large 
planet 
mass

Highly 
eccentric 
orbit

Small 
orbit

Large 
orbit



What's the major difference between 1 & 2?
A. 1 has a more massive planet
B. 2 has a more massive planet
C. 1 has a closer planet
D. 2 has a closer planet
E. 1 has a highly eccentric planet

Clicker Question
1

2

3

4
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What's the major difference between 1 & 3?
A. 1 has a more massive planet
B. 3 has a more massive planet
C. 1 has a closer planet
D. 3 has a closer planet
E. 1 has a highly eccentric planet

Clicker Question
1

2

3

4
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What's going on in 4?
A. A VERY massive planet 
B. A VERY close planet
C. A VERY far planet
D. A VERY eccentric orbit

Clicker Question
1

2

3

4
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Multiple Planets
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• Direct Detection
– Seeing the actual planet

• Direct Imaging

• Indirect Detection
– Detections due to MASS of planet

• Astrometric Technique
• Doppler Technique

– Detections due to SIZE of planet
• Transit Technique

Methods for Detecting 
Extrasolar Planets



Transit Technique

• A transit is when a planet crosses in front of a star (or eclipse when 
behind)

• Reduction in the star's apparent brightness tells us planet's radius
• Period of dips tells us the planet's distance from host star
• Mass can be learned from Doppler technique
• Mass & Volume (from radius) tells us DENSITY
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An Example of a Transit



The Kepler Mission

Built by Ball Aerospace – in Boulder!

Operated by CU students! 

Launched 2009
7 yrs of operation
Crippled in 2013





Kepler stares at the same 10° x 10° field 
of view for 3 ½ years – monitoring the same 
set of thousands of stars, looking for 
dimming of the stars due to planets 
transiting in front.



Kepler Highlights

• January 2011: 
The Kepler team 
announced the 
discovery of the 
first 
unquestionably 
rocky planet 
(Radius=1.4 REarth) 
outside the solar 
system.



Kepler Highlights

• February 2011: 
scientists 
announced Kepler 
had found a very 
crowded and 
compact 
planetary system 
-- a star with 
multiple 
transiting 
planets. 
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Kepler 11 b c d e f g



Kepler Highlights

• September 2011: 
Kepler data 
confirmed the 
existence of a 
world with a 
double sunset 
like the one 
famously 
portrayed in the 
film "Star Wars."



Kepler-16b – rendering (NASA credit)



Kepler Highlights

• December 2011:
Kepler
announced 
finding a planet 
outside the 
solar system 
that could have 
have the right 
temperature to 
support life



Kepler Highlights

• October 2013: First Earth-sized planet that has a rocky 
composition.
– Period=8.5 hours



The Nature of Extrasolar 
Planets

• Measurable properties:
– Orbital Period, Distance, and Shape
– Planet Mass, Size, and Density
– Atmosphere, Composition



Orbits of Extrasolar Planets

• Most of the detected 
planets have orbits 
smaller than Jupiter's
– Planets at small 

distances orbit more 
often and are easier to 
detect with Doppler 
technique

– “Selection effect”: A 
bias in results due to 
the method of 
measurement

• Many elliptical orbits
– Not a selection effect
– Resonance?



Masses of Extrasolar Planets
• Most of the 

Doppler detected 
planets have 
masses greater 
than Earth

• Why?
– Another selection 

effect: Planets 
with large masses 
create large (fast) 
movements of the 
star

Earth 
here



Potential Planets…
• Missing Earth-sized planets finally found (by Kepler satellite)!!

– Most recent data suggest 1 in 5 Sun-like stars have Earth-like 
planets!

Earth 
here



A new class: Jupiter-like Planets

• Known as “hot 
Jupiters”
– Have permanent day and 

night sides
– Too hot for methane or 

ammonia clouds 
– Synchronous rotation
– Hot enough to glow (at 

visible wavelengths!)



Forming Other Solar Systems
• Certain observed properties contradict the 

nebular hypothesis:
– Big planets should form outside the frost line

• “Hot Jupiters” have the wrong composition for their 
location!!

– Orbits should be mostly circular due to cloud 
collapse

• We need to modify the nebular theory to 
explain the new data
– It works for us but not for every system
– But we can't take away features that explain our

own solar system!



Problem 1:

Close orbits of big planets



Planetary Migration
• A young planet’s

motion can create 
waves in a young 
star’s disk 

• Models show that 
matter in these 
waves can tug on a 
planet, causing its 
orbit to migrate 
inward



Problem 2:

Lots of elliptical (eccentric) orbits



Orbital Resonances

• Resonances 
between planets 
(and the disk 
itself) can also 
cause their orbits 
to become more 
elliptical
– Just like moons!



Modifying the Nebular Theory
• Effects like planet migration and gravitational 

encounters might be more important in other 
solar systems
– Exceptions still popping up as we discover more 

systems

• Is our system unique?
– ~20% of Sun-like stars have been estimated to 

have Earth-like planets
– Migration, resonances, gravitational encounters all 

pose threats for developing life.
• Thus it is not surprising we developed on a system that 

doesn’t seem to match the systems discovered SO FAR


