
Kepler Orrery V
726 exoplanet “systems” (Oct 2018)



• Please pick up your papers

– There is great value in our comments and your followup!

– Improvement comes via PRACTICE

– Earn your: “Recovery Points” and “TBD grades”

• Course grades are posted

• Next TIMESTEP meeting (March 4; PAS 218)

– Resume Building and Interview Preparation

• Exam #1 (March 4)

– Prepare by removing “TBD grades” and working on “Recovery Points”

– Practice at ATOMM and office hours



Pick up your Papers
contemplate, repeat, and discuss with us



Known
exoplanets

Which
techniques are 
represented by 

the different 
colors?

Work together!



In last week’s 
science news!

https://arxiv.org/archive/astro-ph

Can you

make a

scale

drawing?

a = 4.5 Rstar

https://arxiv.org/archive/astro-ph


Indirect Method #3
eclipses (“transits”)

probabilities: 0.5% (Earth-like); 10% (Jupiter-like)

A planet can cross in front of a 
star diminish some of the star’s 

light.

How does the drop in flux scale 
with diameter of the planet?

What percentage signal drop 
do you expect?

Sun-Jupiter= ?

Sun-Earth = ?
Work together!



Our Textbook’s Statement (p. 300)
What does it mean exactly?

“If the cross-section of the planet is pRB
2 and the 

cross-section of the star is pRA
2, then when the 

planet lies directly between the star and an 
observer, the star’s measured flux F drops by a 

fractional amount …”

Can you illustrate that amount in a 
“lightcurve”?

dF/F = [pRB
2  / pRB

2 ] = (RB / RB)2 (Eqn 12.22)

Work together!



Lightcurve of NGTS-10b



Solution

• We want: (F – dF) / F

• Fractional change in area
– (AREA – area) / AREA
– (pR2 – pr2) / pR2

– 1 – (r/R)2

• RJup ~ 0.1 RSun
– So, Jupiter would reduce the Sun’s light by 1%.

• REarth ~ 0.01 RSun
– So, Earth would diminish Sun’s light by ~0.01 %.

How many parts per 

million reduction in 

flux?



Kepler 37 b,c,d planets
REarth =
0.35
0.74

2 



More than Meets the Eye
limb darkening and star spots

How overcome the effects of intermittent  star spots?





Mass Measurement Requires 
Multiple Techniques



Kepler Mission (2009-2018)
observed 150,000 stars towards a “fixed-field” in Cygnus

The objective was a combined differential photometric 
precision (CDPP) of 20 parts per million (PPM) on a 

magnitude 12 star for a 6.5-hour integration.



TESS Mission (2018 ->)
Transiting Exoplanet Survey Satellite

surveying 85% of the sky vs. Kepler 0.25%

• TESS's two-year all-sky survey 
will focus on nearby G, K, and 
M-type stars with apparent 
magnitude brighter than 
magnitude 12.

• Approximately 500,000 stars 
will be studied, including the 
1,000 closest red dwarfs across 
the whole sky, an area 400 
times larger than that covered 
by the Kepler mission.

https://en.wikipedia.org/wiki/Red_dwarf
https://en.wikipedia.org/wiki/Kepler_(spacecraft)


Kepler-1625 b 
plus … the first detected exomoon?



Nine of the ~4000 known exoplanets 
could currently detect Earth via transit



Direct Imaging of Exoplanets

Why would an alien 

be challenged to 

“see” Jupiter from a 

distance of 10 pc?

You should be able to 

calculate the relative 

brightness of Jupiter 

and Sun.





Earth’s Atmosphere Hurts !
It absorbs, blurs, and even emits its own light.

An infrared look through 
the atmosphere on a clear 

night

Turbulence blurs & twinkles starlight.

“seeing”

Characterize atmospheric 

seeing

Amp

freq



Direct Imaging
What is a “perfect” image?

Image diameter  a   2.44 l / D

(what units?)



Adaptive Optics
“removing” atmospheric 

blurring



Adaptive Optics



AO in Action



b Pic b


