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Exoplanets have long been speculated
to exist

1987 First predictions
1990’s large object revolving round a pulsar

Exoplanet.eu (>1000 planets listed)



http://exoplanet.eu/catalog/

Declination (°)

Location of All the Stars with Exoplanets
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Why are exoplanets so hard to find?

* Planets are much smaller than stars
* No light source, reflection only (albedo)
 Overexposed by starlight



Mechanics

Star and planet evolve around the same barycenter
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Detection Methods

Overview

Total: 763 planets
April 2012
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Detection Methods

e Radial velocity




Detection Methods

* Direct imaging
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Detection Methods

* Microlensing (Einstein’s general relativity)
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Detection Methods

Secondary Edlipsa
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The assignment
Question:

What is the relation between the diameter of a planet and the star’s intensity dip
during a transient passage.

Obviously: the larger the planet, the deeper the dip. Find a mathematical relation.
Write that relation in a linear form.

Measurements:

* Take four planets of different sizes. Measure their diameters with calipers (This is something
astronomers can’t do).

* Measure the deflections (at least three readings each) and plot the data.

*  Manipulate your data so you can plot it in a linear graph (Excel). This is your calibration graph
(nice if you put in error bars).

* Take a fifth planet and derive its diameter from its transient and your calibration curve. This is
the astronomers way!

* Check with your calipers, and compare with your transient measurement.

Astronomers know the size stars. Our star has diameter of 40 mm
(official match ball)







Build planetary system on this end

Make
this
distance
as large
as
possible

Build telescope system on this end
(where the computer is)






Adjust 1 of 4

Computer interface .
P for stability

Careful with lens.
Place lens convex
side up side on a

Optical breadboard

piece of paper
when not used




The sensor is very small ...

AR

If you want to
image the star
and its planet ...
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Tubeless telescope (Christaan
Huygens)

e When is a tube
not needed?



Use a washer
with hex screw

Clamping fork
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Labjack knob
Z-axis positioning

Labjack on paper sheet
Y-axis positioning




IPCOACH settings

* Load activity Discover Exoplanets

e Sample time 100 sec
 Sample freq 1000 Hz



Assignment:

Derive a relation between the change in light
intensity during a passage and the size of the
planets.

Make a linear calibration curve using four planets
with known diameters (calipers).

Use the aclibration curve to predict the diameter
of a fifth planet from your light signal.

Check your result using calipers.

Discuss the uncertainties (systematic errors) and
make suggestions to improve the setup.



Drake’s equation

*N=R*ef en efefef el
* R* =the average rate of star formation in our galaxy

. fp = the fraction of those stars that have planets

* n,=the average number of planets that can potentially
support life per star that has planets

* f,=the fraction of planets that could support life that actually
develop life at some point

* f =the fraction of planets with life that actually go on to
develop intelligent life (civilizations)

* f_=the fraction of civilizations that develop a technology that
releases detectable signs of their existence into space

L =the length of time for which such civilizations release detectable
signals into space



What is the chance we find aliens (or aliens find
us) with the transient method

Diameters: earth/sun =1/100
Distance sun/earth = 1/100 sun diameters






