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Topics for this week

Area and volume
Finding extrasolar planets

Imaging
Astrometric technique
Doppler technique
Transit technique

What is found
Masses
Orbits
Densities and compositions

Formation of extrasolar planets



Doppler technique

Measuring a motion in the sky of 0.001 arcseconds is
almost as difficult as taking a picture of a planet.

It turns out that it is easier to measure the Doppler shift of
the star than it is to measure its change in position.

On your homework you will calculate the Doppler shift of
the Sun caused by the pull of Jupiter.

It is small, but with some effort we can measure it.



Doppler shift of a star caused by a planet



What can we calculate?

The period of the planet’s orbit is the time from one peak of
the velocity curve to the next.

If we know the mass of the star, we can use Kepler’s 3rd

law to calculate the radius of the planet’s orbit.
The distance the star travels in that time is the period times

the speed, which is given by the maximum Doppler shift.
d = vt

This is the circumference of the star’s orbit, and the radius
of the star’s orbit = circumference / 2π.

The ratio of the mass of the planet to the mass of the star
equals the ratio of the radius of the star’s orbit to the
radius of the planet’s orbit.

So we can learn both the mass of the planet and the size of
its orbit.



A complication
The Doppler shift also depends on how we view the orbit of

the planet and its star.
We can’t know this from just the Doppler shift.





Velocities derived from
Doppler shifts

The original data has the
Doppler shifts caused by
the three planets
combined.

They show them separately
in this figure.







Transit technique

There is yet another technique for finding planets around
other stars.

If the planet’s orbit happens to make it pass between us
and the star, it can block some of the starlight and make
the star appear dimmer.

And if the planet passes behind the star, the planet’s light
(either reflected starlight or emitted infrared light) can be
blocked by the star.

If you were observing the Sun from far away and Jupiter
passed between you and the Sun, how much of the
Sun’s light would be blocked?

Hint: Jupiter’s diameter is 1/10 the Sun’s diameter.



Transit technique

How large is this planet?
How bright is its surface compared to its star’s surface?



Composition of a planet’s atmosphere



What sorts of planets have we found?



What are their orbits like?


