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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



Correction to homework



Groups of four

Get together in groups of four.
Pick a discussion leader and a scribe.
Put your names on a sheet of paper.

As a group, come up with a definition of the word area.

If you have a definition for area, next try for a definition of
volume.



Area of a triangle

The triangle on the left has sides of length 3 cm, 4 cm, and
5 cm.  Its area is 6 cm2.  The triangle on the right has
sides of length 6 cm, 8 cm, and 10 cm.  What is its area?

A. 12 cm2

B. 24 cm2

C.48 cm2

D.60 cm2



Equilateral triangle

An equilateral triangle with sides of length 3.72 cm has an
area of 6 cm2.  What is the area of an equilateral triangle
with sides of length 7.44 cm?

A. 9.72 cm2

B. 12.00 cm2

C.14.88 cm2

D.24.00 cm2



Surface area of a solid object

What is the surface area of a cube with a width of 2 cm?
A. 4 cm2

B. 12 cm2

C.16 cm2

D.24 cm2



Surface area of a cube

What is the surface area of a cube with a width of 2 cm?
A. 4 cm2

B. 12 cm2

C.16 cm2

D.24 cm2

A cube has 6 square faces, so its surface area is 6 times
the area of each face.  The area of a square is w2.

6 x 22 = 6 x 4 = 24

It turns out that the surface area of a sphere is 4 times the
area of a circle with the same radius or diameter.



Surface area of a sphere

A sphere with a diameter of 1 cm has a surface area of
3.14 cm2.  What is the surface area of a sphere with a
diameter of 100 cm?

A. 31.4 cm2

B. 314 cm2

C.3140 cm2

D.31400 cm2



Extrasolar planets

Two years ago a picture was taken of three planets orbiting
around a star.



Why did it take so long?

The nearest star to the Sun is 280,000 AU away.
If we scale the Sun to the size of a basketball, 1 AU would

be 100 feet, and Jupiter would be a golf ball 500 feet
from the basketball.

On this scale, the nearest star would be 280,000 x 100 feet
= 5000 miles away.

We’d need a good camera to separate Jupiter from the Sun
in out picture, but astronomers have good cameras.

The real problem is that Jupiter is much fainter than the
Sun.

Can we figure out how much fainter?
Where does the light we see from Jupiter originate?



How bright is Jupiter?

If all of the sunlight that hits Jupiter bounces off of it, we
can figure out how bright it is compared to the Sun by
asking what fraction of the Sun’s light hits Jupiter.

When sunlight gets to Jupiter, it has spread out over the
surface of an imaginary sphere 5 AU in radius.

Jupiter’s radius is 1/2000 AU, or 1/10,000 of 5 AU.
How does Jupiter’s area compare to the area of a sphere

with 10,000 times larger radius?



How bright is Jupiter?

How does Jupiter’s area compare to the area of a sphere
with 10,000 times larger radius?

It is 10,000 x 10,000 = 100,000,000 times smaller.
And since only the face of Jupiter that the sunlight hits

counts, only 1/400,000,000 of the Sun’s light hits Jupiter.
So even if all of this light bounces off of Jupiter, it would

appear 400,000,000 times fainter than the Sun.

Why wasn’t there a star 400,000,000 times brighter than
the planets in the picture I showed?



A possible planet and its star



Indirect evidence for extrasolar planets

If you ran My Solar System with a massive planet, you may
have noticed that the Sun moved.  Why did it move?



The motion of the Sun

If Jupiter were the only planet in the solar system, the Sun
and Jupiter would both orbit around their ‘center of mass’.

Since Jupiter’s mass is 1/1000 the Sun’s mass, the center
of mass is 1/1000 of the way from the center of the Sun
to the center of Jupiter.  That is near the surface of the
Sun.

If we took a picture of the solar system from a nearby star,
we’d probably only notice the Sun, but maybe if we took a
series of pictures we could tell that the Sun is moving.

It would be like seeing a basketball 5000 miles away move
by its diameter.

How long would it take it to move that far?



Motion of the Sun as seen from 10 light-years








