1. Imagine a planet orbiting a star. Observations show a Doppler shift in the star's spectrum of 62 m/s over the 4.3 day orbit of the planet. What is the mass of the planet in kg? Assume the star has the same mass as the Sun (2.0 × 1030 kg), there are 365.25 days in a year, and 1AU = and 1.5 × 1011 m.

2. An astronomer on a planet orbiting the star Deneb wants to differentiate the reflected light by Earth from the light of the Sun. First, consider the area of Earth's disk which reflects the Sun's intercepted light. Second, consider the surface area of a sphere with the same radius as Earth’s orbit around the Sun. Take the ratio of these two areas. Assume the Earth's radius is 6400.0 km and is 1.4 × 108 km from the Sun.

3. Suppose a spaceship has the mass of a typical ocean cruise ship, then it can be assumed that it has a mass of 2.1 × 108 kg. Consider the kinetic energy required at 13 % of the speed of light. If energy to get a spaceship to cruising speed is generated using matter-antimatter annihilation, what mass of antimatter in kg is required?
[bookmark: _GoBack]Hint: Matter-antimatter annihilation converts an entire mass of matter and antimatter into pure energy with no loss.
4. Suppose that stars were born at random times over the last 1010 years. The rate of star formation is simply the number of stars divided by 1010 years. The fraction of stars with detected extrasolar planets is at least 13 %. The rate of star formation can be multiplied by this fraction to find the rate planet formation. How often (in years) does a planetary system form in our galaxy? Assume the Milky Way contains 6 × 1011 stars.

5. The mass of a planet is about 90 % of the mass of Jupiter with the same radius. What is the approximate average density of the planet in g/cm3? The mass of Jupiter is 2 × 1027 kg and Jupiter's radius is 74000.0 km.

6. Suppose there are 14000.0 civilizations broadcasting radio signals in the Milky Way Galaxy at the moment. On average, how many stars would have to be searched before a signal is heard? Assume that there are 7 × 1011 stars in the Galaxy and one civilization per star.


7. The NASA Kepler mission detected a transiting planet that blocks 1.6 % of the star's light and the host star has a radius 79 % of the Sun's radius (the Sun has a radius of 700,000 km). What is the radius of the exosolar planet in km?


