Test Problems 1, Winter Semester 2015 (Based on Lectures 1-12, and Ch. 1-5, 11, 12.1,
and calculation 14.1 in book). Only one scientific digit is necessary in the * answers *.
You may use a calculator. In an exam, you must show your work.
1) A star has a surface temperature that is 5 times that of the sun.
a. Recalling that the sun has its spectral energy peak at a wavelength of about 500
nm, what would be the wavelength (in nm) of peak energy of this star?
b. What is the surface brightness (energy/area/time) of this star compared to the
Sun, B/Bsun?

2) State and describe briefly Kepler’s 3 laws of planetary motion

3) A spectral line that has rest wavelength of 600 nm is observed in the spectrum of
a star to have a wavelength of 600.2 nm.
a) Is the star moving away or toward the observer?
b) What is the fraction, v/c, the star's speed v to the speed of light c?
c) Given that the speed of light is c= 300,000 km/s, what is the star's speed in
km/s?

4) A planet X has mass and radius that are both twice that of earth (i.e. Mx = 2 Me
and Rx = 2 Re)
a. What is the acceleration of gravity gx (in m/s^2) of this planet?
b. Relative to your weight on earth, how much would you weigh on this planet?

5) Briefly describe the basic reason for the phases of the moon as seen by us on earth

6) Consider the gravitational force between the Earth and Sun.
a. By what factor would this force change if we magically doubled Earth's mass,
keep everything else the same?
b. By what factor would it change if we doubled both the earth's and sun's mass,
keeping the distance the same?
c. By what factor would it change if we doubled everything, i.e. both masses and
the distance?

7) Calculate the radius for the event horizon of a black hole with a mass 2 times the
mass of the Sun.
a. Give your answer in units of km.
b. If your answer in a) should exceed the radius of the sun, how would you use
scientific reasoning to conclude you must have made an error?

8) The moon’s angular diameter on the sky is about 0.5 degrees and the distance to it
is about 380 000 km.
a. What is the moon’s physical diameter?
b. How does your answer in a compare to the diameter of the earth? (The radius
of the earth is 6400 km)

9) Suppose a star four times more massive than our Sun has a planet the same mass
as Earth, orbiting at a distance of 1 AU.
a. What is the orbital period P of the planet (in years)?
b. How would the above answer change if the planet had twice the mass of
earth?

10) Briefly explain how the testing of a hypothesis is a crucial part of the method of
science.

11) Current human-made spacecraft can travel with a speed 5x10^4 km/hr. How long
would it take such a spacecraft to reach the center of our Milky Way Galaxy?
(Approximate the distance to the center of the Milky Way to 30 000 light-years,
give your answers in years using scientific notation, and recall there are 24 x 365
hours in one year.)
12) Briefly explain how we can learn about the conditions in the deep interiors of the
sun, despite that only its surface is directly visible to us.
13) In a binary star system with a parallax 0.02 arcsec, the two stars are observed to
have an angular separation of 2 arcsec.
a. What is the distance to this stellar system, in parsec?
b. Assuming the line between the two stars is perpendicular to our line of
sight, what is the physical separation between the stars in AU?
14) The Sun loses energy into space with a rate Lsun J/s. Assuming all this energy
comes from converting mass-energy by nuclear fusion in its core, how much mass
does the sun lose every second via such nuclear fusion? (HINT: Use Einstein’s
famous formula to relate the sun’s energy output to the mass-energy required to
produce this.)
15) Using the inverse square law for light,
a. what is the apparent brightness (J/s/m^2) of the sun on earth?
b. How much would your answer in a) be reduced, if the sun instead were
located 5 AU away from us (i.e, we would be roughly as far away from
the sun as Jupiter is)?
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𝐸 = 𝑚𝑐 !
𝑑 = 1/𝑝 (d in pc, p in arcsec)
𝑏 = 𝐿/(4𝜋  𝑑 ! ) (note: differ between little b and big B)
𝑐 = 3.0 ∗ 10!   𝑚/𝑠  
𝜎 = 5.7 ∗ 10!!   𝐽/(𝑠𝑚! 𝐾 ! )
ℎ = 6.6 ∗ 10!!"   𝐽𝑠
𝐺 = 6.7 ∗ 10!!!   𝑚! /(𝑘𝑔  𝑠 ! )
𝑀!"# = 2 ∗ 10!"   𝑘𝑔  
𝐿!"# = 4 ∗ 10!"   𝐽/𝑠 (J/s = Watts)
𝑅!"# = 7 ∗ 10! 𝑚
𝑔! = 10  𝑚/𝑠 !
1  𝐴𝑈 = 1.5 ∗ 10!! 𝑚  
1  𝑙𝑦 = 10!" 𝑘𝑚
1  𝑝𝑐 = 3.26  𝑙𝑦

	
  
	
  
	
  
	
  

  

Answers to numerical problems:
1)
3)
4)
6)
7)
8)
9)
11)
13)
14)
15)

a. 100 nm
b. 600
a. away
b. 3 ∗ 10!!
c. 100 km/s
a. 5 m/s^2
b. 0.5 (i.e. Wx / Wearth = 0.5)
a. 2 (increase)
b. 4 (increase)
c. 1 (remain the same)
a. 6 km
a. 3000 km
b. 0.2 Dearth (or 0.3 Dearth , depending on how many scientific digits you used in calculation)
a. 1/2 yr
b. It wouldn’t.
7 ∗ 10! 𝑦𝑟
a. 50 pc
b. 100 AU
4 ∗ 10! 𝑘𝑔
a. 1400 J/s/m^2
b. with a factor of 25 (0.04 * 1300 J/s/m^2)

