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Part I – Multiple Choice 

You will find multiple-choice questions on the following pages.  Please enter your answers in the table below.  (2.5 pts each)

	Question
	Answer

	1
	B

	2
	C

	3
	B

	4
	D

	5
	A

	6
	C

	7
	C

	8
	C

	9
	A

	10
	C




 
1. When an electron in an atom loses energy going from a higher energy level to a lower energy level it
a. Loses kinetic energy
b. Releases a photon equal in energy to its own energy drop
c. Absorbs a photon equal in energy to its own energy drop
d. Loses gravitational potential energy
e. Any of the above

2. An electron in a particular atom falls from level 4 to level 2 emitting a red photon.  If this electron falls from level 4 to 3 in this atom, the photon could be
a. yellow
b. ultraviolet
c. infrared
d. any of the above depending on the type of atom

3.  In the Sun the transition from level 4 to level 2 results in the emission of a photon with wavelength 486.1 nm.  In a star that is twice as hot as the Sun, this transition would produce photons with
a.  half that wavelength
b.  the same wavelength
c.  twice that wavelength
d.  four times that wavelength

4. Why does fusion of hydrogen release energy?
		a.  Fusion breaks the bonds between hydrogen atoms, releasing energetic photons
		b. The velocity of four protons is larger than the velocity of a helium nucleus.
		c. The mass of a helium nucleus is larger than the mass of four protons.
		d. The mass of a helium nucleus is smaller than the mass of four protons
		 
5. If the center of the Sun could be heated slightly, the nuclear reactions would occur faster and hence raise the temperature even further, so the Sun’s core would
a. Collapse
b. Expand and hence cool back to its normal temperature
c. Expand and hence heat up even more
d. Explode

6. If the distance between us and a star is tripled, with everything else remaining the same, 
a. the luminosity is decreased by a factor of three, and the apparent brightness is decreased by a factor of three
b. the luminosity remains the same, and the apparent brightness is decreased by a factor of three
c. the luminosity remains the same, and the apparent brightness is decreased by a factor of nine
d. the luminosity is decreased by a factor of nine, and the apparent brightness is also decreased by        a factor of nine

7.  Which of the following is false
	a.  Energy cannot be created or destroyed
	b.  Matter cannot be created or destroyed
	c.  As a star contracts it loses gravitational potential energy
	d.  all of the above
	e.  none of the above

8. The defining characteristic of a main-sequence star is that
a. it has an average mass
b. it is undergoing fusion
c. it is undergoing fusion, converting hydrogen to helium
d. its luminosity depends on its temperature and radius
e. any of the above


9. The thermal spectrum of a star peaks at 300 nm.  The absorption spectrum of this star is likely to indicate
	a.   the strong presence of Hydrogen atoms
b.   the presence of molecules.
c.  the presence of ionized Helium
d.  any of the above
e.  all of the above 

 10. During the fusion process in the Sun we know that the weak force plays a role because
	a.  an up quark disappears and is replaced by a down quark
	b. neutrinos are released
	c.  a proton is replaced by a neutron
	d.  all of the above
 
Part II:  True/False
For each of the following decide whether the statement makes sense (or is clearly true) or does not make sense (or is clearly false).  You must explain your choice clearly, but briefly –even if you choose “true.”  An answer without an explanation gets no credit. (3 pts each.)

1. Because gamma ray photons have more energy than visible light photons they travel faster than visible light photons.
a. False: Gamma rays are a form of light. Light is any electromagnetic radiation. Both are waves that transport energy as they move. Light is also a particle characterized by the same frequency that I just talked about. Gamma ray particles have higher frequencies than visible light particles. So, they contain and transport correspondingly more energy. This energy is the particle. Light particles have no mass. The light particle’s energy has nothing to do with it’s speed. More energetic light waves or particles do not travel faster than less energetic ones. They all move/propagate at the same 2.99792458 x 10^8 m/s. So, visible light does not travel faster than gamma rays.

2. It is possible to change the luminosity of a star by changing its apparent brightness and distance from Earth.
a. True: this is because the luminosity of a star depends on the distance from earth and the brightness. 

3. The proton-proton chain in the Sun produces a positron.  The positron, traveling at close to the speed of light, quickly leaves the Sun.
a. True; Helium is produced in the fusion of hydrogen, there are two other particles produced. One is the "positron" and the other is a neutrino.




4. The proton-proton chain in the Sun produces a neutrino.  The neutrino, traveling at close to the speed of light, quickly leaves the Sun.
a. False: the neutrino takes over one million years to move away from the surface core.

5. The proton-proton chain in the Sun produces gamma ray photons.  These photons travel at the speed of light and quickly leave the Sun.
a. False; the sun does not produce gamma rays.

6. If two main-sequence stars have essentially the same temperature they also have essentially the same luminosity. 
a. False; their luminosity mainly depends on their distance from the sun.

7. The apparent brightness and distance from a star are properties of the star that determine its luminosity. 
a. False; the apparent brightness and the distance from the earth are the factors that determine luminosity.

8. Stars A and B are both main-sequence stars.  Star A’s thermal spectrum peaks at 850nm.  Star B’s thermal spectrum peaks at 420nm.  Star A is less massive than Star B. 
a. True; brighter, hotter, larger. Since both stars are main-sequences, more massive implies hotter, larger, and more luminous


Part III.  Short Answers

1. (5 pts) How do scientists determine the temperature of a star? – What would they measure? What equipment might they use? What equations, or other information, if any, would they use?
a. fitting a blackbody curve to the star’s spectrum and finding the wavelength of the curve’s peak. They analyze the temperature based on the color of the light it emits then they use the color code to classify the temperature based on the wavelength.

2. (5pts) How can scientists determine what a star is made of? – What would they measure? What equipment might they use? What equations, or other information, if any, would they use?
a. They use the spectroscopy technique. An instrument called a 'spectrometer' is pointed at a distant star, galaxy, cloud of dust, planet, or whatever else a scientist might want to look at and it collects a snapshot of the light coming from it. The spectrometer spreads the light out a bit like a prism would so that we see a rainbow of colors rather than just white light.


3. (4 pts) An astronomer measures the surface temperature and luminosity of a star.  How can she use this information to determine whether or not the star is fusing hydrogen to helium in its core? 
a. Whenever a star is fusing hydrogen to a helium core, the surface temperature increases, and the sun becomes brighter, therefore, increases its luminosity. Once the hydrogen is depleted and the star collapses

4. (4pts) The thermal spectrum of a star peaks at 250 nm.  Is the absorption spectrum of this star likely to indicate the presence of molecules?  Explain.
a. Yes, there is presence of the molecules in the absorption spectrum as this wavelength of 250nm is in the ultraviolet region and excitation of organic molecules occurs here.


5.   As the Sun formed, particles (mostly hydrogen atoms) “fell” inward.  
a.(4 pts) What changes did this make in the energy of these atoms?  Be specific about types of energy.
As the hydrogen atoms fell inward the initial gravitational potential energy changed to kinetic energy of the individual gas particles. 

b.(4 pts) Why did this result in the Sun becoming a ball of plasma?
The sun became a ball of plasma once the hydrogen atoms that fell inwards crashed against each other and the vast kinetic energy was converted into vast thermal energy.


5. (5pts) In a class activity we considered a process wherein an electron (mass = 9.11x10-31 kg) and positron annihilated each other resulting in two identical gamma ray photons. If a proton (mass =1.67x10-27 kg) and antiproton annihilate each other, will the resulting photons have longer or shorter wavelengths than those from the electron/positron process?  Explain your reasoning.


Part IV. (20 pts) An astronomer is studying a particular main-sequence star with the spectrum seen below. This star’s apparent brightness measured from Earth is 1.9 x 10-11 watt/m2.  
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