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Part I:  Multiple-Choice (2 pts. each)
You will find multiple-choice questions below.  Choose the best answer and enter in the table. 

Multiple Choice
	Question
	Answer

	1
	C

	2
	D

	3
	C

	4
	A

	5
	C

	6
	C

	7
	B

	8
	D

	9
	A

	10
	C

	11
	D

	12
	C

	13
	A

	14
	A

	15
	B

	16
	C

	17
	A

	18
	B

	19
	A

	20
	C



1. The age of our solar system is approximately
a. 13.7 million years
b. 4.6 million years
c. 4.6 billion years
d. 13.7 billion years

2. The age of the universe is approximately
a.  13.7 million years
b.  4.6 million years
c.  4.6 billion years
d. 13.7 billion years

3. The Sun exerts a gravitational force on Earth.  Earth exerts a gravitational force on the Sun.  Which of the following is correct?
a. The Earth’s force on the Sun is larger than the Sun’s force on Earth.
b. The Sun’s force on the Earth is larger than Earth’s force on the Sun.
c. The force of Earth on the Sun is equal to the force of the Sun on Earth
		d. As a result of these forces Earth and the Sun have equal but opposite accelerations



4. Satellites stay up because 
a. they are moving so fast that they are able to "fall" around Earth.  
b. they are away from Earth's gravity and thus do not get pulled down toward Earth.  
c. their rocket engines hold them above Earth's surface.  
d. there is a force pushing outward on them to counter Earth’s gravity.  

5. Compared to the star it evolved from, a red giant is  
a. hotter and brighter
b. hotter and dimmer
c. cooler and brighter
d. cooler and dimmer

6. Red giants are very luminous because 
a. they are very hot
b. they are fusing hydrogen into helium at a very rapid rate
c. they have very large radii
d. they are a kind of nova

7. What kind of pressure balances the inward pull of gravity in the sun?
a. neutron degeneracy pressure
b. electron degeneracy pressure
c. thermal and radiation pressure
d.     none of the above – nothing is balancing the inward pull of gravity

8. What kind of pressure balances the inward pull of gravity in a black hole?
a. neutron degeneracy pressure
b. electron degeneracy pressure
c. thermal pressure and radiation pressure
d. none of the above – nothing is balancing the inward pull of gravity

9. Where did your body’s hydrogen nuclei originate?
a. The Big Bang
b. A white dwarf supernova
c. A large mass star that underwent a supernova
d. A red giant that engulfed our solar system

10. Where did your body’s iron nuclei originate?
a.     The Big Bang
b. A white dwarf 
c. A large mass star that underwent a supernova
d. A red giant that engulfed our solar system

11. Soon after the Big Bang nuclear fusion converted hydrogen to helium.  During nuclear fusion, the force that overcomes the electromagnetic repulsion of two protons is 
a. the gravitational force
b. the electromagnetic force
c. the weak nuclear force
d. the strong nuclear force

12. Continuing the previous question, the force that is responsible for turning a proton into a neutron during nuclear fusion is
a. the gravitational force
b. the electromagnetic force
c. the weak nuclear force
d. the strong nuclear force



13. You observe the peak apparent brightness of two white dwarf supernovae. Supernova A is only 1/4 as bright as Supernova B. What can you say about their relative distances? 

a. Supernova A is twice as far away as Supernova B. 
b. Supernova A is 4 times as far away as Supernova B. 
c. Supernova B is 4 times as far away as Supernova A. 
d. Supernova B is twice as far away as Supernova A. 
e. We can't say anything about their relative distances because we do not know their luminosities. 

14.  To determine the distance to a main-sequence star you must know its apparent brightness and
		a.  its luminosity
		b.  its temperature
		c.  its mass
		d.  any of the above

15. A star with a continuous spectrum shines through a cool interstellar cloud composed primarily of hydrogen.  The star and cloud are moving towards Earth.  Which best describes the spectrum seen on Earth?  AWAY?
a. Blueshifted hydrogen emission lines
b. Blueshifted hydrogen absorption lines
c. Redshifted hydrogen emission lines
d. Redshifted hydrogen absorption lines

16. An astronomer wants to determine the rotation rate of a distant star.  She can accomplish this by viewing the star’s spectrum and measuring
	a. How much a spectra line shifts from “redder” to “bluer” over time
	b. The width of a spectral line
	c. Either of the above
	d. Neither of the above is measurable

17. Spectral lines from Galaxy A are redshifted from their rest wavelengths twice as much as the spectral lines from Galaxy B. According to Hubble's law, what can you say about their approximate relative distances? 
 	a. Galaxy A is twice as far as Galaxy B. 
b. Galaxy B is four times as far as Galaxy A. 
c. Galaxy A is four times as far as Galaxy B. 
d. Galaxy B is twice as far as Galaxy A. 

18. Which of the following statements about the CMB is not true?
a. It has a temperature of about 2.73 K
b. It is the result of a mixture of radiation from many different stars and galaxies
c. It had a much higher temperature in the past
d. It exists in your bedroom
e. Actually, all are true

19. Imagine you are a superhuman being who can survive under any conditions and can travel anywhere in space or time! It is bright everywhere.  There are H nuclei and some He nuclei ions and electrons but no neutral atoms.  While it’s hot (a few thousand degrees K) it’s not hot enough for fusion.  Where are you? 
a. In the universe at about 200,000 years
b. In the universe more than 10100 years in the future
c. In the core of the Sun
d. In a white dwarf

20. Light from a distant galaxy has traveled for 10 billion years before reaching Earth.  That means that 
a. the galaxy is 10 billion light years away from us now.
b. the galaxy is less than 10 billion light years away from us now.
c. the galaxy is more than 10 billion light years away from us now
d. the galaxy may be closer or farther than 10 billions light years away depending on which way it is moving

Part II:  
The following table comes from an article “7 Earth-sized planets circle nearby star,” from Science News, March 18, 2017. 

[image: ]

Answer the following:

1. (4 pts) The light curve from this star will have many “dips” due to the seven planets.  Would the dips vary greatly in size or would they vary minimally in size?  Explain.

The dips will vary minimally in size because the stars have greater size than the planets. When a planet is eclipsing a star, the chances of changing the luminosity of the star is about 1.5%. In this case, the variation created by one planet is too minimal to be detected. Additionally, the planets are relatively small in mass resulting smaller gravitational depressions. 



2. (3 pts) What is Newton’s version of Kepler’s Third Law?  Specifically, express this law mathematically, indicating units.

Kepler’ third Law states that the square of the orbital period of a planet is proportional to the cube of the semi-major axis of its orbit. 
 


The orbital period p, is measured in years (yrs.)
The semi-major axis a, is measured in astronomical units (AU)
where k is constant. 

3. (6 pts) Does Newton’s Version of Kepler’s Third Law apply in the Trappist -1 planetary system? Use the data from table in the article to support your answer.  Show your work.  
	
To apply Kepler’s third law in trappiest-1 planetary system, constant k will be calculated as follows.



making k the subject changes the equation to;



	Planet
	Period (days)
	Distance from the star (AU)
	

	Trappist-1b
	1.51
	0.011
	

	Trappist-1c
	2.42
	0.015
	

	Trappist-1d
	4.05
	0.021
	

	Trappist-1d
	6.10
	0.028
	

	Trappist-1f
	9.21
	0.037
	

	Trappist-1g
	12.35
	0.045
	

	Trappist-1h
	20
	0.06
	



The above data reveals that the value of k is relatively constant for all the planets meaning that newton’s Kepler’s third law is applicable to trappiest-1 system.

Part III.  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.” (3pts each)

1. Stars that begin their lives with the most mass have lived longer than less massive stars because they have so much more hydrogen fuel.

Clearly false. 

A star that is more luminous implies that more reactions are occurring within their cores. Massive stars live shorter life because their rate of fuel consumption is much higher than in the case of less massive stars.   

2. Matter cannot be created or destroyed.

Clearly true.
In thermodynamics, the first law denotes that matter can only be transferred from one form to another. In that, in a closed system the total energy cannot be created or destroyed.

3. An object is observed to be orbiting another (central) object that cannot be seen.  The orbiting object’s speed is 3 x 105 m/s and other measurements indicate that the radius of the orbit is 2 x1012m. The unseen central object is most probably a Neutron star. 

Clearly false.
Calculate the Mass using the following formula will give; 
= 2.7 x 1030 kg
The mass is approximately equal to the mass of sun, this implies that the central object is probably a white dwarf and not a neutron star. 

4. The Cosmic Microwave Background dates to 380,000 years after the Big Bang because before that time there were no photons in the universe. 

True. The existence of photons in the universe dates back to 380,000 years. However, thermal equilibrium with matter enabled the condition. The lack of photons in the universe led to extremely high temperatures and increased density in all directions. 

5. If the Big Bang had resulted in the same number of anti-particles as particles, the present universe would be empty.

Clearly true.
According to its proponents, if the Big Bang produced as much antimatter as matter, there would have been symmetry in the universe and, thus, formation of a vacuum.   


Part IV.  Assorted Questions  
1. (6pts) Briefly describe two key pieces of experimental evidence that support predictions made by the Big Bang Theory.

1) The cosmic microwave background radiation. This observation confirmed the existence of radioactive emissions that were coming from the sky using a radio telescope. This confirms the prediction that there was release of radiations in large volumes after the Big Bang.

2) The calculation of direction and speed of the nebulae Experiment. In this experiment by Vesto Slipher in 1912, the change in wavelengths of light intensity emanating from a spiral nebula was calculated. He realized that most of the nebulae were moving away from the earth.   The experiment supported the Big bang predictions that the galaxies were constantly moving away from the earth. 

2. (3pts) You are in a place that is extremely hot and dense, making you feel sweaty and claustrophobic.  Around you, nuclear fusion is converting carbon into oxygen and other elements.  Where are you and how do you know? 

I am in the core of a massive star approaching the end of its life. At the nuclei of the star, temperatures are extremely high. Additionally, the most common reaction in the core is the rapid conversion of carbon to oxygen and other elements. 

3. (3pts) Could our Sun ever undergo a nova or a white-dwarf supernova event?  Why or why not?

No, there is a small chance of the sun undergoing either of the two events. The main reason is because both of the two events require a threshold mass. Our sun’s mass does not meet the required threshold mass for nova or white-dwarf supernova event to occur. 

4. The spectrum of a distant galaxy is observed to include a spectral line at 524 nanometers.  The rest value for this spectral line is 393 nanometers. 

a. (7 pts) How long ago did the light leave this galaxy?  
Using Doppler’s law: 



V will be calculated as follows;




From Hubble’s law; 
 
t= d/v = 4.40 × 1025 m / (3 × 108 𝑚/s) = 1.467 x 1017 secs





converted to years the value of t will be: 4.65 billion years. 


b.  (3 pts) Can you use this information to determine the present distance to the galaxy? Explain.  

The information cannot be used to calculate the present distance of the galaxy because over time the universe has been expanding gradually. 

5. (10 pts) A Cepheid variable star is observed to have varying apparent brightness as seen below.  As measured from Earth, the average apparent brightness is 1.8 x 10-10 watt/m2.  Either (a) evaluate the distance to this star or (b) describe all the steps, equations, units and any additional information the astronomer would use to evaluate the distance.
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From: http://www.astrosociety.org/edu


The first step taken by the astronomer will involve observation of the star using the available resources. 

In the second step the astronomer will measure the brightness of the star. 

The stars under study will be observed for a specific period of time. 

Analysis curve (cephei light curves) as shown above will be developed by the astronomer.  

Using the above light curve as an example; the brightness of the star will be given by the following 
 …. eq 1

The sun has an apparent brightness of;

……. eq 2

Substitution method of eq 1 with eq 2 gives the following value for m.



The absolute magnitude can be calculated using interpolation method using the known value of period.  A graph of M against log P gives the absolute magnitude of brightness a value of -3.6

Given that; 
		      

Replacing the values of m, M gives the astronomer a cepheid distance of; 
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