
 
Test Problems 2, Winter Semester 2015, based primarily on later part of the course. 
Essentially on Ch. 12,13.1-3,14,16.1-2,17.1-3,18,19.5. Only one scientific digit is 
necessary in the * answers *. You may use a calculator. In an exam, you must show your 
work.   
  

 
1) HR-Diagram. Two stars are both on the main-sequence. Star A is more luminous 

than star B  
 

a. Which one has a cooler surface temperature?  
b. Which one is more massive?  
c. Which one is bigger? 
d. If the both formed at the same time, which one will evolve off the main 

sequence first? 
 
 

2) Scaling Relations. Using the formula for stellar luminosity L provided last in this 
document, write down an expression for L in units of the solar luminosity, that is 
for L/Lsun, that depends on the ratios R/Rsun and T/Tsun.   
 

 
3) Using Scaling Relations. Consider two stars 1 and 2 with surface temperatures 

T2=4*T1, and radii R2=0.5*R1 
 
a) What is the ratio of their surface brightness (‘surface flux’), B2/B1?  
b) What is the ratio of their luminosity, L2/L1?  
c) If the both have the same apparent brightness, what is the ratio of their 

distance, D2/D1?  
 
 

4) Hubble Law 1. Suppose the Hubble constant is H0=22 (km/s)/Mly, and you 
observe a galaxy for which spectral lines with rest-wavelengths at 400 nm are 
found to be at 480 nm.  
 

a. Assuming all the Galaxy-motion comes from the expansion of the 
Universe, what’s the Galaxy’s speed?  

b. Is the Galaxy moving toward or against us?  
c. According to Hubble’s law, what is the distance to it (express your answer 

in Mega light-years)? 
d. How long ago did the light we see leave this Galaxy?  

 
 
 
 
 

 



5)  Hubble Law 2. Consider two distant galaxies. Galaxy A has three times the 
redshift of Galaxy B.  
 

a. Assuming the redshift is entirely due to Hubble-law expansion, what is the 
ratio of the distances, DA/DB?  

b. If the galaxies have the same angular size on the sky, what is the ratio of 
their physical size, SA/SB?  

 
 

6) Spin and escape speed. A neutron star pulsar with mass 1 Msun spins with  
v=60 000 km/s. How small must it at least be, in order that this extreme spin-
velocity would not be above the neutron star’s escape speed?  HINT: What do you 
have to set the escape speed to in order to solve for this maximum R?  
 
 

7) Spagettification. The tidal acceleration a felt by a human is the difference in 
gravitational force she/he feels between her/his legs and head, and can be 
calculated according to a=2 GMd/R^3, where d is the distance between feet and 
head. Assuming d=2 meters, calculate the tidal acceleration (in m/s^2) a person 
feels  
 

a. At the Earth, where M= 6*10^24 kg and R=6.4*10^6 m? 
b. 100 km from a solar mass black hole with M=Msun and R=3000 m? 
c. 100 km from a supermassive black hole with M=10^8Msun and 

R=3*10^11 m?  
d. Compare your answers in b and c to the gravitational acceleration, ge, on 

earth. Which black hole could a human be close to without being 
“spagettified” (that is, without being stretched out in the vertical direction 
due to tidal forces)?  

 
 

8) Evidence for Big Bang. From Fig. 17.9 in the book, you see that the cosmic 
microwave background (CMB) thermal radiation peaks at a wavelength 1.1 
millimeters. HINT: Don’t forget to convert mm to nm. 
 

a. What is the temperature (in K) of this CMB radiation?  
b. If the peak instead had been at 500 nm, what temperature would the CMB 

radiation be then?  
 
 
 
 
 
 
 
 



9) Dark matter. What is the mass-to-light ratio expressed in solar units, that is 
Msun/Lsun, for  
 

a. the solar system? HINT: You may neglect the masses and luminosities of 
the planets as compared to the Sun.   

b. A spiral galaxy, assuming that its mass M/Msun=8*10^11and its 
luminosity L/Lsun=2*10^10? 
 
 

10) Galactic Civilizations. Data collected by modern telescopes like Kepler suggest 
planets might be extremely common around stars in our Galaxy. Assume there are 
100 billion stars in a Galaxy, that 1/1000 of these stars have a planet such as earth 
in orbit, and that on 1/10000 of these “earths” a civilization arises.  
 

a. How many civilizations in the Galaxy does this estimate lead to?  
b. If Galactic civilizations according to this logic are so common, why do 

you think we have not yet made contact with any?  HINT: While the 
question is naturally open ended, three potential such reasons are 
discussed in the book.     

  
 
 

Useful formulae and numbers:  
 
𝜆𝑓 = 𝑐  
𝐸 = ℎ𝑓  
(𝜆!"# − 𝜆!)/𝜆! = 𝑣/𝑐  
𝐵 =   𝜎𝑇!     
𝑀 = !!

!!
    

𝑃! = 𝑎! ∗ !!!

! !!!!!
   

𝜆!"# = 500𝑛𝑚(!!"#
!
)     

𝐹! =
!"#
!!

  
𝑔 = 𝐺𝑀/𝑟!  
𝑊 = 𝐹! = 𝑚𝑔    
𝐹 = 𝑚𝑎 
𝑅! =

!!"
!!
    (Schwarzschild radius also called the event horizon) 

𝑣!"# = 2𝐺𝑀/𝑟   
𝑣!"# = 𝐺𝑀/𝑟 
𝑑 = 𝑣𝑡 



𝑣 = 𝑎𝑡 
𝑝 = 𝑚𝑣 
𝑎𝑛𝑔. 𝑠𝑖𝑧𝑒 = 𝑝ℎ𝑦𝑠. 𝑠𝑖𝑧𝑒  (𝑜𝑟  𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛) ∗ !"#∘

!  !∗!"#$%&'(
    

𝐸 = 𝑚𝑐! 
𝑑 = 1/𝑝    (d in pc, p in arcsec) 
𝑏 = 𝐿/(4𝜋  𝑑!)   (note: differ between little b and big B) 
𝑣 = 𝐻!  𝑑 
𝑀! = 𝑟  𝑣!/𝐺 
𝐿 = 4𝜋𝑅!𝜎𝑇! 
 
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 

𝐻! = 22
𝑘𝑚
𝑠𝑀𝑙𝑦

 

𝑔! = 10  𝑚/𝑠! 
1  𝐴𝑈 = 1.5 ∗ 10!!𝑚   
1  𝑙𝑦 = 10!"𝑘𝑚 
1  𝑝𝑐 = 3.26  𝑙𝑦 
 

 
	  
	  
	  
	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Answers to numerical problems: 
 

1)    a.  B      
      b.  A 
  c.  A 
  d.  A 
2)  L/Lsun = (R/Rsun)^2 (T/Tsun)^4 
3)  a.  256      

b.  64     
c.  8 

4)  a.  60 000 km/s      
b. against 
c.  3000 Mly 
d.  3 billion years ago (3*10^9 yr) 

5)  a.  3  
b.  3 

6)  70 km  
7)   a.  6 ∗ 10!!𝑚/𝑠! 
  b.  5 ∗ 10!𝑚/𝑠! 
  c.  2 ∗ 10!!𝑚/𝑠! 
  d.   Divide b and c by 10 ! spagettification in b, but not in c.   
 
8)  a.  3 K 
  b.  6000 K  
9)  a.  1 
  b.  40 
10)  a. 10000 
   

  


