
ASTR398B (Spring 2017) Homework 10 

Black Holes and Fundamental Physics 

(Due at the start of class on the 11th May 2017) 
 
 
1. The ground-based gravitational wave experiment LIGO consists of two L-shaped 

detectors separated by 3002km (one site is in the state of Washington and one is in 
Louisiana).   In general, these two facilities will detect a gravitational wave event at 
slightly different times.  What is the longest possible time-difference between the 
detection of an event in each detector?  Why might a typical event have a smaller time-
difference? 

 
2. What is the wavelength of a proton that is moving at a speed of 1000m/s?  
 
3. Consider a microscopic black hole with mass M=1012kg.  

a. Calculate the total “equivalent” energy of the black hole’s mass (i.e. E=mc2) 
b. Calculate the radius of the event horizon (assume that the black hole is non-

spinning). 
c. Using the formula given in class, calculate the temperature of the Hawking 

radiation from this black hole. 
d. Calculate the total power (energy per unit time) carried away by the Hawking 

radiation [Hint : Recall the Stefan-Boltzmann Law from ASTR100/ASTR101 (also 
reviewed in class)!  You will need to look up Stefan-Boltzmann constant.  You will 
also need to calculate the area of the event horizon.] 

e. Estimate (crudely) the time it takes for this black hole to completely evaporate.  
Express your answer in terms of years. 

 
4. Space is filled with radiation left over from the Big-Bang known as the Cosmic 

Microwave Background (CMB).  The temperature of this radiation is 2.73K.   
a. Using the formula given in class, calculate the mass of a black hole whose 

Hawking radiation has the same temperature as the CMB. 
b. Consider a black hole that is more massive that the mass you calculated in part-(a).  

Will such a black hole be shrinking due to Hawking radiation or not?  [Remember 
that the Laws of Thermodynamics dictate that energy flows from hot to cold 
objects.] 


