
ASTR340 (Fall 2010) Homework 2 

The extragalactic Universe and Special Relativity 
(Due at the start of class on the 10th October 2013) 

 
1. The observed flux of electromagnetic radiation from the star Vega is F=2.5×10-8 W/m2.  How far 

away would you need to place a light blub that has a power (luminosity) of 60W so that it appears 
to have about the same brightness as Vega.   [Hint : the connection between luminosity, distance 
and flux discussed in Lecture 6].  

 
2. When at rest, an unstable subatomic particle called the positive pion (π+) decays with an average 

lifetime of 2.6×10-8s.  On average, how long would it take to decay (as seen by us) if it were 
traveling at 99% the speed of light? 

 
3. How fast should a 1 meter long stick be moving so that relativistic contraction makes it appear 

with a length of 70 cm?  Explain your reasoning clearly.   [Hint : as part of your answer, you will 
need to re-arrange the Lorentz factor formula.] 

 
4. FMC, Q7.3 

 
5. FMC, Q7.6 

 
6. In the future, NASA proposes to use a new propulsion technology to fly an astronaut to Pluto and 

back. On route, the spacecraft will have a constant velocity of 400km/s and the round-trip will take 
1 year. If an accurate clock is placed on the spacecraft, how much time will it have lost over the 
course of the whole mission as compared with an identical clock that stays on Earth?   [Hint: you 
might find it useful to know that, when v is small compared with c, the Lorentz factor can be 
approximated by γ=1+v2/2c2.] 

 
7. A particle physicist at UMd designs an experiment whereby fast electrons and anti-electrons are 

made to have head-on collisions.  She knows that, if the collision has enough energy, she can use 
that energy to make new particles.   She discovers that, if the electron/anti-electron are each 
accelerated such that they have a Lorentz factor of γ=2400, she has just enough energy to create a 
pair of new particles which she calls a Terp/anti-Terp pair.   Given that the rest-mass of an 
electron is me=9.1×10-31 kg, use the information above to calculate the mass of a Terp.  More 
challenging: She finds that if, instead, she collides anti-electrons with γ=4800 with electrons at 
rest, she cannot create Terp/anti-Terp pairs.  Qualitatively explain why.   (If you are very keen, 
you may like to calculate the Lorentz factor that the anti-electron would need in this situation to 
create a Terp/anti-Terp pair – this is not needed for full grade, however).   

 
8. (Challenging) You have just bought a nice new house, but, to your horror, discover that the garage 

is only half the length of your car!   But, having just learnt about the special theory of relativity, 
you come up with a cunning plan… Suppose you drove your car into the garage at 90% the speed 
of light.  Length contraction will then shrink the length of the car by a factor of γ=2.3.  So the car 
should fit!  The instant the back of the car is inside the garage, you would slam the garage door 
shut and then stop the car.  As long as the garage door and walls are strong enough, the car would 
then be trapped inside the garage even though it might try to re-expand once it stops.    You 
persuade a mechanic to make the necessary enhancements to your car’s engine and brakes, and 
persuade a builder to strengthen the door and walls of your garage. You then attempt this 
maneuver. Explain why it goes horribly wrong, and why the above logic is flawed.   Be as clear in 
your explanation as possible.   [Hint – Think about the following two events.  Event A is “the back 



of the car enters the garage, and the garage door closes”.  Event B is “the front of the car hits the 
front of the garage”.   Think about the order of Events A and B in the two relevant frames of 
reference.  Is it possible to stop the car in time without violating some basic laws of physics?] 


