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2006-09-04 Problem Solutions 
 

Tipler 1-18 
 
In frame S′, the light beam has velocity components ux′ = 0, uy′ = c, that is the light is 
going parallel to the y′ axis.  Apply the “inverse” velocity transformation of Eq. (1-25) to 
this problem and get 
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b) Apply the Pythagorean theorem to get the magnitude of the velocity in S. 
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This is, of course, what it had to be. 

Tipler 1-19 
 
This problem is two successive applications of the “inverse” velocity transformation 
formula for velocity components along the x, x′ and x′′ axes. 
 
a) Here there is a particle moving along the x′′-axis with speed ux′′ = 0.9c.  The S′′ 

frame is moving at speed v2 = 0.9c with respect to the S′ frame.  From the 
“inverse” velocity transformation for x-components, the velocity of the particle in 
S′ is 
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b) Now we apply the same formula again to go from frame S′ to frame S. 
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Tipler 1-43 

This is what (d) says: 
If there were no time dilation, the muons would take time 
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to travel the length of the tube.  Some of them 

would decay along the way.  Of the 50,000 that started the trip, the number remaining at 
the end would be 
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This is much smaller than the number that actually arrives. The experiment agrees with 
the result when time dilation is taken into account.  So this experiment supports the 
validity of relativity theory. 
 

Tipler 1-52 
 
In the lab the proton has a velocity u = 0.85c at an angle of 50° with the x-axis.  The 
components of this velocity are 
 
 ( ) ( )0.85 cos50 ,           0.85 sin 50x yu c u c= = . (5) 
 
We transform these into the frame S′, which is moving at velocity v = 0.72c (i.e. β = 
0.72).  First, we calculate that 
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Then the “forward” velocity transformation equations give 
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The magnitude and direction of the velocity in frame S′ are 
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The angle is measured from the x′ axis. 
 
When you put these numbers into your calculator, it will probably tell you that the angle 
is − 69°(that’s what my calculator said).  However, a vector at that angle has a negative y 
component and a positive x-component, and we already know that the signs are the other 
way around.  So we have to add 180° to the calculator angle to get an angle that has the 
same tangent and has the correct signs for the components. 
 


