2006-09-01 Problem Solutions

Problem 1: Tipler 1-22
() L=L,/y (Eqution 1-20)
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3,162 107 ¥ elapses on the pilot's clock also. The pilot’s clock loses:
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= 3.16x 107 (1213 107 = 1.42x107*4{ Lmin/60s) = 237 %10 ¥ min

Problem 2: Tipler 1-27

Usmgz Equation 1-30, wath I‘{r and Ly equal to the proper lengths of A and Band L, =

B,

length of A measured by B and L, =length of B measwed by A

L, = I,y = 100m/1 - (052e) - 302

Bg = Yy - 36/y/1- (032cF/e? = 915m

Problem 3: Tipler 1-46
a) The length contraction formula gives

v

Cj =(100 m)4/1-(0.85)° =52.7 m. (1)

L=L, 1—(

b) If we put frame S’ on the rocket ship going right, so that v = 0.85c, then the
velocity of the rocket going left with respect to Earth is u = — 0.85c. In the frame of the
first ship, the velocity is

u-—-v —0.85c - 0.85c
u'= = =-0.987c. (2)
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C) Use the length contraction formula with the velocity found in Eq. (2).
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L'=1L,,[1 (Cj =(100 m),[1 (1.72) =16.1m. (3)

d) In the Earth frame the two rockets have the same length, 52.7 m. Therefore their
ends will be together after the time it takes for one ship to move its own

contracted length.

~21x107 s, (4)

Al 52.7m
u

B 0.85x3x10® m/s
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In this frame, the longer ship is the one at rest and it is 100 m long. The shorter one is
16.1 m long [part(c)]. It is going left at speed 0.987c [part (b)].

Problem 4: Light going at angle @in frame S
a) In frame S, the components of the light velocity along the x and y axes are

u, =Cccosé, u, =csiné.

Using the velocity transformation equations [Tipler Egs. (1-25)], the components in
frame S’ are

, CCOS@—V , 1 csin@
UX :V—, Uy :—V—. (5)
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The square of the magnitude of this velocity is the sum of the squares of these
components. Introducing the notation g =v/c,
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Taking the square root gives the magnitude of the velocity of light in frame S’ to be c, as
expected.

b) Trig functions of the angle 6’ can be found by taking ratios, e.g.
tand' =u; /u;, cos@d=u;/c,sind=u; /c. | found the most useful one to be for the

cosine.
u, coséd-p

cosf'=2=—"""""_ so @O'= Arccos{

cosé - f
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Evaluating this at 6 = 1, where cos6 = 1 gives

0 = ArccosLl_ 'BJ = Arccos(1) =0.

Evaluating it at 6 = /2, where cos6 = 0 gives

0' = ArccosLO — ﬂo} = Arccos(—f).

This angle is greater than n/2, i.e. it is in the 2™ quadrant. From this we can conclude
that as 0 increases, 6’ increases more rapidly, so that 0’ is greater than 6.



Here’s are plots of 0’ for 0 < 6 < &t for different values of (3.

red: =0 green: 3 =0.33 yellow: B = 0.66 blue: B =0.99
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