2006-09-11 Problem Solutions

Problem 1: Tipler 1-36
(a) Using Equation 1-28 and Problem 1-20(b),
At! = Atly = Anl- v?/2c?) = At- Atv?/2c?
where A¢ = 3.15x107s/y and

v = 27R./T = 27)6.37x10°m)/ (108 min)(60s/min)

v = 6.177x10%°m/s = 2.06x107°¢

Time lost by satellite clock = Afp2/e?
= (3.15x1075)2.06x107%*/2 = 0.00668s = 6.68ms

®) 15 = Arv?/2c?

At = 2/(v¥/e?) = 2/2.06x1075% = 4.71x10°s = 150y



Problem 2: Tipler 1-37
cos® + B

(Equation 1-43)
1+ Bcos®’

cosB

where 0/ = half-angle of the beam in 8’ = 30°

cos30° + 0.65
1+ (0.65)cos30°

= 0.97 or 6= 141°

For B = 0.65,cos0 =

The train is 4 from you when the

headlight disappears, where
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Problem 3: Tipler 1-51

x; —I: = erb - Ir) - V:Eb - fr:l (I_)
I 2
Where x, - x, = 2400m 1,-1,= Sus x; - x: = 2400m g: - ;r’ = -5us

Dividing (1) by (2) and inserting the values,

_ -6
2400 _ _2400-vox107h) | 5400 + v(2400)%/5x10°6¢2 = 2400 - 5x 106y
“5x10°  5x10°6 - v(2400)/c2

2
5| (2400)" | 5x10-6}= 4800 — v=2.69%108m/s in +x direction.

5x1076c2




Problem 4: Tipler 2-1

Refer to Fig. 2-1. Formulas for the two momenta pya and pyg are given in the
unnumbered equation in the book between Egs. (2-6) and (2-7):

mu, muyB
pyA = = and pyB =T'
1_“70 1— Ug + uyB
c? c?

From the figure uxs = v and from Eq. (2-2),
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Ug = U [1-—,
y C2

which comes from the relativistic velocity transformation of the y-component of the

1)

2

velocity between S’ and S. Then the second term in the denominator of the second of Egs.

(1) is

c? c® c? c?

Substitute into the numerator and denominator of Eq. (1):
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This is the requested result.
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