Twin Paradox ¢
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@ Il A starship voyages to a distant planet 10 ly away. The explor-
ers stay 1 yr, return at the same speed, and arrive back on carth

37.51. Model: The earth is frame S and the starship 1s frame $'. S’ moves relative to S with a speed v.
Solve: (a) The speed of the starship i1s

26 yr after they left. Assume that the time needed to accelerate Wﬁ”\ N 201y (20 yle

and decelerate is negligible.
a. What is the speed of the starship?
b. How muchfiime has elapsedbn the astronauts’ chronometers?

@u a. How fast must a rocket travel on a journey to and from a
distant star so that the astronauts age 10 years while the
Mission Control workers on earth age 120 years?
b. As measured by Mission Control, how far away is the dis-
tant star?

@I You fly 5000 km across the United States on an airliner at
250 m/s. You return two days later at the same speed.
a. Have you aged more or less than your friends at home?
b. By how much?
Hint: Use the binomial approximation.

Az:@.ﬁt: 1—{0,3}3[255'} 4‘7’1&0__(

Because the explorers stay on the planet for one year, the time elapsed on their chronometer 1s 16 years.

37.19. Model: Let$ 's reference frame and $” the rocket’s reference frame.

Solve: (a) 4 At'=At. Thus
‘\n/‘(av» 10y

ar=—2T  120y-=
1=(oey =)
(b) In frame S. the distance of the distant star is

Ax =vAr=(0.9965c)(60 v) =(0.9965 ly/y)(60 y}: day\m

37.20. Model: The earth’s frame is S and the airliner’s frame is $'. S’ moves relative to S with velocity v.
Also. assume zero acceleration/ deceleration times.

The first event 1s when the airliner takes off and almest mstantly attamns a speed of v = 250 m/s. The second
event is when the airliner returns to its original position after 2 days. It is clear that the two events occur at the same

position m frame S and can be measured with just one clock. This is however not the case for an observer in frame
S

Solve: @ less because your proper time is less than the time in @
b) In the S frame (earth).

(b) 7 Wron
=4.0x10° s

==v= 0.9965¢

_2x5x10°m
T 250ms
In the §' frame (airliner).
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l2 ; g [ !
= Ar—Ars Y = (40x10° s)l[L“;‘} —14x107 s
2 213.0x10° m

You age 14 ns less than your stay-at-home friends. Clm
e c f
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