Questions for Module 31
(from Serway and Jewett)

13. A deep-space vehicle moves away from the Earth with a
speed of 0.800¢. An astronaut on the vehicle measures
a time interval of 3.00 s to rotate her body through
1.00 rev as she floats in the vehicle. What time interval
is required for this rotation according to an observer
on the Earth?

16. The average lifetime of a pi meson in its own frame of

I reference (i.e., the proper lifetime) is 2.6 X 1078 s. If
the meson moves with a speed of 0.98¢, what is (a) its
mean lifetime as measured by an observer on Earth,
and (b) the average distance it travels before decay-
ing, as measured by an observer on Earth? (¢) What
distance would it travel if time dilation did not occur?

20. A spacecraft with a proper length of L, passes by an
observer on the Earth. According to this observer, it
takes a time interval Af for the spacecraft to pass a
fixed point. Determine the speed of the object as mea-
sured by the Earth-based observer.

27. A red light flashes at position x, = 3.00 m and time

I i: = 1.00 X 107% s, and a blue light flashes at xp =
5.00 m and ty = 9.00 X 10?5, all measured in the S
reference frame. Reference frame S’ moves uniformly
to the right and has its origin at the same point as S at
t = t" = 0. Both flashes are observed to occur at the
same place in S§". (a) Find the relative speed between
S and S". (b) Find the location of the two flashes in
frame S'. (c¢) At what time does the red flash occur in
the S" frame?

24. The identical twins Speedo and Goslo join a migration
from the Earth to Planet X, 20.0 ly away in a reference
frame in which both planets are at rest. The twins, of
the same age, depart at the same moment on different
spacecraft. Speedo’s spacecraft travels steadily at 0.950¢
and Goslo’s at 0.750¢. (a) Calculate the age difference
between the twins after Goslo’s spacecraft lands on
Planet X. (b) Which twin is older?



29. A moving rod is observed
to have a length of £ =
200 m and to be ori-
ented at an angle of # =
30.0° with respect to the
direction of motion as

shown in Figure P39.29. s Direction of motion
The rod has a speed of )
0.995¢. (a) What is the Figure P39.29

proper length of the rod?
(b) What is the orientation angle in the proper frame?

30. Arod moving with a speed valong the horizontal direc-
tion is observed to have length € and to make an angle
# with respect to the direction of motion as shown in
Figure P39.29. (a) Show that the length of the rod as
measured by an observer at rest with respect to the rod
is €, = €[1 — (v2/¢?) cos® 6]V2. (b) Show that the angle
6, that the rod makes with the x axis according to an
observer at rest with respect to the rod can be found
from tan 6§, = y tan 6. These results show that the rod is
observed to be both contracted and rotated. (Take the
lower end of the rod to be at the origin of the coordi-
nate system in which the rod is at rest.)



