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Preface

This book is an Instructor Solutions Manual for the problems which appear
in Modern Physics, Sixth Edition by Paul A. Tipler and Ralph A. Llewellyn.
This book contains solutions to every problem in the text and is not intended
for class distribution to students. A separate Student Solutions Manual for
Modern Physics, Sixth Edition is available from W. H. Freeman and
Company. The Student Solutions Manual contains solutions to selected
problems from each chapter, approximately one-fourth of the problems in
the book.

Figure numbers, equations, and table numbers refer to those in the text.
Figures in this solutions manual are not numbered and correspond only to
the problem in which they appear. Notation and units parallel those in the
text.

Please visit W. H. Freeman and Company’s website for Modern Physics,
Sixth Edition at www.whfreeman.com/tiplermodernphysics6e. There you
will find 30 More sections that expand on high interest topics covered in the
textbook, the Classical Concept Reviews that provide refreshers for many
classical physics topics that are background for modern physics topics in the
text, and an image gallery for Chapter 13. Some problems in the text are
drawn from the More sections.

Every effort has been made to ensure that the solutions in this manual are
accurate and free from errors. If you have found an error or a better solution
to any of these problems, please feel free to contact me at the address below
with a specific citation. I appreciate any correspondence from users of this
manual who have ideas and suggestions for improving it.

Sincerely,

Mark J. Llewellyn

Department of Electrical Engineering and Computer Science
Computer Science Division

University of Central Florida

Orlando, Florida 32816-2362

Email: markl@cs.ucf.edu
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Chapter 1 — Relativity I

1-1.  (a) Speed of the droid relative to Hoth, according to Galilean relativity, u is

Hoth >

uHoth =u + udroid

spaceship
=2.3x10°m/s+2.1x10°m/s

=4.4x10° m/s
(b) No, since the droid is moving faster than light speed relative to Hoth.

4
2 @ 2 2(2.74x10°m)

- = 1.83x107%s
c 3.00x10°m/s

2L Vv

(b) From Equation 1-6 the correction 6t = —x—
C C

5t=(1.83x10"5)(10™)" =1.83x10""%s

(c) From experimental measurements o = __dhkmls =1.3x107

¢ 299,796km/s
No, the relativistic correction of order 10® is three orders of magnitude smaller than

the experimental uncertainty.

0.4 fringe 1.0 fringe
(29.8km/s)  (vim/s)

1-3. —>v2=£(29.9km/s)2=2.22x103—>v=47.1km/s

1-4.  (a) This is an exact analog of Example 1-1 with L = 12.5 m, ¢ = 130 mph, and v =20
mph. Calling the plane flying perpendicular to the wind plane #1 and the one flying
parallel to the wind plane #2, plane #1 win will by At where

5 . - \2
AtzLL:(IZSW)(ZOnu/h) 0.0023/ =825

3

¢ (130mi/h)’

(b) Pilot #1 must use a heading # =sin™ (20/ 130) = 8.8° relative to his course on both

legs. Pilot #2 must use a heading of 0°relative to the course on both legs.



Chapter 1 — Relativity I

1-5.  (a) In this case, the situation is analogous to Example 1-1 with L =3x10°m,

v=3x10"m/s, and ¢ =3x10°m/s If the flash occurs at # = 0, the interior is dark
until # =2s at which time a bright circle of light reflected from the circumference of
the great circle plane perpendicular to the direction of motion reaches the center, the
circle splits in two, one moving toward the front and the other moving toward the rear,
their radii decreasing to just a point when they reach the axis 10 s after arrival of the

first reflected light ring. Then the interior is dark again.

(b) In the frame of the seated observer, the spherical wave expands outward at ¢ in all
directions. The interior is dark until ¢ = 2s at which time the spherical wave (that
reflected from the inner surface at ¢ = 1s) returns to the center showing the entire inner

surface of the sphere in reflected light, following which the interior is dark again.

1-6.  Yes, you will see your image and it will look as it does now. The reason is the second
postulate: All observers have the same light speed. In particular, you and the mirror are
in the same frame. Light reflects from you to the mirror at speed c relative to you and the

mirror and reflects from the mirror back to you also at speed ¢, independent of your

motion.
2LV : .
1-7. = P (Equation 1-10) Where A = 590 nm, L = 11 m, and AN = 0.01 fringe
c
,  ANAC? , S g 2
V= =(0.01fringe)(590x10”m)(3.00x10°m /s) 2(11m)

2L

v=491x10°m/s~5km/s

1-8.  (a) No. Results depends on the relative motion of the frames.
(b) No. Results will depend on the speed of the proton relative to the frames. (This
answer anticipates a discussion in Chapter 2. If by “mass”, the “rest mass” is implied,

then the answer is “yes”, because that is a fundamental property of protons.)



Chapter 1 — Relativity I

(Problem 1-8 continued)
(c) Yes. This is guaranteed by the 2nd postulate.
(d) No. The result depends on the relative motion of the frames.
(e) No. The result depends on the speeds involved.
(f) Yes. Result is independent of motion.

(g) Yes. The charge is an intrinsic property of the electron, a fundamental constant.

1-9.  The wave from the front travels 500 m at speed ¢ + (150/3.6) m/s and the wave from the
rear travels at ¢ — (150/3.6) m/s. As seen in Figure 1-14, the travel time is longer for the

wave from the rear.

500m 500m
At=t —t, = g - 3
3.00x10 m/s—(150/3.6)m/s 3.00x10 m/s+(150/3.6)m/s

3x10° +(150/3.6)-3x10° +(150/3.6)
(3x10%) —2(150/3.6)(3x10%)-(150/3.6)°

=500

2(150/3.6) s
=500 "2 ~4.63x10 s
(3x10)
i | *¢ L *N | *
1-10 — T 1 v—>
A' B C’

While the wavefront is expanding to the position shown, the original positions of

A', B', and C' have moved to the * marks, according to the observer in S.

(a) According to an S’ observer, the wavefronts arrive simultaneously at 4" and B’ .
(b) According to an S observer, the wavefronts do not arrive at 4" and C’ simultaneously.

(¢) The wavefront arrives at A'first, according to the S observer, an amount Az before

arrival at C', where



