Updates for Knight Physics for Scientists and Engineers 1e 12/1/05

Changes to the text (see below for changes to end-of-chapter problems)
Inside front cover: value for the permeability constant should have an exponent of minus 6.
p. 128, Figure 5.4 In the “Known” list, change “-9.8 m/s” to “-9.8 m/s?”.

p. 158, Example 6.3. In the equation for a,, in the right column, the units should be m/s2. Also, in 4th
text line (2nd line after the first equations), change “v,, = 2.0 m/s” to “v,, = 2.0 m/s”.

p. 222, Figure 8.25. The label under blocks should read mg > m .

p. 271, 4th line after Eq. 7. v_sub_f should be v_sub_fy with an italic y. That is, it should be vy,.

p. 375, Exanzlple 13.4, last sentence of problem statement before VISUALIZE step. Change “6.0 rad/s”
to “6.0 rad/s~”.

p. 381. In the equation 2 lines after Equation 13.22, change the “a” at the end of the equation to lower
case italic greek alpha “o”.

p- 389, Example 13.13. (1) In Figure 13.34, part (b), add a downward red force arrow with its tail on
the axle (the black dot) of the cylinder. Make it half as long as the 7 arrow, and label it w . Then
increase the length of the 7 arrow to 150%. (2) In the second column of text, 3rd line, change “...

normal force 7 to balance 7, .” to “... normal force 7 to balance T, and w.”
p- 392. In the first paragraph, delete the entire last sentence ‘“Rotational kinetic energy ... is moving.”

p. 405, box labeled Conservation Laws. In the equation L = m7 X p, delete the m. Should be L=7x p.
p. 467, Example 15.11. (1) Five lines before ASSESS, change the equation “p; =0.75 kPa + 1 atm ...”
to “p; =75kPa+ 1 atm ...” (2) In the display equation one line before ASSESS, change the value
176,300 Pa t0105,900 Pa.

p. 530, Example 17.8. In the second line of Solve, change “200 cm=" to “200 cm?”.

p- 553, Example 18.4. In the first line, change “50°C” to “60°C”. p. 553. Also, in the equation N/V =
..., the number “333” should be “333 K”.

p. 563, Example 18.10. In Step (a), change the values of E; and E,; (in the equations) from 1871 to

1870. Third line from bottom of left column, change the value of E,, from 3742 to 3740. First equation
in the right column, change 3742 J to 3740 J (two occurrences) and change E | from 2495 to 2493.
Second set of equations in the right column, change Q, to 623 and Q, to —623. Two lines after these

equations, change 624 J to 623 J. In the set of equations at the bottom of the right column, change 624
J in the numerator to 623 J (two occurrences).

p. 606, Knowledge Structure IV. In the Energy Transformation figure, the two purple arrows on the
right should point away from the box, not toward.

p. 654, two lines before Example 21.2. Change “The string vibrates three times faster ...” to “The string
vibrates four times faster ...”

p. 655, Example 21.4. (1) In the problem statement, change 1.25 cm to 6.0 cm. (2) In the SOLVE

paragraph, change “ A =2.5 cm =0.025 m” to “A =12 cm = 0.12 m” (3) In the display equation for f,

change the denominator from 0.025 m to 0.12 m, change 1.2x10' Hz to 2.5x10° Hz, and change 12
GHz to 2.5 GHz.

p. 665. In the 4th paragraph, second line, change “... a portion is reflected back to the right.” to *

... a portion is reflected back to the left.” In the 6th line, change “... waves traveling to the right, “ to “...
waves traveling to the left,”

p. 687. Second paragraph after Fig. 22.3, first line. Change “... of equal length ...”” to ... of equal
wavelength ...”

p. 702. Paragraph above Section 22.6, 5th line. Change “... always 1 mm in size.” to “... always > 1
mm in size.”

p. 742, Figure 23.48. Switch the labels “Radius R, of first surface” and “Radius R, of second surface”.

p. 746 In the very last line on the page, change “... focus at distance.” to ... focus at distance f.”
p- 750, box labeled Applications. Change the equation “M = h'/h = s"/s” to “M =-h"Ih =—s"/s”.
p. 799, Example 25.3. In the display equation for F| , 5, change g, in the numerator to g;.

p. 809, Example 25.8. In 3rd line of SOLVE, change “...= 1.0x10° C” to “... = —1.0x10° C.”

p. 828, Example 26.4. In the first line of the right column, change 0.010 cm to 0.010 m.



p. 838, Example 26.9. The equation “a = ...” has the mass of the electron (in the denominator) as
9.11x107'9 kg. It should be 9.11x1073! kg. The value for a is correct.

p. 873. In the Surface Integrals box on the right, 4th line, change — [E:34 to — [ E-dA

p. 884. In the last paragraph before the Stop To Think, 4th line, “drift speed of 10 s” should be “drift
speed of 104 m/s”.

p- 895. First line after Example 28.7. Change “Example 28.7” to “Example 28.6”.
p. 924, Example 29.13. In the last line, —6.2x107° J should be —-6.2x10716 J

p- 936, Example 30.2 The final expression for E (line before the ASSESS step) should only have 1 for
the first numerator, not Q.

p- 985. Line above Equation 31.32. Change “Figure 31.33b” to “Figure 31.35b.”

p. 1005, Problem Solving Strategy 32.1. In the equation on the SOLVE line, change the subscript i on
vector B to subscript k. Example 32.3 — all subscripts should be k.

p. 1083, Stop To Think 33.5. In the 3rd line, change “cw” to “ccw”.

p. 1187. Third line after the Law of Conservation of Total Energy box. Change “total mass” to “total

energy’’.

p- 1201. Second line after Eq. 37.1. Change “... a downward circular arc.” to “... an upward circular
arc.”

p. 1234, Example 38.8. In the next-to-last line of the left column, change 3.8 eV to 38 eV. In the right
column, change 3.8 to 38, 15.2 to 152, and 34.2 to 342. Delete the Assess step (last 2 lines).

p. 1320, Equation 41.5. In the 3rd term, the square root should not extend over the 7. The square root
should only go over the I(/ + 1).

p. 1373, “equation” 3 lines before from the bottom: “Biologically effective dose in rem” should be
“Biologically equivalent dose in rem”.

p- A-5, Appendix C. Under the entries for Sulfur, add a new last line. The new line entries are
36 35.967081 0.02 stable

Changes to end-of-chapter problems
1.30d Change 1/44.4 to 44.471,

2.62 Change 3rd sentence to “The train comes to a stop 6.0 m from the point at which it was
released.”

6.4 Add “The puck starts from the origin.”

6.21 Change final sentence to “What acceleration is required to move an ion 2.0 cm to one side?”

6.22 Change to: “A projectile’s horizontal range on level ground is R = v*sin260/ g. At what
launch angle or angles will the projectile land at half of its maximum possible range?”

6.26 Change “40° angle” to “40.0° angle.” Change part (b) to: “Repeat the calculation of part (a)

for angles of 42.5°, 45.0°, and 47.5°. Put all your results, including 40.0°, in a table. At
what angle of release does she throw the farthest?”

7.5 Change 1.5x10'! km to 1.5x10'! m.

7.12. Change the electric force from “9.2x1073 N” to “8.2x10~8 N”.

7.25 Change the wording to “A 3.0-cm-diameter crankshaft ...”

8.4 Change to “A mountain climber is using a massless rope ...”

9.10 In the figure, the units on the horizontal axis should be “ms”, not “‘s”.

10.26 Change to: “A 50 g ball of clay traveling at speed v, hits and sticks ...”
12.59 In the 5th line and last line, change “increase” to “decrease”.
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12.72
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In the demoninator of the last fraction on the last line, change 3.50%x10° to 3.48x10°.

Add the following. Hint: Use the binomial approximation. SOHO’s distance from earth is
very small in comparison with the earth’s distance from the sun.”

Change “5.0 s~ to “5.0 revolutions per s.”

Change “Figure P13.35” to “Figure 13.35”.

Change “Figure P13.34” to Figure 13.34.”

Change "1.5 rpm" to "1.5 rev/s" at the beginning of second line. Also, edit the third
sentence "In this orientation ... of the rod" to "In this orientation, the skater can be modeled
as a cylindrical torso (40 kg, 20 cm average diameter, 168 cm tall) plus two rod-like arms
(2.5 kg each, 78 cm long). Each rod extends to the skater's center line and rotates about an
axis through the end of the rod."

Change part (e) to “The initial angle.”

Change to: “Containers A and B have equal volumes. Container A holds helium gas at 1.0
atm pressure and 0°C. Container B is completely filled with a liquid whose mass is 7000
times the mass of helium gas in container A. Identify the liquid in container B.”

Change to: “The average density of the body of a fish is 1080 kg/m>. To keep from sinking,
the fish increases its volume by inflating an internal air bladder with air. By what percent
must the fish increase its volume to be neutrally buoyant in fresh water. You can use the
Table 15.1 value for the density of air.”

Change “and at room temperature...” to “and at 20°C...”

Change ““at room temperature...” to “at 20°C...”

Change to “An 11 kg bowling ball at 0°C is dropped ...”

Change part (a) to “What is the total microscopic translational kinetic energy of the gas?”

... box contains 0.010 mol of nitrogen at ...”

Change Wto W.,.

Change “A 2 .0 kg piston...” to “A 10-cm-diameter, 2.0 kg piston...”

Change part (a) to “... of a sound wave in air with ...”

Change 70.8 cm to 70.9 cm.

Change ““take light to pass ...” to “take light incident perpendicular to the glass to pass ...”

Add a new sentence at the end of part (b): “Consider only the shadow due to light coming
directly from the bulb, not light reflected by the mirror.

Change “at angle 6,...” to “at angle 6,...”
Add “N/C” at the end of parts a, b, and c.
Add “N/C” at the end of parts a, b, and c.
Change wording at the end of 3rd line to “At this instant, what are (a) the force (magnitude
and direction) and (b) the magnitude of the torque on the dipole?”

In the first equation, 1012 should be 10'2.

After part (b), add “Hint: In(1 + u) uifu<<1.”

In the second line, change *“3 x 10® V/m” to 3 x 10° N/C”.

In the figure, “® = 2g/¢g,” should be “® = -2q/g;”.

Change wording at the start to “An initially neutral conductor contains ...”

Change the last sentence to “Find the electric fields E | to E 4 Inregions 1 to 4.”

Change the first words to “What is the electron drift speed at the 3.0-mm-diameter end ...



29.40. Change part (b) to “What is the magnitude of the electric field at point on the x-axis,
between the charges, where the electric potential is zero.”

29.50 Change “-~10 nC” to “10 nC”.
29.67 After the first sentence, add “The positive charges are located at y = +s.”
30.54 In second line, change 125 puC to 12.5 nC.

31.70 Change the “4 Q2 label that is on the right side of the middle branch to “5 Q”.

32.15. In the figure, the upper circle with a dot in it should be centered on y = + 1 cm.
32.32. Add a sentence to the text in parentheses to read “(For this problem, assume that all the data

you need are good to six significant figures. Although N,* ...”

32.70 Change the wording at the very end to be “... note there the comment about accuracy and
significant figures.”

33.33 Delete the word “uniform” in the third line.

355 E.ms should be &,.

35.7 Change “... produces an rms voltage ...” to “... produces a peak voltage ...”

33.8 The magnetic field value shown in the figure should be 0.10 T.

33.35 In Figure P33.35, delete the purple arrow next to label ; in the lower left part of the figure.
35.17 Change “... produces an rms voltage ...” to “... produces a peak voltage ...”

35.59 Second line, change 200 uF to 200 uH.

35.60 In the last sentence of part (b), change “maximum” to “minimum.”

36.20 Change “You return two days later.” to ““You return two days later at the same speed.”

36.73 In the 8th line, change 226.015 to 226.025.
37.36 In part (a), change 13.90 to 13.89

37.47 In part (b), change the end to read: “A falling drop quickly reaches a constant speed, called
the terminal speed. Write an equation for the terminal speed v, in terms of m, g, and b.”

38.11 Change 2.0 Vto 1.93 V.
38.38 Delete part (d).
39.22 In the first sentence, delete “... the middle of ...”

40.1 Change wording to: An electron in a box absorbs light. The longest wavelength in the
absorption spectrum is 600 nm. How long is the box?

41.60 Add the following: Hint: This problem requires a numerical solution.”

42.66 Change the 2nd sentence to read: One of the nuclei in the decay series of 238U is the radon
isotope 22’Rn, which decays by emitting a 5.50 MeV alpha particle with 7,,, = 3.82 days.

42.70 Delete the last sentence in part (b). It starts “Then rearrange...”
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for the second surface.
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Lenses

A lens consists of two spherical surfaces having radii of curvature R, and R, and
thickness 7. The lens material has index of refraction n, and for simplicity we’ll
assume that the lens is surrounded by air. We’ll analyze the converging lens
shown in Figure 23.48, but our results will apply to any lens if we use the sign
convention given above in Table 23.3.

First surface refraction Second surface refraction

Radius R, of second surface Radius R, of first surface

Final image

FIGURE 23.48 Image formation by a lens.

The object at point P is distance s, to the left of the lens. The first surface of the
lens, of radius R, refracts the rays from P to create an image at point P’. We can
use Equation 23.21 for a spherical surface to find the image distance s;:

—+ == (23.22)

S108 R,
where we used n, = 1 for the air and n, = n for the lens. We’ll assume that the
image P’ is a virtual image, but this assumption isn’t essential to the outcome.

The image P’ of the first surface becomes the object for the second sur-

face. Object distance s, from P’ to the second surface looks like it should be
s, = s{ + t,but P’ is a virtual image of the first surface, so s{ is a negative num-
ber. Thus the distance to the second surface is s, = |s{| + ¢ =t — s{. We can find
the image of P’ by a second application of Equation 23.21, but with a switch. The
rays are incident on the surface from within the lens, so this time n; = n and
n, = 1. Consequently,

n 1 1 —n

= 23.23
t—s 5 R, ( )

For a thick lens, where the thickness ¢ is not negligible, we can solve Equa-
tions 23.22 and 23.23 in sequence to find the position of the image point P”. But
our primary interest is the thin lens. In the limit # — 0, Equation 23.23 becomes

n 1 1—n n—1

-t = == (23.24)
ST 8 R, R,

Our goal is to find the distance s; to point P”, the image produced by the lens as a
whole. This goal is easily reached if we simply add Equations 23.22 and 23.24,
eliminating s; and giving

1 I n—1 n-—1 1 1

4= - =n-DHl——-— 23.25
Sl Sz/ Rl R2 (n )(Rl R2 ( )




Errata for Knight Physics for Scientists and Engineers

NOTE: Theses changes apply mostly to the first printing of the book. A few apply to the second
printing. The third and subsequent printings have no know errors. To find what printing your
book is, look at the bottom right corner of the copyright page. You’ll see the letters DOW,
preceded by a string of digits such as 234 56 7 8 9 10. The first digit in the series is the printing
number. If you have a first or second printing, mark any relevant changes in your textbook.

Changes to the text

Inside front cover. For the value of j, the permeability constant, change 10° to 1075,

p. 828, Example 26.4. In the first line of the right column, change 0.010 cm to 0.010 m.

p. 742, Figure 23.48. The labels “Radius R, of first surface” and “Radius R, of second surface”
need to be switched.

p. 924, Example 29.13. In the last line, —6.2x1071? J should be —6.2x10716 J

Changes to end-of-chapter problems
25.64 Add “N/C” at the end of parts a, b, and c.
25.65 Add “N/C” at the end of parts a, b, and c.

26.28 Change wording at the end of 3rd line to “At this instant, what are (a) the force
(magnitude and direction) and (b) the magnitude of the torque on the dipole?”

26.68 In the first equation, 10~!2 should be 10'2.

26.72 After part (b), add “Hint: In(1 + u) = u if u << 1.”

27.30 In the figure, “® = 2¢g/¢,” should be “® = -2g/¢,”.

27.35 Change wording at the start to “An initially neutral conductor contains .

27.46 Change the last sentence to “Find the electric fields E to E 4 inregions 1 to 4.7

28.49 Change the wording at the start to “What is the electron drift speed at the 3.0-mm-
diameter end ...”

29.50 Change “~10 nC” to “10 nC”.

29.67 After the first sentence, add “The positive charges are located at y = +s.”
30.54 In second line, change 125 uC to 12.5 nC.

31.70 Change the “4 Q” label that is on the right side of the middle branch to “5 Q”.

Changes in the odd-answer list at the back of the book

26.15b  3.49 — 1.49

26.29  9.0x10713 N — (9.0x1013 N, direction opposite p)
26.41a  Delete the i at the end of the expression

27.15b  4aR’E — 27R’E

27.33a  Delete the 7

27.53 Should be “b. 0 N/C c. 4.64x10'3 N/C”,



31.3
31.65b
32.43a
33.19
33.67a
34.17

50—20
50.0 — 0.50
1.60 — 1.26
0.235 — 0.253
0.625 — 0.628
106 — 1.0x10°



Answers

Answers to Odd-Numbered Exercises and Problems

Solutions to questions posed in the Part Overview captions can be found at the end of this answer list.
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Chapter 3

a. Yes b.No

a.If B is in the same direction as A. b. If B is opposite to A.
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Chapter 4

(South)

Weight w

5. my = 0.08 kg; my = 0.50 kg

\\ Normal force 7i

Kinetic frictionf;

x (East)

9. 0.25kg
11. a.=0.05N b.=100N
13. .
£y
FyYYF,
19. Force identification Free-body diagram
¥y
i
=1
Weight w W

Normal force 7



Answers to Odd-Numbered Exercises and Problems A-13

21. Force identification Free-body diagram 35.
y

En

(=)

X
Weight i L
Normal force i .
Kinetic friction fj
37 ion T
20 Tension T
7
.
23. Motion diagrams T
. . H [ ]
L] .
d o d .
. Weight w
L] .
/. /.
. L 39.
M .
(F Drag D
(@) ) Thrust Fyp,pg rag
V e-e—i-o .
25. F. (N) ]
X Weight w .
Normal force 7
0.75
¥y
0.50
0.25 i
D Fibrust
0 1(s)
1 4
—0.25 1
27. ay (m/s?) 41. .
Wind F
Ve
.
..
= o  Weightw
a
Normal force 7i
Kinetic friclioan
t(s)
43, v
v Drag D
. rag
L]
2
29. a. 16 m/s*> b.4m/s* c. 8 m/s* d.32m/s? R
. d x
31.
Weight w
L)
. 45. ; y
L]
L]
1t © :
. vl
Weight w lF“ﬂ
.
33.
47.
Vo v
e L L
a Y x
a Weight w

Normal force 7i
Static friction fi.




A-14 ANSWERS

.a. First contact \. ./Loses contact
v
&0
g
Magnified view of §
ball in contact with a . ° o
ground E a a g
[¢] g
£
. . _ g
T
. L. 4]
AN a

Turning point

b. Q c. y
Weight w

Normal force 7i

Chapter 5
1. T, = 867N, T, = 500N
3. 147N
5. a.a, = 1.0m/s>,a, = 0m/s* b.a, = 1.0 m/s’, a, = 0 m/s’
7. 8N,0ON, —12N
9. 20N b.ON ¢.250N
11. 307N
13. a.590N b.740N c. 590N
15. 0.25
17. 136 m
19. 2550 m
21. 192 m/s
23. =3 m/s’
25. 4.0 m/s
27. Left first, then right.
29. a.0.0036 N b.0.0104 N
31. a. 784N b. 1050 N
33. a.58.8N b.67.8° ¢.79.0N
35. a.6670 N b. 600 us
C. v, (m/s)
400
200
T > 1 (ps)
0 300 600
37. a.396N b.2.32N
39. a. 157N b.2.87m/s c.4.36 m/s
41. 0.165
43. 0.68 m
45. a.3.79m b.6.97 m/s
47. 0.12
49. 14.3
51. 23.1N
53. 51 m/s
55. b.12.3 m/s’
57. Defective cable
59. 13.0 m/s?

67.
69.
71.
73.

T= 144N
0 =11.3°
Green

b. 134sand 402 s c.No

Chapter 6
1. a (27 — 27) m/s® b. (227 — 16]) m, (97 — 97) m/s, 12.7 m/s
3. a.
¥ (m)
5
10 0 10 v
—54

11.
13.
15.
17.
19.
21.
23.

25.

27.
29.
31
33.
35.
37.
39.
41.
43.
45.
47.

49
51

b.6m,2.0m/satt=Os;6m,8.3m/satt=4s
c. —90°att =0s; 14°atr = 4s

. 38.8m
ca Attt =6s,x=240m, y = 3.6m, v, = 40 m/s, v, = —28.8 m/s,

v =493 m/s
b. ¥ (m)

404

204

T r x (m)
100 200

a.0.0639s b. 782 m/s

2.0 km/hr

0.40 m

a.39.1 mi b. 19.5 mph

a.55.6 hr b.0.0917° c. Yes

6.56 X 102 m/s?

a. visin®0/2g b.h = 14.4m,28.8 m,43.2m;d = 99.8 m, 115.2 m,
99.8 m

a. Launch point 80.8 m higher b. 34.4 m
c. 49.8 m/s, 72.5° below horizontal
a.276m b. 12.75 s

Clears by 1.01 m

No

34.3°

678 m

a.239m b.429m

106 m/s

4.48 m/s

105 m

Crocodile food.

2.96 m

. b.6=115°

. boxp = —-292m



53. a. On the opposite bank 150 m east of where she started.
b. (north)

v

|

~
Sy

x (east)
0
55. a.44.4° above the —x'-axis
b ¥ (m)
Fo4
F16
L8
f T x'(m)
-80 —40
57. 10.1°

59. a. 30° toward the rear of the car b. 17.3 m/s

61. a.7.18° south of east b. 2.48 hr

63. 3.0 X 108 m/s

65. 40.6° below horizontal

67. 478 m/s

69. a. Rotate the spacecraft 153.4° counterclockwise so that the exhaust
is 26.6° below the positive x-axis. Fire with a thrust of 103,300 N

for433s.
b.
 (km)
200 1
100
T T T T ; x (km)
0 100 200 300 400 433
Chapter 7
1. b. w (rad/s)
27
0 T 1 t(s)
1 2 3 4
o
4 1
—6m

Answers to Odd-Numbered Exercises and Problems

1.

a. .57 rad/s b.1.335s
2.3.0 X 10°m/s b.2.0 X 10 7 rad/s c.6.0 X 107° m/s*

. 5.65 m/s and 106 m/s>

. 343 m/s

. a.393m/s b.6.18 N

. 7.27°

. 20X 10°N

. 1.58 m/s?

. 12.1m/s

. 19.8 m/s

. a,=2.72m/s% a, = 1.27 m/s*
. a.—2.618 m/s? b.31.25rev

. 49.5°

. a.0.967 m/s* b. 14.3g

. 2.5 N higher at the north pole.

. 172N

. 345 m/s

. No

39.
41.
43.
45.
47.
49.
51.
53.
55.
57.
59.
61.
63.

a.5.00N b.30.2 rpm

24.4 rpm

a.—9.80 m/s’> b. —12.92 m/s’> c. —6.68 m/s’
a.49N b.29N ¢c.325N

a.319Nand 1397 N b.5.68 s

29.9 rpm

2.63 m right of the point where the string was cut.
a. 1.90 m/s? at 20.6° from the r-axis b.23.5s
3.75 rev

b.w = 20 rad/s

b. w; = 0.40 rad/s

14.19 Nand 8.31 N

c. 94.5 rpm

Chapter 8

7S on WL

X

Fpp onwi.

WE on BB WE on WL

A-15



A-16 ANSWERS

3 o 11. 588N
. owling Soccer
ball (BB) ball (SB) 13. a.20N b.2IN

3 15. 66.6 N at 36°
Surface (S) 17. 60N

Earth (E) 19.
(i) T(N)

l ' — 21 No

(i) fgBons  7isBons 23. 99.0m

25. 1.48s

27. a.3.92N b.2.16 m/s’
29.154.7TN

1S on BB 1S on sB 31. 200 kg

. o 33. 98.9kg
Fso on o . e 35. 2.29 m/s?
L - - ; 37. a.19.6 N b. Down c.20.6 N
(iii) VBB "sB 39. a.3770N b. 28.2 m/s
41. 3.27 m/s*
43. 3590 N
5. a. 47. a.1.0m/s b.90N

49. b.8.99N

T T T ¥ (m)
3

F,

SonP P
Fponk Se-
,/!” Pulley P

F, Fyonw =) Frone

Chapter 9

1. a. 1.5 X 10*kgm/s b. 8.0 kgm/s

7 3. 1500 N
/."" 5. 5.0Ns
! : 7. a. 1.5 m/s to the right b. 0.5 m/s to the right
! ﬁmk o 9. 0.50s
| ATEAN 11. 0.20s
S K 13. 143 m/s
\ o Jas 1! 15. 0.20 m/s
\T E 17. 3.6 m/s
19. 2.0 mph

Earth E 21. 1.7 m/s 45° north of east
23. 2.89 X 10* kgm?/s
25. a. (1.083, 0.625) kgm/s when thrown, (1.083, 0) kgm/s at the top
27. a.6.4m/s b.360N
29. a.0.432 Ns upward c. 40 to 80 N is reasonable estimate
31. a.0.588 Ns b. —0.588 Ns
33.a2.6.7 X 10 m/s b.2 X 107'°%
35. 1335
37. 1.73 m/s at 54.7° south of east
39. 7.57 cm in the direction Brutus was running
41. 402 m
43. a.286 us, 26,200 N b. 0.0214 m/s
45. 27.8 m/s
47. 557!
49. 1.46 X 10’ m/s in the forward direction
51. 14u
53. b.and c.1.40 X 10~* kgm/s in the direction of the electron
55. 0.850 m/s, 72.5° below the x-axis
7. a.784N b. 1580 N 57. 1.97 X 10° m/s
9. Fyons = 6N; F,,y = 10N 59. 4.5 rpm

Surface S

(Fls on




61. a.2.80 m/s b.2.22 m/s at aradius of 25.2 cm
63. c. (vy), = 6.0 m/s

65. c. (vg), = —12m/s

67. 5.65 m/s

69. 90.3 m/s

71. 8

Chapter 10

. The bullet
. 112 km/hr
. a.6.75 X 10°J b.45.9m c.No
. a.129m/s b. 14.0 m/s

9. 7.67 m/s

11. a. 1.403 m/s b.30°

13. a.Yes b. 14.1 m/s

15. a.49N b. 1450 N/m c¢.3.4cm

17. 98 N/m

19. 10J
21. 2.00 m/s
23. 3.00 m/s
25. 0.857 m/s and 2.86 m/s
27. a. —5.0 m/s and 5.0 m/s b. Both 2.5 m/s
29. a.Right b.20.0m/s atx = 2.0m c.1.0and 6.0 m
31. 63.2m/s
33. Yes
35. a.No b.17.3 m/s
37. a.Left b. Yes c¢.200 N/m d. 19.0 m/s
39. v/ V2
41. 25.8cm
43. 51.0cm
45. 19.6 N/m
47. a. 14.8 m/s b. Go hungry.
49. a.21,600 N/m b. 18.6 m/s
51. a.3.33m/s b. 1.8 cm c. 0.833 m/s and 6.45 cm
53. a.3R b.15m
55. 2.5R
57. 7.94 m/s
59. 100 g ball 0.80 m/s to the left; 400 g ball 2.2 m/s to the right
61. a. Vibrates about an equilibrium position on one side of the H; plane

or the other.
b. Oscillates from one side of the H; plane to the other side.

65. c.k = 35.6 N/m
67. v¢ = 2.65m/s
69. a.1.46m b.19.6 cm
71. b.453 m/s
73. 100 g ball to 79.3°, 200 g ball to 14.7°

~N W L =

Chapter 11
1. a.153 b.=4.0 ¢.0
3. a.-30 b.0
5.a.1207 b. —6.0J
7.0

9. 12,500 J by the weight, —7920J by T\, —4580 T by T,
11. 403, -4.0J,4.01,07,-3.0]
13. 7.35 m/s, 9.17 m/s, 9.70 m/s
15. 80N
17. =30N at1m,20Nat3 m

Answers to Odd-Numbered Exercises and Problems A-17

19.

21.
23.

25.

27.
29.
31.
33.
35.

37.

39.
41.
43,
45.
47.
49.
51.
53.
ca. V2gh b.h — L

a. [440))

0 T T T T T x (m)

b.2.5N,0.40 N, and 0.156 N

1360 m/s

a. Potential energy is transformed to kinetic and thermal energy.
b. 54817

Energy (J)
Tl K + U + Wo = Kr + U + AE,
600
400
R N S ) Y =1
6.26 m/s
a.176.47 b.58.87J
Night light
a. 102N b.416 W, 832 W, and 1248 W
a. ud
80
W T -
5125 TE
404 Lo
|
o
0o 1 2 3 4 5

b.51.25) d.2.56 m

U@y F.(N)

0 x(m) 44
0.5 1
-0.5 0 x (m)

—

0.5 1

(a) (b)

a.—98,000J b.108,0007 c.10,000J d.4.47 m/s
a.and b.3.97 m/s

2.37 m/s

0.037

a. 1.70 m/s b. No

a.571J b. —1967J c. —3857J d.0J

a.2.16 m/s b. 0.0058

2.990m/s b.9.39 m/s ¢.93.9cm d. 10



A-18 ANSWERS

57. a.N/m’ 47. a.3.46 X 108
b. F b. U(x 1010
. 1 2 3 4
0 X 0 L L L L r(x 108 m)

Crossover
point

—~104

=154

20

c.hgx* d.10m/s

61. 233 W
63. a. —2457 b. 255,000 kg c.—224 X 10" d.9.60 X 10°J e. 11.0 km/s
65. =~15m/s 49. 3.0 X 10* m/s
67. a.6.53m/s> b.16.7m/s c.2.56s 51. 1.405 hr
69. c.v; = 6.34m/s 53. a.6.95m/s b.12.3 m/s
71. c. P = 324kW 55. 8.67 X 10’ m
73. 6.68 m 57. a.y = (g/p)x + (logC)/p b.linear c.q/p e. 1.996 X 10 kg
75. a. o 59. 317 m (8.26 X 107°%) and 2.9 s (1.25 X 107%%)
o , 61. 9.33 X 10" m
63. 3.71 km/s
65. 4.49 km/s
67. Yes

69. c.1.00 X 10°m
T1. vy = 596 m/s, vy, = 298 m/s
73. a.2.05 X 10%yr d.9.4 X 10"

75. Crash.
Chapter 13
L. « (rad/s?)
b. Infinity c. 689,000 m/s and 172,000 m/s ©
0 T — 1 1(s)
ch 2 504 12 3 4 5 6 7
apter 1 oo
1. a.3.53 X 102N b.1.99 X 10°N ¢.0.56%
3. 6.00 X 107 3. a. @ (adls?)
5. 1.60 X 1077
7. a.897N 37
9. a.1.62m/s> b.25.9 m/s 47
11. 2430 m z:
13. 2.3.0 X 10* kg b.0.889 m/s ]
15. 418 km . o
17. 60.2 km/s N s 12 16
19. a.1.80 X 10’ m b. 9410 m/s ]
21. a.7680 m/s b.92.4 min I
23. 42hr
25. 2.01 X 10*kg
27. 672 X 108 ] 5. 13.2m/s
29. 46 kg and 104 kg 7. a. —100.5 rad/s* b. 50.0
31. 1.19 X 1073 rad or 0.0679° 9. 36.3 cm/s
33. (11.7 ¢cm, 0 cm) 1. =020 Nm
35. a. (472 X 1077 N, 45° ccw from —y-axis) 13. 1755N
b. (4.56 X 1077 N, 7.6° cw from y-axis) 15. 12,500Nm )
37. 2. —10.0 X 10787 b. —9.65 X 10787 17. a. (0.0571 m, 0.0571 m) b. 0.0080 kgm*
39. a.1.38 X 10" m b. 4450 m/s 19. a. (0.060 m, 0.040 m) b. 0.0020 kgm2 ¢.0.00128 kgm2
41. 2.2.82 X 10°m  b. 3670 m/s 21. 0.75 rad/s
43. 32,600 m/s 23. 0.0471 Nm

45. a. V16GM/TR b. VAGM/3R 25. 11.76 Nm



Answers to Odd-Numbered Exercises and Problems A-19

27. 1.40m 9. x(t) = (4.0 cm)cos[(8.07 rad/s)t — 7/2]
29. 15.87 11. a. —27/3 rad or —120° b. —27/3 rad, O rad, 27/3 rad, 47r/3 rad
31. 1.7571 13. 5.48 N/m
33. 0.3757) 15. a. 0.50 s b. 4amrrad/s c. 554 cm d. 0.445 rad e. 69.6 cm/s
35. a. (20 78, out of page) b. (24, into page) f. 875 cm/s?> g.0.4847J h.3.81 cm
37. a. ] b. R 17. a.10.0 cm b. 34.6 cm/s
39. a7+ 3]+ 11k 19. a.0.169 kg b. 0.565 m/s
b. z 21. ¢. 12° d.10° e. 0°to 10°
23. 35.7cm
25. 0.330 m
27. 50s
29. 21
31. x (cm)

With

20 c/hange‘s/\/ Original

0 [, ., . - 1(s)
2\/ Gvs

204

41. =50k N'm x(em)
43. a.8.97s b.0.448 kgm?/s

45. 1.20k kgm?*/s or (1.20 kgm?/s, out of page)

47. —0.02517 kgm?/s or (0.0251 kgm?/s, into page)

49. 28.3 m/s 0 /\6 : ‘6
51. a.0.010 kgm? b.0.030 kgm® 2\/4 \/8
53. a. s M(R* + %) c.1.37 m/s 204 M X

55. tmL?

57. Yes (b)
59. 1.00 m

61. a. (20 cm, 80 cm) b.0.48 kgm? c. 1.0Nm d.56.4° 33. a. —m/3rad or —60° b. 6.80 cm/s b. 7.85 cm/s
63. 2.24.4yr b. 4080 m/s and 12,250 m/s 35. a.025Hz,3.0s b.6.0s, 155 c.2.25

65. a.1775s b.5.55 X 1057 ¢. 139 kW d. 1300 Nm 37, 1405s, '

67. 1.11s

69. 1.57N

71. 425m

73. a. V2¢/R b. V/8gR

75. 207/13MR? 1(s)
77. a.42.9 cm b. No

79. 50 rpm

81. a.No b.2000 m/s c.4000 m/s

83. a.3vy/2d b.No
85. 393 m/s

With Original
changes

§7. 2.68.700m b. 432 X 10° m/s 39.0.0955s ,
43. a.6.40cm b. 160 cm/s” ¢. —6.40cm d. 0.283 m/s
45. 1.02 m/s
47. a.3.18 Hz b.0.0707 m ¢.5.0J
Chapter 14 49. a.1.125Hz b.23.5cm c.—4.09 cm

51. a.47,400 N/m b.1.80 Hz

1. 2.27 ms 53. a.0.314 s b. It would be unchanged.

3. a.3.3s b.0.303 Hz c. 1.904 rad/s d.0.25m e.0.476 m/s 55. 0.716

5. a.10cm b.0.50 Hz c. /3 rad or 60° 57. 0.669 s

7. x (cm) 59. a.200.9s b.200.4s c.Yes d.9.77 m/s’

61. 0.110mat 1.72 s
63. a.502 m/s b.No
65. f= (1127) V2T/mL

4
3

1 67. T = 2w V/Rig

" 69. gy = 5.86 m/s’

0 e A " 71. a.6.03cm b.6.32s
-1 . \ 73. 7.3°

27 77. 1.83 Hz

-39 79. 223 cm
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Chapter 15 31. a. 12.02 atm
b. p (atm)

1. 1200 kg/m® 60

3. 1.44 X 10° kg

5. 1097 atm 40

7. 2440 kg

9. 3153 m 20

11. 88,000 Pa

13. 552cm 0 100
15. Ethyl alcohol

17. 45.8 kg

19. 1.87N 33. a.Isothermal b.Bothare 914K c.300 cm®
21. 3.18 m/s 35. 0.228 nm

23. 1.27v, 37. a.7.03 X 1072'J b.2060 m/s

25. 2.0kg 39. 1.1 X 10 m™?

27. 1.0 mm 41. a.1.32 X 107" b. 1.24 X 10" molecules
29. 0.2% 43, 174°C

31. a.5830 N b. 5990 N 45. 92.8 cm®

33. a.0.377N b.20.4 m/s 47. 34.7 psi

35. 527 X 10" kg 49. 174.3°C

37. 2.10.85m b.10.21 m 51. a.3.05 X 10*' b.2.02 mg

39. 2.0.483 m b.2.34cm 53. No

41. 3.7 mm 55. p

43. a.hpgwd® b.1.76 X 10°N

45. 2.8080m b. 1.05 kg/m®, 82% 1
47. 667 kg/m®

49. 747N

51. 439N

53. 8.38cm Pi >
55. (p — p)/(p2 — p1) Isobaric
57. 522 cm
59. 14.1cm
61. a. Pymos D-4.61m 0 T T
63. a.Lower b.835Pa c.75,100N 0 Y i
65. a. 144 m/s and 5.78 m/s b.4.54 X 10™* m’/s

67. a.3.34 L/min b. 1.06 mm/min 57. a.884 kPa b.323°C, —49.5°C, 397.5°C
69. 1.23 mm 59. a. Both 366 K = 93°C b. Isothermal c. 1098 K = 825°C
71. 1.30L 61. a.0.509 atm b. —112°C

73.3.6¢g c. » (atm)

75. e. 1895 \ 3 {Iscbaric

— V(X106 m3)
200

1
Isothermal

2
Isochoric

Chapter 16
Isothermal
22.6 m®
. 8.33cm
. 4.82 X 10* atoms 14
. a.6.02 X 10% atoms/m® b. 3.28 X 10?® atoms/m*
. 2.17cm
11. Lowest: —88°C = 185 K; highest 58°C = 331 K
13. a. 171°Z b.671°C = 944 K 0 5,000 10,000
15. a.32.02°F, 608 Pa b. —68.8°F, 5.06 X 10° Pa
17. Freezing point lower, boiling point higher. 63. a.4.0 atm, —73°C
19. a.0.0497 m’> b. 1.33 atm b.
21. 18.8 atm p (atm)
23. a.55.1 mol b. 1.234 m? 4] 3
25. a.5.41 X 10® atoms b.3.59 g ¢.2.30 X 10*m~* d. 1.52 kg/m®
27. a.0.732 atm b. 0.523 atm 3
29. a.9520 kPa

b. p (Pa) 24

N W =

Nel

V (cm3)

_— Isobaric
2

Isothermal

10,000 2

5,000 1
Vi %

=
Blw

0 T — V (cm?)
0 50 100



65. b p (atm)
6
44 Isotherm
24
0 T T T V (cm3)
0 100 200 300
c. 6 atm
67. b. »
Isobaric
50°C 400°C
T T T T T V (cm?)
0 100 200 300 400 500
c. 417 cm?®

69. a.23.5cm b.7.8cm
71. a.2.73 m b. 10.96 atm
73. 1.02cm

= Eng

= Eng

Chapter 17

1. 4907

3.40)J

5. 200 cm®

7 Eni + W + Q
+
JE, =

9. Epyi + W + 0
+
0 +E+U_

11. Epi + W + 0
¥
0 +D+

Answers to Odd-Numbered Exercises and Problems

13. 700 J from the system

15.
17.
19.
21.
23.
25.
27.
29.
31
33.
35.
37.
39.
41.
43.
45.
47.
49.
S1.
53.
55.
57.

59.
61.
63.

65.
67.
69.
71.

12,5001

6864 J

6.79 X 10*]

27.5°C

73.5°C

Iron

a.91.2J b. 140°C

a. .14 atm b. 48.5°C
a.26.4 b.7.07

8.73 hr

994 cm?

—56.4°C

Aluminum

87.3 min
a.83.3J/kgK b.2.0 X 10° J/kg
0.0605 kg = 60.5 g
54507

a.245] b.944 m/s
1660 J

a.253°C b.32.6cm
77501

a.4290 cm®, 606°C b.30507J c. 1.0 atm d.2180J
€. p (atm)

1 Isobaric 2
24 Isochoric

3

0 T T T T T V (em3)
0 1000 2000 3000 4000 5000

A: —101071,B: 14197
a.8107 b. —4861 ¢c.0J
a.A:2.46 X 1073 m? 300 K; B: 1.80 X 107 m?, 220K

b. p (atm)

Isothermal

Adiabatic

0

T T T V(cm?)
0 800 1600 2400

a.—50.7J b.—24817J ¢c.259]

1100 K, 23.9 cm?

a.39.3 b. 171

a.0.5atm b. —10747J ¢.1074J d.0J

c. p (atm)

| \T:l

T T T V(L)

A-21



A-22 ANSWERS

73. 2.5460K b.0J ¢.5.39 X 10*] d.20 Chapter 19
€. p (atm)
1. a.10J, 1107 b.0.0833
3. a.0.273 b. 15kJ
207 f 5.2.250] b.1507
7. a.200J b.2507]
Isochoric 9. 96,000
11.
10
AE;, W, Q0
A+ 0+
. . ! V(L) B + +
0 5 10 c _ + 0
75. b.0.0156 mol D - -
77. b.0.472 kg
N N 13. 40.57
79. a. At 1: 3.0 atm, 946°C, 1000 cm’. At 2: 1.0 atm, 946°C, 3000 cm”.
At 3:0.48 atm, 310°C, 3000 cm®. b. —33417,07,23917 15.°2.0.0952 b.285J
c.334),-239J,0J) 17. 247
81 14.5 atm 19. a.bonly b.aonly
21. 7°C
23. a.40% b.215°C
25. 233K
Chapter 18 27. a.6.32 b.32W ¢.232]/s
29. a.60J b. —23°C
1. 2.69 X 10*m™ 31. 844 X 10°]
3.a.3.30 X 10?m ™ b.1.71 X 10°m 33. 534 X 10*7
s.61 39. 8.25%
7. a.00 + 07 b.59.2m/s c.61.6m/s 41. 47°C and —33°C
9. 2.9.16 X 10*Pa b.332K 43. 2/3
11, 1.91 X 10* 57 45. a.2.5kW b.$270 and $45
13. 2820 m/s, 891 m/s 47. a.48m b.32.1%
15. 283 m/s 49. 37%
17. a.68.3 K b. 1090 K 51.
19. 7.22 X 107K P
21. a.34007 b.34007 c.34007] 3
23. 2.4 X 107'°J b.7 X 10° m/s A
25.3.65 X 107J ,
27. a.0.0800°C b.0.0481°C c. 0.0400°C V()
29. a.62.4] b.1047J c. 1047J d. 145] 100 500
31. a. Gas B b. A: 5200 J, B: 7800 J or
33. 8.48
35. a. Helium b. 1367 m/s c. 1.86 X 10 °m P (atm)
37. 9.6 X 107 m/s
39. a. A = 1/[V2m(N/V)] b.1.82 X 107 Pa or 1.80 X 10~'" atm !
41. a.1273 X 10 m™> b.449 m/s c.259 m/s d.1.296 X 10¥s~!
e. 56,800 Pa f. 56,700 Pa 1
43. a. Helium: 30.4 J; Argon: 121.6J b. Helium: 47.3 J; Argon: 104.7J V (cm3)
c. 16.9 J is transferred from the argon to the helium. d. 580 K 100 500
e. Helium: 3.11 atm; Argon: 3.45 atm 33, a.
45. 482 K
51. a.R = 8.31 J/molK b.2R = 16.6 J/molK W) oM AE, ()
53.a.4b.1cl6 12 3.04 16.97 13.93
55. 172
57.a.2.03 X 10°T b.4.83 X 10° ¢.0.00132K 2730 S04 1013
59. a. p b.9p Vi 3—>1 -—152 —532 —3.80
Net 1.52 1.52 0
2p; 4 f b.8.96% c.12.7TW
55. a.
W, 0@d) AE; Q)
> | )
" ' 12 0 2822 2822
2—3 207.2 0 —207.2
0 : : v 351 =500 —1250  —750
0 " " Net 1572 1572 0

61. c.436 K, 850 J is transferred from the oxygen to the helium. b.52.2%



Answers to Odd-Numbered Exercises and Problems A-23

57. 2.5.743 X 10* Pa, 4000 X 10°m’,229.7K 5.

— 77— 77— X (cm)
b. 0 1 2 3 4 5 6 7 8 9 10
Equilibrium
1-2 4257  —425.7 0
23 0 554.5 554.5
31 4257 0 —4257 7. 283 m/s
N 0 1288 1288 9. 140m/s
et : : 1. 2.4.19m b.47.7Hz
c.232% 13. a. 11.5Hz b. 1.14m c. 13.1 m/s
59. a.Point 1: 1.013 X 10° Pa, 1.0 X 107> m®, 406 K; 15. 4.0cm, 12m, 2.0 Hz
Point 2: 5.06 X 10° Pa, 1.0 X 1073 m?, 2030 K; 17. 40 cm
Point 3: 1.013 X 10° Pa, 5.0 X 1073 m? 2030 K b.28.8% c. 80% 19. 34 Hz, 68 Hz
61. a. 1620 K, 2407 K, 6479 K 21. 0.076 s
b. 23. 793 m
25. a.1715Hz b. 1.50 GHz c. 987 nm
AE,
o) W@ 00 27. a.10 GHz b.0.167 ms
1-2 327 —327 0 29. a.1.50 X 107"'s b.3.38 mm
23 1692 677 2369 31,459 nm
33. 6.05 X 10°]
3=>1 -2019 0 —2019 35. 4. 111 X 103 W/m? b.1.11 X 1077J
Net 0 350 350 37. 38.1 m/s
39. a.432 Hz b. 429 Hz
c. 14.8% 4 a
63. 345.6J,24.0% o D em)
65. b. Ty = 1092°C
67. b.Qy = 100J,0c = 801J 14 B
69. a. » (atm) =25 — ‘ ‘ — )
/ -6 -4 -2 0 2 4 6
3 2 3
N
5 1= 15— ‘ ‘ — L— — x(m)
-6 —4 -2 0 2 4 6
1 1 < 4 )
1=0s — T T ‘r—l‘ T T — x (m)
0+ - : V (cm3) -6 -4 -2 0 2 4 6
0 50 100
b.10.13 7 c. 12.9% 14
71. c. t:u‘w‘l_‘" ————x(m)
n - -4 -2 0 2 4 6
1.0
[ ] i
1=28 T T — x (m)
0.5 -6 -4 -2 0 2 4 6
0 - T T T r
0 10 20 30 b.2m/s c.2m/s
43. 2.0.80m b. — 17 rad
¢. D(x, 1) = (2.0 mm)sin(2.57x — 107t — 377)
45.25g
Chapter 20 47. 234m, 1.66m
49. D (x, 1)
1. History graph at x =6 m
D (cm) %
lem 0 /\ /\ x (m)
UV VUV N 2 5
0 - f T T T — 1 (s)
0 1 2 3 4 5 6
51. 1,431,431
3. D (em) 53. 0.07°C
v=1m/s 1 55. a. —xdirection b. 12.0 m/s, 5.0 Hz, 2.62 rad/m c¢. —1.50 cm
/\_> 57. D(y,t) = (5.0 cm)sin[ (47 rad/m)y + (167 rad/s)t]

T M I 61. m/2 rad = 90°
=1

Snapshot graph at 1=1.0s



A-24

ANSWERS

63. a.

<‘ Snapshot graph at 1 = 0

ANDNNNN L
WAAVAVAVAVAVAY,

b.0rad c. D(y, 1) = Asin[(12.57 m™")y — (4310 s™")¢]

y (cm)

d.ande.
. ¥ (cm)
¥ (em) V=343 m/s V=343 m/s
v=2343 m/s v=2343 m/s
150 150
6
6
100 100
5 —
5 I,
504 Crest at 12.5 cm 4 50
att=0
. | [0
X X
0 3— 0]
3
504 ~50
2
2
—100 =100
1
—150 ~150
t=0 t=0.729 ms
. —%77 rad and —%77' rad
65. D (cm)
1
0 f T T T — x (cm)
0 2 4 6 8 10
67. 159 Hz,2.0cm
69. a.0.040 W/m> b. 637,000 W/m?
71. a.250 wW/m> b. 15.8 km
73. 85.8 m/s, away from you
77. 796 nm, infrared
79. $200 million
81. 8
83. b.5.17 X 1075
Chapter 21
1. D (cm) 1=0s
1] 1 m/s 1 m/s
—_— —
0 T T T Y T 1 T T T — x (m)
0O 1 2 3 4 5 6 71 8 9 10
D (cm) t=1s
14
0 T T T T T T T T T T X (m
0 1 2 3 4 5 6 71 8 9 10
D (cm) 1=2s
14 ==
0 — e e S k()
0 1 2 3 4 5 6 7 8 9 10
D (cm) t=3s
2]
14
0 T T T T T x (m)

D (cm) t=4s
14 = =
-t
0 T T T S T T T T x (m)
0 1 2 3 4 5 6 7 8 9 10
D (cm) t=35s
14
-— —
0 T T T T T T T T T x (m)
0 1 2 3 4 5 6 7 8 9 10
D (cm) 1=6s
14
- —_
0 T T T T T f T T T — x (M)
0 1 2 3 4 5 6 7 8 9 10
S.at=4s
b. D (cm)
2
1
0+ T } T T ——1(5)
0 1 2 3 4 5 6
7. 60 Hz
9. a.6 b.2f,
11. a. 12 Hz, 24 m/s
b. f——"—1.0m——

KX X

f——

13. a. 700 Hz b.56.4 N
15. 400 m/s

17. 10.5m

19. 4.8 cm

21. a.0.25m b.0.25m
23. 1.0m,3.0m,5.0m
25. 200 nm

27. a. Out of phase b.

ry r, Ar C/D
P 21 3A A D
Q 3A 1.5 1.5 C
R 2.5) 30 051 C
29. Perfect destructive
31. 527 Hz
33.
D (cm)
]’>
0 — ——
}»12’%4567891011121314
-1 —
At1=0.05s

35. 0.62cm, 1.18 cm, 1.62 cm, 1.90 cm, 2.00 cm
37. 1.4l cm

39. 1.23m

41. 284 cm

43. 8.19 m/s’

45. 18 cm

47. 13.0cm

49. 328 m/s

51. 26.1 cm, 55.6 cm, 85.2 cm
53. 450N

55. 1605 Hz

59. 7.89 cm



61.
63.
65.
67.
69.
71.
73.
75.
77.
79.
81.
83.
85.

a. 850 Hz
345 nm
7.15cm
20

a. 170 Hz b. 510 Hz and 850 Hz

150 MHz

a.a b.1.0m c.9

a. 5 beats/s b.4.6 mm

7.0 m/s

b.2.0%

8.00 m/s”

c.2.09 cm/s d.2.2 mm

atA bimrad ¢ 47 d.75m,250 ns

1
. — 5 rad

Chapter 22

~N L W

9.
11.
13.
15.
17.
19.
21.
23.
25.
27.
29.
31.
33.
35.
37.
39.
41.
43.
45.
47.
49.
51
53.
55.
57.
59.
61.
63.
65.
67.

69
71

73.

_—Blocked

Intensity One-slit
pattern

. 0.020 rad = 1.15°

. 500 nm

. 0.40 mm

530

a.1.258m b.7

145 cm

4.0 mm

611 nm

7.56 m

0.25 mm

0.01525 rad = 0.874°
30,467

19

a. Single slit b. 0.15 mm
0.286°

1.33 mm

500 nm

500 nm

667.8 nm

396 nm

533 to 700 nm

500 nm

0.118 mm

a.2 b.1.15 c. 1

0.10 mm

0.122 mm

a.550 nm b. 0.40 mm
a.No b.0.0295° ¢.0.30cm d. 103 cm
a.3.0mm b. % c. %77' rad d.0.75 mm toward the slit
14.2 um closer to the beam splitter
a.376 nm b. 1319 c. 1319
1.5525

12.0 pm

. b.0.022°,0.058°

. b.—11.5° =53.1°
c.1.3m

Ch

9.
11.
13.
15.
17.
19.
21.
23.
25.
27.
29.
31
33.
35.
37.
39.

41.
43.
45.
47.
49.
S1.
53.
55.
57.
59.
61.
63.
65.
67.
69.
71.
73.
75.
77.
79.
81.

Ch

1
3
5
7

1
3
5.
7

Answers to Odd-Numbered Exercises and Problems A-25

apter 23

. a.3.33ns b.0.75m, 0.67m, 0.51 m

. 8.0cm

668 m

. 9.0cm

42°

433 cm

65.0°

1.37

76.7°

3.18 cm

1.52

b. 1.1°

1580 nm

Inverted image 15 cm behind the lens
Upright image 6 cm in front of the lens
68 cm

—203 cm

1.54 cm

54.6 km

b. Relative to the intersection of the two mirrors, 3 images are at
coordinates (+1 m, =2 m), (=1 m, +2m), and (+1 m, +2 m)
c.

10.0 m

41.8°

82.8°

a. Bottom of tank coming up b. 60.0 cm
4.73 m

a.Deep b.17.5m

1.552

a. 17.9° b. 27.9° to the left of the normal
3.0cm

b.40cm, 2 cm

b. —60 cm, 8.0 cm

b. —8.6 cm, 1.14 cm

44.4 cm, 67 cm

c.=~3.6cm

15.7 cm

b. 20 cm in front of second lens, 2.0 cm tall
11.5 km

a.2 um b. 165 MB

b. 1.574

b. 40 cm, 156.5 cm

a. —200 cm

apter 24

. 410.3 nm, 389.0 nm, 379.9 nm
.n=38

. 63.8°

.4



A-26

35.
37.
39.

41.

ANSWERS

. 1.99 x 1077
11.
13.
15.
17.
19.
21.
23.
25.
27.
29.
31.
33.

1.2 X 10°]

a.3.6 X 10°m/s b.2.0 X 10° m/s

a.1.1 X107 m b. 1.7 X 1072 m/s

0.20 nm

a. 121.6 nm, 102.6 nm, 97.3 nm, 95.0 nm b.91.18 nm c.31.4cm
a.2.0 X 1072 m b.2.51 X 10°

a.3.14 X 1077 b.3.19 X 10"

18.7°,50.8°, and 71.6°

b.2.4nmand 1.2 nm

2.0.818 um b. 1.09 X 10° m/s

170 m/s

a. 123 X 10797,492 X 10797, 1.11 X 107 %]

b.3.69 X 107 J ¢.539 nm

1.35 nm

a. (h/2mL)n b.1.819 X 10°m/s, 3.64 X 10°m/s, 5.46 X 10° m/s
a.72.5°,53.1°, and 25.8° b. 64.9° and 31.9°

c. 19.9° and 76.9°, matching the peaks in Figure 24.7¢

b.7.28 X 10* m/s, 1.46 X 10° m/s,2.18 X 10° m/s,2.91 X 10° m/s

Chapter 25

1.

3.

7.
11.
13.
15.
17.
19.
21.
23.
25.
217.

29.
31.
33.
35.
37.
39.
41.
43.
45.
47.
49.
51.

a. Electrons removed from glass b. 3.13 X 10"

3.04 X 1071

Right negatively charged, left positively charged

2.9.0 X 10°N 5.9.0 X 10° m/s?

—10nC

Fyona =450 X 103 [N, Fpopp = —4.50 X 1072 [N
30 N/kg

a. (9.83 N/kg, toward earth) b. (2.70 X 107 N/kg, toward earth)
0.111 nC

—8.0nC

(3.27 X 10° N/C, downward)

a.3.6 X 10* I N/C, (—1.27 X 10* 7 + 1.27 X 10* J) N/C,
(—1.27 X 10*7 — 1.27 X 10* J) N/C

b. ¥ (em)

NGB

5.0+

10nC
N

D x (cm)
—=5.0 0[4q

—5.04

E,C/C

1.36 X 10°C, —1.36 X 10°C

a. Electrons removed from sphere and added torod b. 2.5 X 10'°
—160 nC and 0 nC

a.498 N b.2.98 X 10* m/s?

a.045N b. 1.0 X 10°°C,50 X 1077 C c¢.4.5 m/s’
1.80 X 107*N to the right

4.74 X 107* N, 71.6° above —x-axis

1.74 X 107*N, 51.75° below +x-axis

—1.02 X 1073 I N

(1.2 X 1077 +2.16 X 107° )) N

0.68 nC

—2KQqal(y* + a*)?

53.

55.
57.
59.
61.

63.

65.
67.

69.
71.
73.
75.

a. y
Frong
7Q<} Fy ong
1 e
Fyong
A
I
I
I
I
|
-
+40 (3 © g x
2 3

b. (2 — V2)KQq/L?

a.243 N b. Yes. Any difference must therefore be smaller than 1 part in 10°.
32 % 107

4.42°

1.0 X 10° JN/C, (2.88 X 10* 7 + 2.16 X 10* J) N/C,

5.63 X 10" I N/C

(4.02 X 10* 7 + 8.05 X 10* J) N/C, 4.5 X 10°  N/C,

(4.02 X 10* 7 — 8.05 X 10* J) N/C

a.(—lem,2cm) b. (3cm,3cm) c. (4cm, —2 cm)

a.(3207 4+ 6.407) X 107N b.(=3.207 — 6.40 ) X 107N
c.4.28 X 10" m/s*> d.7.85 X 10" m/s?

14.3°

b.22.4nC

b.5.13nC

4.06 g

Chapter 26

33.
35.

1. (2550 N/C, 0° above horizontal)
3. (3975 N/C, 9.3° above horizontal)
5.
7. 2.28 X 10°N/C, 1.67 X 10° N/C, 2.28 X 10° N/C
9.
11.
13.
15.
17.
19.
21.
23.
25.
217.
29.
31.

a.18.0N/C b.36.0N/C

(8.78 X 10N, toward rod)

—0.056 nC

a.O0N/C b.4110 N/C

a.0N/C b.1.49 X 10° N/C

1.39 X 10*nC

1.41 X 10°N/C

1.86 cm

6.13 X 10° N/C, down

5.93 X 10° N/C

0.185m

(9.0 X 1073 N, direction opposite p)

(132,600 ¢ — 12,130 j) N/C; (133,200 N/C,5.23° below the
~+x-axis)

(675 1 — 78,400 J) N/C; (78,400 N/C, 89.5° below the +x-axis)
a. El = [q/(4mep)5 V52 (=31 + 2 )); Ez = [7q/(4mey)9a°] 1;
Ey = [17q/(4me0)9a*] 1; E, = [ql (4mep)5V5a*) (=31 — 2 ])
b. )

Ej et
Y
a4
2 EZne\ 4 +2q 3 E3 et
S 5 @
—2a —a a 2a
—a

Egnet



39. 1.08 X 10° N/C

45.

47.
49.
51.
53.
55.
57.
59.
61.
63. a.mC*N or C?s’/kg b. ((1/4mey)*(2aq*/r), toward ion)

8Ad

a———————
drey(4y” + d°)
b.

Y

1 N

1A
Fref (- 4]
8
4
2
-4 -3 -2 -1 0 1 2
. —2.29nC/m

X

b. (1/41e,) (20/3 V3 R?)

c. (1/4mey) RQITR*) (1 + )
0.9995 cm

1.19 X 10" m/s

a. Positive b. 37,500 N/C c¢.2.5 mm
2.8.84 X 10°N/C b. +0.188 nC
-9.89 X 1072 C

18.6 nm

65. b. 1.0 mm

67. b.z = R/I\V3

69. 4.16 X 107N A
a. (p/mey) tan” ' (L/22) k
c.

71.

0.3n/g -

0.2/

0.1m/g( -

Q (
1 — 1 - ]
dmeg x VX2 + L2 4aregLx Va2 + L?

73. ¢.2.0 X 10"?Hz

Chapter 27

yld

Answers to Odd-Numbered Exercises and Problems

23.
25.
217.

29.
31.
33.
35.
37.

39.
41.

43.

. No charge

. 5 N/C, pointing in
. —1.0Nm*C

11.
13.
15.
17.
19.
21.

2.6.0 X 1072Nm?%C b.0Nm?%C
1.26 Nm*/C

2.0 b.27RE

—1.0 Nm?*C

5.31nC

(a) (b)

113Nm%/C
2.66 X 107 C/m’

A-27

a. —0.390 Nm?/C, 0.225 Nm*/C, 0.390 Nm?/C, —0.225 Nm*/C

b. 0 Nm?/C
a. —3.46 Nm*C b.1.15Nm*C
—20/e,

a.2000 N/C b.251 Nm*/C c¢.2.22nC

a. —100nC b. +50 nC

a.2.39 X 107°C/m’ b.1.25nC, 10.0 nC, 80.0 nC

¢. 4500 N/C, 9000 N/C, 18,000 N/C
a.—1.068 X 1075C b. +1.068 X 10°8C c.4.82 X% 10°%C

a. (gl4meyr®) r b. —(qldmeyr?) r

45. a. (—Qrldmed®) 7, —(Qldmeyr?) 7.0, (Qldme ) 7

47.

b.
E

1 0

4wy 2

.
4reg

B[S

L
4me,

EX(S)

a. ppzley b. ppzol€y

33

2¢



A-28 ANSWERS

49. a.30/2A¢€,, 0, Q/2A¢€,, 0, 30/2A¢, b.3Q/A, —$0/A,10/A,30/A
51. a. (M2meyr) 7 b. (Ar/2megR?) 7

53. b.ON/C c.4.64 X 10" N/C

55. a.

—7R —R n R R

c. (A\P12me R 7

Chapter 28

1. 7.5 X 10> m/s

3. 262X 10°s

5. Aluminum

7. a.4.63 X 10°' b.4.32 X 107 m

9. 0.31 N/C

11. 9.4 X 10"

13. 32mA

15. a.6.25 X 10° A/m*> b.6.51 X 1075 m/s

17. a. 1.73 X 10’ A/m”> b.5.31 X 10"%s7!

19. 0.141 mA

21. 2.08 X 105,419 X 107

23. 1.68A

25.5.01 X 108 Qm

27. a.1.64 X 1073 N/C b.1.10 X 107° m/s

31. a.Doubled b. Unchanged c. Unchanged d. Doubled
33. a.3.12 X 10" b.398 A/m> ¢.9.11 X 10°N/C d.0.227W
35. 22.6 mA

37. a.120C b. 0.449 mm

39. 1/4
41. 104 A
43. a. I/4mor* b.3.32 X 1074 N/C,5.31 X 107> N/C
45. a. 0O
20
10
T T 1(s)
0 5 10 ’
b. (10 A)e "% ¢.10.0 A
d. 1(A)
10
5
: ; 1(s)
0 5 10 ’
47. 243 A
49. 5.6 X 10 °m/s
51. 172

53. 1.01 X 10*

55. a.1.15 X 10°m/s b.1.5nm
57. a. (epl/A)(1/oy — 1/oy) b.3.68 X 107'% C

Chapter 29

1. 1.38 X 10° m/s

3. 7.07 X 10* m/s

5.282X107°]

7. =224 X 107"]

9. 1.61 X 10*N/C

11. 1.87 X 10" m/s

13. —2.09 X 10*V

15. a.Lower b. —0.712 V

19. a.200V b.3.54 X 107'°C

21. a.Right plate b. 1.0 X 10° V/m ¢.2.40 X 1077 ]

23. a. 1800V, 1800 V,900 V b. —2.88 X 107'°J, —2.88 X 107'°J,
—1.44 X 1077 ¢.0V, =900 V

25. 417 X 107°C

27. +1410V

29. a.3140V b.5.02 X 107'°J

31. x =3 cm and 6cm

33. a. g, is positive, g, is negative with the same magnitude
b. v

=)

|
|
|
|
|
|
|
|
|
|
fa x
b
|
|
|
|
|
|
|
|
|
|

4444444444:‘6944444444444

35.0V

37. 1.44 X 107°N

39. a.x = *® b.x = *®and0
C.

—1.0cm 0 10

44444444,\_44444444“
8

41. a.0.720J b. 144N c.21.9 m/s and 10.95 m/s
43. 253 X 10°°J
45.2.1000V b.1.39 X 1077 C c¢.7.0 X 10°m/s



47.

49.
S1.
53.
55.
57.

59.
61.
63.
65.
67.
69.
71.

73
75

T T T
-10 -8 =6 —4 -2 0

2 4 6

b.SHM ¢.3.20 X 1077J d.2.53 cm/s

1.17 X 10° m/s
Disk

3.99 X 107 m/s
4.07 X 10" m/s

30V ¢.2.09 X 107'°C,750 V/m,3.75 V

a. Vy/R b. 100,000 V/m
2126V, point b higher
(295)/(47egy’)
Ql4me R

. b.g; and ¢, are 10 nC and 30 nC
. b.Q =0.35nC

71.

b.8.33 uC ¢.0V/m,3.33 X 10° V/m
a. 4q/(4me,s) + 16gx°/ (4meys®) b. SHM

(Ql4me,L)In[ (x + LI2)/(x — L/2)]

) » Py
\

\
'

10

x (cm)

a.2.09 X 107'°C, 3000 V/m, 15V b.2.09 X 107'° C, 3000 V/m,

Answers to Odd-Numbered Exercises and Problems

23. 240V
25. 32 uF
27. 200 pF
29. 1414V
31. 172
33. a. 1.11 X 1077J b.0.708 J/m®
35. a. E, (Vim)

1000

. r x (m)
~10 0 10
~1000
b. +25V
37. Vo — (M2mey)In(r/R)
39. a E (V/m)
1.4 % 105
0 x (cm)
1 2 3
~1.4 % 108
b.
V(V)
140,000
0 T T Y X (cm)

A-29

79
83

| :
-3 \ -1
\ Q

i1

i
.
’
,

¥
K
! (—0.5 cm, 0)
0
1=1.0nC

Equipotential
circle

va = 0.0548 m/s, vy = 0.110 m/s
. c.2.30 X 10737

Chapter 30

11.
13.
15.
17.
19.
21.

—200 V
—1000 V/m

E (V/m)

2000

' 2

10 20

. 10,000 V/m to the left
. =20V

15X 10°]

12V

a.0.087 Q b.3.50
3.0V

2.29 mA

4.75 cm

x (cm)

41. (QR2meRY)[1 — 2/(R* + 29)'7]
43. Point 1: 3750 V/m, downward; point 2; 7500 V/m, upward
45. 1000 V/m, 53.1° above the —x-axis

47. 2nCand 4 nC
49. 1.1 nC

51. 9.1A

53. 1800 C

55. a.£3.19 X 107" C,9V b. £3.19 X 107" C, 18 V

57. 5.90 cm and 6.10 cm

59. 150 wF, in series
61. 37 uF

63. 60 uC oneach;5.0V,15.0V,10.0V

65. 45 uC, 9V 21.6 uC, 5.4 V; 21.6 uC, 3.6 V

67. 1.67 pF

69. 133 X 107"2F = 1.33 pF

71. 20 uF
73. 2417
75. 0.177 J/m?

77. 179 km X 179 km; not feasible

79. b.L = 4.86m

81. b.C =2 uF

83. —pR%/4e,

85. a. E
19
4mey R2

0
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b. (Q/Ame,R)[3/2 — P12R?] ¢.3/2

d. v
1 (30
T 29)
1 (Q
47rs(,(f)
0 & 2R
Chapter 31
1. 55Q
3. 20A
5. 0.64 mm
7.
+ 500
IV =

100 O

§750

9. 5 A, toward the junction

13.
15.
17.
19.
21.
23.
25.
27.
29.
31
33.
35.
37.
39.
41.
43.
45.
47.
49.
51.
53.
55.
57.
59.
61.
63.
65.

. a.0.50 A, left to right

b. V(V)

Battery 2

Battery 1
e
Wire Wire

9.6, 125A

23.6 um

a.11.6 A b. 104 Q
78.4 mQ)

25Q

93.4W

3.23%

R/4

120 Q

24 Q

18330

13V,9V,0V, -2V

2 ms

6.93 ms

869 Q)
A>D=E>B=C
Increase

8.4 X 1080

7Q

60V, 10 Q)
9.00V,0.50 Q

2.0V for each
1.0A,2.0A, 150V
3.0A

a.$14.40 b. 34.7 months
a.8A,8V b.9.14A,0V
a.0.505 Q b.0.50 O

Wire

67.
R(Q) I1(A) AV (V)
6 2.0 12.0
15 0.8 12.0
1.2 7.2
1.2 4.8
69.
R(Q) I1(A) AV (V)
4 2 8
6 4 8
8 1 8
24 T 8
24 % 16
71. a.10A b.80W c.60V
73. 36.4Q
75. 0.69 ms
77. a.80 uC b.0.23 ms
81. b.5140 Q
Chapter 32
1. Out of the page
3. (2.0 mT, into 1heApage), (4.0 mT, into the page)
5. 2160 X 10 kT b.0T c.0T
7. 113 X 1075 kT
9. 6.25 X 10° m/s in the +z-direction
11. 4.0 cm, 0.4 mm, 20 um to 2 wm, 0.20 wm
13. 2.20A b.1.60 X 103 m

15.
17.
19.
21.
23.
25.
27.
29.

31
33.
35.
37.
39.
41.
43.
45.
47.
49.

51.
53.

20X 107* I T,40 X 107*7T,and2.0 X 107* [ T
a.0.025 Am*> b.5.0 uT

8.75 X 107> m?

0.0707 Tm

1.0A

2390 A

a. Into the page b. No deflection

a. In the plane of the paper, 45° cw from straight up

b. In the plane of the paper, 45° ccw from straight down
a.—80X 107 kN b.5.66 X 107% (=] — kN
1.61 X 107°T

2.9 % 10%¥m™

0.025 N, to the right

3.0Q

7.5 X 107* Nm

a.1.26 X 107" Nm b. Rotated 90°

a. 1.0 uT b.2.0% c.2.0 uT d.2.0 uT; twice field in (a)
(5.2 X 107> T, out of the page); 0 T

B(T)

2x1074

1x1074

T T T T — 1 (us)

750 A

a.1.13 X 10" A b.0.014 A/m’

c. The current density in the earth is much less than
the current density in the wire.



55.
57.
59.
61.
63.
65.
67.
69.
71.
73.
75.
77.
81.
. a. wolr/2mR 2, pol/ 27y, 0

#18 gauge; 4.06 A

a. (1.25) 2 NI/R b.1.80 X 107 T

ol/4R

0; (ol 27r)[(r* = RPI(RS — R ]; ol 277
29X 1073T

a. (2.4 X 10" m/s?, down) b. (2.2 X 10" m/s?, up)
2.4.6 X 10737 b.2850

2.10T

20A

(0.00864 T, down)

125T

0.036 mm

a. polL/4md N/ (L12)* + d* b. NV 2uel/mR c.90.0%

b. B

Mol
27R,

Chapter 33

1. (0.10 T, out of the page)
3. a.40m/s b.2.24T

5.

7. a.Right to left b. No
9.
11.
13.
15.
17.
19.
21.
23.
25.

6.28 X 107> Wb in both cases

cw
3.14V
Increasing at 2.34 T/s
100V, increase
9.47 X 107°J
0.253 nH
900 Q)
3.54 X 107 Wb
a.
t(s) B (T) W) I1(A)

0.0 0.00 0.16 1.6
0.5 1.50 0.08 0.8
1.0 2.00 0.00 0.0
1.5 1.50 —0.08 -0.8
2.0 2.00 —0.16 -1.6
b. B(T)
2
1
T — 1(s)
0 1 2
1(A)

0 — £ (s)
\2
—1.6

Answers to Odd-Numbered Exercises and Problems

27.

29.
31.
33.
35.

37.
39.
41.
43.
45.
47.
49.
S1.
53.
55.
57.
59.
61.

63.

a. B(T)

0.8
0.6
0.4
0.2

b.0.0628(1 — 31) A c.31.4mA,0.0A, —31.4 mA
41.7 mV

43.9 nA

0.853 mA

i
L (nA)

0 T t(s)
0.2 0.4

~79

(7.44 mA)cos(27ft)

a.12,500 b.2.0A

39.5nA

a.0.20A b.40 X 10°N c. 11°C

a. (493 X ]0’3)fsin(217ﬁ) A b. 405 Hz; not feasible
a. (vIBcos®)/R b. (mgRtan®)/(I’B*cos )
a. (ng)/([sz) b. 0.98 m/s

12V

500

a.0.0637 J/m* b.0.628 J/m?

a.1.0 X 10'°J b.0.25%

3.0s

AVL(V)

0.4 -

0.2
0 1 (ms)

20 40

—0.2 A

—0.4

A-31
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65.

67.
69.
71.
73.
75.

7.
79.

81.

a. (LIO/’T)eﬂ/T b.1.0V,0.37V,0.13V,0.05V
c. AV, (V)
12
1
08
0.6
0.4
02

=)

— 1 (ms)
3.5

a.0.628 ms b.25V

0.707Q,

a.76 mA b.0.50 ms

a.1.0A b.2.0A

a. AV, /R b. I,(1 — ¢ "R
c. I

(ovl2m)In[(d + D)/d]
a. voexp| — (*B*/mR)t]

b. v (m/s)

T T T T T T T T T
0 0.005 0.01 0015 0.02 0.025 0.03 0.035 0.04 0.045

a. (pe/2m)In(ro/r,) b.0.36 wH/m

Chapter 34

~N N W =

9.
11.
13.
17.
19.
21.
23.
27.
29.
31.
33.
35.
37.
39.
41.

. (2.0T, into the face)

(=321 —-48]) X 100“N

. (173 X 10° V/m, left)

. a.(2.0 X 10° m/s, 45° from the y-axis)

b. (1.47 X 10° m/s, 16.2° from thg y'-axis)

—1.0 X 10° 7 V/m, 1.11 X 107k T

16.3°

2.0 V/m b.0.040 V/m

1.0 X 10°V/s

22.1 pA

6.0 X 10° V/m

a.1.00 X 10"*m b.3.0 X 10'°Hz ¢.6.67 X 10°*T
1.2 X 107" W/m?

a.2.21 X 107 W/m? b.0.041 V/m

33X 10°°N

60°

131 W/m?

a. (0.10 T, into the page) b. 0 V/m, (0.10 T, into the page)
1.0 X 107 m/s parallel to the current

(R*/2r)(dBldt)

1(s)

43. b.1.48 X 1073 A

45. a.(2.83 X 10%%) Vm

47.
49.

51
53
55
57

59.

b.

c. 111 X 10711 T; 444 X 107" T

d. 1.00 X 10 */r T;5.0 X 10712 T

Yes
. T35W

. 0.408 m/s

18

. b.6.67 X 107°J/m?
a. IR/L; pol/27r b. (PR/27rL, radially inward)

Chapter 35

1. a. 175 rad/s b. —8.66 V

3.

11.
13.
15.
17.
19.
21.
23.
25.
27.
29.
31
33.
35.
37.

a.3.85 X 10°W  b. 589 W/m’

Phasor at
t=3.0ms

. a.50mA b.50 mA

. a.1.88mA b. 1.88A

. a.79.6kHz b.0V

125Q

80 Q

9.6 Q
4350
395 W

b.

6.02V,7.99V
1.59 uF
a.0.796 A b.0.796 mA
a.3.18 X 10'Hz b.0V

1.27 uF
a.200 kHz b. 141 kHz
a. —27.2° b. +26.3°

Ve V)

10

a. 1/\/3RC b. (V3/2)E, c. 3630 rad/s
2.9.95V,9.57V,7.05V,3.15V,0.990 V

f(kHz)



41.
43.
45.
47.

49.
S1.
53.

55.
59.
61.
. a.0.833 b. 100V c. 12,50 d. 320 uF
65.

67.
69.

a.10.0Hz b.4.47V,345V,224V
a.25.1 mA b.6.67V

44.1 Hz

a. EfNVR + L2 ERIN R + L2, ELIN R + w'L?
c.Low d. R/L

a. 1.62A b. —17.7° ¢c. 137TW

a.3.16 X 10*rad/s = 5.03 X 10°Hz b.10.0V,31.6V
2.69.53 0, 0.072 A, —44.0° b.50.0 2, 0.100 A, 0°
C
a
a

.62.42.0),0.080 A, 36.8°
360V b.3.47V c. —3.60 V
J11L.6pF b. 1.5 X 1073 Q)
40 W: 14.4 W; 60 W: 9.6 W; 100 W: 100 W

C=100 uF

780

1870 60V

b.10.0V,11.55V
c. VI/LC
d. 1

0 @o

Chapter 36

~N N W =

.5m,1s;—5m,5s

. 345 m/s, 15 m/s

.a.15m/s b.5m/s c. 11.2m/s
. 3.00 X 10° m/s

. 167 ns

.2 s

13.
15.
17.
19.
21.
23.
25.
27.
29.
31.
33.
3s.
37.
39.
41.
43.

Bolt 2 first, by 20 us
Simultaneously
0.866¢

a.0.8¢ b. 16y

4.8ns

Yes

0.78 m

9.5 X 10* m/s

(8.25 X 10" m, 325 s)
0.36¢

0.71¢

0.8¢

0.71¢

a.1.8 X 107 b.9.0 X 10°
0.943¢

50 g ball: 1.33 m/s to the right; 100 g ball: 3.33 m/s to the right

Answers to Odd-Numbered Exercises and Problems

A-33

45, 1™ ball: 4.0 m/s to the right; 2 ball: 2.0 m/s to the left
47. 11.2 hr
49. a.No b.67.1y
51. a.0.9965¢ b.59.8ly
53. 4600 kg/m®
55. a.8501y,17y b.7.361y, 147y
57. 0.96¢
59. 0.9997¢
61. a.0.98c b.8.49 X 107"
63. b. Lengths perpendicular to the motion are not affected.
65. a.uj = u/y(l — uvl/c?) b.0.877¢
67. 3.87mc
69. 0.786¢
71. a.7.56 X 10'°J b.0.84 kg
73. 7.5 X 10713
75. 1.06 X 1072 m
77. 22 m
79. 0.845¢
81. Yes
Chapter 37
3. 6.25 x 10"
5. (5.0 X 107 T, out of page)
7. 0.521 pm
9. a.71.2eV b. —144eV c.5.0keV
11. a.5.93 X 10°m/s b.3.10 X 10" m/s c. Alpha particle
15. a.3,4,and5 b.6,6,and 6 c.4,7,and 8
17. a.’H b. “N**
19. a. 82 protons, 82 electrons, 125 neutrons
b. 1.66 X 107 V,2.34 X 10*' V/m
21. a.2and 3;2and 4;2and 5;2and 6 b.397.1 nm
23. 121.6 nm, 102.6 nm, 97.3 nm, 95.0 nm
25. a.6.66 GeV b. 3.63 MeV
27. 0.512 MeV and 939 MeV
29. 173 MeV
31. (0.0457 T, into page)
33.2.7.2 X 10" b. 1.16 uA
35. 0.000000000058% occupied, 99.999999999942% empty
37. a.50,000 kg/m* b.32 X 107m ¢. 1.7 X 10" kg/m?
39. a.57.6N b.4.65 X 100¥ N
c. Very strong, very short range, independent of charge
41. 177 X 10’V
43. a.3.43 X 10" m/s b.6.14 X 10°V
45. 2.52 X 10° m/s, 65° below the +x-axis
47. a.mgl/E, b.mg/b d.2.40 X 107%C e. 15
Chapter 38
3. Photoelectron current /
Intense light
Larger stopping
voltage Weak light
s 5 AV
6.25 X 108
7. 320eV
9. 1.78 eV
11. a. Aluminum b. 1.93 V
13. a. 4140 nm; infrared b. 414 nm; visible c. 41.4 nm; ultraviolet
15. 497 nm
17. 6.0 X 107°V
19. 0.427 nm



A-34  ANSWERS
21. 0.354 nm
23. a.Yes b.0.5eV
25. Yeston = 2,noton =3
27. a.69 b.3.2 X 10*m/s, —0.0029 eV
29. 3.40eV
33. 91.18 nm
35. a.
n r, (nm) v, (m/s) E,(eV)
1 0.026 4.38 X 10° —54.4
2 0.106 2.19 X 10° —13.6
3 0.238 1.46 X 10° —6.0
37. 1.44
39. a. 1.74 X 10'® b. 1.74 X 10% photons/s
41. Potassium:a.5.56 X 10" Hz b.540nm c.1.08 X 10°m/s d.3.35V;
Gold: a. 1.23 X 10" Hz b.244nm c.4.4 X 10°m/s d.0.55V
43. Sodium
45. 1(pA)
03
B
T T T t T T — AV (V)
-3 -2 -1 0 1 2 3
47. a.p = Elc b.A = hlp c. X = himv
49. 2.2.09 X 107*eV b.1.985nm c.3.5m
51. 0.427 nm
53. §
55. a.6.5eV b.355nm, 276 nm c. Both ultraviolet d. 6.16 X 10° m/s
57. —0.278 eV
59. 1876 nm
61. a.n = 99:518nm,2.21 X 10* m/s;n = 100:529nm,2.19 X 10* m/s
b.6.79 X 10° Hz,6.59 X 10°Hz ¢.6.68 X 10°Hz d.0.15%
63. 10.28 nm, 7.62 nm, 6.80 nm; ultraviolet
65. 4.16 eV
67. a.€" b.24mA c.4.5 X 10° d.3.0
69. a.1.518 X 107'°s b. 1.32 X 10°
71. a.4.26 X 1072 nm, 1.31 X 10’ m/s b.0.0164 nm c. X ray
d. 7.3 X 10" orbits
Chapter 39
1. 20%, 10%
3.a.77% b.25%
5. a.1/6 b.1/6 ¢.5/18
7. 2.0 X 10’
11. a.3333 b. 1111
13. 2.5.0 X 107 b.25 X 1073 ¢.0 d.2.5 X 1073
15. 2.0.25mm™" b. ) c.0.25
J\M
m@'m'ﬂm)
~051
17. 2.0.354 mm ™' b. P (™ c.0.25
o

33.

41.

43

45.
47.
49.

.oa.

25 ns

. 100,000
. 18 um

Om/s = v =25X 10" m/s
85 m
1.0 X 10° pulses/s

[wof?

05cm™

x (cm)

b. 1.0% c.10* d.0.50 cm™!
a. Yes b.

¢. 0.000, 0.0050, 0.0010 d. 900

- a.\V/3/8 mm~"?
b. WP (mm™)
38
x (mm)
4 2 0 2
c.
d.0.125
. a.0.27% b.31.8%
. 2.0.866 cm™ "2
b. U € P
Lem™12 Lem™!
T f t t T X (Ccm) et T Y
-2 -1 0 1 2 -2 21 0 1
d. 3440
a.a=>bb. PG
x (mm)
2 -1 0
c.Both 0.838 d.58.1%
No; 1.4 X 1077 m
a.0=v=18x10""m/s b.Notpossible
a.1.5 %X 107" m;no b.44 X 10" m
ab=c
b. P(x) ()P
16¢2
1262
8c2
42
f t +——— x (mm)
—1 0 1 2



Chapter 40
1. 0.739 nm
3. 0.752 nm
7. 0.135
9. 0.038 eV
11.
L A\
\V
7‘) L *
13. a UeV)
Turning points
24
1
0i X (nm)
0 1 2 3
b. Uev)
2 E,
1
| E
4 -x (nm)
0 1 2
15. 150 nm
17. a.0.49eV, 1.46eV,2.43 eV b. 640 nm
19. 1.35N/m
21. 1.22%
25. a. A = 8mcL*/3h b.0.795 nm
29. a.
oo
0 L
w0
;] L *
[0
0 L
n b. Most c. Least d. Probability e. Probability
1 iL Oand L <} 0.195
2 1L 0.3L, L <1 0.402
3 iLIALAL 03L3LL =1 0.333

31. 4.77 X 10" m/s

35. a (wb?) "™ b.2(wb?) 2 [ exp(—2¥b?) dx c.15.7%

1
37.

T = (y/h) b

[CEEFS

o+
0 02 04 06 08 10

(ylhy

39. a.495eV b.4.80eV c.4.55eV

43. b.0.0091 eV, 0.0272 eV, 0.0453 eV, 0.0634 eV c. 69 um; infrared
45. 10117X107 5 1 () 117000000000000000000000000000000

Answers to Odd-Numbered Exercises and Problems

Chapter 41
1. a. V24 b. V12#
3. a.fb —0.85eV
5. —=0.378 eV; V124
7.a.2b.1
11. Si: 15°25%2p°35*3p%; Ge: 1572522p®3573p%4s°3d"4p*;
Pb: 15%2572p°3523p°45%3d'*4p®5s%4d"'5p06s°4f *5d " 6p°.
13. a. Fluorine; excited state b. Nickel; ground state
15. 15735
19. a. Yes;2.21 um b.No; Al # 1
21. 0.020
23. 2.9.0 X 10° b. 8.7 ns
25. 5.3 X 102
27. a. 148 X 107*Js b. —1,0, 1
C. XIS Circle of radius
S=Vin
4
§,=h{mmm=Sc-
0
. Vi
29. V6h
31. a.3.68 X 107 b.5.41 X 107° ¢.2.93 X 107°
37. a.
L, S, J, m;
h ih i 3
fi 3h 3h 3
0 ih ih 1
0 =i i -3
e
S
b33
39.

.

Ti
(152257 2p° 357 3p° 457 3d%)
4s % 3d
gy
3544
244
Is %

Fe
(15 257 2p® 352 3p° 4s? 3d°)

Ge
(157 257 2p° 352 3p® 45> 3d"° dp?)

L
3

Br
(152252 2p° 35 3p© 4s? 3d" dp°)

A-35

s W 3d
s it i
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ANSWERS

41. a.6s —> 5p, 6s = 4p, and 65 — 3p b. 7290 nm; 1630 nm; 515 nm

43. a. Energy
4 136ev
+6.U eV
—H— 15eV
—0eV

b.21.7eV

45. 1.13 X 10° m/s

47.

Transition a. Wavelength b. Type c. Absorption
2p —>2s 670 nm VIS Yes
3s—>2p 816 nm IR No
3p —2s 324 nm uv Yes
3p —3s 2696 nm IR No
3d —2p 611 nm VIS No
3d—3p 25 pm IR No
4s = 2p 498 nm VIS No
4s — 3p 2430 nm IR No

49. 2.6.25 X 10°s™" b.0.17ns

51. 5.72ns

53.5.0 X 105!

55. a.1.06 um b.1.87W

57. 0.677

61. 1.5ag; Sag

Chapter 42

1. a. 1 proton; 2 neutrons b. 18 protons; 22 neutrons
c. 20 protons; 20 neutrons d. 94 protons; 145 neutrons

3. a.3.8fm b.8.2fm c. 14.5fm

5. 3.6 X 10% protons; 3.6 X 10* neutrons

7. 12 X 10" kg

9. a.%°S and *Ar b.5,8

1. “°Ar: 344 MeV, 8.59 MeV/nucleon; *°Ca: 342 MeV,
8.55 MeV/nucleon

13. '2C: 7.68 MeV/nucleon; *C: 7.47 MeV/nucleon; '*C

15.
17.
19.
21.

23.
25.
27.
29.
31
33.
35.
37.
39.
41.
43.
45.
47.

51.
53.
55.
57.
59.
61.
63.
65.

67.
69.
71.
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b. N stable; C beta-minus decay; '*O beta-plus decay
a.9.3 X 10" b.4.7 X 10" c.5.5 X 10°

a.3.32 b.6.64

80.2 days

a.Th b. 2Tl ¢."Li d. “Ni

5.52 MeV

4.82 MeV

60 mrem

02257

a.3.50 X 10" m/s b.25.6 MeV

a.12.7km b. 780 us

a.1.46 X 1078 u; 1.45 X 107°% b. 0.0304 u; 0.76%
6.0 MeV

a. N, 70, F b.'70

c. "N = 70 by beta-minus; ''F — 'O by EC

7.16 X 10" Bq or 19.4 Ci

2.73 x 107

a.18.9s b.No

1.19 hr

210 million years

69.7 mrem

3.31 x 107

a.2.61 X 10 b.0.0239 Bq c. 1.436 X 107 rem/year
d. Yes; =50 million times the natural background.
15cm

~6 billion years

a.65.0 MeV;5.0MeV b.3.7 X 10*'s7" ¢c. 6.6 X 107
d. 650 million years



