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PREFACE

Volume I (Chapters 1 - 15) of the text Physics: Foundations

and Applications contains 636 exercises. Among those, this manual
contains solutions to all 348 of the more challenging "non-numeri-
cal" exercises (225 in Group B and 123 in Group C), as well as
solutions to 33 selected®Group A exercises. (This manual does not
include solutions to any of the exercises in the Numerical group.)
For all even-numbered exercises (Groups A - Q) possessing short
answers, these are given in a brief section at the front of the
manual.

In preparing this manual, we have attempted to write solutions
which are full enough to be useful not only for reference by
instructors, but also for direct display to students. For many of
the exercises, outlines of solutions were available to us, but in
almost every such case we have considerably revised or extended
them.

We have given most final answers to three significant figures,
but have abandoned this convention wherever that appeared appropi-
ate, based on the problem statement or on the numerical details.

In most places, g, (the effective value of) the terrestrial 5
acceleration due to gravity, has been assigned the value 9.80 m/s

We have placed a high priority on accuracy, both in the
method and in the presentation, but we recognize that some errors
must be present. We will be grateful to individuals who notify
us or the authors of the text when errors are encountered.

William H. Ingham
Don Chodrow

Department of Physics
James Madison University
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ANSWERS TO EVEN-NUMBERED EXERCISES

CHAPTER TWO

-4 =il
(@) 3.3 x 10 g: ib) 1.2 x 10

(d) 1.3 x 103 s
3
9.33 x 10 s'= 2.6 hr
(a) 10 m/s; (b) -10 m/s; (c) 2
2

3cti ; 6 m/s, 24 m/s

4 2 ‘
(a) 1.96 x 10 m/s up; (b) 6.3
(a), (d), and (e)

(a) 9.8 m/s

(b) 588 m/s

- 4
= 9.8 2 10 7c; () 353 ae 1@ 10

s el m, 1.76 x 10% m/s = 5

A eyl

0 m/s

-4
9 x 10 s

-8
3,27 ¥ 10 ¢, 4.9 m, 4.9 n/s =

/s = 1.18 x

.88 x 10'5c;

3 g5

-8
163 2l O e

1.96 x 10_60, 1.76 x 10° m, 294 m/s

-4
16 e

- 10
(d) B.47 x 105 m/s = 2.82 x 10 30, 3.66 2 .10 m,

4. 23 5 lO5 m/s = 1.41 x 10_3c;
= 8.47 x 10"2c, 395 % 16 m =

7 —
L.27 % 10 mfs =4.23 x 10 20

Est: (a) 20 mi/hr; (b) 5000;
58.5 m

(a) 7-3bm/fs;  (b) 2.76 n

(d) 1..18 x 103 m/sy (b)) 3.53 %
(d) 2 more minutes; (e) 147 s;
5

(a) 6.25 km; (b) 4:52:30 p.m.;

(@) 23.1 my (B) 13.3 s, 326 m;

{e) 2.54 = 1

3.47 x 10>

te) d.A hr,

i
0 m/s

lt-yr

6.8%

4
lO4 m; - le). 7.06 x 10 m;

(£) 1.44 x

3
100 m/s

() 7.14 km/hr; (d4)

te)y 2401 sl

596 m;

no




=

2-38

(d) 1.35,%km

2
(a) 1.82 s, 3.19 s; (b) 8.58 s, 84.1 m/s; (€¢) 354 my/s

= 36.1g

CHAPTER THREE
(@) v2h/g: (b) tan “(w2/5H): (o) 3.71 x 10° m, 51.1°
(d) directly over point of impact
(a) 1:2:3; (b) {3:2:{3"
(2)”1.92 m/s; (b) 0.391 s
magnitude 6, direction same (The resultant vector is
identical to 51)
Taking N to be up and E to the right: (a)—f51 45° N of E;
() 0; (c)y2, 45° s of E; (@) {2, 45° 5 of E; (e) 2, E;
(£) ¥2, 45° N of E; (g) 0; (h) 242} 45° N of E:

Ve, 63.4° Niar &

(b) (xl,yl) = (01 m), (xz,yz} = (L om, 12930 m), (x3,y3)

1

(2.60 m, 1.50 m), (x4,y4 = (4.00 m, 0Q), {xs,ys)

= (3.54 m, -3.54 m). The resultant vector has (x,y)

o]

(11.14 m, 0.69 mh; (c) magnitude 11.2 m, direction 3.5
north of east (or 86.5° east of north)

(b) The maximum height is twice the height obtained when
throwing for maximum range.

-1
tan ~(4) = 76.0°

5
(a) 7.9 x 106 m/s ; (b) 8.1 x 105
26.9 knots (13.9 m/s) from 21.8° S of W

(a) v = L{g/2d; (b) 582 m/s; (c) 343 m from firing point

2
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(a) 39.2 km; (b) 5.5 km (ignoring the earth'é curvature)

(a) 12.7 m/s; (b) 15.5 m/s; (c) Difference is 2.8 m/s or

20% of the average, while the average is 7.9 m/s or 36%

slower than 22 m/s.; (d) Gravity would appear too strong.
o

@y 12,87 77,15 (B) b0, 1.37 8

&
(a) tan® = v /rg; (b) 20.2O

speed 164 km/hr, compass reading = 14.1° E of N, elevation
o} o !
angle = -3.1 = 3.1 Dbelow horizontal
o
= 45 e
gmax {8/2

(a) 45.6O upstream of perpendicular to bank, 0.49 m/s,

102 s; (b) perpendicular to bank, 0.7 m/s, 71.4 s, 35.7 m

CHAPTER FOUR

back in the funnel

(a) 2.24 m/s; (b) 214 rev/min

157 N

447 m/s

4 kg

638 N

(a) 7.07 N northwest; (b) 22.4 kgm/s, 26.6 W of N

(b) 42,5 my  .(g) 3.4 8

Using Eg. (4-28), which neglects buoyancy, the terminal
speed is 3.5 x 10-4 m/s. Allowing for buoyancy, the terminal
speed is 3.0 x lOd4 m/s. (The density of glycerin is
226 2 lO3 kg/m3.)

(a) 2.55 x 104 N; (b) 2.55 x lO4 N

3
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(a) v =4 2gh; (b) s m v 2gh/At,

= = =

Ffl.oOr mlg (Y 2gh/At) 1, (Fnet/mg) 2h/g/At,
(Ffloor/mg) =1 + (= 2h/g/'At); (e) Fnet = 1960 N = 2.86mg,
Ffloor = 2650 N = 3.86mg
() V.. =0 - B (c) The two di T

Vlf = 0, v2f = Vli' c e two directions are oppo
e E) .. ® N W& ow ot Y r (o) A1 th
site.; vlf = 1i Vo8~ /M, vli' e ree

vectors have the same direction.
(b} mz/ml = 0.675 - (c) anelastic
=1
mC/mD 12
Wy k k. +
k kl 2/( 1 k2)
-1 o

B =t ; b 7

(a) an /us (b) 16

: ’ 21m S
Ignoring buoyancy, vT = P—%-S (If buoyancy is included,

£
= — 'F %' = E
Y [2mg (1 .g—}/f’fmg] ; where,Q is the density of the

falling.object.)

(a) P = W tan®, directed toward the right

(@) 2/3 mysr  (B) 07 (o) Zwmges 0 (d) 2 s (e) 4 mp (£) D
(g) 0

1.0l w, a proton

(@)Y 2n/g; () cq2n/d% (c) c2gh} (4) Y2gh}

(e) C'\]—ZTng‘ (E) & m—ﬂ'down; (h) Vessel descends.

(a) a = g(sind - Mcos®), £, = §28/a, v, —zal;

(b)Y v =~JZ(j - l)ag, vjf =m, T = m;

Jj1
(c) T* =[2In{+ (n - D)al/d > T,

v' = ]/Znai{l + [(n - l)d/nm = e

(d) (v, 2
jl

{‘r
)¢ = 2all(5 - 1) (23 - 1)/631,




|

., 0% = 2all(5 + 1) (23 + 1) /631,

; |
b 2_22\/(3'+1>(2j+1) G -1Dei -
a 67 6]

J=!

(e) T" > T, but T" may be greater than or less than T',

depending on the value of d/f. v" _Lv _<v'.
nf nf

CHAPTER FIVE

2
(c) 32.3 m/s , 2.94 % 103 N, F/W = 4.29

2 kg
3

¥=8 s 105 N
5.86°
62.6 m/s

2 :
(a) v /Rg; (b) static
(a) no; (b) no

2 2 2
(a) v "/R; (b)) m(g + v “/R), F/W =1+ v "/Rg;

4 4
(a) 6 x 10 N; (b) 4 x 10 N; {e) 2 ¢ lO4 N

(a) 39.2 (b) 29.4 N

(m + M)g sin8/M, downward along the plane

2
(a) 1.63 m/s2; {b) no; (c) yves, 0.817 m/s

0.25

(a) WgR/uS 7 (b) 7.38 m/s

(a) |a| — 2/2d; (b) F/W =w 2/2gd; (c)
(o] O

(d) Est: 13.8 x (15 1lbs.) = 210 1bs = 940 N

(a) 4.83 m/sz; (b) 0.523 N

2
(d) mlm2g sec@/(m2 sec B + m, tan29);

2 2 2
4 +
(e) m2(ml mz)g sec 9/(m2 sec B my tan 8)

F/W = 13.8;
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(a)
(c)
(a)
(b)

(a)

2 -2
2 17 (b) a1 = 2.98 m/s” up, a, = 5.96 m/s down;
192 N
T = 27[mr/(M + m)gllll Ty = 27[mr/ (M - m)g]‘/"

s jAs ST /MS
Ti/TS = 1.29

It inclines toward the upper end of the ramp with respect

to the vertical.

(a)

CHAPTER SIX

T = 2Ry

Both (a) and (b): T = 2W4 m/2k

(a)

v

o]
Il

v =

(a)

3T/4

(b)
(a)
(a)

X =

X = 2.00 sin(6.00mt) cm = 2.00 cos(6.00mwt + 3M/2) cm,
12.0M cos (6.00mt) cm/s = -12.0T sin(6.00Mt + 37/2) cm/s,

2
~72.OW2 sin(6.007Mt) cm/s

2 2
=72.0W cos(6.00Mt + 3T/2) cm/s” ; (bY == 1.62 em,

2
22.2 em/s, a =-575 cm/s

yes; (b) vyes
N =N e_Rt
o
kA /m; (b) mg/k; (e) 2.8 em
-0.05 :
x = 5.00 sint m; (b) x = 5.006e =t sin (.9987t) m,
= : =it

5.774e bRk sin (.8660t) m; (¢) %='= 5.00te m;

-0.38197 -2. 03
@) %= 2.2360s (.28 97t i 2.618 t] s

-0.1 -9.89898t
0.5103[e 010102t -e 38 ] m; (e) (Xmaxdaf/vo)

X =
=1, 0-927; 0.548, 0.368, 0.275, 0.006

+: (] H d H . r
(a) 211"\’(1 O{)]V'l/k () WL -HX}Mlg/}LS/k (@) 3.12 s
0.98 m




6-26 (a) m?OA; (b) net upward force is Afg(d - mﬁgA);

(@) 7 PR/

CHAPTER SEVEN

7= Esk: ot Za0hm/s; (b) 1.7 x 10° g

7-4 (@) 8.85 ni/s

Himb (a) 150 J; {b) 125 J: (g) 224 m/s

7-8 (a) 10 m/s; (b) 14.1 m/s; (c) 26.9 m/s; (d) 41.2 m/s

7-10 ()i 196t lO3 J; (b} B.23 x 103 J

7-12  (a) mgh;  (b) mg/2; (c) 2h; (d) mgh

7-14 (a) 1200 T, =1120 <7, 80 J; (b) constant acceleration

=16 (a) 1.15mg; (b) 0.577mg; (c) 0.518+ gf; (d) 1.27mg;
(e} 0.866mg

sl "'/I?—\Mviz

7-20 3:.13 m/s

7=22 -ng/3'

7-24 42.2 J

Teme (@ e g ) BLE
o s
7-28 (a) 1000 J; (b) 1450 Jis (c) 145 N; (d) 0.342;
(e) 5.97 m

7-30 ©.831 m/s

7-32 (a) 5.48 m/s; (b) 5.30 m/s

2 - ; 2
7-34 (a) mg + mvo /R; (b) 'dvo - 4gR; (c) (mvO /R) - 5mg;
(d) 6mg (e) rod is under compression; () 4gR
4mA'
— = - = 3 D + —— 1
7236 (a) sy = s,/2 ) v, = 2v; (o) 8g/(l mB>

(d) 5.60 m/s
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[ ey
ey dM
(A miE) = Yk/M(t) = 'Jk/(M, + t—) ;
l dt
Y
m|aM 2 A(t) _ [mM)
(b) 2Jdt|u)(t}A (t); (c) e [ = ;
i 3
(@ W_= (M/M)_I/Z A_=A4A (M_/M )1/4 E_=E (M/M)Va"'
-Fi 3,0 FE g A shtEE R AT LA !
(e) &% = 3.16{ui; Af = 0.562Ai, Ef = D.3l6Ei
CHAPTER EIGHT
3]
1.41 x 10 kW
=3 2 ' L
(a) 2.22 N; (b) 2.22 x 10 N/m" ; ey 2.19 x 10 atm
345 W = 0.462 hp
R/r
(a) 3; (B)" 2
coto
(a) 2nR/p; (b) 628
v2f = Vli’ vlf =0
(a) 1.13 kgem/s; (b) 6.00 x 10 ° &  (c) 188 N
3
4,12 x 10~ kW
Vimax /6 Vel Vomax ﬁvo' Vimax =~ ¥ 2 ¥
2 2
r H 0.894; + £ - :
(a) 1/hf/hi‘ (b) 94 el hl(l ET)/(1 -€7)
(d) 270 cm
(a) mvi(l +E£) sinei perpendicular to surface;
-1 ‘ 2 N
(b) tan ~(etan®,); (c) w. -\/1 - (1 -€£7) sin“8._;
3 7t 8
2 2
(d) 1 - (1 -¢7) sin ei
(a) 224 kgem/s at 116.6° with V.i (b) 4.47 s, point rocket
E3.4° with "\?i; (c) 6.00 s, 34% more fuel
(8) 42.4%; B B .= 3.92 ¥ 10 7. . = 1.18 % 16° o¥
gl Hgf = " o i : 5




8-38

-1
(c) If ei < tan (l/%uk), then Kf/Ki
A ) 2o L ey
=1 %Mk 51n9i Cosei + %ﬂk sin ei. 1R ei._ tan (l/%;%),
then K_/K. = sin29_.
E 3
(@) ~£|v] © -foa|sint +8)| ; (@) Q&) = (TmeS/4E)A(E) ;

(e) O decreases; (E) AR) 37 4f/ﬂma€

CHAPTER NINE
5.28 m/s2 at an angle of 4.16O with inward radius,
5.28 m/52 at an angle of —4.16O with inward radius
2 2
(a) 8.38 rad/s ; (b) 2.51 m/s
3 2
(a) 18.8 m/s; (B) 3255 2% 10 amy's
(a) and (b) 1.88 rad/s
(a) and (b) Fd clockwise

[(4%/3) + §1 m

245 J
-3
(a) 10 rad; (b) 0.2 mm
(a) to the right; (b) to the left; (c) to the left;

(d) no motion

@) (3 B+ B/

3/4

(a) Both are mgb/2(h - 24d); (b) mg

(a) 882 N; (b) and (c) 970 N

70.7 N

(a) 30%;  (b) F_ = 490 N, F_ = 424 N, F = 245 N;
(c) 490 N




4Mir 4M gr (1 - cos8)
below center: (b) =

9-40 (a)

7 + M.
I!(Mt 1) 3'ﬁTMt + Mi)
9-44  3MR/8m
9-46 7.96 cm
9-50 . f(al W N ) E =F P =% =
) a :—; = 3 _f L -
=== B A B A (el ik, A F/2;

@ U = AL/a;  (e) no

9-52 (a) m2{2,g2 + ,23)/mA,gl; (b) 2 grams

9-54 (a) FE = Mgb/(a + b), FF = Mga/(a + b);

Mga

el B (2 + b)n '

]

M = 100m; = nd, =
(a) 100m (e) dH n dF d

9-56 (b) a distance 4R/37T directly above the midpoint of the

flat edge

9-58 (&) Mg(R + L)/1/2RL + L%;  (b) Mgr/+/2RL + L2,

() 0.155, 1.73Mg;  (d) For L<<R, S * Mg\/R/2L and

N = Mg YR/2L. For L>>R, S =~ Mg[l + R2/2L2] and N 2 MgR/L.

CHAPTER TEN

10-2  (a) M(B%/12 + A2/3); (b M(A2 + B2) /3

10-4 (a) 7MvZ/10; (b) 175 g

10-6 LQP increases by a factor of 4

10-8 32.9 N'm about axle

10-10 (a) dr, = AL, dIY; (b) Iz = Lok Iy, (c) I, = Iy;

(B I =1 =ME 70, T = #i (e) 3MRZ/2

58 Vi e % =

10-14 1 = i—I

dia 2 “central axis
10-16 0.165

2 2 2

10-18 (a) 5.00 rad/s": () 2.00 kg m"; (c) 4.54 rad/s";

(e) 100 kg

10



10-24 (b) Ti = =1 P (e) Using a

sufficiently massive bob that the pendulum is quite

asymmetrical, adjust the bob's position so that T. = T

1 2
even though D, # D,-
10-26 (a) Mg; (b) 2g/R; (e) 2g
10-28 (a) 0.500 m/s; (b) 2/3 m from struck end
10-30 (a) 2/3 m rightward; (L) i m/52 rightward; te) 1/2 m
rightward; (d) 1 m rightward; (e) 1/3 m rightward;
(£) 203 m/52 rightward; eyl o 243 m/s2 rightward.

10-32 Letting IO represent the moment of inertia of lecturer plus

2 2
= w
stool, CL)Z [(IO + 2le)/(IO + 2mR2)] 1

1 2 2 2 2
== + 2 = R + ;
Ky 2(10 le)ool and X, [(IO+ 2m l)/(Io 2mR2)]Kl
Work is done in pulling in the weights.

10-34 4/8g/3R

10-36 (a) W = 0, ¥ 2gh, Ko = mgh;

O

ps o TUZGR . _ifEem
(e fu = R[L + (M/2m)]1’ 1 ~ L + (M/2m)] '
¥ mgh
ST s w1
1056, 598 = 0 T, 56.5
10-40 (b) dam = (M/2) sin6de; (e Har= (MR2/2) sin3ede;

(ay 0 =0T
2
10-42 (4) L/j = % musd sinzr, Ly = % mu.)c'l2 sin/zr COST;

- L 2 / .
(e) dL,/dt = E-nﬂﬂ dz sin‘Xkcoqu into the page;

v o L :
(£) f; = (mcozd /2h) 51n1/ cos%ﬂ toward top of diagram;
F -7
B A

1l



10-44

10-46

10-48

10-50

(a) weylindrical shell: eM = tan_l(Z/uS), solid cylinder:
] ) =il

eM = tan (%}LS), spherical shell: GM = tan (%}iS/Z),

solid sphere: GM = tan_l(?ﬂjs/2); (b) c¢ylindrical

shell: a = (g/2) sin®, solid cylinder: a = (2g/3) sin®,

spherical shell: a = (3g/5) sin®, solid sphere:

a (5g/7) sinB; (c) All exhibit the same acceleration:

I

a = g(sin® - /ik cos8) ; (d) Cylindrical shell and
spherical shell arrive together, then solid sphere, and
finally solid cylinder.

The precessional angular speed COP depends upon the angle
QY between the spin axis and the upward vertical. With
the given numerical values, a)p is real-valued only for
Qr:> 58.9°. For values of ‘|’ ranging from 60° to 165°,
qu ranges from 18.6 rad/s to 8.1 rad/s. For comparison,

Eg. (10-36) predicts CUP = 10.89 rad/s for any value ofVQY.
s s >\5LsAF BF Eg— /\5K5A;

(c) oopB = wPA/ Ar & COPE/oosB = (1/)\"("’3@/@59.”
(e) yes, ves

(c) Assuming that @ <<w_, (W = (5gh/2R" W)

(d) The formula of part (c) gives aop = 4.48 rad/s, but
(4d2/G2)(UJp/OJS) is not much less than unity, which
invalidates the expressions that are correct in the limit
(0Jp/a)s)—%>0; (e) If Eq. (10-36) were strictly applica-
ble, the precessional angular speed would be 4.48 rad/s

for all & ; the exact solution indicates that &Jp

A
2’ 5.38 rad/s for the angle & 2 25° shown in Fig. 1O0E-50.

12



10=52

11=2

1k

11.=6

10=8

1110

11—-12

11-14

11=16

11-1.8

11-20

11=22

11-26

11-28

1 7 + 4 sin®é
e {3(1 T 2 sine)}

CHAPTER ELEVEN

8 years
(a) 2.46 m/s%; (b) 238 min; (c) force of attraction
e 7 2 T (d) 70 kg

(a) 29.4 m/s, 44.1 m; (b) 44.1(g/gj m, 6(g/g') s;
ey (4) 117 m,- 15,9 8 (ii) 265 m, 36.1 s
3.35

(B) 272

= L
(a) 4.19 x lOl4 kg - 7.00 x 10 lM ; (b} L.12 = 10 - m/s
e

=114 % 107 g te] 3,34 mfs = 9.99 = 10 v
e

2

=

(a) no; (c) 1856 km from center, 118 km from surface
739 s = 12.3 min. (Note: The answers for part (c) are
all actually slightly too small since the altitude is

several percent as large as the lunar radius.)

(a) 3.14 x 10°°%;  (b) 3.14
(d) T = 2.6BT,; (b] 5.85 = 1026 kg = 97.7M
] Ak e
(a) 2T/ 2/@m ) V3m/e<py
() k(m, +m)/m; (b) 27 ymm /[k(m +m)T;

(c) k(ml + m2)/m1, 2ﬂ'1/ﬁ1m2/[k(ml + mz)f
(a) -k/R;  (b) k/2R, -k/2R; (c) R = A/mk, E = -mk>/24%;
(a) 4, 1/4

(b) Using the formula given in the first printing of text:

y 1/3 1is 3 1
R_= (12/17) (Me//ﬁs) = 18.88 x 10° km = 2.96R .

=3



Assuming circular lunar orbit and neglecting lunar spin:

/-

" 1/3 1/3 3 9
R_= (3/271) (Me//]s) = 9.44 x 107 km = 1.48R_

Assuming circular orbit with synchronous rotation:
A 1/3 143 1 3 -
R = (9/4T) (Me/f)s) = 10.8 x 10™ km = 1.70R_;

(c) in Saturn's ring system

11=-30 (a) 1.87 % lO4 km; (B) 2.50 = lO4 km

19:83 7 () me' (W - &) = w0 B+ &5 GIUE = %—m(v')z

2 GMm/(']‘— c), E = %—mv2 - GMm/(?f +¢), E' = E

11-34 984 s = 16.4 min (for an observer at the equator)

CHAPTER TWELVE

12-4  (a) 90 s; (6) 1.28 = 10° 5 = 20.6 tin

'x L
12-6 y = 0.10m COS[?TF (5f6-+ 6756)] = 0.10 m cos(TTx + 41Tt)
12-8 (a) positive, 5.00 x 107> m, 0.200 m, 4.00 m/s;

ib] 0y 500 2 10 s =5l 5 10
= -3
(c) ©, 5.00 = 10 m, =-5.00 x 10 m
19-95 4

12-12 152 m/s

12-14 (a) 0.531 W/m; (b) 0.265 W/m; (o)) A2 = Al/ﬂ 2

12-16 200 Hz

1226, 28.5 m/s; 200 H=

12-28 (a) 1.63 m, 209 Hz; (b) 228 Hz; (¢) 1.36 m, 250 Hz;
(d) 261 Hz
Toag ey

12-36  (a) ng = FAZ/JR2 if =~ vt]<f,Q; otherwise Fo =0y
(@) s =rav/L % = &%) "t P if [x - vt|< L

14
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12-42

13=2

13-4

1376

13-18

13=12

13-14

13=16

1.3=18

13=20

13=22

13-24

13-26

13-28

otherwise S = 0.
/OE =1J/mand S = 42.6 W for |x - vt|<0.1 m;
ij and S are both zero otherwise; E = 0.20 J

(c) & = sin T(1/M)

CHAPTER THIRTEEN

(a) 3.5 x 103 Hz; (b) 336 m/s

(a) 0.25 m; (b) 0.5 m; (c) 400 Hz; (d) 200 m/s;

(e) 0.02 m

(a) 100 m/s; (b) 200 Hz; (c) v = A sindTx cos 4001Tt,

with x in m and t in s.

(a) 74.6 Hz, 172 Hz, 269 Hz; {b) 1.14 ‘m, 0.496 m,
0.316 m
(a) 2.83 m; {b) 60 Hz
L = 4L /3
o c]
2%
-3 2
(a) ))n = 5n Hz; (b) (9.93 x 10 “/n") m
(a) 2A; (b) The magnitude of the energy flow can be up

to four times as much, depending on the relative directions
of 57 and S,p, as seen from O; (¢) 6.02 AdB

680 Hz

0, 60, 200, 260, 400, 460, and 520 Hz

{(a) 25 cm; (b) L.25 s; (c) 762 vibrations

(a) The wires must remain joined at all times; (d) For

/A]_<:/ji2, the reflected and incident waves are 180 out
of phase: 5\r = 180%; (e) For/ﬁ(l§> /[Az, égr =5

1:5



14-12

14-20

14-24

14-26

14-32

14-34

15-2
15-4
15-6
15-8
15-10
15-12

15-14

CHAPTER FOURTEEN
0.866¢C
-8 - -8
(a)y 3.33 = 10 = (B) L1l x 10 s
v/ie =1 ~ 2.5 x 10_7 {assuming a 70-year lifespan)
0.976c¢

(a) u

L =ic/2, uy = c¥3'/2;  (b) u = -c/2, u =c {3'/2;

(c) 1200, which is larger (by nearly 500) than the angle

made by the meter stick.
@ c; () o (@ = 1/1/1 - vese;
(@ ¢ = f( 2 v—?)

(e

(b) e = l%lﬂ (1) 0.010, (2) 0.10, (3) 0.50, (4) 0.90

(5) 0.999

0.438c away from the earth (assuming purely radial motion)
(&) 9 ="cts [1/01 * 'Jl = m e At = 1800 &

By (1) 59.8°, 120.1°%, (2) 59.2°, 120.8°, (3) 45.9°, 134.1",

tay 28,8, 15 2%

v =Afwp? e wn? e T e

CHAPTER FIFTEEN

(a) 0:115; (b) 0.99995

(b Y3V/2

3.7 = 164

(b) equal but opposite momenta, 8.2 x fg=te 4

=12
s et Bl + J/nucleon

35.2°

5.583 % 10 o= 4.3 T

16



15-18 (a) m_|2 + ey G 1/2;
5/ 2
1= v,/c2
1

kinetic energy that is changed into rest-mass energy is
172
<2+_,__2_> 2,
\}l - v?/c2
1
il
(%_l)
= 2 2
V1 - vi/c

(c) The rest of the initial kinetic energy becomes the

(b) The fraction of the

kinetic energy of the composite particle.

(d) =i, 200 3 1 - v2/c?)
i i

£
15-20 K = 2.4% ¥ 107 g, Ky =Ey = 3.76 x ikl
15-22 4,95 % 70 22 g
-13 2
15-24 (a) 4.95 x 10 Jir (b) 13% underestimate.
15-26 3.30 % 10 22 7
13

15-28 1.64 % 10 &

15=32 . {a) By TRy Byt By &0

v
o [T T = T = LI & T v T 1 .
gy s, = 8y = .0, 7 NBT o ER = E = R

(b) conservation of energy

15-36 (a) 4moc2, 2moc2; (b) and (c) c{3'/2 = 0.866¢;

2
(d) 4c1{§V7 = 0.990c; (e) 7moc ; 6mocz; (f) It remains
in the form of kinetic energy of the four particles (in

the lab frame).
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