Chapter 23

P23.2 (a) 2.62 x 10%; (b) 2.38 electrons for every
10° present

P234 575N
P23.6 2.51x107°

P23.8 514 kN

P23.10 x =0.634d. The equilibrium is stable if the
third bead has positive charge.

x| md®
P23.12 (a) period=— where m is the mass of
P 2 # k.qQ

N k.qQ
the object with charge -Q; (b) 4a P
m

P23.14 149g

P23.16 720 kN/C down

P23.18 (a) [18.0{-218f |kN/C;
(b) (36.01 - 436j) mN

P23.20 (a) 12.9] kN/C; (b) -386j mN

P23.22 see the solution

P23.24 - —%1

P23.26 k;—’zo (i)

po3ag ko (i)

1
ZXO

P23.30 (a) 383 MN/C away; (b) 324 MN/C away;
(c) 80.7 MN/C away; (d) 6.68 MN/C away

P23.32 see the solution

P23.34 (a) %

(d2 +R® )_]IZ - ((d + h)2 + RZ)_m] ;

2k,0i 12 ) 12
®) =5~ [h+(d2+R2) ~((a+? +R?) ]
P23.36 (a) 200 pC; (b) 141 pC; (c) 58.9 pC

P23.38 see the solution

1 . . . ..
P23.40 (a) -3 ; (b) ¢y is negative and ¢, is positive
P23.42 electron: 4.39 Mm/s;proton: 2.39 km/s
P23.44 (a) -576i Tm/s?;(b) 2.84i Mm/s;(c)49.3ns

P23.46 (a) down; (b) 343 uC

P23.48 The particle strikes the negative plate after
moving in a parabola 0.181 mm high and 0.961 mm.

P23.50 Possible only with +513 uC at x =-16.0 cm
P23.52 (a) 242 N/C at0°% (b) 942 N/C at117°

P23.54 525 uC

A
—— () ——=

P23.56 ;
(@) Acotf +B Acosb + Bsin6

P23.58 0205 uC

k.qQ
P23.60 5— toward the 29th vertex
a

P23.62 4431 kNJC

P23.64 0.072 9a

ml®

T
P23.66 see the solution; the period is =7 .[———
P s Yr.Qq

12
P23.68 R —o=
. K g
P23.70 (a) see the solution; (b) k

P23.72 (-1.361+196j) kN/C



Chapter 24

P242 355 kN-m?[C

P244 (a) -234 kN-m*[C; (b) +234 kN -m?[C;

()0
P24.6 L

S
P24.8 ERhK

P24.10 (a) -556 nC; (b) The negative charge has a
spherically symmetric distribution.

q q
: —_— —_— th
P24.12 (a) e (b) e (c) Plane and square bo

subtend a solid angle of a hemisphere at the charge.

P24.14 (a) 1.36 MN -m?[C; (b) 678 kN-m?/C;
(c) No; see the solution.

P24.16 1.77 pC/ m’ positive

Q -6y

P24.18
66

P24.20 282 N-m?[C

1

P24.22
246,

P24.24 (a) 0; (b) 365 kN/C; (c) 1.46 MN/C;
(d) 649 kN/C
P24.26 (a) 913nC; (b)0

P24.28 4.86 GN/C away from the wall. It is
constant close to the wall

P24.30 76.4 kN/C radially inward

P24.32 350 kN

P24.34 (a) Qr3 ; (b) Q. (c) see the solution
. 5 = =

P24.36 713 nC; (b) 5.70 uC

P24.38 (a) 16.2 MN/C toward the filament;
(b) 8.09 MN/C toward the filament;
(c) 1.62 MN/C toward the filament

P24.40 -115 nC/m?

P24.42 (a) 0; (b) 12.4 kN/C radially outward;
(c) 639 N/C radially outward; (d) Nothing would
change.

P24.44 (a) 0; (b) 79.9 MN/C radially outward;
(c) 0; (d) 7.34 MN/C radially outward

P24.46 (a) 248 nCf/m?; (b) 496 nC/m>
P24.48 (a) 2.56 MN/C radially inward; (b) 0

-q Q+g
P24.50 : (b
() 4 a® (b) 4 b?

P24.52 see the solution

2
chw

P24.54

P24.56 see the solution

P24.58 (a) —4.00 nC; (b) +956 nC; (c) +400 nC and
+556 nC

1 f k.e?
P24.60 (a, b) see the solution; (c) — LS ;
27w ¥m,R

(d) 102 pm
P24.62 (a)0; (b) é to the right; (c) 0

P24.64 see the solution

P24.66 0269 N-m?[C;2.38 pC

P24.68 see the solution

2
P24.70 (a) ﬂ( 2)  (b) ﬂ(a -E)

26 "7 30 26 \" " 30p
cd® . d
P24.72 (a)E=24€O1forx>2,
cd® . d
E=—24€01forx<—2,
3
(b)E=Ciiforx>O;E=—CL§forx<O

36 3G



P25.2

P25.4

P25.6

P25.8

P25.10

P25.12

P25.14

P25.16

P25.18

P25.20

P25.22

P25.24

P25.26

P25.28

P25.30

P25.32

P25.34

P25.36

P25.38

P25.40

P25.42

P25.44

P25.46

P25.48

6.41x10™° C

-0502 V

1.67 MNJC

(a) 59.0 V; (b) 455 Mm/s
see the solution

402 kV

0.300 m/s

(@) 0; (b) 0; (c) 45.0kV

(a) 483 m; (b) 0.667 m and -200 m

(a) =386 nJ; (b) 103V
(a) 322 kV; (b) =965 m]

5k,q
"R

(a) 10.8 m/s and 1.55 m/s; (b) greater

(a) 450 uJ; (b) 34.6 km/s
see the solution
27.4 fm

-396]

k 2
gl
S

22

(a) 0; (b) kE—ZQ radially outward
r

(a) larger at A; (b) 200 N/C down;
(c) see the solution

keQ
-0553 ==
R

ke, ‘/bz +(B]4) -2

2 " JbZ + (L2/4) +L[2

2ﬂk30[1/x2 +b? —1/x2 + az]

1.56 x 102 electrons

Chapter 25

P25.50 (a) 135kV; (b) 2.25 MV/m away from the
large sphere and 6.74 MV//m away from the small
sphere

P25.52 (a) 13.3 uC; (b) 0200 m

P25.54 (a) ~10* V;(b) ~10° C

P25.56 14.5 Mm/s

2
P25.58 (a) @ln d+h+ (d+h) +R?
' h d+yd® + R2

(d+ h)J(d+ h)2 +R? —d1/d2 +R?

d+h+ (d+h)2+R2
d+vd® + R?

kQ

(b)
R*h |24k - 12 + R In

P25.60 (a) 488V; (b) 7.81x10™ J; (c) 306 km/s;
(d) 390 Gm/ s* toward the negative plate;

(e) 6.51x 107'° N toward the negative plate;
(f) 407 kN/C toward the negative plate

P25.62 (a) 1.42 mm; (b) 920 kV/m
2
)
P25.64 | —
3am
899

P25.66 (a) E4, =0; Ez= (—2) V/m radially
r

45.0
outward; Ec = (——2) V/ m radially outward;
r

899
(b) V4 =150 V; Vg = (—450+T) V;

450
Ve= ( _T) A\

a+L+yf(a+ L)2 +b°

a+1/a2 +b?

P25.68 kAlIn

/2

P25.70 E, = 3E0u3xz(x2 + yz + zz) ! ;
-5[2

E, = 3an3yz(x2 + yz + zz) ! ;

E0a3(222 —x* - y2)

E,=Ey+ (2 5 2)2 outside and
XT+y“+z

E =0 inside

k,Q
R

P25.72

arlw



Chapter 26

P26.2 (a) 1.00 uF ; (b) 100 V
P26.4 (a) 899 mm; (b) 0222 pF; (c) 22.2 pC
P26.6 11.1nF; 26.6C

P26.8 3.10nm

2N-1)g (7-6)R?

P26.10
d

P26.12 2.13x 10" m®

mgdtan 6
q

P26.14
P26.16 (a) 17.0 uF ; (b) 9.00V;
(c) 45.0 uC and 108 uC

P26.18 1.83C

IS C IS
P26.20 7+ T—C,ﬂCS and > - I—ClgCS

P26.22 (a) 2C; (b) Q1> Q5 > Qy;
() AV, > AV, =AV3;
(d) Q3 and Q; increase and Q, decreases

P26.24 (a) 398 uF in series; (b) 2.20 uF in parallel
P26.26 19.8 uC

P26.28 83.6 uC

P26.30 (43 - 1)%

P26.32 447 kV

P26.34 energy doubles

P26.36 2.51x10° m® =251L

P26.38 (a) 400 uC; (b) 2.50 kN/m

2
P26.40 (a) C(AV); (b) % Q) 4C % ;

(d) Positive work is done on the system by
the agent pulling the plates apart.

1 an _ RQ
Rl + Rz fh Rl + Rz !
(b) see the solution

P26.42 (a) g =

P26.44 (a) 13.3nC; (b) 272 nC

P26.46 ~10° F and ~10* V for two 40 cm by 100
cm sheets of aluminum foil sandwiching a thin sheet
of plastic.

P26.48 (a) 1.531F ; (b) 18.4nC; (c) 184 uC[m?
free; 183 MC/m2 induced; (d) 694 V/m

P26.50 (a) (-9.10i+ 8.40j) pC -m;
(b) =209 nN-mk; (c) 112 nJ; (d) 228 n]

P26.52 579V

P26.54 (a) 333 uF;
(b) AV53=60.0V; AV, =300 V;

AV, =60.0V ; AV, =300 V;
(c) Q3 =Q6 =180 uC; Qr =Q4 =120 uC;
(d) 13.4 m]J

P26.56 189 kV
P26.58 (a) 40.0 ] ; (b) 500 V
P26.60 yes; 1.00 Mm/s

P26.62 233V, 267V

& [!@2 + 0x(k —1)] ‘

y ;
oS (AV) [2; tx(x _1)];
= (AV) ¢k -1)

2d
(d) 1.55 mN left

P26.64 (a)

to the left ;

P26.66 Gasoline has 194 times the specific energy
content of the battery, and 727 000 times that of the

capacitor.

P26.68 see the solution; 45V
2

P26.70 5

P26.72 3.00 uF

P26.74 see the solution

P26.76 see the solution



Chapter 27

P27.2 364h

P27.46 (a)2.05W; (b) 3.41 W; no
P27.4 (a) see the solution; (b) 1.05 mA

P27.48 295 metric ton/h

P27.6 (a) 170 A; (b) 850 kA[m?

P27.50 672s
2
P278  (a) 995 kAm®; (b) 8.00 mm P27.52 (a) $1.61; (b) $0.005 82; () $0.416
P27.10 (a) 221 nm; (b) no; see the solution P27.54 (a) 576 Q and 144 Q;
(b) 4.80 s; The charge is the same. The
P27.12 303 M A/ m? charge-field system is in a lower-energy
configuration.
P27.14 (a) 3.75kQ; (b) 536 m (c) 0.040 0 s; The energy enters by electric
transmission and exits by heat and electromagnetic
P27.16 00181Q-m radiation;

(d) $1.26; energy; 1.94 x 107 $/]
P27.18 2.71 MQ
P27.56 27.0yr
P27.20 (a) 777 nQ; (b) 3.28 um/s
P27.58 50.0 MW

YAl
P27.22 * =129 P27.60 (a) 116 V; (b) 12.8 kW (c) 436 W
P27.24 378Q Vi 4pL Vrd?
P27.62 (a) E=—;(b) R=—=;(c) I = .
6 (a) L r( ) ndz,(c) 4pL ;

P27.26 (a) nothing; (b) doubles; (c) doubles; A
(d) nothin, Vi .
8 d J= ﬁ ; (e) see the solution
P27.28 198 A
P27.64 2.00 Q
P27.30 carbon, 4.44 kQ; nichrome, 5.56 kQ

P27.66 (a) see the solution;

P27.32 1.71Q (b) 1.418 Q nearly agrees with 1.420 Q
P27.34 0.153 Q P27.68 () =Llnr_b. ) o~ 27LAV
P27.36 500 A, 24.0 Q 27l r, 1infry /1)
P27.38 448 A P27.70 see the solution

P27.40 (a) 0.530; (b) 221 J; (c) 15.1°C P27.72 see the solution

P27.42 (a) 3.17 m; (b) 340 W P27.74 see the solution

P27.44 (a) 0.660 kWh; (b) 3.96¢



Chapter 28

P28.2 (a) 1.79A;(b) 104V

P28.4 (a) 124V;(b) 965V

P28.6 (a)17.1Q;(b) 1.99 A in 4Q and 9Q;
1.17A in7Q; 0818 A in 10 Q

P28.8 295V

P28.10 (a) see the solution; (b) no

P28.12 see the solution

P28.14 R, =1.00kQ; R, =200 kQ; Rs = 3.00 kQ

P28.16 470Q and 220 Q

P28.18 (a) 11.0 Q; (b) and (d) see the solution;

(c) 220 Q; (e) Parallel

P28.20 I, =714mA; L, =129A; ¢ =126V

P28.22 see the solution

P28.24 (a) 0.385 mA in R;; 2.69 mA in R;;
3.08 mA in Ry; (b) c higher by 69.2 V

P28.26 1.00 Aupin200<2; 400 Aupin70 Q;
3.00 Aupin 80 Q; 8.00 A downin 20 €; 200 V

P28.28 see the solution

P28.30 800 W to the left-hand resistor; 25.0 W to
each 4Q; 450 W to the right-hand resistor

P28.32 (a) -616 mA ; (b) 0.235 uC; (c) 1.96 A

P28.34 0982 s

P28.36 (a) 1.50s; (b) 1.00s;

() 200 uA +(100 uA e~ 100

P28.38 (a) 3.91s; (b) 0.782 ms

t

P28.40
CIn2

P28.42

P28.44

P28.46

P28.48

P28.50

P28.52

P28.54

P28.56

P28.58

P28.60

P28.62

P28.64

P28.66

P28.68

P28.70

P28.72

P28.74

P28.76

0113 Q

(a) 30.000 mA, 5400 0V;
(b) 30.167 mA, 53816 V;
(c) 29.898 mA ; 53966 V

see the solution

(a) 0.101 W; (b) 10.1 W
155 A

222h

ais 4.00 V higher

(a) see the solution; 833 mA; 200 W;
(b) see the solution; 4.17 A; 1.00 kW

587 kQ

and

IR, IR,

I = L = ,
(a)1R+R2’2R+R’
1 1 2

(b) see the solution

see the solution
(R; +2R,)CIn2
(a) 222 uC; (b) increase by 444 uC
see the solution

(a) 5.00Q; (b) 2.40 A
Ry
(@ R, =Ry _T; (b) no; R, =2.75Q

e
+R

(a) and (b) see the solution; (c)
;

e ~tfrC



Chapter 29

P29.2 (a) west; (b) no deflection; (c) up;
(d) down

P29.4 (a) 867 fN; (b) 51.9 Tm/s?

P29.6 (a) 790 pN; (b) 0

P29.8 Gravitational force: 893 x10~° N down ;
Electric force: 16.0 aN up ;

Magnetic force: 48.0 aN down

P29.10 B, =-2.62 mT; B, =0; B, may have any
value

P29.12 (-2.88)) N

P29.14 109 mA to the right

12
P29.16

(4IdBL)
3m

P29.18 F, =0; F, =40.0 mN(-i);
F.q =400 mN(-k); E, = (400 mN)(i +K]
P29.20 (a) 541 mA-m’; (b) 433 mN -m
P29.22 (a)3.97°; (b) 3.39 mN ‘m
P29.24 (a) 80.1 mN-m; (b) 104 mN -m;
(c) 132 mN-m;
(d) The torque on the circle.
P29.26 (a) minimum: pointing north at 48.0° below
the horizontal; maximum: pointing south at 48.0°

above the horizontal;
(b) 1.07 ]

P29.28 (a) 640 uN -m; (b) 241 mW; (c) 2.56 m]J;
(d) 154 mW

P29.30 1.98 cm
P29.32 65.6 mT

P29.34 (a) 5.00 cm; (b) 8.78 Mm/s
P29.36 — -8
m

P29.38 see the solution

P29.40 244 kV/m

P29.42 278 mm
P29.44 162 mm

P29.46 3.00T
P29.48 (a) 7.44x 10%/m®; (b) 1.79 T

P29.50 (a) 37.7 mT; (b) 429 x10*/m’
P29.52 (a) 17.9 ns; (b) 35.1 eV
P29.54 392 mT

_L.
P29.56 (a) B, is indeterminate. B, =0; B, = e_l;
Ui
(b) -Fj; (c) -Fj

P29.58 128 mT north at an angle of 78.7° below the
horizontal

3R
P29.60 —
4

P29.62 B~10"T; t~10'N-m; I~1A;
A~10" m?; N ~10°

A gtan6
P29.64 ———

P29.66 (a) 0.104 mm; (b) 0.189 mm

P29.68 3.82x 107 kg

P29.70 (a) see the solution;
empirically, AV = (100 uv/ T)B;
(b) 0.125 mm

Bh
P29.72 (a) v= q—; The particle moves in a
m

semicircle of radius / and leaves the field with
velocity -vj;
(b) The particle moves in a smaller

. . . mo .. . . o)
semicircle of radius ey attaining final velocity —vj;
q
(c) The particle moves in a circular arc of

radius r = % , leaving the field with velocity

2 2 af h
vsinfi+ vcosj where 0 =sin 1(?)



P30.2

P30.4

P30.6
P30.8

P30.10

P30.12

P30.14

P30.16

P30.18

Chapter 30

20.0 uT

200 nT

1) wol .
(l+ n) g into the page

see the solution

1 1) ul .
(n+4) >y into the page

I(1 1
%(;— Z) out of the page

yol(a2+d2—d a+d

SN into the page
wa +

(a) 10.0 uT; (b) 80.0 uN toward wire 1;
(c) 16.0 uT; (d) 80.0 uN toward wire 2

Parallel to the wires and

0.167 m below the upper wire

P30.20

P30.22

P30.24

P30.26

P30.28

P30.30

P30.32

P30.34

P30.36

(a) opposite; (b) 67.8 A

5.40 cm

(a) 400 cm; (b) 7.50 nT; (c) 1.26 m ; (d) zero
(a) 360T; (b) 1.94T

500 A

(a) see the solution; (b) d=a

WIN a a-/

(@ =5~ e _—'—(a—£)2+Rz ;

(b) see the solution
(a) —BaR?cos@ ; (b) B R? cosh

(a) 7.40 uWb ; (b) 2.27 uWb

P30.38

P30.40

P30.42

P30.44

P30.46

P30.48

P30.50

(a) 7.19x 10" V/m s ; (b) 200 nT
277 mA

K.
2.97 x10* 2—]3
T m

2.02
(a) 12.6 uT; (b) 56.0 uT

2.01 GA west

~107 T, enough to affect the compass

noticeably

P30.52

P30.54

P30.56

P30.58

P30.60

proton;

P30.62

P30.64

12.0 mN(-K)

Uoq®
2.5457R

1.80 mT

(a) wo v horizontally away from you;

1
(b) 0; (c) Eyoozvz up; (d) 3.00 x 10® m/s

(a) see the solution; (b) 320x 107 T;
(c) 1.02 x 10 N away from the first

(d) 2.30x 107 N away from the first proton

347yl /m perpendicular to the coil

1
(a) > o v; (b) out of the page,

parallel to the roller axes

P30.66

P30.68

P30.70
P30.72

675 A downward
(a) see the solution; (b) 59.2 nN

see the solution

4
EmopR‘L3 upward



Chapter 31
P31.40 (a) 1.60 V; (b) 0; (c) no change;

P31.2 0.800 mA (d) and (e) see the solution
P31.4 (a) see the solution; (b) 3.79 mV ; P31.42 both are correct; see the solution
(c) 28.0 mV
P31.44 (-4.39i-1.76j)10" m/s?
P31.6 785 us 3144 (-4.398-176j)10" ms
w2 Al . P31.46 —(7.22 mV)cos(27523t/s)
P31.8 (a) “oR Ar counterclockwise;
2R A P31.48 (a) 438 A; (b) 383 W
(b) Krrp A (c) upward
4nR  At’ P31.50 (a) 350 A upin2 Q and 140 A upin 5Q;

(b) 343 W; (c) 429N

P31.10 -142 mV 120¢
mV cos( ) P31.52 see the solution

P31.12 61.8 mV
P31.54 ( ) M
P31.14 (a) see the solution; (b) 625 m/s ’ a 16p
(c) 4 times larger; (d) 16 times larger

; (b) 4 times larger;

P31.16 see the solution

P31.56 (a) see the solution; (b) 0.250 T
P31.18 13.3 mA counterclockwise in the lower loop

and clockwise in the upper loop. P31.58 see the solution
P31.20 1.00 m/s P31.60 (a) Cra’K; (b) the upper plate;

P31.22 (a) 500 mA; (b) 2.00 W ; (c) 2.00 W (c) see the solution

P31.24 24.1V with the outer contact positive P31.62 (a) 9740V ; (b) clockwise

P31.26 121 mA clockwise P31.64 Holly  w
27w Ry (r + w)
P31.28 (a) to the right; (b) to the right;
(c) to the right; (d) into the paper MgR ,
& pap P31.66 BZ§2 1- e—BZIZ/R(M+m)]

P31.30 negative; see the solution
. P31.68 (a) 0.125 V to produce clockwise current;

P31.32 (a) 800x10™ N downward perpendicular (b) 20.0 mA clockwise

to 5; (b) 1.33s

1.18x 10
P31.34 (a) (9.87 mV/ m)cos(lOOnt) ; (b) clockwise P31.70 0.800 — 4.90# ; 983 uv
P31.36 (a) (19.6 V)sin(314t); (b) 19.6 V P31.72 see the solution

P31.38 see the solution



P32.2
P32.4
P32.6
P32.8
P32.10
P32.12
P32.14
P32.16
P32.18
P32.20
P32.22
P32.24

P32.26
AVl

P32.28

P32.30
P32.32
P32.34

P32.36

P32.38

P32.40

P32.42

P32.44

1.36 uH
240 nWb

19.2 uWb

(a) 360 mV; (b) 180 mV ; (c) t=3.00s
(a) 15.8 uH; (b) 12.6 mH

see the solution

1.92 Q

see the solution

928 V

300 mH

7.67 mH

(a) 1.00 kQ; (b) 3.00 ms

(@) 1.00 A; (b) AV, =120V,
-120kV, AV, =121 kV; (c) 7.62 ms

(a), (b), and (c) see the solution;
(d) yes; see the solution

(@) 806 MJ[m®; (b) 632k
(a) 27.8]; (b) 185 ms
see the solution
() 20.0 W ; (b) 20.0 W ; (c) 0;(d) 20.0]

27 BIR?

Uo

-2.70x 10" J
1.00 V
781 pH

N NoigR; R
R
2(x +Rj )

(d) 318 Pa

Chapter 32

P32.46 400 mA
P32.48 281 mH
P32.50 220 mH

P32.52 (a) 503 Hz; (b) 12.0 uC; (c) 379 mA;
(d) 72.0 uJ

P32.54 (a) 2.51kHz; (b) 69.9 Q

P32.56 see the solution

2L 2L
P32.58 (a) 0.693(5) ; (b) 0.347( E)

9¢>
P32.60 ——
x°C
—Kt?
P32.62 (a) & =-LK; (b) AV, = o

(0 t=2dIC

P32.64 (a) see the solution; (b) 91.2 uH;
(c) 90.9 uH, 0.3% smaller

P32.66 (a) 127;(b) 0522 Q; (c) 76.8 mH

P32.68 (a)20.0 ms; (b) 37.9V; (c) 3.04 mV;
(d) 104 mA

P32.70 95.6 mH

P32.72 (a) I, =0, Ic=%, IR:ETg'

AVL =&, AVC =0, AVR =E&(;
(b) I, =0, Ic =0, Ig =0,
AVL =0, AVC =&, AVR =0

P32.74 (a) 251 uH; (b) 25.1 uH ; (c) 25.1nC

P32.76 397x107%° Q

P32.78 (a) 50.0 mT; (b) 20.0 mT; (c) 2.29 MJ;



Chapter 33

P33.2 (a) 193Q;(b) 144 Q
P33.4 (a)25.3rad/s;(b)0.114s

P33.6 1.25A and 96.0 Q for bulbs 1 and 2;
0.833 A and 144 Q for bulb 3

P33.8 7.03 H or more
P33.10 314 A
P33.12 3.80]

P33.14 (a) greater than 41.3 Hz;
(b) less than 87.5 Q

P33.16 v2C(AVims)
P33.18 -32.0 A
P33.20 2.79 kHz

P33.22 (a) 109 Q; (b) 0.367 A; (c) I =0.367 A,
w =100 radfs, ¢ =-0896 rad

P33.24 193 mA

P33.26 (a) 146 V;(b) 212 V;(c) 179V ;(d) 334V
P33.28 X =3R

P33.30 (a) 2.00 A ; (b) 160 W; (c) see the solution
P33.32 353 W

P33.34 (a) 543 A; (b) 0.905; (c) 281 uF ; (d) 109 V

1(av,,..

rms

P33.36
14R

P33.38 46,5 pF to 419 pF

P33.40 (a) 3.56 kHz; (b) 5.00 A; (c) 22.4;
(d) 2.24 kV

4n(AV, J RCJLC

P33.42 z
4R’C + 9L

P33.44 (a) 923V ;(b) 455 A;(c) 420 W

P33.46 (a) 1600 turns; (b) 30.0 A; (c) 25.3 A

P33.48 (a) 83.3; (b) 540 mA ; (c) 185 kQ

P33.50 (a) 0.34; (b) 5.3 W; (c) $4.8

3

P33.52 (a) see the solution; (b) 1; 0; (c) 7% RC

P33.54 (a) 1.00; (b) 0.346
P33.56 see the solution

P33.58 R=99.6Q, C=249 uF, L=164 mH or
402 mH

P33.60 L=0200m and T =109 N, or any values
related by T = (274 kg/ msZ)L2

AV,
P33.62 (a) i(t) = Eax coswt; (b) ;

AV, ol
(0) i(t) = =& —cos|w t+ tan | —| |;
R? + 0*I? R
JL

7

(A Vmax

1
(d)C=@,(e) Z=R; () R

(AVmax )2L -1 3 L
(g) T'(h) tan [ZR cl

(i) =

)
W2IC
P33.64 ~10° A

P33.66 (a) 224 radfs; (b) 500 W;
(c) 221 rad/s and 226 radfs

P33.68 either 58.7 Hz or 35.9 Hz

P33.70 (a) 919 Hz;
(b) g =150 A, I, =160 A, I =6.73 mA ;
(c) 219 A ; (d) -46.7°; current lagging

P33.72 see the solution



Chapter 16

P16.2 see the solution

P16.4 (a) the P wave; (b) 665 s

P16.6 0800 m/s

P16.8 240 m/[s

P16.10 0.300 m in the positive x-direction
P16.12 +667 cm

P16.14 (a) see the solution; (b) 0.125 s; in agreement
with the example

P16.16 (a) see the solution; (b) 18.0/m; 83.3 ms;
754 radfs; 420 mfs;
(c) (02 m)sin(18x + 75.4t —0.151)

P16.18 (a) 0.0215m; (b) 1.95 rad; (c) 541 m/s;
(d) ylx, t) =
(0.0215 m)sin(8.38x + 80.07 ¢ + 1.95)

P16.20 (a) see the solution; (b) 3.18 Hz

P16.22 300N

P16.24 (a) y =(02 mm) sin(16x -3 140t);
(b) 158 N

P16.26 631 N

Tg |IM
P16.28 v=—4—
2n ¥ m

P16.30 (a) 0= (30.4 )JZ ; (b) 389 kg

m
s
mL tanf

P16.32
4Mg

P16.34 1.07 kW

P16.36 (a), (b), (c) ;
(d)

P16.38 (a) y =(0.075 0)sin(4.19x - 314f);
(b) 625 W

P16.40 (a) 15.1W;(b) 3.02]

P16.42 The amplitude increases by 5.00 times
P16.44 see the solution
P16.46 (a) see the solution;
(b) l(x + Ut)z + l(x - vt)z'
2 2 ’

(c) zlsin(x +0t) + zlsin(x - ot)

P16.48 (a) 0.040 0m; (b) 0.0314 m;
(c) 0477 Hz; (d) 2.09s;
(e) positive x-direction

P16.50 (a) 21.0ms; (b) 1.68 m

Pl652 Af= |—TE
) ~ YMgsin6

2M
P16.54 (a) 2Mg; (b) Ly + PR

2M 2M
@J g@+ ﬂ

m k

P16.56 14.7 kg

T
P16.58 (a) v= ) in SI units;

p(107x+ 107
(b) 943 mfs; 66.7 mfs

P16.60 see the solution

P16.62 (a) 5.00i m/s; (b) -500i m/s;
(©) -750i m/s; (d) 24.0i m/s

P16.64 (a) uep; (b) w;
(c) One travels 2 rev and the other does not
move around the loop.

12
P16.66 (a) v= (%) = Uon_;

12
2T, 2
T =UOJ: ; (b) 0.966At,
3 3

P16.68 130 m/s; 1.73 km



Chapter 17

P17.2 143 km/s
P17.4 (a) 27.2 s; (b) longer than 25.7 s, because the
air is cooler

P17.6 (a) 153 m/s; (b) 614 m

P17.8 (a)4.16 m; (b) 0455 us; (c) 0.157 mm

P17.10 1.55x 10" m

P17.12 (a) 1.27 Pa; (b) 170 Hz ; (c) 2.00 m;
(d) 340 m/s

P17.14 =225 nm cos(62.8x -2.16 x 10*)

P17.16 (a)4.63 mm; (b) 14.5 m/s;

() 473x10° W/[m?

P17.18 (a) 5.00x107™7 W; (b) 5.00x10° W

P17.20 (a) 1.00x 10° W/m?; (b) 90.7 mPa

, 2
P17.22 (a) L, = (L) I;;(b) L =14

f

P17.24 212W
P17.26 (a)4.51 times larger in water than in air and
18.0 times larger in iron;

(b) 5.60 times larger in water than in iron
and 331 times larger in air;

(c) 59.1 times larger in water than in air and
331 times larger in iron;

(d) 0.331 m; 1.49 m; 5.95 m; 10.9 nm; 184 pm;
32.9 pm; 29.2 mPa; 1.73 Pa; 9.67 Pa

P17.28 see the solution

P17.30 10.0 m; 100 m
P17.32 86.6 m

P17.34 (a) 1.76 kJ; (b) 108 dB

P17.36

P17.38

P17.40

P17.42

P17.44

P17.46

P17.48

P17.50

P17.52

P17.54

P17.56

P17.58

P17.60

no

(a) 2.17 cm/s; (b) 2 000 0289 Hz ;
(c) 2 000 057.8 Hz

(a) 441 Hz; 439 Hz; (b) 54.0 dB

(a) 325 m/s; (b) 29.5 m/s

48.2°

464°

(a) 7; (b) and (c) see the solution

(a) 0.642 W; (b) 0.004 28 = 0.428%

(a) 0232 m; (b) 84.1 nm; (c) 13.8 mm
(a) 0.515/min; (b) 0.614/min

(a) 504 km/s; (b) 159 us ; (c) 1.90 mm;

(d) 0.002 38; (e) 476 MPa;
(f) see the solution

(a) see the solution; (b) 85.9 Hz

The gap between bat and insect is closing at

1.69 m/s.

P17.62

P17.64

P17.66

P17.68

P17.70

P17.72

(a) see the solution; (b) 0.343 m;
(c) 0.303 m; (d) 0.383 m; (e) 1.03 kHz

80.0°
67.0 dB

Af e —rfE
4 d*1,10P10

see the solution

~10" Hz



Chapter 18

P18.2 see the solution P18.38 0.656 m; 1.64 m

P18.4 5.66cm P18.40 3 kHz; see the solution

P18.6 0.500s )
P18.42 At=

P18.8 (a) 3.33 rad; (b) 283 Hz 2Rf

P18.10 (a) The number is the greatest P18.44 [=0.252m, 0.504 m, 0.757 m, ...,
n(0.252) m for n=1, 2, 3, ...

1nteger < d(l) + =

P18.46 0.502 m; 0.837 m

@ =ln=12) (o]

(b)L, = where P18.48 (a) 0.195m; (b) 841 m
" 2n-12)y/y)
n=1 2, ..., Nnax P18.50 1.16 m
A P18.52 (a) 521 Hz or 525 Hz; (b) 526 Hz;
P18.12 (a) Ax = PX (c) reduce by 1.14%

(b) along the hyperbola 9% -16y” = 144 5 5
P18.54 4-foot and 2§—f00t ;2 5 and 2-foot ; and
P18.14 (a) (Zn + l)nm forn=0,1,2,3, ...;

(b) 0.029 4 all three together
: m

P18.56 see the solution
P18.16 see the solution

P18.58 (a) and (b) 3.99 beats/s
P18.18 see the solution

P18.20 15.7 Hz P18.60 4.85m
P18.22 (a) 257 Hz; (b) 6 P18.62 31.1 N
; (b 3Mgh
P18.24 (a) 495 Hz; (b) 990 Hz P1864 () Mg (&) 3h; (C) (d)
P18.26 19.976 kHz
8 2mh

(e) vlg O VI3M ()

P18.28 3.84% " 2

o\ |3Mg
P18.30 291 Hz (h) (2.00x 107 )=

P18.32 0.352 Hz P18.66 (a)45.0 Hz or 55.0 Hz; (b) 162 N or 242 N

P18.34 see the solution P18.68 see the solution

P18.36 (a) 531 Hz; (b) 42.5 mm P18.70 262 kHz



Chapter 34

(a) 2.68x 10> AD; (b) 8.31 min; (c) 2.56 s;
(d) 0.133s; (e) 33.3 us

P34.2

P344 733nT

P34.6 E=(300 V/m)cos(62.8x - 1.88x 10'%);
B =(1.00 uT)cos(62.8v - 1.88 x 10"t

P34.8 see the solution

P34.10 29x10° mfs = 5%
P34.12 495mV

P34.14 (a) 13.3 nJ[/m’; (b) 13.3 nJ[m®;
() 7.96 W/[m?

P34.16 516 pT, ~ 10° times stronger than the
Earth'’s field

P34.18 (a) 11.9 GW/m?; (b) 234 kW

P34.20 33.4°C for the smaller container and 21.7°C
for the larger

P34.22 (a) 50.0%;

(b) 269 kW/ m? toward the oven chamber ;
(0) 142 kV/m

P34.24 (a) 497 kW/m?; (b) 166 yJ/m’

P34.26 667 pN

P34.28 (a) 536 N; (b) 893 um/s?; (c) 10.7 days

(a) 577 Wfm?; (b) 2.06x 10'° W;
(c) 68.7 MN ; (d) The gravitational force is
~10" times stronger and in the opposite direction.

P34.30

P34.32 4.09°
P34.34 (a) 93.3%; (b) 50.0%; (c) O

Zﬂmpc

P34.36
eB

P34.38 see the solution

P34.40 (a) ~ 10® Hz radio wave ;

(b) ~ 10" Hz infrared light

P34.42 (a) 0.690 wavelengths;

(b) 589 wavelengths

P34.44
sooner.

The radio audience gets the news 8.41 ms

P34.46 (a) 187 m to 556 m; (b) 2.78 m to 341 m

P34.48 ~10°]

P34.50 (a) see the solution; (b) 378 nm

P34.52 (a) 314 MW; (b) 0625 W/ m?; (c) 0.513%

P34.54

P34.56 (a) 6.16 uPa; (b) 1.64 x 10" times less than
atmospheric pressure

P34.58 (a) 625 kW/m?;

(b) 21.7 kN/C and 72.4 uT; (c) 17.8 min

13 2 2\ 13
16mp* . 1677 mp )
(a) ( oy ) gc; (b) (—9 ) rgc

P34.60

P34.62 (a) see the solution;
(b) 17.6 Tm[s?*, 1.75x 107 W;

(c) 1.80x 10°# W

P34.64 3.00x107 deg

P34.66 (a) 333m, 11.1ns, 6.67 pT;

X t
b) E=(2.00 mV 2 -
(b) E~(200 mY fm)cos ”(3.33m ll.lns)

~ X t
B =(6.67 pT)kcos2 - :
(667 pT)kcos ”(3.33m 11.1ns)’

(©) 531 nW/m?; (d) 1.77 x10™7 J[/m®;
(e) 3.54x107 Pa

P34.68 (a) 388K; (b) 363 K

(a) 23.9 W/ m?; (b) 4.19 times the standard

~

17



Chapter 35

P35.38 67.2
P35.2 227 Mm/s
nd
P35.4 (a) see the solution; (b) 300 Mm/s P35.40 (a) n-1 (b) yes; (c) 350 um
P35.6 (a) 1.94m; (b) 50.0° above the horizontal : P35.42 (a) 10.7°; (b) air; (c) Sound falling on the
antiparallel to the incident ray wall from most directions is 100% reflected.
P35.8 five times by the right-hand mirror and P35.44 54.8° east of north
six times by the left-hand mirror
hin+1 n+1l .
P35.10 255°; 442 nm P35.46 (a) ;( > );(b) larger by > times
P35.12 (a) 474 THz; (b) 422 nm; (c) 200 Mm/s P35.48 see the solution
P35.14 22.5° P35.50 see the solution
P35.16 (a) 181 Mm/s; (b) 225 Mm/s; P35.52 (a) 45.0°; (b) yes; see the solution
(c) 136 Mm/s
P35.54 3.79m
P35.18 3.39m
P35.56 (a) 0.042 6; (b) no difference
P3520 6 =tan"'n
P35.58 0.706
P35.22 106 ps s 0
P35.60 (a) 20, R; (b) 20, *t
P35.24 23.1° 60 (a) 2w, R; (b) 200, —
P35.26 (a) 58.9°; (b) Onlyif 6, =6, =0 P35.62 164s
P35.28 see the solution P35.64 36.5°
P35.30 41.5°; (b) 18.5°; 27.6°; (d) 42.6° .4l L
(a) (b) (c) (d) P35.66 6 —sin 1[F(Jn2R2—L2 _JRZ —L2)]
P35.32 (a) see the solution; (b) 37.2°; (c) 37.3°;
(d) 37.3 P35.68 (a) nRy; (b) R,
P35.34 sin_l( V¥n? —1sin® - cos <I>) P35.70 7.96°

P35.36 (a) 24.4°; (b) 37.0° (c) 49.8° P35.72 see the solution; n = 1.328 + 0.8%



Chapter 36

P36.2 458 m
P36.4 see the solution

P36.6 (a) p; + h; (b) virtual; (c) upright; (d) +1;
(e) No

P36.8 at g=-0.267 m virtual upright and
diminished with M =0.026 7

P36.10 at 3.33 m from the deepest point of the
niche

P36.12 30.0 cm
P36.14 (a) 160 mm; (b) R = -267 mm

P36.16 (a) convex; (b) At the 30.0 cm mark;
(c) 20.0 cm

P36.18 (a) 15.0 cm; (b) 60.0 cm

P36.20 (a) see the solution;
(b) at 0.639 s and at 0.782 s

P36.22 4.82 cm
P36.24 see the solution; real, inverted, diminished
P36.26 2.00
P36.28 20.0 cm
P36.30 (a) 4=40.0cm real, inverted, actual size
M =-1.00;

(b) g=9, M =, no image is formed;

() g=-20.0 cm upright, virtual , enlarged
M =+2.00

P36.32 (a) 6.40 cm; (b) -0250; (c) converging
P36.34 (a) 340, upright; (b) see the solution
P36.36 (a) 39.0 mm; (b) 39.5 mm

P36.38 1.16 mm/s toward the lens

P36.40 (a) 13.3 cm;
(b) see the solution; a trapezoid;

(c) 224 cm?
P36.42 2.18 mm away from the film

P36.44 (a)at g=-34.7 cm
virtual, upright and diminshed ;

(b) at g=-36.1 cm
virtual, upright and diminshed

f

P36.46 ——
1.41

P36.48 23.2cm
P36.50 (a)at 4.17 cm; (b) 6.00

P36.52 2.14 cm

hf

P36.54 (a) see the solution; (b) I’ = —? ;
(¢) -107 mm

P36.56 3.38 min

-Md
(1-m)’
Md
(M -1)

P36.58 if M<1, f=

if M>1, f=

P36.60 (a) inside the rod, 47.1 cm from the
second surface;
(b) virtual, inverted, and enlarged

P36.62 25.3 cm to right of mirror, virtual, upright,
enlarged 8.05 times

P36.64 place the lenses 9.00 cm apart and let light
pass through the diverging lens first. 1.75 times

P36.66 (a) 1.40 kW/m?; (b) 691 mW/m?;
(c) 0.164 cm ; (d) 58.1 W/[m?
P36.68 11.7 cm
P36.70 (a) 0.334 m or larger;
(b) % =0.025 5 or larger

P36.72 (a) 1.99;
(b) 10.0 cm to the left of the lens; -250;
(c) inverted

P36.74 (a) 13.3 cm; (b) -590; (c) inverted

P36.76 see the solution;
real, inverted, and actual size

P36.78 see the solution



Chapter 37

P37.40 1.20 mm
P37.2 515nm
P37.42 449 nm; blue
P37.4 (a) 36.2°; (b) 5.08 cm; (c) 508 THz
P37.44 (a) see the solution; (b) 2.74 m
P37.6 maxima at(0°, 29.1°, 76.3°;
minima at 14.1° and 46.8° P37.46 number of antinodes = number of

constructive interference zones
P37.8 362 cm
=1 plus 2 times the greatest positive integer < 7

P37.10 641 number of nodes = number of destructive

P3712 633 m m/s interference zones =2 times the greatest

d 1
tive int a 1
positive in eger<()L +2)

P37.14 see the solution

P37.16 (a) 1.29rad; (b) 99.8 nm

A
P37.48
2(n-1)
P37.18 0.968
2
P37.20 (a) see the solution; (b) 9.00 P37.50 5.00 km

P37.22 (a) 2.88E, at 0.349 rad ; P37.52 2.50 mm

(b) 2.00E, at % rad; (c) 0; P37.54 113

3
(d) E, at 7” rad P37.56 115nm

P37.58 (a) see the solution; (b) 266 nm
P37.24 see the solution

P37.60 see the solution
1
P37.26 x;-x; = (m - 4_8))L where m=0, 1,2, 3, ... P37.62 see the solution

P37.64 . ; . ; -16.
P37.28 see the solution 37.64 (2) 14.7 pm ; (b) 1.53 em; () ~160 m

P37.30 612 nm P37.66 7.99sin(w ¢+ 4.44 rad)
P37.32 512nm P37.68 130 nm
P37.34 962 nm P37.70 0498 mm

P37.36 (a) 238 nm; (b) Aincrease; (c) 328 nm

P37.38 1.31



Chapter 38
P38.2 547 nm 3
P38.40 g
P384 912 cm

P38.42 (a) 6.89 units; (b) 5.63 units
P38.6 (a) 1.09m; (b) 1.70 mm

P38.44 (a) see the solution; (b) For light confined to

P38.8 see the solution
a plane, yes. }an_ (—3) -t _1(—1)
P38.10 (a) 0°, 10.3°, 21.0°, 32.5°, 45.8°, 63.6°; ny ny
(b) nine bright fringes at 0° and on either
side at 10.3°, 21.0°, 32.5°, and 63.6°; P38.46 see the solution

(c) 1.00, 0.811, 0405, 0.0901, 0.032 4
P38.48 see the solution

P38.12 2.61 um
P38.50 see the solution

P38.14 869 m
P38.52 30.5m

P38.16 0512 m
P38.54 (a) 1.50 sec; (b) 0.189 ly; (c) 10.5 sec;

P38.18 6.10 cm (d) 1.52 mm

P38.20 105m P38.56 see the solution

P38.22 (a) 2.40 urad; (b) 213 km P38.58 11.5°

P38.24 514 nm P38.60 (a) see the solution; (b) 428 um
P38.26 1.81 um P38.62 see the solution

P38.28 see the solution P38.64 %

P38.30 74.2 grooves/ mm P38.66 (a) see the solution; (b) 0.109°
P38.32 2 P38.68 see the solution

P38.34 (a) 0.738 mm; (b) see the solution P38.70 (a) see the solution; (b) ¢ =1.39 rad ;

(c) see the solution
P38.36 0.455 nm

P38.72 (a) asinf =1.430 34 ; (b) asin6 =2.459 0A
P38.38 3



