35.56: @) Thereisone half-cycle phase shift, so for constructive interference:
- 1064, b )= 2tn _ 2(380 nm) (1.45) _ 1102 nm .
& 2gn (m+3) (m+3) (m+3)
Therefore, we have constructive interference at A = 441 nm (m = 2), which corresponds
to blue-violet.
b) Beneath the water, looking for maximum intensity means that the reflected
part of the wave at the wavelength must be weak, or have interfered destructively. So:
of = mh, b 2, :@ _ 2(380 nm) (1.45) _ 1102 nm.
m m m
Therefore, the strongest transmitted wavelength (as measured in air) is
A =551nm (m=2), which correspondsto green.




22.34:

=
5o
a

®

Attt
®

The a particle feels no force where the net electric field is zero. Thefields can
cancel only inregions A and B.

EMe::Emm
ho_o
2mel 2e,
r=Aps = 50n—C/m2 =0.16m =16cm
p (100 nC/m*)

The fields cancel 16 cm from the line in regions A and B.



22.34:

=
5o
a

®

Attt
®

The a particle feels no force where the net electric field is zero. Thefields can
cancel only inregions A and B.

EMe::Emm
ho_o
2mel 2e,
r=Aps = 50n—C/m2 =0.16m =16cm
p (100 nC/m*)

The fields cancel 16 cm from the line in regions A and B.



22.36: @) For r <a, E=0,since no charge is enclosed.
For a<r<b,E=2 r% sincethereis+qinside aradiusr.

Aneg

For b <r <c, E =0, since now the —q cancels the inner +q.

For r >c, E =4--—, since again the total charge enclosed is +q.
b)

E

N

¢) Charge on inner shell surface is—q.
d) Charge on outer shell surface is +q.
€)




! & radially outward, asin 22.48 (b).
dpe, r
b) r>c, E=,1-2- radially outward, since again the charge enclosed is the

drey 1Y
same asin part ().

2245 @ a<r<b,E=

0)

N

a b € r

d) The inner and outer surfaces of the outer cylinder must have the same amount
of chargeonthem: Al =-A, P A, =-A adi,, =2\

nner nner




2246: 8 () r<aE2m)=9=%pEg=_%_
& & 2re r

(i) a<r <D, thereisno net charge enclosed, so the electric field is zero.

(iii) r>b EQul)=3=2p g=_*
€y

&g eyl

E

a b r

b) (i) Inner charge per unit lengthis - a. (ii) Outer charge per length is + 2a.



22.47: @) (i) r<a, E(2arl)=.;-=4p E=2, radialy outward.

(i) a<r <b,thereisnot net charge enclosed, so the electric field is zero.
(ili) r >Db,thereisno net charge enclosed, so the electric field is zero.

E

a b r

b) (i) Inner charge per unit lengthis - a.
(if) Outer charge per length is ZERO.



23.18: Initial energy equals final energy:

Ei:Efp _ ka:ll_ ka:lzz_ ka:ll_ ka:l2+

rli r2i rl f r2 f

x3.007 10°° (@) N (2.00° 10°° (@)
0.25m 0.25m
3.007 10°° O N (2.00° 10°° Co, 1

E, =k(- 160" 10° C T+ =MV
=K )g 0.10m 040m 4 2 M

1 2
> m.V;

E =k(- 1.60" 10" C)

O=. 288" 107
1]

=- 504" 10" J+%mevf2

2
V= [ (504" 107 J- 2.88" 10"
f \/9.11’ 10 kg( )

=6.89" 10° m/s.



23.56: F,=mgtand = (150" 10°° kg) (9.80 m/sz) tan (30°) = 0.0085 N . (Balance
forcesin x and y directions.) But also:
F=Eq= % b\ = Fd _ (0.0085 N) (0.0500 m)

o =47.8V.
8.90° 10°C




A (in(b/a) - In(b/b)) ==

2357: @) (i) V = In(b/a).

2me, 2me,,
@iy v= A (In(b/r) - In(b/b)) = A In(b/r) .
2me,, 2me,,
(i) V =0.
A
b) V, =V (a)- V(b)==—"—In(b/a).
2re,
c) Between the cylinders:
A _ Vy
V= o, In(b/r) = in(b/a) In(b/r)
—_ ﬂ - _ Vab 1 - Vab E
VE= I In(b/a) qr (In(b/r)) In(b/a) r’

d) The potential difference between the two cylindersis identical to that in part
(b) even if the outer cylinder has no charge.



23.58: Using the results of Problem 23.57, we can calculate the potential difference:
= Vo _Llpy = Einmayr
In(b/a) r

b V, =(2.00" 10* N/C) (In(0.018 m/145" 10°° m)) 0.012m =1157 V.
ab




2359: @) F=Eq=(1.10" 10°V/m) (1.60" 10* C) =1.76" 10" *® N, downward.
b) a=F/m =(1.76" 10" N)/(9.11" 10"* kg) =1.93" 10" m/s’ , downward.

0.060 m o 1 1 , 5 o
c)t=———— =923"10°%s,y- y, =—at? ==(1.93" 10“m/s") (9.23" 10 °s)?
) 6.50" 10° m/s Y= Yo 2 2( /s )
=822 10°%m.

d) Angle 6 =arctan(v, /v,) = arctan(at/v,) = arctan(1.78/6.50) =15.3°.
€) The distance below center of the screenis.
0.120m

D=d, +v,t=822"10°m+ (178" 10° m/s) — ————=0.0411m.
6.50" 10° m/s



23.60:

b

b b 7\1 7\{
a) Use DV, togetA:DV = qE>dl = G5 ar = In b
(@ ab 109 Q Q27z'go 2re, °
3 = 2re,DV
Inb/a
E= A _2z,DV/Inb/a_ DV
2re o 2me rinb/a
at outer surface of the wire, r = a=221™"
E= 80V -265 10° V/m
(0.000127 m) In gl.OOCm [:|
’ 6™ h

(b) at theinner surface of the cylinder, r =1.00 cm, which gives
E=168" 10°V/m



2376: @) Atr=c:V=- g5 dr=—.

o T c
cr br
b) At r=b:V=- gExdf - g df =X9. 0=K4
' A c c
‘f r % r 2f r kq Adr él 1. 1y
c) Atr=a:V=- cgxdr- cgxdr- cgxdr=—-kqO- =kqa- —+—,
) O O P M0 T e b
el 1 1o. ... . .
d Atr=0:V =kqg 57~ - — +—, dnceitisinside a metal sphere, and thus at the

& b af

same potential asits surface.



29 g =%
L In(r,/r,)
_ (0.180 m)2x¢,
In(5.00/0.50)

b) V=Q/C=(10.0" 10 2C)/(4.35" 102 F) =2.30V

=435 107 F



leernr, O0_ 180.148m)(0.125m)0
kgrb -I,g k&0148m- 0.125m g
b) The electric field at a distance of 12.6 cm:

_kQ _kCV _k(8.94" 10" F)(120V)

24.13: @) C= =8.94" 10" F.

== 5 =6082 N/C.
r r (0.126 m)
¢) Theelectric field at adistance of 14.7 cm:
- - 11
E _kQ_kCV _k(@B94 10~ FH(A20V) _ 4468 N/C.

2

r re (0.147 m)?

d) For aspherical capacitor, the electric field is not constant between the
surfaces.



24.40: @) E,=KE=(3.60)(1.20" 10°V/m)=4.32"10°V/mPb ¢ =¢E, =
3.82° 10° C/m?.
b) o :08’1- %9: (3.82° 10° C/m?)(1- 1/3.60) =2.76" 10°° C/m?.
e 1]
¢) U=1CV?=uAd =1Ke¢,E*Ad

b U =1(3.60),(1.20" 10° V/m)?(0.0018 m)(2.5" 10°* m?) =1.03" 10°° J.



2444: @) DQ=Q- Q,=(K-1DQ,=(K-DCV, =(2.1)(25" 107 F(12V) =
6.3" 10° C.

b) Q =Q(L- 1)=(9.3" 10°C)(1- 1/3.1)=6.3" 10°C.

¢) The addition of the mylar doesn't affect the electric field since the induced
charge cancels the additional charge drawn to the plates.



rL_ (20 10" "W>m) (2.0 m)

2576 @) Ryy =—— =157 10
<A (p/4) (0.018 m)? ST 0w
_pL _ (1.727 10°® Wxm) (35m)
R, =5—= =0.01
A (/4) (0.008 m)? oLzw

bV=IR=I(R, +R,)=(15000A) (157" 10" W+ 0.012 W) = 204 V.
b) E =Pt =12Rt = (15000 A)?(0.0136 W) (65 10°® 5) =199 J.



26.69: @ When the switch is open, only the outer resistances have current through them.
So the equivalent resistance of themis:

o1
Ro=B Lt 1 O _sowp == _gmpa
§6W+3W 3W+6Wg R, 450W
od

b v, =&800A23.00wW)- 8%8.00A9(6.00W) =-120V.
9 e 9

= Co
e2
b) If the switch is closed, the circuit geometry and resistance ratios become identical
to that of Problem 26.60 and the same analysis can be carried out. However, we can also
use symmetry to infer the following:

low =5 Lo, @d |, =315, Fromtheleft loop asin Problem 26.60:

36V- 21, 46W)- 1,,(3W)=0b I, =514AP I, ==I,, =171A.
83 @ 3
© ey :§|3W+|3W:§|3W =857AP R, - L

ey 857 A



26.70: &) With an open switch: V,, = e=18.0V, since equilibrium has been reached.

b) Point “a’ isat ahigher potential since it is directly connected to the positive
terminal of the battery.

¢) When the switch is closed:
180V =1(6.00W+3.00W) b | =200A P V, =(2.00A)(3.00W) =6.00V.

d) Initially the capacitor’s charges were:
Q, =CV =(3.00" 10°° F)(18.0V) =5.40" 10° C.
Q, =CV =(6.00"10° F)(18.0V) =1.08" 10“ C.
After the switch is closed:
Q, =CV =(3.00" 10° F)(18.0V - 12.0V) =1.80" 10°° C.
Q, =CV =(6.00"10° F(180V - 6.0V)=7.20" 10°° C.
So both capacitorslose 3.60° 10° C.



26.82: For acharged capacitor, connected into a circuit:

l, :s—é P Q,=1,RC=(0.620A)(5.88kW)(8.55" 10 F)=3.12" 10 ° C.






27.17: K, +U, =K, +U,
U, =K, =0, so K, =U,; %m\/2 = ke?/r

v:e‘/rzn—l; =(1.602" 10" C)\/ 2k =1.2" 10'm/s

(334 107 kg)(L.0” 10°® m)
b) & F =magives qvB = mv?/r
g=Vv_ (334" 10°% kg)(1.2" 10’m/s) _o

10T
ar (1.602" 10" C)(2.50m)




27.19: q=(4.00" 10°)(-1.602" 10" C)=6.408" 10" C
speed at bottom of shaft: 2mv? = mgy; v =,/2gy =49.5m/s
v isdownward and Biswest, so v’ B isnorth. Since g<o, F issouth.
F =qvBsind =(6.408" 10" C)(49.5m/s)(0.250 T) sin 90° =7.93" 10 N



27.34: @) F =I1lb=(1.20A) (0.0100m) (0.588 T) =7.06" 10> N, and by the righthand
rule, the easterly magnetic field results in a southerly force.

b) If the field is southerly, then the force isto the west, and of the same magnitude as
part (), F =7.06" 10" N.

c) If thefieldis 30° south of west, the force is 30° west of north (90°
counterclockwise from the field) and still of the same magnitude, F =7.60" 10°° N.



27.39: a) F, =mg when bar isjust ready to levitate.

2
1B = mg, | _mg _(0.750 kg)(9.80m/s") — 3267 A
IB  (0.500 m)(0.450 T)

¢=IR=(32.67A)(25.0Q) =817V

b) R=2.0W,| =¢/R=(816.7 V)/(2.0W) = 408 A
F =1IB=92N
a=(F, - mg)/a=113m/s’



® ®
27.55: Thedirection of E ishorizontal and perpendicular to v, asshown in the sketch:

Iy

) ©ty

8l

.
[ws] 1

\

@
\!/

Fo = VB, F. = gE
Fg = F¢ for no deflection, so qvB = qE
E=vB=(14.0m/s)(0.500T) =7.00V/m

We ignored the gravity force. If the target is 5.0 m from therifle, it takesthe
bullet 0.36 sto reach the target and during this time the bullet moves downward

Y- VY= %ayt2 =0.62 m. The magnetic and electric forces we considered are horizontal.

A vertical electric field of E =mg/q=0.038V/m would be required to cancel the
gravity force. Air resistance has aso been neglected.



28.15: g B=Lol = #o(800A)
2zt 27(5.50 m)

b) Since the magnitude of the earth’s magnetic filed is 5.00” 10°° T, to the north,

the total magnetic field isnow 30° east of north with a magnitude of 5.78 10°° T. This
could be a problem!

=290 10°T, to the east.



2822 a) F="bhlk _ m(5.00A) (2.00 A) (1.20 m)
- 2pr 20(0.400 m)

repulsive since the currents are in opposite directions.
b) Doubling the currents makes the force increase by a factor of four to

F=240" 10 N.

=6.00" 10°° N, and theforceis



28.32: Consider a coaxial cable where the currents run in OPPOSI TE directions.

. r
a) For a<r<b,l,,=1p ¢pxdl =gl P B2ar =yl b B:’Z‘L'.
7l

b) For r >c, the enclosed current is zero, so the magnetic field isalso
zero.



28.37; g Bzt o1=_B8 _370 1084
2nr (my)2r)

b B =N o1 =28 -549 1004
2a uoN

©) B=unl =m(N/L)I, sol =BL/y,N =237 A



28.73:

Apply Ampere’ s law to acircular path of radius 2a.
B(271) = tty) g
2 24
SR R T

=2 g;; ; thisis the magnetic field inside the metal at a distance of 2a from
the cylinder axis.
Outside the cylinder, B = g—;lr The value of r where these two fields are equal is

given by 1/r =3/(16a) and r =16a/3.



29.10: According to Faraday’s law (assuming that the area vector points in the positive z-
direction)
o= DF _. 0- (L.5T)p(0.120 m)®
Dt 207 10°s

=+ 34 V(counterclockwise)



29.12: a)
e = dZtB :%(NBAcoswt) = NBAwsin ot and 1200 rev/min =20 rev/s, so:

P e, =NBAw=(150)(0.060 T)p(0.025 m)?*(440 rev/min)(1 min /60sec)(2p rad/rev) = 0.814 V.

b) Average ezéemax =EO.814V =0.518V.

p



- pr2 2
DFy _ gDA_ -pr®_ (O_%OT)p(o.065o/2 m)
Dt Dt 0.250s
b) Sincethe flux through the loop is decreasing, the induced current must produce a
field that goesinto the page. Therefore the current flows from point a through the

resistor to point b .

2053 a) e=- =0.0126 V.




29.56: The bar will experience a magnetic force due to the induced current in the loop.
According to Example 29.6, the induced voltage in the loop has a magnitude BLv, which
opposes the voltage of the battery, €. Thus, the net current inthe loopis | =<2, The
F — ILBsn(90°) _ (e- BLv) LB

m m mR

e B8 and solve for v using the method of separation

acceleration of the bar is a =
a) Tofind v(t),set & =a

of variables:
\4 dv t LB € _BAZ, i
a = dt® v=——(1-e = )=010m/s) (1- e **).
Qe - BLv) 9nR BL " )=(0m/s) ( )

Note that the graph of this function is similar in appearance to that of a charging
capacitor.

b) | =¢/R=24A;F =ILB=288N;a=F/m=3.2m/s’

c) When
[12V - (1.5T) (0.8 m) (2.0m/s)] (0.8 m) (L.5T)

(0.90kg) (5.0W)

d) Notethat asthe velocity increases, the acceleration decreases. The velocity will

asymptotically approach the terminal velocity - = dem=— =10 m/s, which makes the

(I5T) (08m)

v=20m/s,a= =2.6m/s’

acceleration zero.



30.65: &) Just after the switch is closed the voltage V, across the capacitor is zero and there

is also no current through the inductor, so V, =0.V, +V,; =V, =V, and since
V, =0andV,; =0,V, andV, areaso zero. V, =0 means V, reads zero.

V, then must equal 40.0 V, and this means the current read by A is
(40.0V)/(50.0 W) = 0.800 A.

A+A+A =A,but A=A, =00 A =A =0.800A.
A = A, =0.800A; all other ammeters read zero.

V, =40.0V and all other voltmeters read zero.

b) After along time the capacitor is fully charged so A, = 0. The current through
the inductor isn’t changing, so V, = 0. The currents can be calculated from the equivalent

circuit that replaces the inductor by a short-circuit.:

50.0 Q

50.0 Q

| =(40.0V)/(83.33W) = 0.480 A; A, reads 0.480 A
V, = 1(50.0 W) = 24.0V

The voltage across each parallel branchis 40.0V - 24.0V =16.0V

V,=0,V, =V, =V, =16.0V
V, =16.0 V means A, reads0.160 A.V, =16.0 V means A, reads 0.320 A. A, reads zero.

Notethat A, + A, = A,.
c) V,=16.0Vs0Q=CV =(12.0nF)(16.0V) =192 nC

d)Att=0and t ® ¥,V, =0. Asthe current in this branch increases from zero to
0.160 A the voltage V, reflects the rate of change of current.






30.66: (@) Initially the capacitor behaves like a short circuit and the inductor like an open
circuit. The simplified circuit becomes

i=0.500 A

5N —= Eg 150 ©

V, =Ri = (50 W)(0.50 A) =25.0V

V, =0,V, =(100W)(0.50 A) =50.0 V
V, =V, (in pardld) =50.0 V

A=A, =0500A,A =0

(b) Long after Sis closed, capacitor stops all current. Circuit becomes

BN — — 75nF

V, =75.0V and all other meters read zero.

(¢) g=CV =(75nF)(75V) =5630 nC, long after Sis closed.



30.67: &) Just after the switch is closed there is no current through either inductor and
they act like breaks in the circuit. The current is the same through the 40.0 Wand 15.0 W

resistors and is equal to (25.0 V)/(40.0 W+15.0 W) =0.455A. A = A, =0.455A;
A =A=0.

b) After along time the currents are constant, there is no voltage across either inductor,
and each inductor can be treated as a short-circuit . The circuit is equivalent to:

400 Q 40.0Q

R YAYAYAY, \ A AAY
A
Ls.ov \ \ Ji
250V
15.0 =
; Q 273 ;
Q

| =(25.0V)/(42.73W) = 0.585 A
A reads 0.585 A. The voltage across each paralléel branchis 25.0V - (0.585A)(40.0 W) =

1.60 V. A, reads (1.60 V)/(5.0 W) = 0.320 A. A, reads (1.60 V)/10.0 W) = 0.160 A. A,
reads (1.60 V) /(15.0 W) = 0.107 A.



c _3.00"10°m/s

327 8 r=—=>0 2 MS_ g5y
f 830 10° Hz
b k=2 =_2" —00174m"
» 361

0) w=2pf =27(830" 10° Hz) =5.21" 10° rad/s.
E,. =CB,. =(3.00" 10°m/s) (482" 10" T) =0.0145V/m.



108
32.11: a) x:lzw
f 570" 10" Hz

108
b) 7 _C_ 3.00, 1Ol4m/s
f 570" 10" Hz
_Cc_3.00 10°m/s _
) N=—=—"—"—F——=

v 2177 10° m/s

=381"10" m.
=526" 10" m.

1.38.

_C _c_ L ) _
d) v=——=P K, =— =n’=(1.38)? =1.90.

JKe

<



3245. @ E=rd= % = r_I2 in the direction of the current.
pa

= 7 |

b) eBxdl=ml b B=-2

o 20 clisewhen o0

¢) Thedirection of the Poynting vector S=E~ B=k " f =- p, where we have used
cylindrical coordinates, with the current in the z-direction.

2
Its magnitude is s:E—i pl ml _ pl

m  mpa’2pa 2p%a°°

, counterclockwise when looking into the current.

2 2
d) Over alength|, the rate of energy flowinginis SA:%ZpaJ = f||2 :
2p-a pa
2
The thermal power lossis | R =1 211 _ f||2 , which exactly equals the flow of

electromagnetic energy.



air glass methanol

Apply Snell’s law at both interfaces.



At the air-glass interface:
(1.00)sin41.3° =ny, sna
At the glass-methanol interface:

Nyas SN = (1.329)sing )

Combine (1) and (2):
sn41.3°=1.329sin 6
0 =29.8°

(b) Same figure asfor (a), except 6§ = 20.2°.

(1.00)sin41.3° =nsin 20.2°
n=191



. 0 . 006
33.20: g, =arcsin g’iiz arcsin gé‘—oogz 24.4°.
N, g e242g



33.35: g, =90°- arcsmam———90° arcsmgé—029=436°

N, g g
But n,sing, =n,sing, P g, =arcsin gM =arcsin Mg— 72.1°.



3341 gq, = arctanaeg'0 il g= 27°and g, = arctanae‘l'0 el g= 14°.
16.0 cm 16.0 cm
,Sing, 0_ad.00sin 27°¢

+:(;; T:1.8-

- g a]
So, n,sing, =n,sing, b ”b:g sng é snld® g
b @



33.42: The beam of light will emerge at the same angle as it entered the fluid as seen by
following what happens via Snell’s Law at each of the interfaces. That is, the emergent
beam isat 42.5° from the normal.



3343: @) g, =arcsin gﬂg: arcsin ?ﬂgz 48.61°.
n, g €1.333g
The ice does not come into the calculation sincen,, SN90° = n, sing, =n,sing,.
b) Same as part (a).



35.8: @) For the number of antinodes we have:
. 8
sing = m_me_ m@300 10, m/j) =0.2317 m, S0, setting g = 90°,
d df (12.0m)(1.079" 10° Hz)
the maximum integer value is four. Theangles are +13.4°, + 27.6°, + 44.0°, and + 67.9°

for m=0, 1, £2, £3, +4.

b) Thenodesaregivenby sin g =

% =0.2317 (m+1/2).So theangles are

+6.65° £20.3° +£354° 542°form=0, £1, £2, +3.



35.10: For bright fringes:
q= RM _ (1.20 m)(20)(5.02" 10" m)
Y 0.0106 m

=1.14" 10° m=21.14 mm.




35.14: Using Eq.35.6 for small angles,
Yy, = R@
m d !
we see that the distance between corresponding bright fringesis

D, = RM b, = (500 m)F;L) (660- 470)" (10°° m) = 3.17 mm.
d (0.300° 10°% m)




35.36: a) Sincethereisahalf-cycle phase shift at just one of the interfaces, the
minimum thickness for constructive interferenceis:

4 4n  4(1.85)
b) The next smallest thickness for constructive interference is with another half
3L _ 3, _ 3550 nm) _ 23 1m.
4 4n 4(1.85)

wavelength thickness added: t =



35.41: &) Hearing minimum intensity sound means that the path lengths from the
individual speakersto you differ by a half-cycle, and are hence out of phase by 180° at
that position.

b) By moving the speakers toward you by 0.398 m, a maximum is heard, which means
that you moved the speakers one-half wavelength from the min and the signals are back
in phase. Therefore the wavelength of the signalsis 0.796 m, and the frequency is

¢) To reach the next maximum, one must move an additional distance of one
wavelength, a distance of 0.796 m.



35.55: @) Intensified reflected light means we have constructive interference. There is
one half-cycle phase shift, so:

of = éaem+1(':j_x b )= 2tn _ 2(485nm) (1.53) _ 1484 nm

& 2gn (m+d) (M) (m+3)
P A=593nm(m=2),and A =424 nm (m=3).
b) Intensified transmitted light means we have destructive interference at the upper
surface. There is still a one half-cycle phase shift, so:
o :@ b 1 :@ _ 2(485nm) (1.53) _ 1484 nm.
n m m m
P A=495n$m (m=23)
is the only wavelength of visible light that is intensified. We could also think of this as
the result of internal reflections interfering with the outgoing ray without any extra phase
shifts.




