
35.56: a) There is one half-cycle phase shift, so for constructive interference:
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Therefore, we have constructive interference at ),2(nm441 == m  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:

.nm1102(1.45)nm)380(222 0
0
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n
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Therefore, the strongest transmitted wavelength (as measured in air) is
),2(nm551 == m  which corresponds to green.



22.34:

The α  particle feels no force where the net electric field is zero. The fields can
cancel only in regions A and B.

sheetline EE =

00 22 r
=

cm16m16.0
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C/m50
2 ====

µπ
µπσr

The fields cancel 16 cm from the line in regions A and B.
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The α  particle feels no force where the net electric field is zero. The fields can
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The fields cancel 16 cm from the line in regions A and B.



22.36: a) For ,0, =< Ear since no charge is enclosed.
 For ,, 2

04
1

r
qEbra =<<  since there is +q inside a radius r.

 For =<< Ecrb , 0, since now the –q cancels the inner +q.
 For ,, 2

04
1

r
qEcr =>  since again the total charge enclosed is +q.

b)

c) Charge on inner shell surface is –q.
d) Charge on outer shell surface is +q.
e)



22.45: a) ,2
4

1,
0 r

Ebra
πε

=<<  radially outward, as in 22.48 (b).

b) ,, 2
4

1
0 rEcr =>  radially outward, since again the charge enclosed is the

same as in part (a).

c)

d) The inner and outer surfaces of the outer cylinder must have the same amount
of charge on them: .and, outerinnerinner =−=⇒−= ll



22.46: a) (i) .
2

)2(,
000 r

ElqrlEar =⇒==<

    (ii) ,bra <<  there is no net charge enclosed, so the electric field is zero.

     (iii) .2)2(,
000 r

ElqrlEbr =⇒==>

b) (i) Inner charge per unit length is .−  (ii) Outer charge per length is .2α+



22.47: a) (i) ,ErlEar r
lq

000 2)2(, =⇒==< radially outward.
     (ii) ,bra << there is not net charge enclosed, so the electric field is zero.
    (iii) ,br > there is no net charge enclosed, so the electric field is zero.

b) (i) Inner charge per unit length is .α−
     (ii) Outer charge per length is ZERO.



23.18: Initial energy equals final energy:
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23.56: N0.0085)(30tan)sm(9.80kg)101.50(tan 23 =°×== −mgFe . (Balance
forces in x and y directions.) But also:
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23.57: a) (i) ).ln(
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c) Between the cylinders:
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           d) The potential difference between the two cylinders is 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:
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23.59: a) downward.N,1076.1C)1060.1()mV1010.1( 16193 −− ×=××== EqF
       b) downward.,sm101.93kg)10(9.11N)101.76( 2143116 ×=××== −−

emFa

       c) 292142
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       d) Angle .3.15)50.678.1arctan()arctan()arctan( °==== xxy vatvv
       e) The distance below center of the screen is:
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23.60:

(a) Use ∫ ∫ ==⋅=∆∆
b
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(b) at the inner surface of the cylinder, cm00.1=r , which gives
mV1068.1 4×=E



23.76: a) At ∫
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       d) At 
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abc
kqVr 111:0  since it is inside a metal sphere, and thus at the

same potential as its surface.



24.9: a)
)(ln

2 0

ab rrL
C

=

F1035.4
)50.000.5(ln

2)m180.0( 120 −×==C

b) V30.2)F1035.4/()C100.10(/ 1212 =××== −−CQV



24.13: a) .F1094.8
m125.0m148.0

)m125.0)(m148.0(11 11−×=







−

=







−

=
krr

rr
k

C
ab

ab

b) The electric field at a distance of 12.6 cm:
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c) The electric field at a distance of 14.7 cm:
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d) For a spherical capacitor, the electric field is not constant between the
surfaces.



24.40: a) ==⇒×=×== 00
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24.44: a) =×=−=−=−=∆ − )V12)(F105.2)(1.2()1()1( 7
0000 VCKQKQQQ

C.103.6 6−×
b) ( ) .C103.6)1.311)(C103.9(1 661 −− ×=−×=−= Ki QQ
c) The addition of the mylar doesn’t affect the electric field since the induced

charge cancels the additional charge drawn to the plates.
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26.69: a) When the switch is open, only the outer resistances have current through them.
So the equivalent resistance of them is:
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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:

.and, 33
1

switch33
2

6 ΩΩΩ == IIII  From the left loop as in Problem 26.60:
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26.70: a) With an open switch: V,0.18== εabV  since equilibrium has been reached.
    b) Point “a” is at a higher potential since it is directly connected to the positive
terminal of the battery.

    c) When the switch is closed:
.V00.6)00.3()A00.2(A00.2)00.300.6(V0.18 =Ω=⇒=⇒Ω+Ω= bVII

    d) Initially the capacitor’s charges were:
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After the switch is closed:
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So both capacitors lose C.1060.3 5−×



26.82: For a charged capacitor, connected into a circuit:
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27.17: 2211 UKUK +=+
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27.19: C106.408C)10602.1)(1000.4( 11198 −− ×=×−×=q
speed at bottom of shaft: m/s5.492;2

2
1 === gyvmgymv

v  is downward and B is west, so Bv × is north. Since F,0<q is south.
N1093.790sinT))(0.250smC)(49.510408.6(sin 1011 −− ×=°×== qvBF



27.34: a) ,N1006.7)T588.0()m0100.0()A20.1( 3−×=== IlbF  and by the righthand
rule, the easterly magnetic field results in a southerly force.
 b) If the field is southerly, then the force is to the west, and of the same magnitude as
part (a), .N1006.7 3−×=F
 c) If the field is °30  south of west, the force is °30  west of north ( °90
counterclockwise from the field) and still of the same magnitude, N.107.60 6−×=F



27.39: a) mgFI =  when bar is just ready to levitate.
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27.55: The direction of
→

E  is horizontal and perpendicular to ,
→

v  as shown in the sketch:

qEFqvBF EB == ,

mV7.00T))(0.500sm14.0(
so,deflectionnofor

===
==

vBE
qEqvBFF EB

We ignored the gravity force. If the target is 5.0 m from the rifle, it takes the
bullet 0.36 s to reach the target and during this time the bullet moves downward

m.62.02
2
1

0 ==− tayy y  The magnetic and electric forces we considered are horizontal.
A vertical electric field of mV0.038== qmgE  would be required to cancel the
gravity force. Air resistance has also been neglected.



28.15: a) ,T1090.2
m)(5.502
A)800(

2
500 −×===

r
IB  to the east.

       b) Since the magnitude of the earth’s magnetic filed is 51000.5 −×  T, to the north,
the total magnetic field is now o30  east of north with a magnitude of 51078.5 −×  T. This
could be a problem!



28.22: a) ,N1000.6
)m400.0(2

)m20.1()A00.2()A00.5(
2

60210 −×===
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µ
π

µ
r

LIIF  and the force is

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

.N1040.2 5−×=F



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

      a) For .
2

2, 0
00 r

IBIrBIdIIbra encl =⇒=⇒=⋅⇒=<< ∫ lB
r

       b) For ,cr >  the enclosed current is zero, so the magnetic field is also
zero.
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28.73:

Apply Ampere’s law to a circular path of radius 2a.
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3 0

a
IB =  this is the magnetic field inside the metal at a distance of 2a from

the cylinder axis.

Outside the cylinder, .
2

0

r
IB =  The value of r where these two fields are equal is

given by .316and)16(31 arar ==



29.10: According to Faraday’s law (assuming that the area vector points in the positive z-
direction)
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29.12: a)

:sos,rev20minrev1200andsin)cos( ===
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= tNBAtNBA
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d B ωωε
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29.53: a) V.0126.0
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     b) Since the flux through the loop is decreasing, the induced current must produce a
field that goes into the page. Therefore the current flows from point a  through the
resistor to point b .



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, .ε  Thus, the net current in the loop is .R

BLvI −= ε  The

acceleration of the bar is .)()sin(90
mR

LBBLv
m

ILB
m
Fa −° === ε

     a) To find mR
LBBLv

dt
dv atv )(set),( −== ε  and solve for v  using the method of separation

of variables:

∫ ∫
−− −=−=→=

−

v t t ee
BL

vdt
mR
LB

BLv
dv

mR
L

0 0
).(1)sm10()1(

)(
s3.1

t22Bε
ε

Note that the graph of this function is similar in appearance to that of a charging
capacitor.
     b) 2sm2.3N;88.2A;4.2 ====== mFaILBFRI
     c) When

2sm6.2
)(5.0kg)(0.90

T)1.5(m)(0.8)]sm(2.0m)(0.8T)(1.5V12[,sm0.2 =
Ω

−
== av

     d) Note that as the velocity increases, the acceleration decreases. The velocity will
asymptotically approach the terminal velocity ,sm10m)(0.8T)(1.5

V12 ==ε
BL  which makes the

acceleration zero.



30.65: a) Just after the switch is closed the voltage 5V  across the capacitor is zero and there
is also no current through the inductor, so ,.0 54323 VVVVV ==+=  and since

2435 and,0and0 VVVV ==  are also zero. 04 =V  means 3V  reads zero.

1V  then must equal 40.0 V, and this means the current read by 1A  is
A.0.800)(50.0/V)0.40( =Ω

A.800.0so0but, 14321432 =====++ AAAAAAAA

A;800.041 == AA  all other ammeters read zero.

V0.401 =V  and all other voltmeters read zero.

b) After a long time the capacitor is fully charged so .04 =A  The current through
the inductor isn’t changing, so .02 =V  The currents can be calculated from the equivalent
circuit that replaces the inductor by a short-circuit.:

V0.24)0.50(
A480.0readsA;480.0)33.83(/V)0.40(

1

1

=Ω=
=Ω=

IV
AI

The voltage across each parallel branch is V16.0V4.02V0.40 =−

V0.16,0 5432 ==== VVVV

.thatNote
zero.readsA.320.0readsmeansV0.16.A160.0readsmeansV0.16

132

43423

AAA
AAVAV

=+
==

C192)V(16.0F)0.12(soV0.16)c 5 µµ ==== CVQV

d) At t = 0 and .0, 2 =∞→ Vt  As the current in this branch increases from zero to
0.160 A the voltage 2V  reflects the rate of change of current.





30.66: (a) Initially the capacitor behaves like a short circuit and the inductor like an open
circuit. The simplified circuit becomes
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(b) Long after S is closed, capacitor stops all current. Circuit becomes

V0.753 =V  and all other meters read zero.

(c) nC,5630V)(75nF)75( === CVq  long after S is closed.



30.67:  a) 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 ΩΩ 15.0and0.40
resistors and is equal to A;455.0A.455.0)0.150.40(V)0.25( 41 ===Ω+Ω AA

.032 == AA

    b) After a long 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:

A585.0)73.42(V)0.25( =Ω=I

A.0.585reads1A  The voltage across each parallel branch is =Ω− )(40.0A)(0.585V0.25

A.107.0)0.15(V)60.1(reads
A.160.0)0.10V)60.1(readsA.320.0)0.5(V)60.1(readsV.1.60 432

=Ω
=Ω=Ω AAA
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32.45: a) 2a
I

A
IJE

π
ρρρ === , in the direction of the current.

   b) ∫ =⇒=⋅ ,
2

0
0 a

IBId
π

µµlB  counterclockwise when looking into the current.

   c) The direction of the Poynting vector ,kBES −=×=×= φ  where we have used
cylindrical coordinates, with the current in the z-direction.

   Its magnitude is 32
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   d) Over a length l, the rate of energy flowing in is .2
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The thermal power loss is ,2

2
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a
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A
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ρρ

==  which exactly equals the flow of

electromagnetic energy.



33.8 (a)

Apply Snell’s law at both interfaces.



At the air-glass interface:
αsin3.41sin)00.1( glassn=°

At the glass-methanol interface:
θα sin)329.1(singlass =n (2)

Combine (1) and (2):

°=
=°

8.29
sin329.13.41sin

.20.2except(a),forasfigureSame(b) °=

91.1
2.20sin3.41sin)00.1(

=
°=°

n
n



.24.4
2.42
1.00arcsinarcsincrit °=






=








=

a

b

n
n

θ:33.20



33.35: .6.43
38.1
00.1arcsin90arcsin90 °=






−°=








−°=

b

a
b n

n
θ

But .1.72
00.1

)6.43sin(38.1arcsinsinarcsinsinsin °=





 °

=







=⇒=

a

bb
abbaa n

nnn θ
θθθ



33.41 .14
cm16.0
cm4.0arctanand27

cm16.0
cm8.0arctan °=








=°=








= ba θθ

So, .8.1
14sin

27sin00.1
sin

sinsinsin =







°
°

=







=⇒=

b

aa
bbbaa

nnnn
θ

θ
θθ



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 is at °5.42  from the normal.



33.43: a) .61.48
333.1
000.1arcsin
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The ice does not come into the calculation since .sinsin90sin iceair iwc nnn θθ ==°
   b) Same as part (a).



35.8: a) For the number of antinodes we have:
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    the maximum integer value is four. The angles are °±°±°±°± 9.67and,0.44,6.27,4.13
for .4,3,2,1,0 ±±±±=m

     b) The nodes are given by sin ).21(2317.0)21(
+=

+
= m

d
mθ So the angles are

.3,2,1,0for2.54,4.35,3.20,65.6 ±±±=°°±°±°± m



35.10: For bright fringes:
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35.14: Using Eq.35.6 for small angles,

,
d

mRym =

    we see that the distance between corresponding bright fringes is
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35.36: a) Since there is a half-cycle phase shift at just one of the interfaces, the
minimum thickness for constructive interference is:
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 b) The next smallest thickness for constructive interference is with another half

wavelength thickness added: ( ) nm.223
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35.41: a) Hearing minimum intensity sound means that the path lengths from the
individual speakers to 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 signals is 0.796 m, and the frequency is

m0.796
m/s340

==
vf =427 Hz.

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



35.55: a) Intensified reflected light means we have constructive interference. There is
one half-cycle phase shift, so:
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    b) Intensified transmitted light means we have destructive interference at the upper
surface. There is still a one half-cycle phase shift, so:

.nm1484(1.53)nm)485(222
mmm
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mt ===⇒=

)3(nm495 ==⇒ m
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.


