E25-5| (a) Use Eq. 25-4,
)

r_ 1 qiga 1 (212300 21.3p0) LN
T dwe r'"h a 4m{8.85210-12 02 /N . m?) (1.52m)2 o

(b} In part {a} we found Fis; to sclve part (h) we need to first find Fyy. Since gz = g and
rig = ria. we can immediately conclude that Fiy = Fiya.

We must assess the direction of the force of g3 on gi; 1t will be directed along the line which
connects the two charges, and will be directed away from gz, The diagram below shows the directions.

From this diagram we want to find the magnitude of the net force on g, The cosine law 1=
appropriate here:

Foet® F1.22+-F123 — a5 coad,
i1 .'F'FI"T,'Iﬂ + [1.??1‘1}2 — 21LTTN)1.77 M} cas(1207),
9.40 N7,

Fnat = 30T



This problem is similar to Ex. 25-7. There are some additional issues, however. It is
easy enough to write expressions for the forces on the third charge
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The anly way to =atisfy the wector nature of the above expression is to have rgy = +Fag; this means
that gz must be collinear with g1 and gu. g could be between g1 and go. or it could be an either
aide. Let's resclve this i=sue now by putting the values for g and go into the expression:

(1.07pC)
———Ta

TEL
ratal

[— 328 it
32
(3.07) r3iTa0.

Tz

Since squared quantities are positive, we can only get this to work if ta1 = a0, 5o g3 15 not between

gy and go. We are then left with

rig = (3.07)r3,

=0 that gg is closer to g than it 1s to go. Then g = r3y + 7o = r3y + (LE1Em, and 1f we take the

square root of both sides of the above expression,

ra1 + (0618 m)
(0.618m)
(0.618m)

0,822 m

E25-2T7 Equate the magnitudes of the foroes:

\.,-".I:_.?I-.DT_:I:"SL
(30T jrar — 7ot
0.752r31,

ral

[(8.09 % 109N - m2/C2)( 160 10-19C) 2

r=1i|,

P25-5

= 507m

(0,11 10—31kg) (0,81 m/=2)

(a) Originally the balls would not repel, so they would mowve together and touch; after

touching the balls would “split” the charge ending up with /2 each. They would then repel again.

(b} The new equilibrinm separation 1s

oy 13 13
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P25-11| We can pretend that this problem 12 in a single plane containing all three charges. The
magmtuds of the foree on the test charge gy from the charge g on the left i=

F_ L 4%
! 4mep |;Lr1E + RE}'

A force of identical magnitude exists from the charge on the right. we nesd to add these two forces
az wvectors. Only the componentz along B will survive, and each force will contribute an amount

R
Fi1sind = Fl—,ﬂ.
VD +a
s the net force on the test particle will be

2 ago R
drep (a® + B W R2 f a2

We want to find the maximum value as a function of K. This means take the derivative, and =set 1t
equal to zero. The derivative 1=

Zqqn 1 3Rt
4men [ﬂﬂ + HEJQ.-‘E Lﬂz + Rﬂ;l:-,-'ﬂ !

which will vanish when
a® + B2 = 3R,

a simple quadratic equation with sclutions B = ta/ V.



E26-T| Use Eq. 26-12 for pointz along the perpendicular bisector. Then

1 p o o a (3562102 C.m)
— (899 x 10°N . m?/C%)= .
Tr T Tm)

E26-27] (a) The electric field does (negative) work on the electron. The magnitude of this work

18 W = Fd, where F' = Fgis the magnitude of the electric foree on the electron and o 12 the distance
through which the electron moves. Combining,

E= = 106 = 10%N/C.

W=F.d=gE-d,

which gives the work done by the electric field on the electron. The electron originally possessed a
kinstic ensrgy of K = é-mi'g. since we want to bring the electron to a rest, the work done must be

negative. The charge g of the electron is negative, =0 E and d are pointing in the same direction,
and E . d = Ed.

By the work ensrgy theorem,
W=AK=0- %mi':z.

We put all of this together and find o,

W —me® {01110~ eg) (486 = 10% m/s)?

~9E T hE T T I -lwoxIo-Bojmmnyey o oesdm.

(b} Eg = ma gives the magnitude of the acceleration, and oy = i + at gives the time. But
v = 0. Combining these expressions,
Cmi . (911x 10~ kg){4.86 « 10% m /s)

mu_ = 260105,
Eq (10801 /) — L.60= 10-19C ) s

(c) We will apply the work energy theorem again, except now we don't assume the final kinetic
energy 18 zerc. Instead,
W =AK = .{{j’ - I{j:

and dividing through by the initial kinstic energy to get the fraction lost,

W K- K,
f_{'i = % = fractional change of kinetic ensrgv.

But K; = %mﬂz, and W = gFd, so the fractional change 15

W gBd  (—1.60%10-19C) (1030 N /C)(7.88 % 10— m)

_— = =—12.1%.
I émﬁﬂ %I"Ql 11 10-31keg ) 4.86 = 10% m /=)2 ’

E26-37]| Use v = pE'sind, where # 1s the angle between § and E. For this dipale p = gd = Zed
or p=2(16 = 10790078 = 107 m) =25« 10725 C . m. For all three cases

pE =(25 = 1072 C.om)(3.4 = 10°N/C =85 « 1072 N . m.

The only thing we care about 1z the angle.
{a} For the parallel case # =0, s0 ain # = 0, and + = 0.
ik} For the perpendicular case # = 90°, so siné = 1, and 7 = 85 % 10722 N .m..
() Far the anti-parallel case & = 180°, so sind =10, and + = (0.



F26-1] (a} Let the positive charge be located closer to the peint in question, then the electric
field from the positive charge 1=
1 q
T dmeg (x — d/2)2
and i1s directed away from the dipcle.
The negative charge is located farther from the point In question, so

T dwen (x4 d/2)?

E

and 1z directed toward the dipale.
The net electric field is the sum of these two fields, but sinee the two component fields point in
opposite direction we must actually subtract these values,

E = E,—-E_,
_ L g 1 a
T dmegiz —d/2)®  dweg (=4 d/2)T

1 q 1 1
T Smeot \(l—d/2= (Ltdimp

We can use the binomial expansicn on the terms containing 1 4+ o /22,

L g
= —_— Tl d =1 —d/ 210
¥ otz - (1-dfz),

L gd

= Dreg BT

(b} The electric field is directed away from the positive charge when wou are closer to the positive
charge; the electric field 15 directed toward the negative charge when you are cleser to the negative
charge. In short, along the axis the electric fisld 1s directed in the same direction as the dipale
Tmornent.

F26-3 (a) Each point on the ring is a distance 2= 4 R° from the point on the axis In question.
Since all points are equal distant and subtend the same angle from the axis then the top half of the
ring contributes

B i z

== dren{z” + B =T P 2

while the bottom half contributes a similar expression. Add, and
g1 + go z

2 a z
T Thmen (224 BOWT dmeg (2f 4 BEER

which i= 1dentical to Eq. 26-18.

(b} The perpendicular component would be zero if g3 = go. It i8n't, so it must be the difference
gy — qo which 13 of interest. Assume this charge difference 1= evenly distributed on the top half of
the ring. If it is a positive difference, then £} must point down. We are cnly interested then in the
vertical component as we integrate around the top half of the ring. Then

Tl @ —agelfT
E, = — 2= P cosfdf,
L L drep 24 R e ’
g —qz 1

Enjen 22 + =



E27-1 $g = (1800N/C)(3.2 x10-m)? cos(145°) = —7.8x 10-3N . m?/C.

By Eq. 27-8,

oo (1.84u0)
T RS0~ N m?)

=208 10" N - m?/C.

E27-9 There i= no fhax through the sides of the cube. The flux through the top of the cube is
(=58 /CH(100 mjﬂ = _HEx10°W . mﬂl.r"C. The flux through the battom of the cube is

(110 M/ C){100m)? = 1.1 105N . m® /.
The total flux s the sum, so the charge contained in the cube 1s

g = (8851071202 N . m* (5.2 107N - m®/C) = 4.60= 10-5C,

E27-16 The electric field from the plate on the left is of magnitude By = o /26, and pointa directly
toward the plate. The magnitude of the electric field from the plate on the nght = the same, but 1t
pointa directly sway from the plate on the right.

(a} To the left of the plates the two fields cancel since they peoint in the opposite directions. This
means that the electric field is B = 0.

(b} Between the plates the twa electric fislds add sinece they point in the same direction. This
means that the electric field is B = —[_JI."-EIJ_:I?..

(2] To the right of the plates the two fields cancel since they point in the opposite directions,
This means that the electric field is E = 0.

E27-17| We dont really need to write an integral, we just need the charge per unit length in the
cylinder to be equal to zera. This means that the pesitive charge in cvlinder must be +3.60RC /m.
This positive charge 12 uniformly distributed in a cirele of radius B = 1.50 cm, sc

_ 360nC/m A.60nC  m

= = 5.09:C/m".
T {(0.0150m ) HEm




P27-3| The net force on the small sphere is zero; this foree 1s the vector sum of the force of gravity
W, the electric force Fp, and the tension T'.

These forces are related by E'g = mgtan®. We also have B = o /2ep, a0

Zepmg tan d

a
28,852 10-12 C2/N . m?){1.12 % 10~Ckg) (0,81 m/s2) tan(27.4%)
(10.7= 10-0C) =

= 511x107%C/m?,

P27-7] This problem i closely related to Ex. 27-25, except for the part concerning gens. We'll
set up the problem the same way: the Gaussian surface will be a (imaginary} cylinder centered on
the mxis of the phvaical evlinder. For Gaussian surfaces of radius v < R, there 13 no chargs enclosed
while for Gaussian surfaces of radius v = R, gop. = M.

We've already worked out the integral

f E.dA = 25rlE.
tubs
for the cylinder, and then from Gauss’ law,

Gap = €0 E.d& = 2reriE.

cuba

(a} When r < R there iz no enclosed charge, so the left hand vanishes and consequently E =0
m=1de the physical cylinder.
(b} When r > R there iz a charge Al enclosed, a0
A
T




E28-1 {a) Let I7jy be the patential energy of the interaction between the two “up” quarks. Then

(2/3)2e( 160 10-19C)

— 48107V,
(132~ 10-m) e

[y = (#.90: 10°N - m® /C7)

(b} Let U7yy be the potential ensrgy of the interaction between an “up” quark and a *down”
quark. Then

(—1/2)(2/3)e( LAD = 10-19C)

Uis — (8092 10°N - m? /07
13 = LB s L3210 Tm)

= 242 107V

Mote that UMz = Uag. The total electric potential energy 1s the sum of these three terms, or zero.

E28-11 (a) V7 = {160 10-19C) /(5,85  10-12C2 /N . m®) (5.20 < 10— m) = 27.2V.
(b) [T = gV = (—){27.2V) = —27.2 &V.
{c) For uniform circular crbits F = mu
energy is K = me®/2 = Fr/2, so

2 2

/73 the force is electrical, or F = & fdwegr®. Kinstic

e (1.6010-19C)

K= =
Bwepr  A7(8.85x 10-1202N . m?)(5.29x 10-1tm)

= 13.6 &V.

(d) The ionization energy 15 —( K + L7}, ar
Eien = —[(13.6 &V} + (—27.2 &V)| = 136 V.

E28-19)] (a) We evaluate 17y and Vg indmadually, and then find the difference.

r l g 1 (116 )

VA= T~ TRB -0 TCN ml) (206m) o0V
o 1 1 (11600

B 2 8010V,

T dmenr  Aw(R85 = I0-T2CTN m?) (117m)
The difference is then gy — Vg = —3850V.
(b} The answer 15 the same, since when concerning curselves with electric potential we anly care
about distances, and not directions.

E28-2T7 The distance from O to either charge 1s \,-’:Ed__.-':z =1.39=10-m.
(a) 1" at Cis

2213210750
T30 10-Tm)
(B) W = gdl” = (101« 10-FC)(2. 76 10%V) = 527 1.

{c] Don't forget about the potential energy of the criginal two charges!
(2.13=10-%C)®
(1.96:%10-2m)

V= (800 10°N . m? 2,76 = 105V

g = (899 109N - m2 /C2) —208]

Add this to the answer from part (b) to get 7.35.0.

E28-41 This can easilv be done with a spreadshest. The following 1= a sketch; the electric field 1=
the baold curve, the potential 1s the thin curve.



sphere rads I

P28-2 The negative charge 1z held in crbit by electrostatic attraction, or

ma? g

The kinetic ensrgy of the charge 1=

The electrostatic potential energy iz

s the total energy is

- Bmegr
The work required to change crbit is then

W= "-'.'1"--.-!I i _i .
Bweg \ry 7o




P28-11 Add the thres contributicns, and then do a series expansion for o < 7.

- -1 1 1
¥ = ] —_t -t .
4mep (:l'+d+ :l'+:l'—d)'

S L
T dmegr WL+ dfv 1—dir )’
d d
il (_1+-+1+1+-)=
ey T T

i 24
dmeqr (1 + :l') ’

Calculating the fraction of excess electrons 13 the same as calculating the fraction of
excess charge, so we'll skip counting the electrons. This problem is effectively the same as Exercise
28-47: we have a total charge that 1s divided between two unequal size spheres which are at the same
potential cn the surface. Using the result from that exercizse we have

i)y
o471y’

q1 =

where } = —6.2 nC 1= the total charge available, and g 18 the charge left on the sphere. 1 i= the
radins of the small ball, rg i= the radius of Earth. Since the fraction of charge remaining 18 g /¢,
we can write al ry "

2o L —20x 1078

Q0 radr o



(a} The charge which flows through a cross sectional surface area in a time ¢ i= given by
g = it, where ¢ 1= the current. For this exercise we have
g= (482ZA)(460 = 60=) = 13300

as the charge which passes through a cross section of this resistor.
{b) The number of electrons is given by (13300C) /(1,60 = 10-9C) = 8.2] « 10M electrons.

E29-11]| The drift velocity 1z given by Eq. 29-6,

J i (115 4)
f_l o e ———
17 06 Ane (Bl 10 m2) (840 100 jmt)| 160 = 10-100)

=271x10  m/=.

The time 1t takes for the electrons to get to the starter motor is

T (0.856m

=T __Vewm
v (271=10-4m/s)

= 396 107,
That’s about 54 minutes.

E20-13| The resmstance of an cbject with constant cross section 12 given by Eq. 20013,
L - (11,000 m)

F=pm = {30 107" m)= - — .59 2,

L 0056 mY)

E20-23]| Conductivity iz given by Eq. 20-8, 3 — aB. If the wire is long and thin, then the
magnitude of the electric field in the wire will be given by
E o AVIL = (116V /{966 m) = 11.9% /m.
We can now find the conductivity,
i 142104 m®) 2 ‘1
== — 1 10= 104 .
E IL0V m) TR

E20-27| (a) The resistance 1= defined as

o AV (385« 106V/A%)E

Z i

When i = 2.40 mA the resistance would be

=(3.55 x 105V /A"

B =255 = 105V /A%){2.40 « 10774) = 852k,
(b} Invert the above expression, and

i= R/(3.55 « 100 VAT = (16.002) /(355 « 100 V/A?) = 451 A



E20-31] (a) At the surface of a conductor of radiue i with charge & the magnitude of the electric
field i= given by
1

E =
4meg

QA"

while the potential {assuming V7 = 0 at infinity ) is given by

- |
=
4mey

The ratic is V/E = A.
The potential on the sphere that would result in “sparking” i=

V = ER = (3 =10°N/C)R.

(b It is “easer” to get a spark off of a sphere with a smaller radins, because any potential on
the sphere will result in a larger electric fisld.

(c) The points of a lighting rod are like amall hemispheres; the electric field will be large near
these points so that this will be the likely place for sparks to form and lightning bolts to strike.

F20-3 (a) The resistance of the segment of the wire is
R=pl/A= (16021072 m){4.0< 10 %m)/m{26x10%m)* = 318« 10712,
The potential difference across the segment 1=
AV =iR = (12A){3.18x107%0) = 2.8 1074V,

(b} The tail iz negative.
{2] The drift speed is v = j/en = i/den, a0

v=(12A) /726 10-2m) 1.6 10-19C) (8,495 10%8 /m®) = 4.16 = 10— m//5.

The electrons will move 1 em in (10210~ m) /{4,162 10~%m/s) = 240s.



P20-7 (a) Sclve 2pp = m[1 + (T — 20°C)], or
T = 20°C 4 1/(4.3x10-% /C°) = 250°C.

(b} Yes, ignoring changes in the physical dimensions of the resistor.

P29-15| The current 1s found from Eq. 29-5,

;-=f§..i;

where the reglon of integration is cver a spherical shell concentric with the two conducting shells
but between them. The current density 1s given by Eq. 29-10,

i=E/p

and we will have an electric fisld which 1= perpendicular to the spherical shell. Consequently,

f=lfﬁ.d1=lf5d.q
P P

By symmetry we expect the electric field to have the same magnitude anvwhere on a spherical shell
which = concentric with the two conducting shells, so we can bring it out of the integral sign, and

then 5
i=lEfdA=4;rrE:
P P’

where F 12 the magnitude of the electric field on the shell, which has radius + such that & > v > a.
The abowve expression can be tmverted to give the electric fisld as a function of radial distance,
since the current 1= a constant in the above expression. Then £ = JE,:-I.-'tirrr2 The potential 1s given by

we will integrate along a radial line, which i= parsllel to the electric field, so

o
AV = —f E dr,
]

@ ip
= -] —=5d
j; a2

ip % dr

dr fp 7

(11
T o4z e B

We divide this expression by the current to get the resistance. Then




We apply Eq. 30-1,
g =CAV = (50 = 102 F)(0.15V) = 7.5 = 1012
Eq. 30-11 gives the capacitance of a cylinder,

(00238 m )

_ _13
Bnm ) /(0.8 1mm) § =546 1077F.

V L T 12
C'=2rreom=2rr|l3.ﬂﬁxlﬂ F"'m‘llnﬁl"';il.l

The potential difference across each capacitor in parallel 1= the same; 1t 1= equal to 110 V.
The charge on each of the capacitors 1= then

g =CAV = (1.00 = 107 F)(110V) = 1.10 =« 10~* ¢

If there are & capacitars, then the total charge will be Vg, and we want this total charge to be
1.00¢C, Then
v (1.00C) (1.00C)

- — 9000,
q (110 = 101 C)

E30-11 First find the equvalent capacitance of the series part:
1 1 1

—_— — .05 10°F~L,
Cog (103 10—7F) + (480 10-°F) *

The equivalent capacitance is 3.28x 10-%F. Then find the equivalent capacitance of the parallel part:
Coqq=Ci1+ G = (228 10-FF) 4 (200 10-FF) = 718 10-%F,
Thi= 12 the equivalent capacitance for the entire arrangement.

E30-25 V/ir = q__-"4rre'.;.r':' = F, so that if 17 is the potential of the sphere then £ = V/r is the
alectric fisld on the surface. Then the ensrgy density of the electric field near the surface i=

=741 %107 /m®,

1, (385<10-12F/m) ¢ (8160V) 3
gaE = T

Y=z (0,063 m)

E30-29 Originally, ©1 = end/di. After the changes, Co = wend/do. Dividing T by C1 yields
Co () = kdy fda, 8o

s = datCh/d1Ty = (2H 257« 107 F) /{152 10~ 12F) = 2.80.

E30-33 The capacitance of a cylindrical capaciter is given by Eq. 30-11,
1.0 10%m

= 27(8.85 % 107 2F fm}{2.6) ————— = 863 = 10 °F.
TR S D58 011 =
E30-39 O = wgepd fd, sod = wgepd /O
(a) B = AV /d = CAV /wepd, or
¥ . LD i s
(112 10-12F) (55.0 V) 13400V /m.

B = s o w06 s 1)

(b} @ = CAV = (112 10-2F){E5.0V) = 6.16x 10-7C..
(o) @ = Q1 = 1/ka) = (6162107711 — 1/{5.4)) =602 <1077,



{a) If termninal @ is more positive than terminal b then current can flow that will charge the
capacitor on the left, the current can flow through the diode on the top, and the current can charge
the capacitor on the right. Current will not How through the dicde on the left. The capacitors are
effectively In series.

Since the capacitors are identical and series capacitors hawve the same charge, we expect the
capacitors to have the same potential difference acroes them. But the total potential difference
acroes both capacitors 12 equal to 100 V), so the potential difference across either capacitor 1= 50 V.

The cutput pins are connected to the capacitor on the right, so the potential difference across
the cutput 1= 50 V.

(b} If terminal & iz more positive than terminal @ the current can flow through the diode on the
left. If we assume the dicds = resistanceless in this configuration then the potential difference across
it will be zero. The net result i1z that the potential difference across the cutput pins 1= 0 V.

In r=al life the potential difference acroes the diode would not be zero, even if forward biased. It
will be somewherse around 0.5 Velts

F20-9 (a) When 53 is open the circuit acts as two parallel capacitors. The branch on the left has
an effective capacitance given by

1 1 1 i
T 0-10-F) | [B.0-10-°F) _ 7B-10-7F

while the branch cn the right has an effective capacitance given by

1 1 1 i
[ IS Ui B P TIPS TTEc S W eI T

The charge on either capacitor in the branch on the left is
g=(TA=10"TF)(12V) = 9.0« 105,

while the charge on either capacitor in the branch on the right i=
q= QI.BBAID_EF':IQIE V= LE=107"C,

(b} After closing Sz the circuit is effectively two capacitors in series. The top part has an effective
capacitance of
Oy = (1.0 107°F) 4 (2.0 107°F) = (2.0 < 1079F),

while the effective capacitance of the bottom part is
Cp = (3.0 10-%F) 4 (4.0 10-%F) = (7.0 10-%F),
The effective capacitance of the series combination is given by

1 1 1 1
T "B TE TOA0TE 10

The charge an each part is g = (2.1 = ID_EF:I(IE Vi = 262107, The potential difference across
the top part is
AV, = (252x107°C) /(30 < 107°F) = 84V,

and then the charge cn the top two capacitors is g = (1.0x 10-%F)(84V) = 8.4 10-5C and
go = (2.0 10-FF)(84V) = 168 10-3C. The potential difference acress the battom part is

AV, = (252:107°C) /(7.0 2 1075F) = 36V,

and then the charge on the top two capacitors i= g = (3.0 = 10-%F}(26V) = 1.08 = 10-5C and
go = (40 10-FF) (2.6 V) = 1.44 % 10-C.



P30-1%| We will treat the system as two capacitors in series by pretending there is an infinitesi-
mally thin conductor between them. The slabs are (I assume) the same thickness. The capacitance
of cne of the slabs 1= then given by Eq. 30-31,

P |

o =
Y TaR

where d/2 is the thickness of the slab. There would be a similar expressicn for the other slab. The
equivalent series capacitance would be given by Eq. 30-21,

1 1 1
- ate
d/2 dj2
= Hgrepd Mg d’
__d an + ke

20 A Kalmes
Depd  maimen
q-q d kg et




E32-T Both have the same velocity, Then K/, = mpfﬂ_.-"mqt'ﬂ = g1 =.

E32-9] (a} For a charged particle moving in a circle in a magnstic field we apply Eq. 32-10;

mu (0,12 0 10— g (0.1 3(23.00 2 10% m =) _4
"TWE T (16 10— Cy050T) = &4l m.

(b} The (non-relativistic) kinstic energy of the electron 1=

1 1
K= E'mi'ﬂ = =({0.611 MeV){0.10c)" = 2621072 MV

E32-17| v = v2mH /|g|B = [.,r.-'ﬁl.-'|q|j|;-.,-'ﬁla'5j. All three particles are traveling with the same
kinetic energy in the same magnetic field. The relevant factors are in front; we just nesd to compare
the mass and charge of each of the thres particles.

{a) The radius of the dentercn path iz %E:I'P.
(b} The radius of the alpha particle path is %Erp =Tp.

E32-21] Use Eq. 32-10, except we rearrangs for the mass,

lalrB 2(1.60:%10-17 C)(4.72m)(1.32T)
mET T 0.710(3.00 = 10% m =)

— 0422107 kg

Howrever, 1f 1t 12 moving at this velocity then the “mass" which we have here 12 not the true mass,
but a relativistic correction. For a particle moving at 0.710¢ we have

1 1
Wl—v2fe? 1T — (07102

"':r=

=1.42,

s the true mass of the particle 15 (%43 n-27 kg)/i1.42) =664 10-27kg. The number of nucleons
prezent in this particle is then (6642 ID_QT]{QJ__-"I:I.GT = 10-27 kg) = 3.97 2 4. The charge was 42,
which implies two protons, the other two nuclecns would be neutrons, so this must be an alpha
particle.

E32-33 Omly thej component of B is of interest. Then F = erl-_ = if By dr, or
3.2

F=.;S.DAJ.;EMD—ST__.-'mﬂ;.f r2dr = 0.414N.

1.2

The direction is — .

P22-1 Since F must be perpendicular to B then B must be along k. The magnitude of v is
3 (A0 4 [35]5 km s = 53.1 km fs; the magnitude of F is -._,-"];—4.2]5 + (4.E}§ﬂ"q = 638 fN. Then

B = Fjgqu = (6.38:x 10~ PN /{16 = 10-1%C)(52.1 % 10%m/s) = 0.75 T,
or B = 0.75 Tk



P32-7] (a) Start with the equation in Problem 6, and take the square root of both sides to get

L
o = Bq II
VI = RAY :

and then take the derivative of r© with respect to m,

1ldm [ B *d
I m  \EAav) T

and then consider finite differences instead of differential quantities,

a st
Am = (mﬂnq) A,

EAL

(b} Invert the above expression,

aats v E
AT
Ar = (m) Am,

and then put in the given values,

Ax

2733 lEl""v’}
(35,00 1.66.= ID‘ETkg:I (0.520 TJQQI.ISEI w 10‘1':'{3;1
= 8.02 mm.

*
) (2.0){1.66 = 107 kg),

Note that we used 25.0 u for the mass; 1f we had used 27.0 u the result would have been closer ta
the answer in the back of the book.

P32-17| The torque on a current carrying loop depends on the orlentation of the loop; the

maximum torgque cccurs when the plane of the loop i= parallel to the magnetic field. In this case the
magnitude of the torgque iz from Eq. 32-34 with sméd = 1—

T=NiAB.

The area of a circular loap is A = 72 where r is the radins, but since the cireumference is & = 27r,

we can write
CE

T
The circumference 12 not the length of the wire, becauss there may be more than one turn. Instead,
O = L /N, where NV 15 the number of turns.
Finally, we can write the torque as
L2 LB

rT=Ni—B=—"——
e N

which 1= a maximum when IV 18 a8 mintmum, or & = 1.



E33-3 B —poi/2rd = (47 = 107"T - m/A) (50 A)/2m(1.3 i mj = 37.7= 10T,

E32-9| For a single long straight wire, 5 = ppi/27d but we nesd a factor of “2" since there are
two wires, then i = md B /pg. Finally

rdB i 0.0405 m) (296, w T} —_a0A

i= _

it (47 = 10-TN/AY)

E33-19] (a) We can use Eq. 3321 to find the magnetic field strength at the center of the large
loap,
poi (4= 10-TT m/A) 13 A)
TR T D012 m)
(b} The torque on the smaller laop in the center is given by Eq. 32-34,

b= =GR 107°T,

F= Nik = E:

but since the magnetic field from the large loop 1= perpendicular to the plane of the large loop, and
the plane of the small loop 15 alsa perpendicular to the plane of the large loop, the magnetic field 1=
in the plane of the small locp. This means that |_5;. e ﬂ| = AB. Consequently, the magnitude of the
torque on the small loop 1=

r = NiAB = (50){1.3A)(r) (8210~ m)? (6 8 10~°T) = 9.3 10~ "N . m.

E33-20 Letw=3z —d Then
" pgniRe d+Lid du
z [i Lo [RE 4R
d4 L2

i R u
2 RRET ;T

d-L /2 I
. ;..!-g:".!-!' a4 .I'.-._.-'.z d— Ll.l'g
T T2 \VREratLe: VRrd-Lneg)

If L 1s much, much greater than R and o then |[L/2 4 d| »> R, and R can be ignored in the
dencminator of the above expressions, which then simplify to
pegmd d L2 d— L2
5 = . - —_— — — — ==
o M@ +(d + L/2)" -.l,--'Rg +id — L/2)=
prgnd d4 L2 d—L/2
2 LWL Jid—Lj2eE )

= jpin.

It iz important that we consider the relative size of L2 and d!

E33-31 (a) The path is clockwise, sc a positive current is énto page. The net current is 2.0 A out,
w0 § B dS = —pgip = —2.5x10-5T . m.
(b} The net current is zero, so fﬂ s =1,

E33-35 The magnitude of the magnetic field due to the cvlinder will be zere at the center of
the cylinder and poin/27(20) at point P. The magnitude of the magnetic field field due to the
wire will be ppi/27(3H) at the center of the cvlinder but pgi/27 R at F. In order for the nst
field to have different directicns in the two locations the currents in the wire and pipe must be in
different directicn. The net field at the center of the pipe is wodé/27(38), while that at F is then
pegip/2mI2R) — ppi/2m A, Bet these equal and solve for i

il."ﬂ- = i|:|__-'.2 — i,

or i = :]-iu__-"E.



P33-T| We want to use the differential expression in Eq. 33-11, except that the limits of integra-
tion are going to be different. We have four wire segments. From the top segment,

. aL/d
g oo ko _d
CE e B

pei 3L/4 B —L/4
dmd \ LT+ & W —LAr+ &)

For the top ssgment d = L /4, so this simplifies even further to

b
T 10sL

The bottom segment has the same integral, but d = 3L /4, so

By ( V2(3vE + 5}) .

9:3".115 (»—"Eg VB + 5;) .

By symmetry, the contribution from the right hand side i1s the same as the bottom, se By = B,
and the contribution from the left hand side 1= the same as that from the top, s0 By = 5. Adding
all four terms,

By =

Bpgi it IR ot fE L B
B — m(3w2k3w5+5j+w2n5+5;).

Ppnd - .
= ——(24/2 44100,
3:.-[." Va4 4 10}

P339 B = ppin and mv = gBr. Combine, and

ome (511 10%eV/c2)(0.046¢) s
' mern Am = 10N ATe(0 2B m) (10000, m)




E35-1( If the Earth’s magnetic dipole moment were produced by a single current around the core,
then that current would be

g (B0 IPRNT)
A (35 = 10Pm)? .

E35-T p=id =ir(a® +5/2) =inia® + 51 /2.

The magnstic dipole moment s given by ¢ = M1, Eq. 3513, Then

— (5,300 A /m){0.048 m) (0,055 m )2 = 0.024 A - m?.

E35-15 The energy to flip the dipoles 15 given by U7 = 2p8. The temperature 1= then

B 4(1.2210-B1/T){05T)

T = = - — DERK.
3k/2 3{138<10-] K

E35-23] (a) We'll assume, however, that all of the iron atoms are perfectly aligned. Then the

dipole mormnent of the earth will be related to the dipole moment of one atom by
PEarth = NV ppa,

where N 12 the number of iron atoms in the magnetized sphere. If my 1= the relative atomic mass
of iron, then the total mass is

A A pp
where 4 153 Avogadro’s number. Next, the volume of a sphere of mass w18
oo T A BBtk
7 pAd pre

_ Nma  ma pEarth

where p 1= the density.
And finally, the radius of a sphere with this volume would be

. L ”3_ Bupachma
T hdx T dmpup, A ’

Mowr we find the radius by substituting in the known walues,

173
R0 10221/ TY(56 g/mal) '
;s A A — 1.8 10°m.
{142 108 S (2.1 = L0-280 /T 6.0 1028 fmcl )

(b} The fractional volume is the cube of the fractional rading, so the answer is
(18x10° m/6410%° = 2201077,

E35-27 Here Ly =580 —11.5% = T8.5% =

fgit .' kl O = LO=TM /A2 (8.0 10727 /T I.l'i
B = TV 1+ 3sin? Ly 637 % 10%m)T 14 3gin® (TR.5%) = B1uT.

The inclination is given by

arctan{ 5, By} = arctan(2 tan L} = 847,



P35-1| We can imagine the rotating disk as being composed of a mumber of rotating rings of
radius r, width dr, and circumference 27r. The surface charge density on the disk 15 & = q__-".'rRE..
and consequently the {differential) charge on any ring i=

dg = a|2ar)idr) = ﬁrd:'

The rings “rotate” with angular frequency w, or period T = 27 /w. The effective {differential} current
for each ring 1= then
_dg grw

di= == dr.
’ T rrm?

Each ring contributes to the magnetic moment, and we can glue all of this togsther as

po= fr#a
f.‘r:"ﬂdi.

R 3, .
0 B
qR%w
—
FP35-5 (k) Point the thumb or your right hand ta the left. Your fingers curl in the direction of the

current in the wire locp.
() In the vicinity of the wire of the loop B has a component which is directed radially autward.

Then B = d= has a component directed to the right. Henee, the net farce i= directed to the right.

P25-0 (a) &= W Bne + By 2, =0

B= %}y’lrcmiﬂm + 45in” Im = %1‘ 1+ 2gin? Lm.

(b} tandgy = B, /By = 2ein Ly fcoa L = 2tan L.



The important relationship is Eq. 36-4, written as

L (5.0mA)(E0mH)

— LOmANBImE) ) ox10-TWh
N 7200 *

Tg

(a} If two inductors are connected in parallel then the current through each inductor will
add to the total current through the cirewmt, i = i3 4 i0, Take the derivative of the current with
reapect to time and then di/dé = diy /dt + dip /dt,

The potential difference acroes each inductor 15 the same, so if we divide by £ and apply we get

difdt iy dt + dia [ dt

E E £
But
dijdt 1
g T L'
s0 the previous expression can alsa be written as
L1 4 1
Loy L1 Lo

(b} If the inductors are close encugh together then the magnstic field from one coil will induce
currents in the cther coll. Then we will need to consider mutual induction effects, but that 1= 8 topic
not covered in this text.

E36-11 Tl== Eq. 26-17, but rearrange:

N (1.508)
= Infig/i] — In[{1.16 A)/{10.2:< 1024

] =0.317=.

Then B = Ljrr = (9.44H)/(0.3175) = 20.8 0.

E36-19 (a) When the switch is just closed there is me current through the inductar. 5o i = iq is
given b

) E (1007}

= = =

"YU Rt R (109 ¢ (204

(b} A long time later thers 1= current through the inductor, but it s as if the mductor has no

effect on the cireuit. Then the effective resistance of the circuit 1z found by first finding the equivalent
resistance of the parallel part

3.33A.

LA300) + 102040 = 1/i12),
and then finding the equivalent resistance of the circuit
(1O 4 (120 = 2240,
Finally, ¢y = {100V} {2201} = 4.55 A and
AV = {100V ) — (4.55 AJ(1042) = 545V,

consequently, io = (S4.5V) /(2001 = 273 A, It didn't ask, but iz = (4.55A) — (2.734) = 1.32 A,
() After the switch is just opened the current through the battery stops, while that through the
inductor contimues on. Then ig = ig = 182 AL
(d} All go to zero.

E368-27]| The energy density of an electric field 12 given by Eq. 36-23; that of & magnetic field 1=
given by Eq. 36-22. Equating,

R |
?En - 2-05=
B
E = .
T

The answer iz then
E = (080 T)/+/ (885 < 10-12C2 /N . m2){4m = I0-TH/A%) = 1.6 i? Vim.




This shell has a volume of
V= 4—; ((Rg+a)® — Re*).
Since a << Hy we can expand the polynomials but keep only the terms which are linsar in a. Then
Ve drApta = 476370 10°m)? (1.6 104m) = 8.2 104m®,
The magnetic ensrgy density is found from Eq. 26-22,

L o (60x10-°T)

=B e 143x107%]/m®,
20 (4w~ 10— 7N /AT A

g

The total energy is then (1.43x10—21/m®)(8.2eer18m®) = 1.2 2 10197,

E36-30 (a) k = (8.13N)/(0.0021 m) = 2.87 % 10°N /m. w = /% m = /(3570 N /m); (0456 kg ) —
B0.3 rad/s
(b) T =27 /w=27/(80.3 rad fa) = 7.03x 102,
{e) L& =1/w?, 8o
O =1/{80.3 rad /57 (5.20 H) = 2.41 = 10—°F.

E36-41] (a) An LC cireuit cecillates s0 that the ensrgy is comverted from all magnetic to all
electrical twice each cyele. It accurs twice because once the energy 18 magnetic with the current
flowing in one direction through the mnductor, and later the energy 12 magnetic with the current
flowing the other direction through the inductor.

The period 1= then four times 1.52ps, or 6.05us.
(b} The frequency is the reciprocal of the period, or 164000 Ha.

() Bince it occurs twice during each oscillation it is equal to half a pericd, or 3.04us,

E36-49] (a) The frequency of such a system 15 given by Eq. 36-26, f = lla'ﬂr.'\,-"ﬁ. MNote that
maximum frequency ocours with minimum capacitance. Then
A 02 /(385 pF)
A k= \ (10 pF) =60

(b} The desired ratic s 1.60/0.54 = 2.06 Adding a capacitar in parallel will result in an effective
capacitance given by
Ol = O+ Chaaa,

with a similar expression for Oy, We want to choces O 8o that

—_—
I D2l g,

% = v m =2
Saolving,
Coer = Cipa(2.06)%,
Co4 Cuad = (014 Caga)BTE,
Oy — B.TEC
Oy = el
7.76
(365 pF) — 8.76(10 pF)
— i L) ) — 36 F
776 v
The necessarv inductance 1s then
L L = 2.2 1071,

L= -
7T RC Amt(0.6d = 10PHz )2 (401 = 10- 1°F)



P36-3 Choose the v axiz so that it 1= parallel to the wires and directly between them. The field
in the plane between the wires is

i 1 1
B=— .
D ('i.“'2+f + dl.-'i—.r)

The flux per length [ of the wires 15

P L dl’E—l}l 1
_— M_;_f (ks + )i
—d/24a /2 4o d/24 df2 —x

Vo df -
o g [ dr
D —d/a ril.lj +

ld—u
2'rn a

The inductance 1= then

g8 _poly d-a

i T a

P#6-11( (a) In Chapter 33 we found the magnetic fisld inside a wire carrying a uniform current
density 1z

_ pir
TR
The magnetic energy density in this wire 1=
I I pnitr?
BT 5 T sRT

We want to integrate in cylindrical coordinates ower the wvolume of the wire. Then the valume
element is dV° = (dr){rd@j(dz). so

poitr?
f ff STER‘dEd rdT,

2
pnitl )
= 4TR"'f r dr,

g

_ poill
BT
(b} Salve
g = L2
B = 2!
for L, and
MWig  pol
=== B



P26-15| We start by focusing on the charge on the capacitor, given by Eq. 36-40 as

AL

q = gm coalw't + ).

After one oscillation the cosine term has returned to the original value but the exponential term has
attenuated the charge on the capacitor according to

g= qme—RI;'QLI

where T 15 the period. The fracticnal energy loss on the capacitor s then

-0 _ _i=1

E—RI' JL
T a '
L I

For small enough damping we can expand the exponent. Mot only that, but T = 27 jw, so

—_— s OnfR/
77 A 2Rl



E38-0 The magnitudes of E 15 given by

R
= % gin 2m(G0/8)t;

Using the results from Sampls Problem 35-1,

wpep i dE
Bo = 75 e
(AT 10T /m) (885 % 10~12F /m) (00020 m) o (162V)
- 2 T e 10 m)

= 227x10-1T,

Ed8-11] (a) Consider the path abefa. The closed hine integral consists of twe parts: b — e and
e— f—=a—b Then
P dilr
fE cdE = T

can be written as

_ ~ d
E-dE+f E-di= ——Dgu,.
jﬁ-—-e g faagab dt abef

Now consider the path bedeb. The closed line integral consists of fwe parts: b — o — d — ¢ and
e — b, Then

can be written as

f E-d§+f i:.ds=_i~r-.m.
[ ek it

These two expressions can be added together, and since

f -d§'=—f E.ds
a—h [- Y

L R d
[ Eris-l-f Eri5=—d— ("I"ubg_f""r'ﬁcde_:l-
g—f—z—b [ T N ¢

The left hand =side of this is just the line integral cver the closed path e fadede; the right hand side
1z the net change in Aux through the two surfaces. Then we can simplify this expression as

- i 1
P.az=_22
j‘{ ST TH

(b} Do everything above again, except substitute 5 for E.
() If the equations were not self consistent we would arrive at different values of £ and &
depending on how we defined cur surfaces. This multi-valued result would be quite unphysical.

=h

wa get

E38-25 T = J’-"'__-"4.'r:l'2. 80

r= o Pjdal = /(1.0 103W) M4 {130W/m?) = 0.78 m.



Ed38-31] (a)] The electric field amplitude is related to the intensity by Hq. 35-26,
Em

Quge

or

Em = 4 2ugel = /247 = 10-"H/m){3.00= 10%m /s ) 7.83p W /m?) = 7.68 = 102 V/m.
(b} The magnetic field amplitude 15 given by

En (7685 10-2V/m)

o ase w1070
e (300 % 108m)=) "

B =

(c) The power radiated by the transmitter can be found from Eq. 2828,

P = dmr®T = 4x{11.3 km) % 7820 W /m?) = 12.6 kW.

E38-37 (a) F=TA/c. 80

o (138 lﬂf;’v;l;r:i'lnzlzii w108 m 86 10PN
P38-5 (a) E =FEjand B = Bk. Then 8 = £ « B/uq, or

§= —EB fmug i.
Energy n:ml}l:l' passes through the yz faces; it goes In cne face and out the other. The rate iz P =
b‘q(_bjETi; J';.:t.“;uh.ange i Zerao.

PEB—QI Eq. 38-14 requires

oF ag
T
Epkcmmkranwt = Bghweoskrsinwt,
Epk = Bguw.
Eq. 28-17 requires
- ag a8
MOET T T
wrep B sinkx coswt = Bk sinkbr coswt,
poenEmw = Hok.

DMviding one expressicn by the cther,

]

ppeak? = w



or

w 1
-_— =
& o HOED

Mot cnly that, but Fp = cBy. You've seen an expression similar to this before, and you’ll see
expressicns similar to it again.
(b} We'll assurne that Eq. 38-21 is applicable here. Then

1 EnBn . .
§ = == =T ginkrsinwtcoskrcoeut,
f i

b
= —Egin2kr sin 2wt
dpg e
18 the magnitude of the nstantanecus Poynting vector.
(=) The time averaged power flow across any surface is the value of

R L
- 8.4 d
JPAES

where T' 15 the pericd of the cscillation. We'll just gloss cver anv concerns sbout direction, and
azsume that the 3 will be constant in direction so that we will, at most, nesd to concern ourselves
about a constant factor cos®. We can then deal with a scalar, instead of vector, integral, and we
can integrate it in any order we want. We want to do the ¢ integration first, because an integral over
sinwt for a period T = 27 fw 18 zero. Then we are done!

{d} There iz no energy flow; the energy remains inside the container.

P38-15 (a) I = Pjd = (500 10—2W) /7 1.05)(623 2 10~"m)* = 2.6 x 10°W fm?,
(b p=1/e=(36:10"W/m?)/(3.00 % 10%m/5) = 12Pa
(o) F =pd = Pfe= (500 10-3W) /{200 10%m/s) = 167« 10-11N.
(dya=F/m=F/pl", s

L (167« 10-11N) B
T {4880 kg /m?)(1.05)2(633 % 10-7)% 3

20x10%m =*,



