Chapter 32 Solutions

Al 3,y CL50 A-0.200 Al_ o
*32.1 \8\_LA = (300 x 107 H) 5 2005 0= L95x107V=[195mV

32.2 Treating the telephone cord as a solenoid, we have:

2 3
_ HUgN“°A (47T><10 T Om Z A)(70. O) (m)(6.50x 10~ m)
L= -1 36 uH

[10.500 AT
323 \s\ +L = _(200 M) or00 <0 1

324 L = uon®Al  so n—\i |7 80 x 10% turns/m
HoA

N o LI
32,5 L= B . ¢, =— =240 nT - m?| (through each turn
% 0, L1 - [ 7] (o exh

2
32.6 \E\:Lﬂ where L=HoN'A
dt |
-7 2 -4 2
uoN2ADdl _ (477x1077 T /A )(300)°(7rx 107 m?)
Thus, 0 = 10.0 A/s) = [2.37 mV
I Hdt 0.150 m ( /s)
di
32.7 Erak=—E=Lgr =L g dt (Imax SiN @t) = Lwlmax €0S wt = (10.0 x 1073)(12077)(5.00) cos ct

Eback = (6.007) cos(1207tt) = {(18.8 V) cos(377t)|
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24.0x1073 vV
*32.8 From [€] = L%g we have L= Df/D = 100A/s

Oat0

_ Nog _ LI (240x107%H)(4.00A) 5
From L = o we have P = N - 500 =119.2uT - m

=240x 1073 H

_ MoN2A  14p(420)%(3.00 x 107%)
32.9 L="7—7= 0.160

_oodldl g -175x10°V
€=~ dt 7dt T | T 416x10°%H _m

=416x10"*H

2
32.10 The induced emf is € = —L%, where the self-inductance of a solenoid is given by L= Holl\liA.
Thus, a__E. _Eilz
L UoNZA
_ RN
32.11 €] = Lﬁ =(90.0 x 10 )ﬁ(t -6t) V

(@) Att=1.00s, E£=[360mVv
(b) Att=400s, €=
(c) €=1(90.0 x 107%)(2t - 6) = 0 when

450
3212 (a) B =ponl = o EM—ZOE(O.MOO mA) =[188 uT

(b) ®z=BA=[3.33x10°T.-m?

_ Nog

c) L =10.375 mH
|
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(d) |B and ®g are proportional to current; L is independent of current
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HoN?A  pp(120)271(5.00 x 107%)2

3213 (@) L= —7— = 56500 =[15.8 pH
) ®p=i" g L= HalPA - 800(1.58 x 1075 H) = [12.6 mH
Ho |

N NBA NA NI NZ2A Area
32.14 L=—8 = = L A
| [ | TR 21R
32.15 E=Ep k==L dar
dt
di = - Lokt
L
If we require | - 0ast - oo, the solutionis | =§e_kt =%
kL dt
©& it g g
=(ldt=[ e *dt=- =0 = <o
Q= ko kL k2L Q| k2L
32.16 | :g(l—e_Rt/")

0.900 € = é[l— ¢~R(3.005)/2.50 H]
R R

0 R(3.00s)0_
expD E IR 0.100

2.50 H
R= In10.0= 1192 Q
300 1920]
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I(A)
L ' -t/T - e - - - o o
32.17 T= 35 =0200s: — =1-¢ i
R lmax 1
(@) 0500=1-¢Y0200  t=17In2.00=[0.139s 1]
b) 0.900=1-e020 _ t=7In10.0=[0461s |7 A—
®) - 0 0.2 0.4 0.6
Figure for Goal
Solution
Goal Solution
A 12.0-V battery is about to be connected to a series circuit containing a 10.0-Q resistor and a 2.00-H

inductor. How long will it take the current to reach (a) 50.0% and (b) 90.0% of its final value?

G:

The time constant for this circuitis 7=L/R=0.2 s, which means that in 0.2 s, the current will reach
1/e = 63% of its final value, as shown in the graph to the right. We can see from this graph that the
time to reach 50% of |, should be slightly less than the time constant, perhaps about 0.15 s, and the

time to reach 0.91,,, should be about 2.571=0.5s.

The exact times can be found from the equation that describes the rising current in the above graph
and gives the current as a function of time for a known emf, resistance, and time constant. We set
time t=0 to be the moment the circuit is first connected.

_ /T

At time t, i(g)=£0-¢")

R
where, after a long time, Imax = Ed-e ) _¢€

R R

_ a-1/0.200's
At 1(t) = 0.5001 05, (0.500)§ = % s0 0.500 =1-¢ ¥/0-200s
Isolating the constants on the right, In(e‘tlz'OO 5) =1In(0.500)
and solving for t, b 693 or £=0.139 s
0.200 s

(b) Similarly, to reach 90% of 1,,, 0.900=1-¢ Y7 and t =-1In(1-0.900)
Thus, t = (0.200 s)In(0.100) = 0.461 s

The calculated times agree reasonably well with our predictions. We must be careful to avoid
confusing the equation for the rising current with the similar equation for the falling current.
Checking our answers against predictions is a safe way to prevent such mistakes.




32.18

*32.19 (a)

(b)

©

(d)

*32.20

3221 (a)

(b)

Chapter 32 Solutions 247

-t/1. ﬂ e—t/rD_lD

Taking 7 =L/R, I =1lge =1

g / 0 dt 0 0 TD

R+L9 =0 will be true if IORe‘t/T+L(I0e'VT)D—£D:O
dt O 70

Because 7=L/R, we have agreement with 0 =0

7=1/R=200x10"%s =[2.00 ms] o
S
_ _—7\_ .00V,  —0250/2.00) _ -
1= a1 e”)_mooggl e )=[0176 A] £ =
_E _ 6.00 V _ MW
ma= 2 = 2000 =[150A]
0.800 = 1—¢¥200Ms _ t=_(2.00 ms) In(0.200) =

£

120
= (1 _ e—t/T) - 300 (1 _ e—l.80/7.00) =302 A

AVR = IR = (3.02)(9.00) = 27.2 V

AV = E-AVR=120-272=(92.8V

AVg = IR =(8.00 Q)(2.00 A)=16.0V  and If----- /R
AV, =E-AVR,=36.0V-16.0V=20.0V

AV 16.0 V
Therefore, R = = (0.800
AV, 200V 0.800

0 T 27T

AVg = IR =(4.50 A)(8.00 Q) =36.0 V .
Figure for Goal

Solution
AV =E-0Vg = 0]
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G

oal Solution

For the RL circuit shown in Figure P32.19, let L =3.00 H, R =8.00 Q, and € =36.0 V. (a) Calculate the ratio
of the potential difference across the resistor to that across the inductor when | = 2.00 A. (b) Calculate the
voltage across the inductor when | = 4.50 A.

G:

The voltage across the resistor is proportional to the current, AV, = IR, while the voltage across the
inductor is proportional to the rate of change in the current, £ =-Ldl/dt. When the switch is first
closed, the voltage across the inductor will be large as it opposes the sudden change in current. As the
current approaches its steady state value, the voltage across the resistor increases and the inductor’s
emf decreases. The maximum current will be € /R = 450 A, so when | = 2.00 A, the resistor and
inductor will share similar voltages at this mid-range current, but when | = 4.50 A, the entire circuit
voltage will be across the resistor, and the voltage across the inductor will be zero.

We can use the definition of resistance to calculate the voltage across the resistor for each current.
We will find the voltage across the inductor by using Kirchhoff's loop rule.

@) When 1=2.00 A, the voltage across the resistor is AVg = IR =(2.00 A)(8.00 Q) =16.0 V
Kirchhoff's loop rule tells us that the sum of the changes in potential around the loop must be zero:

AVg _16.0V

E-AVg-E =360V-16.0V-E =0 s0 £ =200V and
ROTL - - g 200V

=0.800

(b)  Similarly, for 1=4.50 A, AVg =IR=(4.50 A)(8.00 Q)=36.0V
E-AVg-& =36.0V-36.0V-E =0 S0 £ =0

We see that when 1=2.00 A, AVg <&, but they are similar in magnitude as expected. Also as
predicted, the voltage across the inductor goes to zero when the current reaches its maximum value.
A worthwhile exercise would be to consider the ratio of these voltages for several different times after
the switch is reopened.

L
*32.22 After a long time, 12.0 V = (0.200 A)R Thus, R =60.0 Q. Now, 1= 5 gives

R

L = 7R = (5.00 x 10~% 5)(60.0 V/A) = [30.0 mH

32.23 | = Imax(l_e_tlr): ﬂ: _Imax(e—t/T)D_ED

dt 0 70

15.0 H dl R
=0500s: — = — Il €77 and  lpax= g

dt L

_dl R, 4, g 100V _

di
(b) t=150s 7 = % YT = (6,67 A/s)e” 15/050) = (567 A/s)e 3% = [0.332 ATs
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32.24 = e (1-77) e
S
0.980 = 1-¢~300X10°/7 et LS
0.0200 = ¢~3:00%107°/7 i
YVyy
-3
= 300%10 °_7 6751074
In(0.0200)
T=L/R,s0 L=T1R=(7.67x107*)(10.0)= [7.67 mH
32.25 Name the currents as shown. By Kirchhoff’s laws: 4.00 Q 8.00 Q
I AVAVAVAV I AVAVAVAV
lp =1 +13 1) ! ; l 3
2
+10.0 V- 4.001; -4.001, =0 @ L100 =400 100
di '
+1O'OV_4'OO'1_8'00'3_(1'00)(Tt3 =0 (3) S
From (1) and (2), +10.0-4.001, -4.001,+4.001;=0 and I, =0.50015 +1.25 A
Then (3) becomes  10.0 V - 4.00(0.50015 +1.25 A)=8.00 15 — (L oo)dﬁ =0

t
(1.00 H)(dl5/dt) +(10.0 Q)15 =5.00 V

We solve the differential equation using Equations 32.6 and 32.7:

=[(0.500 A)[1-¢0¥s

_500V -(10.0Q)t/1.00 H
5(0=10.0 Q[l_e eoal

150 A-(0.250 A)e 20t/

1;,=125+0.50015 =

) L L[ 3.00H 3
32.26 a) Using T=RC=—, wegetR=,/—=,/———————=100x10° Q=11.00 kQ
@ 9 R g Yc V3.00x107°F

() 7=RC=(100x10° 0)(3.00x107° F)=3.00x107 s =

© 2000 by Harcourt, Inc. All rights reserved.
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32.27

3228 (a)
(b)
(©

32.29

(@)

(b)

©

For t<0, the current in the inductor is zero. At t=0, it starts to ORS

grow from zero toward 10.0 A with time constant 00a] |

T=L/R=(10.0 mH)/(100 Q):l.OOxlO‘4 S. 2‘03:6

_ I(t)—>
_ v ~10000t/

For 0<t<20045s, 1= lngl-e  cF|(10.00 A)L-e ‘)
=100 10.0
= Q mH

At t =200 ps, I =(10.00 A)(1-¢2%) =8.65 A

Thereafter, it decays exponentially as | = Ioe_t' T, sofor t>200 us,

| = (8.65 A)e—loooo(t—200us)/s = (8.65 A)e—10000t/s +2.00 — (8.65e2'°0 A)e—lOOOOt/s = ((63.9 A)e—lOOOOt/s

£ 120V

== = =11.00 A
R 120Q -
Initial current is 1.00 A, : AV, = (1.00 A)(12.00 Q) = (12.0 V

AV 1500 (1.00A)(12000) =[ 1.20 kV]

- dl R _
| = Imax € °YL: It :—|maxf g RU/L and
Solving 12.0 V = (1212 V)e 1212t/2.00 so

0.140 . . g 6'OOV=1.22A

T 4.90Q

4,
= lnax(1-¢™7) s0 0.220=122(1-e™")

e™7=0.820 t = -71n(0.820) =

O _10[Q

| =1, 1-e 00286=(L22 A)(1—e‘35°)= 122A
0 0
-t/T

I = lhax®

A S
0
l B
12,0 1200 2.00
v o H
AVAVAVAV
120 @

di
—L 57 =AVL = Imax Re™VE

9.90 x 1073 = ¢606t

and 0160=122¢"" so  t=-rIn(0.131) =



32.30

32.31

32.32

(@)

(b)

©

(d)

(@)

(b)

Chapter 32 Solutions 251

For a series connection, both inductors carry equal currents at every instant, so dl/dt is the
same for both. The voltage across the pair is

dl dl dl

b b .

eth ldt 2dt eq 1 2

dl dl dl dl dl dl

—=L,—Ll=L,—2=AV wherel=1,+1, and —=—-1+22
“dt - tdt 2 dt L 1rn dt ~ dt dt
Thus, AVL-AVL , AV, and 11,1

Leq Ly L, Leq L1 Ly

dl dl dl
Loy—+R.,I=L;—+IR; +L,—+ IR

eth eq 1dt 1 2dt 2

Now | and dl/dt are separate quantities under our control, so functional equality requires both

||_eq:|_1+|_2 and Rgq=R;+R,
dl dl dl dl _dl;  dl
AV =Ly —+Rggl =L;—2+Ryl;=L,—2+R,l, where I=1,+1, and ——=—1+=2
g 4T Tlgr YT TZgr 22 12 dt ~ dt = dt
o 1 1 1
We may choose to keep the currents constant in time. Then, =+ —
Req Rl RZ
. 1 1 1
We may choose to make the current swing through 0. Then, —_— ==+ =
Leq Ll I-2

This equivalent coil with resistance will be equivalent
to the pair of real inductors for all other currents as well.

N®g  200(3.70 x 1074

L=—— = 175

= 42.3mH SO

1 1
U=3LI% = 5(0.423H)(1.75A) =[0.0648 J

The magnetic energy density is given by

B2 (4.50 T)?
u= 2— = s
Ho  2(1.26x10°% T m/A)

=(8.06 x 10° 3/m?

The magnetic energy stored in the field equals u times the volume of the solenoid (the
volume in which B is non-zero).

U=uV=(8.06x10° I/md) [(0.260 m)7(0.0310 m)2] = [6.32 K

© 2000 by Harcourt, Inc. All rights reserved.
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32.33

32.34

32.35

*32.36

32.37

(@)

(b)

(@)

(b)

©

(@)

(b)

©

(d)

N2A _  (68.0)% m(0.600 x 1072)?
| 0 0.0800

U =1L1%7=1(8.21x107° H)(0.770 A)? —

=8.21uH

U=l l 0E f _Le? _ (0.800)(500)
T2 T2 DTD 8R2 T 8(30.0)°
_ D€, _ o-(R/L

R al e ] SO

Bt:In2 o]
L

2 2

=127.81

al e—(R/L)t] L e(R/LR _1
2R DR

0.800
*' n2=—.on2=

1 1
U=3 LI?= 5(4.00 H)(0.500 A) > =[0.500]

du
o = LI=(4.00 H)(1.00 A) = 4.00 /s =
= (AV)I = (22.0 V)(0.500 A) = [11.0 W

From Equation 32.7,

The maximum current, after a long time t , is

At that time, the inductor is fully energized and

Piost = 1R = (2.00 A)*(5.00 Q) =

Pinductor = I(Avdrop) - IEI

_ LI? _(10.0 H)(2.00 A)? _
U=—">-= ; = [20.03

__2%.0 400 3

=2.00 A.

DM

= 1(AV) = (2.00 A)(10.0 V) =[20.0 W]
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E? B2
32.38 We have u=ey— and u=—
2 24
2 2
Therefore €y E_B SO B? = eyloE>
2 24

s 6.80x10° V/m
B=E. ey =~ YL 0 = 1227x10°3T
Ve = 3 0% 108 m/s

2

32.39 The total magnetic energy is the volume integral of the energy density, u = %
0

Because B changes with position, u is not constant. For B =By(R/r) us= D&TBOZ R

[l 0 [l uo E]r D

Next, we set up an expression for the magnetic energy in a spherical shell of radius r and
thickness dr. Such a shell has a volume 4mr? dr, so the energy stored in it is

[ B, 2R* Udr

du = u(4nr2dr) = BTHTZ
0

We integrate this expression for r =R to r =  to obtain the total magnetic energy outside the
sphere. This gives

253 -5 1\2 6 3
21Bg R 271(5.00 x 10™ T)“(6.00 x 10° m) s
U= = =12.70 x 10*°J
Mo (1.26 x 1078 T. m/A)

32.40 11 (t) = I;maxe " sinat with 1, =5.00 A, @ =0.0250 s, and w =377 rad/s.
d—ltl = I maxe " (-arsin wt + wcos wt)
At t=0.800's, d—'tl =(5.00 A/s)e™*%% [~(0.0250)sin(0.800(377)) + 377 cos(0.800(377))|
% =185x10% A/s
Thus, & = _M%: M= deélt ) 1.8;3.12(5)3VA/3 )

© 2000 by Harcourt, Inc. All rights reserved.
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32.41 £, = —M% = ~(100 x10™* H)(1.00 x 10* A /) cos(1000t)

(gz)max =

&

_ |_96.0mV _
22 M= i, /dt] 120 A/s

Ng®ga _ 700(90.0 x107%)
3243 (a) M=—BTBA =(18.0 mH
(a) N 250

®, _ 400(300 x107°)
b) Ly=—A="27 J-1343mH
) La= 3.50 34.3 mH]

dia _

) E=- e —(18.0 mH)(0.500 A/'s) =

NpPr, _ Na(BiAy) _ Naf(tonl)A]
ly Iy I,

M = (1.00)(4n>< 107 T mm)% (5.00 x 1073 m)zgz

32.44 M= =Ny ughAq

32.45 B at center of (larger) loop: B; = %
_®, _BiA, _ (ol /2R) (%) _ | pyrr?
(@) M=—2=-1"2= =
Iy Iy Iy 2R

_ Ho7(0.0200)°

®) 2(0.200)



*32.46

32.47

32.48
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Assume the long wire carries current 1.  Then the magnitude of the magnetic field it
generates at distance x from the wire is B =pyl/2mx, and this field passes perpendicularly
through the plane of the loop. The flux through the loop is

uoll 170 mm dx ,uOII InDl70 O
(0.4000

The mutual inductance between the wire and the loop is then

g = [BIHA = [BAA = [B(l dx) =

1(4mx 107" T On/A)(2.70 103 m)

N,®p,  Nopgll . 0170 O Nyl
M=—2712 = 20" | 250 (1,45 1.45
I 2l (b.4000 27 (1.45) = 21 (1.45)
M =7.81x1071% H = [781 pH
With | =1, +1,, the voltage across the pair is: I(t)—> I(t)—>
L1§ M %Lz » Leq§
so. _diy AV Ml
t L, L, dt —
2 (@) (b)
and _LZdL.FM(AV).FMidL:AV
dt Ly L, dt
(-Likp + M) 2 = V(L - M) i
By substitution, - dﬁ: ﬂ+M diy
dt L, L, dt
leads to (-LiL, + M?) d'l =AV (L, - M) 2]
Adding[1]to[2], (-~ LiL, + M 2)% =AV(L, + L, -2M)
_ 2
So. Log =~ AV _| LiL, - M
diZdt |[Ly+L, -2M
i H — 1 2 — (1,2
At different times, (Ue)ma = (V) ma s0 [EC(AV) ]max = (§LI )max

c '1.00x10°° F
Imax = 1 (AY) e ~\100x107H (40.0V)=

© 2000 by Harcourt, Inc. All rights reserved.
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L 120.0x107° H
32.49 [3cavy] = () so (aVe), . = \/c limax = \/W (0.100 A) =[20.0V]

32.50 When the switch has been closed for a long time, battery, resistor, MW
and coil carry constant current |, =&/R. When the switch is
opened, current in battery and resistor drops to zero, but the coil —¢ Lg Lc
carries this same current for a moment as oscillations begin in the
LC loop.
a/c

We interpret the problem to mean that the voltage amplitude of
these oscillations is AV, in $C(aV)” = 3LIZ,,.

c(av)® _ c(av)’R? (0500 x 107 F)(150 V) (250 Q) _

Then, L= = =(0.281H
7= 500V 0261 H
1 1
32.51 C= = = [608 pF
(2mf)’L  (2706.30 x 10°)? (1.05 x 10°)

Goal Solution
A fixed inductance L = 1.05 pH is used in series with a variable capacitor in the tuning section of a radio.
What capacitance tunes the circuit to the signal from a station broadcasting at 6.30 MHz?

G:

It is difficult to predict a value for the capacitance without doing the calculations, but we might expect
a typical value in the uF or pF range.

We want the resonance frequency of the circuit to match the broadcasting frequency, and for a simple
RLC circuit, the resonance frequency only depends on the magnitudes of the inductance and
capacitance.

1

The resonance frequency is fqg=———
2myLC

1 1
- 2, 2
(2mfo)°L {(27m)(6.30 x10° Hz)| (1.05x107® H)

Thus, =608 pF

This is indeed a typical capacitance, so our calculation appears reasonable. However, you probably
would not hear any familiar music on this broadcast frequency. The frequency range for FM radio
broadcasting is 88.0 — 108.0 MHz, and AM radio is 535 — 1605 kHz. The 6.30 MHz frequency falls in the
Maritime Mobile SSB Radiotelephone range, so you might hear a ship captain instead of Top 40
tunes! This and other information about the radio frequency spectrum can be found on the National
Telecommunications and Information Administration (NTIA) website, which at the time of this
printing was at http://www.ntia.doc.gov/osmhome/allochrt.html
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1 1 1
32.52 f=— = L= = =[0.220 H
21 LC (2mf)>C (27 [120)%(8.00 x 107°) 0.220H|
1 1 _
3253 (a) f =[135 Hz

2mVLC  277,/(0.0820 H)(17.0 x 10 F)

(b) Q =QpaxCOswt = (180 uC) cos(847 x 0.00100) =
© I= ‘Z—? = —WQ e SiN Wt = —(847)(180) sin (0.847) =

() Q=CE=(L00x107% F)(12.0 V)= [12.0uC
© 3CE&%=1L1%,,
c 1.00x1076 F
lmax =€ 11— =12V [———— " = [37.9 mA
e L \/ ot LS79mA

(d) Atall times U =1C&%=21(1L00x107° F)(12.0 V)* = [72.0 ]

1 1 10.0 @ 0.100 H
3254 (@ f=—> = = [503 Hz ~
27mVLC 277,(0.100 H)(1.00 x 10~° F) [s03 Fiz] Y i
L 120 1.00
Vv —|_ uF

32.55 w= ‘CL =— ! =1.899x10* rad s
VLG (3.30 H)(s40x 1072 F)
\
_ _dQ _ -
Q =Qmaxcoswt, |= b —WQmax SN Wt
2
o’ ([105 x 10‘5] cos[(1.899 x10* rads)(2.00x107 s)] )
@ Uc=-x= =0 = [6.03J
2C 2(840x107%2)
2 fa2 t)
b U :llezlL 22 -2 t:Qmaxsm (w
(b) U =3LI% = 3L Qnaysin®(wt) = =1 ==
(105107 ¢’ sin? [(1 899 x 10* rad)s)(2.00x10°3 s)]
U, = | = [0529

2(840 x 10712 F)

(©)  Ugotal =Uc +U = [6.56]

© 2000 by Harcourt, Inc. All rights reserved.
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0 f

(220 10‘3) (180x107) @2 2 22 iolo's)@

Therefore, fd:;)—’dT:
© R=|%=[o90]

1 ORCf_

3256  (a) wd:\/E T _\ =158x10% rad /s

3257 (a) wOZVI%C: ! — = |4.47 krad/s

1/(0.500)(0.100 x 1076)

1 _pR(f _
b) wy=.— =14.36 krad/s
® @
(© fw _ 2.53% lower
w,

0

32.58 Choose to call positive current clockwise in Figure 32.19. It drains charge from the capacitor
accordingto | =-dQ/dt. A clockwise trip around the circuit then gives

+ 2 r-19 -

C dt
+ Q + d—QR +L d.dQ =0, identical with Equation 32.29.
C dt dt dt
_Rt _Rt
3259 (@) Q=Qmaxt 2- cos wyt so Imax O& 2L
_Rt Rt
0.500=¢ 2L and — =-In(0.500)
2L
2L RLO
= —In(O 500) = | 0.693 ORr O
(b) U,0Q2, and U =0.500U, so Q =4/0.500 Qmax = 0.707Qmax

_2L 2LO
t= R In(0.707) = (0. 347DR 0 (half as long)




Chapter 32 Solutions 259

32.60 With Q=Q.x at t=0, the charge on the capacitor at any time is Q =Q,, COSwt where
w=1/VLC. The energy stored in the capacitor at time t is then

2 2
U - :mcos2 wt =Ug cos? wt.

2C 2C
When U =1u cos wt=1+ and wt=1rrad
4 -0 2 3
2 2
Therefore, L:E or t =T
JLC 3 LC 9
_ _ _ ot?
The inductance is then: L= —=
mC
dI d(20.0t)
32.61 a) & =-L—=-1.00mH = |-20.0 mV
@ & =-Lg =100 mH)

b) Q= Iot ldt= Iot(zo.Ot)dt ~10.0t2

_-Q_ -1o.ot* [T AW
Mo === e (10.0 Mv/s?)t
2
2 -10.0t2
© When 2 >12 or ( )_ > 1(1.00x10‘3)(2o.0t)2,
2C ~ 2 2(1.00><10 6) 2

then 100t* > (400 x 10'9)t2. The earliest time this is true is at ~ t=4.00x10"° s = [63.2 us

3262 (a) EL:—L%:—L%(Kt): LK
®) | :‘L—?, $0 Q:IOt Idt:IOI Ktdt = 1 Kt?
and AV :§: - 222
(© When ic(ave) =1L1?, ic Difct:gz u(k2e?)
Thus t=[2+LC

© 2000 by Harcourt, Inc. All rights reserved.
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32.63
32.64
@
(b)
(©)
*32.65 (a)

(b)

©

2 la2

1Q°_ 1 f 1) s 3Q?

2C 2ch20 2 \4cL
The flux through each turn of the coil is P = L1 Bt
N 2N YV C

where N is the number of turns.

Equation 30.16: B:“ZO'\”
b
_ _ /,loNl NIh dr uONIh [bD
®g = [BdA =
B I {Zm Ir 2 EbD
LNy _ | pN*h (b
I 2 [hO

Uo(500)%(0.0100), [12.0(1_
L= In =(91.2 uH
21T [ho.od

2 2 -4 2
_ MoN“ DAD_ Hp(500)° .00 x 107 m“U_
= i = -0.9 H
appx 2 ORO 271 E 0.110 H m

NioIR? Nyl

At the center,

- 2(R2 +02)3/2 " IR

So the coil creates flux through itself @z =BAcosH = % mR% cos0°= gNuolR
When the current it carries changes, & =-N 4% _ -N— NuORd—I Lﬂ

dt 2 dt dt
o) L= gNZHoR

- - : L 71 mp _ =
2r=303m), so r=014m; L=z 1 Eimxlo A H 0.14m=28x107 H [~ 100 nH

L  28x107V-s/A

R = 270V/A  =10x107°s
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32.66 (a) If unrolled, the wire forms the diagonal of a 0.100 m

(10.0 cm) rectangle as shown. The length of this rectangle 9.80 m
is 0.100m
/ 2 2 E L >
L' =+/(9.80 m)“ - (0.100 m)
The mean circumference of each turn is C=2nr', where r’ :&20'644 mm is the mean
radius of each turn. The number of turns is then:
f 2 2
L' _ +/(9.80 m)” ~(0.100 m)
N=—= =127
C 271[24'0+0'644Dx 10-3 m
O 2 O
1.70x107% Qn)(10.0 m
(b) R=ﬂ:( )( 5 ):0.5229
A n(o.322 x1073 m)
2
_UN?A 800 L' TF 12
( L= = —— 7(r
© == gep ™M)
) 800(4n>< 10‘7) 0 (9.80 m)? - (0.100 m)? o L24.0+0.64400, s sz
0.100m [n(24.0+0644)x103mE B 2 O H

L =7.68x1072 H=

32.67 From Ampere’s law, the magnetic field at distance r <R is found as:

B(27m) =y0J(nr2) =u0§#§m2), or B =2‘%Lr2

The magnetic energy per unit length within the wire is then

U_ R B2 Ml R 5 HlP TRAD | Ko
T—J-O %(zmdr)_4m4j’0 r dr—74nR4 BTE— 167‘[

This is independent of the radius of the wire.

© 2000 by Harcourt, Inc. All rights reserved.



262 Chapter 32 Solutions

32.68 The primary circuit (containing the battery and solenoid) is an : 24.0 Q
RL circuit with R=14.0 Q, and 820 turns
2p  (47x1077)(12 500)*(1.00 x 1074 =
L= HN"A ( Ju2 s00)( ). 0.280 H W——=
I 0.0700 14.0 Q
q
(@) The time for the current to reach 63.2% of the maximum = 60.0 12500
value is the time constant of the circuit: v turns
L_0280H S
T=—= =0.0200 s = |20.0 ms
R 1400Q o
(b) The solenoid's average back emf is ‘5 ‘— LEHD— Lle ~00
U o0 TH At H
- - CAV[O_ [60.0 V[I_
where It =0.6321ax = 0.632D RO 0'632D14_0 oo 271 A
= O271A O
Thus, E|1=(0.280H) =———— =379V
‘ L‘ ( )Eb.ozoo s0 37.9V]

(c) The average rate of change of flux through each turn of the overwrapped concentric coil is the
same as that through a turn on the solenoid:

Ad  pon(A1)A (4% 107 Tiim/A)(12500/0.0700 m)(2.71 A)(1.00 x 1074 m?)

At At 0.0200 s

(d) The magnitude of the average induced emf in the coil is \EL\= N(AGJB/At) and magnitude of
the average induced current is

| = iL - NDA®sO_ ﬂ(&m x 1073 v) =0.104 A =

32.69 Left-hand loop: E-(1+1,)R;-1,R, =0 — MA—oo—
R, S
Outside loop: E-(I +|2)R1—Lﬂ:0 £
dt Te 2R, L
Lo . dl
Eliminating I, gives E’—IR'—LE:O
This is of the same form as Equation 32.6, I(t) _E (1—e_R't/'-)

so its solution is of the same form as Equation 32.7: "R
But R'=RR,/(R;+R;) and E =R,E/(R;+R;), so E_ER,/R1*Ry) _ E
R R;R,/(Ry+R;) Ry

Thus I(t):£(1—e_R't Ly
Ri
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32.70 When switch is closed, steady current 1, =120 A. When o MWW
the switch is opened after being closed a long time, the S 5.00
current in the right loop is Q
L 6.00 100z
| = Ioe—th/L *T \% Q 3
ri/L _ lo Rt _ OO
SO e = and —=In=
| L 0y O

Ryt (1.00 Q)(0.150 s)
Theref L=—2—~= =0.0956 H = |95.6 mH
SreTore: In(lo/1)  In(1.20 A/0.250 A) 0.0956

3271 (a) While steady-state conditions exist, a 9.00 mA flows clockwise around the right loop of the
circuit. Immediately after the switch is opened, a 9.00 mA current will flow around the outer
loop of the circuit. Applying Kirchhoff’s loop rule to this loop gives:

+€; =[(2.00+6.00) x10° 0| 9.00 <10 A) =0

+& = | 72.0 V with end b at the higher potential |

(b) A
T imad Current in 5=
10t K SEEEE s0 100
A ] -,1 f—tiy15)
5—¥ -5 _/,I:-’_— l
“urrent in
v[]J 50 100 Hps) -0+ R,

(c) After the switch is opened, the current around the outer loop decays as

- -Rt/L

1= 1maxe

with lhax =9.00 mA, R =8.00 kQ, and L=0.400 H

Thus, when the current has reached a value | =2.00 mA, the elapsed time is;

0L, Olpax0_ 0 0.400H [ 09.000 .
t= — Jn=MmaX = In =7.52x107° s=|75.2 us
(RO O | O (Boox10° QO M.0oH

© 2000 by Harcourt, Inc. All rights reserved.
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32.72 (a) The instant after the switch is closed, the situation is as shown in L=0 AV. =&
the circuit diagram of Figure (a). The requested quantities are: ! O
Ir = &/R
[1L=0, 1c=&/R, 1g=&/R] YWt
-0 AVR =
[AV =&, AVc =0, AVg=§&] AVe=0 :LT_EO
lc= &/R A—k
&
Figure (a)
(b) After the switch has been closed a long time, the steady-state =0 AV.=0
conditions shown in Figure (b) will exist. The currents and o
voltages are: I/W\;)
||L:0' Ic =0, IR:0| Q=C& L av=0
ANc=& +|,.
AV =0, AV =&, AVg=0 .
0
Figure (b)
32.73 When the switch is closed, as /”A—r—rﬁ;;ﬁ;e_“\\‘
shown in Figure (a), the current : i
in the inductor is I: 7.50 l\ : 7.50 i
Q ; Q :
12.0-7.501-10.0=0 - 1 =0.267 A RZ 450 R ! 450 oo
> 1 H Al
] mH -y 0.267 ! mH
When the switch is opened, the =120 +1 100 120 A A | +l 100 l i
e ey . . 1
initial current in the inductor \% I TV T 4 | E TV i

remains at 0.267 A.

IR =AV: (0.267 A)R<80.0V (@) (b)

Goal Solution

To prevent damage from arcing in an electric motor, a discharge resistor is sometimes placed in parallel
with the armature. If the motor is suddenly unplugged while running, this resistor limits the voltage
that appears across the armature coils. Consider a 12.0-V dc motor with an armature that has a resistance

of 7.50 Q and an inductance of 450 mH. Assume that the back emf in the armature coils is 10.0 V when
the motor is running at normal speed. (The equivalent circuit for the armature is shown in Figure
P32.73.) Calculate the maximum resistance R that limits the voltage across the armature to 80.0 V when
the motor is unplugged.




Chapter 32 Solutions 265

G: We should expect R to be significantly greater than the resistance of the armature coil, for otherwise a
large portion of the source current would be diverted through R and much of the total power would
be wasted on heating this discharge resistor.

O: When the motor is unplugged, the 10-V back emf will still exist for a short while because the motor’s
inertia will tend to keep it spinning. Now the circuit is reduced to a simple series loop with an emf,
inductor, and two resistors. The current that was flowing through the armature coil must now flow
through the discharge resistor, which will create a voltage across R that we wish to limit to 80 V. As
time passes, the current will be reduced by the opposing back emf, and as the motor slows down, the
back emf will be reduced to zero, and the current will stop.

A: The steady-state coil current when the switch is closed is found from applying Kirchhoff's loop rule to
the outer loop:
+12.0 V-1(7.50 Q)-10.0 V=0

SO 1= 200V _ 0.267 A
7.50 Q
We then require that AVg =80.0 V =(0.267 A)R
SO R=SYr - 800V _459
| 0.267 A

L: As we expected, this discharge resistance is considerably greater than the coil’s resistance. Note that
while the motor is running, the discharge resistor turns P =(12 V)2/300 Q=0.48 W of power into
heat (or wastes 0.48 W). The source delivers power at the rate of about
P =1V =[0.267 A+(12 V/300 Q)|(12 V) =3.68 W, so the discharge resistor wastes about 13% of the
total power. For a sense of perspective, this 4-W motor could lift a 40-N weight at a rate of 0.1 m/s.

L= HoNZA (4n>< 107" T A)(1000)2(1.00 x 1074 m2)

3274 (a 17 - =2.51x10"* H = [251 pH
@ ? 0.500 m
b) M= No®; _ Np®; _ NBA _ Nz[lJo(Nl/l 1)'1]A _ HoN1NLA
Il Il Il Il Il
47x1077 T [n/A)(1000)(100)(1.00 x 10™* m?)
M = ( =2.51x107° H= -25.1 H
0.500 m a
di di dQ, _ Ml
0 &=-M=—2%, or I;IRj=-M—2 and |;=—t=-T"-2
© & dt o dt 7 gt T Ry dt

__M t __M _ __ M, _ Mly;
Q = RTIO di; = RT('zf |2i)— RT(O |2i)_T1I

(251107 H)(100 A)

- =2.51x10° c=[25.1nC

© 2000 by Harcourt, Inc. All rights reserved.
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32.75

32.76

32.77

(@)

(b)

©

(@)
(b)

g . 2U
It has a magnetic field, and it stores energy, so L = 7 is non-zero.

Every field line goes through the rectangle between the conductors.

b =Ll SO . 1IW :
I 1Jy=a
_Llpwma 110 +_ Mol Illob( 2110)(|nyw_a
] ny 2n(w y T 2y a
— HoX | LW —a[]
Thus - InD T 0
R I(t) X R
For an RL circuit, 1(t)=1p,e | : —2=1-10"%=¢ L O1-—t
max L
R

-8 -9
Tt=10"° s0 Ry = —14X10 A0 I575107%

(2.50 yr)(3.16 x 107 s/ yr)

(If the ring were of purest copper, of diameter 1 cm, and cross-sectional area 1 mm?, its
resistance would be at least 107¢ Q).

Ug = 3 LIZ= 3(50.0 H)(50.0 x 10° A) 2 = [6.25 x 100

Two adjacent turns are parallel wires carrying current in the same direction. Since the loops
have such large radius, a one-meter section can be regarded as straight.

|
Then one wire creates a field of = Hoo
2mnr
This causes a force on the next wire of F=1Bsin@
2
giving F=1 “—OlsinQO":M
27r 27r
1.00 m)(50.0 x 10° A)?
Solving for the force, F=(4mx 107" N/A?) ( X ) 2000 N
(27(0.250 m)



32.78

(@)

(b)

©

(d)
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P=1(AaV)

9
:L:w:5'00x103A
AV 200x10° V

From Ampere’s law, B(zm) = Uolenciosed  OF B :%

At r=2a=0.0200 M, Iy oseq =5.00x10° A and

(4 %107 Tlin ’A)(S.OO x 10° A)

B= =0.0500 T = [50.0 mT
27(0.0200 m) 0.0500

At r=b=0.0500 M, lgcoseq = =5.00x10% A and

(4 %1077 T n ’A)(S.OO x 10° A)

B= =0.0200 T =120.0 mT
271(0.0500 m)

_ _ r=b[B(r)]2(2rrrI dr) _ pol? bdr _ el | O
i R T T 2 e

(4rrx 12077 T m/A)(5.00x10° A)(1000x10° m) (5,00 om O

_ 6 1 _
" InH2.00cmH'2'29x10 J—

The magnetic field created by the inner conductor exerts a force of repulsion on the current in
the outer sheath. The strength of this field, from part (b), is 20.0 mT. Consider a small
rectangular section of the outer cylinder of length | and width w. It carries a current of

(5.00x10 A)% 71(0.0500 m)H

(5.00 x 10° A)w

A (20.0 x1073 T) sin 90.0°
271(0.0500 m)

and experiences an outward force F=1Bsin0=

F_F_ (5.0010® A)(20.0x107 T}

The pressure on it is P=—=— = (318 Pa
P A wl 27(0.0500 m) 318 Pa|
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*32.79 (a)

(b)

©

(d)

(e)

4mx10"7 T0Om/A)(1400)(2.00 A
g = HoN! :( / )( I ): 2.93x107° T (upward)

| 120 m
B2 (2.93x107° T)2 J CLNDnO N
u=——-= = =3.4 —3 =3.42 72: 3.42 Pa
24 2(47T><10 TDm/A) m30 17 m

To produce a downward magnetic field, the surface of the super conductor

must carry a [clockwise| current. B 1

The vertical component of the field of the solenoid exerts an inward force on the
superconductor. The total horizontal force is zero. Over the top end of the solenoid, its field
diverges and has a radially outward horizontal component. This component exerts upward
force on the clockwise superconductor current. The total force on the core is . You

can think of it as a force of repulsion between the solenoid with its north end pointing up,
and the core, with its north end pointing down.

2
F=PA=(3.42 Pa)§1(1.10 x102 m) E: 130x1073 N

Note that we have not proven that energy density is pressure. In fact, it is not in some cases;
see problem 12 in Chapter 21.



