Chapter 30

1. The flux ®, = BA cosé does not change as the loop is rotated. Faraday’s law only

leads to a nonzero induced emf when the flux is changing, so the result in this instance is
zero.

2. Using Faraday’s law, the induced emf is

d 2
oo 00, d(BA) A d(rr) o
dt dt dt dt dt
=—27(0.12m)(0.800T)(-0.750m/s)
=0.452V.

3. The total induced emf is given by

dd dB d . di di
=—N—=-NA| — |=—=NA—(z.ni)=—N zz.nA—=—N u_n(7zr’)—
& at (dt} at (i) Ho dt Hon(7 )dt

——(120)(4n 107 T-m/A)(22000/m) 1:(0.016m)’ ( 15A j
0.025s
=0.16V.
Ohm’s law then yields i=|¢|/R=0.016 V/5.3Q2=0.030 A.
4. (a) We use &= —ddg/dt = —nr’dB/dt. For 0 <t < 2.0 s:
e=-urr B n(0.12my[ 22T |- 11x102 V.
dt 2.0s
(b) For2.0s<t<4.0s: eoc dB/dt = 0.
(c)For4.0s<t<6.0s:
o= 8B _ _r(012m) (ﬂ) _11x107V,
dt 6.0s—4.0s

5. The field (due to the current in the straight wire) is out of the page in the upper half of
the circle and is into the page in the lower half of the circle, producing zero net flux, at
any time. There is no induced current in the circle.
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6. From the datum at t = O in Fig. 30-35(b) we see 0.0015 A = Vpaery /R, Which implies
that the resistance is
R = (6.00 uV)/(0.0015 A) = 0.0040 Q.

Now, the value of the current during 10 s <t <20 s leads us to equate
(Vbattery +¢& induced)/R =0.00050 A.
This shows that the induced emf iS & inguced = —4.0 V. Now we use Faraday’s law:

_ dos_  dB_
E==Tqt - AT

-Aa.
Plugging in &= — 4.0 x10°V and A = 5.0 x 10*m?, we obtain a = 0.0080 T/s.
7. (@) The magnitude of the emf is

= %(csm2 +7.0t) =12t +7.0=12(2.0)+7.0=31mV.

E :‘chB
dt

(b) Appealing to Lenz’s law (especially Fig. 30-5(a)) we see that the current flow in the
loop is clockwise. Thus, the current is to the left through R.

8. The resistance of the loop is

R:p£:(1.69x10’89-m) ”(O'lom)z =1.1x107Q,
A 7(2.5x10° m)"/4
We use i = |&/R = |ddg/dt|/R = (#r*/R)|dB/dt|. Thus
‘d_B _ iR =(1OA)(1.1><10‘3Q)=14 /s
dt| zr® 7(0.05m)’ -

9. The amplitude of the induced emf in the loop is

&, = AugNigo = (6.8x10°m?)(4nx 107 T-m/A)(85400/ m)(1.28 A)(212 rad/s)
=1.98x107*V.

10. (a) The magnetic flux @ through the loop is given by

®, = 2B(nr?/2)(cos45°) = nr’B/2.
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Thus,

2
dd, d[zrsz_ mz(ﬁj_ 7(3.7x107m) (0—76x10‘3TJ

dt  dt\ v2 | 2 At 2 45x10°s

=5.1x1072%V.

(@) The direction of the induced current is clockwise when viewed along the direction of
B.

11. (a) It should be emphasized that the result, given in terms of sin(2 ft), could as easily
be given in terms of cos(2xft) or even cos(2xft + @) where ¢ is a phase constant as
discussed in Chapter 15. The angular position & of the rotating coil is measured from
some reference line (or plane), and which line one chooses will affect whether the
magnetic flux should be written as BA cos&, BA sing or BA cos(6 + ¢). Here our choice is
such that @, = BAcos@. Since the coil is rotating steadily, &increases linearly with time.

Thus, 6= wt (equivalent to €= 2ft) if &is understood to be in radians (and » would be
the angular velocity). Since the area of the rectangular coil is A=ab, Faraday’s law leads

to
d (BAcos®)
s=-N————=-NB

A4S )\ poboztsin(2r )

which is the desired result, shown in the problem statement. The second way this is
written (& sin(2xft)) is meant to emphasize that the voltage output is sinusoidal (in its
time dependence) and has an amplitude of g = 2xf NabB.

(b) We solve
& =150V = 2z f NabB

when f = 60.0 rev/s and B = 0.500 T. The three unknowns are N, a, and b which occur in
a product; thus, we obtain Nab = 0.796 m?.

12. To have an induced emf, the magnetic field must be perpendicular (or have a nonzero
component perpendicular) to the coil, and must be changing with time.

(a) For B =(4.00x10°T/m)yk, dB/dt=0 and hence &= 0.
(b) None.
(c) For B =(6.00x10°T/s)tk ,

dd B
E=—"g = —A%—t = —(0.400 m x 0.250 m)(0.0600 T/s) = —6.00 mV,

or |4 =6.00 mV.
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(d) Clockwise.
(€) For B=(8.00x102T/m-s)yt K,
®g = (0.400)(0.08001) j ydy = 1.00x10%t,

in Sl units. The induced emf is ¢=—d®B/dt=-1.00 mV, or | = 1.00 mV.
(f) Clockwise.

(@) ©,=0 = ¢£=0.

(h) None.

(i) ®,=0 = &=0.

(j) None.

13. The amount of charge is

1 A 1.20x10°m?
q(t) = E[cI>B(0) —-D,(1)]= E[B(O) ~B(t)]= W[1.60T— (-1.60T)]

=2.95x107°C .

14. Figure 30-40(b) demonstrates that dB/dt (the slope of that line) is 0.003 T/s. Thus,
in absolute value, Faraday’s law becomes

,__do, _ dBA)__,dB

dt dt dt

where A = 8 x10™* m?. We related the induced emf to resistance and current using Ohm’s
law. The current is estimated from Fig. 30-40(c) to be i = dg/dt= 0.002 A (the slope of

that line). Therefore, the resistance of the loop is

n_lel_AldB/dt]| _ (8.0x10™* m?)(0.0030 T/s)
o i 0.0020 A

=0.0012Q.

15. (a) Let L be the length of a side of the square circuit. Then the magnetic flux through
the circuit is ®, = L*B/2, and the induced emf is
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do, L°dB

! dt 2 dt’

Now B =0.042 — 0.870t and dB/dt =-0.870 T/s. Thus,

2
£ = @(&870 T/s)=1.74 V.

The magnetic field is out of the page and decreasing so the induced emf is
counterclockwise around the circuit, in the same direction as the emf of the battery. The
total emf is

et =200V +174V=217V.
(b) The current is in the sense of the total emf (counterclockwise).
16. (a) Since the flux arises from a dot product of vectors, the result of one sign for B;

and B, and of the opposite sign for B; (we choose the minus sign for the flux from B; and
B,, and therefore a plus sign for the flux from B3). The induced emf is

_ dpg _  (dB: . dBy dBs
e (dt T dt T dt)
=(0.10 m)(0.20 m)(2.0 x 10°T/s + 1.0 x10°® T/s -5.0x10° T/s)

=-4.0x10°8V.

The minus sign means that the effect is dominated by the changes in Bs. Its magnitude
(using Ohm’s law) is |g /R = 8.0 pA.

(b) Consideration of Lenz’s law leads to the conclusion that the induced current is
therefore counterclockwise.

17. Equation 29-10 gives the field at the center of the large loop with R = 1.00 m and
current i(t). This is approximately the field throughout the area (A = 2.00 x 107 m?
enclosed by the small loop. Thus, with B = 4i/2R and i(t) = ip + kt, where ip = 200 A and

k = (-200 A — 200 A)/1.00 s =-400 A/s,
we find

11yj, (47107 H/im)(200A)

@ Bl =0 = = 2 (room)

=1.26x107*T,

(4mx107 H/m )[ 200A —(400A/s)(0.5005) ]

(b) B(t=0.500s) = 2L0om)

=0, and
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be in radians (here, @ = 2xf is the angular velocity of the coil in radians per second, and f
= 1000 rev/min =~ 16.7 rev/s is the frequency). Since the area of the rectangular coil is A =
(0.500 m) x (0.300 m) = 0.150 m?, Faraday’s law leads to

g 4(BACOSO) |\, d cOS(2rft)

m = NBA2rf Sin(2nft)

which means it has a voltage amplitude of

Enex = 27 fNAB = 277(16.7 rev/s) (100 turns) (0.15m? ) (3.5T) =5.50x10° V .

20. We note that 1 gauss = 10~ T. The amount of charge is

a(t) = %[BA c0s 20° - (~BACos 20%)] = ZNBAC0S 207

_2(1000)(0.590 x10™* T)m(0.100 m)? (cos 20°)
85.00Q+140Q

=1.55x10"°C..

Note that the axis of the coil is at 20°, not 70°, from the magnetic field of the Earth.
21. (a) The frequency is

‘o _ (40 rev/s)(2z rad/rev)
2 2r

f= =40 Hz.

(b) First, we define angle relative to the plane of Fig. 30-44, such that the semicircular
wire is in the &= 0 position and a quarter of a period (of revolution) later it will be in the
6 = 72 position (where its midpoint will reach a distance of a above the plane of the
figure). At the moment it is in the 8= /2 position, the area enclosed by the “circuit” will
appear to us (as we look down at the figure) to that of a simple rectangle (call this area A,
which is the area it will again appear to enclose when the wire is in the = 372 position).
Since the area of the semicircle is za’/2, then the area (as it appears to us) enclosed by the
circuit, as a function of our angle 6, is

2
TC

cosd

a
A=A+
4 2
where (since & is increasing at a steady rate) the angle depends linearly on time, which
we can write either as 8= wt or &= 2t if we take t = 0 to be a moment when the arc is

in the #= 0 position. Since B is uniform (in space) and constant (in time), Faraday’s law
leads to
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, = [ dd, = [ (at’yr)dy=2t27°

Thus, Faraday’s law yields

M=P®B=mﬁ.

Att=25s, the magnitude of the induced emf is 8.0 x 107° V.
(b) Its “direction” (or “sense’’) is clockwise, by Lenz’s law.
28. (a) We assume the flux is entirely due to the field generated by the long straight wire

(which is given by Eq. 29-17). We integrate according to Eqg. 30-1, not worrying about
the possibility of an overall minus sign since we are asked to find the absolute value of

the flux.
@ 1= [ (L) (aary = K02 g (L2272,
r-b/2\ 271 27 r-h/2

When r=1.5b, we have

“Wh.

-7 .
D, |= (4nx107'T m/ZA)(4.7A)(O.022m) In(2.0) =1.4x10
V2

(b) Implementing Faraday’s law involves taking a derivative of the flux in part (a), and
recognizing that dr/dt=v . The magnitude of the induced emf divided by the loop
resistance then gives the induced current:

loop =

&|__miald (r+b/2j ALY
Rl 2zR|dt  \r=b/2)| 2R[r*—(b/2)*]
_(4zx107 T-m/A)(4.7A)(0.022m)(0.0080m)(3.2x10m/s)

27(4.0x107Q)[2(0.0080m)?]

=1.0x10"A.
29. (a) Equation 30-8 leads to
&=BLv=(0.350 T)(0.250 m)(0.55 m/s) =0.0481 V .
(b) By Ohm’s law, the induced current is
i =0.0481 Vv/18.0 Q = 0.00267 A.

By Lenz’s law, the current is clockwise in Fig. 30-50.
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(c) Equation 26-27 leads to P = i’R = 0.000129 W.

30. Equation 26-28 gives £IR as the rate of energy transfer into thermal forms (dEg, /dt,
which, from Fig. 30-51(c), is roughly 40 nJ/s). Interpreting ¢ as the induced emf (in
absolute value) in the single-turn loop (N = 1) from Faraday’s law, we have

g 4% _d(BA)_,dB
dt dt dt

Equation 29-23 gives B = p,ni for the solenoid (and note that the field is zero outside of

the solenoid, which implies that A = Acil), SO our expression for the magnitude of the
induced emf becomes

dB d : di,,

&= AE = Ay a(ﬂonlcoil ) = A :

dt

where Fig. 30-51(b) suggests that dig/dt = 0.5 A/s. With n = 8000 (in SI units) and A
= 7(0.02)? (note that the loop radius does not come into the computations of this problem,
just the coil’s), we find V = 6.3 uV. Returning to our earlier observations, we can now
solve for the resistance:

R = £2/(dEp /dt) = 1.0 mQ.

31. Thermal energy is generated at the rate P = £/R (see Eq. 26-28). Using Eq. 27-16, the
resistance is given by R = pL/A, where the resistivity is 1.69 x 10 Q-m (by Table 27-1)
and A = zd°/4 is the cross-sectional area of the wire (d = 0.00100 m is the wire thickness).
The area enclosed by the loop is
L 2
Aloop = 7Irlcfop = n(%j

since the length of the wire (L = 0.500 m) is the circumference of the loop. This enclosed
area is used in Faraday’s law (where we ignore minus signs in the interest of finding the
magnitudes of the quantities):

dd, dB L°dB
gt =gt an dt

where the rate of change of the field is dB/dt = 0.0100 T/s. Consequently, we obtain

P= (0.0100 T/s)’

&8 (L/4r)*(dB/dt)* _ d°L (d_B)z _ (1.00x10"* m)?*(0.500 m)®
R pL/(zd?*/4) 647p \ dt 647(1.69x10°Q-m)
=3.68x10°W .

32. Noting that |AB| = B, we find the thermal energy is
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38. From the “kink” in the graph of Fig. 30-55, we conclude that the radius of the circular
region is 2.0 cm. For values of r less than that, we have (from the absolute value of Eq.
30-20)

dod, _ d(BA) _ Ad—B:ﬂrza

dt dt dt

E(27r) =

which means that E/r = a/2. This corresponds to the slope of that graph (the linear
portion for small values of r) which we estimate to be 0.015 (in SI units). Thus,
a=0.030 T/s.

39. The magnetic field B can be expressed as
B(t) = B, + B, sin(at + ¢,),

where Bp = (30.0 T + 29.6 T)/2 =29.8 T and B; = (30.0 T — 29.6 T)/2 = 0.200 T. Then
from Eq. 30-25

!

dB rd : 1
- 2( )r = EE[BO + B, sin(ot + ¢, )| = > Bior cos(at + ).

dt

We note that w = 2f and that the factor in front of the cosine is the maximum value of
the field. Consequently,

E =5 B (271)r =2(0200T)(27) (15 Hz)(16x10° m) ~0.15 Vim.

max

40. Since N®@g = Li, we obtain

i (80x10°H)(50x102A
@B:%J - 41)(0 - )=1.0><10‘7Wb.

41. (a) We interpret the question as asking for N multiplied by the flux through one turn:
® e = NO, = NBA = NB(nr?) = (30.0)(2.60 x 107 T)()(0.200m)° = 2.45x 10~ Wh.

(b) Equation 30-33 leads to
Lo NOg _ 245x107° Wh
[ 380A

=645x10* H.

42. (a) We imagine dividing the one-turn solenoid into N small circular loops placed
along the width W of the copper strip. Each loop carries a current Ai = i/N. Then the
magnetic field inside the solenoid is
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or |di/dt|=5.0A/s. We might, for example, uniformly reduce the current from 2.0 A to
zero in 40 ms.

45. (a) Speaking anthropomorphically, the coil wants to fight the changes—so if it wants
to push current rightward (when the current is already going rightward) then i must be in
the process of decreasing.

(b) From Eq. 30-35 (in absolute value) we get

v _ 68x10™* H.

46. During periods of time when the current is varying linearly with time, Eqg. 30-35 (in
absolute values) becomes |e|=L|Ai/At|. For simplicity, we omit the absolute value

signs in the following.

(@) For0<t<2ms,
i (46H)(7.0A-0
po LA (46H) - ) _16x10'V.
At 20x10°s

(b) For2ms <t<5ms,
_ Al _(46H)(50A-70A)

~ At (50-20)107s

=31x10° V.

(c) For5ms <t <6 ms,
_ LA (46H)(0-50A)

— L= = L =23x10* V.
At (60-50)107s

47. (a) Voltage is proportional to inductance (by Eq. 30-35) just as, for resistors, it is
proportional to resistance. Since the (independent) voltages for series elements add (V; +
V2), then inductances in series must add, L,, =L, +L,, just as was the case for resistances.

Note that to ensure the independence of the voltage values, it is important that the
inductors not be too close together (the related topic of mutual inductance is treated in
Section 30-12). The requirement is that magnetic field lines from one inductor should not
have significant presence in any other.

(b) Just as with resistors, L, :ZL .

48. (a) Voltage is proportional to inductance (by Eqg. 30-35) just as, for resistors, it is
proportional to resistance. Now, the (independent) voltages for parallel elements are
equal (V1 = Vy), and the currents (which are generally functions of time) add (i; (t) + 12 (t)
= i(t)). This leads to the Eq. 27-21 for resistors. We note that this condition on the
currents implies
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di, (t) . di,(t) di(t)

dt dt dt

Thus, although the inductance equation Eq. 30-35 involves the rate of change of current,
as opposed to current itself, the conditions that led to the parallel resistor formula also
apply to inductors. Therefore,

1 1 1

- =+ —

Leq Ll L2 .

Note that to ensure the independence of the voltage values, it is important that the
inductors not be too close together (the related topic of mutual inductance is treated in
Section 30-12). The requirement is that the field of one inductor not to have significant
influence (or “coupling’’) in the next.

N
(b) Just as with resistors, Li = ZLL .

eq n=l *n

49. Using the results from Problems 30-47 and 30-48, the equivalent resistance is

L=l L+ Ly =L+ Ly 22 —30,0 mH +15.0 mH 220 MA)(200mH)
L+ 50.0 mH +20.0 mH

=59.3 mH.

50. The steady state value of the current is also its maximum value, &R, which we denote
as in. We are told that i = i/3 at to = 5.00 5. Equation 30-41 becomes i =i, (1-e™'"),

which leads to
f, 5005
- - ~123s.
T Tm@-ili,)  In(-1/3)

51. The current in the circuit is given by i = ioe‘t/fL , Where iy is the current at time t = 0

and 7 is the inductive time constant (L/R). We solve for 7. Dividing by i and taking the
natural logarithm of both sides, we obtain

This yields
t 10s
S = 0217s.
" In(i/i)  In((10x10° A)/(LOA))

Therefore, R = L/7i =10 H/0.217 s = 46 Q.
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52. (a) Immediately after the switch is closed, ¢ — & = iR. But i = 0 at this instant, so g =
& or g/e=1.00.

(b) & (t) =gV = ge 27/ = ge72° =0.135¢, or g/e=0.135.

(c) From &, (t) = e /" we obtain

L=In(i]=ln2 = t=r,IN2=0693;, = t/r =0.693.
T &L

53. (a) If the battery is switched into the circuit at t = 0, then the current at a later time t is
given by

. &
i=2 l_e—t/TL 1
(1-e )
where 7 = L/R. Our goal is to find the time at which i = 0.800&/R. This means

0.800=1-e"* = e"'*=0.200.

Taking the natural logarithm of both sides, we obtain —(t/7.) = In(0.200) = -1.609. Thus,

1609L  1609(6.30 x 107°H)

- =845x10"s.
120x10°Q

t=16097, =

(b) Att =1.07_the current in the circuit is

=L (1-e0)= [Lovs] (1-e1)=7.37x10° A
R 1.20x10°Q

The current as a function of t/z,_ is plotted below.
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where 7. = L/R is the inductive time constant and ¢ is the battery emf. To calculate the
time at which i = 0.9990&/R, we solve for t:

0.990

(1-e™™*) = 1In(0.0010)=—(t/7) = t/7 =6.91.

| ®
el

The current (in terms of i/i,) as a function of t/z_ is plotted below.

56. From the graph we get ®/i = 2 x10™*in Sl units. Therefore, with N = 25, we find the
self-inductance is L = N®/i =5 x 10> H. From the derivative of Eq. 30-41 (or a
combination of that equation and Eq. 30-39) we find (using the symbol V to stand for the
battery emf)

' R
a - \LE el = !e‘t’fL =7.1x10%Als .
dt R L

57. (a) Before the fuse blows, the current through the resistor remains zero. We apply the
loop theorem to the battery-fuse-inductor loop: £ — L di/dt = 0. So i = &t/L. As the fuse
blows att =t i =ig=3.0 A. Thus,

t gl _ (3.0A)(5.0H) 15
¢ 10V

(b) We do not show the graph here; qualitatively, it would be similar to Fig. 30-15.

&— L(ﬂjz iR,
dt

we solve for the (time-dependent) emf, with Sl units understood:

58. Applying the loop theorem,
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7. = 1/0.5108 = (5.00 x 107 5)/0.5108 =9.79 x 107 s

and the inductance is
L=7 R=(9.79x107s)(100x10°Q) =97.9H.
(b) The energy stored in the coil is

Ug :%Liz :%(97.9 H)(200x10° A)" =196x10™J.

62. (@) From Eg. 30-49 and Eq. 30-41, the rate at which the energy is being stored in the
inductor is

du, _ d (% Li2> _ Liﬂ: [ﬁ(l_e—t/q )j(iie—t/q}:f/‘_z(l_e—t/q )e—t/rL.
dt dt dt R T, R

Now,
11=L/R=20H/10Q=0.20s

and &= 100 V, so the above expression yields dUg/dt = 2.4 x 10> W when t = 0.10 s.

(b) From Eq. 26-22 and Eq. 30-41, the rate at which the resistor is generating thermal
energy is
2 2

Poorrat = 1°R =%(1—e“/“)2 R :%(1_6—%)2.

thermal

Att=0.10s, this yields Pierma = 1.5 x 10% W.

(c) By energy conservation, the rate of energy being supplied to the circuit by the battery
is
du

P, Prorme T ——2 =39 x10° W,
dt

attery = Fthermal

We note that this result could alternatively have been found from Eq. 28-14 (with Eq. 30-
41).

63. From Eq. 30-49 and Eq. 30-41, the rate at which the energy is being stored in the
inductor is

du, _ d (Li2 /2) —Li ﬂ: L(ﬁ(l_et/q )j(%iet/qug_;(l_et/q )e—t/‘rL

dt dt dt R
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where 7 = L/R has been used. From Eq. 26-22 and Eq. 30-41, the rate at which the
resistor is generating thermal energy is

2 2

. & Y\ € i/, )2
P, |2R=?(l—et/ )R_E(l—e‘/ ).

hermal —

We equate this to dUg/dt, and solve for the time:

2 2

%(1— eln) = %(1— e")e" = t=r7,In2=(37.0ms)In2=25.6ms.

64. Let Uy(t) =1 Li%(t). We require the energy at time t to be half of its final value:
U(t)=1U,(t —00) =1 Li?. This gives i(t) =i, /¥2 . But i(t) =i, 1-e"'*), so

1 t 1
l-eVi=— = —=—In|1-— |=1.23.
V2 7, ( ﬁj

65. (a) The energy delivered by the battery is the integral of Eq. 28-14 (where we use Eq.
30-41 for the current):

J.; Pbatterydt = I;%Z(].—E_Rt/")dt = 8_£|:t +%(E—RI/L _1)}

2 5.50 H 87(6.70 Q)(Z.OO S)/5.50 H _1
LCRAJ R PYSIRR I )
6.70 Q 5700
=18.7 J.

(b) The energy stored in the magnetic field is given by Eq. 30-49:

1 ., 1 & ? “RyL )2 1 10.0V ’ ~(6.70Q)(2.005)/550 H |2
=—Li’(t)==L|=| (1- == (5.50H 1-
Ve =3 (=3 (Rj( «™) (550 )6.709 [ ° }

=5.101J.

(c) The difference of the previous two results gives the amount “lost” in the resistor:
18.7J-5.10J=13.6J.

66. (a) The magnitude of the magnetic field at the center of the loop, using Eq. 29-9, is

ot (47107 H/m)(100A)

_ -3
2R 2(50x10°m) A0
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Mi, _(3.0mH)(6.0mA)

D, = =90nWh .
N, 200
(d) The mutually induced emf is
6,=M %z(B.OmH)(AO Afs)=12mV.
73. (a) Equation 30-65 yields
g 250mV _167mH

~ ldi,/di] ~ 150A/s
(b) Equation 30-60 leads to

N,®,, = Mi, = (167 mH)(3.60A) = 6.00mWh .
74. We use & = -M di,/dt = M|AI/At| to find M:

& 30x10°V

_ _
Ai /At| 60A/(25x107%s) L3H -

v - {
75. The flux over the loop cross section due to the current i in the wire is given by

o[

wire

Idr=_|'a+b “L"dr:”l'ln(ug) .
a 2rr 27 a

Thus,

M =E=Mm(1+9).
i 27 a

From the formula for M obtained above, we have

100)(47x107 H/m)(0.30m
v )(47x107 H/m)( )ln(1+%j:1.3x10‘5H.

27

76. (a) The coil-solenoid mutual inductance is

MoM - N_(Dcs _ N (ﬂoi-snﬁRz)

Cs
IS IS

= u,mR*NN .

(b) As long as the magnetic field of the solenoid is entirely contained within the cross
section of the coil we have @ = BsA, = BstR?, regardless of the shape, size, or possible
lack of close-packing of the coil.
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77. (a) We assume the current is changing at (nonzero) rate di/dt and calculate the total
emf across both coils. First consider the coil 1. The magnetic field due to the current in
that coil points to the right. The magnetic field due to the current in coil 2 also points to
the right. When the current increases, both fields increase and both changes in flux
contribute emf’s in the same direction. Thus, the induced emf’s are

di di
81:—(L1+ M)a and &, :—(L2+ M)a

Therefore, the total emf across both coils is

e=g+¢&=—(L+ L2+2M)%

which is exactly the emf that would be produced if the coils were replaced by a single
coil with inductance Leq = L1 + L + 2M.

(b) We imagine reversing the leads of coil 2 so the current enters at the back of coil rather
than the front (as pictured in the diagram). Then the field produced by coil 2 at the site of
coil 1 is opposite to the field produced by coil 1 itself. The fluxes have opposite signs. An
increasing current in coil 1 tends to increase the flux in that coil, but an increasing current
in coil 2 tends to decrease it. The emf across coil 1 is

di
=—(L-M)—.
Sl (Ll )dt
Similarly, the emf across coil 2 is
di
&, :—(L2 - M)a .

The total emf across both coils is

di
s=~(L+L,-2M) .

This is the same as the emf that would be produced by a single coil with inductance
Leq = L]_ + L2— 2M
78. Taking the derivative of Eq. 30-41, we have

i E . €
(1—e“L)}=—et L==
Rz,

ﬂ—i|:£ e_t/TL
dt dt| R L '
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With 7. = L/R (Eq. 30-42), L =0.023 Hand ¢ =12 V, t = 0.00015 s, and di/dt = 280 A/s,
we obtain eV = 0.537. Taking the natural log and rearranging leads to R = 95.4 Q.

79. (@) When switch S is just closed, V1 = ¢and i; = &/R; =10 V/5.0 Q = 2.0 A.
(b) Since now &g = ¢, we have i, = 0.

(€)is=i1+i,=20A+0=20A.

(d) Since VL =¢ Vo=e6—4 =0.

(e)V.=e=10V.

i de_Vo_2_10V _,06as,

dt L 50H
(g) After a long time, we still have Vi = ¢ s0i; = 2.0 A.
(h) Sincenow V. =0,i,=¢R,=10V/10Q =10 A.
(is=i;+i,=20A+10A=3.0A.
() Since V. =0,V,=¢-V . =¢=10V.
(k) VL =0.

di, V
N —2=YL_g.
Oa1

80. Using Eq. 30-41; i :%(1—@‘/7L ), where = 2.0 ns, we find

t=r, In( _1 jzl.o ns.
1-iR/¢

81. Using Ohm’s law, we relate the induced current to the emf and (the absolute value of)
Faraday’s law:

_lel_1|do
R R|dt]|
As the loop is crossing the boundary between regions 1 and 2 (so that “x” amount of its
length is in region 2 while “D — x” amount of its length remains in region 1) the flux is

®g = xHB, + (D - X)HBl= DHB; + XH(BZ - Bl)
which means
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95. (a) As the switch closes at t = 0, the current being zero in the inductors serves as an
initial condition for the building-up of current in the circuit. Thus, the current through any
element of this circuit is also zero at that instant. Consequently, the loop rule requires the
emf (&1) of the L; = 0.30 H inductor to cancel that of the battery. We now apply (the
absolute value of) Eq. 30-35

dt L 030

(b) What is being asked for is essentially the current in the battery when the emfs of the
inductors vanish (as t — o« ). Applying the loop rule to the outer loop, with R; = 8.0 Q,
we have

e—iR —|ey|-|e,|=0 = i =%=0.75A.

96. Since A=/¢?, we have dA/dt=2¢d¢/dt. Thus, Faraday's law, with N = 1, becomes

L__db, _ d(BA)_ dA_ , df
dt dt dt dt

which yields £=0.0029 V.
97. The self-inductance and resistance of the coil may be treated as a "pure" inductor in

series with a "pure" resistor, in which case the situation described in the problem may be
addressed by using Eqg. 30-41. The derivative of that solution is

ﬂ:£|:£(l_et/q):| :ieft/q :ﬁeft/q
dt dt| R RTL L

With 7 = 0.28 ms (by Eq. 30-42), L = 0.050 H, and & = 45 V, we obtain di/dt = 12 A/s
whent=1.2 ms.

98. (a) From Eq. 30-35, we find L = (3.00 mV)/(5.00 A/s) = 0.600 mH.

(b) Since N® =iL (where ® =40.0 xWb and i = 8.00 A), we obtain N = 120.



