Problem Set #12 Solutions — Chapter 32 - 17, 21, 22, 31, 42, 48, and 79

17. Because the windings of the two solenoids are in the same direction, the induced emfs will be in the
same direction. Thetotal emf in the system is

€=€+6,+€,+6E,
= _ (L, di/dt) — (L, d/ct) — (M di/dt) — (M dl/cl)
=— Leq di/dt, which gives

Ly =L+L+M+M=2(L+M).

21. Because a << L, we can ignore the magnetic field from the
short sides. The fields from the two long sides are in the same y

direction, so we can double the field from one when we calcul ate |

the flux through the circuit. For the field produced by the bottom n—

wire of radius r, we have a L
B=mly/2pr?, y<r; and B=ml/2py, y=r. -

[

To find the flux through the loop, we choose a strip dy adistancey from the wire:
B 2 R myl ¢ m)w rn)lﬁ 1 Q
FB_2HB dA =2 2|Dr2yo|y+2 —2py [3+In(®)].

0 r

The salf inductance is

L= "0 34 in (2]

Ifr® 0,In(a/r) ® 8. The radius of wire cannot be neglected.

22. We find the mutual inductance of the system by finding the mutual inductance of the loop.
The magnetic field of the wire depends on the distance from the wire. To find the magnetic
flux through the loop, we choose a strip a distance x from the wire with width dx:

_ 3o dmyl _mla
FB—HB-dA | gpeadx= 2p|n(1+d)



The mutual inductance is

M =F 4/l = (ma/2p) In(1 + a/d)|

3L (d) The stored energies are

UL = %L1 2=% (1 H)(10 A)2=50J;
Uc = ¥Q2IC = % (11)2/C = %12t2/C = ¥5(10 A)2(1 9)2/(1 F) = 50 J.

The two energies are the samd.

(b) The stored energies are

UL = ¥l 2= (1 H)(10-3 A)2 = 0.50 m;
Uc = %Q2%/C =% (It)2/C = ¥ 2t2/C = %> (103 A)2(1 5)2/(1 F) = 0.50 mJ.

The two energies are the same.

42. (a) From the cylindrica symmetry, we know that the magnetic field iscircular. We apply
Ampere' slaw to acircular path to find the magnetic field inside the wire:

_|"§ - d5 = Myl enclosed:
B2pr = my(l/pad)pr2, which gives B = nyir/2pa2.

The energy density of the magnetic field is

ug = Y2 B2/Imy = nyyl 2r2/8p2ad.

(b) Because the energy density is not constant, we integrate over the volume. For a
differential element, we choose a cylindrical shell centered on the wire, with radiusr < a,
thickness dr, and length L. The energy per unit length is

Up_ 1 [ mir? :mif‘s _om
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48. Before the switch is open there is a stable current in the inductor. After the switch is opened
att = 0wehavean RL circuit, withR=15W+ 20W=35Wand L =0.5H. The current | asa
function of timeis

RIL and so

| =loe™
t= (L/R) In(lo/1)
= [(0.5 H)/(35 W)] In(1¢/0.2510) = [(0.5 H)/(35W)] In 4.0 = 0.020 s = 20 ms.

Since U, = %LI? is proportional to 12, it decrease to 25% of itsinitial value as I? drops to 0.25
1%, i.e., as | dropsto (0.25)Y2 I, = 0.50 lo. The timeiit takesis

t = (L/R) In(lo/l) = (0.5 H/35 W) In(16/0.501,) = [10 mg.
79.
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While the slider moves from A to B, the current in solenoid S; decreases, causing a

decrease in the magnetic flux in the core. This decrease in flux generates an induced emf in
solenoid S,, which opposes the decrease and depends on the mutual inductance: V =—M di/dt.

The time dependence of dlI/dt is determined by the specific motion of the dlider and the self-
inductance of solenoid S;. We assume a smooth motion, with starting and stopping regions that
will give amaximum rate of change of the current a short time after starting. Note that, as the
resistance increases, the rate of the fractional change in the resistance will decrease. When the
motion of the slider turns around to return to A, the current and the flux will go through a
minimum,; the induced emf will be zero. Then the flux will start to increase, and the sign of the
voltage will change. Assuming the same type of motion, the voltage will be the reverse of the
first stage.



