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L. Four Verv Ion

B Wires, each caryy; .
Pattern with th, rving a current of magnitude |

, are arranged in a square .
i ° currents in the directj i uare is of length 2a.
Point P js 5 dist directions shown. The diagonal of the sq

. ance x from the center of the square (x =0, y = 0).
(10) a. Fing the direction and magnitude g - o
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(10) b. Find the direction and magnitude @ a e
of the magnetic field produced by - \q t//
the two wires located on the y-axis TR — -~ Q .

o
aty=-aandy=+a. %
(5) c. Show that for x >> a, the magnitude
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2. ‘A thin wire rung along the x-axis from x = @ tox =L, and carries a current | in the positive
x-direction. A second thin wire runs along the x-axis from x=- L to x = - a, and also carries a
current | in the positive x-direction. Consider a Point P located at ( x = 0, y).

(15) a. Find the direction of the magnetic
field at Point P, and show that its

magnitude is given by )
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Why should the IQI vanish at the origin? I,(Q Y= Tlewnws
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3. Athin conducting rod of len

gth L and mass m rotates in the x-y plane about the z-axis
through one end of the rod (the origin) with an angular frequency w as shown. A uniform
and temporally constant magnetic field B is parallel to the z-axis. The rod slides without
friction along a conducting, circular, fixed rail that is connected by a fixed wire to the origin
as shown, thereby allowing a current to flow along the rod and the rail, and to close back to
the rod through the wire. T

he system has a total resistance R to the flow of current.
(10) a. Find the direction and magnitude

of the emf that is induced by the
rotating rod.

(5) b.Find the current that flows in the
circuit.

Recall that the moment of inertia of the
rod about the z- axis ism L2 /3, and that
the differential torque isdz = r xdF.
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(10) c. At time t = 0, the angular frequency of the rod is w, . Show that w ) is

w(t)= wyexp[— t/7]

where you must determine the characteristic damping time 7.

(5) d.Byintegrating dgp/dt = w (£), show that the rod will not make a complete rotation if
wy < 2m/7T.
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- 4. Atoroidal solenoid with an inner radius a, an outer radius b, and a height hy has N;

turns that carry a current |y . i M

.Use Ampere’s Law to find the '

~ magnetic field inside the solenoid,

" and show that the self-inductance is

W,

b a

dal solenoid with inner radius c (< a), outer radius d (> b), height h; (> hy,
‘that carry a current I, concentrically surrounds the first solenoid as shown in
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