Midterm

Friday, January 29, 2021 5:37 PM

Rombes Physics 1C: Midtern 1 PROBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 1

26 points

Consider an infinitely long cylindrical wire of radius R. The current density in the wire varies with the
distance p from the axis as J(p) = ape™/ B2, where a is a constant.

(a): 20 points

Find the magnetic field everywhere in space. Recall that current through a surface S is defined as I —
/. PR dA. You may look up (use Wolfram Alpha) any integrals you encounter. You do not have to prove
either Ampere’s law or the Biot-Savart law. N
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Rombes Physics 1C: Midtern 1 PROBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no
credit.

(b): 6 points

Suppose now that the current density oscillates back and forth in time:

J(p) = ape™ "/ cos(wt)z,

where w is the angular frequency of the oscillation. If the magnetic field you found in part (a) is denoted E( ),

would the total magnetic field produced by this oscillating current density be equal to I (7 t) = E(r') cos(wt)?
Why or why not?
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Rambes Plysies 1C: Midteru 1 PROBLEM 2

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 2
25 points

Congider an infinite wire carrying current [ in the 42 direction. A square of Ohmic wire of side length
I and resistance R is placed at £ = 0 to the right of the wire, its closest side a distance v away and its
farthest side a distance ry — vy + 1 away. The loop is then pulled with constant speed w away from the
wire. Find the direction and magnitude of the current in the square loop as a function of time.
You may take as given the magnetic field of an infinite current-carrving wire, as well as all of Maxwell's

equations.
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Rombes Physics 1C: Midtern 1 PROBLEM 3

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 3

25 pts

Suppose that the magnetic field in some region of space is given by B = oz, where o is some constant.
Find the net force on a square loop of side length [ carrying current [ lying in the yz plane and centered at
the origin. The direction of the current is clockwise as seen from the region o = (. You may use without

prool the equation for the [orce of a magnetic field on a current-carrying wire.
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Fid the net torce on a square loop orf side lengtin | carrymg current / lymg m the yz plane and centered at
the origin. The direction of the current is clockwise as seen from the region = > 0. You may use without

proof the equation for the force of a magnetic field on a current-carrying wire.
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Rambes Plysies 1C: Midter 1 PROBLEM 4

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 4

24 pts (6 pts each)

(a)

Suppose the magnetic field in some region of space is given by Bl y.2) = By [sin(k,a)g + sin(k,y)2 +
sin(k.z )i, where b, o and By are some constants. In this region of space, T place a can of soda (represented
by a eylinder of height i and racdins ») with its base centered at the origin. What is the magnetic e through
the surface of the soda can?
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Rambes Plysics 1C: Midtermn 1 PROBLEM 4

You must show your work to receive credit. An answer written down with no work will receive no
credit.

(b)

Suppose you've got a fishbowl. To the rim of this fishbowl, you have fastened a loop of conductive wire of

resistance f7, not attached to any circuitry. You attach an ammeter to this loop in order to measure the

current running through it. You begin to wiggle a permanent magnet around in the vicinity of the fishbowl;

at some instant, your ammeter records a current of magnitude 7. What can you say quantitatively about the [ ¢
electric and /or magnetic fields that are experienced by the glass of the fishbowl, just from this 1ueasu1*e.1ueut',’{ YW ﬂvdt_m b\/\]
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Rombes Physics 1C: Midtern 1 PROBLEM 4

You must show your work to receive credit. An answer written down with no work will receive no
credit.

()
Suppose that some happy day in the future, scientists manage to find and isolate a magnetic monopole. If

this magnetic monopole were placed at rest one meter away from an electric monopole, also at rest, would
the two monopoles exert any force on each other? Why or why not?
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Rombes Physics 1C: Midtern 1 PROBLEM 4

You must show your work to receive credit. An answer written down with no work will receive no
credit.

()

Before you turn on a lightswitch, the current running through the switch-bulb circuit is zero. After you turn
on the switch, the current running through the circuit is I > (0. Suppose your electrician comes and rewires
your lightswitch by including an inductor of inductance L between the switch and the bulb. When you turn
the lightswitch on. how could you tell that something was wrong? Explain.
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