Physics 2217 Final

1. (15 points) Current I flows in a circular coil C of radius R as shown above.
(a) Using the Biot-Savart formula,

B(r)_&{/cdr’x(r—-r’)
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determine the direction of B at the center of the coil. Explain your reasoning.

AP (F-P7) = || R (- 2)
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(b) Using the same formula, determine the magnitude B of the magnetic field at
the center of the coil. The steps in your calculation should be easy to follow.
Express B in terms of I, R, and u.
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2. (15 points) Suppose there is a uniform current density flowing over the surface of
a bagel as shown above, and that the net current flowing through the hole of the
bagel is 1. Here is a vertical cut through the bagel, also showing the axis of the bagel:

& ¢ &,

One can show (you are not asked to do this) that the magnetic field B generated by
this particular surface current density is purely azimuthal and non-zero only in the
interior of the bagel. In other words, B can only point into or out-of the page and is
nonzero only in the gray regions.

(a) Indicate with a ® (into) or ® (out-of) the direction of B in the two regions above.




Physics 2217 Final 5

=
B
I
(b) Use the integral form of Ampere’s law to argue that the magnitude B of the
magnetic field is constant along the dashed line on the right that has a fixed

distance r from the axis. Be sure to specify the curve C in your application of
Ampere’s law.
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(¢) Use the integral form of Ampere’s law to calculate the field magnitude B(r).
You should be able to use the same kind of curve C you used in part (b). Express
your answer in terms of the net current I, r and py.
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3. (15 points) As shown above, there is a uniform electric field E = E§ within an
infinite slab oriented so it is perpendicular to the z-axis. The electric and magnetic
fields are zero outside the slab.

(a) What should be the direction of the uniform magneti -field inside the slab so the
whole field configuration (E and B) moves to rlghtw th velocity ¢ x?

§ shoul [‘»/ é@ (h e o ‘F@c‘(p\z‘af)/\
..y = ~ :
S)(.«HC@ S v EKB - B /< ;)/) = 0\/1)”6’07(/(5

(b) Relate the magnitude of B to E.
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(c) Calculate the Poynting vector S = (1/u0) E x B inside the slab.

=
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(d) The slab is incident on a detector of area A (in the y-z plane) that absorbs its
energy. Express the energy absorbed U in terms of E, A, the width of the slab

w, and fundamental constants.
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(e) Using the general transformation rules for fields, in a primed frame moving with
velocity v = v X relative to the unprimed frame,

E =E; B|=B
E| =7Ei+vxB1) B, =9B.-3ivxE)),

calculate the fields E’ and B’ (all three components) in terms of E, ¢ and v.

kB, =(wX ) x(E3)=-LEP
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4. (15 points) The drawing above shows a square copper loop moving downward with
speed v into the magnetic field of a strong magnet. Assume the field is zero outside
the shaded region and uniform of magnitude B and out-of-the-page within the shaded
region. The loop has side w and resistance R. ,

e ""\_,
(a) Determine the direction of current flow in the loo clockwises' counterclock-
wise, using Lenz’s law.

Cec rrﬁw”[‘ *7>~roa/u ces. = "f“had” countérs ‘f[nﬁ/ ;
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(b) Determine the magnitude of the current / using Faraday’s law and Ohm’s law.
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(c) On the diagram show the direction of the net magnetic force on the loop.
{_'L 1—-—‘:') &‘—)
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(d) Determine the magnitude of the net magnetic force F.

=il = /B"])U
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(e) Suppose the loop, of mass M, is actually falling in the gravitational field of the
earth and has reached a constant terminal speed vy at the instant shown in the
diagram. Determine v, in terms of M, g, R, w, and B.

Buw) [ Zers QKC&Z@VZ‘J%’M
("75‘ = H}- 2o nejaﬂmfcg)

A, R
e

(f) Under the influence of gravity as in part (e), describe in words the nature of the
loop’s motion once the entire loop is completely within the region of uniform
field.
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5. (10 points) The diagram above shows two inductors L, and L, in a parallel arrange-
ment. Starting from the voltage rule of inductors,

dl
Va =y ‘/b = L E )
and Kirchhoff’s circuit rules, show that the circuit above may be replaced with an
equivalent lumped inductance L in the circuit below, and determine L in terms of L,

and L2.
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6. (15 points) The drawing above shows current I(t) flowing onto and off-of the plates
of a capacitor. Edge effects may be ignored, because the radius R of the circular
plates is much larger than the plate spacing (vertical scale is compressed in the draw-

ing).

(a) Calculate the flux of electric field ®(r) through the surface S spanned by the
circle C of radius r between the plates (shown dashed in the drawing) in terms
of the charge Q)(t) on the left plate.
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(b) Use the integral form of Ampere’s law

f{Bd c2 dt da+”°/3da

on the same curve/surface of part (a) to calculate the magnitude of magnetic
field B(r) between the plates at radius r from the center axis of the capacitor.
You may assume the magnetic field is everywhere tangent to the circle. Express

your answer in terms of 7, R, I and yq.
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(¢) Compare the magnetic field you found in (b) between the plates with the mag-
netic field that encircles the wires outside the plates.
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7. (15 points) A long coil of wire has resistance 10 2 and inductance 0.1 Henry. At
time ¢ = 0 it is connected to a 1.5 V battery.

(a) Plot the current I(t) in the wire as a function of time, beginning at = 0 and
including the behavior at long times. Provide a scale on both axes (amps and

TG~ &4 /1 e

E =l = oISA | T= S~ = 525ec,

seconds).

(b) Write an equation that relates the power provided by the battery, Ps, the power
consumed by the inductor (as magnetic energy) P, and the power dissipated in

oren b,
o= Tt F%
(c) Express the three power terms in (b) in terms of &, I(t), /() and R.
o=c 1
S
= (RT).T



