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1) A wire of finite length L carries a current I in the positive direction along the y-axis. A fraction F' of that length
is below the origin.

e la) (10 points) Derive the vector magnetic field at all points on the +z-axis from appropriate fundamental
equations assuming a right-handed coordinate system.



e 1b) (15 points) Find the magnitude and direction of the magnetic field at the center of the equilateral triangle
of side-length a shown above if it carries a current I.

e lc) (5 points) Find the magnitude and direction of the magnetic field on the top-right corner of the square
of side-length a shown above if it carries a current [.
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2) A wide current sheet of dimension W x H (where W = H), centered on the origin, carries a total electric current
I out of the page. The current density associated with this current looks like:

Foo (-1)s

e 2a) (10 points) Normalize the current density.

e 2b) (10 points) Find the amount of current enclosed in a rectangular loop of width L that extends vertically
from —y to +y. Consider all values of y.



Side View of Current Sheet

e 2¢) (5 points) (Disregard the diagram above for a moment.) Find the vector magnetic field at all points on
the +y-axis.

e 2d) (5 points) A rectangular conducting loop with N turns is positioned above and parallel to the current
sheet, in the y, z-plane, as shown. It has a height a, a width b and the closest side is a distance d from the
sheet. How large is the mutual inductance between the loop and the sheet?



3) Electric charges ) and —@) are placed on the z-axis at © = d and = = —d, respectively.

e 3a) (10 points) Find the vector electric field for points in the y, z-plane a distance r from the origin.

e 3b) (10 points) Find the flux of the electric field through a circular disk of radius r that is located in the
1, z-plane, centered on the origin.



e 3¢c) (5 points) Let’s assume that positive charge is being transferred from x = —d to z = +d at a rate I.
How large is the displacement current that flows through a disk of radius r that is located in the y, z-plane,
centered on the origin?

e 3d) (5 points) Evaluate Ampere’s law using that disk of radius r and discuss what you find.



4) Let’s design an instrument to observe the radiation emitted by a cosmic object some very large distance R away
at a wavelength A.

e 4a) (5 points)  Suppose the object radiates energy isotropically at rate . If we use a dish antenna that has
a diameter D and assume a lossless path, at what rate will we recover energy from the object in our receiver?

e 4b) (5 points) How large (in distance) is the smallest feature we can resolve using this single dish?

e 4c) (10 points) Now let’s consider using, instead, two dishes, each of diameter % separated laterally by a

distance 2D. At what rate will we recover energy from the object? What is the smallest feature (in distance)
that we can resolve?



e 4d) (5 points) Discuss the relative merits of using a single dish vs. two dishes for our observation.

e de) (5 points) If you ever find yourself out near Socorro, NM, I would strongly recommend taking a side-trip
to the “VLA”, where 27 25m dishes are used in combination for observations. Is ganging so many antennas
together mostly about signal strength or resolution? Discuss.
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5) A rocket moves through the lab with a speed SC. A stick is inclined in the rocket at an angle &’ as shown.
passenger in the rocket fires a photon parallel to the stick.

e 5a) (5 points) What angle does the stick make with the z-axis in the lab?

e 5b) (5 points) What angle does the photon make with the z-axis in the lab?

e 5¢) (5 points)  Compare your first two answers and discuss.



e 5d) (10 points) Show that the photon is moving through the lab with the expected speed.

e 5¢) (5 points) Pick two points along the photon’s trajectory in the rocket. When the photon hits the first
point we’ll call that Event 1 and when the photon hits the second point, we’ll call that Event 2. If the elapsed
time between those events is At’ in the rocket, what is the elapsed time between the events as seen in the lab?
Briefly discuss.



