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[1] (25 points) An infinitely long, extremely thin wire carries a current 7. It has the shape shown
below, consisting of two straight, parallel segments, which are very close together, extending
from x = 0 to infinity, and a circular section of radius R.

[Figure for (a) and (b)]

(a) Find the contribution to the magnetic field due to the circular part of the wire, at the
point P, which is the center of the circle.

(b) Find the contribution to the magnetic field at P due to the rest of the wire.

(c) A particle with mass m, and charge ¢, is moving in the positive z direction with ve-
locity of magnitude v,. Ignoring gravity, if there were an electric field in the positive
y direction with magnitude E,, find a magnetic field that could be added so that the
particle’s velocity would be unchanged.



[2] (25 points) A very long wire has a current ¢ which is uniformly spread over its cross section.
It has a radius H. A second very long, thin wire is placed a distance W from the first wire.
It also has a current 7 in the same direction.
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(a) Find the magnetic field made by the first wire everywhere.

(b) Find all of the points where the total magnetic field be zero.



[3] (25 points) The loop of wire shown below is made of wire with resistivity p and cross
sectional area a. The self inductance of the loop is known to be L. A nearby very, very long
wire carries a current which varies with time according to

i =1ig (1l —~t),

where v is a known constant and ¢ is the time.

(a) Find the flux of B through the loop due to the long wire.

(b) Starting with some law, find the equation that could be solved for the current that flows
in the loop.

(c) Solve for the current ignoring the self inductance of the loop.



[4] (25 points) The loop of wire shown below contains a resistor R. The self inductance of the
loop is known to be L. A uniform, external magnetic field is created that is perpendicular
to the loop, pointing into the page. The magnitude of the magnetic field varies with time
according to

B = Bg (1 - "/t) y
where By and ~y are known constants and ¢ is the time.
w
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(a) Find the flux of B through the loop due to the external magnetic field.

(b) Starting with some law, find the differential equation that could be solved for the cur-
rent that flows in the loop.

(c) Solve for the current that flows in the loop as a function of time, given that at { = 0 the
current in the loop is zero.



