PHYSICS 1C

MIDTERM 1
Fall, 2018 Dr. Coroniti

There are 100 points on the exam, and you have 50 minutes. To receive full credit,
show all you work and reasoning. No credit will be given for answers that simply
“appear”. The exam is closed notes and closed book. You do not need calculators, so
please put them, and all cell phones, away. If you need more space, use the backside of
the page.
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1. A thin wire atx = 0 runs from y=-Lto y = + L, and carries a current [ in the positive
y-direction as shown. A second thin wire at x = b runs from y =- Lto y = + L, and carries
acurrent [ in the negative y-direction as shown. Consider a point P located at x > b.

(15) a. Starting with the Biot-Savart Law,
show that the magnetic field at P
that is produced by the wire at x =0 is

2mx (L2+x2)1/2
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(5) b.Show that the total magnetic field
By ot at P from both wires is

(-b)[(x—-b)2+ L2)1/2 ~ x[12+x2]!/2
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(5) c.If L>>xandb, and x>> b, prove that the total magnetic field is approximately given by

which represents a two-dimensional dipole field.

(10) d. Now suppose that x >>Land x >> b. First Taylor expand By, for x>>Land x-b>>L.
Then Taylor expand By, for x >> b, and show that the total field is approximately
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2. A vertlca.l long thin wire carries a steady downward-directed current I, . A horizontal
conducting rod of length a and mass m has one end at a distance b from the wire as

shown, and moves vertically downward with a speed v .
(10) a. Use Ampere’s Law to calculate the

magnetic field produced by the wire
at a distance r. from the wire.

———s
(10) b. Prove that the emf induced across the X 3 N

rod is given by e—a =
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(8) c. Nowconsider the rod to slide along . g Vo :

/ ‘/ frictionless vertical rails that close at the - i Y4 \-,’,Pw_.__._a 2 Y To

top through a resistor R. Find the direction 77 7 7

and magnitude of the induced current that S

flows in the rail-rod system. Now find the \ J

vertical force on the rod due to the current.

(7) d.If attime t =0 the rod starts to fall from rest
3 under gravity g, show that the rod’s speed is given by
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3. Avery long, cylindrical
wire per unit length th
(radius b > q ) s cent
direction shown.

(10) a. Use Ampere’s Law to calculate T,

the magnetic field produced inside

the solenoid by the current windings v T
of the solenoid, and find the solenoid’s e 3
self-inductance per unit length.

(10) b. Use the Biot-Savart Law to prove

that the magnetic field produced by the
current loop at a distance z along
(j\ the z-axis is

(radius = a) solenoid is aligned along the z-axis, and has n turns of
at each carry a current I, in the direction shown. A circular loop
ered at z = 0, is fixed in the x-y plane, and carries a current I, in the

v )
— Mo _mb%h
By(2) = 27 [z2+ b2]3/2

(10) c. Assume a < b so that the magpnetic field produced by the current loop B, (2) i‘tf _
essentially constant across the cross-sectional area of the solenoid. Now, by explicit
calculation, prove that the mutual inductances M., and M,, are both equal t9
Uo T a? n. [Hint: You will have to integrate B,(z) over —oo0 < z < oo to obtain the
total flux from the current loop that threads through the solenoid.]
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