Winter 2018 — UCSB Physics 24 Final

Problem 1

Consider the circuit with a resitor R, an inductor L, and a capacitor C as shown in the figure. The
AC generator provides an emf such that Vo - Vg = Ejcoswt. Find I;(t) and I5(t). Use the sign
convention for current shown in the figure.
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Problem 2
Consider a infinitely long straight wire and a triangular loop of wire as shown in the figure. Find the
mutual inductance of the wire and the loop.
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Problem 3
Consider a square loop of wire, side length 2L. If a current I flows in the loop, find the magnitude of
the magnetic field at the center of the loop.

Problem 4

A muon of mass m, decays at rest into an electron of mass m. and a photon (mass zero). (All masses
here are rest masses).

(a) What is the magnitude of the three-momentum of the electron? And of the photon?

(b) Now imagine that in the rest frame of the muon the photon was emitted in the positive y direction.
Boost the system into a frame where the muon is moving with momentum ¢ = 10m,c in the positive
x direction. What is the angle that the photon momentum makes with the x axis in this frame, i.e.,
what is the angle between the direction of the muon and the direction of the photon.

Note that the decay u — ey does not happen, or, if it does happen, it happens with a probability less
than about 4 - 10713,



Problem 5

According to Bob, an observer on the Earth, a rocket carrying Martha from Earth to the planet Zorg
travels at a speed of 0.8c and takes 30 years to reach Zorg. (Zorg is at rest with respect to the earth).
Give answers in light-years (for distances) and years (for time intervals).

(a) What is the distance between Earth and Zorg, according to Bob.

(b) How long does Martha think that the trip takes.

(c) What is the distance between Earth and Zorg, according to Martha?

(d) A third observer, Ralph, thinks that the two events of Martha passing the earth and Martha
reaching Zorg occur 25 years apart. In Ralph’s reference frame what is the distance between these
two events? Ralph’s velocity relative to the earth does not change between these two events.

Problem 6

A conducting rod of length L is free to slide on two parallel conducting bars with two resistors R
and R, connected across the ends of the bars, as shown in the figure. There is a uniform magnetic
field B pointing in the page. The bar is being externally pulled to the left at a constant speed v.

(a) Make a sketch and indicate the direction of flow of the induced current.

(b) Find the current through R; and the current through R».

(c) Find the total power delivered to the resitors.

(d) Find the magnitude of the applied external force needed for the rod to maintain its constant
velocity v.
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