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1. A uniform rod of length L and mass M is free to rotate on a frictionless pin passing through
one end (Figure 1).

(a) If the rod is released from rest in the horizontal position, what is its angular speed when the
rod reaches its lowest position? (10 pts)

(b) If the amplitude of the oscillation of the rod is small, find the period of oscillation. (10 pts)

Figure 1

2. An idea gas (7 = 5/3) in an engine initially at P, V, and T is taken through a cycle as shown
in Figure 2. The ﬁoﬁwo&gm T, =300 K. The pressure P; = 10° Pa. The volume ¥;=0.01 m’.

(a) Find the net work done by the engine per cycle (5 pts). .

(b) Find the heat transferred into the engine from A to B. (10 pts)

(c) Find the heat transferred into the engine from B to C. (10 pts)

(d) Find the efficiency of the engine. (5 pts)

-

Figure 2

3. Write down the Maxwell’s Equations.

(a) Gauss's law. (4 pts)

(b) Gauss's law for magnetism. (3 pts)

(c) Maxwell-Faraday equation (Faraday's law of induction). (4 pts) |
A&. Ampére's circuital law (with Maxwell's correction). (4 pts)
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4. A long coaxial cable (length ) has a thin, cylindrical conducting shell of radius & concentric
with a solid conducting cylinder of radius « as in Figure 3. The conductors carry the same

current / in opposite directions.
(a) Find the magnitude of the magnetic field m@‘v in the region between the conductors

(a<r<b). (5pts)

(b) Show that the inductance of the coaxial cable is L= o £ EﬁWw . (10 pts)

2z
(c) What is the magnetic energy stored in the coaxial cable? (5 pts)

a

5. A charge g is injected into a mass spectrometer, as shown in Figure 4. In the velocity selector,

—

the electric fieldis £ (x direction) and the magnetic fieldis B, (into page). The magnetic

field in the mass spectrometer is B, (into page).




