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1. (25 pts) Assume that. the earth is a sphere of radins B with a umform mess density

n, We dig a tunnel from the north pole through the earth center to the south pole.
Mow we freely release a ball with mass m at the north end of the tunnel. (1) Please
qualitatively describe the movement of the ball. (2) Please find the equation for the

tmovement. (3) Try to solve the equation. (Hint: assume the gravitational constant

k} .

2. (25 pts) A thin uniform circular metal disk lies on an infinite conducting plané, A
uniform gravitational feld is oriented normal to the plane. The vreight of the disk
is W. Initially the disk and the plane is uncharged; charge is slowly added to the
conducting plane and the disk. What value of charge density is required to cause the
disk to leave the plate? (Hint: assume the uniform charge density and ignore the edge

effect.)

(2) (3 points) Consider the small amplitude motion of & pendulum with mass M and
length L. Show that the angular frequency. of the vibrﬁtion is \/E/_L where g 8
the gravitational acceleration.

(b} (7 points) Now the penduium is immersed in water, $o that the viscous force f

| is proportional to its veloeity f = ~bv. Calcnlate the frequeﬁcy of the vibration.
Whaes is the c:_riti.c.al da:ﬁping strength b7

(c) {10 points) Consider two identical pendulums with mass M and length L, im-
mersed in water as 3.(b) above. Two pendulums are connected by a spring with

a force constant k. The natural length of the spring is the same as the dlstance
between the two pendulums at the top. Calculate the frequencies of the two
eigenmodes (normal modes).

{d) (10 pts) DISCI.IES how the frequencies change with & and b.

4. {a) {8 pts) For the u:lea gas with a constant heat capacity Cv. Show that in the

adiabatic pm_cess, the pressure P and the temperature T follow the eguation

TP™ — ¢ _ where ¢ and 7 gre constants.

{b) {12 pts) For a real gas, assume that the gas obeys the ven der Walls' equation

NRT _ oN?
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where N is the number of mole, a snd b are constants. R is the gas constant.
The heat capacity Cy is still a constant. Mow the internal energy £ depends on

the volume, as (88/8V)r = —aN*/V?, Show that the entropy change S —8; of

a general process, from W T} to V; Ty, is



