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1. (20%) A conical pendulum, fixed on
one end of a light inextensible string
of length £ with a suspended object of
mass m experiencing a gravitational
acceleration g, moves at a constant
speed v in ahorizontal circle with
the string tracing out a cone, as
shown on the right.

(a) What is the tension force in the
string (5%)? (b) Whatis the
angular speed w of the motion g
(5%)? (c) Write down, but do not

solve, the equation of motion of the object (5%). (d) If the air
friction is now considered, with the drag force proportional to the
speed, i.e., F, = yv, where y is the viscosity. Write down the
equation of motion in this case (5%).

2. (20%) (a) The temperature of an ideal gas with constant heat
capacity changes from T; toT,. Show that the entropy change
- AS of the gas is greater if the change in state occurs at constant
pressure than if at constant volume (10%). (b) Water of
mass m; and temperature T; is mixed with another water of
mass m, and temperature T,. What is the equilibrium
temperature and the entropy change of the mixture process

(10%)?
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3. (40%) A spherical shell has an inner and
an outer radius of r; and ry,
respectively, as depicted on the right.
The shell is equally charged with a
volume charge density g and with a
uniform material density p.

(a) Find the gravitational potential
energy, and the electric potential energy
everywhere in space, i.e, forr <r,r <r <nyand r >,
(20%). (b) Consider a different situation for which this
spherical body moves at a constant speed v. What is the
magnetic field in space wherer >» r, (10%)?

(c) Does this uniformly moving body produce any
electromagnetic radiation? Why or why not? What if instead
of a constant speed the body accelerates (10%)?

4. (20%) For simple harmonic motion, the restoring force on a
particle of mass mis F = ~kx, where x is the displacement from
the equilibrium position, and k£ is a constant. (a) Find the
period of the motion (10%). (b) Write down the Schrdodinger
wave equation for the simple harmonic oscillator with potential
energy U = 1/2 mw? x?, and at an energy state £ = hw/2 (10%).

Show that Y = Ae B** is a solution, and evaluate B (10%).




