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(1) (20 poinls)
A parlicle of mass i is subjeet lo a force —&,dU(r)/dr, where é, is the unit position vector, r is the
dislance from the erigin, and U{r} is an arbilrary [unction of 7,
(1) Show thal the tolal energy 2 and angular momentum I of the particle are conserved.
(1) Sow thab md?r/dt? = —dV(#)/dr and find the function V{r).
Given thal U(r) = —U,(ra/r)", where U, and v, are conshanls.
(1) I the eniberion For a civenlar orbil is dV{r) /<y = 0, what 15 the radius of the cirele?
{iv) What is the criterion on n for a stable civeular orbit?

(2) {20 poiuts) .
There ave three types of damped oscillator: underdamping, overdamping aud critical damping.
(1} Deseribe these three Lypes of motions.
One of two ideutical masses is alinched to a spriug with a spring constant &y, and the other is stinched
to mnolher spring with a spring constaut k3. The two oscillalors are coupled by friction, which is
proportional Lo the relative velocity between thie inasses.
(i} Wrile down Lhe cquabions of molion of the system.
(1)) What is the characlerislic equation for the eigenlrequcencics?
(iv) Describe the coupled oscillations of the sysiein if (a) ks # ka, and {b) &y = k.

(3) {20 puinls)
(1) Show Lhat charge conservalion is inplicd by the Maxwell’s equalions.
(i1) Show that in vaceuwa (i.e., no charges and currents) both electric field and magnetic field saLisfy
the wave equation, and [ind the pliase speed of the wave.
Suppose the electric licld of an clectromaguelic wave in vacuum is given by E = IS, cos(k - X — wi).
(iii) Find the magnetic ficld and the relation between k and w,
(1v} {#) What are the maguitude and direction of the momentum densily and the cucrgy {lux of the
cleclromaguetic wave? (b) Whal is the average cnergy flux of the wave?

(4) {20 poinis)
An eleclron is moving in o cireular orhit around a vaclens with charge Ze.
(i) Assume thak the nucleus is slationary, what is the total cocrgy of the eloctron in terms of the
radins of the ciccle?
The energy change of an clectron through radialion is given by dE/dt = —c?|af?f{Gre,c?), where
a is the acceleration of the electron. Suppese thal the fractional encrgy change by radialion i one
orbikal period is very small.
(1} What is the time nceded for the electron to chiange from a total energy E, to £,7
(i) Describe the molion of the clectron above.
(iv) Describe the molion of an electron in a uniforin magnetic ficld (a) with, and {b) without radiation.

(8) {20 points)
()} Wiite down the ideal gos Tnw and the first law of therinodynamics.
(i) ‘Faking the enlropy snd internal cnergy as functions of temperature and voluine (1e., 5 =8(T,V)
nnd I = U(T, V), show that the internal encrgy of an ideal gas depends on temperature only.
The mnnber densily and pressure of o gas are defined as: n = S dPpand P = %f upf(p)Pp,
where w and p are the velocity and momentum, and the integration is taken over the whole menienturm
spce. Suppose thal the distribulion function satisfies Maxwell- Boltzmann stalistics.
(11i) Show that the gas salishes the ideal gas law.
(iv) Whal is Lhe average of p? /27



