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1. (Total 20%) There are four particles whose positions can be written as ﬁmctioﬁs of
time f as
5(1)=(4+Bt)2+(C+ D) p+(E+Ft)2
%, (1) = (V)3 + (Vyt - gﬂj 5+ (70)2
% (t) =] Rcos(wt) | %+ [ Rsin(art)]+(v,0)2

%, (1) =[x0 (1He‘ ‘)]£+y0j/+zoé

where 4,B,C,D,E,F,V,,V, V., g, R, o, V., &, X, ¥, and z, are constants

5V 23V y2Fgs

(1) (10%) Find the velocities and accelerations of these four particles.
(ii) (10%). Suppose all four particles have identical mass m, find the powers
of the external forces acting on these four particles individually.

2. (Total 20%) A planet moves around the Sun in an elliptical orbit. Suppose the

mass of the planet 7, is much smaller than the mass of the Sun A o» thatis

m, << M, so the motion of the Sun can be neglected. The orbit of the planet

can be written in the polar coordinate as
a ( 1-¢° )
1+ecosf

where a is the semimajor axis of the ellipse, e isthe eccentricity and the Sun is
located at the origin where is also one of the foci of the ellipse. Both energy and

angular momentum are conserved in this system.
(1) (5%) We call the planet is at the perihelion (¥ B 25) where the planet is

closest to the Sun, » =7, and at the aphelion (;& B Bk) where the planet is

farthest to the Sun, r=7,. Find the r, and r, as functions of « and
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(i)  (5%) Using the conservation of angulai momentum and result from (i),

find v, /v, where v, and v, are the speeds of the planet at perihelion

and aphelion, respectively.
()  (5%) Using the conservation of energy and the results from (1) and (ii),

find the v, and v,

(v}  (5%) Prove that the total energy of the system is
g - Mo,
o 2a
3. (Total 15%) A vacuum box of temperatuwre T contains a blackbody radiation
field in it. The internal energy per unit volume is u =U/V =aT*where ¥ is the
volume of the box and a isthe radiation constant. The radiation presgme is
1

P=S_gr",
3 3

(1) (10%) Using the first-law of thermodynamics, find the entropy S asa
function of temperature 7 and volume of the box ¥ if we define § =

for 7'=0.
(i)  (5%) Prove the law of adiabatic expansion for this system is

PV% = const

4. (Total 20%) There are two concentric spheres of radii R, and R, -where
Ry <R, withcharges ¢, and (,, respectively.
(1) (5%) Find the potential and electric field for » > Ry, Ry>r>R and

r<Ay. “i. =3
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(i)  (5%) Find the total potential energy of the system.

(ii)  (5%) Now there is a conducting wire connecting two spheres. After the
system reaching the new equilibrium state, what are the charges on both

spheres?
@v)  (5%) How much energy is released after the wire being connected?

5. (10%) The rest mass of a proton is 931 MeV. If we want to make an antiproton in

laboratory through the following process
ptp>p+p+tp+p

by accelerating a proton (proton A) to collide another proton (proton B) restin

laboratory, what is the minimum kinetic energy required for the proton: A?

6. (Total 15%) The Hamiltonian of a simple harmonic oscillation system can be

written as
2
H=E 12 pma?s?
2m 2

and the ground state wave function is

where —w<x<ow and A isthe normalization constant.
1 (5%) Find the normalization constant A4 .

(i)  (5%) Fine the expectation values of (x),{p), (x2> and < p2> :

(i)  (5%) Find the ground state energy of this system
(Hint: You may use the following mathematic identities for your calculations

ED exp (—uz) du=~m
Jz

J: u® exp (—uz) du. = EN




