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(T} (30 points) Consider the relativistic collision process, ¢ (B) + e¥(J) —
T —+ sn(g1) + v2{g2). where an electron with momentum 7 collide with & positron
with momentum p; and create a particle, U. The particle ¥ then decays into two
photons [y-rays] of momenta § and 5. Given e electron mass to be m, and
Br=(0,0,p), 5 =(0,0,p2), 51 ={0,¢siné, geosf) in the Lab. lrarne,
(a)What s the momentum §57
(b)What are the energies of e=, e, v, and .7
(c)What i3 the mass of the particle ©7
(d)What are the energies and momenta of e~ and ¢ in the ceuter of mass frame?
(e)What are Lhe energies and momcnia of 7 and ~; in the center of mess frame?
({)What are the wavelengths of 4 v the Lab frame and in the center of mass frame?

(2}(26 points) Given a spin 1/2 particle and a spin 1 particle with spins, 5 and
3., respectively, If the energy of the gquaniun mechanical system is K = f G - &, and
ignorintg all the other dynamical variables,

{a)how many possible quantum states are there for the syatem?
(byWhat are the possible energy cigenvalues of the syslemn?
(c)What ie the degeneracy of each of the cnergy eigenvaiues?

(3){26 points) Consider an ensemble of spin 1/2 particles in a magnetic ficld
H. ignoring the orbital angular momentum, the Zeeman effect can be expressed as
AE = —gb - B where g iz approximately a positive constant. fgnoring all the olher
dynamical variables,

(a/whal are the energy eigenvalues of the particle in the magnetic field?

(h)Ad Lemmperature T, what is the probabilivy of linding a particle in the higher encroy
excited state?

(c)JWhat is the temperature at which the probabifity of finding the particle in the
excited state 1s the same as the probability of finding it in the ground state?
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(1}Answer the following questions: (2 poiut each)
(a)What is the apin of a guark?
(b)How many guarks are In a proten?
(c3Whal is the mass of the nendrine [rom the heta decay?(in eV)
(d}What is the lemperature of the Universe?{in Kelvin)
re)What 15 the rongh size of a hydrogen atom7{in cm}
(f1What is the rough size of a hydrogen wmclens?{in cm)
(¢)What is roughly the hinding energy of hydrogen atom?(in eV
(h1What iz the rough binding energy per pucleon for a typical long-lived nuclei?{in
ey ]
(1146 whal alosme mumnber, A, the above munber reaches the maximum? {This nuin-
ber pltays an important for the burning of a gtarl.




