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  dtte t 1

0

   ,      1 ,   11  ,    21 . 

c h   e me u NA kB 

3.0×108 m/s 6.63×10-34 J∙s 

1.24×103eV ∙nm/c 

1.05×10-34 J∙s 

 

1.6×10-19 C 9.11×10-31 kg 

0.511MeV/c2 

931.494MeV/c2 6.02×1023 mol-1 8.617×10-5eV/K 

The quark combinations of some hadrons: p ─ uud n ─ udd uds0  du ud suK  sdK 0   

 

 

Quantum numbers of three quarks: 

 

 

Select five out of the following six problems. 

1.(20 pts.) A 57Fe nucleus in the first excited state decays to its ground state with the emission of a photon of 

14.4 keV in a mean lifetime of 141 ns.  

(a) Estimate the nuclear energy level width ΔE of the first excited state. 

(b) What is the recoil kinetic energy KE of an initially stationary 57Fe nucleus when it emits a photon of 14.4 keV? 

Solution:(a) By using the Heisenberg uncertainty relation ~tE ,we have 
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(The results such as eV1034.2 9  or eV1093.2 8 are also acceptable.) 

(b) The conservation of momentum gives 
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2. (20 pts.) The plutonium 239Pu is a by-product in nuclear reactor. It is radioactive, decaying by alpha decay with 

a half-life of 2.4 × 104 a (1 a = π × 107 s). Plutonium is also one of the most toxic chemicals known and its lethal 

dose to human is as little as 2 mg.   

(a) How many nuclei does it have in the chemically lethal dose of 239Pu?  

(b) What is the decay rate ( or activity ) R of the amount of 239Pu nuclei in (a) exactly after a time period of  

a 102.7 4 ? 
Solution: (a)  
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Quark symbols Charge numbers  Spin Baryon numbers Strangeness 

u 2/3 1/2 1/3 0 

d  1/2 1/3 0 

s  1/2 1/3 
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3.(20 pts.) (a) For the particles in the first column of the following table, classify the particles as lepton, baryon 

and meson, find the charge number, lepton number, baryon number and strangeness of them and write the results 

into the table. 

Lepton number 
Particles 

Classification 
lepton/baryon/meson eL  L  L  Baryon number Charge number Strangeness 

e  lepton -1 0 0 0 1 N/A 
0K  meson 0 0 0 0 0 1 
0  baryon 0 0 0 1 0 -1 

  lepton 0 1 0 0 0 N/A 

p  baryon 0 0 0 1 1 0 
  meson 0 0 0 0 -1 0 

(b) For the following reactions or decays, indicate if they are allowed or forbidden. Where it is forbidden, give a 

reason.  

Reactions or decays Allowed/Forbidden Reason 

e
-       e       allowed 

 

   n    p  p  p  allowed 
 

  0K  allowed 
 

e   e   e n     forbidden 
The baryon number and e-lepton number are not 

conserved. 

00 KpK   forbidden 
It is collision between hadrons and is due to strong 

interaction but the strangeness is not conserved. 

 

4. (20 pts.) A particle of mass m is moving in a one-dimensional simple harmonic potential and its natural circular 

frequency is ω. The particle is in a stationary quantum state of the normalized wave function  
22
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where  m and C is a positive constant to be determined.  

(a) Determine the constantC . 

(b) Find the most probable position(s) mpx of the particle. 

(c) Find the probability flux density J of the particle.  

(Hint: The probability flux density is given by    
im2


J  where  is a normalized wave 

function.) 

 

Solution: (a)  
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(b) The probability density is  
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Solving the equation gives 0x (minimum) and 

1

x (maxima).   
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5. (20 pts.)

 

A particle of mass m moves in a one-dimensional interval [0, a] on the x-axis and the potential energy 
of the particle is identically zero within the interval. The wave function of the particle is assumed to satisfy the 
periodic boundary condition )()0( a  .  
(a) Show that the following states are eigenfunctions of both the momentum p̂ and Hamiltonian Ĥ .  
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(b)Show that the eigenfunctions in (a) are orthonormalized, i.e. ,  
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 (c) If the particle is in a quantum state that is a linear combination of the eigenfunctions in (a), say 
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where c is a positive constant and )(x is normalized, find the constant c .  

(d) Find the average momentum p  and the uncertainty of momentum p  if the particle is in the quantum 

state given in (c). . 
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Solution: (a)  The Hamiltonian (operator) is  
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They are eigenfunctions of both the momentum operator p̂ and Hamiltonian Ĥ . 

(b)  
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6. (20 pts.) The rest mass of the electron neutrino e is nearly zero so that its energy- momentum relation can be 

written as pcE  where c is the speed of light in free space. Suppose that the particle number density of e in a 

space is n  and the interaction between the electron neutrinos is so small that the neutrinos can be taken as a 

non-interacting Fermi gas. 

(a) Find the Fermi wave number Fk of the neutrino gas. 

(b) Find the Fermi energy FE Fermi temperature FT of the neutrino gas. 

(c) Find the average energy per particle E of the electron neutrinos under zero temperature. 
Solution: (a) 
 

  2

3

3

2

3

2

32
3

4

2
2

3

4








F

FF

s

k
V

k
V

L

k
gN 









 . 

             n
V

N
kF

223 33   ,   3

1
23 nk F   

(b)          (1)  
 

dEEgdEE
hc

Vdkk
V

L

dkk
g s )(

8

2

4
2

2

4 2

333

2

3

2


















 

3

33
0

2

33

00

3

188

)()()()(

F

E

FFD

E
hc

V
dEE

hc

V

dEEgEEdEEgEfN

F 











 

nhc
V

N
hcEF

33333

8

3

8

3


 ,  

3

1

3

2








nch

EF ,  
3

1

3

2








n

k

ch

k

E
T

BB

F
F . 

               (2)  3

1
23 nckcE FF   ,    3

1
23 n

k

c

k

E
T

BB

F
F 

 . 

(c)   

                 

FE

E

F

F

FD

FD

E

dEE

dEE

dEEgEE

dEEgEEE

dEEgEf

dEEgEEf

E

F

F

4

3

)()(

)()(

)()(

)()(

0

2

0

3

0

0

0

0































. 


