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1. 	 (Relativity) A stationary body explodes into two fragments each of mass 1.0 kg 

that move apart at speeds of 0.6c relative to the original body. Find the mass of 

the original body. 

(A) 0 kg (B) 1.005 kg (C) 2.5 kg (0) 2.01 kg (E) 10 kg 

2. (Compton Effect) X-rays of wavelength 10.0 pm are scattered from a targE~t. Find 

the wavelength of the x-rays scattered through 45 0 , and the maximum 

wavelength present in the scattered x-rays. 

(A) 10.0 pm, 20.0 pm (8) 10.7 pm, 14.9 pm (C) 20.0 pm, 10.0 pm (0) 15.0 pm, 

15.0 pm (E) 50.0 pm, 50.0 pm 

3. (de Broglie Wave) An electron has a de Broglie wavelength of 

2.00 pm = 2.00 X 10-12 m. Find its kinetic energy. 

(A) 620 keV (B) 520 keV (C) 803 keV (0)292 keV (E) 100 keV 

4. (Atom structure) An electron collides with a hydrogen atom in its ground state 

and excites it to a state of n = 3. How much energy was given to the hydrogen 

atom in this inelastic (KE not conserved) collision? 

(A) 13.6 eV (B) 7.8 eV (C) 3.9 eV (0) 6.6 eV (E) 12.1 eV 

5. 	 (Hydrogen Atom) How much more likely is a ls electron in a hydrogen atom to be 

at the distance ao from the nucleus than at the distance! aal2? 

(A) 47 % (B) 53 % (C) 4.7 % (0) 6.6 % (E) 88 % 

6. (Zeeman shift) A sample of a certain element is placed in a 1-T magnetic field and 

suitably excited. How far apart are the Zeeman components of the l-~m spectral 

line of this element? 
11

(A) 4.66Xl0- m (8) 2.83Xl0-12 m (C) 6.83Xl0-12 m (0) 1.22Xl0-10 m (E) lXlO-6 m 

7. (LS coupling) How many the possible values of the total angular-momentum 

quantum number J under LS coupling of two atomic electrons whose ()rbital 

quantum numbers are Ii = 1 and l2 = 2. 

(A) 1 (B) 2 (C) 3 (0) 4 (E) 5 
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8. 	 (X-ray Spectra) Which element has a Ka x-ray line whose wavelength is 0.180 nm? 

(A) 27CO (B) 26Fe (C) 19Fe (0) 42Mn (E) 20Ca 

9. (Ideal Gas) Find the rms speed of oxygen molecules at 0 °C. 

(A) 461 m/s (B) 361 m/s (C) 303 m/s (0) 222 m/s (E) 621 m/s 

10. (Planck Radiation Law) How many photons are present in 1.00 cm 3 of radiation in 

thermal equilibrium at 1000 K? 

(A) 2xl010 photons (B) 8xl010 photons (C) 6xl011 photons (0) 7xl013 photons (E) 

Sxl05 photons 

11. A metal surface illuminated by 8.Sxl014 Hz light emits electrons whose maximum 

energy is 0.S2eV. The same surface illuminated by 12.0xl012Hz light emits 

electron whose maximum energy is 1.97eV. Please find Plank's constant and work 

function of metal.(10%) 

12. Suppose a proton and 	an electron were held together in a hydrogen atom by 

gravitational forces only. Find the formula for the energy levels of such an atom, 

the radius of its ground state Bohr orbit, and its ionization energy in eV.(10%) 

13. For a box 

V(x,y,z)=O for O:S:x:S: a, O:S:y:S:b, and O:S: z:S:c 

V(x,y,z)=oo otherwise 

(a)What are the normalized eigenfunctions? (b) What are the eigenvalues? 

(c)Find the expectation value of r (d) Find the expectation value of r2 (e) Find the 

expectation value of p (f) Find the expectation value of p2 (g) Find the 

expectation value of E (h) If a=b=c=O show that tlrtlp>n/2 in the ground state. 

(10%) 

14. Consider the potential barrier as shown in the figure. Please find the transmission 

coefficient of a particle with energy E. (10%) 

V(x)= 00, x<O 
E 

=-V1,O<x<a 


=V2, a<x<b 


=0, b<x 


V 

o a b x 
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15. 	 (a) Show that Fermi energy at OK is EF = (3,,2 )2/3 _~(N )2/3 (b) Show that 

the average energy of an electron is 3EFt5 (10%) 2m 
e 

V 

16. (a) The magnesium atom has two 3s electron outside filled inner shells. Find the 

term symbol of its ground state?(5%) (b) The aluminum atom has two 3s and one 

3p electron outside filled inner shells. Find the term symbol of its ground 
state?(5%) 

Given constants 

Gravitation constant G=6.673xl0-11 N.m2/kg2
, Permittivity constant Eo=8.854xlO-12 

F/m, Permeability constant Jlo=1.256xl0-6 H/m, Boltzmann constant k=8.617xl0-s 

eV/K, Electron mass me=9.109xl0-31 kg, Proton mass mp= 1.673xl0-27 kg; Planck 
constant h= 6.626xl0-34 1.s 


