PHYSICS 447 PROBLEM OUTLINE PRIVATE 

Answers to text book problems that are not given in the back of the book and corrected answers for problems 7.12, 8.10, and 9.15 appear on the next page.

	
	Problems
	Examples

	Part 1: Experimental Basis of Quantum Theory (Ch. 1,2,4)
	
	

	1-1. Probability Distributions
	1-1A,1-1B
	

	1-2. Boltzman Distribution
	1-2A,1-2B,1-2C,1-2D
	

	1-3. Thermal (Blackbody) Radiation
	1.1,7,15,16,17,20,21,22,1-3A 
	 1-1,1-6

	1-4. Photoelectric Effect
	2.1,2,3
	

	1-5. Photons
	2.10,11
	

	1-6. X-Ray Production
	2.24,26
	 2-5

	1-7. X-Ray Scattering (Compton Shift)
	2.17,21,23
	 2-4

	1-8. Bohr Model of Atom
	4.12,14,15,19,24,25,31,

1-8A,1-8B
	 4-6,4-10

	
	
	

	Part 2: Formalization of Quantum Mechanics (Ch. 3,5,6)
	
	

	1. deBroglie's Postulates
	3.1,4,7,2-1A
	 3-1

	2. Heisenberg Uncertainty Principle
	3.21,24,30,2-1B
	 3-3,3-4,3-5,3-7

	3. Wave Function & Schrödinger Equation
	5.9,10,11,12,13
	 5-2,5-4,5-9,5-10

	4. 1-D Time-Independent Potential Energies
	
	

	     a. Constant Potential (Free Particle)
	
	

	     b. Step Potential
	6.2,4
	 6-2,6-3

	     c. Barrier Potential
	6.5,8,10  
	 6-4

	     d. Infinite Square Well
	6.20,23,2-4A,2-4B
	 6-5

	     e. Finite Square Well
	6.11,12,2-4C
	

	     f. Simple Harmonic Oscillator
	6.30,34        
	 6-7,5-3,5-5,5-7,5-8

	5. Operator Theory 
	OT Problems 2.1,3.1-3        
	

	
	
	

	Part 3: Applications of Quantum Mechanics (Ch. 7-9,11)
	
	

	1. One-electron Atoms
	
	

	     a. Eigenfunctions/ Probability Densities
	7.3,5,7,8,12,14
	 7-2,7-3,7-4,7-5

	     b. Orbital Angular Momentum
	7.13,16
	 7-6

	     c. Magnetic Dipole Moments
	
	 8-1

	     d. Electron Spin
	
	 8-2

	     e. Angular Momentum & Spin Operators
	OT Problems 4.1-4, 5.1        
	

	     f. Total Angular Momentum
	8.9,10,11
	 8-5

	     g. Spin-Orbit Interaction
	8.6,3-1A
	 8-3,8-4

	     h. Transition Rates/Selection Rules
	8.14,16
	 8-6

	2. Multi-electron Atoms
	
	

	     a. Exclusion Principle
	9.3
	 9-2,9-3

	     b. Electron Ordering
	9.19
	 9-6,9-7

	     c. e--e- Repulsion & Exchange Force
	9.15,22
	 9-4

	3. Collections of Atoms: Quantum Statistics
	
	


ANSWERS TO TEXT BOOK PROBLEMS NOT GIVEN IN TEXT & CORRECTED ANSWERS

* Indicates that answer given in text is not correct or not complete.
1.1) 483 nm

2.1) (a) no (b) 539 nm


2.3) see Fig. 2-3

2.11) (a) UV bulb: 8x1019 phot/s  IR bulb: 14x1019 phot/s  (b) 6x1019 phot/s

2.17) (a)=0.02726 (  K=61.8 keV  (b) =0.06045 (  K=311.5 keV

2.24) (b) 0.067 (
4.24) 0.2125 eV

3.1) (a) 1.66x10-35 m

3.21) (a) 400 (  (b) 400 m  (c) 400 mm

5.9) (b) E=4Eo  (c) You should see that the wavelength of the particle is shorter in the first excited state since it has more kinetic energy and moves faster.

5.10) (a) A=(2/a)1/2  (b) same A as ground state (In fact, the wave functions of all of the states have the same amplitude.)

5.13) (a) xp = 1.67  (b) Recall the particle has more kinetic energy in the first excited state.

6.8) (a) T=0.62 vs. T(approx.)=0.94  (b) both T=10-56  (c) both T=2x10-6  Note that the approximation for T only works for larger barrier widths.



6.30) 0.05 eV 

7.3) ED/EH = 1.0003   EHe/EH = 4.0016           

*7.12)(a) see figure to right    (b)54.7°, 125.3°  (c) 35.3°, 90°, 144.7° 

8.9) (a) j=3/2, mj=3/2,1/2,-1/2,-3/2 and j=1/2, mj=1/2,-1/2

*8.10) (a) 58.9°  (b) 58.9°  (c) 25.2°

8.11) j=7/2, mj=7/2,5/2,3/2,1/2,-1/2,-3/2,-5/2,-7/2 and  j=5/2, mj=5/2,3/2,1/2,-1/2,-3/2,-5/2

8.6) (a) E = El+Es = +BB(ml+2ms)  (b) You should find that the single n=2 level is split into 5 different levels.  Three of the levels are doubly degenerate.  (c) 4.4x104 T

9.19) Look at Fig. 9-13 for any exceptions to the ordering.


28Ni: (1s22s22p63s23p6)4s23d8

29Cu: (      "        )4s13d10


30Zn: (      "        )4s23d10

31Ga: (      "        )4s23d104p1
*9.15) (a) 0.5 (  (b) 1.5 (
9.22) (a) E(both e-s)-78 eV from Fig. 9-6.  The ionization energy for one of the e-s is approximately 24 ev from Fig. 9-15.  Thus, it must take another 54 eV to remove the other e-.  (b) Treating the singly ionized He atom as a one-electron atom with Z=2, then the ground state (n=1) energy of the single e- is 

E = (Z2/n2)(-13.6 eV) = -54.4 eV.  Thus, it takes 54.4 eV to remove this electron.  This agrees with our observations in (a).
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