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Concept Questions for Chap 3
1. Which has the most energy:  a photon of ultraviolet radiation, a photon of yellow light, or a photon or infrared radiation?    Why?

2. Assume that you know the wavelength ( of a photon.  What other two quantities can you calculate? 

3. Consider three stars of the same radius, one red, one yellow and one blue.  Which one has the highest temperature?  Why?

4. Which of the three stars in the previous questions radiates the most energy per square centimeter of its surface per second?  Why?

5. In the photoelectric effect, the work function ( depends only on the ____________________. 

6. Suppose that radiation of frequency f is incident on a certain metal, resulting in the photoelectric effect.  If the frequency of light is now increased, but the intensity unchanged, what change will be observed in the ejected electrons?

7. Suppose that radiation of frequency f is incident on a certain metal, resulting in the photoelectric effect.  If the intensity of light is now increased, but the frequency unchanged, what change will be observed in the ejected electrons?  

8. The only way to change the cutoff frequency f0 for the photoelectric effect with a certain metal is to _______________________.

9. In the Compton effect, an x-ray photon is scattered by an electron, assumed initially at rest.  What always happens to the frequency of the scattered photon after collision?  Why? 
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Concept Questions for Chap 4
1. According to Bohr theory, an atom emits a photon only when it ___________________.

2. A certain series of hydrogen has nf = 8 as its common final level.  Therefore, the highest-energy photon of this series will be emitted when the electron jumps from the ni = ____ to nf =  ____.  

3. The lowest-energy photon of this series will result when ni = ____ and nf =  ____.

4. In the Rutherford scattering experiment, an alpha particle is fired at a gold nucleus and is deflected by what force?

5. Assuming the maximum (kinetic) energy of the alpha particle is known, how does one obtain an expression for the approximate size of the nucleus?

6. What type of material produces a continuous spectrum?  Explain why.

7. What type of material produces an emission spectrum?  Explain why.

8. What type of material produces an absorption spectrum?  Explain why.
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Concept Questions for Chap 5
1. In a moving matter particle represented by a wave packet, the individual waves within the packet travel at a speed known as the ____, while the speed of the entire packet is known as the ____.

2. Molecular motion cannot cease at absolute zero temperature because __________________________ .


3. Why is it not possible to measure the position and speed of a particle simultaneously with infinite precision? 

4. Give an example of how light behaves like (a) a wave and (b) a particle.

5. Give an example of how an electron behaves like (a) a wave and (b) a particle.

6. An electron and a proton are accelerated from rest through the same potential difference.  Which particle (if any) has the (a) higher energy  (b) higher speed?  (c) longer wavelength?

7. If matter has a wave nature, why is this wave-like character not observable in our daily experiences?.

8. Explain why Bohr’s model of the hydrogen atom violates the uncertainty principle.
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Concept Questions for Chap 6
1. If a wave function ((x) is to represent a real particle, what conditions must it satisfy everywhere?

2. If ((x) is a particular wave function for an electron, then what does |((x)|2 indicate?

3. A particle of mass m is confined to a one-dimensional box of length L. Its ground-state energy is E. If the same particle is placed in a second box of length 0.25L, its ground-state energy will be (less than, equal to, or greater than) than that of the first box.  

4. Explain the difference between the phase velocity and the group velocity of a wave packet.   

5. The probability density at certain points for a particle in a box is zero, as seen in Figure 6.9.  Does this imply that the particle cannot move across these points?

6. Discuss the relation between the zero-point energy and the uncertainty principle. 

7. Consider a square well with one finite wall and one infinite wall.  Compare the energy and momentum of a particle trapped in this well to the energy and momentum of an identical particle trapped in an infinite well with the same width. 
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Concept Questions for Chap 7
1. Consider a particle with energy E scattered from a potential barrier of height U > E.  (a) How does the amplitude of the reflected wave change as the barrier height is reduced. (b) How does the amplitude of the transmitted wave change?

2. An electron and proton of identical energy encounter the same potential barrier.  For which is the probability of transmission greater, and why?

3. Suppose a particle with energy E is located within a barrier whose height U is greater than E.  Will this particle be found to have a negative kinetic energy?  Explain

4. A certain barrier of thickness L is considered wide by penetration by protons.  Why could the same barrier be considered narrow for penetration by electrons?

5. Consider the classical case where a particle with energy E is incident on a square barrier of height U, where E < U.  Then the reflection coefficient is ___ and transmission coefficient ____. 

6. The energy of alpha particles emitted by different radioactive sources is in the narrow range 4 to 9 MeV.  By contrast, the half-lives of alpha particle emitters varies by an enormous range, from about 10-7 s to over  1017 s. Explain why this is so, in terms of the sensitivity of tunneling to changes in particle energy. 
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Concept Questions for Chap 8
1. Why are three quantum numbers needed to describe the state of a one-electron atom?

2. What does it mean when an energy level is said to be degenerate?   Explain why, in terms of the three quantum numbers, why some levels are degenerate and others not.

3. Compare the Bohr theory with the Schroedinger treatment of the hydrogen atom.  Compare specifically the total energy and orbital angular momentum. 

4. For the principal quantum number n = 3, what are the allowable values for the orbital quantum number (? 

5. For the orbital quantum number ( = 2, what are the allowable values for the magnetic quantum number m(? 

6. How does one know whether a given 2p electron in an atom has m( =0, +1, or –1?

7. For atomic s states, the probability density |((x)|2 is largest at the origin, yet the probability for finding the electron a distance r from the nucleus, given by P(r), goes to zero with r.  Explain why.

8. Certain atomic transitions, such as 3p ( 2p in atomic hydrogen, are said to be forbidden.  Does this mean that they cannot occur at all? 
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Concept Questions for Chap 9
1. Why is the direction of the orbital angular momentum of an electron opposite that of its magnetic moment?

2. Why do lithium, potassium, and sodium exhibit similar chemical properties?  

3. It is found that the ionization energies for Li, Na, K, Rb and Cs are 5.390, 5.138, 4.339, 4.176, and 3.893 eV, respectively.  Explain this decreasing trend in terms of the atomic structures.

4. Although electrons, protons, and neutrons obey the exclusion principle, some particles that have integral spin, such as photons (spin = 1) do not.  Explain. 

5. An energy of about 21 eV is required to excite an electron in a He atom from the 1s state to the 2s state.  The same transition for the He+ ion requires about twice as much energy.  Explain why. 

6. Discuss degeneracy as it applies to a multielectron atom.  Can a one-electron atom have degeneracy?

7. The spectral absorption (or emission) lines of a gas become broader as the density of the gas molecules increases.  Why does this effect occur?

8. For a one-electron atom or ion, spin-orbit coupling splits all states except s states into doublets.  Why are s states exceptions to this rule?
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Concept Questions for Chap 10
1. What does the equipartition of energy theorem state?.  For what type of statistics does it apply?

2. For which of the following types of statistics do particles have the property that they are distinguishable?

a) Maxwell-Boltzmann  

b) Fermi-Dirac

c) Bose-Einstein

3. For which of the following types of statistics are particles constrained by the exclusion principle, so that the number of particles which can occupy any given state is limited?

a) Maxwell-Boltzmann   

b) Fermi-Dirac

c) Bose-Einstein

4. As the energy of a particle approaches zero, what value does the probability of occupation of any single state approach?  Ask this question separately for particles which obey:

a) Maxwell-Boltzmann statistics

b) Fermi-Dirac statistics

c) Bose-Einstein statistics   

5. As the energy of a particle approaches infinity, what value does the probability of occupation of any single state approach?  Ask this question separately for particles which obey:

a) Maxwell-Boltzmann statistics

b) Fermi-Dirac statistics

c) Bose-Einstein statistics   

6. What type of statistics (MB, FD, or BE) are obeyed by 

a) particles such as electrons and protons (half-integral spin)?

b) particles such as photons and He nuclei (integral spin)?
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Concept Questions for Chap 12
1. Explain how the energy bands of metals, semiconductors, and insulators account for the following general optical properties:  (a) Metals are opaque to visible light,  (b) Many insulators, such as diamond, are transparent to visible light, and (c) semiconductors are opaque to visible light, but transparent to infrared.

2. Discuss the differences among the band structures of metals, insulators, and semiconductors.  

3. Discuss the electrical, physical, and optical properties of ionically bonded solids.  Give an example of a substance which has this type of bonding.

4. Discuss the electrical, physical, and optical properties of covalently bonded solids. Give an example of a substance which has this type of bonding.

5. What are the essential assumptions made in the classical free-electron theory of metals?  How does the energy-band model differ from the classical free-electron theory in describing the properties of metals.   

6. How are the equations for heat flow and charge flow similar for metals?

7. Radiative emission by an atom can be spontaneous or stimulated.  (a) Distinguish between these two processes, identifying the characteristic features of each.  (b) Describe the role each one plays in the operation of a laser.
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Concept Questions for Chap 12 Addendum
1. Why is M = 0 in a vacuum?  What is the relationship between B and H in a vacuum? 

2. Explain why some atoms have permanent magnetic dipole moments and others do not. 

3. What is the isotope effect, and why does it play an important role in testing the validity of the BCS theory?

4. What are Cooper pairs?  Discuss their essential properties, such as their momentum, spin, and binding energy.

5. Define Josephson tunneling and the conditions under which it can be observed.  What information can one obtain from a tunneling experiment?

6. Explain the Meissner effect.  What must happen to the superconductor in order to account for this behavior?
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Concept Questions for Chap 13
1. Explain in terms of quantum mechanics why there are equal numbers of protons and neutrons in the lighter nuclei. 

2. Explain why heavy nuclei are always unstable. 

3. Comment briefly on the mass difference between the proton and neutron. 

4. Compare the weak nuclear force with the electrostatic force in terms of a) strength and b) range of effectiveness. 

5. Compare the weak nuclear force with the strong nuclear force.  What particles are bound together by each?

6. What fraction of a radioactive sample has decayed after two half-lives have elapsed?

7. A proton precesses with a frequency (p in the presence of a magnetic field.  If the intensity of the magnetic field is doubled, what happens to the precessional frequency?

8. Explain why the half-lives of radioactive nuclei are essentially independent of temperature.

9. A free neutron undergoes beta decay with a half-life of about 10 min.  Can a free proton undergo a similar decay?

10. Element X has several isotopes.  a) What do these isotopes have in common?  b) How do they differ?
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Concept Questions for Chap 14
1. What are the similarities between fusion and fission?  The differences?

2. Explain the functions of a moderator and a control rod in a fission reactor. 

3. Why would a fusion reactor produce less radioactive waste than a fission reactor?

4. What factors make a fusion reaction difficult to achieve?

5. Compare power generated by a fission reactor with power generated by the burning of fossil fuels.

