Quantum and Nuclear Practice and Review Problems
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In addition to the above equations, there are a lot of constants you will need for this unit….too many to place up here (so get comfortable with your formula and equation sheets).  

*All photons travel at the speed of light (3 E8 m/s in a vacuum) or they don’t exist.

Photons and the Photoelectric Effect

1. *Find the wavelength of an UV photon whose energy is 6.4 E-19 J.  (311 nm)
2. *An FM radio station broadcasts at a frequency of 98.1 MHz.  The power radiated from the antenna is 5 E4 W.  How many photons per second does the antenna emit? (7.69 E 29 photons/sec)
3.   *A laser emits a pulse of light with energy 5000 J.  Determine the number of photons in the pulse if the wavelength of light is 480 nm.  (1.21 E22 photons)
4.   *A laser emits photons of energy 2.5 eV with a power of 103 W.  How many photons are emitted in one second? (2.5  1015 )   
5. A laser produces 3.0 W of light at wavelength 600 nm.  How many photons per second are produced?   (9.05 photons/sec)
6. In converting electrical energy into light energy a 60 W light bulb operates at about a  2.1% efficiency.  Assuming that all the light is green (555 nm wavelength in a vacuum), determine the number of photons per second given off by the bulb.  (3.51 E18 photons/sec)
7. *The work function for a silver surface is 4.73 eV.  Find the minimum frequency that light must have to eject electrons from this surface.  (1.14 E15 Hz)
8. *The max wavelength that an em wave can have and still eject electrons from a metal surface is 485 nm.  What is the work function (in eV) of this metal? (2.56 eV)
9. *Sunlight, whose visible wavelengths range from 380 to 750 nm, is incident on a sodium surface.  The work function of sodium is 2.28 eV.  Find

a. The value of the work function in Joules.  (3.65 E –19 J) 
b. the maximum KE (in Joules) of the photoelectrons emitted from the surface. (1.59 E-19 J)
c. the range of wavelengths that will cause photoelectrons to be emitted. (380-545 nm)
10. *UV light with a frequency of 3 E15 Hz strikes a metal surface and ejects electrons that have a max KE of 6.1 eV.  What is the work function (in eV) of the metal?  (6.32 eV)
11. Radiation of a certain wavelength causes electrons with a max KE of 0.68 eV to be ejected from a metal whose work function is 2.75 eV.  What will be the max KE (in eV) with which this same radiation ejects electrons from another metal whose work function is 2.17 eV?  (1.26 eV)
12. An AM radio station broadcasts an em wave at a frequency of 665 KHz while an FM station broadcasts at 91.9 MHz.  How many AM photons are needed to have a total energy equal to that of one FM photon?  (138)
13. Radiation with a wavelength of 238 nm shines on a gold metal surface and ejects electrons that have a max speed of 3.75 E5 m/s.  What is the work function of the metal (in eV)?  (4.83 eV)
14. The max wavelength for which an em wave can eject electrons from a platinum surface is 196 nm.  When radiation with a wavelength of 141 nm shines on the surface, what is the max speed of the electrons?  (9.33 E5 m/s)
15. A proton is located at a distance of 0.420 m from a point charge of +8.30 uC.  The repulsive force moves the proton until it is at a distance of 1.58 m from the point charge.  Suppose that the electric potential energy lost by the system is carried off by a photon that is emitted during the process.  What is its wavelength?  (9.52 E-12 m)
16. The photons emitted by a source of light do not all have the same energy.  Is the source monochromatic?  Explain your reasoning.

17. Which colored light bulb (red, orange yellow, green, or blue) emits photons with

a. The least energy?

b. The greatest energy?

18. Does a photon emitted by a higher wattage red light bulb have more energy than a photon emitted by a lower wattage red bulb?  Explain.

19. When a sufficient number of visible light photons strike a piece of photographic film, the film becomes exposed.  An x-ray photon is higher energy than a visible light photon.  Yet, most photographic films aren’t exposed by the x-ray machines used at airport security checkpoints.  Explain what these observations imply about the number of photons emitted by the x-ray machines.

20. Radiation of a given wavelength causes electrons to be emitted from the surface of one metal but not from the surface of another metal.  Why?

21. In the photoelectric effect, suppose that the intensity of the light is increased while the frequency is kept constant (but is greater than the minimum frequency to eject a photoelectron).  State whether each of the following will increase, decrease, or remain constant and explain your reasoning:

a. The current in the phototube.

b. The number of electrons emitted per second from the metal surface.

c. The maximum KE that an electron could have.

d. The maximum momentum that an electron could have.

e. The minimum de Broglie wavelength that an electron could have.

22. Light (and other em waves) is usually thought of as wave-like in nature and electrons as particle-like but this is not always the case.  In the following activities state whether light (or any another em wave) is behaving as a particle or wave or if an electron is behaving as a particle or wave. 
a. A Young's double slit experiment is conducted using blue light. 
b. X-rays are used to examine the crystal structure of sodium chloride by determining the spacing between the atoms. 
c. Microwaves collide with water molecules to heat water to its boiling point in a microwave oven. 
d. An electron enters a parallel plate capacitor and is deflected downward. 
e. A beam of electrons is diffracted as it passes through a narrow slit.
The Compton Effect and the Momentum of a Photon

23. *An incident photon of wavelength 200 nm is scattered by an electron that is initially at rest.  Which one of the following statements concerning the wavelength of the scattered photon is true? 

a. The wavelength is zero nm. 
b. The wavelength is 200 nm. 
c. The wavelength is 100 nm. 
d. The wavelength is greater than 200 nm. 
e. The wavelength is less than 200 nm, but greater than zero.
24. *The microwaves used in a microwave oven have a wavelength of about 0.13 m.  What is the momentum of a microwave photon?  (5.1 E-33 kg m/s)
25. *A photon has the same momentum as an electron moving with a speed of 2 E 5 m/s.  What is the wavelength of the photon?  (3.64 nm)
26. *One propulsion method for interstellar spaceships found in science fiction novels uses a large sail.  The intent is that sunlight striking the sail creates a force that pushes the ship away from the sun (like the wind pushing a sailboat).  Does the design have any hope of working and, if so, should the surface of the sail facing the sun be shiny like a mirror or black in order to produce the greatest force possible?

27. When the speed of a particle (such as a ball) doubles, its momentum doubles and its kinetic energy becomes 4x greater.  When the momentum of a photon doubles, does its energy become 4x greater?  Explain.
The de Broglie Wavelength and the Wave Nature of Matter  (Matter exhibits diffraction)

28. *A honey bee (mass = 1.3 E –4 Kg) is crawling at a speed of 0.020 m/s.  What is the de Broglie wavelength of the bee?  (2.55 E-28 m)
29. *The de Broglie wavelength of a proton in a particle accelerator is 1.3 E –14 m.  What is its KE?  (7.79 E-13 J)
30. *What is the final de Broglie wavelength of an electron (m = 9.11  1031 kg) in a X-ray tube as it is accelerated from rest through a potential difference of 5.0  103 volt  (assume all of its final energy is kinetic)?  (1.74 E-11 m or 0.017 nm)
31. *What is 

a. The wavelength of a 5 eV photon? (248 nm)
b. The de Broglie wavelength of a 5 eV electron (assume all of its energy is kinetic)? (5.49 E –10 m)
32. A particle has a speed of 1.2 E6 m/s.  Its de Broglie wavelength is 8.4 E-14 m.  What is the mass of the particle?  (6.58 E-27 Kg)
33. How fast must a neutron be moving to have a de Broglie wavelength of 0.282 nm?  (1.41 E3 m/s)
34. Sound waves diffract around the edges of a doorway with the larger wavelengths diffracting more than the smaller wavelengths.  

a. What speed would a 55 kg person have to move through a doorway to diffract the same extent as a 128 Hz bass tone through the same doorway (speed of sound is 343 m/s)? (4.5 E-36 m/s)
b. How long (in years) would it take this person to move one meter if he traveled at this speed? (7.05 E27 years)
35. Determine the de Broglie wavelength for 

a. An electron moving at a speed of 6 E6 m/s.  (1.21 E-10 m, big enough to observe diffraction if it passes through an opening, such as a small diameter single slit)
b. A baseball (mass = 0.15 kg) moving at 13 m/s.  (3.4 E-34 m, too small to observe diffraction if the ball traveled through an opening such as a window)
36. An electron and a proton have the same speed.  What is the ratio (electron/proton) of their de Broglie wavelengths?  (the wavelength of the electron is 1833x larger than the wavelength of the porton)
37. From a cliff 9.5 m above a lake, a young woman (mass = 41 kg) jumps from rest straight down into the water.  At the instant she strikes the water, what is her de Broglie wavelength?  (1.19 E-36 m)
38. A beam of electrons is incident on a single slit that has a width of 1.00  106 m and a diffraction pattern is observed on a screen located 15.0 m from the slit.  The momentum of an individual electron in the beam is 5.91  1024 kg•m/s.  What is the width of the central maximum fringe?  (3.37  103 m)
39. Particle A is at rest.  Particle B collides head-on with it in a purely inelastic collision so they stick together and move off with a common velocity after the collision.  The masses of the particles are different and no external forces act on them.  The de Broglie wavelength of particle B before the collision is 2 E –34 m.  What is the de Broglie wavelength of the two-particle object that moves off after the collision? (2 E –34 m)
40. In a television picture tube, the cathode ray accelerates electrons from rest through a potential difference of V.   Just before an electron strikes the screen, its de Broglie wavelength is 1 E –11 m.  What is the potential difference?   (1.51 E4 V)
41. A bullet leaving the barrel of a gun is analogous to an electron passing through a single slit in a diffraction grating.  With this analogy in mind, what would hunting be like if Plank’s constant had a large value instead of its small value?

42. A stone is dropped from the top of a tall building.  As the stone falls, does its de Broglie wavelength increase, decrease, or remain the same?  Explain.

43. An electron and a neutron have different masses.  Can they have the same de Broglie wavelength?  Explain.

44. If electrons and protons both move through a double-slit arrangement at the same speed (but in two different experiments), which particle’s pattern would have the greatest angular separation between the fringes?  Explain.

Bohr’s Atomic Energy Levels and Quantum States

45. *The electron in a hydrogen atom is in the n = 3 state.  What is (are) the possible energy value(s) for an emitted photon?  (1.89 eV or 12.09 eV) 
46. *Electrons have been removed from a beryllium atom (Z = 4) until only one remains.  Determine the energy of the photon that can be emitted if the remaining electron is in the n = 2 level. (163.2 eV)
47. *Determine the wavelength of incident electromagnetic radiation required to cause an electron transition from the n = 6 to the n = 8 level in a Hydrogen atom. (7.50 E3  nm or 7502 nm)
48. Determine the maximum wavelength of incident radiation that can be used to remove the remaining electron from a singly ionized helium atom He+ (Z = 2).  Assume the sole electron is in its ground state. (22.79 nm) 

49. Determine the energy of the photon emitted when the electron in a hydrogen atom undergoes a transition from the n = 8 level to the n = 6 level. (0.17 eV)
Nuclear Physics

50. What is meant by the term nucleons?   

51. *A tellurium nucleus contains 73 neutrons.  A particular isotope of tellurium has atomic mass 124.904418 u.  How would you correctly represent this isotope?  125Te 52
52. The nucleus of a certain isotope of tin (Sn) contains 68 neutrons and 50 protons.  How would you correctly represent this isotope? 118Sn 50
53. *Which one of the following terms does not apply to nuclear forces? 



a)  strong    b)  charge-independent    c)  weak    d)  short-range    e)  long-range
54. *What is the isotope produced when 145Pm 61 decays by emitting an α particle?  141X 59
55. *What isotope is produced when     214Bi 83 decays by emitting beta particle?  214X  84
56. What process is illustrated by the following reaction:
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alpha decay
57. What isotope is produced when 214Bi 83 decays by emitting an alpha particle?  210X  81 
58. What is the isotope produced when 145Pm 61 decays by emitting a beta particle?  
145X 62
59. *An isotope of krypton has a half-life of 3 minutes.  A sample of this isotope produces 1000 counts per minute in a Geiger counter.  Determine the number of counts per minute produced after 15 minutes. (31.25)
60. *What is the mass defect (in kg) of 120Sn 50 (atomic mass = 119.902 200 u)?  Note:  The Hydrogen atom has a mass of 1.007 83 u (and, remember, there is only one proton in a Hydrogen atom); and the neutron has a mass of 1.008 67 u. (1.82  1027 kg)
61. *The binding energy of an isotope of chlorine is 298 MeV.  What is the mass defect of this chlorine nucleus in atomic mass units (u)?  (0.320 u)    

62. *How much energy (in MeV) is required to remove a neutron (mn = 1.008 665 u) from 15N 7 that has an atomic mass of 15.000 108 u to make 14N 7  that has an atomic mass of 14.003 074 u?  (10.83 MeV)
63. How much energy (in MeV) is required to split a 52Cr 24 atom of mass 51.940 509 u into two identical 26Mg 12 atoms?  The mass of this isotope of magnesium is 25.982 59 u. (22.97 MeV)
64. Determine the amount of energy (in MeV) released in the following alpha decay process: [image: image7.wmf] 
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Note:  The relevant atomic masses are 
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Ans:  (6.29 MeV)    
65. What is the binding energy (in MeV) per nucleon of 202Hg 80 that has an atomic mass of  201.970 617 u?  Note: Use the following atomic masses in your calculation: [image: image9.wmf]1
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(7.89 MeV)
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