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1. Quantized energy means that energy can occur only in multiples of some minimum value.


2. The energy of vibration of the atoms of the incandescent matter.


3. A photon.


4. Each photon ejects a photoelectron. More intense light has more photons per second, thus it ejects more photoelectrons per second.


5. Each electron requires one photon with more than some minimum energy to eject it. In this case, each photon lacks the energy needed to eject an electron.


6. Red photons do not have enough energy to cause the chemical reaction that exposes film.


7. Elastic collisions transfer both momentum and energy. Only if photons have momentum can the equations be satisfied.


8. No, momentum would be zero because the mass of a photon is zero.


9. a. Balance force of gravity against force of electric field on a charge. b. Balance force of electric field against that of magnetic filed to find m/q, then use measured value of q.  c. Scatter off crystal, measuring angles of diffraction.


10. a. Measure kinetic energy of electron ejected from a metal for at least two different wavelengths. Or, measure K from  known metal for only one wavelength. 


b. Measure change in wavelength of X rays scattered from matter.


c. Measure angle diffracted by two slits, grating, width of single-slit pattern, or angle bent through prism.


11. The intensity increases about 7 times.


12. a. The rod glowing bright orange.


      b. The rod glowing bright orange.





13. Not necessarily; the number of ejected electrons is proportional to the number of incident photons or the brightness of light, not the frequency of light.


14. a. Blue has a lower frequency; tungsten has a higher threshold frequency. b. Tungsten


15. The size of the baseball is about .10m, whereas the de Broglie wavelength is 10-34 m, a factor of 1033 difference.


16. a. 5.0 eV  b. 8.0 x 10-19 J


17. 3.0 V


18. 2.9 x 10-19 J


19. 3.7 x 10-19 J


20. 501 nm


21. 1.8 eV


22. a. 2.5x10-7 m  b. 8.0x10-19 J  c. 2.4eV


23. 10-27 � EMBED Equation.DSMT4  ���


24. a. 1010 J/m2 per year   b. 2x102 m2


25. a. 2.6 x 102 nm   b. 3.6 eV


26. a. 2.5 x 10-7J  b. 3.3 x 10-19J  


      c. 7.6x1011 steps


27. 8.0 x 10-12 m


28. a. 4.4 x 106 m/s  b. .17 nm


29. a. 2.2 x 103 m/s  b. 1.8x10-10 m


30. a. 2.19 x 106 m/s  b. 3.32 x 10-10 m


      c. 1/16 radius of the atom


31. a. 1.82 x 103 m/s  b. 10-5 eV


32. 3.77 x 10-3 eV


33. a. 7.43 x 10-18 J, 46 V  b. 2.5x10-2 V


34. a. 3.14 x 10-19 J


      b. 2 x 1015 photons/s


35. a. 5.8 x 10-16 W


      b. 1600 photons/s





1. He directed a beam of charged alpha particles at a thin metal sheet and measured the number deflected at various angles.


2. Bohr said the energy of an emitted or absorbed photon is equal to the change in energy of the atom (with only specific values).


3. As the electrons undergo centripetal acceleration, they would lose energy and spiral into the nucleus. In addition, all atoms should radiate at all wavelengths, not discrete wavelengths.


4. The Bohr model could not predict spectra of other elements besides hydrogen (and a singly-ionized helium atom?). (1) Energy levels are quantized. (2) Electrons do not radiate while they are in an allowed energy level. (3) Photons are emitted or absorbed when an electron changes energy levels.


5. Energy is supplied to the gas, which causes the electrons to excite and move to higher energy levels. The electrons then give off the difference in energy between energy levels as they drop back down to a less excited state. The energy differences between levels corresponds to spectral lines.


6. Photon wavelengths are determined by the difference in energies of allowed levels.


7. Each element has a different configuration of electrons and energy levels.


8. Laser light is coherent and directional; thus, it is more concentrated.


9. Microwave Amplification by Stimulated Emission of Radiation.


10. Lasers are directional and coherent.


11. The spectra usually are more complex.


12. Line spectrum - the light comes from a diluted gas.


13. No, as white light passes through Earth’s atmosphere, certain energies are absorbed by the gases in the atmosphere. Its spectrum, therefore, would have black lines in it.








14. Money - it comes in only certain discrete values, while water seems to come in any possible quantity.


15. No, it takes 5.43eV to raise the electron to the E4 level, and 6.67eV to raise the electron to the E5 level. The atom can absorb only photons that have exactly the right energy.


16. Six lines are possible. E4-E1 has the largest energy level.


17. The maximum energy is 13.6eV. This is also the ionization energy for hydrogen. The electron would have enough energy to leave the nucleus.


18. Infrared; all transitions from higher energy levels to the third level in hydrogen yield photons with wavelengths greater than visible light.


19. The Bohr model has fixed orbital radii. The present model gives a probability of finding an electron at a location. The present model can be used for all the elements.


20. Blue light has a higher frequency and, therefore, higher energy.


21. 8.82eV (E9)  22. a. 2.68eV  b. 3.06eV


23. a. 1.24eV  b. 2.99 x 1014 Hz


24. .4eV 25. 1.33x10-9m, 1.91x10-9m


26. -3.40,-1.51,-.85,-.544,-.378 (eV)


27. a. .166eV  b. 1.13eV  c. 2.55eV


      d. 2.86eV  e. .97eV


28. a. 4.01x1013Hz  b. 2.73x1014Hz


      c. 6.15x1014Hz  d. 6.90x1014Hz 


      e. 2.14x1014Hz


29. a. 7480 nm   b. 1.10 x 103 nm


      c. 487 nm  d. 434 nm  e. 1.3 x 103 nm


30. a. 658 nm  b. 1900 nm


31. 12.8eV   32. 6


33. a. 4.77x10-10m  b. 1.01x10-9N


c. 1.11x1021 m/s2 d. 7.28x105m/s (.002c)


34. b. 5.4 x 10-20 J


35. 1.5eV     36. .117eV





1. Transmutation is the change of one element into another by means of a nuclear reaction caused by radioactive decay or nuclear bombardment. For example, uranium-238 decays into thorium-234 and an alpha particle.


2. A helium nucleus, an electron, and a high-energy photon.


3. The atomic number(Z) is reduced by 2, and the mass number(A) is reduced by 4.


4. Z is increased by 1 and A is the same.


5. The atomic number, to conserve charge; the mass number, to conserve mass.


6. It accelerates particles using electrical force, and the neutron has no charge.


7. a. electromagnetic, weak, gravitational


    b. strong, electromagnetic, gravitational


    c. weak


8. Atomic number decreases by 1, and there is no change in the mass number.


9. a. � EMBED Equation.DSMT4  ���


    b. � EMBED Equation.DSMT4  ���


    c. � EMBED Equation.DSMT4  ���


    d. � EMBED Equation.DSMT4  ���


    e. � EMBED Equation.DSMT4  ���


10. Large nuclei because the protons are farther apart and the neutrons are able to decay.


11. They both have the same number of protons.


12. ‘A’ because it is the sum of n+p.


13. Gamma particles because they are both photons.


14. No, both Z and A are smaller than that of the � EMBED Equation.DSMT4  ���.


15. The material with the shorter half-life is more active and will give a higher reading on the detector.


16. Carbon is present in wood but not in metal armor.








17. It would annihilate with an equivalent amount of matter, producing an extremely large amount of energy.


18. 12 neutrons


19. 8 neutrons


20. a. 64  b. 126  c. 125  d. 45


      e. 0  f. 22  (neutrons)


21. a. F  b. Am  c. Ne  d. Li


22. � EMBED Equation.DSMT4  ���


23. � EMBED Equation.DSMT4  ���


24. � EMBED Equation.DSMT4  ���


25. � EMBED Equation.DSMT4  ���


26. � EMBED Equation.DSMT4  ���


27. � EMBED Equation.DSMT4  ���


28. 9 days


29. 1/8


30. .098%


31. � EMBED Equation.DSMT4  ���


      � EMBED Equation.DSMT4  ���


      � EMBED Equation.DSMT4  ���


32. 6 h


33. 5.5 x 1022 nuclei


34. a. 24 h  b. Determine the slope of the line (at 24 hours) of a graph of remaining nuclei vs time.


35. +2 elementary charges


36. +1 elementary charge


37. a. 0 charge  b. -1 charge  c. 0 charge


38. a. 2.1 x 10-5 s


      b. 1.6 x 105 revolutions


      c. 3.4 s


      d. 1 million km


39. � EMBED Equation.DSMT4  ���; They move in opposite directions.


40. The three gamma rays leave with angles of � EMBED Equation.DSMT4  ��� between them on a plane.





      


      





1. Repulsive electric force pushes protons away. Strong nuclear force holds them in.


2. The mass defect is the difference between the mass of the individual particles and the mass of the nucleus. Binding energy & E=mc2.


3. PET scanner, tracer isotopes, destroying diseased cells.


4. Many neutrons must be released by a fissioned nucleus and absorbed by neighboring nuclei, causing them to fission.


5. The fission fragments and neutrons.


6. Not true. Iron is the most tightly bound element, and thus the most stable nucleus. It cannot decay by either fission or fusion.


7. The moderator slows fast neutrons, increasing their probability of being absorbed.


8. Graphite is used as a moderator to slow neutrons in order to increase the probability of their being absorbed by U-235.


9. No, U-238, not fissionable, is converted to Pu-239, which is fissionable (breeder reactor).


10. The nuclei that combine by fusion in stars require the high kinetic energy that comes from the high temperatures to overcome the repulsive electrical forces among them.


11. When a large atom undergoes fission, the mass of the products is less than the original nucleus. An amount of energy equivalent to the mass difference is released. When small nuclei fuse into a larger nucleus, the mass of the more tightly bound, large nucleus is less, and the extra mass appears as energy.


12. Plasma confinement by magnetic fields and inertial confinement or laser implosion.


13. As the average binding energy per nucleon increases, the nucleus becomes more stable.


14. Possible since incoming binding energy is less than the outgoing binding energy. 


15. U-238 is naturally radioactive vs artificially radioactivity due to bombardment by particles.


16. The water in the heat exchanger is radioactive and, therefore, a second loop is necessary to produce steam.





17. a. fission 200 MeV (U-nucleus), fusion of 4 H-nuclei 50MeV


b. The fusion of a kg of deuterium produces much more energy.  c. With 100 times more deuterium nuclei in a kg than uranium nuclei, this offsets the greater energy from one U-nucleus.


18. Fissionable plutonium in a reactor produces more plutonium than is used. Such reactors are called breeder reactors.


19. The rate of fission.


20. Fusion does not produce plutonium and results in fewer radioactive wastes. 


21. a. -.10426 u  b. 97.117 MeV


22. a. -.0793 u, -6.16 MeV/nucleon


b. More energy to remove a nucleon from N-14 (1.32 MeV/nucleon more).


23. 58 N  24. .2 MeV   25. 4.0026 u


26. a. � EMBED Equation.DSMT4  ���


      b. � EMBED Equation.DSMT4  ���


27. a.Gold b. � EMBED Equation.DSMT4  ���


28. � EMBED Equation.DSMT4  ���


29. a. � EMBED Equation.DSMT4  ���


      b. � EMBED Equation.DSMT4  ���


30. a. Lithium  b. � EMBED Equation.DSMT4  ��� 


31. a. Carbon  b. � EMBED Equation.DSMT4  ���


      c. � EMBED Equation.DSMT4  ���


32. a. Oxygen  b. � EMBED Equation.DSMT4  ���


      c. .59 mg remains      33. 1.2 kg


34. � EMBED Equation.DSMT4  ���


35. � EMBED Equation.DSMT4  ���


36. a. � EMBED Equation.DSMT4  ���


      b. � EMBED Equation.DSMT4  ���


      c. � EMBED Equation.DSMT4  ���


37. a. 23.847 MeV


      b. 2.301 x 1012 J/mol


      c. 7.9 x 105 moles
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