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Chapter 2



1. How many neutrons and protons are there in the nuclei of the following atoms:
(@) Li,
(b) *Mg,
(C) t35Xc,
(d) *®Bi,
(e) **2Rn?
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3. How many atoms are there in 10 gaf *CY
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5. When H, gas is formed from naturally occurring hydrogen, what percentages of the
molecules have molecular weights of approximately 2, 3, and 4?
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7. A beaker contains 50 g of ordinary (i.e., naturally occurring) water.
(a) How many moles of water are present?
(b) How many hydrogen atoms?
(c) How many deuterium-atoms?
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9. Compute the mass of a proton in amu.
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-11. Show that 1 amu is numerically equal to the reciprocal bf Avogadro’s number,
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13. Using Eq (2.3), estimate the density of nuclear matter in g/cm?; in Kg/m®. Take the
mass of each nucleon to be approximately 1.5 x 10~ g.
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'15. 'The complete combustion of 1 kg of bitumninous coal releases about 3 x 107 J in heat
energy. The conversion of 1 g of mass into energy is equxva]ent to the burning of how

much coal?
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17. Compute the neutron—proton mass difference in MeV.
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19. Derive Eq. (2.18). [Hint: Square both sides of Eq. (2.5) and solve for mv.]
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21. Using the result derived in Problem 2.20, calculate the speed of a 1-MeV electron, one
with a kinetic energy of 1 MeV.
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23. Show that the wachcnéI;h of a relativistic particle is given by
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where A¢c = h/m,c = 2.426 x 10~'° cm is called the Compton wavelength.
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25. An electron moves with a kinetic energy equal to its rest-mass energy. Calculate the

~ electron’s
(a) total energy in units of m,c?;
(b) mass in units of m,;
(c) speed in units of c;
(d) wavelength in units of the Compton wavelength.
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27. The first three excited states of the nucleus of '*?Hg are at 0.158 MeV, 0.208 MeV, and
0.403 MeV above the ground state. If all transitions between these states and ground
occurred, what energy y-rays would be observed?
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29. Tritium (*H) decays by negative beta decay with a half-life of 12.26 years. The atomji
weight of 3H is 3.016.
(a) To what nucleus does 3H decay?
(b) What is the mass in grams of 1 mCi of tritium?
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33. After the initial cleanup effort at Three Mile Island, approximately. 400,000 gallons
of radioactive water remained in the basement of the containment building of the
Three Mile Island Unit 2 nuclear plant. The principal sources of this radioactivity
were 1YCs at 156 Ci/cm® and 34Cs at 26 u#Ci/cm®. How many atoms per cm® of
these radionuclides were in the water at that time?
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35. Polonium-210 decays to the ground state of 2°Pb by the emission of a 5.305-MeV
e-particle with a half-life of 138 days. What mass of 210pg is required to produce 1
MW of thermal energy from its radioactive decay?
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37. Since the half-life of 25U (7.13 x 108 years) is less than that of 28 (4,51 » 109
years), the isotopic abundance of 25U has been steadily decreasing since the earth
was formed about 4.5 billion years ago. How long ago was the isotopic abundance
of ¥ equal t0 3.0 a/0, the enrichment of the uranium used in many nuclear power
plants?
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39. Consider the chain decay

A= B— C—,

with no atoms of B present at ¢ = 0.
(a) Show that the activity of B rises to a maximum value at the time t, given by
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at which time the activities of A and B are equal. _
(b) Show that, for t < t,, the activity of B is less than that of A, whereas the reverse
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41.. Show that the abundance of 23(J can be ex
inates solely from the decay of 238U,
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43. According to U.S. Nuclear Regulatory Commission re
missible concentration of radon-222 in air in equilibriu

ters is 3 pCifliter for nonoccupational exposure. This co
of radon-222 per cm??

gulations, the maximum per-
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45. Complete the following reactions and calculate their Q values. [Note: The atomic
weight of *C is 14,003242.)

(a) *He(p, e
(b) *Be(a, n)
(¢) “N(n, p)
(d) "In(d, p)
(e) *Pb(y, n)
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49. The atomic weight of 2%6Pb is 205.9745. Using the data in Problem 2.35, calculate the
atomic weight of 2!%Po. [Caution: See Problem 2.46]
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51. Consider the reaction
SLi(x, p)°Be.

Using atomic mass data, compute:
(a) the total binding energy of Li, °Be, and *He;
(b) the Q value of the reaction using the results of part (a). -
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53. 1E‘Isi;:g the mass formula, compute the binding energy per nucleon for the nuclei in
roblem 2,52, Compare the results with those obtained in that problem.
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57. Calculate the atom density of graphite having density of 1.60 glem?.
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59. What is the atom density of 2**U in uranium enriched to 2.5 a/o in this isotope if the
physical density of the uranium is 19. 0 g/em®?
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61. It has been proposed to use uranium carbide (UC) for the initial fuel in certain types
of br(}:edcr reactors, with the uranium enriched to 25 w/o. The density of UC is 13.6
glem”.

(a) What is the atomic weight of the uranium?
(b) What is the atom density of the 2°U?
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63. The fuel for a certain breeder reactor consists of pellets composed of mixed oxides,
UO; and PuO,, with the PuO, comprising approximately 30 w/o of the mixture. The
uranium is essentially all 28U, whereas the plutonium contains the following isotopes:
239py (70.5 w/o), 2°Pu (21.3 w/o0), **'Pu (5.5 w/0), and 242py (2.7 w/o). Calculate
the number of atoms of each isotope per gram of the fuel.
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