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1. How? many neutrons and protons are there in the nuclei of the following atoms:
(a) 'Li,
(b) *Mg,
(c) 135 Xe,
(d) *Bi,
(E} ZZZRH?

@) B=3, N=¥, (h Z=13, N=/3; @) 2=5%
N=8/; () 2=583 N=/324, (e) &=54, I=/36.

3. How many atoms are there in 10 g of *C?
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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 47
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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?
(¢) How many deuterium -atoms?

@) Numdbe Zz’ Suplos = 53 J18. 015 = D, 775
) M. of plrcalew = 2.7754) < 167/ 510%F
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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 of 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 107 g.

/= ‘%5,7;3 3. .31‘7;[/. 25x00°" )aﬂ .
Y nucleon dirnaidy Mo,
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aud e Ingew M%
3x10° -2¢_
f = (:.z:)—"“‘m” /96 x10 fg/a«
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_15. 'The complete combustion of 1 kg of bituminous coal releases about 3 x 107 J in heat

energy. The conversion of 1 g of mass into energy is equivalent to the burning of how
much coal?

/ < ' Vo 1 x(3407)% =
9x 10%° = G0’ jputie . opon Takl. T8,
) T = Q. 418x107% Btu. Mww (9 ~ 9X10'%x9.479
X/0~% = 8. 530 x 1070 Btu. Mtes <o Y, Yoen /_le-
M/JM £. s30x00 ,%3 600 X3000= 3280 Loww /‘( Coal.

17. Compute the neutron—proton mass difference in MeV.

) %W%MME/ M= Moy~
Mp =1 008665~ /.00737] = 0.00/388 Qrus.

sdivce [Qme = Q3145 M@J/ M= 0. 001388 x
931.48/= /. 293 MaV.
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19. Derive Eq. (2.18). [Hinz: Square both sides of Eq. (2.5) and solve for mv.]

" o :.? (2.5)

. PN
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\ 1-v%e?
2 o
o
')41 =
r¥c

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.

| o1 s bihion, Enap = 0.5V, tud .
bpnaslec Cutspy 1o 1Y) Mo Gy = AST) 1OV,
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23. Show that the wavelengm of a relativistic particle is given by

m,c?

A =xc—-——
J Bl — EL,

where Le = 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 ¢;
(d) wavelength in units of the Compton wavelength.

(@) G = @1’ (B) e’ Eup = Smee®, gull
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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. Intlum( H) decays by neganvﬂ beta dccaly “'lth aha.lf'llie 0( 12-26 ears. I]I.S altlj'['u[
welght Of H 15 3.016. y

(a) To what nucleus does 3H decay?
(b) What is the mass in grams of 1 mCi of tritium?
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31. Carbon tetrachloride |a
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33. After Ehc ir.litial cleanup effort at Three Mile Island, approximately. 400,000 gallons
of rad:oa.cuve water remained in the basement of the containment building of the
Three Mile Island Unit 2 nuclear plant. The principal sources of this radioactivity

137 )
were 17Cs at 156 uCifem® and *Cs at 26 uCi/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 *°Pb by the emission of a 5.305-MeV
a-particle with a half-life of 138 days. What mass of 2'°Po is required to produce 1
MW of thermal energy from its radioactive decay?
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37. Since the h.alf'-liﬁ? of B9 (7.13 x 108 years) is less than that of 28U (4,51 x 109
:::asr?, the isotopic abur‘ldfmce of #3U has been steadily decreasing since. the earth

2 mIe:}rmvacl about 4.5 billion years ago. How long ago was the isotopic abundance
equal to 3.0 a /o, 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 t = 0.
(a) Show that the activity of B rises to a maximum value at the time 7, given by

1 A
F I 1 oot ;
Ag — A, A4
at which time the activities of A and B are equal.

(b) Show that, for ¢ < t,, the activity of B is less than that of A, whereas the reverse
is the case fort > t,,:
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41.. Show that the abundance of 23U can be ex
inates solely from the decay of 238U,
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43, Ar_:cn?rding to U.S. Nuclear Regulatory Commission re
missible concentration of radon-222 in air in equilibriu

ters is 3 pCi/liter for nonoccupational exposure. This co
of radon-222 per cm??
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An M'{ S3eC/Lbts~ 3 %10~ PC /0L,

Framme. Ho Wwvf Ci = 3,1%00 " disfree Heews
fﬂ-_ ozt Andon vf 3eCi /b 71—% 1,1 :cfo—;{,;/s“__
T Il Al g, Tl W T PR ey o
a ML Bk tlu adhithy & Ay, Ng, Heos
W,& IS R ) MW hlla(r‘t/.rrc

oo Ng = bildiskec
' 2,
D2 2010005t Ml gk ff oo S04 3705
2,

45. Complete the following reactions and calculate their Q values. [Note: The atomic
weight of *C is 14.003242.]
(a) “He(p, )
(b) ®Be(e, n)
(©) “N(n, p)
(d) “5In(d, p)
(¢) *Pb(y, n)
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49. The atomic weight of *%Pb is 205.9745. Using the data in Problem 2.35, calculate the
atomic weight of 21°Po. [Caution: See Problem 2.46]
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51. Consider the reaction
Li(a, p)°Be.
Using atomic mass data, compute:

(a) the total binding energy of SLi, °Be, and “He;
(b) the Q value of the reaction using the results of part (a).
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53. Usin
Problge:: Z g;a“ss formula, compute the binding energy per nucleon for the nuclei in
2. 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 g/em’.
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59. What is the atom density of 25U in uranium enriched to 2.5 a/o in this isotope if the
physical density of the uranium is 19.0 glem®?
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61. It has been proposed to use uranium carbide (UC) for the initial fuel in certain types
of breeder 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 25U?
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63. The fuel for a certain breeder reactor consists of pellets composed of mi:scd oxides,
UQ; and PuO,, with the PuO; comprising approximately 30 w/o of the :ruxtm-e The
uranium is essentially all 28U, whereas the plutonium contains the following isotopes:
29py (70.5 w/o0), 2°Pu (21.3 w/o), **'Pu (5.5 w/0), and 242py (2.7 w/0). Calculate
the number of atoms of each isotope per gram of the fuel.
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