11-1.

11-2.

11-3.

11-4.
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Isotope Protons Neutrons
18 9 9
25N 11 14
Sy 23 28
84, 36 48
1207, 52 68
148 Dy 66 82
175y 74 101
mp, 86 136

The momentum of an electron confined within the nucleusis:
Ap =h/Ax = 1.055%x1073%*Fs /10 m
~ 1.055%x1072° J-s/m x (1/1.602 % 10" B J/MeV)

= 6.59x10°8 MeV-s/m

The momentum must be at least as large as Ap, s0 p_ .. > 6.59x 108 MeV-s/m and the
electron’skineticenergyisE_. = p_. ¢ = (6.59x107 MeVm)3.00x10°m/s) = 19.8 MeV.

Thisistwenty times the observed maximum beta decay energy, precluding the existence of
electrons in the nucleus.

A proton-€lectron model of °Li would consist of 6 protons and 3 electrons. Protons and
electrons are spin-1/2 (Fermi-Dirac) particles. The minimum spin for these particlesin the
lowest available energy statesis 1/21, so ®Li (S=0) cannot have such a structure.

A proton-electron model of **N would have 14 protonsand 7 electrons. All are Fermi-Dirac
spin-1/2 particles. In the ground state the proton magnetic moments would add to a small
fraction of the proton magnetic moment of 2.8 p,,, but the unpaired electron would give the
system a magnetic moment of the order of that of an electron, about 1 pg. Because pg is
approximately 2000 times larger than p,, the **N magnetic moment would be about 1000
times the observed value, arguing against the existence of electronsin the nucleus.
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11-5. Thetwo proton spinswould be antiparallel in the ground statewith S = 1/2-1/2= 0. So
the deuteron spin would be due to the electron and equal to 1/2». Similarly, the proton
magnetic moments would add to zero and the deuteron’ s magnetic moment would be 1 p;.
From Table 11-1, the observed deuteron spin is 1+ (rather than 1/21 found above) and the

magnetic moment is 0.857 p,, about 2000 times smaller than the value predicted by the
proton-electron model.

11-6.
I sotopes Isotones
(a) 18 F 17 F 19 F 16 N 17 O
(b) 208 Pb 206 Pb 210 Pb 207 T| 209 BI
(C) 120 Sn 119 Sn 118 Sn 121 Sb 122 Te
11-7.
Nuclide |sobars | sotopes
14 14 14 16
@ 8 06 6 Cs 7 N, 7 8 08
63 A7 63 63 60 4.
(b) 28 Vi35 20CUy,  30Zny 28 Vi3,
236 236 236 235
© 03 NP 143 0 Uy os Py 03 NP4y

11-8. mass = Axu = A(1.66x107% kg,
volume = (4/3)TR> = 4/3)m R4 '3’

whereR,=1.2fm=12x10%"m

-27
density - mass  _ A(1.66x107"kg)

volume  4/3,1(1.2x1075m)> 4

density = 2.29x10'kg/m?3
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11-9. B = ZM,c*+ Nmyc*- M,c* (Equation 11-11)

9
(a) 4Be; B

4(1.007825uc?) + 5(1.008665uc? - 9.012182uc?
0.062443uc? = (0.062443uc?y931.5 MeV/uc?

58.2 MeV

B/A = 58.2MeV/9nucleons = 6.46 MeV/nucleon

() £C, B = 6(1.007825uc?)+ 7(1.008665uc?)- 13.003355uc?

0.104250uc? = (0.104250uc?)931.5 MeV/uc?,

= 91.1 MeV
B/A = 91.1 MeV/13nucleons = 7.47 MeV/nucleon
(©) >iFes, B = 26(1.007825uc?) + 31(1.008665uc?) - 56.935396 uc>

0.536669uc? = (0.536669uc?)931.5 MeV/uc?
499.9 MeV

B/A = 499.9 MeV/5Tnucleons = 8.77 MeV/nucleon

11-10. R= R, A" where R, = 1.2fim (Equation 11-3)
@ %0 = R=12fm(16)" = 3.02fm
(b) Fe = R=12fn(56)"" = 4.58 fin
(© YdAu - R=12fm(197)3 = 6.97 fin
(d 2U—> R=12/n(238)3=1742fmn

11-11. () B = M3Heyc? + mncz—M(“He)c2

3.016029uc? + 1.008665uc? - 4.002602uc?

0.022092uc?931.5 MeViuc?) = 20.6 MeV
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(Problem 11-11 continued)
0 p_ M{Liyc* + m c?- M"Liyc
= 6.015121uc? + 1.008665uc? - 7.016003 uc?
= 0.007783uc?931.5MeViuc? = 7.25 MeV
© B= MBNe?+ me?- M“Nyc?

13.005738uc? + 1.008665uc? - 14.003074uc?

0.011329uc?931.5MeViuc? = 10.6 MeV

11-12. B= (+a)4 - a,4 B -0,72°47"% - a,(4-2ZY4 " +a, 4 -1/2]c2 (Thisis Equation 11-13

on the Web page www.whfreeman.com/modphysics4e.) Thevalues of thea. in MeV/c? are
givenin Table 11-3 (also on the Web page).

For ®Na B = 15.67(23)- 17.23(23)**- 0.75(11)>(23) #- 93.2(23 -2 x11)?(23)"!
+ 0(23) 212 = 184.9 MeV
M®Nayc? = 11m,c? + 12m,c*- B  (Equation 11- 14 on the Web page)
= [11(1.007825uc?) + 12(1.008665uc?y - 184.9 MeV
M®Nay = 23.279678u - 184.9 MeV/c?(1,/931.5 MeVic?)
= 23.279678u - 0.198497u = 23.081181u

This result differs from the measured value of 31.972071u by only 0.009%.

11-13. R = (1.07+0.02,4 ®fin (Equation 11-5) R = 1.44"fn (Equation 11- 6)
(@ 0: R=1.074"=270fim and R= 1443 = 353fn
(b) BCu: R= 1074 = 426fm and R= 1443 = 557 fm

(©) 22Pb: R=1.074"3 = 634fin and R= 144" = 8.30fn
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11-14, 2 Equation 11-2
av-3_1 p 7 42 )
5 4ne, R

whereZ =20 for Caand AU =5.49 MeV from atable of isotopes (e.g., Table of Isotopes 8th
ed., Firestone, et al., Wiley 1998).
3 1 e?

5 4me, RAU'

Z? - Z- 1}
R = 0.68.99x10°N-m?/C?)1.60x1071°C)2.0> - 19%)/5.49x10% eV

R = 6.13x10%m = 6.13fn

11-15. (8) R = Rje ™™ = Rye """ (Equation 11-19)
at=0: R=R,= 4000 counts/s
at t=10s: R = Rje "DU1%n

1000 = 4000 ¢~ U109/

1/4 - ¢ —(1112)(10s)/t1/2

In(1/4) = -(In2)(10s)/In(1/4) = 5.0s
(b) at £ = 20s: R = (4000 counts/s) e~ 12209/5s = 200 counts/s

11-16. R = Roe‘(lnz)’/mlin at t=0: R= R, = 2000counts/s

(@) at t = 4min: R = (2000 counts/s) e~ 1" 4min/2min — 500 coynts/s
(b) at = 6min: R = (2000 counts/s) e~ 112 6min/2min — 550 coynts/s

(c) at ¢ = 8min: R = (2000 counts/s) e~ 102 8min/2min = 155 coyps/s
11-17. R = Rje ™= Rye” """ (Equation 11-19)
(@ Atz=0: R= R,= 115.0 decays/s

At t=225h: R = 85.2 decaysls
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(Problem 11-17 continued)
85.2decays/s = (115.0decaysls) e *225H)
(85.2/115.0) = ¢ M229
In(85.2/115.0) = - A(2.25h)
A= -1n(85.2/115.0)/2.25h = 0.133h"!
ty,=2/4=1mn2/0133h7" = 521h

(b)

N
AN — |—2|=
Lodt

= AN, (from Equation 11-17)

N2 a
Ldt
N, = R,/A = (115.0atomsls)/(0.133h1)(1h,/3600s)

3.11 x10° atoms

11-18. (a) **Ra = 1620y

1/2

N, m
R=—dN=AN= anN: In2 Vg4

dt t f., M

12 12

In2(6.022 x 10?3 /mole) (1g)

= = 3.61x10105"!
(1620y)3.16x 107 s/ (226.025 g/mole)

1Ci = 3.7x10% ", or nearly the same.

(b) 0-= M(226Ra)02 - M 222Rn)02 + M(4He)cz]

226.025402uc? - 1222.017571uc? + 4.002602uc?

0.005229uc? = (0.005229uc?y931.5 MeV/uc?)
4.87 MeV
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11-19. (a) R = —dl;’ = Rye "™/ (from Equation 11-19)

when ¢ = 0, R = R, = 8000 count/s

when 7 = 10min, R = 1000 counts/s = 8000 counts/s-e "/ 12

e 1M2/fn _ 1000 /8000 = 1/8
~101n2/1,, = In(1/8)
_ -101n2

t,, = ——— = 3.33min
2 1n(1/8)

Notice that thistime interval equals three half-lives.

(b) A= 1n2/¢,, = In2/3.33min = 0.208min""
() R-= Roe_ﬂnz/ fin — R,e™* Thus, R = (8000 counts/s) e *2%®(1) = 6500 counts/s
11-20. @and (b)) ]
1000 -
Euu-\
1 ~ t,, # 3.6 min
kOO} !
counts/s i
yooTt T‘%H“-x
1 o
L YTRe—
700 I
+ |
O Ly :
g 'y b B i
i
t, min

(c) Estimating from the graph, the next count (at 8 min) will be approximately 230 counts/s.

11-21. ®Cuis produced at a constant rate R,, so the number of 2Cu atoms present is:

N = R,/ A1-e" ™) (from Equation 11-26). Assuming there were no ®Cu atoms initially
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(Problem 11-21 continued)

present. The maximum value N can haveis R,/A = N,
N = No(l—e_“)
0.90N, = Ny(1-e "/

e ™/fn 2 1-0.90 = 0.10

~tIn2/t,, = In(0.10)

t = -10In(0.10)/1n2 = 33.2 min

11-22. (a) t,, = In2/A = 1n2/9.8x1071% ! = 7.07x10%y (Equation 11-22)

(b) Number of 2°U atoms present is:
1.0pgN, _ (1076 g(6.02 x 10?* atoms/mol)
M 235 g/mol

= 2.56x 10" atoms

_ %’ = AN = 9.8x 10—10y—1 (1/3.16>< 107 s/y)(2,56>< 1015 atoms) (Equation 11- 17)

= 0.079 decays/s

() N=N,e* (Equation 11-18)

N = (2.56x1015) ¢~ O8<107%™10%) 7 558x10!5

11-23. (@ t,, = In2/A = In2/0.266y"' = 2.61y (Equation 11-22)

(b) Number of N atomsin 1gis:
1.0gN, _ (1g)6.02x 102 atoms/mol)
M 22 g/mol

= 2.74x10% atoms

- % = AN = (0.266y 1)(1/3.16 x 107 s/y)2.74 x 10?2 atoms)

= 2.3x10" decays/s = 2.3x10' Bg
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(Problem 11-23continued)

© _ % = AN,e”™  (Equation 11-19)

0.266y 1y1/3.16 x 107 s/y) 2.74 x 10%2) ¢~ (0:266:)(353)

9.1x10" decays/s = 9.1x10"3 Bg

(d N=N,e* (Equation 11-18)

N= 2.74x10%) ¢~ 026679635 = 1,08x102

11-24. (a) #Na has an excess of protons compared with % Na and would be expected to decay by
B* emission and/or electron capture. (It does both.)
(b) #*Nahas an excess of neutrons compared with % Na and would be expected to decay by
B~ emission. (It does.)

11-25. logt,, = AE;'” + B (Equation 11-18)

forr,, = 101°s,E = 5.4 MeV
& from Figure 11-16
fort,,= 1s,E = 7.0 MeV

log 10'° = 4(54)"? + B
(i) 10 = 043034 + B
logl=A4(7.0"+ B
(i) 0= 0.37804 + B> B= -0.37804
Substituting (ii) into (i),
10 = 0.43034 - 0.37804 - 0.0523 4, A= 191, B= -0.37804 = -72.2
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11-26.
146 |

142

134 |

126

80 85 90 - Z
232 228

0 = M?®2Thyc? - M*®Ra)c? - M{*He)c?

232.038051uc? - 228.031064 uc? - 4.002602uc?

0.004385uc?(931.50 MeViuc?) = 4.085 MeV

The decay is a 2-particle decay so the Ra nucleus and the « have equal and opposite
momenta.

p,=2mE, = pp, = /2M, E, where E, + E, = 4.085 MeV

2m,E, = 2Mp, By, = 2Mp, 4085 - E,,

M
E = —™ _(4.085MeV)

Ra o

_ 228.031064 (4.085 MeV) _
228.031064 + 4.002602

(0.983)(4.085MeV) = 4.01 MeV

11-28. ZBe3 - ;Li4 + v,
(@) Yes, the decay would be altered. Under very high pressure the electrons are

"squeezed" closer to the nucleus. The probability density of the electrons, particularly
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(Problem 11-28 continued)
the K electrons, isincreased near the nucleus making el ectron capture morelikely, thus
decreasing the half-life.
(b) Yes, the decay would be atered. Stripping all four electrons from the atom renders

electron capture impossible, lengthening the half-life to infinity.

11-29. Ga £ 7zZn + v,

0= M®¥Gayc? - MZn)c?
= 66.9282uc? - 66.927129uc?

= 0.001075uc?(931.50 MeV/uc?y = 1.00 MeV

11-30. *Zn = ™Ga+ B+ v,

0 = M™Znyc? - M*Gayc?
= 71.926858uc? - 71.926367 uc?

= 0.000491uc?(931.50 MeV/uc?) = 0.457 MeV = 457 keV

Thisisthe maximum possible § particle energy.

11-31. Np —» 2Np+n and Np - PU+p

Fornemission: g = M*3Np)c? - M®?Np)c? - m,c?

233.040805uc? - 232.040022uc? - 1.008665uc?
-0.007882uc?

{Q < 0 means M(products) > M***Np); prohibited by conservation of energy.}
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(Problem 11-31 continued)
For pemission: ¢ = A23Npyc? - MB2Ujc? - m c?

= 233.040805uc? - 232.037131uc? - 1.008665uc?

= -0.004991 u
{Q<0means M (products) > M, ﬁng prohibited by conservation of energy.}

11-32.

286 | 280 | 247 | 235 | 174 | 124 | 80 61 30 0
286 -
280 6 -
247 | 39 33 -
235 51 45 12 -
174 112 | 106 | 73 61 -
124 || 162 | 156 | 123 | 111 | 50 -
80 |[ 206 [ 200 | 167 | 155 | 94 44 -
61 |[ 225 | 219 | 186 | 174 | 113 | 63 19 -
30 || 256 | 250 | 217 | 205 | 144 | 94 50 31 -

0 286 | 280 | 247 | 235 | 174 | 124 | 80 61 30 -

Tabulated y energiesarein keV. Higher energy « levelsin Figure 11-19 would
add additional columns of y rays.

11-33. 8Be — 2
0 = M*Be)c? - M(*He)c?
= 8.005304uc? - 2(4.002602)uc?
= 0.000100%c2(931.50 MeV/uc?y= 0.093 MeV = 93 keV

Thus, the lower energy configuration for 4 protons and 4 neutrons is two « particles rather
than one ® Be.
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11-34. (@) ¥Br = ¥Kr+ p + v, and *Br & ¥Se+ p* + v, and *Br 5 %S¢ + v,

(b) For B~ decay: 0 = M{*Bric? - M®Krc?

79.918528uc? - 79.916377)uc?

0.002151uc?(931.50 MeV/uc?y = 2.00 MeV
M®Brc? - M¥Se)c? - 2mec2

For p* decay: Q

79.918528uc? - 79.916519)uc? - 2(0.511 MeV)

0.002009uc? (931.50 MeViuc?) - 1.022 MeV = 0.85 MeV
For E.C.: 0= M(sOBr)cz _ M(8°Se)02

79.918528uc? - 79.916519) uc?

0.002009uc? (931.50 MeV/uc?) = 1.87 MeV
11-35. R = RyA'” where R, = 1.2fm (Equation 11-3)
For 2C: R = 1.2(12)'3 = 2.745fin = 2.745x 10" 1% m and the diameter = 5.490 x 10* m

ke? _ 9.00x10°1.6x107°C)’
r? (5.490x 1075 m)*

Coulomb force: F c = = 765N

NN

My _ 6.67x107'11.67x10 2 kg)

r? (5.490x 10715 m)?

Gravitational force: F, = G = 6.18x107 N

The corresponding Coulomb potential is: U, = F.xr = 7.65N(5.490x 10" m,

= 420x1047/1.60x10" B/ MeV

= 0.26 MeV
The corresponding gravitational potential is: U, = Fxr = 6.18 x10736N)(5.490x 10" m,

3.39x107507,1/1.60 x 10" 3 J/MeV

2.12x107%" MeV
The nuclear attractive potential is exceeded by the Coulomb repulsive potential at this

separation. The gravitational potential is not afactor in nuclear structure.
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11-36. Therange R of aforce mediated by an exchange particle of massmis:
R=1%/mc (Equation 11-50)
mc? = he/R = 1973 MeV-fin/5fm = 39.5 MeV
m = 39.5 MeVic?
11-37. Therange R of aforce mediated by an exchange particle of massmis:
R=%/mc (Equation 11-50)
mc? = he/R = 197.3 MeV-fim/0.25fin = 789 MeV

m = 789 MeV/c?

11-38.

Nuclide |last proton(s last neutron(s) 0 i
%ZSZ.IS o '(1d5/2)6 (281 0 Y2
?;Clzo v ldyy, "'(1d3/2)4 2 3/2
;} Ga,, . '(21’3/2)3 " '(2191/2)2 1 3/2
27Cos, o opy ** 2P 3 712
;;Ge“ . '(21’3/2)4 “t (18yp 4 912
?2517 " '(2s1/2)2 e ldyy, 2 3/2
gzI;S”49 . '(21’3/2)6 " '(189/2)9 4 912

The nucleon configurations are taken directly from Figure 11-39, and the ¢ and j values are
those of the unpaired nucleon.
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11-39.
Isotope Odd nucleon Predicted p/py

29 s _

T4 neutron 191
27

Tl proton +2.29

;}Ga proton +2.29

§3Co proton +2.29

73 _

1Ge neutron 191
B¢ neutron -1.91
16

87 _

AV neutron 191

11-40. Nuclear spin of **N must be 11 because there are 3 m, states, +1, 0, and 1.

11-41. *S,*Mn, #Ge, #Sr, *Ru, #'In, ** Eu
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11-42.
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11-43. 3He, 5Ca, 3Ni, soSn, g Pb
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(Problem 11-44 continued)
(b) j =Y¥2due to the single unpaired proton.

(c) Thefirst excited state will likely be the jump of a neutron to the empty neutron level,
because it is dightly lower than the corresponding proton level. The j = %2 or 3/2,
depending on the relative orientations of the unpaired nucleon spins.

d
O A
1py,
fffff YA Y AYAY
1p,,
Ay Ay
1s,,

First excited state. There are several diagrams possible.

11-45.
20 j=0
Tl j=3/2
3Co =712
Zng j=0
107, j=9/2

49

11-46. Writing Equation 11-14 as:
M(Z,A)c? = Zm, + (A-Z)m,c?

@ Ad-a,A?P-a,47P2%-a,(4-2ZY 47" + a, 47 c?

and differentiating,
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(Problem 11-46 continued)

37 - Mo M [—2a3A‘1/3Z— 2a,(4-22)(-2)47Y

0=m,-m,+2a,4"*Z-4a,+ 8a,47'Z
0=m,-m,-4a, + (2a3A‘1/3 + 8a4A‘1)Z
7 (M, = My + 4a,
2a,47'B + 8a, 47!
(1.008665 - 1.007825)(931.5MeV/ uc?) + 4(93.2)
2(0.75)(27) '3 + 8(93.2)(27)!

where a; = 0.75, a, = 93.2

@ ForA=27. Z-=

Z=13.2 Minimum Z = 13

(b) For A =65: Computing asin (a) with A =65 yields Z = 31.5. Minimum Z = 29.

(c) For A =139: Computing asin (a) with A = 139yieldsZ = 66. Minimum Z = 57.

11-47. (& R = (0.31)E3? = (0.31)(5MeV)*? = 347 cm
(b) R(g/em?) = R(em)p = (3.47cm) (1.29x103glem3) = 4.47x1073g/em3
(C) R(cm) = R(glem?)/p = 4.47x103glecm?)/2.70g/cm?) = 1.66x1073cm

11-48. For one proton, consider the nucleus as a sphere of charge e and charge density
p, = 3e/4 nR3. Thework donein assembling the sphere, i.e., bringing charged shell dg up

3
tor,is. dU, = kp, dnr

(pc41tr2dr)l and integrating from O to R yields:
r

kp216 2R3

ke?
R

¢ 15

3
5

For two protons, the coulomb repulsive energy istwice U,, or 6ke?/5R.
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11-49. The number N of **Nd atomsis:

53.94(6.02 x 10?* atoms/mol,

N= = 2.25%10% atoms
144 g/mol
-%’ _ AN — A= (-dN/dt)/N
= 2.36s71)/2.25x10%,
= 1.05x102571
t,=I2/A=1n2/1.05x10"251 = 6.61x10%s = 2.09x10% y

11-50. R = Rye """2 (Equation 11-19)
(@ Atz=0: R= R, = 115.0 decays/min
Att=4d5h = 421d: R = 73.5 decays/min

73.5decays/min = (115.0decays/min)e (n2)(4:21d)/4,

(73.5/115.0) = ¢ "2/

In(73.5/115.0) = - (In)(4.21d) /¢,

t,, = ~(In2)(2.41d)/In(73.5/115.0) = 6.52d

(b) R = 10decays/min = (115.0decays/min) ¢ ~(2)t/6.52d
(= ~In(10,/115.0)(6.52d)/In2 = 23.0d

(©) R = 2.5decays/min = (115.0decays/min) e ~(n2)/652d

t=-In(2.5/115.0)(6.52d)/In2 = 36.0d (because t = 0)

Thistimeis 13 days (= 2t,,) after thetimein (b).
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11-51. For *'Th: t,, = 18.72d (nucleus A)

For 22Ra: t,, = 11.43d (nucleus B)

12~

At t = 0there are 10° Th atoms and O Ra atoms

@ N,= N,,e ™ (Equation 11- 18)
_ NOA A'A -4t At - Agt . _
N, = ﬁ(e e )+ Nyge (Equation 11-26 on the Web page)
B~ "4
NA - 106e—ln2(15d)/18.72d: 574)(1()5
N, - 10°In2 /18.72d ¢ W2(15)/1872 _ o -I2(15)/1143, 4 ) = 2,68 x10°
In21/11.43d-1,/18.724d,
} N, A, }
(b) N, = Ny means N e it o 0474 hat_ et
A‘B_ A‘A
Canceling N, and rearranging,
B Ay~ A, + 1= ePa et
A,
A,— A
T e B I| (E IY. A = 2 0.0370d"!
Ay 18.82d
Ag= A In2
t=In| -2 "2+ 1|/ A,-A Ay = = 0.0606d !
A, ]/( 4 7B) 5 11.43d

0.0606 - 0.0370
n| - +

) /(0.00370 - 0.0606)

0.0370
- #3.0d
11-52. (@) T'= h/1= 6.582x10" 8¢V /0.13x10% = 5.06%10°6 eV’
2 2
E - (W) _ (QL9OMVY  gyation 11-47)
2Mc? 2M P c?
(b)

(0.12939 MeV')?
2(190.960585uc2)931.5 MeV/puc?)

471x10 8 MeV = 4.71x10 2 eV
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(Problem 11-52 continued)

(c) (See Section 1-5)
Therelativistic Doppler shift Af for either receding or approaching is:
Mzﬁzz hAf=T and hf=FE
Jo c

ey |

= v=—=506x10"V)3.00x10% m/s) = 0.0117m/s = 1.17 cmls

|
o<

11-53. B = ZM('Hyc* + Nm c*- M,c?

For *He: p_ 1.007825uc?) + 1.008665uc? - 3.016029uc>

0.008826uc2(931.50 MeV/uc?y = 1.72 MeV

For®H: p

1.007825uc? + 2(1.008665uc?) - 3.016049uc?
0.009106uc2(931.50 MeV/uc?y = 8.48 MeV

R=RA"™ =12fm3"% = 1.730fin = 1.730x10 " m

u,= ke?/R = ke/R(eV) = 8.32x10° eV = 0.832 MeV or about 1/10 of thebinding energy.

11-54. For ' Ca
B= M*Cayc*+ mc*- M*¥Cac?

= 45.953687uc? + 1.008665uc? - 46.954541 uc?
= 0.007811uc?931.50 MeViuc?) = 7.28 MeV
For ®Ca:

B = M®*Cac?*+ mnc2 - M*Cac?

46.954541uc? + 1.008665uc? - 47.952534uc?

0.010672uc?931.50 MeV/uc?y = 9.94 MeV
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(Problem 11-54 continued)

11-55.

11-56.

Assuming the even-odd *’ Cato bethe "no correction™ nuclide, the average magnitude of the
correction needed to go to either of the even-even nuclides “° Ca or * Cais approximately
B - average binding energy of the odd neutron9.94MeV + 728 MeV)/2 = 8.61 MeV

So the correction for “Ca is 8.16-7.28=0.88MeV and for ® Ca is
9.94 - 8.16 = 1.78 MeV, an "average" of about 1.33 MeV. The estimate for a; is then:
agA™? = 133 MeV — a, = 1.33/48 2= 922

Thisvaueis about 30% below the accepted empirical value of a5 = 12.

For a nucleus with | > 0 the « feels a centripeta force F, = mv¥r = -dV/dr wherer =
distance of the « from the nuclear center. The corresponding potential energy V « -Inr and
becomeslarger (i.e., more negative) asr increases. Thislowersthetotal energy of the o near
the nuclear boundary and results in awider barrier, hence lower decay probability.

(@ B=ZM'Hyc* + Nm_c*- M,c* (Equation 11-11)
For "Li: B = 3(1.007825uc? + 4(1.008665uc?)- 7.016003 uc?>
= 0.042132uc?931.50 MeViuc?y = 39.25 MeV
For 'Be:. B = 4(1.007825uc? + 3(1.008665uc? - 7.016928 uc?

= 0.040367uc?931.50 MeViuc?) = 37.60 MeV

AB = 1.65 MeV

For™B: B - 51.007825uc?) + 61.008665uc2) - 11.009305 uc>
= 0.0081810uc?(931.50 MeViuc? = 76.21 MeV

For 1 C:

B = 6(1.007825uc? + 5(1.008665uc? - 11.011433uc?

0.078842uc?(931.50 MeViuc?y = 73.44 MeV
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(Problem 11-56 continued)
AB = 2.77 MeV

For ®N: B = 7(1.007825uc?) + 8(1.008665uc?) - 15.000108uc?

= 0.123987uc?931.50 MeViuc?y = 115.5 MeV

or®O:  p_ 81.007825uc?) + 7(1.008665uc?) — 15.003065uc>
= 0.120190uc?%(931.50 MeV/uc?y = 112.0 MeV
AB = 5.54 MeV

(b) AB= a,Z°47'® — a,= AB/Z?°47'?

ForA=7;Z=4 a, = 1.65MeV/4* (7)1 = 0.20 MeV

ForA=11;Z=6: a, = 2.77 MeV/6*(11)'? = 0.17 MeV

For A=15;Z=8: a, = 3.54 MeV/8%(15) 1" = 0.14 MeV

<a3) = 0.17 MeV

These values differ significantly from the empirical value of a, = 0.75 MeV.

11-57. (@) Using oM/6Z = 0 from Problem 11-44,

(m, =~ M, + 4a4

20,477 + 8a,47!

Z:

where a, = 0.75MeVic?, a, = 93.2 MeVic?

1+ m, —m /4a4 ) é[l + (mn—mp/4a4]
247+ @47 /2a 2 1+ a4 /4a,

(b) & (c) For A =29: Z - 29 (1 + (1.008665 - 1.007276)(931.5)/(4)(932), _
1+ 0.75(29)3/(4)(93.2);

The only stable isotope with A =29 is sz&-
For A =59: Computing as abovewith A =59yieldsZ = 29. Theonly stableisotopewith
A=59is  05,Co
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(Problem 11-57 continued)
For A =78: Computing asabovewith A = 78yields Z = 38. ;g Sy isnotstable. Stable

isotopeswith A = 78 are 345¢ and BKr.

For A = 119: Computing as above with A = 119 yields Z = 59. ;;9Pr is not stable.

The only stableisotope with A= 119 is}1% 5y

For A =140: Computing as above with A=140yieldsZ = 69. é;m Tm isnotstable. The

only stable isotope with A = 140 is ;‘;" Ce

The method of finding the minimum Z for each A workswell for 4 < 60, but deviates

increasingly at higher A values.
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11-58. (a)

(©

(d)

n 0
Ground state (j = 5/2)
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17 O p
1% excited state (j = 1/2)
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(Problem 11-58 continued)
(e A

————————————— 28,
””””””” 1d5/ 2

AY 1p,,,

éXéXéYAy 1p;),
A ””” ! ””” é Y 1s,,
n 70 Y

2" excited state (j = 1/2)

11-59. (a) Data from Appendix A are plotted on the graph. For those isotopes not listed in
Appendix A, data for ones that have been discovered can be found in the reference
sources, e.g., Table of Isotopes, R.B. Firestone, Wiley - Interscience (1998). Massesfor
those not yet discovered or not in Appendix A are computed from Equation 11-14 (on
theWeb). Valuesof M(Z,151) computed from Equation 11-14 arelisted below. Because
valuesfound from Equation 11-14 tend to overestimate the massin the higher A regions,
the calculated value was adjusted to the measured value for Z = 56, the lowest Z known
for A =151 and thelower Z valueswere corrected by acorresponding amount. Theerror
introduced by this correction is not serious because the side of the parabolais nearly a
straight line in this region. On the high Z side of the A = 151 parabola, all isotopes

through Z = 70 have been discovered and are in the reference cited.

z N | M(z151)[Eq. 11-14] | M(Z,151) [adjusted]
50 | 101 152.352638 151.565515
51 | 100 152.234612 151.447490
52 99 152.122188 151.335066
53 98 152.015365 151.228243
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(Problem 11-59 continued)

z N | M(z151) [Eq. 11-14] | M(Z,151) [adjusted]
54 97 151.914414 151.127292
55 9% 151.818525 151.031403
56 9% 151.728507 150.941385*

* This value has been measured.

0.946 |
0.942 1 \

0936 |
“ A=15]

0.930 |

0924 | /

M(Z,151) |

150918

S 62 TN

(b) Thedrip lines occur for:
protons: M(Z, 151) - [M(Z-1), 150) - m]] =0
neutrons: M(Z, 151) - [M(Z, 150) - m ] =0
Write a calculator or computer program for each using Equation 11-14 (on Web page)

and solve for Z.
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11-60. (&) M(Z,4) = Zm,+ Nm, - a4 - a, A - a, A3 - a,(A-2ZY A7 + asA_m]

from Equation 11-14 on the Web page.
For Z=126,A =310 (= Z+ N):

M(126,310) = 126m,, + 184m,-(15.67(310)-17.23(310)**-0.75(126)*(310)"'?
- 93.2(310-2x1262(310) + 12(310) !+ 12(310) 1%

M (126, 310) = 313.969022 u
(b) For B~ decay: (126,310) — (127,310) + B~ + v,
Computing M (127, 310) asin (a) yields 314.011614 u.
0= M(126,310)c? - M(127,310)c?
= 313.969022uc? - 314.011614uc?

= -0.042592u(931.5 MeViuc?) = -39.7 MeV
Q <0, so p decay isforbidden by energy conservation.
(c) For p* decay: (126,310) — (125,310) + p* + v,

Computing M (125, 310) asin (a) yields 313.923610 u.
0 = M(126,310)c* - M(125,310)c?* - 2m,c?

313.969022uc? - 313.923610uc? - 1.022 MeV

41.3 MeV

B* decay and electron capture are possible decay modes.
For o decay: (126,310) — (124,310) + «

Computing M (124, 310) asin (a) yields 309.913540 u.
0 = 313.969022uc? - 309.913540uc? - 4.002602uc?

= 49.3 MeV

o decay is also a possible decay mode.
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11-61. (a) If the electron’s kinetic energy is 0.782 MeV, then itstotal energy is:
E = 0.782MeV + mec2 = 0.782MeV + 0.511 MeV = 1.293 MeV

E%= (pcy* + m,c? (Equation 2-32)

p= (B2 )"/ e

e

(1293 MeV? - 0.511 MeV2}2 /¢

1.189 MeVic
(b) For the proton p = 1.189 MeV/c also, so

E_. =p*/2m= (pc)/2mc?

= (1.189 MeV?/(2)(938.28 MeV) = 7.53x10"*MeV = 0.753 keV

-4
() L23xX107MeV, 160 - 0.0963%
0.782 MeV

11-62. % =R, = - AN (Equation 11-27)

@ AN=R -ANje ™=R-Re =R 1-¢e™
N = (Rp/k)(l—e‘“) (from Equation 11-27)
Att=0,N(0) =0. For larget, N(t) — RP/A, its maximum value

N
RP/A.
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(Problem 11-62 continued)
(b) For dN/dt =0
[Ip = AN > N= Rp/)L = R,/(In2/1,,)

N=100s"!/(In2 /10min) = (1005 ')(60s/min)/(In2/10min)
= 8.66x10* ®2Cu nuclei

11-63. (@) 4n + 3decaychan DggsUm - D§g7Pb125 Thereare12 o decaysinthechain. (Seegraph

below.)
(b) Thereare 9 - decaysin the chain. (See graph below.)

(ONE ]\4(235(])02 - M(207Pb)02 - 7M(4He)c2

235.043924u c? - 206.975871 uc? - 7(4.002602)uc?

0.049839uc2(931.50 MeV/uc?
= 46.43 MeV

144 T
140 T
136 1
132 +

128 T

124 |
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(Problem 11-63 continued)

(d) The number of decaysin oneyear is

_‘%7 = A,Noe‘“ where A = In2/t,, = 1n2/7.04x108y _ 9.85><10‘10y‘1
23
N, - 1kg(1000g/kg)(6.02 x 10> atoms/mol, _ 5 56 10™ atoms
235 g/mol
_dN _

— (9.85x1071%y 71,2 56 x 10?4 e ~*1%) = 2.52x10'° decays/y

Each decay resultsin the eventual release of 46.43 MeV, so the energy release per year Q
iss  Q = 2.52x10" decaysly (46.43 MeVl/decay)

1.17x10'7 MeVly (1.60x 10713 J/MeV,

1.87x10*J/y (1cal/4.186J) = 4.48x10° cally
The temperature change AT is given by:Q = cmAT or AT = Q/cm where

m = l1kg = 1000g and the specific heat of U is ¢ = 0.0276 cal/g-°C.
AT = (4.48%103 cally)/ 0.0276 cal/g-°C)(1000g) = 162°C
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