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Homework 12 Solutions

R=R, AV =12x10"" AY> m. When A=12, R=275x10"* m,

@
2 9 3 /2 -9 oV z 1
o F- k(z_zl,c =(9x10 N m?/C )Sésxm )z ) When Z=6 and
R
R=275x10"" m, F=152N.
2 9 2/ 19 7z _1
© U= "‘7;2‘72 - "(z;l)‘ _(x10° Nm'/c X;‘('xw S ZD hen z=6 and
R=275x10"" m, U=419x10"" ] =262 MeV.
(d) A=238; Z=92, R=7.44x10"" m, F=379 N and U=282x10"2 ] =17.6 MeV
E, =[26m,y; +30m,, —m( *Fe))(931.5 MeV/u) =492 MeV
E, 492 :
]’- =g =879 MeV/nudeon; agrees with Figure 13.10.
(@) For ;0 we have, using Equation 13.4
E, =[(8)(1.007 825)+ 7(1.008 665)—(15.003 066)] e(931.5 MeV/u) =111.96 MeV
For N we have
E, =[(7X(1.007 825) + 8(1.008 665) —(15.000 109)] u(931.5 MeV/u)=115.49 MeV
Therefore AE, =3.53 MeV.
(o)  Use Equation 13.4 to find for 2Na; % =8.11 MeV/nucleon and for 3Mg;
_‘n} =7.90 MeV/nudeon. The binding energy per nucleon is greater for 3Na by
0210 MeV. In both cases, the isobars with more protons experience more coulomb
repulsion and are less tightly bound.
(a) Write Equation 13.10 as % =¢* so that 4 =%]n(%) In this case %"-=5 when
1
t=2h,50 A=——In5=0.805h"!.
8O 26 0.805 h
In2_  In2
® Ta=Tr =g 086t h
n2 _ 0693
a A=—2=-__"T7 _g 7 g1
(a) T, 80day 998x107 5
dN R
=R= ==
®  [F]-R=weon-E

Ne (05x10 Ci)3.7x10"™ decays/s Ci)

=1 10 :
9.98x 1075 85x10™ nuclei



13-24  From Equation 13.9, the fraction of nudlei remaining after five years will be

N YTl esmmnNe g s
0

Therefore the percentage decaying during the interval will be (1-0.755) or 24.5%.

13-29  The number of nuclei that decay during the interval will be
Ny =N, =Np(e 1 - e734).

First we find 4,

2 0693 ; % 1
A=22_00B 00107 h!=297x10 d
Tyz 648h s an

& (40 £CiY3.7x10* dps/uCi)

597 10% o =498 x10" nuclei

No=

Using these values we find

N;-N, = ( 498 x 10" Ie-(o.mm h'K108) (o007 )2 h)]‘

Hence, the number of nuclei decaying during the interval is

N; - N, =9.46x10° nuclei.

1344 Q=[m(R,)-m(He)-m(Po)}931.5 MeV
2=[220.011 368 ~ 4.002 603 — 216.001 888] u(931.5 MeV/u) =6.40 MeV
If we assume no recoil, K, = Q=6.40 MeV

1345 Q=(myyu — Mg X931.5 MeV/u)

@  Q=m({2Ca)-m(e")-m({7K)=(39.962 59 u—-0.000548 6 u—39.96400 u}9315 MeV/u)

=-182 MeV
Q< 0 so the reaction cannot occur.

)] Using the handbook of Chemistry and Physics
Q= m( g Ru)~m($He) - m(ZMo) = (97.9055 u— 4,002 6 u-93.904 7 u)931.5 MeV/u)

=-1.68 MeV
<0 so the reaction cannot occur.

()  Using the handbook of Chemistry and Physics
Q= m( %*Nd) - m( $He)~ m{ 4" Ce) =(143.909 9 u - 4002 6 u~139.905 4 u)
X (9315 MeV/u)=1.86 MeV
~ 2>0 so the reaction can occur.



13-51 Inthe decay JH —3 He + ¢+ D the energy released is: E =(Am)c? =[My;; — My kc? since the
mass of the antineutrino is negligible and the mass of the electron is accounted for in the
atomic masses of JH and } He. Thus,

E =(3.016 049 u - 3.016 029 u}931.5 MeV/u)=0.018 6 MeV =18.6 keV.

13-55 (a) Starting with N =0 radioactive atoms at ¢ =0, the rate of increase is (production-

decay)
dN
—=R-A
i R-AN
dN =(R- AN)dt
Variables are separable
N !
ot -
R-AN
=-At
o 5)
(R_RAN)=C-M
(=
(R -at
N‘(Jl )
dN
(b) E‘R-ANM



