Chapter 44 Solutions

*44.1 An iron nucleus (in hemoglobin) has a few more neutrons than protons, but in a typical
water molecule there are eight neutrons and ten protons.

So protons and neutrons are nearly equally numerous in your body, each contributing mass

(say) 35 kg:
1 nucleon
35 kg H — [|~ 10?8 protons| and |~ 10%8 neutrons|
5.67 x 10 kg[:
The electron number is precisely equal to the proton number, |~ 10?8 electrons
1 my2 mv? 2R2
44.2 Fmv- =g(AV) and - - quB O 2m(AV)=qr°B
/2
2m av) = 2(1000 v) Dl —
2 19 Avm
‘ qB 1.60x10” C(O2OOT) B

= m O,
r—E6.59><1011 \ngvm

(& For 2¢. m=12 u and

O m O - - _
=559 101 ﬁg\;lz(l.ae x1072" kg) =0.0789 m =

For Bc:  r= Eﬁ.sg x 101 TE\B(LGG x 10727 kg) =0.0821m =

K9
(b)  With (= g‘%ﬁv) and 1,z ;%@V)
\ B \ o8B
r |
the ratio gives o \/ﬁ
I m;
r s
1 7.89em g6 and /ﬂ = 12U -0 061 so they do agree.
r, 8.2lcm \m, \13u
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Q1Q> 9y 2 g2y D(6)(1.60 x 1071 C)?
* = = . =
443 (@) F=ke 2 (8.99 x 10° N - m</C?) (1,00 x 102 m)? 27.6 N
F 27.6 N > >
b) a=— =——— = |4.17 x 10" m/s | away from the nucleus..

m ~ 664x10% kg

Q1Q> o 2,2 (2)(6)(1.60 x 10~ C)? 13
C U=ke——— =(8.99x10°N- -m</C =276x10"°]=11.73 MeV
©) N ¢ ( ) (1.00 x 1074 m)

44.4 Eq =7.70 MeV

4k,Ze®  2k,Ze? _ 2(8.99 x10°)(79)(1.60 x 1071%)? _
a) dy,=— = = =295x10" m ={29.5 fm
@ dmin mv? E, 7.70(1.60 x 107%%)

(b) The de Broglie wavelength of the a is

h h 6.626 x 107> 15
A= =— =518x10"" m= -5.18 fm
MeVg  +2MgE,

1/2(6.64 x 10727)7.70(1.60 x 10713)

(¢) Since |Ais much less than the distance of closest approach| , the a may be considered a
particle.

44.5 (@ The initial kinetic energy of the alpha particle must equal the electrostatic potential energy at
the distance of closest approach.

Ki :Uf = kqu

I min

8.99 x10° N in?/c2)(2)(79)(160 x1072° c)’
=20 e P e e ]
1

(0.500 MeV)(160x 1072 J/MeV)

(b) Since K;=3m,vf :keLQ,

min
‘ | 9 2/~2 -19 ~)2
I 2kgQ _ |2(8:99x10° Nim?/c?)(2)(79)(160x 107 )" -
Vi = === =[6.04x10° m/s
Mg ¥ min (4.00 u)(1.66 x1072 kg /u)(3.00 x 10713 m)
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Goal

Goal Solution

(a) Use energy methods to calculate the distance of closest approach for a head-on collision between an
alpha particle having an initial energy of 0.500 MeV and a gold nucleus (197Au) at rest. (Assume the gold
nucleus remains at rest during the collision.) (b) What minimum initial speed must the alpha particle

have

G:

in order to get as close as 300 fm?

The positively charged alpha particle (q=+2e) will be repelled by the positive gold nucleus
(Q = +79¢), so that the particles probably will not touch each other in this electrostatic “collision.”
Therefore, the closest the alpha particle can get to the gold nucleus would be if the two nuclei did
touch, in which case the distance between their centers would be about 6 fm (using r = rOAV3 for the
radius of each nucleus). To get this close, or even within 300 fm, the alpha particle must be
traveling very fast, probably close to the speed of light (but of course v must be less than c).

At the distance of closest approach, r,, the initial kinetic energy will equal the electrostatic
potential energy between the alpha particle and gold nucleus.

=455 fm

8.99 x10° N [n? / C?)(2)(79)(L.60 x 107*° C)?
@ Ke=U=k32  and 1y, =k 2=l J2)79)( )
Fmin K, (0.500 MeV)(1.60 x 102 1/ MeV)

qQ

Mmin

(b) Since K, =1imv? =k,

12k0Q _ 2(8.99x10° N [’/ C2)(2)(79)(L60 x 102 C)?
\Mrin 4(1.66 x 107%" kg)(3.00 x 1013 m)

V= = 6.04x10° m/s

The minimum distance in part (a) is about 100 times greater than the combined radii of the particles.
For part (b), the alpha particle must have more than 0.5 MeV of energy since it gets closer to the
nucleus than the 455 fm found in part (a). Even so, the speed of the alpha particle in part (b) is only
about 2% of the speed of light, so we are justified in not using a relativistic approach. In solving this
problem, we ignored the effect of the electrons around the gold nucleus that tend to “screen” the
nucleus so that the alpha particle sees a reduced positive charge. If this screening effect were
considered, the potential energy would be slightly reduced and the alpha particle could get closer to
the gold nucleus for the same initial energy.

*44.6

It must start with kinetic energy equal to K; =U¢ =k,qQ/r¢.  Here r¢ stands for the sum of
the radii of the 3He and 3] Au nuclei, computed as

re=roAL S +ro AR =(120 %107 m)(4% +197%°%) = 8.89 x 107 m

(8.99x10° N tn?/C?)(2)(79)(1.60 x 10729 c)2

=4.09%x107% )= -_25.6 MeV
8.89x107° m

ThUS, Ki =Uf =
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447 (@) r=ryAY3=(1.20x 1072 m)(4)/% ={1.90 x 107° m
() r=ryAY3 =(1.20x107'° m)(238)/% = [7.44 x 1071°> m

*44.8 From r = r0A1/3, the radius of uranium is ry = r0(238)1/3.
. 1 1
Thus, if r=3ry then roAl3 = 3 ro(238)2
from which A=30
449 The number of nucleons in a star of two solar masses is

2(1.99 x 10%° kg)
167 %1072 kg/nucleon

Therefore 1 =ryAY? =(120x107%° m}(2.38 ><1o57)]/3 =

=2.38 x10°" nucleons

*44.10 V:%rn’3:4.16><10_5 m?3

m=pV =(2.31x10" kg/m®)(4.16 x107° m®)=9.61x10? kg and

12 2
F=cM™2 - (6,67 x1071 Nm? /kg?) %8110 KO)” _ 15716 % 10 N toward the other ball.
r? (1.00 m)?

4411 The stable nuclei that correspond to magic numbers are:
Z magic: 2He 80 0ca 2Ni 0sn ®pp 126
N magic: T3, He3, NP o, c1¥, k¥, ca®, Vi, cr33, sr¥ v,

28, xelf, Bal¥, Lall, Celf’, Prifh, Nalf, PO, BiE, Pof
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44,12 Of the 102 stable nuclei listed in Table A.3,

(& Even Z,Even N

() Even Z,0dd N |§|
() Odd Z, Even N

(d) 0Odd Z,0dd N

44.13

4h
T 3h |
3} 217
1 o
“Ihth 1A 1
Dbty 2h-
Tty _3#|-

-4t

(@) (b)

_|2uB| _ 2(1.9135)(5.05x 102" J/ T)(1.00 T) _
M@ = es 6.626 x 10734 I3 -

_2(2.7928)(5.05x 10727 J/ T)(L0OO T) _
b fy,= 55267107 15 = [42.6 MHz

, . _2(2.7928)(5.05x10727)(50.0 x 107%) _
(c) In the Earth's magnetic field, fp= 5.606 x 10~ =2.13 kHz

44.15 Using atomic masses as given in Table A.3,

—2.014 102 + 1(1.008 665) + 1(1.007 825)
2

(@) For ?Hy,
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9315 MeV

Ep, = (0.00119 4 u) 0 T 0= 1.11 MeV/nucleon




44.16

4417

44.18

(b)

©

(d)
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2(1.008 665) + 2(1.007 825) — 4.002 602
4

For “He,

Ep = 0.00759 u = [7.07 MeV/nucleon|

For 56Feys, 30(1.008 665) + 26(1.007 825) — 55.934 940 = 0.528 u

0.528
E» =55

=0.00944 u = (8.79 MeV/nucleon|

For 28Ug,, 146(1.008 665) + 92(1.007 825) — 238.050 784 = 1.934 2 u

19342
Eb="538

=0.00813 u =|7.57 MeV/nucleon|

BE AM(931.5)
AM =Zmy + Nmp-M 5 =—F—"

A A
Nuclei Z N M inu AM inu BE/ZA in MeV
S5Mn 25 30 54.938048 0.517527 8.765
S6Fe 26 30 55.934940 0.528460 8.786
59Co 27 32 58.933198 0.555357 8.768

0 %Fe has a greater BE/A than its neighbors. This tells us finer detail than is shown in Figure 44.8.

(@)

(b)
©

139

The neutron-to-proton ratio, (A—Z)/Z is greatest for | 5:Cs| and is equal to 1.53.

has the largest binding energy per nucleon of 8.378 MeV.

139Cs with a mass of 138.913 u. We locate the nuclei carefully on Figure 44.3, the neutron-
proton plot of stable nuclei. appears to be farther from the center of the zone of
stability. Its instability means extra energy and extra mass.

Use Equation 44.4.

23 Ep

The %iNa, A -8l MeV/nucleon
23 Ep

and for ;Mg, A = 7.90 MeV/nucleon

The binding energy per nucleon is greater for 7 Na by [0.210 MeV| . (There is less proton
repulsion in Na23.)
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44.19 The binding energy of a nucleus is  E,(MeV) = [z M(H) + Nm,, - M(Qx)](931.494 MeV/u)

For 30 E, =[8(1.007 825 u)+7(1.008 665 u) - 15.003 065 u] (931 494 MeV/u)= 111.96 MeV

For N:  E, =[7(1007 825 u) +8(1008 665 u) - 15.000 108 u](931.494 MeV/u)= 115.49 MeV

Therefore, [the binding energy of 2N is larger by 3.54 MeV/| .

4420 (a) The radius of the “°Ca nucleus is: R=roAY® = (1. 20x1071 m)(40)1/3 =410x10"" m
The energy required to overcome electrostatic repulsion is

akg? 3(899x10° N sz/CZ)IZO(l.GO x 10710 c)] ’

Y="5R 5(4.10 x 10715 m)

=135x10711 )=

(b) The binding energy of 33Ca is

E, =[20(1.007 825 u) +20(1.008 665 u) - 39.962 591 u(931.5 MeV/u)=

(¢) The nuclear force is so strong that the binding energy greatly exceeds the minimum energy
needed to overcome electrostatic repulsion.

44.21 Removal of a neutron from 33Ca would result in the residual nucleus, 33Ca. If the required
separation energy is Sy, the overall process can be described by

mass (‘2‘8 Ca) +S, = mass(‘z% Ca) +mass(n)

Sn = (41.958 618 + 1.008 665 — 42.958 767) u = (0.008 516 u)(931.5 MeV/u) =|7.93 MeV

4422 (a) The first term overstates the importance of volume and the second term subtracts this
overstatement.

_ 3mR® _[R _ RS
(b) For spherical volume 7= |3 For cubical volume — =
4R 6R

The maximum binding energy or lowest state of energy is achieved by building "nearly"
spherical nuclei.
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44.23 AEb = Ebf - Ebi Region of greatest
| stability

9.0
—
For A=200, 2=7.4Mev 80| -
Nl
. 704
so Epi =200(7.4 MeV) = 1480 MeV gg 6.0
£9 50
ForA=100, E,/A=8.4MeV £ L
£
S0 Eor =2(100)(8.4 MeV)=1680 Mev = **
2.0
AR, = Eps — By 1% 100 150 200 250
Mass number A
E, = 1680 MeV -1480 MeV = [200 MeV
4424 (@) "Volume" term: E1 = C1A = (15.7 MeV)(56) = 879 MeV
"Surface” term: E,= —C,A?%/% = —(17.8 MeV)(56)%/% = -260 MeV
Z(z-1 26)(25
"Coulomb" term: Es= —Cg% = —(0.71 MeV)( )(1,3) = -121 MeV
A (56)
(A - 22)? (56 — 52)°
"Asymmetry" term: Es= C4T = —(23.6 MeV) — 55 - -6.74 MeV
Ep = 491 MeV
(b) 5:179%; B -53.0%, B —24.6%:; Ea o 137%
Ey b b b
dN _lpodNo_ -15 11y _ -4 -1
44.25 T© = -AN so —ND—ED—(LOO x107%°)(6.00 x10™) =6.00 x107* s

_In2 _ 31, .
Tiz ==~ =|L116x10°s| (= 19.3 min)

In2
*44.26 R = Roe ™ =(6.40 mCi)e o029 _ (6.40 mCi)(e™""2)" = (6.40 m(:i)gzisg:
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4427 (a) From R:Roe'M,
1 [ROD O 1 @O mo.og -2 ..-1 -5 -1 In2
A==1In = In=——-"=558x10“h""=|155%x10"" s T,o=——=|124h
t 'HRO 400hD C8.000 V2= )
R -3 10 (]
) Nozi:10.0x10_50| [3.70x10/s :|2_39x10133t0ms|
) 155x10°/sH  1ci H
(©) R=Rye™'=(10.0 mCi) exp (-5.58 x1072 x30.0) =[1.87 mCi
Goal Solution

A freshly prepared sample of a certain radioactive isotope has an activity of 10.0 mCi. After 4.00 h, its

activ

ity is 8.00 mCi. (a) Find the decay constant and half-life. (b) How many atoms of the isotope were

contained in the freshly prepared sample? (c) What is the sample's activity 30.0 h after it is prepared?

G:

Over the course of 4 hours, this isotope lost 20% of its activity, so its half-life appears to be around 10
hours, which means that its activity after 30 hours (=3 half-lives) will be about 1 mCi. The decay
constant and number of atoms are not so easy to estimate.

From the rate equation, R =Rye !, we can find the decay constant A, which can then be used to find
the half life, the original number of atoms, and the activity at any other time, t.

a) A==In=2"-= In =155%x107 s
@ t 'ORO H4.00 h)(60.0s/h)H CB.00 mCiOl
In2_ 0.693
T,,=1 %= =12.4 h
Y27 ) T 0.0558 hl

(b) The number of original atoms can be found if we convert the initial activity from curies into
becquerels (decays per second): 1Ci=3.7x10% Bq

R, =10.0 mCi = (10.0 x1073 Ci)(3.7o x10%° Bq /Ci) =3.70 x 108 Bq

8
Since Ry=AN,, Ng= % = 3'701x51: fg_csay“ S =2.39x 10 atoms
. X S

(© R=R,e™ =(10.0 mCi)e (558x107 h™)30.0M) = 1 87 mCi

Our estimate of the half life was about 20% short because we did not account for the non-linearity of
the decay rate. Consequently, our estimate of the final activity also fell short, but both of these
calculated results are close enough to be reasonable.

The number of atoms is much less than one mole, so this appears to be a very small sample. To get a
sense of how small, we can assume that the molar mass is about 100 g/mol, so the sample has a mass

ofonly m= (2.4 x 101 atoms)(lOO g /mol)/(6.02 x 102 atoms/ mol) = 0.004 ug

This sample is so small it cannot be measured by a commercial mass balance! The problem states
that this sample was “freshly prepared,” from which we assumed that all the atoms within the
sample are initially radioactive. Generally this is not true, so that N only accounts for the formerly
radioactive atoms, and does not include additional atoms in the sample that were not radioactive.
Realistically then, the sample mass should be significantly greater than our above estimate.
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In 2
44.28 R=Rye ™" where A=5557 =00266/h
R 0100 =¢7 S0 In (0.100) = — At
Ro
_ 9.0266 _
2.30—D h ot t=|86.4h
- - - - - -A -A
44.29 The number of nuclei which decay during the interval will be  N;—-N, = NO% g tzg
First we find A: _In2 :%20.0107 h™=297x10"°s7
Ty 64.8h
R - 4 -
and No = 70 _ (40.0 ”CZ')S; 701’;_18 CPS/HCY) _ 4 98 x 101 nuclei
.97 x S
Substituting these values, N;-N, = (4.98 x 1011)§'(0'0107 h™)(00 h) _ ¢=(0.0207 h™)(12.0 h)g

Hence, the number of nuclei decaying during the interval is N; —N, =19.47 x 10° nuclei

44.30 The number of nuclei which decay during the interval will be  N;-N, = NOEE_"“—{}“ZS
Firstwe find A:  A=n2
T2
R RoT
so e At =g 20V Tw2) - p~UTy2 and Ng = 70 = T 12/2
n

Substituting in these values N;—N, =

RoTu2 (e—/\t1 _e—}\tz) - RoTi/2 (2_t1/T1/2 _ 2—t2/T1/2
In2 In2

0 M
4431 R=AN = N2 1009 as.oz x 1023)
1527 yrH59.93 g 7 mol

g o1 decaystip  1yr [ 13
R=[132x10 = 418x10 B
H yr HB.16x10 s a

© 2000 by Harcourt, Inc. All rights reserved.
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44.32

44.33

44.34

44.35

(@)
(b)
©
(d)
(®)

x
ggNl
2L1py,
>>Co

0

_1e

H (or p)

Q= (Mzseu ~ Mg = M4He)(931.5 MeV/u)

Q =(238.050 784 - 234.043 593 - 4.002 602)u (9315 MeV/u) =

_00.02109
¢ 2.0 g/mol

(Nop)ug =1.37 x10°,

At t=0,

At time t,

Taking logarithms,

6.02 x 10% molecules/mol)

(NC =1.05x10% carbon atoms) of which 1in 7.70 x 10! is a 1*C atom

In2

—— % =121x107*yr1=383x1072 5!
5730 yr

A“C_

R=AN=ANge ™t

(7(86400 s) O_ 317 x10° decays

Ry =AN, =(3.83x107%2 s71)(1.37 x10° .
0 0 ( )( ) 1 week H week
R= 837 _ 951 decays/week
0.88

R 1 Or U
In—= -At S0 — 0

Ro 2 E 0

-1 O 91 0O 3
= In = 19.96 x10° yr
121x1074 yrt T B.17x10%0 Y

0

In the decay 3H - 3He + Se +V, the energy released is E:(Am)c2 = é\/lg,H _M3He§:2 since
1 2

the antineutrino is massless and the mass of the electron is accounted for in the masses of

3H and 3He.

Thus,

E =[3.016 049u - 3.016 029u] (931.5 MeV/u)=0.0186 MeV =
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4436 (a) For e decay,

Q =(My — My —2m,)c*=[39.962 591 u ~ 39.964 000 u ~2(0.0000 549 u)|(931.5 MeV/u)

Q= -2.34 MeV

Since Q < 0, the decay spontaneously.

(b) For alpha decay,

Q =(My ~ Mg = My )c?=[97.905 287 u - 4.002 602 u - 93.905 085 u|(931.5 MeV/u)

Q= -2.24 MeV

Since Q < 0, the decay spontaneously.

(c) For alpha decay,

Q =(My — My — My )c?=[143.910 082 u - 4.002 602 u - 139.905 434 u] (9315 MeV/u)

Q=191 MeV

Since Q > 0, the decay spontaneously.

4437 (1) e +pon+v

(b)  For nuclei, Bo+e™ o BN+,

Add seven electrons to both sides to obtain |30 atom - N atom +v|.

(©) From Table A.3, m(lSO) = m(lSN) +%

o

Am = 15.003 065 u — 15.000 108 u = 0.002 957 u

Q = (931.5 MeV//u)(0.002 957 u) = [2.75 MeV

© 2000 by Harcourt, Inc. All rights reserved.
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4438 (a) Let N be the number of 238U nuclei and N be 206Pb nuclei.
Then N=Nge™" and Ng=N+N' so  N=(N+N)e?' or eM_1+|\l\ll
. . _ N[O _
Taking logarithms, At= Ingl+ N D where A —(In2)/T1,2.
DTl 2D
Thus, t=
Hln Ell
If Nﬂ =1164 for the **U — *®Pb chain with T, =4.47x10° yr, the age is:
(4,47 x10° yrD 0 9
=[4.00x10% yr
0 e H 11640 y
(b) From above, e*t=1+ N’ Solving for N ives E—i
! N g Nr g Nr 1_e—At
With t=4.00x10° yr and T, , =7.04 x10° yr for the **U . **’Pb chain,
On20  (In2)(4.00x10° yr
At:D:_nzg:( I - ):3.938 and |- =0.0199
Of120 7.04 x10% yr N
With t=4.00x10° yr and T, =1.41x10" yr for the **Th - *®Pb chain,
In 2)(4.00 x10° yr
At:( ] - ):0.1966 and |- =4.60
141x10™ yr N’
44.39 238
| 52U .m'rh‘
231, A.ﬂ.' e.J_:. 219 215
:ﬂ .-‘""l. .""'L = H-j-]h
'_i"" '_t __L__ ——
227 223 219 (215 | [211
oo Th= -[ kDI g POl P
- s
211 | |207
gabl ™ I“T]‘

Particle Emitted

2

211
&84 O
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12 10 3,
4440 (a) 4.00 pCi/L:E‘LOOxlloL CISE?NT(S- Bq%-o"lﬂg’ LH: 148 Bg/m®
| m

.
(b) :f_RgﬁE Has B%Eéslizzdé?Gfgosg 7.05%10" atoms/m?

atoms[T] 1 mol 11222 g 14 0
c mass-%OSX107 =260x1074 9
© m? [156.02 x10% atoms T molO m3

Since air has a density of 1.20 kg/m3, the fraction consisting of radon is

-14 3
fraction = 200 %10 g/sm 2.17x107Y
1.20 kg/m
*44.41 Number remaining: N = Noe_(In 2Ty
Fraction remaining: N _ e M = e_('n 2Ty
No
; _ _ N _ —(in2)(7.00)/(3.82) _
a) With T,,=382d and t=7.00d, —=e = (0.281
(@) 12 N, 0.281
(b) When t=100yr=365.25d, Nﬁ = ¢~(In2)(365.25),(382) _ [ g5 x 1029
0

(©) |Radon is continuously created| as one daughter in the series of decays starting from the
238
U.

long-lived isotope

44.42 Q:[M27AI+Ma_M3OP_mn c?

Q =[26.981 538 +4.002 602 - 29.978 307 ~1.008 665| u (9315 MeV/u) =

4443 (@) DAu+in- A0~ BHg+ e+

(b) Consider adding 79 electrons: '3/ Au atom + in - 38Hg atom +V +Q

Q= B\Am/_\u +m, - Mlgng 532
=[196.966 543 +1.008 665 — 197.966 743] u (931.5 MeV/u) =

© 2000 by Harcourt, Inc. All rights reserved.
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*44.44  (a)

*44.45

*44.46

44.47

(b)
©

(@)

(b)

For X, A=24+1-4=21 and Z=12+0-2=10, so X is %Ne

A=235+1-90-2=144 and Z=92+0-38-0=54, so X is | ‘¢4 xe

A=2-2=0 and Z=2-1= +1, so X must be a positron.

As it is ejected, so is a neutrino: | X = %e*| and | X' =Jv

Neglect recoil of product nucleus, (i.e., do not require momentum conservation). The energy
balance gives Kgmerging = Kincident ¥ Q- To find Q:

Q :[(MH +Ma) - (Mg +mn)] ¢’

Q =[(1.007 825 +26.981 528) - (26.986 721+ 1.008 665)| u (9315 MeV/u) = ~5.61 MeV

Thus, Kemerging = 661 MeV —5.61 MeV = [1.00 MeV

125+ ‘2"He - 1gC + iH

The product nucleus is | §C

Bc+1H - 2B + JHe

The product nucleus is | 75

9 8 1 _ _Q
2Be +1.666 MeV - ,Be +gn, so M?Be'MEBe 2 m,

(-1.666 MeV)

=9.012174u-~——— "/ -1008 665 u = [8.005 3 U
e 9315 MeV/u

Mg
%8

2Be +in - %Be + 6.810 MeV, so Migg, = Mgg, +m, —CQ

N

6.810 MeV
M =90.012174 u+1.008 665 u—————={10.0135u
lgBe 9315 MeV. u _
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Goal Solution

Using the Q values of appropriate reactions and from Table 44.5, calculate the masses of ®Be and °Be in
atomic mass units to four decimal places.

G: The mass of each isotope in atomic mass units will be approximately the number of nucleons (8 or
10), also called the mass number. The electrons are much less massive and contribute only about
0.03% to the total mass.

O: In addition to summing the mass of the subatomic particles, the net mass of the isotopes must
account for the binding energy that holds the atom together. Table 44.5 includes the energy released
for each nuclear reaction. Precise atomic masses values are found in Table A.3.

A: The notation °Be(y,n)®Be  with Q=-1666 MeV

means %Be +y - ®Be+n-1666 MeV
Therefore m(8Be) = m(gBe) —m, + 066 MeV_
9315 MeV/u

m(BBe) =0.012174 — 1.008665 + 0.001789 = 8.0053 U

The notation  “Be (n, y) 1°Be  with Q=6.810 MeV

means %Be +n — %Be+y+6.810 MeV
m(lOBe) = m(gBe) + m, +w
931.5 MeV/u

m(lOBe) =0.012174 +1.008665 — 0.001789 = 10.0135 u

L: As expected, both isotopes have masses slightly greater than their mass numbers. We were asked to
calculate the masses to four decimal places, but with the available data, the results could be reported
accurately to as many as six decimal places.

44.48 20U = PRb + 1Bes +3%n,

_ _ _ _ 2
0 Q= Mag, ~Mgg, ~ Mg, =3 g
From Table A.3,

Q =[236.045 562 - 89.914 811~ 142.927 220 - 3(1.008 665)[ u (931.5 MeV/u) =

-ATh/2 - -
Nl_ NO—NOE h _ 1-¢ In2/2 _ 1-2 12 _ \/5
N2 Noe—ATh/Z _ Noe—ATh e—ln 2/2 _e—ln2 2—1/2 _ 2—1

44.49
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*44.50 1H+ JLi - jBe+jn
Q =[(My + M;) = (Mg, + M,,)](931.5 MeV / u)
Q =[(1.007 825 u +7.016 003 u) - (7.016 928 u +1.008 665 u)|(931.5 MeV / u)
=(-1.765x 1072 u)(931L.5 MeV 7 u) = -1.644 MeV

O m

0 0
Thus, KE i = %1+"‘°'dem‘“°’e°“'e§ El ;g% 332%(1 644 MeV) =[1.88 MeV

mtarget nucleus

4451 (a) Ng= mass _ 1.00 kg § )=

mass per atom (239,05 u)(1.66 x1072 kg/u

_In2 _ In2

b =
® T2 (2.412 x 104 yr)(3.156 x107 s/yr

) =0.106 x10 ¥ 571

Ry = ANg =(9.106 x 107 s7)(2.52 x 10%*) = | 2.29 x 10" Bq

_ -1, URU 1 [ReO
) R=Rpe™? so t=—In ==1In
© 0 ) HR,H 2 "HrH

1 (.29 x10'2 BqO_ 338x10B8 0 1yr O_

- -In = = 11.07x108 yr
9106x10 25T '"H o0100Bq H *[3.156 x 107 5[ y

4452 () 31Co- 3iFe+ e+ dv
The Q -value for this positron emission is Q :[M57C0 - M57Fe -2m, c?

Q =[56.936 294 ~56.935 396 —2(0.000 549)| u (931.5 MeV/u) = ~0.186 MeV

Since Q <0, this reaction |cannot spontaneously occur| .

() C- N+ Je+ (v
The Q -value for this e decay is Q :[M“c - M“N] c?

Q =[14.003 242 -14.003 074] u (931.5 MeV/u) =0.156 MeV =156 keV

Since Q >0, the decay |can spontaneously occur| .

(c) The energy released in the reaction of (b) is shared by the electron and neutrino. Thus,
|Ke can range from zero to 156 keV| .




4453  (a)

(b)

©

(d)

4454  (a)

(b)

©

(d)
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r=roAY3=120x10"5AY3 m. When A =12, r=12.75x10"*> m

F

_k(Z-1)* _(8.99x10° Nin’/C*)(Z-1)(160x107" C)’
=ke(Z-De" (
r r

When Z=6andr=275x10"®m, F=[152 N

U = et _ ke(Z- 1e? _ (8.99x10°)(16x107°)*(Z~1)
r r r

When Z=6andr=275x10"m, U=419x1013)=[2.62 MeV
A=238 Z=92, r=|744x10P®m| F=[379N
and U=282x10"12)={17.6 MeV

In(counts/min) vs time

9.00

—

6.00

In(cpm)
3.00

0.00
0.00 4.00 8.00 12.00

t (h)

A least-square fit to the graph yields: A = -slope = —( -0.250 h'l) =0.250 h ™%,

and In(cpm)|; = = intercept =8.30

10 1h O
[60.0 minO

In 2 In 2
T,,= %= =166 min=[2.77 h
Y27 X T 417%x107% mint

From (a), intercept = In(cpm)g = 8.30.

) =0.250 h =417 %107 min?|

Thus, (cpm), =% counts/min = ‘

4.02x10% counts/min ‘

Ro

N, = 1 (cpm)o _ 4.02 x10° counts/min
b= — ==
A A

= | 9.65 x10° atoms|

Eff (417 %107 min")(0.100)
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4455 (a) Because the reaction p — n+e* + v would violate the law of |conservation of energy|,

mp =1.007276 u  mp =1.008665u m_. =5.49x 107 u Note that ~ m, +m_. >m,

(b) The |required energy can come from the electrostatic repulsion| of protons in the nucleus.

(c) Add seven electrons to both sides of the reaction for nuclei BNL Beret+v

to obtain the reaction for neutral atoms BN atom - 3Catom+e* +e” +v

0= CZ[m(l3N) _ m(13C) -m -m_ - mV]

Q =(931.5 MeV/ u)[13.005 738 —13.003 355 - 2(5. 49 x 10‘4) - o] u

Q = (931.5 MeV/u)(1.285 x 1073 u) =

4456 (a) If we assume all the 8 Sr came from 8 Rb, then N =Nge ™! yields

FNOE 2 InDWD where N =N, and No=Ng. +Ng, .

(4.75 x 100 yr) (1.82 x10%° +1.07 x10° O
t= In 0 =
In2 "B 1s2x10 H

(b) It could be . The rock could be younger if some & Sr were originally present.

3.91x10° yr

4457 (a) Letus assume that the parent nucleus (mass Myp) is initially at rest, and let us denote the
masses of the daughter nucleus and alpha particle by My and Mg, respectively. Applying the
equations of conservation of momentum and energy for the alpha decay process gives

MdVd = Mava (1)
Myc? = Myc? + Myc? +1M,vi + I Mgvg )
The disintegration energy Q is given by Q=(M, -My - Mg )c? :%Mavg +% MgV (3

Eliminating vq4 from Equations (1) and (3) gives

=IMyg—2v, D2+lM V2:1M72V2+ LMgvZ=1m va+Maoo g g+ Mao
2"5 af T2 T 5\, 2MaVadty H | eH B

~ Q _ 4.87 MeV _
(b) K""1+(|\/|C,/|v|d)"1+(4/222)"
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4458 (a) The reaction is ‘& Pm - HaPr+a

() Q=(Mpy, — M, — Mp,)93L5 =(144.912 745 — 4.002 602 — 140.907 647)931L5 = (2.32 MeV

(¢) The alpha and daughter have equal and opposite momenta Pa =Py
2 2
Ea = pa Ed — pd
2m, 2md
Pa 1
Be _ By _ 22m0! — = 12m0! = mg _ 141 _ 97.2%| or 2.26 MeV
Ewt  Eq +Eq Pa | Pa + - Mg+tmg 141+4

2m, 2m; 2Mg 2Mmy

This is carried away by the alpha

4459 (a) If AE is the energy difference between the excited and ground states of the nucleus of mass M,
and h f is the energy of the emitted photon, conservation of energy gives

AE=hf+E, @)

Where E; is the recoil energy of the nucleus, which can be expressed as

MvZ _ (Mv)?
g - MV _(MY) @
2 2M
Since momentum must also be conserved, we have
hf
Mv = < ®)
_ (hf)?
Hence, E, can be expressed as B, =——=.
2Mc
2 N (AE)?
When hf << Mc*, we can make the approximation that hf=AE, so E;= M2

_ (AE)?
~ 2Mc?

-2 2
Therefore, E = (144 %10 4MeV) =11.94x107% eV
(2)(5.31x 10* MeV)

(b) Er where AE =0.0144 MeV and Mc? = (57 u)(931.5 MeV/u) = 5.31 x 10* MeV
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*44.60 (@) One liter of milk contains this many K nuclei:

23 H N
N = (2_00 g)EB.OZ x10% nuclei/mol0.01171_ 3.60 x 108 nuclei
H  391g/mol  HJ 100 O

A_In2_ In2 o 1lyr O_
Ty, 128x10° yr[8.156 10" sU

R=AN = (1.72 x 1077 s‘l)(3.60 x 1018) =

In 2
8.04d"

172x107Y s7t

(b) For the iodine, R =Rye ™t with A =

1. CReO_8.04d . 20000
=y ERE Tnz Ins1g0- [4034]

IN2 _ In2 186525 d0 L

*44.61 (a) Forcobalt-56, A= T T 771 E Tvr H: 3.28yr .
1/2 : y

The elapsed time from July 1054 to July 2000 is 946 yr.

At s . R _ - ~(3.28 yr™*)(946 - - Z
R=Rpe*t implies R At (328 yr)( ¥r) _ g=3106 _ o~(in10)1349 _

0

_In2
5730 yr

R _ _at_ -(t21x107* yrt)(946 yr) _ _g114 _
el e =

(b) For carbon-14, =1.21x10"* yr?

=A 35t =A 535t
*44.62 We have N235 = N01235e 2% and N238 = Noyz38e 238

Nass _ 0.00725 = e(‘('” 2)t Ty 535 +(In Z)t/Th‘zga)

238
. . 0 In2 In2 U
Taking logarithms, -4.93= H_ 0704 x 10° o + 147 % 10° o
a 0
or -493 = ! —+ L . E(In 2)t
H 0.704x10% yr = 4.47x10% yr
t= ~4.93 =15.94x10° yr

“(-120x10° yrt)in2
( *yr)
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4463 (a) Add two electrons to both sides of the reaction to have it in energy terms:
4 *Hatom - jHeatom +Q

— 2 _ _ 2
Q =Amc —[4M%H MgHe c

-13
Q=[4(1.007 825 u) - 4.002 602 ] (9315 MeV/u)E%E:

1.99 x 10 kg

b =
® 167 x107%" kg/atom

= |1.19 x10°7 atoms| = 1.19x10°" protons

(c) The energy that could be created by this many protons in this reaction is:

(.28 x 10712 30O

(1.19 x 10%7 protons) =1.27 x10%
H 4 protons H

45
% t=E - 127107 _ 5 35,10 s = [107 billion years

TP 3.77x10% w

4464 (@) Q =[|\/|gBe +My, ~ Mg —mn]c2
Q =[9.012 174 u +4.002 602 u ~12.000 000 u ~1.008 665 u] (931.5 MeV/u) =

(b) Q:[zlvle ~Ms,,, —mn]

Q =[2(2.014 102) - 3.016 029 ~1.008 665| u (931.5 MeV/u)= [3.27 MeV (exothermic)]

44.65 E =-p - B so the energies are E; = +uB and E; = — B

U = 2.79284, and Hn = 5.05 x 10727 J/T

AE = 2uB = 2(2.7928)(5.05 x 10727 J/T)(12.5 T) =3.53 x 1072° ) = [2.20 x 1070 eV
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4466 () A:In2: In2 O 1yr7 O
Ty, 5.27yriB.156x10" sU

=417x10°%s7?

)EB.156 x10" sO

t =30.0 months = (2.50 yr 0 7.89x10" s

R=Rge ' =(ANg)e™!

DE%M _ Moo Ci)(3.70x 10" Bq/Ci)

so Njy=
07Oy ] 417x107% 571

Eé(zm x107° s‘l)(7.89 x 107 s)
H

Ng =1.23 x10%° nuclei

O
Mass = (1.23 x10%° atoms) 59.93 g/mol

O
=123x1072 g=[12.3
EB.OZ x 102 atoms/mol% * g

(b) We suppose that each decaying nucleus promptly puts out both a beta particle and two
gamma rays, for
Q=(0.310 +1.17 +1.33) MeV =2.81 Mev
P =QR=(2.81 Mev)(16x 107 J/MeV)(3.70x 10" s7*) = [0.166 W
. . Ze
44.67 For an electric charge density p=

4 3
3nR

Using Gauss's Law inside the sphere,

4.3
A
E@m?=3 4283: E=_1 Z—e; (r<R)
€ 37R 4mey R
1 ze
—47'l'eof'72 (rZR)
We now find the electrostatic energy: U :J':O_O le,E?4m?dr
U=le rRO 1 Dzzze2r24m2dr+;e =0 1 E%zze24m2dr_ z%2 OR® 10 | 3 z%?
280y Harre,H ™~ R® 280 Harre H +°

W+—D_

8me, R | 20 megR
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4468 (a) For the electron capture, STc+ Je - BMo+y
The disintegration energy is Q = [M%TC - MggMo] c?.

Q =[92.910 2 -92.906 8] u (9315 MeV/u) =3.17 MeV > 2.44 MeV

Electron capture is allowed | to all specified excited states | in Zg Mo.

For positron emission, BTc-BMo+ le+y
i ; ; ' 2
The disintegration energy is Q —[M93TC - M93M0 —2me]c .

Q' =[92.910 2 -92.906 8 ~2(0.000 549)| u (931.5 MeV/u) =2.14 MeV

iiTC 3.17 MeV
Positron emission can reach ) ,
S L - 2.44 MeV
e =C 2.03 MeV
the 1.35, 1.48, and 2.03 MeV states , ‘
e Ec 148 MeV
e, Ec 1.35 MeV
but there is insufficient energy to reach the 2.44
MeV state. Yfyy vy v
Yy 0
(b) The daughter nucleus in both forms of decay is 2 Mo
93
»Mo|.
44.69 K=1mv?,
2K _ [2(0.0400 eV)(160x 107 J V) ,
SO v= /—z 7 =2.77x10° ms
Ym 1.67x107% kg

4
The time for the trip is  t= X :w =3.61ls
v 2.77x10° m/s

The number of neutrons finishing the trip is given by N = Noe'“.

. oo N —(n2)tT, ., —(In2)(361s/6245) _ -
The fraction decaying is 1 Ne =1-e =1-e =0.004 00 =(0.400%
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4470 (a) At threshold, the particles have no kinetic energy relative to each other. That is, they move
like two particles which have suffered a perfectly inelastic collision. Therefore, in order to
calculate the reaction threshold energy, we can use the results of a perfectly inelastic collision.
Initially, the projectile M, moves with velocity v, while the target My is at rest. We have

from momentum conservation: MaV, = (M, + My v,
The initial energy is: E =1M,V]
\C 7 O 0
The final kinetic energy is:  Eq =1(M, + My V¢ = (M, + My) MoV, = M, E,
M, + My O E(M +My)g

From this, we see that E; is always less than E; and the loss in energy, E; —Es, is given by

€, e T, e

+MXD 0

In this problem, the energy loss is the disintegration energy —Q and the initial energy is the
threshold energy E;,. Therefore,

g ™ My + M, O M, O
~Q= G tEy or Ey= QU ENers|-Q v ey
atMx 0 Mx [ 0 Mx(

(b) First, calculate the Q —value for the reaction: Q = [M“N + M4He - M17O - MlH]c2

Q =[14.003 074 +4.002 602 - 16.999 132 -~ 1.007 825| u (9315 MeV/u) = ~1.19 MeV

My +M, O 4.002 602 O
Then, Ey = — Dix -1.19 MeV ————— = [1.53 MeV
th Q My [ ( )g' 14.003 074D

44.71 R= R exp(-At) InR

INnR =InRy- At (the equation of a straight line)

o]

|slope| =
The logarithmic plot shown in Figure P44.71 is fitted by
InR =8.44 - 0.262t.

N

If t is measured in minutes, then the decay constant A is
0.262 per minute. The half-life is

_In2 _ In2 -
T %  =[2.64 min
12 =3 T 0262/ min 2.64 min|

The reported half-life of '¥'Ba is 2.55 min. The
difference reflects experimental uncertainties.

(] L O

(o)}



