EXERCISE QUESTIONS

CHAPTER - 13 NUCLEI

13.1 (a) Two stable isotopes of lithium 6 3 Li and 7 3 Li have
respective abundances of 7.5% and 92.5%. These isotopes
have masses 6.01512 u and 7.01600 u, respectively. Find the
atomic mass of lithium.

(b) Boron has two stable isotopes, 10 5B and 11 5B. Their
respective masses are 10.01294 u and 11.00931 u, and the
atomic mass of boron is 10.811 u. Find the abundances of 10
5B and 11 5 B.

6, -
Ans - Mass of lithium isotope 3"', m; = 6.01512 u

7.
Mass of lithium isotope 3", m, = 7.01600 u

6:01512x 75+ 701600925 451134+ 64898
100 100

= 69400 u

(b) Let x% and y% be the abundances of !;ﬂ B and _]El B

respectively.
x+y =100 ...(0)
Also, Atomic weight

~ xx1001294 + yx 1100931
100

fe 10-811 x 100 = 10-:01294x + 1100931y
fe 10-01294x + 11-00931y = 1081-1

... A1)
Using equation (i), we get
10-01294(100 - y) + 11-:00931y = 1081-1
f.e. 1001-294 + 0-99637y = 1081-1
ie. y = 80:09%
Then x =100 - 80:09 = 19-91%.



13.2 The three stable isotopes of neon: 20 21 22 10 10 Ne, Ne
and Ne 10 have respective abundances of 90.51%, 0.27% and
9.22%. The atomic masses of the three isotopes are 19.99 u,
20.99 u and 21.99 u, respectively. Obtain the average atomic
mass of neon.

21
Ans - Atomic mass of 1ﬂNe, m,=20.99 u
ZINE
Abundance of 1077 1,=0.27%
EEN
Atomic mass of 10'V€ m;=21.99 u

EENE
Abundance of 10°7=, 13 = 9.22%

Average atomic mass of neon
_90-51x19-99+0-27 x 20-99 + 9-22 x 21-99
- 100

180929 + 5-67 + 20275
- 100

= 20-18 u.

13.3 Obtain the binding energy (in MeV) of a nitrogen nucleus ()
147 N, givenm ()14 7 N =14.00307 u

Ans - Mass of a proton, my = 1.007825 u

Mass of a neutron, m,= 1.008665 u

Mass defect, Am = Zmy + (A -Z)m, - my
Here A =147 =7
Am =T x 1-00783 + (14 -7) x
1-00867 - 14-00307

= 705481 + 7-06069 - 14-00307
=0-011243 u

~ B.E. = Am x 931 MeV
=0-11243 % 931 = 104-7 MeV

13.4 Obtain the binding energy of the nuclei 56 26Fe and 209
83 Bi in units of MeV from the following data:



m ( 56 26Fe ) = 55.934939 u m ( 209 83 Bi ) = 208.980388 u

Ans - Mass of a proton, my = 1.007825 u

Mass of a neutron, m, = 1.008665 u

For gg Fe , mass defect
Am=Zmy +(A-Z)ym, - mGEFe}
=26 ® 1007825 + (56 - 26)

* 1-008665 - 55-934939 = 0-528461 u.
B.E. = Am x 931:5 MeV

= 492-0 MeV.
. Binding energy per nucleon
_ B.E. _ 492-0 - 879 MeV
A 56

. 7 s .
For EQQBL mass defect is

Am = Limy +(A-Lym, - m{. é?qm]

= 83 x 1-007825 + (209 - 83)
x 1008665 - 208-980388 = 1-760877 u.
. Binding energy = Am % 931-5 MeV
= 1-760877 x 931-5
= 164026 MeV
. Binding energy per nucleon

B.E. 1640-26

A 209
= 7-83 MeV

Clearly, ggFe has more Binding energy per nucleon

compared to %g’gﬂi :

13.5 A given coin has a mass of 3.0 g. Calculate the nuclear
energy that would be required to separate all the neutrons and
protons from each other. For simplicity assume that the coin is
entirely made of 63 29Cu atoms (of mass 62.92960 u).

Ans - Mass of a proton, my = 1.007825 u



Mass of a neutron, m, = 1.008665 u
s~ Am'=29 x 1.007825 + 34 x 1.008665 — 62.9296

=0.591935u

SoAm =29 x 1-00783 + 34 x 1:00867 -
62-92960 = 0-59225 u.
Binding energy = Am x 931 MeV
= (-59225 x 931
= 551-38 MeV.

Now 1 gram mole of copper contains 6-02 x 1023
atoms,

mass of 63 g has 6:02 x 1023 atoms.

6-02 x 105 x 3
.. mass of 3 g of copper has T atoms.

Now Binding energy of one atom is 551-38 MeV

o 602 x 1083 x 3
.". Binding energy of x63 - atoms

~551:38x6-02 x 1023 x 3
63

= 1-58 x 1025 MeV.

13.6 Write nuclear reaction equations for
(i) a-decay of 226 88 Ra

(ii) a-decay of 242 94 Pu

(iii) B- -decay of 32 15 P

(iv) B- -decay of 210 83 Bi

(v) B+ -decay of 11 6 C

(vi) B+ -decay of 97 43 Tc

(vii) Electron capture of 120 54 Xe

Ans - This is a helium nucleus. - An electron (e for atom, and e+ for
atom plus) is a nucleiand. A loss of two protons and four neutrons occurs
in every -decay. A neutrino and one proton are lost in every +-decay, and
the nucleus releases one. An antineutrino is emitted from the nucleus
along with a gain of 1 proton in every -decay.



The various nuclear reactions for the situations above can be expressed as
follows:
(i) 2211R_ 22p 4
W TgaRa — g Rn + ;He
(11) z.ﬁf’u — %;U - ‘;[—Ie
(i) ﬁ]‘ — .Jabe +e 4T
(iv) 20Bi— 2 Po+e +7
(v) Mo B+et 4o
(v1) ngC ] EEMU +et 4

(wii) -IE_E'KE +et — %ﬂl + 1

13.7 A radioactive isotope has a half-life of T years. How long
will it take the activity to reduce to

a) 3.125%,

b) 1% of its original value?

Ans - T years is the radioactive isotope's half-life.
The radioactive isotope's original concentration was NO.

(a) Following decay, the radioactive isotope's quantity equals N.
A N 3125 | [IJj

(@) = 5

Ay N, 1000, 32

N oy
Now Ng _LE]
n=35o0rt=35T years

A _N_ 1
A; Ng 100

2:303 log Np _ 2-303T
A N 0-093

log 100



13.8 The normal activity of living carbon-containing matter is
found to be about 15 decays per minute for every gram of
carbon. This activity arises from the small proportion of
radioactive 14 6 C present with the stable carbon isotope 12 6
C . When the organism is dead, its interaction with the
atmosphere (which maintains the above equilibrium activity)
ceases and its activity begins to drop. From the known half-life
(5730 years) of 14 6 C , and the measured activity, the age of
the specimen can be approximately estimated. This is the
principle of 14 6C dating used in archaeology. Suppose a
specimen from Mohenjodaro gives an activity of 9 decays per
minute per gram of carbon. Estimate the approximate age of
the Indus-Valley civilisation.

Ans - Living carbon-containing stuff decays at a rate of 15 decays per
minute (R).

Let N represent the total number of radioactive atoms in a typical carbon-

containing substance.
Here Ay = 15 decays/minute/g;

A = 9decays/minute/g
s Using A = Ajge ™ = 9=15¢M

or  gM = .I.E - i
9 3
Taking natural log of both sides
51
At _ :
log, ' = log, (E}

X (5
or M=2-3D3L1t}g§]

= 2303 [log 5 - log 3]
At = 2303 [0-6990 - 0-4771]
=2:303 x 0-2219 = 0-511
0511 _ 051

= % T
. 0-693

1/2

0-511
= x 5730 = S.
0.693 4225 years




13.9 Obtain the amount of 60 27Co necessary to provide a
radioactive source of 8.0 mCi strength. The half-life of 60 27Co
is 5.3 years.

Ans - The radioactive source's potency is shown as follows:
8.0mCi = dN/dt
Where,

N is the quantity of atoms needed.

0-693
=AN=—FN
A T

AT

N =
0-693

296x10° x 167 x10°

- 0693

=7-13 x 1016
Now 6:023 x 1023 atoms of cobalt have mass = 60 g
. 7-13 x 10! atoms of cobalt have mass

60 % 7-13 x 10'@
= "“"“'“—-—x—ﬂ - =71x10"g
6-023 »x 10+

13.10 The half-life of 90 38Sr is 28 years. What is the
disintegration rate of 15 mg of this isotope?

) 00 T
Ans - Half life of 385", 2= 28 years
= 28 x 365 x 24 x 60 x 60

=8.83 x 108



Number of atoms in 15 mg gﬂSr

_ 602x10%x15x107
90

Disintegration constant, A

0693 0693
T 28x365% 24 %3600

AN

. Rate of disintegration [?1
0693x602x10% x15x10
28x 365 x 24 x3600=90

= 7-87 x 1010 Bq.

13.11 Obtain approximately the ratio of the nuclear radii of the
gold isotope 197 79 Au and the silver isotope 107 47 Ag .

Ans - Gold mass number: AAu = 197
Silver mass number is 107 (AAQ).

The following relationship exists between the two nuclei's mass numbers
and their ratio of radii:

R = Al/3
[ l p : 1
A |3 3
R ﬂuw - 1EIW3=[L34ﬁ
Rag  (Aag) \107)

= 1-23.

13.12 Find the Q-value and the kinetic energy of the emitted a-
particle in the a-decay of

(a) 226 88 Ra and

(b) 220 86 Rn .

Given m ( 226 88 Ra ) = 226.02540 u, m ( 222 86 Rn )
222.01750 u, m ( 220 86 Rn ) = 220.01137 u, m ( 216 84 Po )
216.00189 u.



226
Ans - Alpha particle decay of ss Raamits a helium nucleus. As a result, its
mass number reduces to (226 — 4) 222 and its atomic number reduces to
(88 — 2) 86. This is shown in the following nuclear reaction.

o Q-Value

= M(3:°Ra)—[M(22*Rn) + M(, He*))
= 226-02540 - 2260201
= 0-0053 u = 0-0053 x 931 MeV
(- 1u = 931 MeV)

= 4-93 MeV
K.E. of a-particle

A—4) _ (222-4 X
- [T'Jozl_ 222 ]ng

= 4-84 MeV

220 216
(b) 32" Rn ——> §1°Po + ,He*

o Q-value

= m(g3 Rn)~[m(31° Po)+ m(3 He)]

= 220-011373 - [216-00189 + 4-00260]
= 220-011373 - 220-00449 = 0-006883 u
= (-006883 x 931 MeV = 6:4]1 MeV
K.E. of a-particle

_ (A4 (216-4)
=1 _JQ_L 216 JKMI

= 6-29 MeV.

13.13 The radionuclide 11C decays according to 1111 +6 5C
B+ + : =20.3 min > e T v 1/2 The maximum energy of the
emitted positron is 0.960 MeV.

Given the mass values:

m(116C)=11.011434uand m (11 6B ) = 11.009305 u,
calculate Q and compare it with the maximum energy of the
positron emitted.

Ans - Maximum energy possessed by the emitted positron = 0.960 MeV



11
The change in the Q-value (AQ) of the nuclear masses of the6 C

IS given as:

nucleus

subtracted from atomic mass of '%H {Because their

atoms contain outside electrons). Therefore, in terms
. . . (11 g (11
of the atomic mass m [i.e. m( & C ] and m | _~:|‘3)J

= m('\C)=6m, —m(1B)+s 1
Q = | 6 - L .?H( 5 +_mt, —H?*.

|
x 931-5 MeV

- i_m{ lfl\[‘-)— m( }_l_ll]—lnrr,] * 931-5 MeV

=[11-011434 - 11-009305 - 2 x

0-000548] = 931-5
= (001033 % 931-5 = 0-962 MeV.
This energy is comparable to actual energy released in
the decay process.

13.14 The nucleus 23 10 Ne decays by B- emission. Write down
the B-decay equation and determine the maximum Kkinetic
energy of the electrons emitted.

Given that:

m (23 10 Ne ) = 22.994466 u m ( 23 11 Na ) = 22.989770 u.

Ans -

The emitted nucleus is way heavier than the /beta particle and the energy
of the antineutrino is also negligible and therefore the maximum energy
of the emitted electron is equal to the Q value.The emitted nucleus is way
heavier than the /beta particle and the energy of the antineutrino is also
negligible and therefore the maximum energy of the emitted electron is
equal to the Q value.



The decay process of 73 Ne is

m]\lt: — Ff‘hﬁ [!E’ +v+ ()
If whole of energy is carried by 3 particle, then
Q = [y (FNe) ~ my (FNa) = m, ]
931-5 MeV
where my; ( {Ne | and my ( 7Na ) are nuclear masses
of m *Ne and #INa respectively. If m ( ml."-c] and
m[ﬁNa) are atomic masses of ;{?Nc and TfNa
respectively, then
My f,l{::Nc:] = m(ﬁ%ﬂe] —10m,
(-.- atom of Ne contains 10 electrons)
and my ({7Na) = m(#}Na) - 11m,
(-.- atom of Na contains 11 electrons)
Q= [m 23‘\1:3 ~10m, —mfﬁh’a} +11m, —m,
x 9315
= [m[faNe\] m | ﬂNa}] X 931-5 MeV

= [22-994466 - 22-989770] x 931-5 MeV
= 0-004689 x 931-5 = 4-37 MeV.

13.15 The Q value of a nuclear reaction A + b - C + d is
defined by Q = [ mA + mb - mC - md]c2 where the masses refer
to the respective nuclei. Determine from the given data the Q-
value of the following reactions and state whether the

reactions are exothermic or endothermic.
(i)13221111H+HH+H -

(ii) 12 12 20 4 6 6 10 2 C+ C Ne+ He — Atomic masses are
giventobem(21H)=2.014102um (31H)=3.016049 u m
(126 C ) =12.000000 u m ( 20 10 Ne ) = 19.992439 u

Ans - The given nuclear reaction is:
H+H — H+H

It is given that:



({) The given reaction is

H+H—— f[I+fH
L Q =[my (JH)+my GH) = my GH) -

. -
FFIpy {TH]J]X co
(1)
where my, refers to nuclear masses.
. 1f m refers 1o atomic masses, then

rrr{ :H} = My (}H) +m,
o HIN{}H] = m“demf
Similarly, my {fH]— m{fH} -m,,

My {:fH)z m{]zl-l) - i

&
= omy ((H) +my (7H) = my (PH) = my (1)

= m“H}— m, +m{f‘H}- m,
—m[.FH-]+me—m(|3H:|+mf

= m“H)Jr m{fH} - m{fH] - m[‘]zH]
= 1-007825 + 3-016049 - 2:014102 - 2-014102
= - (-00433 amu
= -0-00433 x 1:67 x 10-27T kg
=7-23 x 1007 kg
- Using equation (1),
Q= -723 % 10°30 % (3 = 10%2
=-6'51 x 10-13]

6-50=10 12
=221V MeV = — 4-06 MeV.

16x10""3
Since QQ value is negative, the reaction is endothermic.
(i) The given reaction is

2,0~ , 12 20 1
HEC+ gC ——> 1UIMe+ 21—]3

Lo =[mny {E§C}+m~4 [[E,zC}—mN :;'EM:'}—%- [j‘—;_'Hl::]J-c'2
A2

where m; refers to the nuclear mass. If s refers to the
atomic mass, then

H:N[Igﬂ'} =m(f(_'}-—6ﬂ.r,_,
{]g{_" has 6 electrons in its atom j
My {{!gNe} = .m( nge} — 1Ume
ard Hiy {ch}l = .m[rgHe] — Z.mf_

12~ 2 2 r ;
oy U C) + iy {],F,Cj—rn\l {lE‘l:'?“uc}— I {g}{el



= m'l lg('] —bm, + m{ Ié (] -6,

m{fHNt} +10m, - mHHeJ +2m,

= m( ]§C'J+m( '%C]—m[ﬁ: Ncl)—m[ "_},Hc}

= 12-000000 + 12-000000 - 19-992439 -
4-002603 = 0-004958 u
= 0-004958 x 1-67 x 10~27 kg
=828 x 1030 kg
. from eqn. (2),
Q = 828 x 103" x (3 x 108)2
=7-45 x 10-13]

- e 13
J-45=10
S Tomio B eV = 466 MeV
N k

Since Q value 1s positive, the reaction is exothermic.

13.16 Suppose, we think of fission of a 56 26Fe nucleus into
two equal fragments, 28 13 Al . Is the fission energetically
possible? Argue by working out Q of the process. Given m ( 56
26Fe ) = 55.93494 u and m ( 28 13 Al ) = 27.98191 u.

56
Ans - The fission of 26" can be given as:
MFe — 2 22A1
It is given that:

Q-value of process = mtgi Fe — Em{ﬁ-’f Al)
= 55-93494 - 2 x 27-98191
= -0-02888 u
= -0-02888 = 931
(** 1u=0931MeV)
= -26-89 MeV.

Since Q-value is negative, so the fission is not possible.



13.17 The fission properties of 239 94 Pu are very similar to
those of 235 92 U . The average energy released per fission is
180 MeV. How much energy,in MeV, is released if all the atoms
in 1 kg of pure 239 94 Pu undergo fission?

239
Ans - Amount of pure 94 P“, m=1kg=1000g¢

Na= Avogadro number = 6.023 x 10?3

230,
Mass number of 94 "4=239 g

- . ]
239 g of ‘;}jl‘u contains
= 6:023 x 103 nuclei

1000 g of %3} Pu contains

6-023 < 10%°
- ;‘; x 1000

= 2-52 % 10** nuclei.

Energy released per fission of each nucleus

= 180 MeV

. Total energy released

= 180 x 2:52 x 10%* MeV

= 4-54 x 10% MeV.

13.18 A 1000 MW fission reactor consumes half of its fuel in
5.00 y. How much 235 92 U did it contain initially? Assume
that the reactor operates 80% of the time, that all the energy
generated arises from the fission of 235 92 U and that this
nuclide is consumed only by the fission process.

Ans - the fission of one nucleus of 23592U, energy generated is 200
MeV

Power P = 1000 MW

= 1000 > 10° W = 10° W

Also, time ¢ = 5-00 vear

= 5 x 365 = 24 > 60 > 60 seconds

= 1-577 = 108 s

.. Energy consumed = Pr

= 10% = 1-577 > 10% = [-577 = 1017 ]

We know energy generated per fission of %g5U = 200
MeW

=200 x 16 > 10713 J = 3-2 x 10-11]

. Number of total fissions occurred in five yvears



1:577 x 10V
-~ 3.2x107°!
Now 6:023 x 1023 atoms (fissions) are produced by
235 gof 33°U

= 4-93 x 107

.. Mass of §§5U consumed in five years

235
" 6-023 x 102
= 1923543 g = 1924 kg
. Imitial mass of %gju =2 x 1924
= 3848 kg

+ X 4:93 x 1027 g

13.19 How long can an electric lamp of 100W be kept glowing

by fusion of 2.0 kg of deuterium? Take the fusion reaction as
22 311 2 H+ H He+n+3.27 MeV —

Ans - Amount of deuterium, m = 2 kg

1 mole, i.e., 2 g of deuterium contains 6.023 x 102 atoms.

Power of lamp, P = 100 W and mass of deuterium =
2kg

From the reaction given in the exercise, we find that 2

nuclei of 2H combine to give 3:2 MeV of energy.
Now 2 g of $H is equivalent to 6-023 x 10?3 nuclei

6-023 < 1023
s 2 kg of %II is equivalent to + = 2000
= 6-023 = 107 nuclei
. The energy released in the fusion of 6:023 x 102
nuclei,

¥ = 6-023 x 1026

E

9-64 x 1020 MeV

9-64 x 1026 x 1-6 > 10 13]
1-54 > 10147,

E E

— or = -—, we get
i P E

1-54 = 1014
100
= 1-54 = 10'2 5
1-54 =< 1012
= years
365 < 24 x 60 x 60

= 4-89 x 10* years.

I

Using P




13.20 Calculate the height of the potential barrier for a head
on collision of two deuterons. (Hint: The height of the potential
barrier is given by the Coulomb repulsion between the two
deuterons when they just touch each other. Assume that they
can be taken as hard spheres of radius 2.0 fm.)

Ans - Radius of 1%t deuteron + Radius of 2" deuteron
Radius of a deuteron nucleus =2 fm=2x 10 m
nd=2x10P+2x10=4%x10Pm

(K.E. = kinetic energy)

When the two deutrons stop, their energy is totally
potential energy U given by

1 €.e 1 e?

U:4neﬂ ZR-dﬂEU‘ER-

.. Using law of conservation of energy,

2

YKE = —— b
T 4me, 2R
KE. = 1 e?

- "*43150 4R

But R=2fm =2 % 10-1° m,
e =16 x10°19C

=9 x 109 Nm?C-2

4 €
109 x (16 x 10719)2

. KE =2x10 xtox3 )

4 %2 =10

=2-88 x 10-14].

. 288x107M

.. Coulomb barrier =- —wv‘v
|-6x10"

= 180000 eV = 180 keV



13.21 From the relation R = R0OA1/3, where RO is a constant
and A is the mass number of a nucleus, show that the nuclear
matter density is nearly constant (i.e. independent of A).

Ans - R = RgAS
Where,
Ro = Constant.

A = Mass number of the nucleus

_E_ Am
V4
31

P {m = mass of a nucleon)

3
-nR

Am 3m

4
—1

3

Thus, nuclear density is independent of A.

- 3
Rﬁ,z‘ﬁk 41"ERU

13.22 For the B+ (positron) emission from a nucleus, there is
another competing process known as electron capture
(electron from an inner orbit, say, the K-shell, is captured by
the nucleus and a neutrino is emitted).

1AAeXY ZZvVv + +> + - Show that if B+ emission is
energetically allowed, electron capture is necessarily allowed
but not vice-versa.

Ans -
This means that if Q1 > 0, then Q2 > 0, but vice versa isn't always
possible.

Therefore, positron emission can occur without electron capture.



For the positron emission, we have
AX = AX + Se+v+Q, ..(D)

And for Electron Capture, we have
;X+ ]e — JAY +v+Q, ..(2)

If my, represents the nuclear mass and m represents

0

the atomic mass, then for m, as the mass of € or

0

+1€, we have

Nuclear mass of 4X
=y (%) = m(2) - 2,
Nuclear mass of , AY
=my (28Y)=m(2Y)-(Z-1m,
[’"N (2X) - my (AY ] 2

[m(ﬁ‘}{ - Zm, ~m(,]‘r’]+(? I)ym —mfjcz

= Q =[m(4X)-m(,AY)-2m,]c2
..(3)

13.23 In a periodic table the average atomic mass of
magnesium is given as 24.312 u. The average value is based
on their relative natural abundance on earth. The three
isotopes and their masses are 24 12Mg (23.98504u), 25 12Mg
(24.98584u) and 26 12Mg (25.98259u). The natural abundance
of 24 12Mg is 78.99% by mass. Calculate the abundances of
other two isotopes.

Ans -Average atomic mass of magnesium, m =24.312 u



7899 x 2398504 + x x 2498584 +
(100 = x = 78-99)x 2598259

100

= 24312 x 100
= 1894-58 + 24-98584 x + 2598-259 -
25-98259 x - 2052-36
or 25-98259 x - 24-98584
= |894-58 + 2598-259 - 2052-36 - 2431-2

or 0-99675x = 9-279
x= 22 g4
0-99675

.. Natural abundance of IEISMg i59:-31%

Also, natural abundance of $Mg is (100 - 9:31 -
78-99% = 11-7%

13.24 The neutron separation energy is defined as the energy
required to remove a neutron from the nucleus. Obtain the
neutron separation energies of the nuclei 41 20Ca and 27 13Al
from the following data: m( 40 20Ca ) = 39.962591 u m( 41
20Ca ) = 40.962278 u m( 26 13Al ) = 25.986895 u m( 27 13Al ) =
26.981541 u

Ans - E = Energy equivalent of total mass afterward - Energy equivalent

of nucleus before can be used to calculate the Ca's neutron separation.

For ;&,Ca, the process of neutron separation is
36Ca +E =30Ca + |n
. E= [m{gg{:a) +m, - m(gé(?a]] X
931-5 MeV
= [39:962591 + 1-008665 - 40-962278]
X 931-5 MeV

= (0-008978 x 931-5 = 8-36 MeV

For %3? Al, the process of neutron separation is

Al +E =2Al +ln
L E= [m{%?Al} +m, — m(ﬁﬁ.l)] ®
931-5 MeV
= [25-986895 + 1-008665 —26-981541)

® 931-5 MeV
= (-014019 = 931-5 = 13-06 MeV.



13.25 A source contains two phosphorous radio nuclides 32
15P (T1/2 = 14.3d) and 33 15P(T1/2 = 25.3d). Initially, 10% of
the decays come from 33 15 P. How long one must wait until
90% do so?

Ans - In the mixture of P-32 and P-33 initially 10% decay came from P-
33. Hence initially 90% of the mixture is P-32 and 10% of the mixture is
P-33. Let after time’t’ the mixture is left with 10% of P-32 and 90% of P-
33. Half life of both P-32 and P-33 are given as 14.3 days and 25.3 days
respectively. Let V be total mass undecayed initially and ‘y’ be total mass
undecayed finally. Let initial number of P-32 nuclides = 0.9 x Final
number of P-32 nuclides = 0.1 y Similarly, initial number of P-33
nuclides = 0.1 x Final number of P-33 nuclides = 0.9 y For isotope P-32
Initially, source has 90% of ;2P and 10% of j3p. Let

after ¢ days, source has 10% of ;‘}; p and 90% of ?; _

Initial number of ,32 P = 9

Initial number of ?EP = X
Final number of }2p =y
Final number of ]32P = Oy
N (1"
Now Ng = -2-/}
N =Ng(2)™ >

For first isotope,
y = 9x (2)-1/14:3 silD)
For second 1sotope,

__—1/253

9y =xe ...(2)
Dividing (2) by (1)

Lz
81 = 2143x253

1z

=l 95
log81 = 43x253 °



13.26 Under certain circumstances, a nucleus can decay by
emitting a particle more massive than an a-particle. Consider
the following decay processes: 223 209 14 88Ra Pb C

223 219 4 88Ra Rn He — + 86 2 Calculate the Q-values for
these decays and determine that both are energetically
allowed.

230
Ans - Mass of 38 m; = 223.01850 u

209
Mass of 82 ° “m, = 208.98107 u

(@) The given decay process for $2°Ra is
22 1 "
s Ra = §'Pb+'C+Q

~ Q= [my (FFRa) - my (F°Pb) - my (£°C)| x931-5 MeV

where my; denotes the nuclear mass. If m represents
the atomic mass, then

r oy |
{

Q =an|: l“:? Ra) —88m, —mlj %”Pb] +82m, —m| e | +6"""|

x 931-5 MeV

= [m (32°Ra)-m (33°Pb) - m | L"C)] X 931-5 MeV

= [223-01850 - 208-98107 ~ 14-00324] X 9315
= 31-85 MeV.

Also, another decay for %é-‘Ra is

§§3Ra = éégle éHe +Q'

QT = [mN (§°Ra) - my (3i°Rn) - my (;He)]

X 931-5 MeV



2
ZIZ2 e

dn € (.r'l +7)

UZ

where Z, is the atomic no. of the particle and r| is its
radius. Similarly Z, is the atomic number of daughter
nucleus and r; is its radius.

But r; = ry Al¥and ry = ry AL where r is nuclear
unit radius.
2
_ 2, 7,¢
N . 1/3 1/3
4 € rﬂ[Al +A2 ]

.. For a— particle,

2 %86 x (1-6x107'%)2
dr g, ry [4113 + 21917

Ul(a) =

1
= x 5. 78 x 10737
dx € i

- 5.78x 1077 j
dn g 1y

For %4('1‘ the barrier height

6x82x(16x107"7)?

u(se) - Am ey 14" + 209"
B 1-5|><mr3“'f'J
 dnegp

151 x 10730
UEC)  amen L

Ul " 578x107
4n S

S U(HC) = 261 x U(w)
= 2:61 X 30 MeV
(.- U{a) = 30 MeV)
= 78-3 MeV.



13.27 Consider the fission of 238 92U by fast neutrons. In one
fission event, no neutrons are emitted and the final end
products, after the beta decay of the primary fragments, are
140 58Ce and 99 44Ru. Calculate Q for this fission process.
The relevant atomic and particle masses are m( 238 92U )
=238.05079 u m( 140 58Ce ) =139.90543 u m( 99 44Ru ) =
98.90594 u

238
92 U)
my = 238.05079 u

Ans - Mass of a nucleus(
140

e)
Mass of a nucleus (58 my = 139.90543 u

99
(diRu)
Mass of a nucleus , M3 =98.90594 u

The fission process may be expressed as
80 + jn— Ce + JJRU+Q
L Q= |m(338U) + my, —m(L0Ce) - m{ﬂﬂu_}] X 931-5
MeV
= [238-05079 + 1-00867 - 139-90543 -
98-90594] x 931-5
= 231-1 MeV.

13.28 Consider the D-T reaction (deuterium-tritium fusion) 23
411 2HHHen+- +

(a) Calculate the energy released in MeV in this reaction from
the data: m( 2 1H )=2.014102 u m( 3 1H ) =3.016049 u

(b) Consider the radius of both deuterium and tritium to be
approximately 2.0 fm.

What is the kinetic energy needed to overcome the coulomb
repulsion between the two nuclei? To what temperature must
the gas be heated to initiate the reaction? (Hint: Kinetic
energy required for one fusion event =average thermal kinetic



energy available with the interacting particles = 2(3kT/2); k =
Boltzman’s constant, T = absolute temperature.)

Ans - Calculate the energy released in MeV in this reaction from the
data:

m (fH)
=2.014102 u

m(§He)+2m, = m, | x 931-5 MeV
= [m(le)+m {f’H}—m(‘z‘He]—m"] X
931-5 MeV
= [2-:014102 + 3-016049 - 4-002603 -
1-00867] X 931-5 MeV
= |7-585 MeV,

(b) Repulsive potential energy is to be provided to the
particles in doing so.

.. K.E. needed
= Repulsive potential energy
_ 1 qu _ 1 1?2
in g, 2r T 4n g 2r
lg, = g, = €]
9109 x (1:6 x 10-19)2
2(1-5)x 10715
[distance between particle = 2r]
=768 x 10°14]
K.E. = E:er
2

_ 2K.E. 2x768x107
3k Ix138x1074°
=37 x 10°K.

13.29 Obtain the maximum kinetic energy of B-particles, and
the radiation frequencies of y decays in the decay scheme



shown in Fig. 13.6. You are given that m( 198Au) = 197.968233
u m( 198Hg) =197.966760 u

Ans - Calculate the energy released in MeV in this reaction from the data:

m (fH)
=2.014102 u

E,  1.088x1:6x10713
h 6626 x 1073

= 2-63 x 102" Hz

For y,, the frequency is

v =

E, 0412x16x107"3
h 6-626 x 10~

=9-95 x 10!9 Hz.

For vy, the energy E; = 1-088 - 0-412
= 0-676 MeV = 0-676 x 1:6 x 10-13]
= 1-082 x 10-13]

Vg =

.. _E3 1.082x10713
. v3 = — 34
h 6626 x10

= 1-63 x 1020 Hz

Now for ;" decay,
198 198 -
79 Au-——g Hg t? e+ QB )+ Q)

Maximum kinetic energy

13.30 Calculate and compare the energy released by a) fusion
of 1.0 kg of hydrogen deep within Sun and b) the fission of 1.0
kg of 235U in a fission reactor.

Ans - (a) Amount of hydrogen, m =1 kg = 1000 g

1
H)
1
1 mole, i.e., 1 g of hydrogen ( contains 6.023 x 10% atoms.



(@) In sun fusion takes place according to the equation
4 [H —> 4He +2 Y¢ + 26 MeV

. 4 hydrogen atoms combine to produce 26 MeV of
energy.

Now 1 g of hydrogen contains

= 6-02 x 1023 nuclei

.. 1000 g of hydrogen contains

= 6-02 x 1023 x 1000 = 602 x 1026 nuclei

.. Energy released by 1 kg of hydrogen

26 MeV
= T x 6:02 x 1026

=3-913 x 10?7 MeV
(b) Fission of one 233U nucleus gives energy = 200
MeV.

13.31 Suppose India had a target of producing by 2020 AD,
200,000 MW of electric power, ten percent of which was to be
obtained from nuclear power plants. Suppose we are given
that, on an average, the efficiency of utilization (i.e.
conversion to electric energy) of thermal energy produced in a
reactor was 25%. How much amount of fissionable uranium
would our country need per year by 2020? Take the heat
energy per fission of 235U to be about 200MeV.

Ans - Amount of electric power to be generated, P = 2 x 10° MW

10% of this amount has to be obtained from nuclear power plants.

~ Amount of nuclear power,



Total useful power
Total power generated

Efficiency n =

.. Total power generated
_ Total useful power
n

zt}'“
=—— =8 x 1010W

E,
100
. Total energy required for the year 2020, 15
E Pxr =8 x 100 x 366 x 25 x 60 x
60 (2020 is a leap year)
= 2-265 x 1018].
Now 1 fission of E%ﬂu produces 200 MeV of energy
=200 % 1:6 x 10°13] =32 x 10-'1]
*. Number of fission required for the generation of
energy E
_2265x10'
32x107"
Now 6023 x 1023 nuclei of 333U have mass = 235 g.

~. Mass required to produce 7-90 x 102% nuclei

23 e
6023x108 <3P X107

= 7-90 x 10?8,

=3-084 x 10% kg.
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