NUMERICAL PROBLEMS

p 20.1. Find the mass defect and binding energ

——

am =? Es =? (for Helium nucleys )

Mass of proton My =1.00728 a.m.u

m, =1.00867 a.m.u
Mee = 4.00125 a.m.u

Mass of neutron

Mass of helium nucleus

!"e"”'“ has two protons (Z = 2) and its atomic mass A is 4. So it has (A - Z) neutrons
i.e,

N=4-2=2
Now mass defect can be determined by
Am=(Zm,-Nm,)- M
Am =(2x1.00728 - 2 x 1.00867 ) - 4.00152
Am =0.03038 a.m.u
To calculate binding energy Es, since 1 a.m.u = 931.5 MeV

So Es = 0.03038 x 931.5 Mev = 28.3 MeV

P 20.2. A certain radioactive isotope has half-life of 8 hours. A solution containing

x= 8hrs N = 500Million (a) N1 =? (atoms left after 8 hrs)

(b) N, = ? (atoms left after 24 hrs) _ 8 ,
(a) T|2'|e given isotope has half-life of 8 hrs. So after 1% half-life, 250 Million will

disintegrate and 250 Million will not disintegra:;e. e
Hence N, = 250 Million are not disintegrated after 8 hrs. |
(b) Now 124hrs means that 3 half-lives have passed. So the number N; of nuclei that

TRETE T
are left un-decayed or those nuclei which are not disintegrated are () (5) ) B
of the total number.

l .
=~ 0 Million
So N; Bx50

N, = 62.5 Million are not disintegrated after 24 hrs
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Nuclides having excess no. of neutrons decay through negative beta emission.

NPl vy (Z increases by 1)
Nuclides having greater no. of protons decay through positive beta emission
P2N+R 4y (2 decreases by 1)
For Pb™° =82 & A=210 SNwA~Zu210~82=128
Hence N> Z
For gBi**° Z=83 & A=210 SNuA~Z=210~83 =127
Hence N » Z
For goTh** 2290 & A=234 =N=A-2=234-90=144
Hence N> 2Z
For e3Np** Z=93 & A=239 =N=A-Z=239-93=146
Hence N> 2Z

Thus all the nuclides decay through negative beta emission.

s2Pb %0 — g3Bit0+ ﬂg +vV+Q
gaBi210 — 2P0+ B+ 7 +Q
soTh* — aPa®+ 1B+ +Q
osNp?: > aPUP 4 1 B0+7 +Q

Where E shows the energy liberated and v are anti-neutrinos as they are always
associated with negative beta emission.

P 20.4. Calculate the total energy released if 1kg of U undergoes fission? Taking
: per event to be Q = 208 MeV.

E=? Q = 208 MeV per event m = 1kg of U
Number of atoms in 1 kg of U

N =nNa (1)
Number of moles _ Givenmass"'m" _ 1kg

~ Atomic mass "M " g
mic mass "M zgsmnl

n=4.255x 107 k mole putting in (1) we get
N =4.255 x 10" k mole x (6.023 x 103+ %_j—“‘f )

ol

N = 2.56 x 10* atoms

Now total energy liberated is

E=NQ=2.56 x 10 * (208 MeV)
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E=5.33x10%
Find the energy released j in th "

92
16Kr* + Ba' 4 3n'+Q

Total mass on reactants side m, = mass of one neutron + mass of ys

=1.00867 + 235.0439

M, = 236.05257 a.m.u
Now total mass on products side m,,, is given by

Mpro = Mass of Kr*>+mass of Ba'**+mass of 3 neutrons
Mpro = 91.8973 + 140.9139 + 3 ( 1.00867 )
Mpro = 235.8372 a.m.u
mass deficit Am =m; - my, = 236.05257 - 235.8372
Am =0.21536 a.m.u
And the energy released during the reaction is

Q=Amx931.5 MeV =0.21536 x 931.5 MeV
Q=201 MeV
released in the fusion reaction.|

Q=? ) 1H2+1H3 > zHE4+oﬂ1+Q
Total mass on reactants side is
m, = mass of deuterium ;H? + mass of tritium H’

= 2,0141 + 3.01605

m, = 5.03015 a.m.u

Now total mass on products side is;
Mpro = Mass of one a-particle + mass of one neutron

Mpro = 4,00263 + 1.00867
Mpro = 5.0113 a.m.u

Am = M - Mprod

Am = 0.01885 a.m.u

low the energy released during the given fusion reaction is;
‘ Q = Am x 931.5 MeV

Q=0.01885x 931.5 MeV
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Q=17.55 MeV
lete the following nuclear reactions.

SN 4+ ;He! > H'+X;

B + 1 H! » CH+ Xz
% 1

3LI6 + X3 > .-|BE?r + oN

In all the equations, law of conservation of charge number ( Z number ) and law of
conservation of mass number ( A number ) must be conserved.
First equation is

?Nml + ZHea . 1H1 + X
At the left hand side of the above equation total Z number is 9 whereas A number is
18. Now Z number on right hand side is 1 whereas A number is also 1. Hence the
missing nucleus X; will have Z number 9 - 1 = 8 while A number 18 - 1 = 17 which is
of oxygen written as ;0"
Now after putting the missing term the above equation becomes

N + ;He* > 1H! + g0Y
The second equation is

SBIL + 1H1 o 6cll 1t XZ
Here Z number on left hand side is 6 and A number is 12 whereas Z number on right
side of equation is 6 and A number is 11. Hence the missing nucleus X, will have Z
number 6 - 6 = 0 and A number 12 - 11 = 1 which is of neutron o n *. Now with this,
the equation can be written as follows.

5Bll-'_ 1Hl - ch+on1

Third equation is

3Li6 + X3 > 4BE7 + nnl
In this equation right hand side has total Z number 4 and A number 8 whereas left
hand side has Z number 3 and A number 6. So the missing nucleus Xs has Z number
4 -3 =1and A number 8 - 6 = 2 which is of deuterium ;H> With this, the third
equation is re-written as follows:

3”5 + 1H2 > 4Be"' + on1

Ja[M{l]y Equation can be written as
5Li® + 1H? e 2( He? ) +22.3 MeV

E=22.3 MeV

Using the equation E=Amc’

da.m.u




Mass of deuteron 1H is

md = 2-0141 a.m.u

Mass of helium nucleus ;He* is

Mye = 4.00263 a.m.y
Now the nuclear equation above can be interpreted as follows:

H
Mass of sLi” + Mass of 1H? = 2(mass of 2He’) + mass defect Am

Mui = 2(mass of ;He* ) + mass defect Am - mass of 1H2

My = 2(4.00263) + 0.023939 - 2.0141 = 6.015 a.m.u
released when B-decay changes 3Th?* into ¢;Pa?

——
An = 234.0436U Ar. = 234.042762 u. Q=?
Equation for beta decay is shown as

goThzu ME‘HQ + ~1B0+ Q
Energy released Q can be found by equation

Q= Am x 931.5 MeV (1)
Am = Mass of 5cTh?* - (mass of s;Pa***+ mass of ..p°)

Am = 234.0436 - (234.042762 + 0.00055 )

Am = 0.000288u put this in (1) we get
Q = 0.000288 x 931.5 MeV = 0.27 MeV

P 20.10. Find out the K.E to whic

following nuclear reaction.
Q = ? for the reaction Li’ (p,n ) Be’

The equation can be written as follows

5Li7 + 1H? —» Be’+ o’ +Q
 Energy Q can be found using equation
, Q= Am x 931.5 MeV (1)

of 3Li’= 7.01823 a.m.u
35 of 1H'= 1,00814 a.m.u
{nf'.Be’= 7.015929 a.m.u

Of on' = 1.00867 a.m.u . .
Mass deficit Am can be determined using the equation

Am = ( mass of sLi’ + Mass of H!) - ( Mass of 4Be”+ Mass of on’)

Am =(7.01823 + 1.00814 ) - ( 7.015929 + 1.00867 )
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