Rutherford established that a central core exists in every atom which contains entire
positive charge and more than 99% mass of the atom, this central core was named as
Nucleus. In this chapter, we will study the constituents of nucleus and how they are
held together. Further, we will proceed with the topics, size, mass, density and stability
of Nuclei. And finally, we will have a look at the associated nuclear phenomena such as
radioactivity, nuclear fission and nuclear fusion.

NUCLEI

|TOPIC 1|

Nucleus and Its Composition

In every atom, the positive charge and mass are densely concentrated ar the
centre of the atom forming its nucleus. The overall dimensions of a nucleus are v CHAPTER CHECKLIST
much smaller than those of an atom. The radius of the nucleus is smaller than » Nudeus and Its Compaosition
the radius of an atom by a factor of 1 0. This means the volume of a nucleus is * Nudear Energy

about 1072 times the volume of the atom.

COMPOSITION OF NUCLEUS

The nucleus was first discovered in 1911 by Lord Rutherford and his associares
by experiments on scattering of ﬂ-partidcs b}' atoms. He found that the
scattering results could be cxplaintd, if atoms consist of a small, central, massive
and positive core surrounded b}r urbiting electrons. The l:xpcrimcnral results
indicated that the size of the nucleus is of the order of 107 m and is thus
10000 times smaller than the size of atom. The study of radioactivity revealed
that nucleus is not a composite budy, but it is made of nucleons. The positive
charg: in the nucleus is that of the protons. A proton carries one unit of
fundamental chargc_ A free proton is stable.

Atomic Mass Unit

The mass of an atom is very small. Kilogra.m cannot be used to measure such
small quantity of mass. It is measured b},r a unit called atomic mass unit
(amu, i.c. u).

It is defined as

mass of one *C atom B 1992647 x 10 ke
12 B 12

Aromic masses are measured h:-,r an instrument called mass spectrometer.

= 1660539 x 10”7 kg.

lu=



Discovery of Neutron
The stud}r of isotopes of h)«'drugcn led to the fact that in

addition to protons, the nuclei of atoms contain neutral
martter in mu|tiplcs of basic unit. This h}-’puthcsis was
verified in 1932 by James Chadwick. Chadwick observed
that when beryllium was bombarded with tt-particles, some
neutral radiations were emitted, which could knock out
protons from lighter nuclei such as those of helium, carbon
and nitrogen, Appﬁcatiun of the principh:s of conservation
of energy and momentum showed that these neurtral
radiations could not be photons. Chadwick sarisfacrorily
solved this puzzle by assuming that the neutral radiation
consists of a new type of neutral particles called neutrons.

He estimated the mass of a neutron being roughly equal to
mass of a proton. However, unlike a free proton, a free
neutron is unstable. The composition of a nucleus can be

described b}r using the fnllnwing terms and symlmls:
Atomic Number ( Z)

Atomic number of an element is the number of protons
present inside the nucleus of an atom of the element. It is
also equal to the number of electrons revolving in various
orbits around the nucleus of the neutral atom.

= Number of electrons (in a neutral atom)

Artomic number, Z = Number of protons ]

Mass Number (.A)

Mass number of an element is the total number of protons
and neutrons inside the atomic nucleus of the element.

Mass number, A = Number of protons
+ Number of neutrons

= Number of electrons (in a neutral atom)
+ MNumber of neutrons

= Atomic number + Number of neutrons = 2 + N

The term nucleon is also used for neutron and proton.
Thus, the number of nucleons in an atom is its mass

number A.

. . . A
NI.ICI.CH.I Spocics or I'IIJL'IIEI.CS arc SI'ID‘WII I}}" tI'IL‘ notation 7 X,

where X is the chemical symh-ul of the species.

EXAMPLE |1] In a nucleus of 4, U**, find the number
of protons and the number of neutrons.

Sol. Number of protons, Z = 92
- Number of neutrons, N = A—-Z2=238—92=146

Size of Nucleus

The size of the nucleus has been measured with the help of a
variety of experiments involving the scattering of particles
such as neutrons, protons, electrons, etc. From all these
experiments, it is found that the volume of the nucleus is
directly proportional to  the
{(mass number) constituting nucleus.

I'IIJITIbCI DIF I'IIJCICDIIS

If R is the radius of the nucleus having mass number A4, then

4
gﬂﬁ'i A = Rec AW

= R=R, A"
where, R, =1.2x 107" m is the range of nuclear size.

It is also known as nuclear unit radius.

Owing to the small size of the nucleus, fermi (fm) is found
to be a convenient unit of length in nuclear physics.

I is given as,
1 fermi (fm) = 107" m

EXAMPLE |2| Obtain the approximate value of the
radius of a nucleus ,, U**. Take, R, is 1.2 x 107 m.

Sol. Given, A =238 R, = 1.2x10™" m
As, R=R,A"=12x10""(238)"*
R=7437x10"" m

Nuclear Density

Density of nuclear matter is the ratio of mass of nucleus and
its volume.

If m is the average mass of a nucleon and A is the mass
number of element, then the mass of nucleus = mA. If B is
the nuclear radius, then

volume of nucleus = ;ﬂﬁ'ﬂ' = ;ﬂ:{ R“A”j]ﬂ' = Jig.'ﬂ: R;:A

Mass of nucleus

As, density of nuclear martrer = Volume of nucleus

p= 2
AT R

ar

Thus, the density of nucleus is a constant, independent of
A, for all nuclei. Different nuclei are like drop of liquid of
constant density. The density of nuclear matter is
e1|:|}:lu't:l-:l:.im:u'l:l)r 23x 10" lr.gfmi. This dcnsit}-’ is very L'u'gc

as l:umpar::l o an nrdin:-lry martter.



EXAMPLE |3| Given the mass of iron nucleus as 55.85u
and A = 56. Find the nuclear density. NCERT

Sol. Given, mass, m = 5585 u = 5585x 167 107" kg

4 + +
Volume, V= E1f|:1l?3= 3" (R,A'Y? =;1tﬁ;? ® A

3

s Nuclear density, p= v

3%55.85 x1.67 x 1077

T N
4><T><|:1_2><1u B w56

=229%10" kg/m*

EXAMPLE |4| Supposing that protons and neutrons
have equal masses. Calculate how many times nuclear
matter is denser than water? Take, mass of a nucleon
=167x10"" kgand R, =1.2x10™*m.

Sol. Density of nucleus (of water),
3m 3x1.67 %1077

|]= 3 =
22 _
4nkR, X —x(12x10 153

_ TX3x%1.67 10"
T BEx12%12x%1.2
= 2307 % 10" kg/m*

Density of water, p’'=10"kg/m’
p _ 2307 x107
p 10°

MASS-ENERGY AND
NUCLEAR BINDING ENERGY

= 2307 = 10"

The conservation law of energy states that the initial energy
and final energy are equal, provided the energy associated

with mass is also included.

Nuclear Binding Energy

The sum of the masses of neutrons and protons fnrming a
nucleus is more than the actual mass of the nucleus, This
difference of masses is known as mass defect.

If a certain number of neutrons and protons are brought
together to form a nucleus of a certain charge and mass, an
energy £, will be released in the process. The energy E, is
called the binding energy of the nucleus.

Thus, the hinding energy of a nucleus may be defined as the

cnergy :quivalcnt o tl.'!.f mass EI.CFDC[' DIF th: nuc|cus.

If we separate a nucleus into its nucleons, we would have to
supply a total energy equal to £, to those particles from
Einstein equation,

E =Amc? [Am = mass defect]
Ey=[Zm,+(A=Z)m, - M]c*

where, M is mass of nucleus, m , is the mass of proton and

F

m, s tl.'!.C mass DF neutron.

The mass defect reappears as equivalent energy {ﬁm}fz,
which is liberated during the formation of nucleus.
Conversely, an amount Ame” of external energy is required
to break the nucleus into protons and neutrons. This energy

is called hinding energy.
“The hinding energy of a nucleus is defined as the

minimum energy required to separate its nucleons and
plau: them at rest and infinite distance apart”.

Mass-Energy

Einstcin showed that mass is another form of energy and
one can convert mass-cnergy into other forms of energy.
Einstein’s mass-cnergy equivalence equation is £ = me’
where, E isthe energy, m is the mass and ¢ is the ‘I-'l:ll:l-cil}' of
light in vacuum (approximately equal to 3 X 10® m{s).

The mass of a parrich: measured in a frame of reference in
which the particlc is at rest is called its rest mass, usuall}’
denoted by m ;. The rest mass-energy of a particle would be

mufz, which 18 CHOIIIIDIJS.I}I' largc On account of L'I.IEC '\-’JI.IJC
fo.

If 1 is kinetic energy of the particle, then its total energy,
E=mc"
= rest mass-cnergy + KE = murz + 7

where, m is called effective mass of the particle, when it is
moving. Clearly, m > m.

Average Binding Energy Per
Nucleon of a Nucleus

It is the average energy spend to remove a nucleon from the
nucleus to infinite distance. It is given by total binding
energy divided by the mass number of the nucleus.

Binding energy per nucleon
Total binding energy

B MNumber of nucleons (A4)

or E,.,=—

EXAMPLE |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 £Cu

atoms (of mass 62.92960 u). NCERT



Sol. Given mass of coin = 3g E 10 1 I |
Atomic mass of Cu = 63 s 12;:!‘? 1y [Fe Ime__]fl B 19TAy |
Mass of 53Cu, m = 6292960 u =3 i_ 50 L S
Avogadro’s number = 6.023 x 107 ﬁ & [N
Mass of proton, m, = 1.007825 u § lﬁLI
Mass of neutron, m, =1.008665 u E, 4
Nuclear energy required to separate neutrons and ]
protons, E, =7 g 3 eH
Since, each atom of copper contains 29 protons and 34 2
neutrons. Therefore, mass defect of each atom using the g *H
relation, 0{! 50 100 150 200 250

Am=[Zm, +(A-Z)m]- M
Am =29 1007825+ 34 % 1.008665] — 6292960
= 0.591935 u
6.023% 10 x 3
63
= 2868 10%

Total mass defect of all atoms,
(Am),,, =0591935x 2868 107 = 1.6977x 107

Number of atoms in 3 g coin =

Mass number (4) —

Binding energy per nucleon as a function of mass number

The Fa”awing are the features of the plnr

(1) Average BE/nucleon for lighter nuclei; like .HI, |H1,
lHi is small.

(i) For mass numbers ranging from 2 to 20, there are

- 4 12
The nuclear energy required (E, ) to separate all the sharply defined peaks corresponding ro ,He®, ,C,

neutrons and protons from each other and can be
calculated by using the relation,

E, =(Am)xc® =(Am)e x 931MeV/c?
[v1u=931MeV]
=1.6977x 10 % 931 MeV = 1.58 % 10°* MeV

O “S, ctc. The peaks indicate that these nuclel are

relatively more stable than the other nuclei in their
neighbourhood.

(iii) The BE curve has a broad maximum Pl:‘.'-ll( in the
range A=30 o A=120, which is [:!m::ti-;,a”}r

rant ding 1o bindi
EXAMPLE |6| Find the binding energy per nucleon of T B 0 avEagE s )

,0Ca*" nucleus. Given, m (,,Ca* ) =139.962589 u,

m, =1.008665u and m, =1.007825 u.
Take, 1 amu =931 MeV/c?.

Sol. In anucleus of ., ca',

per nucleon is 8.8 MeV per nucleon for mFt%.

(iv) As, the mass number increases, the BE/nucleon
decreases gradua]lz_v falling to aboutr 7.6 MeV per
nucleon for U % The decrease may be due to

Coulomb n:pulsian berween the protons. The hca'u}'
Number of protons = 20

Number of neutrons = 40— 20 = 20
Total mass of 20 protons and 20 neutrons

nuclei are therefore, rc|ativcly less stable.

Conclusions

= 20m, + 20 m, = 20(m,, +m, ) Following conclusions are obtained from the graph
= 20 (1.007825 + 1.008665)
= 40.3298 u
Mass defect, Am = 40.3298—39.962589= 0367211 u
Total binding energy = 0.367211 x 931 = 341.873441 MeV
41873441 released in this process (nuclear fission).
40 (1) When two light nuclei (A < 10) join to form a heavier
= 8547 MeV/nucleon nucleus, E.. of fused heavier nuclei is more than the
£ aﬂighn:r nuclei. Energy would be released in this

process (nuclear fusion).

(i) A very heavy nucleus A=240 has lower E,,
mmparcd to that of a nucleus with A = 120. Thus, if
a nucleus A =240 breaks into two A4 = 120 nuclei,
nucleons ger more tghtly bound. Energy would be

E; pernucleon, E,, =

Binding Energy Curve

It is a plot of the binding energy per nucleon Ey, versus the Note This topic has i by askod in previous years 2014,

mass number A for a l:u'gt number of nuclei. 2013,2012, 2011, 2010.



NUCLEAR STABILITY

The stability of a nucleus is determined by the value of its
binding energy per nucleon. Higher the binding energy of
nucleon, more stable is the nucleus. The stability of nucleus
is also determined by its neutron to proton ratio. A plot of
number of neutrons and number of protons is shown in the
figure below. The solid line shows the nuclei with equal
number of protons and neutrons. Only light nuclei are on
this line, i.c. they are stable, if they contain approximately
same number of protons and neutrons.
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Graphical representation of number of
neutrons versus number of protons

Heavy nuclei are stable only when they have more neutrons
than protons.

The long narrow region shown in the figure, which
contains the cluster of short lines representing stable nuclei

is referred to as the valley of stability.

Experimental study shows that the more swable nuclei
contain even number of protons or neutrons or both.

NUCLEAR FORCE

From binding energy curve, we have seen that for average
mass nuclei, the binding cnergy per nucleon s
approximately 8 MeV, which is much larger than the
binding energy in atoms. Thus, for binding a nucleus
together, there must be a strong arttractive force of a torally

different kind.

The force must be strong enough to overcome the repulsion
between protons and to bind both protons and neutrons
into tiny nuclear volume.The constancy of binding energy
per nucleon is a consequence of the fact that nuclear force is
short-ranged.

From the plot, it is concluded that potendal energy is
minimum at a distance 7, (= 0.8 fm) which means, the force
is attractive for distances larger than 0.8 fm and repulsive
for the distances less than 0.8 fm between nucleons.

n
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i 2 3
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Graphical representation of potential energy versus
distance for a pair of nucleon. For a distance greater
than r, the force is attractive and for distances less
thanr,, the force is strongly repulsive

Potential energy (MeV)

Some of the important characteristics of these forces are as
given below:

(i) Nuclear forces among a pair of necutrons, a pair of
protons and also between a neutron-proton pair, is
approximately the same. This shows that nuclear
forces are independent of charge.

(i1) The nuclear forces are very short range forces. They are
operative upto distances of the order of a few fermi.

(i1i) The nuclear force is much stronger than the coulomb
force acting between charges or gravitational forces
between masses.

(iv) Nuclear force between two nucleons falls rapidly to
zero as their distance is more than a few femtometres
(fm). This leads to saturation of forces in a medium
or large sized nucleus, i.e. cach nucleon interacts with
its immediate neighbours only, rather than with all
the other nucleons in the nucleus.

(v) The nuclear forces are dependent on spin or angular
momentum of nuclei.
Note Nuclear forces are the strongest attractive forces between

nucleons. It is non-conservative force and does not obey inverse
square law. It is non-central force also.



TOPIC PRACTICE1 |

OBJECTIVE Type Questions
1. Atomic mass unit (1 u) is
{a) 1/12 of mass of '* C atom
(b} 1/14 of mass of " C atom
() 1/12 of mass of '* C atom

{d) 1/6 of mass of ** C atom

2. Ratio of radius of an atom to the radius of its
nucleus is around

10.

{a) Gravitational mass of H-atom
(b) Effective mass of H-atom

(c) Nuclear mass of H-atom

(d) Mass of electrons in H-atom

Heavy stable nuclei have more neutrons than
protons. This is because of the fact that
NCERT Exemplar

(a) neutrons are heavier than protons
(b} electrostatic force between protons are repulsive
(c) neutrons decay into protons through beta decay
(d) nuclear forces between neutrons are weaker than

that between protons

(a) 107 (b) 10* VERY SHORT ANSWER Type Questions
12 15

(c) 10 (d) 10 1l. Select the pairs of isotopes and isotones from
3. The number of neutrons in a ., Po®® nucleus is the following nuclei.

()84 (b)218 (c) 222 (d) 134 ?TNL ?:ME‘ Q;:Na, nga_
4. As compared to *C atom, "*C atom has

(a) two extra protons and two extra electrons 12. Two nuclei have different number of protons

(b} twao extra protons but no extra electrons and different number of neutrons. Can they

(c) two extra neutrons and no extra electrons have the same radii and same nuclear density?

(d) two extra neutrons and two extra electrons 13. The isotope '$O has 8 protons, 8 neutrons and
5. Density of a nucleus is 8 electrons, while lf:]!.e has 4 protons, 4 neutrons

(a) more for lighter elements and less for heavier and 4 electrons. Yet the ratio of their atomic

elements masses is not exactly 2. Why?

{b) more for heavier elements and less for lighter 5 R

elements 14. Heand {Henuclei have the same mass number.

(c) very less compared to ordinary matter Do they have same binding energy?

{d) a constant NCERT Exemplar
6. Energy equivalent of 2 g of a substance is 15. Why do stable nuclei never have more protons

(a)18x10" m] (b)18x10" J than neutrons? NCERT Exemplar

13 13
(c)9x10™ mJ (d) 9107 16. Which property of nuclear forces is responsible

7. Given,m (¥Fe)= 55.934939 u and m (32" Bi)
= 208980388 u
Mpoton = 1007825 U, Mygyipon = 1.008665 u.
Then, BE per nucleon of Fe
(a) 8.790 MeV (b) 7.75 MeV
{c) 7.5 MeV (d) Data insufficient

8. Nature of nuclear force is
(a) electrical

for constancy of E, per nucleon? Comment.

SHORT ANSWER Type Questions

17.

18.

From the relation R = R{,Am, where Ry 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). NCERT

Check whether the given statement is correct or
incorrect, if incorrect then correct it with proper

({b) magnetic rect,
(c) gravitational explaination.
(d) None of the above The order of magnitude of density of nuclear

matter is 10*kg/m®.

9. The gravitational force between a H-atom and

another particle of mass m will be given by 19. The mass of a nucleus is less than the sum of
the masses of constituent neutrons and

Lm L.
Newton's law F= & — where r is in km.
protons. Comment.

NCERT Exemplar



20. Ifboth the numbers of protons and neutrons
are conserved in a nuclear reaction like

12 12 20 4
gC T +gC° — yNe™ +,He

In what way is the mass converted into energy?
Explain. Delhi 2010

21. Draw a plot of potential energy between a pair
of nucleons as a function of their separation.
Mark the regions where potential energy is

(i) positive and (ii) negative. Delhi 2013

22. Explain the processes of nuclear fission and
nuclear fusion by using the plot of binding

energy per nucleon (BE/ A) versus the mass

number A. CBSE 2018

23. Proton and neutron exist together in an
extremely small space within the nucleus. How is
this possible, when protons repel each other?

24. Why heavy stable nucleus must contain more
neutrons than protons?

LONG ANSWER Type I Questions

25 (i) Write three characteristic properties of
nuclear force.
(ii} Draw a plot of potential energy of a pair of
nucleons as a function of their separation.
Write two important conclusions that can be
drawn from the graph. Delhi 2015

26. Answer the following.

(i) Why is the binding energy per nucleon
found to be constant for nuclei in the range
of mass number (4) lying between 30 and
1707

(ii) When a heavy nucleus with mass number
A =240 breaks into two nuclei, A =120, energy
is released in the process. Foreign 2012

27. In the study of Geiger-Marsdon experiment on
scattering of c-particles by a thin foil of gold,
draw the trajectory of a-particles in the Coulomb
field of target nucleus. Explain briefly how one
gets the information on the size of the nucleus
from this study. From the relation R = RyA'"®,

where R, is constant and A is the mass number
of the nucleus, show that nuclear matter density
is independent of A. All India 2015

28. Nuclei with magic number of protons
Z =2 8 20,28 50, 52 and magic number of

neutrons N = 2, 8, 20, 28, 5(],782 and 126 are
found to be very stable.

(i) Verify this by calculating the proton
separation energy S, for "*'Sn (Z = 50)and
¥¥18b (Z = 51) The proton separation energy

for a nuclide is the minimum energy
required to separate the least tightly bound
proton from a nucleus of that nuclide. It is
given by

Sp,=(My_ y+ My, - M) et
Given,'™ In=1189058 u, “"8n = 119902199 u
2gh = 120.903824 u,

'H=1.0078252 u

(ii) What does the existence of magic number
indicate? NCERT Exemplar

29. Deuteron is a bound state of a neutron
and a proton with a binding energy B = 2.2 MeV.
A y-ray of energy E is aimed at a deuteron
nucleus to try to break it into a (neutron +
proton) such that the n and p move in the
direction of the incident y-ray. If E = B, show
that this cannot happen. Hence, calculate how
much bigger than B must be E be for such a
process to happen? NCERT Exemplar

NUMERICAL PROBLEMS

30. Obtain approximately the ratio of the nuclear

radii of the gold isotope 197 Au and the silver
isotope 'i7 Ag. NCERT

31. Calculate the energy equivalent of 2 g of
substance.

32. Calculate the energy in fusion reaction
’H +JH— 3He+n, where BE of JH = 223 MeV
and of 3He=7.73 MeV. Delhi 2016

33. Determine the nuclear radii of
(i) %Co
(ii) 337 Au.

34. Aheavynucleus X of mass number 240 and
binding energy per nucleon 7.6 MeV is splitted,
into two fragments ¥ and Z of mass numbers 110
and 130 . The binding energy of nucleons in Y and
Z is 8.5 MeV per nucleon. Calculate the energy
released per fission in MeV. Delhi 2010

35. Obtain the binding energy (in MeV) of a
nitrogen nucleus (;*N), given

m (}¥*N)=14.00307u. NCERT



36.

37.

38.

39.

40.

4.

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 3 Ca and j2 Al from the

following data :
m(39Ca) = 39.962591 u

m(3,Ca) = 40.962278 u
m(}s Al) = 25.986895 u

m(f Al) = 26.981541 u NCERT

A nuclide 1 is said to be the mirror isobar of
nuclide 2,ifZ =N,and Z, = N,.

(i) What nuclide is a mirror isobar of ﬁ‘Na?

(ii) Which nuclide out of the two mirror isobars

have greater binding energy and why?
NCERT

(i) Two stable isotopes of lithium §Li and }Li
have respective abundances of 7.5% and
92.5%. These isotopes have masses 6.01512u
and 7.01600 u respectively. Find the atomic
mass of lithium.

(ii) Boron has two stable isotopes (°B and }'B.

Their respective masses are 10.01294 u and
11.00931 u, and the atomic mass of boron is

10.811u. Find the abundances of ;°B and 'B.

NCERT

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 the earth.

The three isotopes and their masses are

fz‘ Mg (23.98504 u), ffMg (24.98584 u) and
fstg(25.98259 u). The natural abundance of
Mg is 78.99% by mass. Calculate the

abundances of other two isotopes. NCERT

The three stable isotopes of neon j3Ne, J3Ne
and 2Ne have respective abundances of 90.51%,
0.27% and 9.22%. The atomic masses of three
isotopes are 19.99 u, 20.99 u and 21.99 u,
respectively. Obtain the average atomic mass of
neon. NCERT
(i) What is the nuclear density of 7o Th ?

(ii) Is the nuclear density of an a-particle (; He)

to be greater than, less than or equal to
Z5Th 7 Explain.

(iii) Determine the nuclear density of an

o-particle. NCERT

42. Obtain the binding energy of the nuclei 5 Fe and
299Bi in units of MeV from the following data:
m (Fe) = 55934939 u

m (33°Bi) =208.980388u NCERT

| HINTS AND SOLUTIONS |

1. (a) Atomic mass unit (1 u) is defined as

_ mass of *C atom
12

2. (b) Radius of atom = 107"

Radius of nucleus = 107"
Radius of atom _ 107
Radius of nucleus 10"
3. (d) Given, 4 Po™*
Here,Z =84, A=218 A=Z +N
N=A-Z=218-84=134
4. (c) Fr }CA=12=N+2,Z=6 = N=6
For C A=14=N+2,Z=6 = N=8
Also, number of electrons in both atoms

= number of protons = Z =6
Mass mA

Iu

=10'

5. (d) Density = %
Volume _3_,! R; A

=;%,m=m,=MN
= 23x10" kgm™, which is a constant.
6. (b)Energy, E = 2x10™ x(3x10*)* ]
E =2x10" x9x10'
=18x10"]

Thus, if one gram of matter is converted to energy, there
is a release of enormous amount of energy.

7. (a) ; Fe nucleus has 26 protons and 30 neutrons.
. Mass defect =(26m, +30m,)— m(3 Fe)

= 56.46340 — 55.934939 = 0.528461 amu
Total BE = 0.528461 x 931.5 = 492.26 MeV
. Binding energy per nucleon
_ 492.26

= 8.790 MeV

8. (d) Nuclear force is an exchange force, it does not come

under electrical, gravilational or magnetic lorce
category.



9.

10.

1L

12

13.

14.

15.

16.
17.
18.

19.

20.

(b) Given, F = EMM
r

M = effective mass of hydrogen atom

{ = gravitational constant
and r= distance between H-atom and particle of mass m
(b) Stable heavy nuclei have more neutrons than

protons. This is because electrostatic force between
protons is repulsive , which may reduce stability.

24 Nﬂ

[sotopes = fan, 0
(both have same atomic number, i.e. 11)

Isotones = ;' Na, f:Na

(both have same number of neutrons, i.e. 13)

Since, radius of nucleus{i.e.R = R‘]Am ) is proportional
to the cube root of its mass number, hence nuclei will
have same radii, if their mass numbers are same. But
nuclear density is independent on mass number. It
remains constant for all nuclei, i.e. 23 x 10" kgj‘ms.

It is because of the fact that the mass of a nucleus is
slightly less than the mass of it's constituent nucleons.
This decrease in mass is called mass defect. Since, the
mass defect in case of 'O is not exactly twice the mass
defect in case of :Ee, 50 the ratio of the atomic masses is
not exactly.

Since, the repulsive force between protons is missing in
f[—IE, s0 the binding energy of ?He is greater than that

of JHe .

Because the protons are positively charged, so they
repel each other. Since, this repulsion force is more, so
that an excess of neutrons are required to reduce this
repulsion.

Muclear forces are saturated in character. This property
makes E, per nucleon constant for most of the nuclei.
Refer to text on page 502.

Given statement is incorrect because the order of
magnitude of density of nuclear matter is the order of
107 kg/m*.

When nucleons approach each other to form a nucleus,
they strongly attract each other. Their potential energy
decreases and becomes negative. It is the potential
energy which holds the nucleons together in the

nucleus. The decrease in PE results in the mass of
nucleons inside the nucleons.

The sum of masses of nuclei of product element is less
than sum of masses of reactants and hence, loss of mass
takes place during the reaction. This difference of mass
of product element and reactant converts into energy
and liberated in the form of heat.

Here, sum of masses of Ne™ and ,He" is less than the
sum of two C'" and conversion of this mass defect is

used to produce energy.

21

22,

23.

25.
26.

The graph between the potential energy of a pair of
nucleons as a function of their separation is given below

— PE (MeV)

(i) For distance less than 0.8 fm, negative PE decreases to
zero and then becomes positive.

(ii) For distances larger than 0.8 fm, negative PE goes on
decreasing.

From the given plot, we can conclude that,

a very heavy nucleus A = 240 has lower E,, compared to

that of a nucleus with A =120, Thus, if a nucleus A= 240

breaks into two A =120 nuclei, nucleons get more

tightly bound. Energy would be released in this process

which is known as nuclear fission.

i
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Binding energy per nucleon as a function
of mass number

Also, when two light nuclei (A £10) join to form a
heavier nucleus, E,  of fused heavier nuclei is more than
the E,, of lighter nuclei. Energy would be released in
this process, which is known as nuclear fusion.

Refer to the text on page 505.

Refer to the text on page 505.

Refer to text on page 505.

(i) The binding energy per nucleon for nucleus of range,
30« A <170 is close to its maximum wvalue. So, the
nucleus belongs to this region is highly stable and does
not show radicactivity.

(ii) Binding energy per nucleon is smaller for heavier
nuclei than the middle ones, i.e. heavier nuclei are less
stable. When a heavier nucleus such as nucleus of
mass number 240 splits into lighter nuclei (mass

number 120), the BE/nucleon changes from about
7.6 MeV to 8.4 MeV. Greater BE of the product nuclei

result in the liberation of energy.



27. Trajectory of c-particles in the coulomb field of target
nucleus is shown below:

3
2
Incident  q
a-particles 9
i
i
F !
i i
!
g !

From this experiment, the following points are
observed.

(i) Most of the c-particles pass straight through the gold
foil. It means that they do not suffer any collision with
gold atoms.

(it) About one o-particle in every 8000 @-particles
deflects by more than 90°. As most of the a-particles
go undeflected and only a few get deflected, this
shows that most of the space in an atom is empty and
at the centre of the atom, there exists a nucleus. By
the number of o-particles get deflected, the

information regarding size of the nucleus can be
known.

Refer to text on page 502.
28. (i) The proton separation energy is given by
Sp iy = UMy g + My — My 00e*

= (118.9058+ 1.0078252— 119.902199) e’
= 0.0114262¢°
Similarly, S, sy = (Mygn, 30 + My = Myzy ) e’

= (119.902199+1.0078252 —120.903822) c*

= 0.006202 c*

Since, Sp{ﬁﬂ = SF isty- 30 nucleus is more stable than
Sb nueleus.

(if) The existence of magic numbers indicates that the
shell structure of nucleus is similar to the shell
structure of an atom. This also explains the peaks in
binding energy/nucleon curve.

29. Apply conservation of energy as well as conservation of
momentum.

Given, binding energy, B= 22 MeV

From the energy conservation law,

a 2
E-B=K,+K, =fo 22 i)
2m 2m

From conservation of momentum,
E ..
Pn+pp=_ o fiL}

c

As, E=B8

3L

32.

33.

Eq. (i) becomes, pf + pi =0

It only happen, if p, = p, =0

So, the Eq.(ii) cannot be satisfied and the process cannot
take place.

Let E = B+ X, where X << B for the process to take place.

Put the value of p, from Eq. (ii) in Eq. (i), we get
2

[£-»)
2oy ,
\e ") Py

2m 2m
2E, E?
Po 4 ——2mX =0
[

= X=

=3 Zpi—

Using the formula of quadratic equation, we get

2 2
=, Ji[ﬁ_mx]
[4 c [4

Pp=

4
For the real value p,, the determinant is positive

2 2 2
%:E E—Z—Zm..lf =:~16mx=%
€ c €

2 2
X= Ez= Bz [~ X<<B=E=B§]
4mc ame

Radius of nuclei, R = R,A"*

where, A is the mass number of nucleus and R, is an
empirical constant.

R:AI.I'S

R A TE] 13

_&!’“‘" =[_A’F""' ] =(%] =1.225=123
ilver Elver

Given,m=2g=2x10"" kg
According to mass-energy equivalence equation,
E =me’= 2x107* x(3x10%)*
= 18x10%=18x10"]
According to question,
‘H+ H—s jHe+ o'
- Energy of fusion = Binding energy of ; He
— 2 % Binding energy of IzH
=773-2x223=327 MeV

Refer to the Example 2 on page 502.

In these type of questions, we have to keep in mind
about the difference of mass involved between output
and input. Energy will be involved accordingly.
Energy released per fission

= (110+ 130) = 8.5 MeV — 240x 7.6 MeV

= 240% (8.5— 7.6) MeV

= 240 % 0.9 = 216 MeV



35. Mass of proton, m, = 1.00783 u

Mass of neutron, m, = 1.00867 u
In ' N, there are 7 protons and 7 neutrons.
Mass defect, Am ={'FJ'1'|jll +Tm, )—m
=7 x1.00783+7 x1.00867 —14.00307 = 0.11243 u
Binding energy of nitrogen nucleus = Am x931MeV
= 0.11243 % 931MeV = 104.67 MeV
36. (i) When a neutron is separated from ;) Ca, we are left
with ;’gﬂa and the reaction becomes
4Ca — 0Ca+ 0’
Mass defect,
Am=m (5Ca)+mi yn')—m( 4Ca)
= 39962591 + 1008665 — 40962278
= 0.008978 u
Energy for separation of neutron = Am x 931
= 0008978 = 931
= B.358 MeV

{ii) When a neutron is separated from 27

13
with f’;ﬁl Thus, the reaction becomes

Al we are left

HAl —— JAl+ in
Mass defect, Am = m (5 Al) + m( jn') — m{ S Al)
= 25986895 +1.008665 — 26.981541
= (0.014019
. Energy for separation of neutron
=Am %931 =0014019 x 931
= 13.06 MeV

37. (i) According to the question, a nuclide 1 is said to be
mirror isobar of nuclide 2, if Z, = N, and Z, = N,.
Now, in ;}Na, Z, =11, N, =23-11=12
. Mirror isobar of ' Na is f:Mg, for which
Z,=12 =N, and N, =23-12=11=Z,

(ii) As, f?Mg contains even number of protons (12)
against |} Na which has odd number of protons (11),
therefore f,sh-'lg has greater binding energy than
it Na.

38. (i) Atomic mass of Li = Weighted average of the isotopes
_7.5% 601512+ 92.5% 7.01600
- 75+92.5
_ 451134 + 64898
- 100
(i) Suppose x and y are the abundances of ;'B and }'B,

= 6% u

respectively.
Atomic mass of boron
= Weighted average of the isotopes
_ xx1001294 + yx1100931
100

x X 1001294 + (100 — x) = 1100931
100
[y =(100-x)]
= 10811 =1001294 x + 1100931 —1100931x
= 099637 x = 19831 = x =19%0
y=(100—x)= 80.1
So, abundance percent }°B = 19.90%
Abundance percent of ;’ B =B80.1%

= 10811 =

39. Given, atomic mass of Mg= 24312 u
Mass of f;Mg = 2398504 u
Mass of ﬁ'Mg: 2498584 u
Mass of *Mg= 2598259 u
Abundance of }} Mg= 78.99%
Let the abundance of 1225 Mg be x %.
The abundance of g‘h{g= 100-7899—x = (21.01 — x)%

Atomic mass = Weight average of masses
_ Abundance of the isotopes
N Total abundance

78.99 2398504 + x X 24 98548
+ (21.01 —x ) %25.98259

100

= 24312=

= x =9303%
So, the abundance of |, Mgﬂ' is 9.303% and the abundance
of ,Mg™ is 11.71%.

40. Given, abundance per cent of Ne™ =90.51%
Abundance per cent of Ne®' =027%
Abundance per cent of Ne*™ =0.22%

Mass of Ne™=19.99 u

Mass of Ne*! = 2099 u

Mass of Ne* = 21.99u
Average atomic mass, m = Weighted average of all
isotopes
_90.51x19.99 + 0.27 % 20.99+9.22 x 21.99
B 90.51+0.27 +9.22
_1B09.29 + 5.67 + 202.75 _ 2017.71

= 20.18
100 100
41. (i) We know that,
im 3% 16x 107 kg

i] = =
4mR; 43 3.14x (1.2x 107°)}
= 23x% 107 kg/m®
(ii) Nuclear density (p) is independent on mass number,

hence nuclear density of a-particle ($He) and thorium
(323 Th) is equal to each other.

(iii) For a-particle, also nuclear density is equal to
2.3 10" kg/m®, as explained earlier.



42 Given, m, =1.00783 u, m,=1.00867 u

(i) For ; Fe, there are 26 protons and (56— 26) = 30
neutrons.
Am = mass of nucleons — mass of nucleus
= 26m, + 30m, —m
= 26 x1.00783+ 30x1 00867 —55.934939
= 0.528741n
Total binding energy = Am x 931 MeV
= 0528741 ¥ 931 = 49226 MeV
Binding energy per nucleon
Binding energy

- MNumber of nucleons
49226

= 8790 MeV

| TOPIC 2|
Nuclear Energy

NUCLEAR ENERGY

MNuclear cnergy  is the energy released during the
transformation of nuclei with less total binding energy to
nuclei with greater binding energy.

Two distinct ways ofubtaining energy from nucleus are as

FD"DW!:

1. Nuclear fission 2. Nuclear fusion

Nuclear Fission

Nuclear fission is the phtnamcnon of sp|itting of a hcav}'
nucleus (usually 4> 230) into two or more lighter nuclei by
the bombardment of proton, neutron, o-particle, cte.
Energies associated with nuclear processes are about a
million times |.=1rgcr than chemical process.

In fission, a heavy nucleus like ﬁi" U breaks into two smaller

fragments by the bombardment of thermal neutron (low
cnergy or slow moving).
eg 3 U+ gn—> 1o'Ba+ oKr+3n' +Q

(Energy released)

Q-\ra]uc here refer to the energy released in the nuclear process,
which can be determined using Einstein's mass - energy
relation, F = me?. The ()-value is equal to the difference of

mass of'prac[ucrs and reactants mulriplitd hy square of vdocir}r
of light. Energy released per fission of ;;" U is 200.4 MeV.

The fragment nuclei produced in fission are highly unstable.

(ii) For ? Bi there are 83 protons and (209—-83) =126
neutrons.
Am = mass of nucleons — mass of nucleus
=83m, + 126 m, —m
Am = B3 x100783 +126 x LOOB6T — 208980338
= 1761922 n
Binding energy = Am %931 MeV
= 1761922 x 931
= 1640.35 MeV
Binding energy per nucleon
Binding energy

N Number of nucleons
_ 164035
209

Thus, binding energy per nucleon of Fe is more
than Bi.

= 7848 MeV

Thl:}' are highl}r radioactive and emit f.'l-particlr:s in

SL].EECSSEDII until CﬂCI.'l l'Cﬂ.Cl'lCS to a stahlc cnd PIEH:IIJL_['.

Nuclear Chain Reaction

In the nuclear fission reaction, there is a release of extra
neutrons. The extra neutrons in turn initiate fission process,
producing still more neutrons and so on. Thus, a chain of
nuclear fission is set up called nuclear chain reaction. The
chain reactions may be of two types:

Uncontrolled Chain Reaction During fission reaction,
neutrons released are again absorbed b}’ the fissile isotopes,
the cycle repeats to give a chain reaction, i.e. self-sustaining
and gives off cnergy at a rate that increases rapidly with time
ltading to |.=1rgc amount of radiation. This is called

uncontrolled chain reaction.

Controlled Chain Reaction [th some means, the reaction
is controlled in such a way that only one of the neutrons
emitted in a fission causes another fission, then the fission
rate remains constant and the energy is released stcadily.
Such a chain reaction is called a controlled chain reaction. 1t
is used in a nuclear reacror.

The sustained ﬁssibilir_v of nuclear chain reaction dl:ptncis
on the mu|rip|ic.atic|n factor or rcpmduction factor K.

Rate of pmducriun of neutrons

Rate Df I.DSS DF neutrons

If K =1, the operation of reactor is said to be critical. It is

what we wish to be for stcady power operation.



If K =1, the reaction rate and reacror power increascs
cxpuncntiaﬂ}r, In this case, reaction is super-l:ritica] and can
cven cxplndc. If K < 1, the reaction gradua“)r stops. And the
condition is called sub-critical.

Nuclear Reactor

It is a device that can initiate a self-sustaining controlled
chain reaction of a fissionable material. Thc'_l,.r are used ar
nuclear power p|.'1nrs for generating :lcctricir_l,.r and in

propulsion of ships.

Cantrol rods Coolant Superheated steam
Shigkding By
l Electric
generalor
1 Used

B steam
Fizsion
chamber rods

oid waler

Muclear reactor

Construction

TI.'!.C I{C}-" mmpﬂn:nts DE IILICI.CEI reactor are as FDI.IDWS:

(1) Nuclear fuel It is a marerial thar can be burned hy
nuclear fission or fusion to derive nuclear energy.
The common fuels used in nuclear reactor are 23 U,
2y y 2 Pu, etc.

(i) Nuclear reactor core It is the portion of a nuclear
reactor containing the nuclear fuel components
where the nuclear reaction takes place.

(iii) Moderator It is a medium w slow down the fast
moving secondary neutrons produced during the
fission. Heavy water, graphite, deuterium, paraffins,
etc., acts as moderator.

(iv) Control rods It is used in nuclear reacrors o conrrol
the rate of fission of uranium and plutﬂnium. These
are made of chemical elements capahlt of ahmrhing
many neutrons wi thout ﬁssiclning themselves such as
silver, indium, boron and cadmium.

(v) Coolant It is a liquid used to remove heat from
nuclear reactor core and transfer it to electrical
generator and environment. Ordinary water under
high pressure is used as coolant.

(wvi) Shielding It is the protective covering made of
concrete wall to protect from harmful radiations.

India’s Atomic Energy Programme

The Atomic Energy Programme of our country was
launched around 1950 under the l:adcrship of Homi
] Bhabha (1909-1966). The major milestones achieved so
far are as below:
(1) First nuclear reactor named Apsara went critical on
4 August, 1956. It used enriched uranium as fuel and
water as moderator,
(11) Another reactor named Canada India Research US
(CIRUS) became operative in 1960. It used narural

uranium as IFI.IEI :;nd hc:u'}' water as deCIQIDI.

(111) Indigcnuu.s d:sign and construction of p|utonium
plant at Trombay. It ushered in the technology of
fuel reprocessing,

(iv) Research reacrors like Zerlina, Purnima, Dhruva and
Kamini were commissioned. The last one uses U-233
as fuel.

(v) The fast breeder reactors which use plutonium-239 as
fuel do not need moderators. They can be used o
produce fissile uranium-233 from thorium-232 and
to build POWET reactors based on them. Considerable
work has been done by our scientists in this direction
at Kalpakkam nuclear plant.

(vi) We have mastered the mmplcx tcchnalugi:s of
mineral exploration, mining, fuel fabrication, heavy
water pn:lductinn, fuel reprocessing, crc.

Nuclear Fusion

Nuclear fusion is the ph:nnm:nan of Fusing WO Or more
lighter nuclei forming a single heavy nucleus.For fusion o
take place, the two nuclei must come close enough so thar,
artractive short range nuclear force is able to affect them.
Since both the nuclei are |:|1:usiti‘|-1:l}r chargcd partich:s, 50
they experience Coulomb's repulsion. Therefore, they must
have cnnugb energy to overcome this Coulomb barrier.

eg H'+ H' — H*+ " +v+0.42 MeV
H*+ H? — ,He' + ' +3.27 MeV
H*+ H* — H’+ H'+4.03 MeV

Fusion of h}rdmgcn nuclei into helium nuclei is the source
of energy of most of the stars including the sun.

Energy Generation in Stars

Thermonuclear fusion is the source of energy output in the
interior of stars. The interior of the sun has a temperature of

15 % 1{]?[{, which is cnnsidtrahl:.r less than the estimared



temperature required for fusion of particles of average
energy. Fusion in the sun involves protons whose energies
are much above the average energy, l.c. protons which are in
the high velocity fall of Maxwell-Boltzmann distribution.
The fusion reaction in the sun is a mu|ti-stcp process in
which the hydrugcn is fused intoe helium. The
proton-proton  (p, p) cycle by which this occurs s
r:pr:s:ntcd b}' the fallnwing sets of reactions:

IH+|H = [H+e*+Vv+0.42 MeV ()
e +eT = Y+y+1.02 MeV i)
[H+ |H — He+ v+ 549 MeV ...(iii)
3He+ 3He — 3He+ [H+{H+ 12.86 McV ...(iv)

For the fourth reaction to occur, the first three reactions
must occur twice, in case two light helium nuclei unite to
form nrclina.l]r helium nudeus. If we consider the
combination 2(i)+ 2(i)+ 2{i1) + (iv), the net effect i1s
41H+2¢™ = JHe+ 2v+ 67 +26.7 MeV

or (4]H+4e7) = (JHe+2¢7)+2v+67+26.7 MeV

Thus, four hydrogen atoms combine to form ;Hc atom
with a release of 26.7 MeV of encrgy.

As the h}rdrogcn in the core gets dcph:n:d and becomes
helium, the core starts to cool. The star begins to collapse
under its own gravity, which increases the temperature of
the core.

The age of the sun is about 5 x 1[}‘}}'1' and it is estimated that
there is EI'IDI.IEI'I hydmgcn in the sun w Icccp it going for

another 5 billion years.

Nuclear Holocaust

It is the name given o |argc scale destruction and
devastation that would be caused by the use of nuclear
weapons.

During fission of a singk nucleus of ‘}_,U'H'S, about

0.9 %235 MeV (=200 MeV) energy is released in 1077 5. If

cach nucleus of abour 50 kg of By undergoes fission, then
the total energy released is 4 x 1[}]5_]. This energy is
equivalent to about 20000 ronnes of TNT.

The first :xp|usian occured on Gth August, 1945, when
USA dropped an atom bomb on Hiroshima in Japan. This
resulted in killing of 66000 persons, injured 69000 persons
and 67% of the city structures smashed.

The radioactive waste will hang like a cloud in the carth’s

atmosphere. It will absorb the sun’s radiation and there may
be a lang nuclear winter.

Controlled Thermonuclear Fusion

The essential condition for carrying out nuclear fusion is to
raise the temperature of the material so that particles have
enough energy due to their thermal motions alone and
thc'_',.r can overcome the Coulomb barrier. This process is
called thermonuclear fusion.

The natural thermonuclear fusion in a star is r:p|il:.'m:d ina
thermonuclear fusion device. The aim of controlled
thermonuclear fusion is to generate the steady power by
heating the nuclear fuel to a temperature in the range of 10
8K, At these temperature, the fuel is a mixrure of positive
ions and electrons (plasma).

The cha":ngc is to confine this plasma, since no container
can stand such a high temperature. Several countries
around the world including india are developing
rcchniqucs in this connecrion. If successful, fusion reacrors

will hupcﬁ.l")«' supph’ almost unlimited power to humanir}r.

Distinction between Nuclear Fission
and Nuclear Fusion

(i) Fission is the splirting of la.rgc nucleus into two or
more smaller ones, on the other hand, fusion is the
cnmhining of two or more light:r nuclei to form
larger one.

(i1} Fission does not normally occur in nature bur fusion
occurs in stars such as the sun.

(iii) Fission requires critical mass of the substance and
high sp::d neutrons but in fusion, high d:nsit}-’ and
high temperature environment are rcquir-:d.

(iv) In fission, energy released is million tmes greater
than in chemical reacrions, bur lower than energy
released by nuclear fusion.

{(v) Uranium is the primary fuel for fission reaction
and h}’dmgcn Isotopes are the primary fuel in

nuclear fusion reaction.

TOPIC PRACTICE 2 |

OBJECTIVE Type Questions
1. Inanuclear reaction 5°U— 7 Th +3He, the value
of Aand £ are
{a) A=23M,Z=%
(b) A=238 Z =94
{c) A=2347Z=90
(d) A=238 Z=90



2. For sustaining the chain reaction in a sample 9. Determine the energy released in the following
(of small size) of ﬁ“;'sU, it is desirable to slow fusion reaction.
down fast neutrons by gy % 3
(a) friction H +5H 2He+y
(b) elastic damping/scattering 10. Suppose we think of fission of a J;Fe nucleus
(c) absorption into two equal fragments, ﬁ,‘fﬁl Is the fission
(d) Mone of the above . ) .
energetically possible? Argue by working out Q
In a nuclear reactor , moderators slow down the of the process. Given, m (3 Fe)= 55.93494u and
neutrons which come out in a fission process. 28 AT _
The moderator used have light nuclei. Heavy m{IAD= ST.951910. NCERT
nuclei will not serve the purpose, because 11. The sun is believed to be getting its energy from
(a) they will break up NCERT Exemplar the fusion of four protons to form a helium
{b} ElﬂSliL‘ Eﬂllj&i.ﬂn anEl.'lt[Dl'lS With. I'I.EE.\"Y nuclei W.ill. nuc]e‘us and a pajr ﬂf pnsi‘[rﬂnsl Calculate the
not slow them down release of energy per fusion in MeV.
(c) ﬂ].E net weight of the reactor would be unbearably Mass of proton = L007825 amu, mass of
high positron = 0.000549 amu, mass of helium
(d) substances with heavy nuclei do not occur in nueleus = 4.002603 amu
liquid or gaseous state at room temperature Take, 1 amu = 9315 MeV.
VERY SHORT ANSWER Type Questions 12. The fission properties of 23’Pu are very similar
4. What is nuclear holocaust? to those of %U_ The average energy released
K. Four nuclei of an element undergo fusion to E:r‘;‘l_ssimli is liﬂ_?dﬁ;"r‘;lﬂw muc_h ?terg}fr in
form a heavier nucleus, with release of energy. 2; 58 TRAGRAIL, § _a ; e atomsin 1 kg of pure
Which of the two—the parent or the daughter o4 Puundergo fission? NCERT
nucleus—would have higher binding energy per 13. The Q-value of a nuclear reaction

nucleon? CBSE 2018

A+b—— C +d is defined by
Q=Im, +m, —m, —m,|c*, 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) H+3H— H+H

(ii) PC+2C— INe+ iHe

SHORT ANSWER Type Question

6. An atomic power nuclear reactor can
deliver 300 MW. The energy released due to
fission of each nucleus of uranium atoms U*® is
170 MeV. What will be the number of uranium
atoms fissioned per hour?

LONG ANSWER Type 11 Question

7. Suppose India had a target of producing by
2020 AD, 200000 MW of electric power, 10% of
which was to be obtained from nuclear power
plants. Suppose we are given that, on an average,
the efficiency of utilisation (i.e. conversion to
electric energy) of thermal energy produced in a 14.
reactor was 25%. How much amount of
fissionable uranium would our country need per
year by 20207 Take the heat energy per fission of
31 to be about 200 MeV. NCERT

Atomic masses are given to be
m(;H") = 1.007825 u, m(;H)= 2.014102 u,
m(3H) = 3.016049 u, m(C)=12.000000 u

m(3Ne) = 19.992439 u NCERT

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

(i) 33°Ra and (i) Z°Rn.

Given, m (25Ra)= 226.02540 u ,
m(%2Rn)=222.01750 u ,m, = 4.00260 u
m(29Rn) = 220.01137u,

NUMERICAL PROBLEMS

8. Complete the following fission reaction and

calculate the amount of energy it releases. m(i5Po)=216.00189 u NCERT

n+ 350 — Ber+ 55 %e+ (7



15.

16.

17.

18.

How long can an electric lamp of 100 W be kept
glowing by fusion of 2 kg of deuterium? Take
the fusion reaction as CBSE SQP (Term-II)

?H+7H — 3He+n+ 327 MeV

Calculate and compare the energy released by
(i) fusion of 1 kg of hydrogen deep within
sun and
(ii) the fission of 1 kg of ***U in a fission reactor.
NCERT

Distinguish between nuclear fission and fusion.
Show how in both these processes energy is
released?
Calculate the energy release in MeV in the
deuterium-tritium fusion reaction.

H+3H — jHe+n

Using the data,

m(}H)=2.014102u, m (}H)= 3.016049u

m(3He)= 4.002603u, m, =1.008665u
1u= 9315 MV
c All India 2015

A 1000 MW fission reactor consumes half of its
fuel in 5 yr. How much 2°U did it contain
initially? Assume that the reactor operates 80%
of the time that all the energy generated arises
from the fission of };°U and that this nuclide is
consumed only by the fission process.

NCERT

| HINTS AND SOLUTIONS |

L (¢) 2*U— 2'Th +$He

When a o-particle is emittted mass number decreases by
4 and atomic number by 2.

(b) Fast neutrons are slowed down by elastic scattering
with light nuclei. Each collision takes away nearly 50%
of energy.

(b) According to the question, the moderator used have
light nuclei (like proton). When protons undergo
perfectly elastic collision with the neutron emitted, their
velocities are exchanged, i.e., neutrons come to rest and
protons move with the velocity of neutrons.

Heavy nuclei will not serve the purpose because elastic
collisions of neutrons with heavy nuclei will not slow
them down.

It is the name given to large scale destruction and

devastation that would be caused by the uncontrolled
release of large energy from the nuclear weapons.

5. According to question,

4,X* — ¥V +Q
(Parent nuciei) (Daughter nucleus)
As the daughter nucleus is a heavier nucleus as
compared to parent nuclei, which are more stable than
lighter nuclei, hence daughter nucleus has more binding
energy per nucleon than parent nuclei.

. As, we know that,

power = ——8Y = 300x 10°W = 3x 10° J/s
time

170 MeV = 170x 10° X 1.6x 107 =27.2x 107" ]
Number of atoms fissioned per second

_ 3x10 3x10®

Corzx 107 272
- Number of atoms fissioned per hour

_ 3%10™ x 3600

27.2

3x3
=3%38 107 = 4 X10%m
27.2

7. Total target power = 200000= 2x10° MW

Total nuclear power =10% of total target power
=22 % 2x10° = 2x10° MW
100

Energy produced/fission = 200 MeV
Efficiency of power plant = 25%
Energy converted into electrical energy per fission

25
=—x 200= 50 MeV
100

=50%1.6x107"]
Total electrical energy to be produced per year
=2x10" MW
=2x10* x10° =2x10" W
=2x10")/s
= 2x10" x60x60x 24 X365 )/yr
Number of fission in one year,
ok 210" X 60 X 60 X 24 X365

50x1.6x107"
2X36X 24 X365

8
Mass of 6023 x10”atoms of “**U=235¢
= 235x10 kg
Mass of 3)* U required to produce
_ 2X36 24 X365

1 OZC

x10** atoms

_ 235%10™° X 2X 36X 24 X 365x10"*
6.023x10% x 8
= 3.08x10'kg

Thus, the mass of uranium needed per year is
3.08x10" kg



8. By conservation of charge and mass, given equation can
be written as

tn+ D0 —— BSr+ D¥e +120n + Q (Energy)
For amount of energy released, use
Q= Am %931 MeV
9. Use Q= Am x 931 MeV
Ans. 594 MeV
10. The given reaction for decay process,
aFe— Al
Mass defect, Am = m(}Fe) — 2m{;s Al)
= 5593494 — (27.98191)
=—0.02888 u
= 0= Am =931 = —002888 = 931
= —2688728 MeV
Because the energy is negative, so the fission is not
possible energetically.
1. JH+ H+ H+, H+— iHe+ 2/e+ Q
Initial mass = Mass of 4 hydrogen atoms
=4 = L007825 amu = 4031300 amu
Final mass = m(3He) + 2m(} ¢)
= 4002604 + 2 x 000549
= 4002604 + 0001098 = 4003702 amu
Mass defect,
Am = 4031300 — 4003702 = 0027598 amu
- Energy released,
= 0027598 = 931 MeV = 257 MeV

12. According to the concept of Avogadro number,
The number of atoms in 239 g of ::g Pu = 6.023x10™

Number of atoms in 1 kg of 5" Pu
_6.023%10™ %1000

= 2.52x10*
239
The average energy released in one fission
= 180 MeV

5o, total energy released in fission of 1 kg of
¥ru=180x 252 x10™

= 453%10™ MeV
13. (i) The given reaction, \H+'H— 'H+'H
Mass defect, Am=m (H)+m (| H)—2m ([ H)
= 1.007825 + 3.016049— 2(2.014102)
=— 000433 u
(-value of the reaction,
= Am=931=— 0.00433 x931

0 =—4031 MeV
As, the energy is negative, so the reaction is

endothermic.

(ii)) The given reaction,
2O+ 20— ®Ne+ 'He
=T g 0Ty

Mass defect, Am = 2 m(} C)— m() Ne)— m(3He)
= 2x12— 19992439 — 4.002603
Am = 0.00495 u
() -value of the reaction,
O =Am=x 931 = 0.00495x 931
= 462 MeV
Since, the energy is positive, thus the reaction is
exothermic.
14. (i) The process of a-decay of 53 Ra can be expressed as,
“aRa— “GRn + jHe +Q
(J-value of the reaction is given by
= [m( %t Ra) —m( 55 Bn)— m, | = 931 MeV
= (226.02540—222.01750 — 4.00260) x 931
= 0.0053 %931 = 4.93 MeV

Kinetic energy of emitted ci-particle computed using
conservation of momentum

[ A-4 ] [ 226—4 ]
=|l—-| 0= %493
A 226
= 4.84 MeV
(i) The process of ai-decay of “ Rn can be expressed as,
HRn — “'Po +iHe
(J-value of the reaction,
Q = [m(3"Rn —m{},*Po)— m, ] % 931 MeV
= (22001137 — 216.00189 — 4.00260] x 931
Q =641 MeV
- Kinetic energy of emitted ot-particle
_(A-4)Q ([220-4
CA -[ 220
= 6.29 MeV
15. Let t be the time.
According to the Avogadro number concept,
Number of atoms in 2 g of deuterium = 6023 x 10"
Number of atoms in 2 kg of deuterium
_ 6023%10™ x 2%10°
- 2
= 6023 % 10" nuclei
Energy released during fusion of two deuterium
= 327 MeV

])(ﬁAl

. Energy released per deuterium = 1635 MeV
Energy released in 6023 %10™ deuterium atoms
= 1.635x6.023 x10™
= 9.848 x10™ MeV
= 9,848 x10™ x 1.6 X107
=15.75x10" ]

Energy used by bulb in 1s = 100 ]
100 ] energy used in time = 15



15
% 15.
1575x10" ] energy used in time = 1X15.75%10_

100
=15.75x10"s [~ 1 yr= 60X 24 X 60 %365 5]
1575 x10" ‘
= yr =499Xx10
60% 24 X 60X 365 "

Thus, the bulb glows for 4.99 x10* yr.

16. (i) In sun, four hydrogen nuclei fuse to form a helium
nucleus with release of 26 MeV energy.
** 1 g of hydrogen contains = 6023 x10” nuclei

- Energy released by fusion of 1 kg (=1000 g) of

6023 x10” x 26 x10°

4
=39x10" MeV
(ii) Energy released in one fission of ;' U nucleus

= 200 MeV
Mass of uranium =1 kg =1000 g
We know that, 235 g of **U has 6.023 x10* atoms or
nuclei.
. Energy released in fission of 1 kg of U™,

_ 6023x10™ x1000 X 200

hydrogen, E, =

E, = = 5.1x10* MeV
235
26
_E_,=39x10“ =765=8
E, 51x10

Thus, the energy released in fusion is 8 times the
energy released in fission.

17. Nuclear fission is the phenomenon of splitting of a
heavy nucleus (usually A > 230) into two or more lighter
nuclei.

UG +ny — Bay' +Kn + 3n, +Q
In this case, the energy released per fission of U3} is
200.4 MeV.
Nuclear fusion is the phenomenon of fusion of two or
more lighter nuclei to form a single heavy nucleus.
The mass of the product nucleus is slightly less than the
sum of the masses of the lighter nuclei fusing together.

18.

This difference in the masses results the release of
tremendous amount of energy.

eg'H +]H —— [He + e* +v+042MeV
H+!H — JHe + on' +327MeV
iH+{H —— H® + H+ 4.03MeV
iH+]H ——]He +nMeV

Am=(2.014102 + 3.016049) — (4.002603 + 1.008665)
= 0018883 u

MeV
Energy released, Q= 0.018883x 931.5 =

c2

= 17.589 MeV
Given, power of reactor, P= 1000 MW

We will use concept that the energy generated in one
fission of 5’ U is 200 MeV.

Number of SSU atomsinlg= %5- % 6.023x10%
. Energy generated per gram of 3°U
1
= (-- X 6.023x10™ x 200 % 1.6x10"’)
235

Total energy generated in 5 yr with 80% of the time
=1000X10° X5X 365 24 X 60 X 60 X —

100
[as E = Pt]
. Mass of %’,U consumed in 5 yr,
e Total energy
Energy consumed per gram

> 1000 % 10° X 5% 365 X 24 X 60 X 60 X 0.8

(L) %X 6.023%10% x 200x1.6x107"
235

=1.538x10° g
=1538kg
. Initial amount of 5’ U = (1544 x 2) = 3076 kg



SUMMARY

Volume of a nucleus is about 1072 times the volume of the
atorm. But the nucleus containg mare than 99% of the mass of
an atom.

The unit used to express atomic masses is atomic mass
unit (u).

1u = 1660539 x 107 kg
Isotopes The atomic species of the same element differing in
mass but having the same chemical properties are called
isotopes.
Nucleus It consists of protons and neutrons. The positive
charge in the nucleus is that of protons. A proton is stable.

Neutron was discovered by James Chadwick. A free neutron
is unstable.

Atomic Number It is the number of protons present inside the
nucleus.

Mass Mumber It is the total number of protons and neutrons
inside the nucleus.

Nuclear Density The ratio of the mass of nucleus and its
3m

4nRy
Size of Nucleus The radius A of the nucleus having mass
number A can be given by

R e AY3 = B = R AV3

volume. So, it can be givenby p=

where, Ry =12 x107"°m

Mass Energy Einstein showed that mass is another form of
energy. Einstein's mass-energy equivalence equation

isE= M

Binding Energy Minimum energy required to separate the
nucleons (present inside the nucleus) and place them at rest
and infinite distance apart.

Average Binding Energy per Nucleon of Nucleus
_Total binding energy
Number of nucleons (4l

Muclear Stability The stability of nucleus is determined by the
value of its binding energy per nucleon and its neutron to the
proton ratio.

Muclear Force is the strong attractive forces between
nucleons. It is a non-conservative force and does not obey
inverse-square law.

Nuclear Energy It is the energy released during the
transformation of a nuclei.

Muclear Fission It is phenomenon of splitting of a heavy
nucleus into two or more lighter nuclei by the bombardment of
proton, neutron, a-particles, etc.

Nuclear Fusion It is phenomenon of fusing of two or more
lighter nuclei forming a single heavy nucleus.



CHAPTER
PRACTICE

OBJECTIVE Type Questions

1. Ifthe nuclear radius of *’Alis 3.6 Fermi, the
approximate nuclear radius of **Cu in Fermi is
(a) 2.4 (b) 1.2
(c) 4.8 (d) 3.6

2. How much mass has to converted into energy to
produce electric power of 200 MW for one hour?
(a) 2x107° kg (b)8x107° kg
(c)1x107° kg (d)3x107° kg

3. The mass defect of helium nucleus is 0.0303
amu. The binding energy per nucleon for helium
nucleus will be

(a) 28 MeV (b) 7MeV  (c) 14 MeV  (d) 1 MeV

4. Binding energy of hydrogen nucleus is
(a) - 13.6 eV (b)0
(c) 13.6 eV (d) 6.8 eV

5. Two protons are attracting each other, then
separation between them is
(a)107"" m (b)107°* m
()10~ m (d)107" m

6. In fusion reaction occurring in the sun,
NCERT Exemplar
(a) hydrogen is converted into carbon

(b) hydrogen and helium are converted into carbon
and other heavier metals/elements

(c) helium is converted into hydrogen
(d) hydrogen is converted into helium

ASSERTION AND REASON

Directions (Q. Nos. 7-8) In the following
questions, two statements are given- one labeled
Assertion (A) and the other labelled Reason (R).
Seleclt the correct answer lo these questions from
the codes (a), (b), (c) and (d) as given below

(a)Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.

(b) Both Assertion and Reason are true but Reason
is not the correct explanation of Assertion.

(c) Assertion is true but Reason is false.

(d) Assertion is false but Reason is true.

7. Assertion Nuclear force between
neutron-neutron, proton-neutron and
proton-proton is approximately the same.

Reason The nuclear force does not depend on
the electric charge.

8. Assertion Naturally, thermonuclear fusion
reaction is not possible on earth.

Reason For thermonuclear fusion to take

place, extreme condition of temperature and
pressure are required.

CASE BASED QUESTIONS

Directions (Q.Nos. 9-10) These questions are case study
based questions. Attempt any 4 sub-parts from each question.
Each question carries 1 mark.

9. Discovery of Nucleus

The nucleus was first discovered in 1911 by
Lord Rutherford and his associates by
experiments on scattering of a-particles by
atoms. He found that the scattering results
could be explained, if atoms consist of a small,
central, massive and positive core surrounded
by orbiting electrons.The experimental results
indicated that the size of the nucleus is of the
order of 107** m and is thus 10000 times
smaller than the size of atom.

(i) Ratio of mass of nucleus with mass of atom
is approximately
(a) 1 (b) 10
(c) 10° (d) 10"

(ii) Masses of nuclei of hydrogen, deuterium
and tritium are in ratio
(a) 1:2:3 (b) 1:1:1
(c) 1:1:2 (d) 1:2:4



(iif) Density of a nucleus is
(a) more for lighter elements and less for heavier
elements
(b) mare for heavier elements and less for lighter
elements
{c) very less compared to ordinary matter
(d) a constant

(iv) If R is the radius and A is the mass number,
then log R versus log A graph will be
(a) a straight line
(b) a parabola
(c) an ellipse
(d) None of the above
(v) The ratio of the nuclear radii of the gold
isotope Ju' Au and silver isotope ' Auis
(a) 1.23 ib) 0.216
(c) 2.13 (d) 3.46

10. Disappeared Mass

In the year 1939, German scientist Otto Hahn
and Strassmann discovered that when an

(c) absorption
(d) None of the above
(iii) Which of the following
reaction(s)?
L gn+37U— ;U= P Sh+ 7 Nb+4n

is/are fission

IL gn+507U— 1{"Xe+ 5 Sr+ 200
I11. fH +fH—) th +1L1ﬂ
{a) BothII and III (b) BothIand III
(c) OnlyII (d) BothIand Il
(iv) If a nucleus with mass number A =240 with
E,.=76MeV breaks into two fragments of
A=120 and E_ =835 MeV, then released
energy is around
(a) 216 MeV
(b) 200 MeV
(c) 100 MeV
(d) Cannot be estimated from given data

(v) In any fission process, ratio of mass of
daughter nucleus to mass of parent nucleus
is

uranium isotope was bombarded with a (a) less than 1
neutron, it breaks into two intermediate mass (b) ter than 1
fragment. [t was observed that, the sum of the greater than
masses of new fragments formed were less than (c) equal to 1

the mass of the original nuclei. This difference (d) depends on the mass of parent nucleus
in the mass appeared as the energy released in
the process.

Thus, the phenomenon of splitting of a heavy
nucleus (usually A=230) into two or more
lighter nuclei by the bombardment of proton,
neutron, a-particle, ete with liberation of energy
is called nuclear fission.

Fission reaction resulting from the absorption
of neutron is known as induced fission.

aUP 4 n' = LU S B kY

Unsrable nudews
+3,0'+ 0

1. The neutron is bombarded on a °B nucleus and

an o-particle is emitted. The nuclear reaction
involved is CBSE 2020

n+B— fHe+...

12.

MName the particle emitted spontaneously in the
following nuclear reaction: CBSE 2020

m _—
s P — Tﬁ5+v+.......

VERY SHORT ANSWER Type Questions

() E:isdl:::] ;{enudﬂr :fuflz;illznl-letht;ﬁause the 13. Two nuclei have mass numbers in the ratio of
(@) i g rg_j:hpe ber at high 27:512. What is the ratio of their nuclear radii?
a) INCreases wi IMass number a g Inass
numbers 14. Inthe following nuclear reaction, identify
b) decriases with mass number at high mass unknown labelled X. CBSE SQP (Term-I)
numpeers 7 7
{c) increases with mass number at low mass uNa+X - iocNe+v,
number ) 15. Why is it necessary to slow down the neutrons,
(d) demi:’jes with mass number at low mass produced through the fission of 53U nuclei (by
numieer
(ii) F taini th ! fissi hai neutrons) to sustain a chain reaction? What
ii) For sustainin; e nuclear fission chain )
reaction in a sgrnple (of small size) of 33U, it type of nuclel aoa (prafurably) nasded for
un* slowing down fast neutrons?
is desirable to slow down fast neutrons by
16. Name the materials used as moderators in

{a) friction

(b) elastic damping/scattering nuclear reactors and write the reasons for their

use as moderator.



SHORT ANSWER Type Questions

17.

18.

19.

20.

(i) Write two characteristic features of nuclear
force.
(ii) Draw a plot of potential energy of a pair of
nucleons as a function of their separation.
All India 2017 C

(a) State two distinguishing features of nuclear
force. CBSE 2019
(b) Draw a plot showing the wvariation of
potential energy of a pair of nucleons as a
function of their separation. Mark the
regions on the graph where the force is
(i) attractive and (ii) repulsive.

If both the numbers of protons and neutrons
are conserved in a nuclear reaction like
12 12 20 4
gC +,C% — [N+ He
In what way is the mass converted into the
energy? Explain.

Calculate for how many years will the fusion of
2.0 kg deuterium keep 800 W electric lamp
glowing. Take the fusion reaction as  CBSE 2020

H+ H— 3He+ ln+3.27 MeV

LONG ANSWER Type | Questions

21.

22,

23.

(a) Give one point of difference between
nuclear fission and nuclear fusion.

(b) Suppose we consider fission of a 3Fe into
two equal fragments of 2% Al nucleus. Is the
fission energetically possible? Justify your

answer by working out (Q-value of the
process.

Given (m) 35Fe = 55.93494 u

and (m) jfAl=27.98191.  CBSE SQP (Term-I)

Draw the curve showing the variation of
binding energy per nucleon with the mass
number of nuclei. Using it explain the fusion of
nuclei lying on ascending part and fission of
nuclei lying on descending part of this curve.
CBSE 2020

A heavy nucleus P of mass number 240 and
binding energy 7.6 MeV per nucleon splits in to
two nuclei Q and R of mass numbers 110, 130
and binding energy per nucleon 8.5 MeV and
8.4 MeV, respectively. Calculate the energy
released in the fission. CBSE 2020

LONG ANSWER Type Il Questions

24.

1
6.

Define Q-value of a nuclear process. When can
a nuclear process not proceed simultaneously?

If both the number of protons and the number
of neutrons are conserved in a nuclear reaction,
in what way is mass converted into energy

(or vice-versa) in nuclear reaction?
(i) In a typical nuclear reaction, e.g.
"H+7H — 3He + 3.27MeV

Although number of nucleons is conserved,
yet energy is released. How? Explain.

(i) Show that nuclear density in a given nucleus
is independent of mass number A.

ANSWERS

(c) 2. (b 3. (b 4. (0 5. (d)
(d) 7. (a) 8. (a)
9.i) (a) As nearly 99.9% mass of atom is in nucleus.

(11) (a) Since, the nuclei of deuterium and tritium are

Densitv =
(iii) (d) Density v

isotopes of hydrogen, they must contain only one
proton each. But the masses of the nuclei of hydrogen,
deuterium and tritium are in the ratio of 1:2: 3,
because of presence of neutral matter in deuterium and
tritivm nuclei.

Mass

olume

mA Im

1 TR
2aRiA 4R,
3
As,  m=mp=my
= 23%10" kgm™, which is a constant.

{iv) (@) R = R,A"

log R = logR, +%]ug A

On comparing the above equation of straight line;
y = mx + ¢, so the graph between log A and log Risa
straight line also.

(v) (a)Here A; =197 and A =107

13 1/5
A 197
R_(A =(-—) =1.225 =1.23
R, \a, 107



10. (i) () 15. In fission each nucleus of *** U, emits on the average

more than two neutrons. If one of these neutrons is

BE absorbed by another 1 nucleus, causing it to fission,

we can have a sustainable chain reaction. However, only
. 3 a slow neutron, rather than a fast neutron has a high

f FUSIon  Fssion cross-section (chance) of absorption. i.e. Why neutrons

s are slowed down by use of moderator. Heavy nuclei are

(preferably) needed for slowing down fast neutrons.

b

A —

16. Heavy water and graphite are used as moderator in
nuclear reactors. The main reason why heavy water and
graphite used as moderator because they capture less

So, from graph, it is clear that binding energy per
nucleon decreases with mass number at high mass

numbers.
(ii) (#) Fast neutr owed b edasti eri neutrons than other substance.
ii neutrons are s down by elastic scattering
with light nuclei as each collision takes away nearly 17. Refer to text on page 505.
50% of energy. 18. Refer to text on page 505. (Nuclear force)

19. Here, sum of masses of constituents of product is less
than the sum of masses of constituents of reactants,
which causes some mass defect. This mass defect gets
converted into energy, as per mass-energy equivalence.

(iii} (d) Reactions | and Il represent fission of uranium
isotope ng, when bombarded with neutrons that

breaks it into two intermediate mass nuclear

fragments. However, reaction [II represents two .

deuterons fuses together to form the light isotope of 20. Lett be the time.

helium, According to the Avogadro number concept,
{iv) (a) The energy released (ie. 0-value) in the fission number of atoms in 2 g of d;:juterium

reaction of nuclei like uranium is of the order of = 6023 %10

200 MeV per fissioning nucleus. This is estimated as and number of atoms in 2 kg of deuterium

follows _ 6023x10™ x 2x10°

Let us take a nucleus with A = 240 breaking into two - 2

fragments each of A =120, then = 6023 % 10" nuclei

Epg for A = 240 nucleus is about 7.6 MeV. Energy released during fusion of two deuteriums

E,, for the two A =120 fragment nuclei is about 8.5 = 3. 27 MeV

MeV. - Energy released per deuterium = 1.635 MeV

So, gain in binding energy for nucleon is about Energy released in fusion of 6023 x 10™ deuterium atoms

0.9 MeV. %
= 1.635x6.023 10
Hence, the total gain in binding energy is = 9.84% % 10" MeV

240 0.9 or 216 MeV. ” “
(v) {a) In fission process, when a parent nucleus breaks = 954510 x1.6x10

into daughter products, then some mass is lost in the = 1575%10" ]
form of energy. Thus, mass of fission products < mass Energy used by bulb in 1s = 800] W =14
of parent nucleus. As, 800 ] of energy used in time = 1 5
Mass of fission products <1 50,1575 x10™ J of energy used in time
Mass of parent nucleus _1x1575 wio™
1. in+"B—s He+1Li - 200
12, BP— RS+ V+e™ = 1.969x 10''s
13. We know that, radius of nucleus in terms of mass [ 1 yr= 60 24 X 60 365 5]
number (A), given as _ 196%x 10"
R= R,A'"? 60 X 24 X 60 X 365
R Ry(21)" 23 e =6.243 x10"yr
R, R,(512)'® 8 ’ Thus, the bulb glows for 6.243 % 10% yr.

21. (a) Distinction between Nuclear Fission and Nuclear
Fusion Fission is the splitting of large nucleus into
two or more smaller ones, on the other hand, fusion is
the combining of two or more lighter nuelei to form

n o 2
nNa+ _je— ,Ne+v, larger one.

14. In the given nuclear reaction, the atomic number of
product side is one less than that of reactant side. So, the
X must be an electron and the reaction can be written as



(b) The given reaction for decay process,
ufe— 27Al
Mass defect, Am=m(% Fe)—2m(5 Al)
= 5593494 — 2(2798191)
=— 002888 u
= = Am=931
= —002888 = 931

= —2688728 MeV
Because the energy is negative, so the fission is not
possible energetically.

22 Refer to text on page 504.
23. Energy released (AE)= Am x ¢”

where, Am is the mass defect.

= AE =pe” = [110 4 130] % 85 — 240 x 7.6 MeV
(- ¢* =9315 MeV)
= 240 % (85 — 7.6) = 240 x 09
= 216 MeV
24, (-value; refer to the text on pages 512 and 513.
In fact the number of protons and number of neutrons
are same before and after nuclear reaction, but the
binding energies of nuclei present before and after a
nuclear reaction are different. This difference is called
mass defect. This mass defect appears as energy of
reaction. In this sense, a nuclear reaction is an example
of mass-energy inter conversion.
25. (i) Refer to Q. 20 on page 507.
(ii) Refer to text on page 502.



