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Nuclei

( Fastracl« Revision )

» Nucleus: An atom has a nucleus. The nucleus is positively
charged. The radius of the nucleus is smaller than the
radius of an atom by a Factor of 10*. More than 99.9% mass
of the atom is concentrated in the nucleus.

» Discovery of Neutrons:

> Neutrons were discovered by Chadwick In 1932.

> When beryllium nuclei are bombarded by alpha-
particles, highly penetrating radiations are emitted,
which conslsts of neutral particles, each having mass
nearly that of a proton. These particles were called neutrons.

3He +3Be 10.'1 + EC
> A free neutron decays spontaneously, with a half-life of

about 900 s, into a proton, electron and an antineutrino.
1

ofl = }H +_? e+Vv

The composition of a nucleus can be described using

following terms and symbols:

> Atomlc Number: The number of protons In the nucleus
is called the atomic number. It is denoted by Z.

» Mass Number: The total number of protons and
neutrons (N) present in a nucleus is called the mass
number of the element. It s denoted by A.
ie., Ao Z+ N

> Number of Protons, Electrons, Nucleons and
Neutrons in an Atom:

(i) Number of protons in an atom =2
(i Number of electrons inan atom =2
(i) Number of nucleons in an atom = A
(iv) Number of neutrons inanatom=N=A—-2

> Nuclear Mass: The total mass of the protons and
neutrons present in a nucleus is called the nuclear
mass.

> Nuclide: A nuclide is a specific nucleus of an atom
characterised by its atomic number Zand mass number A
It is represented as, ZX“q.

where, X = chemical symbol of the element, Z = atomic
number and A= mass number.

> Isotopes:
» The atoms of an element which have the same atomic
number but different mass number are called isotopes.
> Isotopes have similar chemical properties but different
physical propertles.

» Isobars: The atoms having the same mass number but
different atomic number are called isobars.

> Isotones: The nuclides having the same number of
neutrons are called isotones.

» Isomers: These are nuclei with same atomic number and
same mass number but In different energy states.

> Atomic Mass Unit:

> ltis izth of the actual mass of a carbon (12C] atom.
1

It is denoted by amu or just by u.

_massof one "’Catom _1.992647x107°°
- 12 ) 12

=1.660565 x 10727 kg
> The energy equivalence of 1 amu =931 MeV.

1u

> Density of the Nucleus: Density of nucleus is the ratio
of mass of nucleus and its volume. Density of nucleus is
constant and independent of A, for all nuclei and density
af nuclear matter is approximately 2.3 x 70”kg m~> which is
very large as compared to ordinary matter, say water which Is
10°kgm™.

m
Nuclear density, p:—Nuclear mass -
Nuclear volume 4 R3
bl | §
3
%2.3%x10"kgm™
» Mass-Energy Relation: Einsteln proved thatit Is necessary
to treat mass as another form of energy. According to
Einstein, mass is another form of energy and one can
convert mass energy into other forms of energy, say
kinetlc energy and vice-versa. He gave the mass-energy
equivalence relation as,

E= mcz

where, mis mass and c=3 x 10% ms™ s the velocity of light
in vacuum.

» Nuclear Binding Energy: When a certain number of
neutrons and protons are brought together to form a
nucleus of a certaln charge and mass, an energy (£, will be
released in the process. This energy is called the binding
energy of the nucleus.

» Binding Energy per Nucleon: It is the ratio of binding
energy (E,) of a nucleus to the number of the nucleons (A),
in that nucleus.

f.e., Ebn =—

Binding energy per nucleon as the average energy per
nucleon needed to separate a nucleus into its individual
nucleons.
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Fig. Variations of binding energy per nucleon
with mass number.
Figure shows binding energy per nucleon Eg, versus the
mass number A for a large number of nuclel. We notlce the
following main features of the plot:
> The binding energy per nucleon, Eg, Is practically
constant, fe., practically independent of the atomic
number For nuclei of middle mass number (130 < A <
170). The curve has a maximum of about 8.75 MeV for
A =56 and has a value of 7.6 MeV for A= 238.
> E,, is lower for both light nuclel (A < 30) and heavy
nuclel (A> 170).

Mass Defect: The difference between the rest mass of a
nucleus and the sum of the rest masses of its constituent
nucleon Is called its mass defect. It is given by,

AM = [Zmp+ (A=Z)m,)]-M

Nuclear Forces

> These are the strong attractive Forces which hold
protons and neutrons together in a tiny nucleus.

» These are short range forces which operate over very
short distance of about 2-3 fm of separation between
any two nucleons.

» The nuclear force does not depend on the charge of
the nucleon.

» Nuclear Reaction: It is 3 reaction which involves the

change of stable nuclei of one element into the nucleus of
another element.
Nuclear Energy: Nuclear energy is the energy released
during the transformation of nuclei with less total binding
energy to nuclei with greater binding energy.
There are two ways of obtaining energy fram nucleus are:
(i) Nuclear Fission
(i) Nuclear fusion.
Nuclear Fissian: It Is the process in which a heavy nucleus
when excited gets split into two smaller nuclei of nearly
comparable masses.
For example,

S3U+ jn—EBa+ Bkr+3in+Q
The Q-value is equal to the difference of mass of products
and reactants multlplied by square of velocity of light.

Energy released per fission of 293§U is approximately

200.4 Me\.

Nuclear Fusion: It is the process of fusion of two smaller
nuclei into a heavier nucleus with the liberation of large
amount of energy.

For example, TH+H s > PH+e" +V +0.42MeV

» Critlcal Size and Critical Mass

» The slze of the fissionable material For which
reproduction Factor is unity Is called critlcal size and its
mass is called critical mass of the material.

» The chain reactlon in this case remalns steady or
sustained.

» Moderator

> Any substance which is used to slow down fast moving
neutrons to thermal energies is called a moderator.

» The commonly used moderators are water, heavy
water (D,0) and graphite.

& Practice Exercise

'@ Mllltlple Choice Questions N

QL The nuclei of the isotopes of an element all contain
the same number of a certain particle. What Is this

particle?
a. Electron b. Neutron
c. Nucleon d. Proton

Q 2. What is the approximate ratio of volume of a nucleus
to the volume of an atom?

a. 107 b. 10720
c 1072 d. 1070

Q3. The set which represents the isotope, isobar and
isotone respectively is:

- (ZH PH). (95Au 88Hg) and (3He. £H)

17}

o

. (3He. 1H). (94 Au. 58 Hg) and ({H. TH)

mn

- (BHe. 7H).(7H IH) and (9 Au. B3 He)

o

. (?H JH).GHe. 7H) and (37 Au. 38 Hg)

Q4. The atomic mass number is equivalent to which of

the following?
a. The number of neutrons in the atom
b. The number of protons in the atom
t. The number of nucleons In the atom
d. The number of a-particles in the atom

Q5. The mass number of iron nucleus is 56, the nuclear
density is:
a.229x10%kgm™> b 229x107kgm™
c. 229x10%kgm™  d 229x10"kgm™

Q 6. Two nuclei have their mass numbers in the ratio of
1 : 3. The ratio of their nuclear densities would be:
a (3?1 b1 ¢ 1:3 d. 3:1

Q7. The ratio of the nuclear densities of two nuclei
having mass numbers 64 and 125 is: (C85E2023)
a ﬁ b. i & E d 1

125 S 4

Q8. What is the ratio of nuclear radii if the mass
numbers of two nuclei are 4 and 327
al:2 b 153 ¢ T9q d1:5
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Q9.

Q10.

QIL

Qlz

Q1s.

Q4.

QI5.

Q16.

Q17.

Q18.

Qlo.

How much mass has to be converted into energy to
produce electric power of 500 MW for one hour?

a. 2x107° kg b. 1x 107 kg

c. 3x107°kg d. 4x107° kg

The equivalent energy of 1 g of substance is:
a. 9x10" ) b. 6x10% )

c 3x10%) d. 6x 107

If the binding energy per nucleon of deuterium is
1.115 MeV, its mass defect in atomic mass unit is:
a. 0.0024 b. 0.0012
c 0.006 d. 0.0048

A force between two protons Is same as the force
between proton and neutron. The nature of the
force is:

a. electrical force b. weak nuclear force

c. gravitational force d. strong nuclear farce

Two nucleons are at a separation of 1 fermi. The
net force between them is F; if both are neutrons,
F, if both are protons and F; if one is proton and
the other is a neutron. Then:
a. f[>F>F b. FRefy>F
C F>F>Fy d F=Ff>F
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.

. neutrons decay into protans through beta decay.

d. nuclear forces between neutrons are weaker
than that between protons.

In reaction:

Be® + He* 5 (¥4 gl x=

a. e b. 12 c. 10 d.- 14

The splitting of a nucleus into smaller nuclei is:

a. half-life b. fusion

€. gamma radiation d. fission

In the given reactions, which of the following nuclear
fusion reaction is not possible?

a. 3+ H- ¥C+43MeV
b. '2C+H—3C+2Mev
¢ 'N+]H-120+73Mev

d. 23U+ n—>"0%e+385r+ Ln+ ] n+200Mev
If in a nuclear fusion reaction, mass defect is 0.3%,
then energy released in fusion of 1 kg mass is:

3. 27x10'0 b. 27 10" ]
€ 27x10%) d 27105 )

In a nuclear fusion reaction, two nuclel, A and B,
fuse to produce a nucleus C, releasing an amount
of energy AE in the process. If the mass defects of
the three nuclei are AM,, AMg and AM respectively,
then which of the following relations holds? Here,
c is the speed of light.

a. AMy + AMg = AM — AE/c?

b. AMy + AMg = AM, + AE/C?

C. AMy — AMg = AMc - AE/C?

d. AMg - AMg = AMc + AE/c?

Q 20.

Q2L

Which of the following statements about nuclear

forces is not true? (CBSE SQP 2022-23)

a. The nuclear force between two nucleans falls
rapldly to zero as thelr distance Is mare than a
few femtometres.

b. The nuclear force Is much weaker than the
Coulomb force.

c. The force is attractive for distances larger than
0.8 fm and repulsive if they are separated by
distances less than 0.8 fm.

d. The nuclear force between neutran-neutran.
proton-neutran and proton-proton ls
approximately the same.

Light energy emitted by star is due to:

a. breaking of nuclei b. joining of nuclei

c. burning of nuclei d. reflection of solar light

- Assertion & Reason Type Questions N

Directions (Q.Nos. 22-30): /n the following questions,
a statement of Assertion (A) is followed by a statement of
Reason (R). Mark the carrect choice as:

Q22.

Q23.

Q24.

Qas.

Q 26.

Q.

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

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

c. Assertion (A) Is true but Reason (R) Is false.

d. Both Assertion (A) and Reason (R) are false.

Assertion(A): The nucleus X is more stable than

4
the nucleus 3 Y

Reason (R): ;X contains mare number of protons.
(COSE 2023)

Assertion (A): The whole mass of the atom is
concentrated in the nucleus.

Reason (R): The mass of a nucleus can be efther
less than or more than the sum of the masses of
nucleons present in it.

Assertion (A): Forces acting between proton-
proton (f,,), proton-neutron (f,,) and neutron-
neutron (f,,) are suchthatf,, <f,, = f...

Reason (R): Electrostatic force of repulsion
between two protons reduces net nuclear forces
between them.

Assertion (A): Nuclear force between neutron-
neutron, proton-neutron and proton-proton is
approximately the same.

Reason (R): The nuclear force does not depend on
the electric charge.

Assertion (A): Neutrons penetrate matter more
readily as compared to protons.

Reason (R): Neutrons are slightly mare massive
than protons.

Assertion (A): Fusion of hydrogen nuclei into
helium nuclei is the source of energy of all stars.
Reason (R): In fusion, heavier nuclei split to form
lighter nuclei.
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Q 28. Assertion (A): There occurs a chain reaction when
uranium is bombarded with slow neutrons.
Reason (R): When uranium is bombarded with slow
neutrons, more neutrons are produced.

Q29. Assertion (A): Thermonuclear fusion reactions
may become the source of unlimited power for the
mankind.

Reason (R):Asingle fusion event involving isotopes
of hydrogen produces more energy than energy
from nuclear fission of a single uranium.

Q 30. Assertion (A): Cadmium rods used in a nuclear
reactor, control the rate of fission.
Reason (R): Cadmium rod speed up the slow
neutrons.

'@I Fill in the Blanks Type Questions N

Q3L Two nuclei have mass numbers in the ratio
27 :125. Then the ratio of their radii is .......... ;

Q 32. The rest mass of a nucleus is .............. than sum of

the rest masses of its constituent nucleons.

Q 33. One atomlic mass unit is defined as............. of mass

of an atom of 6Cu.

Q 34. The energy which is responsible for binding the

... together in a nucleus is called the binding
energy.

Q 35. The ............ holds the nucleons together inside a
nucleus.
Q 36. Heavywateris a.......coee. which slows down fast

moving neutrons to thermal velocities so that they
can cause fission of 23>y nuclei.

Q 37. Nuclear reactor uses........... for peaceful purpose.
Q 38. The process responsible for energy production in

the Sunis..........

|Answers |
v

1. (d) Proton

2. (107"

3. (d) (FH.7H).GHe JH) and (S Au 38 HE)
Nuclides with same atomic number Z but different
mass number A are known as Isotopes.

Nuclides with same mass number A but different
atomlic number Z are known as Isobars.

Nuclides with same neutron number N = (A — Z) but
different atomic number Z are known as isotopes.

IZH and ]3H are Isotopes.
gHe and ?Hare Isobars.

¥ Auand o PHg are isotopes.

4, (c) The number of nucleons in the atom
5. (b) 229 x 10" kg m™
Nuclear density is independent of mass number.
6. (b)1:1
Glven. A;: A,=1:3
Their radii will be in the ratio RyA,"? : RyA, V3 (1:3)V3

~ Density. p=
= JLRB
3

1 3

&3 E g 1R3 (3V3)3
Their nuclear den5|t|es will be the same.

7. (d)1
Given, A; = 64 and A; = 125
The density of nuclei is given by

=]

PaPa, =g

p=—10

%ERS
As the nuclear denslty Is independent of the mass
number so the ratio of nuclear densities of two

glven nuclel are 1:1. le. 1.

B. (3)1:2
Nuclear radlus. R = Ry AR

1/3
"
32 2
9. (a)2x 10 kg

Given, P= 500 MW = 5 x 108 W, t=1h = 3600 s
Energy produced, E=Px t

» 5% 10% x 3600 =18 10" J
As € =Amc

i n
ame £ _18x10" 1810 _2x105 kg

CZ (3 K]GB)Z 9)( 1015
10. (a)9 x 10"
Using. €= mc*
Given.m=1g=1x = kg, c=3 x 10!
Eel0?x9x10%«9x10")

1. (a) 0.0024
As we know. binding energy per nucleon.

E

b

Ebn = 7
For deuterium. A= 2

Given, Epn = 1115 MeV

E

1115==&

2

Ep=2x 1115 = 223 MeV
Eb = Amcz
Mass defect.

223
=535 ¥ 1amu=9315 MeV/c?)
=0.0024 amu
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12
13.
14.
15.

16.
17.

18.

19.
20.

21.

22.

23.

24,

25.

26.

27.

d) strong nuclear force

b) F=Fy>Fy

b) electrostatic force between protons are repulsive
b) 12

9+b4=x+1

= xul3—=Twl2

(
(
(
(

(d) fisslon
() B+ JH- '8C+ 43 MeV

During nuclear fuslon. two or more lght nuclel
combine to form a heavier and more stable nucleus.
As "gc is radioactive. so (a) Is not possible.
(d) 27 x 10® J
Glven, Am = 03% of 1kg

0.

3 -3
¢ kg=3x10" kg
00 B

FoamPe3x10 3% (3x10%%-27x10" )
(a) AM, + AMy « AM, — AE/C?
(b) The nuclear force s much weaker than the
Coulomb farce.
The nuclear farce Is much stronger than the
Coulomb force acting between charges or the
gravitational forces between masses.

(b) joining of nuclei
Light energy emitted by stars Is due to fusion of
light nuclel.

(¢) In nucleus ;X:

Number of pratons (p)

.
Number of neutrons (n) =

7-3=4

In nucleus 3Y:

Number of pratons (p) =3

Number of neutrons (n) =4 -3 =1

Thus. for the same charge number Z the nucleus

: i v
with more neutrons is mare stable. Therefare, 3X.

Is more stable.
(c) The mass of a nucleus is always less than the sum

of the masses of the nucleons present in it. When

nucleons combine to form a nucleus. some energy
is liberated, and this is the binding energy of the
nucleus. The mass of the nucleus cannot be more
than the total mass of the nucleans because then
stable nucleus cannot be formed.

(d) The electrostatic force of repulsion between proton-
proton decreases the nuclear force between them.

(a) Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion (A).

(b) Neutron Is about 0.1 more masslve than protons.

But the unique thing about the neutron s that while
it is heawy, it has na charge (it is neutral). This lack of
charge gives it the ability to penetrate matter without
interacting as quickly as the beta particles ar alpha
particles.

(c) In fusion. lighter nuclei combine to form a heavier

nucleus. Fusion of hydrogen nuclel into hellum nuclei
is the source of energy of all stars Including our Sun.

28.

29.

30.

3.

32.
34.
36.

3B.

(a) When uranium Is bombarded by slow neutrons,
the reaction is represented as

235, 1 144 89 1
U+ gn— 5gBa+ g Kr+ 350 +Energy

As more neutrons are produced, there are additional
neutrons strike on other uranium nuclel to produce
even mare neutrans. Thus. a chain reaction is
established.

(c) When fusion is achieved by raising the temperature
of the system so that particles have enough kinetic
energy to overcame the coulomb repulsive behaviour,
it is called thermanuclear fusion. It is clean source of
energy but energy released in one fuslon is much less
than a single uranium fisslon.

(c) Cadmium rods are used in a nuclear reactor to

control the rate of fission. The cadmium rods do

not slow down or speed up the neutrons produced
in a fission reaction of 2?°U. Instead they absorb the
neutrons thereby regulating the power level of the
reactor.

3:5

Aswe know, R =R,A"3

R Ry(27)¥3
Ry Ry(125)V2

R13

R, 5
Hence. R :R;=3:5
less 33. (112th)

nucleons 35. strong nuclear force
moderator 37. nuclear energy
nuclear fusion

-4) Case Study Based questions
Case Study 1

01

The nucleus of an atom consists of a tightly packed
arrangement of protons and neutrons. These are the
two heavy particles in an atom and hence 99.9%
of the mass is concentrated in the nucleus. Of the
two, the protons possess a net positive charge and
hence the nucleus of an atom is positively charged
on the whole and the negatively charged electrons
revolve around the central nucleus. Since, the
mass concentration at the nucleus of an atom is
immense the nuclear forces holding the protons
and the neutrons together are also large.

Read the given passage carefully and give the
answer of the following questions:
238

The nuclide “5; U has all the following except:
a. 92 b. 146
c. 238 d.0
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Qa.

Q3.

Q4.

The density of a nucleus is of the order of:

a 10" kgm™> b. 10" kg m™

c 107 kgm™ d. 10" kg m™

Nuclear force is:

a. strang, short range and charge independent force

b. charge independent, attractive and long range force

c. strang, charge dependent and short range attractive
force

d. long range. charge dependent and attractive force

The mass number of a nucleus is M and its atomic
number Is Z. The number of neutrons in the nucleus
is:

aM-27 b. M
T d M+7
Answers '| °
1. (d)0

2
3
4.

The nuclide ngu has number of pratons 92. number
of neutrons 146 (238 - 92) and number of nucleons
238 (146 + 92) Hence. nuclide 2%313 hasall Le.92.146
and 238 except 0.

(107 kgm™

(a) strong, short range and charge independent force
(a) M- Z

Case Study 2

Apsara is the oldest of India’s research reactors.
The reactor was designed by the Bhabha Atomic
Research Centre (BARC) and built with assistance
from the United Kingdom. A nuclear reactor,
formerly known as an atomic pile, is a device
used to initiate and control a self-sustained nuclear
chain reaction. Nuclear reactors are used at
nuclear power plants for electricity generation and
in nuclear marine propulsion. Heat from nuclear
fission is passed to a working fluid (water or gas),
which in turn runs through steam turbines.

———

Read the given passage carefully and give the

QL

Q2.

answer of the following questions:

The splitting of a nucleus into smaller nuclei is:
a. fusion b. fission

c. half-life d. gamma radiation
Name the moderator used in the nuclear reactor.
a. Plutonium b. Thorium

c. Graphite d. Beryllium

Q3.

Qa.

Which isotope of uranium (U) has the capacity to

sustain the chain reaction?
a. U-230 b. U-235 c. U-245 d. U-225

What is the beneficial aspect of nuclear fission?

a. The ability to absorb energy

b. The ability to produce more energy than nuclear
fuslon

c. The ability to release tremendous amount of
energy

d. There are no beneficial aspects of nuclear fission

gy —

A

nswers »
1. (b) fission 2. (c) Graphite
3. (b) U-235
4. (c) The abllity to release tremendous amount of
energy.
Case Study 3

QL
Q2.

Qs.

Neutrons and protons are identical particle in the
sense that their masses are nearly the same and the
force, called nuclear force, does into distinguish
them. Nuclear force is the strongest force. Stability
of nucleus is determined by the neulron-proton
ratio or mass defect or packing fraction. Shape
of nucleus is calculated by quadrupole moment
and spin of nucleus depends on even or odd mass
number. Volume of nucleus depends on the mass
number. Whole mass of the atom (nearly 99%) is
centered at the nucleus.

Read the given passage carefully and give the
answer of the following questions:

What Is the range of nuclear force?

A force between two protons is same as the force
between proton and neutron. What is the nature of
the force?

Two protons are kept at a separation of 40 A. If E
is the nuclear force and F, is the electrostatic force
between them, then what is the relation between F,
and F.?

Q4. All the nucleons in an atom are held by which
forces?
- ”
Answers

The nuclear force is of short range and the range of
nuclear force is the order of 14 x 10™°m.

The nature of the force Is strong nuclear force.

Nuclear force is much stronger than the
electrostatic force Inslde the nucleus le. at
distances of the order of fermi. At 40 A, nuclear
force Is ineffective and only electrostatic force
of repulsion is present. This is very high at this
distance because nuclear force Is not acting now
and the gravitational force is very feeble. Thus,
Fouciesr << Fetecirosatic IN this case.

All the nucleons in an atom are held by nuclear forces.
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Case Study 4

QL

Q2

Q3.

Q4.

When subatomic particles undergo reactions,
energy is conserved, but mass is not necessarily
conserved. However, a particle’s mass contributes
to its total energy, in acco;)dance with Einstein’s
famous equation, £ = mc”. In this equation, £
denotes the energy carried by a particle because
of its mass. The particle can also have additional
energy due to its motion and its interactions with
other particles. Consider a neutron at rest and well
separated from other particles. It decays into a
proton, an ¢lectron and an undetected third particle
as given here:
Neutron — Proton + Electron + ?

The given table summarizes some data from
a single neutron decay, Electron volt is a unit
of energy. Column 2 shows the rest mass of the
particle times the speed of light squared.

Particle | Mass " | Kinetic energy
Neutron 940.97 0.00
Proton 939.67 0.01
Electron 0.51 0.39

Read the given passage carefully and give the
answer of the following questions:
From the given table, which properties of the
undetected third particle can be calculate?
Assuming the table contains no major errors, what can
we conclude about the (mass x % ) of the undetected
third particle?
Could this reaction occur?

Proton — Neutran + Other particles
How much mass has to be converted into energy to
produced electric power of 500 MW for one hour?
7 ——

A

[ ANSWETS |
As just shown, energy conservation allows us to calculate
the third particle’s tatal energy. But we do not know
what percentage of that total energy is mass energy.
According to the given Information. subatomic
reactions do not conserve mass. 5o, we cannot find
the third particle’s mass by setting

Macyron @ Mproton ™ Meteciron T Mhnird parucle
The neutron has energy 940.97 MeV. The proton
has energy 935.67 MeV + 0.01 MeV = 935.68 MeV.
The electron has energy 0.51 MeV + 039 MeV
= 0.90 MeV. Therefore. the third particle has energy
Ef.h"rd partcle © Enuutrun = Lpraotan — Eel.L‘Cl:run

« 94097 -939.67 - 0.90 = 0.40 MeV

We just found the third particle's total energy. the
sum of its mass energy and kinetic energy. Without
more information, we cannot figure out how much
of that energy Is mass energy.

3. Yes. but only if the proton has potential energy (due to
interactions with other particles).
4. Given, P= 500 MW =5 x 108 W, t«1h«3600's
Energy produced.
EuPxt=5x10%%3600=18x10")
As E= AJ'T'.'CZ
n n
&mmig IBX]D E]BX-ID \:12)(10_5!'(8
c? (3x10%)? 9x10'®
Case Study 5

QL
Qe.

Qs.

Q4.

[n the year 1939, German scientist Otto Hahn
and Strassmann discovered that when an uranium
isotope was bombarded with a neutron, it breaks
into two intermediate mass fragments. It was
observed that, the sum of the masses of new
fragments formed were less than the mass of
the original nuclei. This difference in the mass
appeared as the energy released in the process.
Thus, the phenomenon of splitting of a heavy
nucleus (usually 4 > 230) into two or more lighter
nucler by the bombardment of proton, neutron,
a-particle, etc. with liberation of energy is called
nuclear fission.

23§U+ G 2‘326U - lg‘éBa + ggKr+3é}n+Q

Unstable
nuclcus

Read the given passage carefully and give the

answer of the following questions:

Nuclear fission can be explained on which basis?

Which of the following is/are fission reaction(s)?
(i) gn+%53U— 235U — '3isb+ 20Nb+ 44n

(i) jn+25U— 1g0Xe+ J45r+2)n

(ili) 7H+7H - SHe + §n

What is the energy of a neutron released per fisslon

of a uranium atom?

In any fission process, what is the ratio of mass of
daughter nucleus to mass of parent nucleus?

e ———
Answers | °

. Nuclear fisslon can be explained on the basis of Uquid

drop model

. Reactlons | and |l represent fisslon of uranium Isotope

235
92

it into two intermediate mass nuclear fragments.
However. reaction lll represents two deuterans fuses
together to form the light isotape of helium.

U. when bombarded with neutrons that breaks

. The energy of the neutron released per fission of the

uranium atom Is 2 MeV.
In fisslon process. when a parent nucleus breaks
into daughter products, then some mass is lost in
the form of energy. Thus,
Mass of fisslon products < Mass of parent nucleus.
Mass aof fisslon products <1
Mass of parent nucleus

b e e e e e e e e e e e e e e e —— e — — — —
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Very Short Answer Type Questions \

QL

Ans.

Q2

Sol

Q3.

Sol

Q4.

SolL

The size of nucleus will increase with the increase of
mass number.

Write the relatlon between mass number and
radius of a nucleus.

Radius of nucleus. R= Ry A3

where. R = radius of nucleus, A = mass number and
Rpliscanstant =12 fm =12 x 10" m.

What is the nuclear radius of 2°Fe, if that of 2’ Al is

3.6 fermi?

113
Ra AV3 DEL: A :(E]]Hug
- R, | A, \Z 3

% Rlzﬁ'zx§=3.6x—g—:6fermi

Compare the radii of two nuclel with mass numbers
1 and 27 respectively.
1/3
1 (1 1

Rea o B(A)7 (1]
R, A, 27 3

The nuclear radius of %;Al is 3.6 fermi. Find the
nuclear radius of gg Cu. (CBSE2020)

We know that, R = RyA">
113
- Reu _Au _(64)7 4
4
Rey= ERAL
BUt Rl\l = 36 fE’r!’ni
So. Rey =%x 3.6 = 4.8 fermi.

TiP:

Q5.

SolL

Q6.

SolL

Q7.

Calculate the radius of the nucleus of an iron atom.
Given, A = 56,R, = 1.2 x 10 m,
Radius, R= Ry A3 where A is mass number

= (12107 m) x (56)"°

w(12x107° m) x3826=46x10"" m=46F
Obtain approximately the ratio of nuclear radii

of the gold isotope 1?; Auand the silver isotope

107 Ag. What s the ratio of their nuclear densities?

Since, R= Ry A3, where Ry Is a constant and A Is mass
number.

197 /3
ggi;m_; . [%} = (1841)"3 = 1225

The nuclear denslty is independent of mass number.
Hence. the density ratlo is 1.

Calculate the total mass in kg of fundamental
particles present in ;Li nucleus. Mass of proton
is 1.6725 x 10727 kg and mass of neutron is
1.6748 x 1077 kg.

Sol

Q8.

Sol

Ans.

Q 10.
Ans.

QlL
Ans.

Qlz

Ans.

Q1s.

Sol

Q4.

Ans.

g[_i nucleus has 3 protons and 4 neutrons.
Mass of 3 protons = 3 x 16725 x 1072
= 50175 x 107 kg

Mass of 4 neutrons = 4 x 16748 x 1074
- 66992 x107% kg,
Total mass = (5.0175 + 6.6992) x 1074
-N7167 x 1077 kg.
Show that nuclear density in a given nucleus is
independent of mass number A. (CBSE2016)
Nucleardensity, p = e 8 .
p=—= = o :
v %m.:'l %n(RUAIIB)E LHTRO

. Two nuclei have mass numbers in the ratio 1 : 2.

What is the ratio of their nuclear densities?
1:1 as nuclear density does not depend on mass
number.

Define the term mass defect.

The difference between the rest mass of a nucleus
and the sum of the rest masses of its constituent
nucleon is called its mass defect It is given by,

MM =(Zm, + (A-2Z)m,)-M

What are nuclear forces?

Very short range, strong attractive forces. which
firmly hold the nucleons together inside a nucleus,
are called nuclear forces.

State any two characteristic properties of nuclear
forces. (CBSE2015,17)
Properties of Nuclear Farces:

(I) Very shart range. strong attractive forces.

(ii) Does not depend on the charge of the nuclean.
(i) Nan-central farces.

(iv) Do not obey inverse square law.
Calculate the energy in fuslon reaction:
iH+IH — JHe + n, whereBEof {H = 2.23 MeV
and of 3He = 7.73 MeV. (CBSE 2016)

According to the question.
H+TH— He s oo

Energy of fusion w Binding energy of 3He
— 2 x Binding energy of 2H
=773 -2x223=327 MeV.
Four nuclei of an element undergo fusion to form
a heavier nucleus, with release of energy. Which of
the two, the parent or the daughter nucleus, would
have higher binding energy per nucleon?

(CBSE2018)
According to the question.

48X —

(Parent nuclai)

2Y+Q
(Doughter nuclei)
As the daughter nucleus Is a heavler nucleus as
compared to parent nuclel. which are maore stable
than lighter nuclei. hence daughter nucleus has
more binding energy per nucleon than parent nuclei.
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Q15. Fisslon of U-235 nucleus releases 200 MeV of
energy. Calculate the fission rate (i.e., number of
fissions per second) in order to produce a power of
320 MW.

SoL Pawer recelved from the reactor Is

P =320 MW =320 x 10° W =320 x 10% Js™".

Energy released per fission = 200 MeV
=200x10%x16x107°)
=320x1072

320108
320x10°8

Number of fission per second = -1079™!

*@ Short Answer Type-| Questions N

Q1L How much energy will be created if 1.0 g of matter
is destroyed completely? How much kilowatt-hour
energy will be obtained by it?

SolL According to Einstein's energy-mass relation, the
energy lberated Is A€ = (Am)c”.

Here. mass loss Am =10 g =10 x 10 kg
and speed of Ught c= 3.0 x 10% ms™!,
. AE=(1.0x 102 kg) x (3.0 x 108 ms™)?
=9.0 x 10" J (or We)
_9.0x10°% Ws
(60x60)s/h

Q2. A neutron is absorbed by a ;’Li nucleus with
subsequent emission of an ¢-particle. Write the
corresponding nuclear reaction and calculate the

energy released in the reaction.
Given: m (3 He) = 4.002603 u, m (3 n) = 1.008665 u,
m(§Li) = 6.015126 u, m(3H) = 3.016049u  and

1uxc?=931.5 MeV.
SoL The nuclear reaction Is

=25x10"Wh =25 %107 kWh.

g‘Li + ]0n — ?H + gHe(a—par‘clcle)
Mass of SU+0n

=6.015126 u + 1.00B665u=7.023791u

Mass of 3H+ 5He = 3.016049 + 4002603
= 7018652 u
Mass loss.

Am = 7023791 - 7018652 = 0.005139 u
Its energy equivalent is

AE = (Am) x & = (0.005139 u) x ¢?
Now. 1u x ¢ = 931.5 MeV
. AE«0.005139 x 9315 = 4.787 MeV

TP’

Practice mare questions to better understand this topic.

Q3. Draw a graph showing the variation of binding
energy per nucleon as a function of mass number
A.The binding energy per nucleon for heavy nuclei
(A > 170) decreases with the increase in mass

number. Explain. (CBSE 2023)

Ans. Graph of Variations of Binding Energy per Nucleon:
10

%) 325 EEFE 100\,11012| 194
b 2 Tt WA Jaany |
e’\mo

\MN
HliLi

(2]

B
o

F=N

53

Binding energy per
nucleon (MeV)

i~

2H
0 50 100 150 200 250
Mass number (A)

Figure shows binding energy per nucleon E, versus the

mass number A for a large number of nuclei. We notice

the following maln features of the plot:

(i) The binding energy per nucleon. E,, Is practically
constant, ie., practically independent of the atomic
number for nuclei of middle mass number (130 < A <
170). The curve has a maximum of about 8.75 MeV for
A =56 and has a value of 7.6 MeV for A = 238.

(i) Eg, is lower for both light nuclei (A < 30) and heavy
nuclei (A = 170).

Thus. the decrease of the binding energy per nucleon
for nuclei with high mass number is due to increased
coulamb repulslon between protons Inside the
nucleus.

Q4. Find the energy equivalent of one atomic mass

unit, first in Joules and then in MeV. Using this,

0

express the mass defect of 130 in MeV/c%.

SoL 1u=16605x107* kg
To convert it into energy units. we multiply It by g
and find that energy equivalent

=1.6605 x 1074’ x (29979 x 10%)kg m?/s?
. 14924 x 107'9)
_ 149241079
1602 x107"°
= 09315 x 10° eV = 931.5 MeV
or  Tuw 9315 MeV/c?

For '30. AM=013691u = 013691 x 9315 MeV/c
= 1275 MeV/c?

v

Thus, the energy needed to separate]%O Into its
constituents is 127.5 MeV/c”.

Q5. Complete the following nuclear reactions:
(i) 3°B+3n — FHe+ ...
(i) 3Mo+ H— PTes (CBSE 2015)

Ans. () ‘9B + 4 —— §He + 1L

; D+Tad+A

= A=1-4=7

and 5+0w2+Z

= Z=H=2=3
ATl Z=3

oy 94 9 1
(i) z3Mo + 12H sy l,.?Te + o0

94 4+2=95+ A
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Q6.

SolL

¢ TiP
The calculation part in the numerfcal should be done
carefully.

= A=96-95=1
and 42 +1=43+ 7
Z=43-43=0

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

iH+iH— jHe - gn+3.27MeV  (CBSE2020)

The given fuslon reaction Is:

2H+ #H > 3He - \n+3.27 MeV
Amount of deuterium, m= 2 kg
1mole. ie., 2 g of deuterium contains
6.023 x 1022 atoms.
So, 2.0 kg of deuterium contains

23
« BRI | oo« 50235702 staiis:

Two atoms of deuterlum fuse to release 327 MeV
energy.

327

x 6.023 x 1028 MeV
x6.023x10% x 108 x16x 1079

So, total energy released =
=0

=1575x 10
Power of the electric lamp, P= 800 W = 800 l/s

Hence. the energy consumed by the lamp per
secand = 800 J

So. the third lamp will glow for

15.75% 10"
800

_ 0.0197x10"
T 60x60x24x365

5= 0.0197 x10%s

=6246.8 years

“’ Short Answer Type-Ii Questions N

QL

SolL

Qe

Get More Learning Materials Here : i

Calculate the binding energy of an alpha particle in
MeV. Given:
Mass of a proton = 1.007825 u
Mass of a neutron = 1.008665 u
Mass of He nucleus = 4.002800 u
1u =931 MeV/c”. (CBSE 2023)

- Am = Mass of g-particle — Mass of total number of
proton and neutron
= 4.002800 -2 = (1.007825 + 1.008665)
=4.002800 -4.03298 =-0.0301u
Binding energy = Amc’
= 0.0301 x 931 MeV
= 28.09 MeV
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 coln is entirely made of
GZECu atoms (of mass 62.92960 u). (CBSESQP 2023-24)

SoL Number of atomsina 3 g coln

_6.023x10%x3
' 63

=2.868x10%

Each copper atom has 29 protons and 34 neutrons.

Thus. the mass defect of each atom is

29 x 1.00783 + 34 x 1.00867 - 62.92960 = 0.59225 u

Total mass defect of all atoms

= 059225 u x 2.868 x 10?2 = 16985 x 1022 u

Thus, the nuclear energy required

216985 x 1072 x 931 MeV = 158 x 10%° MeV

Q 3. Draw the graph showing the variation of binding
energy per nucleon with mass number. Write two
inferences which can be drawn from this graph.

(CBSESQP2023-24)

Ans. Graph of Variations of Binding Energy per Nucleon:

10
1625 |%Fe | 100hgo1Z] |
BuCGO _E_L_‘__ W Y o |
2o dHe MG
l:h‘b MN
5= 6Mic
G Li
[ =
o8
ep 4
E E T 3H
@ 2
2H
% 50 100 150 200 250

Maoss number (A)

Flgure shows binding energy per nucleon E, versus

naotice the following main features of the plot:

(i) The binding energy per nuclean, Eg, Is practically
constant. [e. practically independent of the
atomic number for nuclel of middle mass number
(130 < A <170). The curve has a maximum of about
8.75 MeV for A =56 and has a value of 76 MeV for

A w238

(i) £, is lower for both light nuclei (A < 30) and
heavy nuclei (A > 170).
We can draw some inferences from these two
observations:
(i) The force is attractive and sufficlently strong
to produce a binding energy of a few MeV per
nucleon.

(I1) The constancy of the binding energy in the range
30 < A <170 Is a consequence of the fact that the
nuclear force is short ranged.

Q4. (i) Draw a graph showing the variation of potential
energy of a pair of nucleons as a function of
their separation.
Mark the regions, where the nuclear force is
(a) attractive and (b) repulsive.

(i) In the nuclear reaction,

235 a 94
n+g3°U—— g Xe+ g"Sr+2n

Determine the value of a and b. (CBSE 2018)
Ans. (i) Graph of potential energy af a pair of nucleons as
a function of their separation Is given in the figure.

|
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Q5.

Ans.

t Yo

z

= +100+

8

=)

E 0

E H r(fm)—

§ i

BNl T
Ropuisivo  Allractve

(1) Asina nuclear pracess. the number of electrans
and pratons remalins the same on both sldes of

reactian.
Hence. atomic mass. 14235 = a + 94 + 2(1)
= a=140

and atomic number.
0+92=54+b+2(0) = b=38

(i) Prove that the nuclear density is same for all
nuclei.

(ii) Draw a plot of potential energy of a pair of
nucleons as a function of their separation.
Draw two inferences from this plot. (cBSE2023)

(1) As we know that. the denslty of nuclear matter is

the ratio of of nucleus and its volume. fe,
Mass

Denslty = Valiie

Let m be the average mass of a nucleon and R be
the nuclear radius. Mass of the radius = mA
where. A= mass number of element.

i 3
Volume of nucleus = —rr° ui]’[(RDAUB)
3 !

4 n3
ZEHRDA
A
- Nuclear density (p) = - 4L 4m
3 3
EI[RG-A EHRU
__3m
lmRé’

As. m and Ry are constants; density p of nuclear

matter Is the same for all elements.

(i) Graph of patential energy of a pair of nucleons
as a function of thelr separation Is given in the
figure.

p Wo
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Inferences from above plot:

(i) The nuclear forces between two nucleons falls
rapidly to zero as their distance is mare than a
few femtometers.

(i) For a separation greater than ry. the farce is
attractive and separations less than rp, force Is
repulsive.

Q6.

Saol

How long an electric lamp of 100 W can be kept
glowing by fusion of 2.0 kg of deuterium? The
fuslon reaction can be taken as:

1H+2H - jHe + n + 3.2 MeV
(NCERT EXERCISE, CBSE SQP 2022 Term-2)
Number of deuterium atoms in 2.0 kg = 6.02 = 10%°

26
—E"ngm ~3.01x10%

Energy released In one reaction = 3.2 MeV

Total energy released.

£ =3.01x10%° x 3.2 MeV = 9.632 x 10%° MeV
=9.632x10%° 16 x107")
=154 % 10" J

If t second Is the required time during which the

bulb glows, then

E = Ptglves
E_154x10°

e ssiad T T
p 100

_154x10"
315x 107

Number of reactions =

years =4.9x 10° years.

Students often do silly mistakes in calculations.

ERR(DR «— )

_\@Q I.ong AnsSwer Type Questions N

QL

Ans.

(i) Explain the process of nuclear fission due to
bombardment by neutrons or uranium nuclei.

(ii) A nuclear reactor using U® is to generate
10000 MW of electric power. The efficlency
of conversion of thermal energy into electric
energy in the reactor is 25%. How much amount
of U233 will be consumed in the reactor per
year? The thermal energy released per fission
of U?*3 is 200 MeV. The Avogadro's number is
6.023 x 10?2 mol™. (1 MeV = 1.60 x 107** ))

(I) Nuclear Flsslon: A most Important neutran-
induced nuclear reaction Is nuclear fisslon. An
example of nuclear fisslon Is when a uranium
isotope 2§§U bombarded with a neutron breaks
into two Intermediate mass nuclear fragments.

1 235 236 144 83 1
o+ g3U—-5U— 5585+35Kr+30”

The same reaction can produce other pairs of
intermediate mass fragments.

1 235 236 133 59 1
o+ g3U—=G5U— 5 Sb+ MQNIJ +4gn
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Or as another example,
1 235 140 1
g+ gU— XE+EBSr + 240

The fragment products are radicactive nuclei;
they emit B particles in succession to achieve
stable end products.
The energy released (the Q value) in the fission
reaction of nuclei like uranium (U) is of the
order of 200 MeV per fissloning nucleus. This is
estimated as follows:
Let us take nucleus with A = 240 breaking into
two fragments each of A =120. Then
Ep, for A= 240 nucleus is about 7.6 MeV,
Ep, for the two A =120 fragment nuclei is about
8.5 MeV.
2 Galn In binding energy for nucleon Is about
0.9 MeV.
Hence. the total galn In binding energy Is
240 x 09 MeV or 216 MeV.
The disintegration energy in fission events first
appears as the kinetic energy of the fragments
and neutrons. Eventually, it is transferred to
the surrounding matter appearing as heat. The
source of energy in nuclear reactors, which
produce electricity, is nuclear fission.

(ii) Power generated by the reactor

=10000 MW =100 W (or J s7).
. Electrical energy generated in one year

= (10'° 57" x (365 x 24 x 60 x 60)s
= 31536 x 10" J.
Thermal energy released per U235 fission is
200 MeV = 200 MeV ¥ (160 x 1077 J/MeV)
3,20 %1077 ).
Since. the efficiency of reactor_is 25%. the
electrical energy obtained per U > fission Is

320x107" 1x 22 80102
100

Q2.

Ans.

- Number of fisslons of U>® occurring per

17
31536x10° 4 3942 1028

year s
B.0x107%)

Since. 1 mole of U235 having a mass af 235 g,

has 6.023 x 10%? atoms. the mass consumed

per year s
235g

6.023 x 1023 atoms

=1538 %107 g = 1538 x 10" kg

Draw a plot of the binding energy per nucleon as a
functionof mass number foralarge number of nuclei.
Explain the energy release in the process of
nuclear fission from the above plot. Write a typical
nuclear reaction in which a large amount of energy
is released in the process of nuclear fission.

The varlation of binding energy per nucleon versus
mass number Is shown In figure.

8.6

«(3.942 x 10?8 atoms)

20 56 180
A

The binding energy curve Indicates that binding
energy for nuclean of heavy nuclei Is less than that of
middle nuclel. Clearly a heavy nucleus breaks Into two
lighter nuclei then binding energy per nucleon will
Increase and energy will be released in the process.
This process Is called nuclear fisslon. Nuclear fission
reaction Is

25U+ hn—— BiBa+ 3¢Kr + 3(jn) + 200 MeV

(slow neutron)

& Chapter Test

Multiple Choice Questions

QL1 The equivalent energy of 1g of substance is:

Q2

a9x10%) b.6x10%)c I3x108) d 6x105]

The curve of binding energy per nucleon as a
function of atomic mass number has a sharp
peak for helium nucleus. This implies that helium
nucleus is: (CBSE2023)
a. radioactive

c. easlly fisslonable
d. more stable nucleus than its neighbours

b. unstable

Assertion and Reason Type Questions

Directions (Q.Nos. 3-4): [n the following questions, statement
of Assertion (A) is followed by a statement of Reason (R). Mark
the correct choice as:

a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion (A).

Q3.

Q4.

b. Bath Assertion (A) and Reason (R) are true but
Reason (R) Is not the correct explanation of
Assertion (A).

c. Assertion (A) is true but Reason (R) is false.

d. Both Assertion (A) and Reason (R) are false.

Assertion (A): Density of all the nuclei is same.

Reason (R): Radius of nucleus is directly

proportional to the cube root of the mass number.

Assertion (A): Electrons do not experience strong

nuclear force.

Reason (R):

independent.

Strong nuclear force is charge

Fill in the blanks

Qs.

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

is the phenomenon of fusing two or more
lighter nuclei forming a single heavy nucleus.
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Case Study Based Question

Q7. The density of nuclear matter is the ratio of the
mass of a nucleus to its volume. As the volume
of a nucleus is directly proportional to its mass
number 4, so the density of nuclear matter is
independent of the size of the nucleus. Thus, the
nuclear matter behaves like a liquid of constant
density. Different nuclei are like drops of this
liquid, of different sizes but of same density.
Let A be the mass number and R be the radius of
a nucleus. If /m is the average mass of a nucleon,
then mass of nucleus = mA.

Volume of nucleus
4 1 4 33 _ % 3
=—mR" =—n(RyA =—nRy4
3 = (RoA™") e

Nuclear density, i = Mass of nucleus

Volume of nucleus

A 3m
or Ppy = =

§TLR3A 47Ry

Clearly, nuclear density is independent of mass
number A4 or the size of the nucleus.

The nuclear mass density is of the order
10" kg m™. This density is very large as
compared to the density of ordinary matter, say

water, for which p =1.0 x 10° kg m™,

Read the given passage carefully and give the
answer of the following questions:

(i) The nuclear radius of 1360 is 3 x 10 Pm. The
density of nuclear matter Is:
a. 29x10* kg m™ b. 12x 10" kg m™>
c 16 x 10?7 kg m™ d. 24 x 10" kg m™

(ii) What is the density of hydrogen nucleus in Sl unit?
Given, Ry = 1.1 fermi and my, = 1.007825 amu.
a. 298 x10" kgm™ b. 30 x 10> kg m™>
c. 199 % 10" kgm™ d. 785 x 107 kg m™>

(iii) Density of a nucleus is:

a. mare for lighter elements and less far heavier
elements

b. more for heavier elements and less for Ughter
elements

c. very less compared to ordinary matter

d. a constant

(iv) If the nucleus of 13Al has a nuclear radius of
about 3.6 fm, then 15125 Te would have its radius
approximately as:

a. 9.6 fm b. 12 fm C. 4B fm
Very Short Answer Type Questions

Q 8. Calculate the energy equivalent of 1 g of substance.

Q9. Given the mass of iron nucleus as 55.85u and
A = 56, find the nuclear density.

d. 6 fm

Short Answer Type-l Questions

Q10. Define the term mass defect. How is it related to
stability of the nucleus? (CBSE2023)

Q1L Whatis nuclear chain reaction? Explain with example.

Q12. When four hydrogen nuclei combine to form a
helium nucleus, estimate the amount of energy in
MeV released in this process of fusion (neglect the

masses of electrons and neutrons). Given

(i) mass of 1H=1.007825u

(ii) mass of helium nucleus = 4.002603 u and
1 u=931MeV/c’.

Short Answer Type-ll Questions

Q 13. Show that the density of nucleus over a wide range
of nuclei is constant and independent of mass

number.
Q14. We are given the following atomic masses:

238U =238.05079u
4He =4.00260 u
236 Th=234.04363u
1H=1.00783 u
23/Pa=237.05121u
Here the symbol Pa is for the element
protactinium (Z = 91).
(i) Calculate the energy released during the
alpha decay of 23% u.

(ii) Show that 23% U cannot spontaneously emit a

proton.
Q15. (i) Distinguish between nuclear fission and fusion
giving an example of each.
(ii) Explain the release of energy in nuclear fission
and fusion on the basis of binding energy per
nucleon curve. (CBSE2023)

Long Answer Type Questions

Q 16. Draw a plot of the binding energy per nucleon as a
functionof mass number foralarge number of nuclei.
Explain the energy release in the process of
nuclear fission from the above plot. Write a typical
nuclear reaction in which a large amount of energy
is released in the process of nuclear fission.

Q17. (i) Explain giving necessary reactions, how energy

is released during: (a) fission, (b) fusion.
(ii) If both the number of protons and neutrons are
conserved in a nuclear reaction like
12¢ + 12¢ — 30Ne + JHe
In what way, is the mass converted into the
energy? Explain.
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