Nuclei

13.2 Atomic Masses and Composition of Nucleus 13.5 Nuclear Force
13.3 Size of the Nucleus 13.6 Radioactivity
13.4 Mass-Energy and Nuclear Binding Energy 13.7 Nuclear Energy

Topicwise Analysis of Last 10 Years’ CBSE Board Questions

Number of questions —>

13.2 B 13.4 13.5 13.6 13.7
Topic —>
»  Maximum weightage is of Radioactivity. »  Maximum SA | type questions were asked from
Nuclear Energy.

»  Maximum VSA, SA Il and LA type questions were
asked from Radioactivity. » No VBQ type questions were asked till now.

(' QUICKRECAP )
Q Composition of the Nucleus in a nucleus is called its mass number and is
»  The nucleus of an atom contains protons and denoted by A.
neutrons which are collectively known as — Number of protons in an atom = Z
nucleons. The number of protons in a nucleus - Number of electrons in an atom = Z
is called its atomic number and is denoted by - Number of nucleons in an atom = A

Z. The total number of protons and neutrons — Number of neutrons in an atom=N=A - Z.
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Nuclide : It is a specific nucleus of an atom

which is characterised by its atomic number Z

and mass number A. It is represented by ;X4

where X is the chemical symbol of the element.

Nuclear Radius : Nuclear radius R = R,

A where R, is a constant and A is the mass

number.

Nuclear radius is measured in fermi.
1fm=10"m

Nuclear Density :

mass of nucleus

Nuclear density p=
volume of nucleus

Nuclear density is independent of A and is in
order of the 107 kg m3,

Isotopes : Isotopes of an element are the atoms
of the element which have the same atomic
number but different mass numbers. e.g. {HY,
1H?, ;H?, are the three isotopes of hydrogen.

Isobars : Isobars are the atoms of different
elements which have the same mass number
but different atomic numbers. e.g. ;;Na* and
10NeZ,

Isotones : Isotones are the nuclides which
contain the same number of neutrons. e.g. ;,CI¥
and ;,K*,

Nuclear forces : Nuclear forces are the strong
forces of attraction which hold together the
nucleons (neutrons and protons) in the tiny
nucleus of an atom, inspite of strong electrostatic
forces of repulsion between protons.

Nuclear forces are strongest forces in nature.
Nuclear forces are short range forces.

Nuclear forces do not obey inverse square law.
Nuclear forces are charge independent.

Mass defect : The difference in mass of a nucleus
and its constituents is known as the mass defect
and is given by

Am = [Zm, + (A - Z)m, - my]
where m,, is the mass of the proton and m,, is the
mass of the neutron and my is the mass of the
nucleus.

Binding Energy : The binding energy of nucleus
is given by
E, = Amc? = [Zm, + (A - Z)m, — my]c?

= [Zm, + (A - Z)m, — my] x 931.49 MeV/u,

»
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The binding energy per nucleon of a nucleus
=E/A

The greater the binding energy per nucleon, the
more stable is the nucleus.

Binding Energy Curve

It is curve drawn between binding energy per
nucleon and mass number as shown in the
figure.
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The main features of the curve as follows :

- Thebindingenergy per nucleonis practically
constant, i.e., practically independent of
the atomic number for nuclei of middle
mass number (30 < 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.

- The binding energy per nucleon is lower for
both light nuclei (A < 30) and heavy nuclei
(A >170).

Q Radioactivity : Radioactivity was discovered in

[ 3

1896 by Antoine Henri Becquerel.
Radioactivity is the spontaneous disintegration
of nuclei of some nuclides (called radio nuclides)
with the emission of alpha particles or beta
particles, some accompanied by a gamma ray
emission.
Law of Radioactive Decay
Z—Ij =-AN() or N(t)=Nye ™
where A is the decay constant or disintegration
constant, N is the number of nuclei left
undecayed at the time f, Ny is the number of
radioactive nucleiat t = 0.
- Half-life of a radioactive substance is given
by
7,),=n2 063
A A
- Mean life or average life of a radioactive
substance is given by
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1 Tip
T=—=—U2 _quT,
% 0.693 1/2

Activity : The number of disintegrations
occurring in a radioactive substance per second
and it is given by R = -dN/dt.
— The ST unit of activity is becquerel.
1 becquerel = 1 Bq = 1 decay/sec.
- The traditional unit of activity is the curie.
1 curie = 1 Ci = 3.70 x 10 decays/s
=37 GBq.
The other unit of radioactivity is rutherford.
1 rutherford = 10° disintegrations/s.
Activity law, R(¢) = Ree™
where R, = AN, is the decay rate at ¢t = 0 and
R=NAL
Fraction of nuclei left undecayed after n half
lives is
N _(}_)n _(I)HTUZ or t=nTy,
Ny \2

2

Radioactive decay : The various radioactive
decays are shown in the table.

Decay | Transformation Example
Alpha | Ay 473y die | B3U— ZBhTh+ fHe
decay
Beta X g Avee +v | Moo MNve +v
decay
Positron | 4y | Ay.ietsv | Bouo UNive +v
emission
Electron - - )

‘Z‘1X+e — ZfllY %Cu+e —>62‘§N1
capture
Gamma éX*—)éX+y gESr*%gZSrﬂ{
decay

[*le notes an excited nuclear state.]

>

Alpha decay A nucleus that decays
spontaneously by emitting an alpha particle (a
helium nucleus He ) is said to undergo alpha
decay. The alpha decay is represented by

4X - 473y + He
where £ X is the parent nucleus and 42y is
the daughter nucleus.
- In a alpha decay disintegration energy Q is
given by
Q = (my — my — my)c*
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- Kinetic energy of alpha particles is given by
A-4

~ 4 ¢

where A is the mass number of parent nucleus.

Betadecay: A nucleusthatdecaysspontaneously

by emitting an electron or a positron is said to

undergo beta decay.

- In beta minus decay (B-), a neutron is
transformed into a proton and an electron
and antineutrino is emitted.

KE,

n—pte +v
where # is the neutron, p is the proton, e is
the electron and v is the antineutrino.

— The beta minus decay is represented by

AX o ,AY+e 49

- In beta minus decay, disintegration energy
Q is given by
Q= [my - my]lc®

- Inbeta plus decay (f*) or positron emission,
a proton is transformed into neutron and
positron and neutrino is emitted.
pon+e+v
where et is the positron and v is the
neutrino.

— The beta plus decay is represented by

AX 5 ZAY+et 4y

- Inbeta plus decay, the disintegration energy
is given by
Q= [my-my-2m,|c*
where m, is the mass of the electron.

— The kinetic energy of an electron or a
positron in the beta decay vary continuously
from zero to a certain maximum value
K.E.n. The maximum kinetic energy
KE. . .x of an electron or positron must
equal the disintegration energy Q.

Gamma decay : When a nucleus in an excited

state makes a transition to state of lower

energy, electromagnetic radiation of very short
wavelength is emitted.

- The gamma decay is represented by

éX * = QX +vy
[* denotes the excited nuclear state.]

Nuclear reaction : A nuclear reaction is
represented by

A+a—>B+b+Q



306

where A is the target nucleus, a is the impinging
particle, B and b are the products, Q is the
energy released in the process.
The nuclear reaction is represented by notation
Ala, b)B.
Q value of nuclear reaction,

Q= (my + m, - mg - m,)c*
If Qis positive, the reaction is exothermic and if
Q is negative the reaction is endothermic.
Conservation laws obeyed by every nuclear
reaction are
Conservation of charge number
- Conservation of mass number
- Conservation of linear momentum
- Conservation of energy
Nuclear fission : It is the phenomenon of
splitting a heavy nucleus into two or more
smaller nuclei.

- 'The nuclear fission of 5, U*® is represented as
U™ + jn! — 5 Ba*! + , Kr2 + 3 nl + Q
The value of the Q is 200 MeV per fission

reaction.

Nuclear chain reaction : Under suitable
conditions, the three secondary neutrons may
cause further fission of U nuclei and start
what is known as nuclear chain reaction. The
nuclear chain reaction is controlled by

CBSE Chapterwise-Topicwise Physics

Neutron reproduction factor (K)

_ rate of production of neutrons
rate of loss of neutrons

Uncontrolled nuclear chain reaction is the basis
of an atom bomb. Controlled nuclear chain
reaction is the basis of a nuclear reactor.
Nuclear reactor : Nuclear reactor uses nuclear
energy for peaceful purposes. It is based on
the phenomenon of controlled nuclear chain
reaction. Moderators like heavy water, graphite,
paraffin and deuterium slow down neutrons.
Rods of cadmium and boron serv as control
rods. Ordinary water and heavy water serve as
coolants.
Nuclear fusion : It is the phenomenon of fusing
two or more lighter nuclei to form a single
heavy nucleus.
- The nuclear fusion reaction of two deutrons
is represented as

1H? + H2 — ,Het + 24 MeV
- Temperature = 107 K are required for fusion
to take place.

- Nuclear fusion is a basis of hydrogen bomb.
Stellar energy : It is the energy obtained from
the sun and stars. The source of stellar energy is
nuclear fusion.
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13.2 Atomic Masses and
Composition of Nucleus

(1 mark)

1. The radioactive isotope D decays according to
the sequence.
p—t-p

1

o—particle D
2

If the mass number and atomic number of D,
are 176 and 71 respectively, what is (i) the mass
number (ii) atomic number of D? (Delhi 2007)

13.3 Size of the Nucleus
(1 mark)

2. How is the radius of a nucleus related to its mass
number A? (AI 2013C, 2011C)

3. A nucleus undergoes J"-dacay. How does its (i)
mass number (ii) atomic number change?
(Delhi 2011C)

4, Two nuclei have mass numbers in the ratio 1: 2.
What is the ratio of their nuclear densities?
(Delhi 2009)

m (2 marks)

5. How is the size of a nucleus experimentally
determined? Write the relation between the
radius and mass number of the nucleus. Show
that the density of nucleus is independent of its
mass number. (Delhi 2012, 2011 C)

BN 3 marks)

6. In the study of Geiger-Marsden experiment on
scattering of o 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.

Fromthe relation R= Ry A", where R, is constant
and A is the mass number of the nucleus, show
that nuclear matter density is independent of A.

(Delhi 2015)

7. In a Geiger-Marsden experiment, calculate the

distance of closest approach to the nucleus of

Z = 80, when an o-particle of 8 MeV energy

impinges on it before it comes momentarily

to rest and reverses its direction. How will the

distance of closest approach be affected when
the kinetic energy of the a-particle is doubled?

(AI2012)

13.4 Mass-Energy and Nuclear
Binding Energy

m. (2 marks)

8. If both the number of protons and neutrons in
a nuclear reaction is conserved, in what way
is mass converted into energy (or vice versa)?
Explain giving one example. (Delhi 2015C)

9. Draw a plot of the binding energy per nucleon
as a function of mass number for a large number
of nuclei, 2 < A < 240. How do you explain the
constancy of binding energy per nucleon in
the range 30 < A < 170 using the property that

nuclear force is short-ranged? (AI2010)

10. A nucleus 2 Ne undergoes B-decay and

becomes }; Na. Calculate the maximum kinetic
energy of emitted electrons assuming that
the daughter nucleus and anti-neutrino carry
negligible kinetic energy.

mass of }; Ne =22.994466 u
mass of 2; Na =22.989770 u
1u =931 MeV/c?

m (3 marks)

11. Draw a plot of B.E./A versus mass number A for
2 < A < 170. Use this graph to explain the release
of energy in the process of nuclear fusion of two
light nuclei. (Delhi 2014C)

12. Distinguish between the phenomena of nuclear
fission and fusion.

(Delhi 2008)




308

Explain, using the graph for the B.E./A versus
mass number (A), how the release in energy can
be accounted for in the two processes.

(AI 2014C, 2012C)

13. Answer the following points :
(i) Why is the binding energy per nucleon
found to be constant for nuclei in the range of
mass number (A) lying between 30 and 1702
(ii) When a heavy nucleus with mass number
A = 240 breaks into two nuclei, A = 120 energy
is released in the process. (AI2012C)

14. Draw the graph to show variation of binding
energy per nucleon with mass number of
different atomic nuclei, Calculate binding energy
per nucleon of j Ca nucleus.
Actual mass of Ca = 39.962589 u
m, = 1.007825u m, = 1.008665 u

_(5 marks)

15. (a) Draw the plot of binding energy per nucleon
(B.E./A) as a function of mass number A. Write
two important conclusions that can be drawn
regarding the nature of nuclear force.

(b) Use this graph to explain the release of
energy in both the processes of nuclear fusion
and fission. (AI12013)

(AI 2007)

13.5 Nuclear force

(1 mark)

16. Write any two characteristic properties of
nuclear force. (AI 2008, 2011)

m. (2 marks)

17. Draw a plot of potential energy of a pair of
nucleons as a function of their separation. Write
two important conclusions which you can draw
regarding the nature of nuclear forces.

(AI 2015, 2010)

18. Draw a graph showing the variation of potential
energy between a pair of nucleons as a function
of their separation. Indicate the regions in which
the nuclear force is (i) attractive, (ii) repulsive.

(AI 2012, 2007)

mIl (3 marks)

19. Write three characteristic properties of nuclear
force. (AI 2015)

) CBSE Chapterwise-Topicwise Physics

13.6 Radioactivity
(1 mark)

20. Why s it found experimentally difficult to detect
neutrinos in nuclear B-decay?
(Foreign 2015, AI 2014)

21. In both B~ and B* decay processes, the mass
number of a nucleus remains same whereas the
atomic number Z increases by one in 37 decay
and decreases by one in 3" decay. Explain giving
reason. (Foreign 2014)

22. Define the activity of a given radioactive
substance. Write its S.I. unit ~ (AI-2013, 2007)

23, What is the relationship between the half-life
and mean life of a radioactive nucleus?
(AI 2012C, Foreign 2011 )

E’. (2 marks)

24. Derive the expression for tne 1aw o1 raaioacuve
decay of a given sample having initially Nj
decaying to the number N present at any
subsequent time t.

Plot a graph showing the variation of the number
of nuclei versus the time lapsed. Mark a point
on the plot in terms of Ty, value the number
present N = Ny/16. (Foreign 2013)

25. In a given sample two radioisotopes A and B
are initially present in the ratio of 1:4. The half
lives of A and B are respectively 100 years and 50
years. Find the time after which the amounts of
A and B become equal. (Foreign 2012)

26. A radioactive nucleus ‘A’ undergoes a series of
decays according to the following scheme.

/LI’ I Ny WL TNy S SNy
The mass number and atomic number of A are
180 and 72 respectively. What are these numbers

for A? (Delhi 2009)

m (3 marks)

27. (i) Write the basic nuclear process involved in
the emission of B in a symbolic form, by a
radioactive nucleus.

(i) In the reactions given below :

(@) §C—%Btx+v
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28.

29.

30.

31.

32,

33.

34,

(b) 2C+’C—2 Net+jHe

Find the values of x, yand zand a, b and c.
(AI 2016)

(a) Complete the following nuclear reactions:
() 2%po 2% ph+.....

(i) Zp—2S+......

(b) Write the basic process involved in nuclei
responsible for (i) B~ and (ii) B* decay.

(c) Why is it found experimentally difficult to
detect neutrinos? (AI 2015C)

(a) Deduce the expression, N = N, ¢, for the
law of radioactive decay.

(b) (i) Write symbolically the process expressing
the B* decay of ?2Na. Also write the basic
nuclear process underlying this decay.

(ii) Is the nucleus formed in the decay of the

nucleus 22 Na,an isotope or isobar?

(Delhi 2014)

(a) Define the term ‘activity’ of a sample of a
radioactive nucleus. Write its S.I. unit.

(b} The halflife of 55 U undergoing o.-decay is
4.5 x 10° years. Determine the activity of 10 g

sample of 28U . Given that 1 g of 28U contains

25.3 x 10% atoms. (Al 2014 C)

(a) The number of nuclei of a given radioactive
sample at time t = 0 and f = T are N and Ny/n
respectively. Obtain an expression for the half
life (T, ;) of the nucleus in terms of n and T.
(b} Write the basic nuclear process underlying
B~ decay of a given radioactive nucleus.

(Delhi 2013C)

In B-decay, the experimental detection of
neutrinos (or antinetrinos) is found to be
extremely difficult. (1/3, A1 2012C)

State the law of radioactive decay.
Plot a graph showing the number (N) of
undecayed nuclei as a function of time (f) for a
given radioactive sample having half life T} ,.
Depict in the plot the number of undecayed
nuclei at (i) t = 3T}, and (ii) t = 5T,

(Delhi 2011)
(i) Define ‘activity’ of a radioactive material
and write its S.I. unit.

35.

36.
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(ii) Plota graph showing variation of activity of
a given radioactive sample with time.

(iii) The sequence of stepwise decay of a
radioactive nucleus is

p—5p ¥ 5p,

If the atomic number and mass number of
D, are 71 and 176 respectively, what are their

corresponding values for D? (Delhi 2010)
Write symbolically the f~ decay process of
2P, (1/3 A1 2010)

What is the basic mechanism for the emission
of B~ or B* particles in a nucleide? Give an
example by writing explicitly a decay process
for B~ emission. Is (2) the energy of the emitted
B-particles continuous or discrete; (b) the
daughter nucleus obtained through f3-decay, an
isotope or an isobar of the parent nucleus.

.m (5 marks) _

37.

38.

39.

40.

(a) Define the terms (i) half-life (T};) and

(ii) average life (1). Find out their relationship

with the decay constant (L).

(b) A radioactive nucleus has a decay constant

A= 0.3465 (day)'l. How long would it take the

nucleus to decay to 75% of its initial amount?
(Foreign 2014)

Write the basic nuclear process of neutron
undergoing (-decay. Why is the detection of
neutrinos found very difficult?  (2/5, AI 2013)

(a) Define the term ‘activity’ of a given sample
of radionuclide. Write the expression for the law
of radioactive decay in terms of the activity of a
given sample.

(b) A radioactive isotope has a half life of T
years. How long will it take the activity to reduce
to 3.125% of its original value?

(c) When a nucleus (X) undergoes B-decay,
the transforms to the nucleus (Y), does the pair
(X,Y) form isotopes, isobars or isotones? Justify
your answetr. (Delhi 2012C)

(a) Derive the law of radioactive decay, viz.
N =Npe AL

(b) Explain, giving necessary reactions, how
energy is released during (i) fission and (ii)
fusion. (AI2011C)
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13.7 Nuclear Energy
(1 mark)

41.

State the reason, why heavy water is generally
used as a moderator in a nuclear reactor.
(Delhi 2008)

BETNE (2 marks)

42,

43.

44.

45.

46.

A nucleus with mass number A = 240 and
B.E./A = 7.6 MeV breaks into two fragments
each of A = 120 with B.E./A = 8.5 MeV. Calculate
the released energy. (Delhi 2016)

Calculate the energy in fusion reaction :
2H+ H— 3He+n, where B.E. of H =223
MeV and of 3 He =7.73MeV.  (Delhi 2016)

Complete the following nuclear reactions.
(a) };OB + én —5 He+........

(b) % Mo+ 2H 25 Te+ ... (Delhi 2015C)

Using the curve for the binding energy per
nucleon as a function of mass number A, state
clearly how the release in energy in the processes
of nuclear fission and nuclear fusion can be
explained. (AI2011)

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:

47.

48.

49.

ICBSE Chapterwise-Topicwise Physics

(i) Mass of 1H = 1.007825 u
(ii) mass of helium nucleus = 4.002603 u,

1u =931 MeV/c? (Foreign 2011)
A heavy nucleus X of mass number 240 and
binding energy per nucleon 7.6 MeV is split into
two fragments Y and Z of mass numbers 110
and 130. The binding energy of two nucleons, is
8.5. Calculate the energy Q released per fission
in MeV. (Delhi 2010)
If both the number of protons and the number
of neutrons are conserved in a nuclear reaction
like ¥C+§"C— jNe + 3 He
In what way is mass converted into energy?
Explain. (Foreign 2010)

Calculate the energy released in MeV in the
following nuclear reaction:

SBU =B Th+3He+Q
[Mass of 33° U =238.05079 u
Mass of 55 Th =234.043630 u

Mass of ; He = 4.002600 u

1u=9315MeV/c] (AI 2008, Delhi 2007)

MM (3 marks)

50.

In a typical nuclear reaction, e.g.
2H + 2H —»3He + [n+3.27 MeV,
although number of nucleons is conserved, yet
energy is released. How? Explain.
(1/3, Delhi 2016, 2013)
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— 176
180 B 180 o
L 72 D 73 Dl 271 Dz

(i) Mass number of D = 180, (ii) Atomic number of
D=72

2. The volume of the nucleus is directly
proportional to the number of nucleons (mass
number) constituting the nucleus.

%nRs < A Where R — radius
Rec A3 A — Mass number

3. When p-decay takes place, (i) mass number
remains unchanged and (ii) atomic number increases
by one unit.

4. Nuclear density is independent of mass
number,

5. Nucleus was first discovered in 1911 by Lord
Rutherford and his associates by experiments on
scattering of o-particle by atoms. He found that
the scattering result could be explained, if atoms
consists of a small, central, massive and positive core
surrounded by orbiting electron. The experiment
results indicated that the size of the nucleus is of
the order of 107" metres and it thus 10,000 times
smaller than the size of atom.

Relation between the radius and mass number of the
nucleus R = Ry A"

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

Volume of the nucleus, y = én R3
3

V=§n@wWﬂ3

4
= V=—nRA
i : mA
Density of nuclear matter, p= ET
= 1 = . 3
ETERSA 4TER0

This shows that the nuclear density is independent
of A,

6. Trajectory of o-particles in coulomb field of
target nucleus shows that only a small fraction of the
number of incident o-particles (1 in 8000) rebound
back.

Nucleus

This shows that the number of a-particles undergoing
head-on collision is small. This implies that the entire
positive charge of the atom is concentrated in a small
volume. So, this experiment is an important way to
determine an upper limit on the size of nucleus.

) mass of nucleus
Density of nucleus= ——
volume

AXlamu

4
= nR?
3

where R=R, A"

Axlamu lamu
4 T4

3 nRgA = nRS

p=297x 10" kgm™

s0, nuclear density is constant irrespective of mass

p:

Density p=

number or size.,
7. (Ze)(e) _
4me,(r)
2Zé*
fy=———
4ne (K.E.)
9x10° x2x80x(1.6x107°)?

K.E.

(- Z=280,K.E.=8MeV)

., =
0 8x10° x(1.6x107")
-10
1b:18xL6qu X80 _ 5 oev 10 m
8x10
o ——
* "K.E.

If K.E. becomes twice then 7, =

[ (8} |o"‘

i.e. distance of closest approach becomes half.
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8. A certain number of neutrons and protons
are brought together to form a nucleus of a certain
charge and mass, an energy AE, will be released in
this process.

The energy AE, is called the binding energy of the
nucleus. If we separate a nucleus into its nucleons we
would have to transfer a total energy equal to AE,, to

the nucleons.

Example : 92U235 +, n' — é‘élBa+ géKr + 3})n +Q

The energy (Q) released was estimated to be
200 MeV per fission (or about 0.9 MeV per nucleon
and is equivalent to the difference in masses of the
nuclei before and after the fission.

10
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The constancy of binding energy in the range
30 < A < 170 is a consequence of the fact that the
nuclear force is short ranged. Consider a particular
nucleon inside a sufficiently large nucleus. It will be
under the influence of only some of its neighbours,
which come within the range of the nuclear force.
If any other nucleon is at a distance more than
the range of the nuclear force from the particular
nucleon it will have no influence on the binding
energy of the nucleon under consideration. If a
nucleon can have a maximum of p neighbours
within the range of nuclear force, its binding energy
would be proportional to p. Let the binding energy
of the nucleus be pk, where k is a constant having
the dimensions of energy. If we increase A by adding
nucleons they will not change the binding energy
of a nucleon inside. Since most of the nucleons in a
large nucleus reside inside it and not on the surface,
the change in binding energy per nucleon would be
small. The binding energy per nucleon is a constant
and is approximately equal to pk.

8
6
4
2
0

10. The equation representing - decay of 2 Ne is
nge—> ffNa+ B +v+Q
where Q is the kinetic energy shared by fS Ne and ff Na.

Ignoring the rest mass of antineutrino (¥)and
electron.

Mass defect Am = (fg Ne) -m (fi’Na) -m(B7)
= (22.994466 - 22.989770) = 0.004696 u
Q =0.004696 x 931 MeV =4.372 MeV

CBSE Chapterwise-Topicwise Physics

Maximum K.E. of f~ = 4.372 MeV, when energy
carried by (V) is zero.

11. (a) Binding energy per nucleon versus mass
number (A) curve
10

56Fe

L 16g| 325 18— 19Mo
E ”C,)/ ——— |11 sty
=1 11, hlso 197An—~_ 238
R L b
3 6
s
5 SLi
=Y
[
] p2H
g
1]
:g 2
8 2]
= 'H

0

[ 50 100 150 200 250

@ Mass number (A)

Conclusions:

(i) Nuclear forces are strong and attractive in nature
(i) Nuclear force is a short ranged force.
Explanation of fusion : When two very light nuclei
(A < 10) fuse to form a heavy nucleus, the BE/A
of fused heavier nucleus is more than the binding
energy per nucleon of lighter nuclei. This implies
release of energy.

Energy released in nuclear fission : A Very heavy
nucleus, say A = 240, has lower binding energy per
nucleon as compared to a nucleus with A = 120.
Thus, if somehow a nucleus having A = 240 breaks
into two nuclei, each having mass number A = 120.
Then energy would be released in the process.

12.

Nuclear Fission
1.|Theprocess of splitting
of a heavy nucleus
into two nuclei of]
nearly  comparable
masses with liberation
of energy is called
nuclear fission.

Nuclear Fusion
.|When two or more
than two light nuclei
fuse together to form
heavy nucleus with the
liberation of energy,
the process is called
nuclear fusion.

—

Example: Example:
5 Utgn—g Ba TH+ H—; He
+y Kr+3;n+Q +24 MeV

2.|A suitable bullet or
projectile like neutron
is needed.

N

.| The lighter nuclei have
tobe brought very close
to each other against
electrostatic repulsion.

w

3.|The product of nuclear
fission reaction are
radioactive.

.[The  products  of
nuclear fusion are not
radioactive.

Refer to answer 11.
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13. (i) Refer to answer 9.

(ii) A very heavy nucleus with A = 240, has lower
binding energy per nucleon compared to that of
a nucleus with A = 120. When a heavy nucleus
with mass number A = 240 breaks into two nuclei,
A =120, energy is released in this process.

14.
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Mass number (A)
Number of protons = 20
Number of neutrons = 40 - 20 = 20
Expected mass of the nucleus
m=20 (m‘, +m,)
=20 (1.007825 + 1.008665) u = 40.3298u
Actual mass is m’ = 39.962589 u
Mass defect, Am=m —m’
=40.3298 - 39.962589 = 0.367211
Total B.E. = 0.367211 x 931 MeV = 341.873441 MeV

341.873441

B.E./nucleon = = 8.547 MeV/nucleon

15. Refer to answer 11.

16. Nuclear forces are strongest forces in nature:
Magnitude of nuclear forces is 100 times that of
electrostatic force and 10°® times the gravitational
forces.

Nuclear forces are charge independent: Nuclear
forces between a pair of protons, a pair of neutrons
or a pair of neutron and proton act with same
strength.

17. Plot of potential energy of a pair of nucleons as

a function of their separation is given in the figure.
A

+1001

f

Potential energy(MeV)—>

-100 + } —p
Jopr o2 3 sfm)->
B

Repulsive  Attractive
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Conclusions: (i) The nuclear force is much stronger
than the coulomb force acting between charges or
the gravitational forces between masses.

(ii) The nuclear force between two nucleons falls
rapidly to zero as their distance is more than a few
fermies.

(iil) For a separation greater than ry, the force is
attractive and for separation less than r, the force is
strongly repulsive. —

18. Refer to answerl7.

19. Properties of nuclear force are :

(i) Nuclear forces are short range forces and are
strongly attractive within a range of 1 fermi to 4.2
fermi.

(ii) Nuclear forces above 4.2 Fermi are negligible,
whereas below 1 Fermi, they become repulsive in
nature. It is this repulsive nature below 1 fermi,
which prevents the nucleus from collapsing under
strong attractive force.

(iif) Nuclear forces are charge independent. The
same magnitude of nuclear force act between a pair
of protons, pair of proton and neutron and pair
of neutrons. The attractive nuclear force is due to
exchange of T mesons (n°, n*, ) between them.
20. Neutrinos are neutral (chargeless), almost
massless particles that hardly interact with matter.
21. In [~ decay, a [ particle of zero mass and -1
charge is emitted. The decay process is shown
below.

AX 8 Y+ 0B+V

Since the mass of fparticle is negligibly small, the
mass number of the nucleus remains the same and
the atomic number increases by 1 due to the loss of
1 negative charge.

Similarly for a B* decay, a f particle of negligibly
small and +1 charge is emitted. The decay process is

A A 0
shown below 7 X oy Y+, B+v

The mass number remains the same, but here, the
atomic number decreases by 1 due to the loss of 1
positive charge.

22. The rate of decay of a radioactive substance is
called the activity of that substance.
_dN
dt
S.I. unit : becquerel (Bq) or disintegrations/s
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In2
23. T, ="2—tln2
112 =
Where T, is half life and T is mean life.

24. Let N be the number of undecayed nuclei in the
sample at time ¢ and AN nuclei undergo decay in

time At. Then, AN N, . AN
t At

b

5

5

=}

3

5

_§ N

g

= N-AN

S

Z 0

t t+At Time (f) —»

Where A is disintegration constant.
The rate of change in N in time At—0, can be

expressed as a - Adi

N dN t
On integrating both sides | N [Adt
Ny 0

Where N, is in initial undecayed nuclei.

mN -
No

N=N;eA!
N,
Markof N = 1_60 in terms of T}, is shown in the figure
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25. We have N= N, e
For radio isotopes A and B, we can write
N, =N 4

~Aglp

Np=4N,e

Let t be the time after which N, = Ny
Noe’lAi = 4Noe’}‘3t =

= log4 = (At - Ayt) log, e

4= ohBthat
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= 2log,2= {Iogg 2 logEZ} ; {)\ _ Iogt,Z}

TB]/Z TAm Tl/ 2

1 1 =
2=(S-L)e ==
50 100 100

= t =200 years

0
oz=‘21He 176 ﬁ=_1e

26. o A,

180 176
72 A 71 A2

a:%He

172 Y 172
6 A3 69 Ay

The mass number of A, =172
and the atomic number of A, = 69
27. (i) Basic nuclear reaction

pon+e +v

(ii) (a) léC %?B++1e°+v, SoX= +1€0 ,y=52z=11
(b) '2C + '2C — ¥Ne + 3He
a=10,b=2,c=4

28. (a) (i) 2¥Po—3" Pb+; He
208 =204 + A

A=208-204 =4
84=82+7;Z=84-82=2

1) 32 32 0
(i) P25+ +v

32=32+4
A=32-32=0| A=0 o
=_€
15=16+2Z [Z=-1
Z=15-16=-1

(b) In both processes the conversion of neutron to
proton and proton to neutron inside the nucleus.

A
;X >pf + ,,Y+V(B decay)
2X =B+ ZiY +v{B" decay)

(c) Nutrinos are chargeless (neutral) and almost
massless particles that hardly interact with matter.
29. (a) Radioactivity is a spontaneous phenomenon
and one cannot predict, when a particular nucleusina
given radioactive sample will undergo disintegration.
When a radioactive nucleus disintegrates, either
an o-particle or a P-particle is emitted, generally
followed by emission of y-ray photon.

The number of radioactive nuclei disintegrating
per second of a radioactive sample at any time is
directly proportional to the number of active nuclei
(undecayed) present at that time.
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2N (1)
or —

where N is number of active nuclei in a radioactive
sample at time t and A is called “disintegration
constant” or “decay constant” of radioactive
substance. The -ve sign indicates that the rate of

disintegration —— decreases with time.

dt
From equation (i)
dN
—=-Adt
N
Integrating above equation on both sides, using the
limits that initially at time ¢ = 0, number of active
nuclei are N, and at time ¢, number of active nuclei
are N,
N t
dN
ey N t
}"!dt or [log, N]NO =—A[t]

N o
No

or log,N-log,N,=-A[t-0]

or log, N o pror N
Ny 0
or [N=N,e™ ...(ii)

(b) (i) The B* decay of 2 Na is given by
HNa—— #Ne+et +v

If the unstable nucleus has excess protons than
needed for stability, a proton converts into a
neutron.

p——n+et+v

where €' is a positron and V is a neutrino created
during the process.

(ii) A nucleus ?Na is formed in the decay of the
nucleus 77Na. Both the nuclei are isobar because

they have same mass number.

30. (a) Refer to answer 22.

(b) Ty, = 4.5 x 10° years

= 4.5 x 10° x 3.15 x 107 seconds

Number of atoms in 10 g sample of 2* U is

10
N=6.023 x 10 x i 253%10atoms

Activity of Sample A=A N = ln2 XN

1/2
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- 2'693 1 ~ |x253x10%

45%x107 x3.15%10
=1.237 x 10° becquerel
31. In one halflife, N = %
N=N,/2
In another half life (i.e., 2 half lives)

2
N, N
N=l—0=—0=N0 [l)
2 2 4 2

Another half life (i.e., 3 half lives)
3
N=l[&j=&=N (l) and so on
20 4 g 2
Hence, after n half lives,

n t/T
v=m(3) (3]

Where t = n x T = total time of n half lives.

N 1 n 1 /T
N oRe

NAL 2 A\
(b) Refer to answer 21.

32. In P-decay, the experimental detection of
neutrinos (or antineutrinos) is found to be extemely
difficult. Neutrinos do not carry electric charge,
which means that they are not affected by the
electronmagnetic forces.

33. The rate of decay of atoms is proportional to the
number of undecayed radioactive atoms present at
any instant. If N is the number of undecayed atoms
in a radioactive substance at any time f, dN the
number of atoms disintegrating in time dt, the rate

dN
of decay is F 5° that

N N or oy ()
dt dt

where A is a constant of proportionality called the
decay (or disintegration) constant, equation (i)
results

N=Nyge™ ...(ii)
where Ny = Initial number of undecayed radioactive
atoms.

If N, is the initial number of radioactive atoms
present then in a half life time T;,, the number of
undecayed radioactive atoms will be Ny/2 and in
next half Ny/4 and so on.
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tTyy
Using, N =(l)
Ny \2

According to problem form for t = 3T},

3
N,
. N=N, (1) =—0
2 8

and for t =5T); N = No
32

The graph shown for the number of undecayed
nucleiat f =37, and t = 5T,

Number of undecayed nucle

—
Ty, 2Ty, 3Ty, 4Ty, 5Ty, Time t

34. (i) Refer to answer 22.
(ii) Refer to answer 33.

Looy 180 o 176 B~
(iii) 7, D THe 70 D, [

D,

Atomic number of D = 72,
Mass number of D = 180
35. In beta minus (B7) decay, an electron is emitted
by the nucleus and in beta plus (") decay, a positron
is emitted by the nucleus.
For example, in the decay of ;2 P
PP S+ +V
36. Refer to answer 28 (b).
(a) The energy emitted by [3-particles is continuous.
(b) The daughter nucleus obtained through b-decay
is an isobar of the parent nucleus.
37. (a) (i) Half life (T,;): It is the time in which

half the number of nuclei of the given radionuclide
decay.

1
t=t1/2;N=5N0

. _In2_06%
1/2 }\‘ A‘
(ii) Average life (1) : The Average life of a radioactive
substance is defined as the average time for which the
nuclei of the atoms of the radioactive substance exist.

) CBSE Chapterwise-Topicwise Physics

oo

AN, [te™dt

Average life or mean-life (1) = .

0

= 1
=Afte™de=—
T _([e :

In2
1;,2=I‘T=rlnz

(b) According to the decay law, we have:
R=Rye™

4
= I ot

t=0.823 day
38. n—p+ B+v
Refer to answer 20.
39. (a) Refer to answer 22.

(b) i:(l) ()
R, \2

ﬁ_yé_i_pj

R, 100 32 \2

From (i)

5 "
(l) :(l] , n = 5 half lives,
2 2

or i=5 = t=5T
T

(c) Refer to answer 36(b).
40. (a) Refer to answer 29(a).

(b) (i) The fission reaction of 92U235may be
represented as given below :

235 1 236 141
U7+ ot =, U

92 1
—Ba T+ K" +3n +Q

The energy (Q)} released was estimated to be
200 MeV per fission (or about 0.9 MeV per nucleon)
and is equivalent to the difference in masses of the
nuclei before and after the fission.

(if) When two or more than two light nuclei fuse
together to form heavy nucleus with the liberation
of energy, the process is called nuclear fusion. For
example, two deutrons can fuse together to form
a helium nucleus releasing 24 MeV of energy. The
fusion reaction may be expressed as follow:

\H? + H? - He* +24 MeV
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This above nuclear fusion reaction is energetically

possible, only if the mass of the , He* nucleus is less
than the sum of the masses of the two deutron nuclei.

41. Heavy water is used to slow down fast moving
neutrons.

42. For a big nucleus, A = 240, BE/A = 7.6 MeV
Initial binding energy = 240 x 7.6 = 1824 MeV
For two small nuclei, A = 120, BE/A = 8.5 MeV
Final binding energy = 2 x 120 x 8.5 = 2040 MeV
Energy released during fission

= (final B.E.) - (Initial B.E.)

=2040 - 1824 = 216 MeV

43. Fusion reaction,

%H + fH —> ;He +n

Energy released = final B.E. - initial B.E.

=773 -(2.23 4+ 2.23) = 3.27 MeV.

44. (2) "B+ {n—; He+} Li

10+1 =4+ A
A=11-4=7

5+0=2+7Z
Z=5-2=3

“A=772=3

(b) M, +H— 3Te+,n'
94+2 =95+ A

A=9-95=1
42+1=43+7
Z =43-43=0

45. Binding Energy Curve: The varijation of average
B.E. per nucleon with mass number A is shown in
the Figure.
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Mass number (A)
The binding energy curve can be used to explain the
phenomena of nuclear fission and nuclear fusion as
follows :
Nuclear fission : Binding energy per nucleon is
smaller for heavier nuclei than the middle ones,
i.e., heavier nuclei are less stable. When an heavier
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nucleus splits into the lighter nuclei, the B.E./
nucleon changes from about 7.6 MeV to 8.4 MeV.
Greater binding energy of the product nuclei results
in the liberation of energy. This is what happens in
nuclear fission which is the basis of the atom bomb.

Nuclear fusion : The binding energy per nucleon
is small for light nuclei, i.e., they are less stable. So
when two light nuclei combine to form a heavier
nucleus, the higher binding energy per nucleon of
the latter results in the release of energy. This is what
happens in a nuclear fussion which is the basis of the
hydrogen bomb.

46. Energy released = Am x 931 MeV
Am=4m (iH) -m (%He)

Energy released
Q=[4.m (H)—m (} He)| x 931 MeV

= [4 x 1.007825 - 4.002603] x 931 MeV
=26.72 MeV.

47. We have *°x = 110y 4 B0z

Binding energy for X = 7.6 MeV

Binding energy of two fragments Y and Z = 8.5 MeV.
Energy released, Q = 240 (8.5 - 7.6) MeV = 216 MeV

18. In fact the number of protons and number of
neutrons are same before and after a nuclear reaction
but the binding energies of nuclei present before and
after nuclear reaction are different. This difference is
called the mass defect. This mass defect appears as
energy of reaction. In this sense a nuclear reaction is
an example of mass-energy interconversion.

49, Given nuclear reaction is

238 234 4

o2 U= Th+,He+Q

Mass defect = My, - Mg, - My,

= 238.05079 - 234.043630 - 4.002600 = 0.00456 u

Energy released = (0.00456 u) x (931.5 MeV/c?)
=425MeV.

50. In a nuclear reaction, the sum of the masses
of the target nucleus (21H) and the bombarding
particle (21H) may be greater than the product
nucleus (%He) and the outgoing neutron gn. So

from the law of conservation of mass-energy some
energy (3.27 MeV) is evolved due to mass defect in
the nuclear reaction. This energy is called Q-value of
the nuclear reaction.

<H(®>>n:



