Nuclei

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1.

The size of the atom is proportional to

(a) A4 (b 4" &) a® (dy A7
The gravitational force between a H-atom and another particle of mass m will be given by
Newton’s law: [NCERT Exemplar]
F= GM—'?m, where r is in km and
r

(@) M= Mytom o

b M=m

B o
proton Metectron™ 2 (B =13.6¢€V)

(c) M is not related to the mass of the hydrogen atom.

[V

d) M= M praton T Metectron — —5— (| V| = magnitude of the potential energy of electron in the H-atom).
¢

If radius of the 1Al nucleus is taken to be Ry, then the radius of ‘23 Te nucleus is nearly

113 13
@ Shy o (55) Ba ©(3) B @ 2ry
The mass density of a nucleus of mass number 4 is [CBSE 2023 (55/1/1)]
(a) proportional o 4" (b) proportional to A**
(¢) proportional 1o S0 (d) independent of 4

The nuclei of the isotopes of an element contain the same number of a certain particle. What
is this particle?

(@) Electron (b) Neutron (¢) Nucleon (d) Proton

How much energy will approximately be released if all the atoms of 1 kg of deuterium could
undergo fusion? [Assume energy released per deuterium nucleus is 2 MeV)

(@) 2 x 10" kWh 9 x 10" ] (¢) 6 x 10*7 calorie  (d) 9 x 10" MeV

A nuclear reaction is given below. The masses in amu of reactant and product nuclei are given
in brackets:

A+ B — C + D +QMev
(1.002)  (L.004) (LOON)  (1.003)
The value of energy Q is
(@) 1.234 MeV ) 0.91 MeV () 0.465 MeV (d) 1.862 MeV
. 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 nueleus is [CBSE 2023 (55/2/1)]
(a) radioactive (b) unstable
(c) easily fissionable (d) more stable nucleus than its neighbourss

Fusion reactions take place at a high temperature because

(a) atoms are ionised at high temperature

(b) molecules break up at high temperature

(¢) nuclei break up at high temperature

(d) kinetic energy is high enough 10 overcome repulsion between nuclei
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15.

16.

17.

. If M, Z), M, and M, denote the masses of the nucleus 4X, proton and neutron respectively

in units of u (1u = 931.5 MeV/c?) and BE represents its binding energy in MeV, then
(@) M(A Z)=ZM, + (A-Z)M,-BE/® (b)) M(4,7) = ZM, + (A= Z) M, + BE
() M(A, Z)=2ZMp + (A-Z)M, - BE (d) M (4, Z) = ZMp + (4 - Z) M,, + BE/

. The average binding energy per nucleon is maximum for the nucleus

{a) $He ) 'S0 o) 0 (d) 3Fe

. O, molecule consists of two oxygen atoms. In the molecule, nuclear force between the nuclei

of the two atoms

(@) is not important because nuclear forces are short-ranged

(b) is as important as electrostatic force for binding the two atoms
(¢) cancels the repulsive electrostatic force between the nuclei

(d) is not important because oxygen nucleus have equal number of neutrons and protons

. Which of the following statements is not true for the nuclear force?

(a) Itis attractive in nature.

(b) Itis charge dependent.

(¢) Itis short range.

(d) It decreases very quickly with distance between two nucleons.

. Fig. shows a plot of binding energy per nucleon E, against the nuclear mass M. 4, B, C, D, E,

F correspond to different nuclei. Consider four reactions: [HOTS]

@HA+B>C+s @@ C>A+B+s
(i) D+ E>F+¢ (i) F>D+E+¢
where € is the energy released. In which reaction € is positive?
(@) (@) and (i) (b) (1) and (i) (¢) () and () (d) (&) and (iiz)
The energy in nuclear reactor is obtained due to
(a) nuclear fission (b) nuclear fusion
(¢) photoelectric effect (d) spontaneous radioactive decay

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

(@) neutrons are heavier than protons.

(b) electrostatic force between protons are repulsive.

(¢) neutrons decay into protons through beta decay.

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

In a nuclear reactor, moderators slow down the neutrons which come out in a fission process.

The moderator used have light nuclei. Heavy nuclei will not serve the purpose because
[NCERT Exemplar]

(a) they will break up.

(b) elastic collision of neutrons with heavy nuclei will not slow them down.

(c) the net weight of the reactor would be unbearably high.

(d) substances with heavy nuclei do not occur in liquid or gaseous state at room temperature.



|
l 18. Pick out the possible fusion reaction from the following:
13 1 14 ;
(a) ,-,C + H — C"+4.3MeV
| ¢ H'—n'+ B +y
14 1 15
I @ N H =0 +7.3MeV
) @) U™+ n' —  Xe"®+  S1™ +2(n") + ¥+ 200 MeV
I 19. The minimum kinetic energy needed to separate a proton from a nucleus containing Z proton
and N neutrons is (mp = mass of protons)
: @ (-, - M) O (7 4m,- )
A+1 4 2
| @ (MF*'-MF-m,)e @ & MeV
20. The binding energy per nucleon in ;Li and ;He are 7.06 MeV and 5.60 MeV respectively,
I then in the reaction: p + ;Li - E(gHe) the energy of proton must be [NCERT Exemplar]
I (a) 28.24 MeV (b) 17.28 MeV
l (c) 1.46 MeV (d) 39.2 MeV
21. When two nuclei (4 < 10) fuse together to form a heavier nucleus, the [CBSE 2020 (55/2/1)]
I (a) binding energy per nucleon increases.
I (b) binding energy per nucleon decreases.
I (¢) binding energy per nucleon does not change.
(d) total binding energy decreases.
l 22. The energy required to release a nucleon from a nucleus is E, and that required to release an
I electron from an atom is E, then
I {d) Erl = Ec
) E,>E,
| © E.<E,
l (d) may be greater than, equal to or less than depending on the nature of nucleus and atom
23. Fast neutrons can be slowed down by
I (a) using lead shielding
I (b) passing them through heavy water
(¢) elastic collisions with heavy nuclei
l (d) applying strong electric field
l 24. Mass of a proton is m,, mass of a neutron is m,; mass of wNego nucleus is M, and that of
I Ca* nucleus in M,. Then
20
I (@) My, =2M, ) M, > 2 M,
l () My > 10 (m, + m,) (d) M, < 20 (m, + )
| Answers
1. () 2. () 3. @) 4. (d) 5. (d) 6. (b) 7. )
I 8. (d) 9. (d) 10. (a) 11. (¢) 12. (a) 13. (d) 14. (a)
I 15. (a) 16. (b) 17. (b) 18. (b), (d) 19. (c), (d) 20. (b) 21. (a)
I 22. () 23. (b) 24. (d)



correct answer out of the

1. Assertion (4) :
Reason (R) :
2. Assertion(4) :
Reason (R) :
3. Assertion(A) :
Reason (R) :

4. Assertion(d) :

Reason (R) :

5. Assertion(A4) :
Reason (R) :
6. Assertion(A4) :
Reason (R) :
7. Assertion(A4) :
Reason (R) :
8. Assertion(4) :

Reason (R) :
9. Assertion(4) :

Reason (R) :

10. Assertion(d) :
Reason (R) :

Answers
L. 1) 2. (&)
8. (a) 9. ()

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the

following choices.

(e) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.

(d) A is false and R is also false.

The nucleus ;X is more stable than the nucleus ;Y .
;X contains more number of protons. [CBSE 2023 (55/3/1)]

Neutrons penetrate matter more readily as compared to proton.

Neutrons are slightly more massive than protons.

Energy is released in nuclear fission.

Total binding energy of fission fragments is larger than the total binding energy
of the parent nucleus.

Forces acting between proton-proton _(fpp)’ proton-neutron (f,,) and neutron-
neutron (f,,,) are such that fip < fra =

Electrostatic force of repulsion between two protons reduces net nuclear forces
between them. [AIIMS 2015]

The elements produced in the fission are radioactive.

The fragments have abnormally high proton to neutron ratio.

The fusion process occurs at extremely high temperatures.

For fusion of two nuclei, enormously high kinetic energy is required.
A neutrino is chargeless and has a spin.

Neutrino exists inside the nucleus.

Mass is not conserved, but mass and energy are conserved as a single entity
called mass-energy.

Mass and energy are inter-convertible in accordance with Einstein's relation,
E = me’. [AIIMS 2018)

Thermonuclear fusion reactions may become the source of unlimited power for
the mankind.

A single fusion event involving isotopes of hydrogen produces more energy
than energy from nuclear fission of zng ; [AIIMS 2017]

The large angle scauering of a-particle is only due to nuclei.
Nucleus is very heavy as compared to electrons.

3. () 4. (@) 5. (¢) 6. (a) 7. ()
10. (b



Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Nuclear Holocaust: A nuclear holocaust, nuclear apocalypse
or atomic holocaust is a theoretical scenario where the mass
detonation of nuclear weapons causes globally widespread
destruction and radioactive fall out. Under such scenario, large
parts of the earth are made uninhabitable by nuclear warfare,
potentially causing the collapse of civilization.

In a single uranium fission about 0.9 x 235 MeV (= 200 MeV)
of energy is liberated. If each nucleus of about 50 kg of #°U,,
undergoes fission, the amount of energy involved is about
4 x 10" J. This energy is equivalent to about 20,000 tons of
TNT, enough for a super explosion. Uncontrolled release of

large nuclear energy is called an atomic explosion.

@

(i)

(i)

(i)

In a nuclear reactor, moderators slow down the neutrons which comes out in a fission process.

The moderator used have light nuclei. Heavy nuclei will not serve the purpose because
(a) substance with heavy nuclei do not occur in liquid or gaseous state at room temperature
(b) the net weight of the reaction would be unbearably high

(¢) elastic collision of neutrons with heavy nuclei will not slow down the neutrons

(d) they will break up

In an atomic bomb, the energy is released due to

" . - 240 " : - 238
(@) chain reaction of neutrons and Ug, (b) chain reaction of neutrons and Ug,
(¢) chain reaction of neutrons and USZF‘ (d) chain reaction of neutrons and Ugg"’

Energy released in nuclear fission is due to

(a) total binding energy of fragments is more than the binding energy of parental element
(b) total binding energy of fragments is less than the binding energy of parental element
(¢) total binding energy of fragments is equal to the binding energy of parental element
(d) some mass is converted into energy

Solar energy is mainly caused due to
(a) gravitational contraction
(b) fusion of proton during synthesis of heavier elements
(¢) fission of uranium present in the sun
(d) burning of hydrogen in the oxygen
OR
Heavy stable nuclei have more neutrons than protons. This is because of the fact that
(a) electrostatic force between protons are repulsive
(b) neutrons decay into protons through beta decay
(¢) nuclear forces between neutrons are weaker than that between protons
{d) neutrons are heavier than protons




Explanations

(@)

(¢) For elastic collision masses of both must be equal so that they can exchange the velocities.
To slow down the speed of neutron, substance should be made up of 1 proton for perfectly
elastic i.e., we need light nuclei not heavy. In heavy nuclei only direction will change and not

the speed.

(i) (d) In an atomic bomb, the energy is released due to the chain reaction of neutrons and UEZ"'
nuclei.
(1) (a) Energy released in nuclear fission is due to the fact that total binding energy of fragments is
more than the binding energy of the parent nucleus.
(fv) (b) Solar energy is mainly caused due 1o the fusion of protons during the synthesis of heavier
elements.
OR
(a) Electrostatic force between proton-proton is repulsive which cause the unstability of nucleus.
So, more neutrons are needed to maintain the gap between protons and to stabilize the
nucleus.
Q. 1. Write two characteristic features of nuclear force which distinguish it from Coulomb’s force.
[CBSE (AI) 2011]
Ans. Characteristic Features of Nuclear Force:
(i) Nuclear forces are short range attractive forces (range 2 to 3 fm) while Coulomb’s forces
have range upto infinity and may be attractive or repulsive.
(#i) Nuclear forces are charge independent [orces; while Coulomb's force acts only between
charged particles.
Q. 2. The nuclear radius of f;Al is 3.6 fermi. Find the nuclear radius of g;Cu . [CBSE 2020 (55/1/1)]
1
Ans. Aswe know, R = Rj(4)3
1 1
o ) A (@)?
R, \4 36 \27
1
ol e .
= R,= 3,6(2?) =3.6X% g 4.8 fermi
Q. 3. Which one of the following cannot emit radiation and why?
Excited nucleus, excited electron [NCERT Exemplar]
Ans.  Excited electron cannot emit radiation. This is because energy of electronic energy levels is in the
range of eV only not in MeV and y-radiation has energy in MeV.
Q. 4. Inpairannihilation, an electron and a positron destroy each other to produce gamma radiation.
How is the momentum conserved? [NCERT Exemplar]
Ans. 2y-photons are produced which move in opposite directions Lo conserve momentum.
Q. 5. gHe and ?H nuclei have the same mass number. Do they have the same binding energy?
[NCERT Exemplar] [HOTS]
Ans. No, the binding energy of ?H is greater. This is because ;He has 2 proton and 1 neutron,

whereas *H has 1 proton and 2 neutron. Repulsive force between protons in TH is absent,



Q.6.

Ans.
Q.7.

Ans.

Q.8

Ans.

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?

The daughter nucleus would have a higher binding energy per nucleon.

The mass of H-atom is less than the sum of the masses of a proton and electron. Why is this
so? [NCERT Exemplar] [HOTS]

2

Einstein’s mass-energy equivalence gives E = me”. Thus the mass of an H-atom is m,+m, ——
- P *C

where B = 13.6 eV is the binding energy. It is less than the sum of masses of a proton and an
clectron.

Write two distinguishing features of nuclear forces. [CBSE 2019 (55/3/1)]
Nuclear force:
(1) The nuclear force is much stronger than coulomb’s force.

(i1) The nuclear force between two nucleons falls rapidly to zero as their distance is more than
few femto metres.

(#it) Nuclear force does not depend on the electric charge.

Very Short Answer Questions

Each of the following questions are of 2 marks.

Q.1

Ans.

0.2,

Ans.

Draw a graph showing the variation of binding energy per nucleon as a function of mass
number 4. The binding energy per nucleon for heavy nuclei (4 > 170) decreases with the

increase in mass number. Explain. [CBSE 2023 (55/3/1)]
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The binding energy per nucleon for heavy nuclei (4 > 170) decreases with the increase
in mass number because of more coulomb force of repulsion between protons of heavier
nuclei. This results in less stability of heavier nuclei.

(i) What characteristic property of nuclear force explains the constancy of binding energy
per nucleon (BE/A) in the range of mass number ‘4’ lying 30 < 4 < 1707

ii) Show that the density of nucleus over a wide range of nuclei is constant independent of

¥ g P

mass number 4. [CBSE 2023 (55/2/1)]

(1) Saturation or short range nature of nuclear forces.



Q.3.

Ans.

Q.4

Ans.

Ans.

(21) The radius (size) R of nucleus sis related to its mass number (4) as
R= RyA" where Ry = 1.1x107"% m

If m is the average mass of a nucleon, then mass of nucleus = mA, where 4 is mass number

- =t s 133 . 2} 53
Volume of nucleus = g‘JtR = g’t(RnA )’ = EﬁRﬂA
mass _  md " 3m

- . = . 3
volume 4 > iﬁ; 4R}

Density of nucleus, p, =

2 n3
3ﬂRO 3

Clearly nuclear density py, is independent of mass number 4.
Define the term, mass defect. How is it related to stability of the nucleus? [CBSE 2023 (55/2/1)]

The difference between mass of nucleus and the sum of the masses of its nucleons (i.e., proton
(p) and neutron (n)) is called its mass defect.

This mass defect is in the form of binding energy of nucleus, which is responsible for binding the
nucleons in to a small nucleons. Hence, higher mass defect, higher is the stability of the nucleus.

Calculate the energy in fusion reaction: [CBSE Delhi 2016]
*H +?H —— }He + n, where BE of ’H = 2.23 MeV and of JHe = 7.73 MeV

Initial binding energy,
BE, = (2.23 + 2.23)
= 4.46 MeV
Final binding energy,
BE, = 7.73 MeV
Energy released = BE, - BE| = (7.73 — 4.46) MeV = 3.27 MeV
The electron in a hydrogen atom is typically found at a distance of about 5.3 % 107" m from the
nucleus which has a diameter of about 1.0 X 10~"°m. Assuming the hydrogen atom to be a sphere
of radius 5.3 X 107"! m, what fraction of its volume is occupied by the nucleus?
[CBSE 2022 (55/3/3), Term-2]
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Q. 6. (i) Distinguish between isotopes and isobars.
(i) Two nuclei have different mass numbers A, and 4,. Are these nuclei necessarily the isobars
of the same element? Explain. [CBSE 2022 (55/3/1), (55/3/3), Term-2]
Ans. I
(o)
i) TcoroPES 15006ARS
4| The otnms rahich o The alome aibick
e —
hove o Same atwmi¢] have AiEeswint

GF5mic Tembar bot

/- forber_but SilTErent

y Mags Numwers ofe 15N
7 Cokows o By LG

LaME A58 FiL b

Toatnges kaﬁé/@nmg

5 33
aue Sobans . dieeven-Ckndy
P Ieobans have d

nuewes of paalonsin

Al FF @t ouih ex of

fhew

Prdtons  in them

2 | Theis [1mn\ an. S

- Thel§  [P+0)) Dumky

not constand -~ -

s tpgmyant

~ | Ea H'.H{HF

A Eg” mﬂ?_. ko
[=3

(Y T=otopes houe Spme  Odpmaic

numkes  but difkemdnt

woxrds  entapes houe . eoual

MASE  fuMpe ® . To Acker
numbex  of

T
¢nctans  bot opaly difes 0o Aumhen

_ 0t Ae Vv Tons

Given toan . Qigcley

A
ks, Ay And By odE  difterolt Mass |
puDnEERe Lo Fuan _nucleit cad ke Gotape . O0ly if

ey howo o the . Same  olomic 0 amwibEr.
fog 9.8 ng‘l ond. n."l' hove  diftement  mass numb?ﬂ
; but  the ne  nnt Isotaped |
4 ged v* hay d\‘\;@mm% (00s  NUMYGEE
= byl H‘FE} OBe (S0kop e
£ 5
e Thos # € pwe  pucle]  wove  diBfexett  rnnse numbems

A acd Ao Yhey maned (2cessanily. 08 'isotopt]

o
of  the. Sacce  plefent [Topper’s Answer 2022]




Q.7

Ans.

Q.8.

Ans.

Q.5.

Ans.

I
|
|
l
I
I
|
l
I
I
|
l
l
I
|
l
l
| Ans.
|
l
l
|
|
l
l
I
|
l
l
I
|
l
l
I

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 $3Cu atoms (of mass 62.92960 u). The masses of proton and neutrons are
1.00783 u and 1.00867 u respectively. [NCERT]
Masses of protons and neutrons in 63 u of Cu

=Zm, +(A-Z)m, = 29m, +(63-29)m,

=29 x 1.00783 + (34 X 1.00867) = 29.22707 + 34.29478 = 63.52185 u
Mass of 53Cu atom = 62.92960 u
Mass defect =63.52185 - 62.92960= 0.59225 u

Energy released in S3Cu atom = 0.59225 X 931 MeV = 551.385 MeV

6.02x10%
63

Number of atoms in 3 g of copper = x3=2.87x10%

Encrgy required to separate all nucleons (neutrons and protons) from each other

= 2.87%10™% 551 385 MeV = L6 X10® MeV

Why do stable nuclei never have more protons than neutrons? [NCERT Exemplar] [HOTS)

Protons are positively charged and repel one another electrically. This repulsion becomes so

great in nuclei with more than 10 protons or so, that an excess of neutrons which produce only

attractive forces, is required for stability.

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

(@) What nuclide is a mirror isobar of E‘;iNa ¥

(b) Which nuclide out of the two mirror isobars has greater binding energy and why?
[NCERT Exemplar] [HOTS)

@ 7INa:Z =11,N, =12

_

. Mirror isobar of ?;"Na = 12Mg‘

(b) Since Z, > Z,, Mg has greater binding energy than Na.

Two nuclei may have the same radius, even though they contain different number of protons
and neutrons. Explain. [CBSE 2022 (55/3/3), Term-2]
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Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. In a typical nuclear reaction, e.g.,

2 i
1H+H

2He + n + 3.27 MeV,

[CBSE Delhi 201 3]
Ans. In nuclear reaction

"H+H —— JHe+n+3.27MeV
Cause of the energy released:
(1) Binding energy per nucleon of ;He becomes more than the (BE/A) of ?H :
(1) Mass defect between the reactant and product nuclei
- Bias 2 3 2
AE = Am¢” = [2m((H) - m(He) + m(n)]c
Q.2. (a) In the following nuclear reaction

n+230y—— 4B, + AX 4 3n,
assign the values of Z and 4.
(b) If both the number of protons and the number of neutrons are conserved in each nuclear
reaction, in what way is the mass converted into energy? Explain. [CBSE Guwahati 2015]

Ans. (a) n+7U——"%Ba+ SX +3n,
From law of conservation of atomic number
0+92=2+36
= Z =092 -3%6 =56
From law of conservation ol mass number,
1+235=1444+4+3x1

A =236-147 = 89

I I
| I
| I
l l
I I
I I
| I
l I
I I
I I
| I
l I
l I
I I
l I
l I
: although number of nucleons is conserved, yet energy is released. How? Explain. :
| I
l I
l I
| l
| I
l I
l I
I I
| I
l I
l I
I I
| I
l l
l I
I I



8.8,

Ans,

Ans.

(b) () BE of g‘zf’U < BE of (;?Ba N ggX) and due to difference in BE of the nuclides. A large

amount of the energy will released in the fission of ggaU_

(#) Mass number of the reactant and product nuclides are same but there is an actual mass
defect. This difference in the total mass of the nuclei on both sides, gets converted into
energy, i.e., AE= Amc®.

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.
Write two important conclusions which you can draw regarding the nature of the nuclear
forces. [CBSE 2019 (55/4/2), 2020 (55/3/1)]
Conclusions:

(1) The potential energy is minimum at a distance r;, of about 0.8 fm.

(1) Nuclear force is attractive for distance larger than r,.

A
II
+100 | Repulsive
|“/
MeV |
O—a e
] i b
E%ﬂcnue
-100 Ry 2 ) 1
r (fm) —

(#ii) Nuclear force is repulsive if two are separated by distance less than 7.
(#v) Nuclear force decreases very rapidly at rp/equilibrium position.
The Q-value of a nuclear reaction
A+B—C+D
is defined by Q = (m, + myg - m; - mp) *
where the masses refer to the nuclear rest masses. Determine from the given data whether the
following reactions are exothermic or endothermic.
() H+!H- H+H () JC+;C~ Ne+,He
Atomic masses are given to be:
m(H)=1.007825 u
m(H)=3.016049 u
m (3o Ne) =19.992439 u
Take lu =931 MeV

m(H)=2.014102 u
m{'§C)=12.00000 u
m (3 He) = 4.002603 u
[NCERT)
(1) Nuclear reaction is
IH+{H-{H+{H+Q
Mass of LHS = m(H)+m ((H) = 1.007825 + 3.016049 = 4.023874 u

Mass of RHS = m(*H)+m(’H) = 2.014102 + 2.014102 = 4.028204 u



Q = [(my + mp = m =myp) in kg] X cg_jnule
= [(my + my —m —mp)u] X 931 MeV
= [(mGH)+mGH)} - {m(H)+m(H)}|x 931 MeV
= [4.023874 - 4.028204] X 931 MeV
=-0.00433 x 931 MeV = - 4.031 MeV
As 0 is negative, energy must be supplied for the reaction; hence the reaction is endothermic.
(22) Nuclear reaction: éQC 4 "fC = ?gNe & ;He
Q =[{m( )+ m{'3C)} - {m((oNe) + m(;He)}] % ¢” joule
= [(12.000000 + 12.000000) - (19.992439 + 4.002603)] x 62_j0ult:
= (24.000000 - 23.995042) x 931 MeV = 0.004958 x 931 MeV = 4.616 MeV
As @ is positive, the energy will be liberated in the reaction, hence the reaction is exothermic.
Q.5. (i) Distinguish between nuclear fission and fusion giving an example of each.
(i1) Explain the release of energy in nuclear fission and fusion on the basis of binding energy

per nucleon curve. [CBSE 2023 (55/2/1)]

Ans. (i) Nuclear fission: It is a process in which a heavy nucleus when excited (say on bombarding
by a slow moving neutron) splits into two lighter nuclei of nearly comparable masses with a
release of large amount of energy.

Example of nuclear fission
Iy, 4 2357y _ 23677 144 89 1
oMt U—gU— g Bat g Kr+3n+Q

Nuclear fusion: Itis a processin which two lighter nuclei fuse (at extremely high temperature)
to form a heavy nucleus and large amount of energy is released.

Example of nuclear fusion

(1) 1H+H — H+e" +v+Q
@) H+H— H +tn+Q,
() SH+H—1H+H+Q,

(i) The binding energy per nucleon of the products in the nuclear reactions (nuclear fission and
nuclear fusion) is greater than that of the reactants.

Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. Draw the graph showing the variation of binding energy per nucleon with the mass number
for a large number of nuclei 2< 4 < 240. What are the main inferences from the graph?
How do you explain the constancy of binding energy in the range 30 < 4 < 170 using the
property that the nuclear force is short-ranged? Explain with the help of this plot the release

of energy in the processes of nuclear fission and fusion.
[CBSE (AI) 2010, 2011, Chennai 2015, South 2016, 2020 (55/5/2)]



OR
Draw a diagram to show the variation of binding energy per nucleon with mass number
for different nuclei and mention its two features. Why do lighter nuclei usually undergo
nuclear fusion? [CBSE 2023 (55/2/1)]
Ans. The variation of binding energy per nucleon versus mass number is shown in figure.
Inferences from graph
1. The nuclei having mass number below 20 and above 180 have relatively small binding
energy and hence they are unstable.
2. The nuclei having mass number 56 and about 56 have maximum binding energy — 8-8 MeV

and so they are most stable.

12

3. Some nuclei have peaks, e.g., ;He,ézc,ﬁ

0; this indicates that these nuclei are relatively
more stable than their neighbours.
(i) Explanation of constancy of binding energy: Nuclear force is short ranged, so every nucleon
interacts with its neighbours only, therefore binding energy per nucleon remains constant.
(i) Explanation of nuclear fission: When a heavy nucleus (4 2 235 say) breaks into two
lighter nuclei (nuclear fission), the binding energy per nucleon increases i.e, nucleons

get more tightly bound. This implies that energy would be released in nuclear fission.
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(iii) Explanation of nuclear fusion: When two very light nuclei (4 < 10) join to form a heavy
nucleus, the binding is energy per nucleon of fused heavier nucleus more than the
binding energy per nucleon of lighter nuclei, so again energy would be released in
nuclear fusion.

Q.2. (i) Define the following terms:
(2) Nucleons, (b) Atomic number, (¢) Mass number, (d) Nuclear mass
(if) What are (a) isotopes, (b) isobars and (c) isotones?
Ans. (i) (a) Nucleons: The constituents of nucleusi.e., protons and neutrons are considered as nucleons.

(b) Atomic number: The number of protons present in the nucleus is called the atomic
number of the element. It is denoted by Z.



(¢) Mass number: The total number of nucleons i.e., sum of protons and neutrons present
in a nucleus is called the mass number of the element. It is denoted by A.
(d) Nuclear mass: The total mass of protons and neutrons present in a nucleus is called the
nuclear mass.
(i) (a) Isotopes: The atoms of an element having same atomic number (Z) but different mass
numbers (4) are called isotopes.
(b) Isobars: The elements having same mass number (4) and different atomic number (Z)
are called isobars.
(¢) Isotones: The nuclei containing the same number of neutrons are called isotones.
Q. 3. (i) What is nuclear fission? Give one representative equation.
(if) (@) What is nuclear fusion? Give one representative equation.
(b) State the necessary conditions for nuclear fusion to occur.

Ans. (i) Nuclear fission: The phenomenon in which a heavy nucleus (4 > 230) when excited splits
into two smaller nuclei of nearly comparable masses is called nuclear fission. For example,
when a uranium target is bombarded by slow moving neutrons, a ¥ U nucleus gets
excited by capturing a slow moving neutron and splits into two nearly equal fragments like
14l Ba and 2§Kr alongwith the emission of 3 neutrons. The nuclear reaction invelved can be
written as

235 1 936y _ 141 92 1
Ut n—" U — " .Bat Kr+3 n+Q
Fission does not always produce barium and krypton. A number of other pairs are formed.
235 1 236y 133 29 1
For example, U+ — "o U—"=8b+ Nb+3 n+Q
235 1 236y 140 94 1
Ut —" U — " Xet+  6r+2 n+Q

(1) (a) The phenomenon of combination of two or more light nuclei to form a heavy nucleus

with release of enormous amount of energy is called the nuclear fusion.

For example, the fusion of two deuterons into a triton takes place as follows:
(H®+ H® — H®+]H+4.0MeV energy

Alternatively the fusion of three deuterons into an a - particle can take place as follows:
1]—12 +1H2 — 2He3 + c,nl + 3.3 MeV energy
 He” + H” — He*+ H'+ 18.3 MeV energy

(b) The necessary conditions for nuclear fusion are:
High temperature: The high temperature is necessary for the light nuclei to have
sufficient kinetic energy so that they can overcome the repulsion force between them.
High density: High density or pressure increases the frequency of collision of light

nuclei and hence increases the rate of fusion.



Questions for Practice '

1%

Choose and write the correct option in the following questions.
(i) How does the binding energy per nucleon vary with the increase in the number of nucleons
(2) decrease continuously with mass number
(b) first decreases and then increases with increase in mass number
(¢) first increases and then decreases with increase in mass number
(@) increases continuously with mass number

(i) Two spherical nuclei have mass numbers 216 and 64 with their radii R; and R, respectively.

R,
The ratio, —— is equal to
2

(@) 3:2 ) 1:3
{c) 1:2 (dy 2 -3
(#it) 1f number of nucleons in nuclei increases, the binding energy per nucleon
(@) increases
(b) decreases
(¢) first increases and then decreases

(d) remains unchanged

(i) A nucleus disintegrates into two nuclear parts, which have their velocities in the ratio 2 : 1.
The ratio of their nuclear sizes will be

(@) 281 (b 1:31%2
) 8”1 & 1:9'7
(v) The difference in mass X nucleus and total mass of its constituent nucleons is 21.00 u. The

binding energy per nucleon for this nucleus is equal to the energy equivalent of
[CBSE 2023 (55/4/1)]

(@) 3u ®) 35u

(¢) 7Tu d) 21u
In the following questions, a statement of Assertion (4) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.

Assertion (4) : Density of all nuclei is same.

Reason (R): The radius of nucleus is directly proportional to the cube root of mass
number.

A nucleus with mass number 4 = 240 and BE/A = 7.6 MeV breaks into two fragments each of

A = 120 with BE/4 = 8.5 MeV. Calculate the released energy.

Two nuclei have mass numbers in the ratio 2 : 5. What is the ratio of their nuclear densities?

What is the nuclear radius of '*1, if that of Al is 3.6 fermi? [CBSE (Al) 2008)
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6.

7

8.

9.

10.
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13.

14.

Write the relationship between the size of a nucleus and its mass number (4). [CBSE (F) 2012]

Two nuclei have mass numbers in the ratio | : 2. What is the ratio of their nuclei densities?
[CBSE Delhi 2009]

Two nuclei have mass numbers in the ratio 1 : 8. What is the ratio of their nuclear radii?
[CBSE (AI) 2009)

A heavy nucleus X of mass number 240 and binding energy per nucleon 7.6 MeV is split into two
fragments ¥ and Z of mass numbers 110 and 130. The binding energy per nucleon in Y and Z is
8.5 MeV per nucleon. Calculate the energy Q released per fission in MeV.  [CBSE Delhi 2010]

A heavy nucleus P of mass number 240 and binding energy 7.6 MeV per nucleon splits into two
nuclei @ and R of mass number 110, 130 and binding energy per nucleon 8.5 MeV and 8.4 MeV
respectively. Calculate the energy released in the fission. [CBSE 2020 (55/5/1)]

The figure shows the plot of binding energy (BE) per nucleon as a function of mass number A.
The letters 4, B, C, D and E represent the positions of typical nuclei en the curve. Point out,
giving reasons, the two processes (in terms of 4, B, C, D and E), one of which can occur due to
nuclear fission and the other due to nuclear fusion.
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—» Mass Number A

Calculate for how long will the fusion of 2.0 kg deuterium keep 800 W electric lamp glowing.
Take the fusion reaction as [CBSE 2020 (55/5/3)]

3
2He+!n+8.27 MeV

2
2H+?H

(a) The density of the nuclear matter is tremendously larger than the physical density of the

material. Explain.
(b) The nuclear forces are not coulomb forces between nucleons. Explain.

(¢) Draw a plot of the potential energy between a pair of nucleons as a functions distance
between them inside a nucleus. [CBSE 2020 (55/3/1)]

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 neutrinos) Given:
(i) mass of 1H =1.007825 u

(i) mass of helium nucleus = 4.002603 u, 1 u = 951 MeV/e? [CBSE (F) 2011]
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15.

16.

17.

18.

19.

20.

v

22.

{a) Distinguish between isotopes and isobars, giving one example for each.

(b) Why is the mass of a nucleus always less than the sum of the masses of its constituents? Write
one example to justify your answer. [CBSE 2019 (55/5/1)]

{a) Classify the following six nuclides into

(i) isotones, (i) isotopes, and  ({ii) isobars:

12, 379 198 Spr 197, 14
aCsoHe, g Hg, 1H, ZgA0, 5C

(b) How does the size of a nucleus depend on its mass number? Hence explain why the density
of nuclear matter should be independent of the size of the nucleus.  [CBSE 2019 [55/5/1)]

(@) () Depict the variation of the potential energy of a pair of nucleons with the separation
between them.

(##) Imagine the fission of a ;gFe into two equal fragments of Z{gAl nucleus. Is the fission
energetically possible ? Justify your answer by working out ) value of the process.
Given: m (jgFe) =55:03404 u, m (J3Al) = 27-98191u.  [CBSE 2022 (55/2/1), Term-2]

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:
fH+?H—>;He+ n
Using the data:
mCH) =2.014102u  m(H) =3.016049u  m(iHe) = 4.002603 u
m, = 1.008665 u lu = 931.5 MeV/c?

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 (55/5/2)]

(@) In a typical nuclear reaction, e.g.,

H +2H JHe +n+3.27MeV,
although number of nucleons is conserved, yet energy is released. How? Explain.
(b) Show that nuclear density in a given nucleus is independent of mass number A.

Obtain the binding energy of the nuclei ggFe and Qggﬁi in units of MeV from the following

data. my = 1.007825 u, m,=1.008665 u, m(3.Fe) = 55.934939 u, m(’}3Bi) = 208.980388 u,

1 u =931.5 MeV. Which nucleus has greater binding energy per nucleon? [NCERT)

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

IH+iH——3He +n+3.2MeV
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Answers
L. (i) (c) (i) (a) (iit) (c) () (d)
2. (a)
3. 216 MeV 4.1:1
8 1:2 9. 216 MeV
12. 1.96%10" s 14. 26.72 MeV

21. 8.79 MeV/nueleon, 7.848 MeV/nueleon

22. 4.9 x 10* years

() (@)

5. 6 fermi
10. 203 MeV

18. 17.59 MeV



