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ATOMSAND NUCLEI

The radioactivity of a sampleis ‘X’ at atime ‘t;” and ‘Y’ at a time ‘ty’. If the mean life
time of the specimen is 7, the number of atoms that have disintegrated in the time
interval (t1-tp)is:
X-=Y
T

1) Xt,— ", 2) X-Y 3)

4) (X-Y)r

Let Fpp,Fpn and Fpp denote the magnitudes of the nuclear force by a proton on a proton

,by a proton on a neutron and by a neutron on a neutron respectively when the separation

islessthan one fermi, then

1) Fpp*Fpn=Fnn =~ 2) Fpp=Fpn=Fnn  3) Fpp>Fpn>Fnn 4) Fpp<Fpn=Fnn

In sun, theimportant source of energy is

1) proton-proton cycle 2) carbon-nitrogen cycle

3) carbon-carbon cycle 4) nitrogen-nitrogen cycle

A free neutron decays spontaneously into:

1) aproton, an electron and an anti-neutrino

2) aproton, an electron and a neutrino

3) aproton and electron

4) aproton, an electron, a neutrino and an anti-neutrino

Particlesand their anti-particles have:

1) the same masses but opposite spins

2) the same masses but opposite magnetic  moments.

3) the same masses and same magnetic  moments

4) opposite spins and same magnetic moments

Consider the following two statements A and B and identify the correct answer given
below:

A: Nuclear density is same for al nuclei

B: Radius of the nucleus (R) and its mass number (A) arerelated as JA= RV®
1) Both A and B are true 2) Both A and B arefalse
3) Alistrueand B isfalse 4) A isfalseBistrue
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The mass defect in a particular nuclear reaction is 0.3grams. The amount of energy
liberated in kilowatt hoursis: (C=3x108m/s)

1) 7.5x10°KWH  2) 7.5x10"KWH 3) 7.5x10°KWH 4) 7.5x10°KWH

Consider thefollowing statements A and B.

Identify the correct choice in the given answer.

(A) p-p, p-n, n-n forces between nucleons are not equal and charge dependent

(B) In nuclear reactor the fission reaction will be in accelerating state if the value of neutron
reproduction factor k >1

1) Both A and B are correct 2) Both A and B are wrong

3) A iswrong and B is correct 4) A iscorrect and B iswrong.

True masses of neutron, proton and deuteron in am.u arel.00893,1.00813 and 2.01473

respectively. The packing fraction of the deuteronin am.u is

1) 11.65x 104  2)235x104 3)73.6x10-4 4) 47.15x 1074

A heavy nucleus at rest breaksinto two fragments which fly off with velocities 8:1. The
ratio of radii of fragmentsis

1) 1:2 2) 14 3) 41 4) 2:1

Atomic massof {°C is13.00335 amu and its mass number is 13.0. If lamu=931 MeV,

binding ener gy of the neutrons present in the nucleusis:
1) 0.24 MeV 2) 1.44 MeV 3) 1.68 MeV 4) 3.12 MeV
Thefollowing particles are Baryons:
1) Nucleons and hyperons 2) Nucleons and leptons
3) Hyperons and leptons 4) Hyperons and Bosons
Electron belongsto the following class of elementary particles
1) Hardon 2) Lepton 3) Boson 4) Baryon
Assertion (A): Nuclear forces arise from strong Columbic interactions between protons
and neutrons.
Reason (R): Nuclear forces are independent of the charge of the nucleons.
1) Both A and R are true and R is the correct explanation of A
2) Both A and R are true but R is the not correct explanation of A
3) Alistrue, but Risfalse 4) A isfase, but Ristrue
The particle that possesses half integral spin is:
1) Photon 2) Pion 3) Proton 4) K-meson
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Matching pairsin thetwo lists given below are
List-l List-11
A) Gravitons E) Hyperons
B) Baryons F) Positrons
C) Pions G) Particles with zero mass and with aspin of unity
D) Leptons H) Decay to —mesons
I) Mass less particles with probable spin of two units.
1) A-E,B-H,C-G,D-I 2) A-1,B-E,C-H,D-F 3) A-H,B-F,C-I,D-E 4) A-F,B-G,C-E,D-H
A nucleus splitsinto two nuclear parts having radii in theratio 1:2. Their velocities arein

theratio
1) 81 2)6:1 3) 41 4) 2:1
A: Density of nucleusisindependent of its mass number
B: Beryllium isused as a moderator in nuclear reactors
1) Both A and B are correct 2) Both A and B are wrong
3) A iscorrect, B iswrong 4) A iswrong, B is correct
In Carbon-Nitrogen fusion cycle, protons are fused to form a helium nucleus, positrons
and release some energy. The number of protons fused and the number of positrons
released in this processrespectively are
1) 4,4 2) 4,2 3) 2,4 4) 4,6
Theratio of radii of nuclei 13A127 and 5oTel2Sis
1)1:5 2)2:5 3)4:5 4)3:5
In a nuclear reactor using U235 as a fuel , the power output is 4.8MW. The number of
fissionsper second is___
(Energy released per fission =200MeV, lev = 1.6x10-19J)
1) 1.5x1017 2)3x1019  3) 1.5x1025 4) 3x1025
If M(A;Z), M, and M, denote the masses of the nucleus 2X, proton and neutron

respectively in units of U( 1 u = 931.5 MeV/c?) and BE represents its bonding energy in
MeV, then

1) M(A,Z) = ZM, + (A-Z)M, — BE 2) M(A,Z) = ZM, + (A-Z)M, — BE/c?

3) M(A,Z) = ZM, + (A-Z)M, — BE/c? 4) M(A,Z) = ZM, + (A-Z)M, + BE

Two nuclei have mass numbers in the ratio of 1:3. The ratio of their nuclear densities
would be

1) (3*1 2)1:1 3)1:3 4) 31
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The ground state energy of hydrogen atom is -13.6 eV. When its electron is in the first
excited state, its excitation energy is

1) 10.2 eV 2)0 3)34eV 4) 6.8 eV

Two radioactive materials X; and X, have decay constants 54 and A respectively. If
initially they have the same number of nuclei, then theratio of the number of nuclei of X;

tothat X, will be /e after atime
1) 1/42 2) el 3 1 2) %z

A
z+1

In the nuclear decay given below 2 X =2 Y —=27? B' -/ B the particles emitted in the

sequence are
1) 7.8« 2) By, 3 a.p.y 4 B.a.y

The number of beta particles emitted by a radioactive substance is twice the number of
alpha particles emitted by it. Theresulting daughter isan

1) Isomer of parent  2) isotone of parent  3) isotope of parent  4) isobar of parent

In a Rutherford scattering experiment when a projectile of charge z; and mass My,
approaches a target nucleus of charge z; and mass M, the distance of closes approach is

r0. The energy of the projectileis

1) directly proportional to z;z, 2) inversely proportional to z;

3) directly proportional to mass M; 4) directly proportional to M; XM

Which of the following can be detected by a magnet?

1) Gammarays 2) betarays 3) radio waves 4) ultra-violet rays
Theratio of theradii of the nuclei of 13A1%" and s, Te*® is approximately

1) 6:10 2) 13:52 3) 40:177 4) 14:73
Thenumber of neutronsin an atom X of atomic number Z and mass number A is
1) Z-A 2)Z 3)A-Z 4) A

The radius of a nucleus changes with the mass number A of the nucleus as

1) roec AZ3 2)rec AV 3)rec A° 4)roc A

The density of a nuclear matter varieswith massnumber A as

1) de A3 2) d o< A? 3)de A 4) doc A°

The average binding energy of nucleusis

1)8eV 2) 8 keV 3) 8 MeV 4) 8 BeV

In afusion process, a proton and a neutron combine to form a deuterium nucleus. If mp
and m, denote the mass of a proton and the mass of a neutron respectively, the mass of

the deuterium nucleusis
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1) Equal to (mp+m,) 2) greater than (mg+my)

3) less than (mp+my) 4) it has no relation with the given masses
Thenuclei ¢C* and ;N can be described as

1) Isotones 2) isobars 3) isomers 4) isotopes

Slow neutrons are sometimes referred to as thermal neutrons because

1) they are a sort heat radiations

2) they are in thermal equilibrium

3) they are capable of generating heat

4) their energies are of the same order asthat of molecular energies at ambient temperatures
In a stable nuclel, the number of neutrons (N) isrelated to the number of protonsZ in
neutral atom as

1) N<z 2) N+Z 3) N>Z AHN >Z

In thereaction represented by X* — 7oY**— ,,YA*— ;KA * thedecaysin the

sequence are

1) o.B, v 2) B, 7,0 3) v.o,B 4) oy, B
Thenumber of neutronsin a chain reaction increasesin

1) arithmetic progression 2) geometric progression

3) Harmonic progression 4) none of these

Hydrogen bomb is based on the principle of

1) fission 2) fusion 3) electrolysis 4) ionization
A good moderator should

1) beagas 2) have appetite for neutrons

3) belight in mass number 4) all of these

Themain source of energy in the sun isdueto

1) the burning of hydrogen in oxygen

2) fusion of uranium present in the sun

3) the energy liberated in the fusion protons during the synthesis of heavier nuclei
4) gravitational contraction

In the nuclear decay, /N —, ¢C*+()+() the particlesrepresented by the two parentheses

are
1) neutron and y- ray 2) positron and neutrino
3) positron and antineutrino 4) positron and electron
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During a nuclear fusion reaction

1) aheavy nucleus breaks into two fragments by itself

2) alight nucleus bombarded by thermal neutrons brakes up

3) aheavy nucleus bombarded by thermal neutrons breaks up

4) two light nuclei combine to give a heavier nucleus and possibly other products
Fusion reactionstake place at high temper atur e because

1) atoms are ionised at high temperature

2) molecules break up at high temperature

3) nuclel break up at high temperature

4) kinetic energy is high enough to overcome repulsion between nuclel

If the nuclear force between two protons, two neutrons and between proton and neutron

isdenoted by Fpp, Fan and Fp, respectively, then

1) Fop= Fan= Fpn 2) Fpp# Frnbut Fpp= Fon  3) Fe=Fs=Fs 4) Fpp# Fon # Fpn
Nuclear forceisa

1) short range repulsive force 2) long range repulsive force

3) short range attractive force 4) long range attractive force

The age of pottery isdetermined by archeologists using a radio isotope of

1) carbon 2) cobalt 3) iodine 4) phosphorus
Theequation, 4,H' - ;He*+2,1°+26 MeV represents

1) B-decay 2) Y—decay 3) fusion 4) fission

Of the following atoms ¢C**, /N*, ggRa”*, ;N §0® and Rn a pair of isobarsis
1) NP 2) NB N 3) 1 N 4) Cl O

In the above question a pair of isodiapheresis

1) 88Ra2361 SSRa232 2) 7Nl3 ’ 7N14 3) 6014 ,7N14 4) 7|\|:|.4 ,8016

Mass defect of an atom refersto

1) inaccurate measurement of mass of neutrons

2) mass annihilated to produce energy to bind the nucleus
3) packing fraction

4) difference in the number of neutrons and protons in the nucleus

For thefission of heavy nucleus, neutron is mor e effective than proton or alpha particle

because
1) neutron is heavier than alpha particle
2) neutron is lighter than alpha particle

3) neutron is uncharged 4) neutron moves with asmall velocity
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A deuterium nucleus 4H combineswith atritium nucleus 3Hto form a heavier helium
nucleus ‘Z*He with therelease of a neutron (jn). Thefusion reaction isrepresented by the
equation 2H+3H—3He+]n. In thisreaction, the massof jHe +massof In is

1) less than the mass of 2H+mass of 3H

2) greater than the mass of 2H+mass of 3H

3) the same as the mass of 2H+mass of 3H

4) twice the mass of 4H+mass of 3H

Which of the following are conserved in nuclear reactions?

1) mass number and energy 2) mass number and charge number

3) charge number and mass 4) mass number, charge number and energy

In carbon-nitrogen nuclear fusion cycle, protons are fused to form a helium nucleus,
positrons and release some energy. The number of protons fused and the number of
positronsreleased in this processrespectively are

1) 4,4 2)4,2 3)2,4 4) 4,6

Nuclear forcesare

a) charge dependent  b) spin dependent ¢) short ranged d) neutral
1) only aand b are true 2) only aand c are true
3) only b and d are true 4) only b and c are true

In the fission of U*®

a) slow neutron is absorbed by U%*

b) the products in the process are not same always, their atomic number varies from 34 to 58
c) about 200 MeV energy is released per fission

d) the product are always Ba and Kr

1) only a, b & c aretrue 2) only b and d are true

3) only aand c aretrue 4) only b and c are true
Which of thefollowing istrue regarding nuclear fusion

a) the probable reaction in high temperature stars is carbon nitrogen cycle
b) it is generally observed on the earth

c) the probabl e reaction in low-temperature stars is proton-proton cycle
d) it takes place at a temperature of about 10* K

1) only aand b are true 2) only b and d are true

3) only aand c aretrue 4) only cand d are true
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I dentify the correct order of increasing order of B.E per nucleon of the following nuclei

a) Helium b) Carbon ¢) Oxygen e) lron

1) a-b-c-d 2) d-c-b-a 3) c-b-d-a 4) c-b-a-b
Match the following

List | List Il

a) Artificial Radioactivity €) Bethe

b) Carbon-Nitrogen cycle f) Fermi

¢) Carbon dating g) Rutherford

d) Transmutation of atomic

nuclei by o-particles h) Libby

1) ae b-f,c-g,d-h 2)af,b-ec-hdg 3)ah, b-g cf,de 4) ag,b-h, ce d-f

Match the following

List | List I

a) Liquid Sodium €) Moder ation
b) Pu-239 f) Control rod
c) Graphite g) Fud

d) Cadmium steel h) Coolant

1) af, b-g,c-e,d-h 2)ah, b-g,ce df 3)ae b-g,cf,d-h 4) ah, b-g,cf, de
Assertion & Reason: In each of the following questions, a statement is given and a
corresponding statement or reason is given just below it. In the statements, marks the correct
answer as

1) If both Assertion and Reason are true and Reason is correct explanation of Assertion.

2) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
3) If Assertion istrue but Reason isfase.

4) If both Assertion and Reason are false.

[A]: At least one thermal neutron should be available to initiate the fission reaction.

[R]: The state of the chain reaction depends on the neutrons multiplication factor.

[A]: Neutron flux in the interior of a nuclear reactor can be increased using neutron reflector.
[R]: Fast neutrons can be changed into slow neutrons or thermal neutrons.

[A]: Cadmium or Boron rods are generally used as control rods.

[R]: Cadmium or Boron rods slow down fast moving neutrons.

[A]: In thefission of uranium nuclei on an average 2.5 neutrons are emitted per fission.

[R]: Inthe fission of uranium, the number of prompt neutrons will change with the products.
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[A]: The penetrating power of neutron is high.

[R]: Neutron is charge less.

[A]: The velocity of de-Broglie's wave associated with amoving particle is greater than the
velocity of light.

[R]:de-Broglie waves are not electromagnetic waves.

[A]: Density of the nucleusis almost same for all nuclei.

[R] : Nuclear density isindependent of atomic number

A] : Nuclear density is same for all nuclei.

[R] : Radius of the nucleus (R) and its mass number (A) arerelated as VA aR"8.
[A] : A fusion reaction is a powerful source of energy.

[R] :Fusion reaction takes place at a very high temperature (10° K).

[A] : Electrons are not expected to be found inside the nucleus.

[R] : Electrons are much lighter than protons or neutrons.

KEY :
1) 4]2 203 1[4 1[5 2]6 3|77 4]l 3]9 3[10 1
1) 3|12 1|13 2 |14 4 |15 3 |16 2 |17) 1 |18 3 |19 2 |20 2
21) 1 |22) 3 |23) 2 |24) 1 |25 1 |26) 4 |27 3 |28) 3|29 2 |30 1
31) 3 32 3 33 4 34 3 35 3 36 1 37) 4 38 4 39 4 40 2 |
4) 2 42) 3 43) 3 44) 2 45 4 46) 4 47) 1 48) 3 490 1 50 3
51) 3 52 4 53 2 54 3 55 1 56 4 57 2 58 4 59 1 60) 3
61) 1 62) 2 63 2 64 3 65 1 66) 2 67) 3 68 2 69 1 70) 3
71y 2 72 3 .73 3|
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Solutions

1
Ans: 4
Sol:  Therelation between t,, and 4 ist,, =$

7\11 =X (1)

7\,1:2 =Y o (2)

from (1) and (2)

A (tl—tz) =X-Y > tl—tz =¥

but 7= 1

A

Sh-t= (X —Y)‘C
2.
Ans. 2
Sol. Nuclear forces are charge independent
3. Ansl
Sol. Because of nuclear fusion proton — proton cycle takes place
4.
Ans 1

Sol. ,n'—— e+ H'+v
5 Ans 2

Sol. same masses but opposite electromagnetic properties like charge, magnetic moment etc

Ans:3
Sol: Density remains constant
(A): p = constant
(B): (B) R« A”® [since R=R,A"]
>R« A
= R« /A
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7.
Ans. 4
Sol: From Einstein mass — energy equivalence
AE = AMC?
= 0.3x10°x(3x10°)’
=2.7x10°J = Llo:
3600x10
=0.75 x 10" KWH
= 7.5x10°KWH
8.
Ans:3
A: The p-n, p-p and n-n nuclear forces are equal and charge independent.
B: K= Neutrons in onegeneration
Neutrons in the previous generation
Wherek is called neutron multiplication factor
If K > 1, the neutron popul ation keeps on increasing after the completion of each neutron cycle
which takes time of the order of amillisecond. Which is called as super critical state
9.
Ans:3

Sol: Packing fraction = M-A

, Where M is the atomic mass and A is the mass number.

_M-—A_201473-2
A 2

P =73.6x10"

10.
Ans1

Sol Momentum conservation gives

B k"

v 8. m
v, 1 m

~m_1_A
m 8 A

)6
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Ans;

Sol:

12.
Ans:
Sal.

13.
Ans.
Sol.

14.
Ans
15
Ans:
Sal.

16
Ans:
17.

Ans.

Sol:
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3
Mass defect = 0.00335 amu

.. binding energy of neutrons

_ {(0.00335) (931) } .

13
=1.679=1.68MeV

1

Nucleons and hyperons are called Baryons

2
As electrons have lighter mass. Therefore they belong to leptons

3
Proton possesses half integral spin.

1
R=R,A"

A_M
A M,

MV, =M.V, [From law of conservation of momentum]

13

== [Since mass = volume x density]

|

_R_
R

VU M, _g
V2 Ml
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18.
Ans: 3
AxM
ol A pzmassof nucleus= i
volume 47R° /3
3M M
M, A 5= °- = constant [since m, and ro are constant]
A (ro AJJB) arr,

B: A good moderator must be light (low atomic weight) must be capable of scattering neutrons
with a high probability, but should not absorb neutrons. Therefore Beryllium is not suitable for
moderator

19.
Ans:2

Sol: 4,H'—, He'+2,e’+2y

4 protons fuses and 2 positrons are released

20.
Ans 4
Sol: R=r,A"
R_ (ﬁ]“ _ (zj 3
R, A 125) 5
21.
Ans: 1

Sol: Power of reactor P = nt_E

Where ‘n’ is number of fissions, ‘t’ istimeand ‘E’ is energy released per fission
22. (3):
ZMp+(A-Z)M, - M(A,2)

= mass effect = B(;ZE'
SM(AZ)=2M, +(A-Z)M, - 25
C
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2:A1:A=13
Their radii will bein theratio

ROAll/S : ROA21/3 =1: 31/3

Density =
éﬂ'R3
3
P ip, = _ 3
AR T4 33_4 3 (~U3)\3
— 7R ZaRL(3
37l 3 R5.(3")
Their nuclear densities will be the same.
_13'6eV

(1) Energy of electroninn® orbit=  N?
Whenn=1E,  =-13.6eV

Whenn=2 E, =-3.4eV

H atom

1% excitation energy E, — E, =(-3.4+13.6)=10.2 eV
(1) X,=Ne™;X,=Ne™

X _ _ BT
X2

ot
A4,

4
Because of f# emission atomic number increases by 1 unit, «- particle atomic number

increases by 2 units & mass number by 4 units.

A 4, -
AX 2aY —%,1 B —1 ;1B
First X decays by S~ emission emitting v, antineutrino simultaneously. Y emits o resulting

in the excited level of B which in turn emitsa y ray.

A-4

- A
(B) IX—2 7Y, —257 Y,

The result daughter is an isotope of the original parent nucleus.

2z
e, T

(1) : Energy of the projectileis the potential energy at closest approach,

Therefore energy < z12,
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