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PHYSICS SAIVEERA ACADEMY STUDY MATERIAL
Unit - 8 ATOMIC AND NUCLEAR PHYSICS

I. Multiple Choice Questions (Book Back )
1.Suppose an alpha particle accelerated by a potential of V volt is allowed to collide with a
nucleus whose atomic number is Z , then the distance of approach of alpha particle to the
nucleus is

AR V ¢ AR V ¢
(@) 14.4;A (b) 14'4EA (c) 1.44;A (d) 1'44EA

1

. 1 Z
Hint; r, = — = sub value for &e
4me, V 4me,

2. In an hydrogen atom , the electron revolving in the fourth orbit has angular momentum
equals to

(a)h (b)> O ()=
Hint : L:mvr::—h
5 4h

Heren=4 -L =mvr=— (d)2
2 T

3.Atomic number of H — like atom with ionization potential 122.4 V for n =1 is
(@) 1 (b) 2 (c)3 (d)4
Hint: v = 2272

n2

Here n=1\V=1224 - 7Z? = %i = 9 Therefore Z=3 (c)3

4.The ratio betwecr the first three orbits of hydrogen aton: is

(@) 1:2:3 (£)z:4:6 (c)1:4:5 (d)1:3:5
Hint;r,, = 0.529n"

Here 2 valuesare 1,2, 3

Ratio of first three orbit = ry:17,: 73 = n%:n%:n% - 12:22: 32 (c)1:4:9

5.The charge of cathode rays is
(a) positive (b) negative (c) neutral (d) not defined
Hint :Cathode rays nothing but beam of electrons, so it is negatively charges (b) negative

6.In J.J Thomson experiment , a beam of electron is replaced by that of muons ( particle with
same charge as that of electrons but mass is 208 times that of electrons).No deflection
condition is achieved by only if

(a). B is increased by 208 times (b) B is decreased by 208 times

(c) B is increased by 14.4 times (d) B is decreased by 14.4 times

2

Hint: In the condition of no deflection < = ——
m 2VB

m is increased by 208 then be should be increased by v208 = 14.4

(c) Bis increased by 14.4 times
7. The ratio of the wavelengths for the transition fromn=2ton=1 inLi*",He"and H is
(@) 1:2:3 (b)1:4:9 (0)3:2:1 (d) 4:9:36
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Hint :Binding energy = [Zm,, + Nm,, — M(N, Z)]c*
On arranging for mass we will get M(N,Z ) = NM,, + ZM,, — B/c?

13. A radioactive nucleus (initial mass number A and atomic number Z) emits 2o and 2

positrons. The ratio of number of neutrons to that of proton in the final nucleus will be
(a) A—Z—-4 (b) A—-Z-2 (C) A—-Z—-4 (a) A—-Z-12

zZ-2 Z—6 Z—6 Z—4
Hint : After two alpha particle3He emission , atomic number decreases by 4 and mass
number decreases by 8 and after two positrons %e , atomic number decreases by 2

Totally atomic number decreases by 6 and mass number decreases by 8
Nn _ A-8+Z-6 _ A-Z-2 (b) A-Z-2
N,  Z-6  Z-6 Z-6

14. The half-life period of a radioactive element A is same as the mean life time of another
radioactive element B. Initially both have the same number of atoms. Then

(@) A and B have the same decay rate initially

(b) A and B decay at the same rate always

(c) B will decay at faster rate than A

(d) A will decay at faster rate than B.

Hint: Given (t12)A = t(B)

0.6921 1

A(A) — AB®)
A(A) = 0.693A(R)
(c) B wiii decay at faster rate than A

15. A system consists O N nucieus at i=0. The numbei OF nuciei rarnaining atter half of a
. . . 1
half-life (that is, at time t = ETl
2

(b) ()= (d) (a) =2

(b) 72
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Book inside

1. The pressure at which the walls of the glass discharge tube fluoresce with green colour is

a) 0.001 mm of Hg b)0.01mm of Hg

¢)0.1mmofHg d)1mmofHg

2. Cathode rays possess
a) momentum but not Kinetic energy b) Kinetic energy but not momentum
¢) both momentum and kinetic energy d) neither momentum nor Kinetic energy

3. The characteristics of cathode rays depend on the

a) nature of the cathode b) nature of the gas enclosed in the discharge tube
c) nature of the anode

d) neither the nature of anode, cathode nor the nature of the gas enclosed in the
discharge tube

4. According to Rutherford atom model, the spectral lines emitted by an atom is
a) continuous spectrum b) line spectrum
¢) band spectrum d) continuous absorption spectrum

5. The direction of the electric field in Millikan's oil drop experiment is
a) down wards b) upwards
c) first upwards then down words d) Tirst downwards then upweirds

6. The asceinding orgei of specific charge ot elactron, protor, neutron, alpha paiticle will be
a) electron, proton, neufron, alpha particle b) eiphaparticle, neutron, electron, proton
C) proton, electron, alphaparticle, neutron  d) neutron, alghapaiticie, proton, ciection

7. Wave number is defined as the number of waves
a) produced in one second b) in a distance of 1 metre
c) in a distance of X metre d) in a distance of 3 x 108 metre

8. In Hydrogen atom which of the following transitions spectral line of maximum frequency
a)6— 2 b)2—-1 c)4-3 d)5-2

Hint:%=R[%—i]

m?2

9. The first excitation potential energy or the minimum energy required to excite the atom
from ground state of hydrogen atom is
a) 13.6 eV b) 10.2 eV c)3.4eV d) 1.89 eV

Hint: E, = — =2

n2
AE - EZ - El
AE =34 —13.6 = 10.2

FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
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a) Zero b) 10.2 eV Cc) 6.8 eV d) 3.4eV

34. A nucleus with Z=92 emits the following sequence o, o, ,p~, o, o, o, o0, B, , o, B

,Bt, o The Z of the resulting nucleus is
a) 76 b) 78 c)74 d) 82
Hint : Atomic number of final nucleus

=92 -2 (no.of g - Particle) + 1 (No. of g~ - 1(No.of g Particle)
=92-2x8+1x4-1x2
=78

35. The ionisation Potential of hydrogen atom is 13.6 eV. An electron in the ground state
absorbs Photon of energy 12.75 eV. How many different spectral lines can one expect when
electron make a down ward transition

a)l b) 2 c) 6 d) 4
Hint: AE = E, — E;

AE +E, =12.75—-13.6 = —0.85

13.6
E,= — =

2
On solvmg you will getn =4

36. The binding energy Per nucleon cf deuteron $H and Helium nucleus(zHe[1is 1.1 MeV
and 7.0 MeV respectively. If two deutercii inucleus igact to foiim a single heliiim nucleus, the
energy released is
a)23.6 McV b) 26.9 MeV ) 12.9 MeV d) 19.2 MeV
Hint: tH + fH - 3H:

Binding energy of nucieus =4 (7)- [2(1.1)+2(1.1) =28-4.4=236¢eV

37.In gamma decay
a)there is change in atomic number b)there is change in mass number
c)there is no changes in both atomic and mass number d)none of these

38. The binding energy Per nucleon for the Parent nucleus is E; and then daughter nucleus
IS E,
a)Ei<E> b) Ei> E; c) Ei=E; d)E; = 2E;

39. A and B are two radioactive substance whose half lives are 1 and 2 years respectively.
Initially 10 g of A and 1 g of B is taken. The time after which they will have same quantity
remaining is

a)3.6 years b)6.6 years c) Syears d)3 years
Hint ; tipbA=1 4B = 2

No(A) =10 No(B) =1

Find decay constant for both substance

Equate radioactive law for both and you will get 6.6 years
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40. The energy released by the fission of one uraniumatom is 200 MeV. The number of fission
Per second required to Produce 3.2 w of Power is

a)10% b)10t c)10% d)10’

Hint : Refer Exercise problem : 9

41. The innermost orbit of the hydrogen atom has a radius 0.53 A. what is radius of ond
orbitis ?

a) 3.12 A ) b) 4.12 A c)5.12 A d)2.12 A
Hint : r, = 0.53 n?A wheren=2 Thereforer,=4x0.53=2.12

42. The ratio of minimum to maximum wave length in Balmer series is
a)= b)2 e

9 9 9

. .1 i_i
Hlnt_. D= R [nz mz]
Maximumn =3 Minimum n = o

. 4 . 5R ..

You will get - for maximum and T for minimum

By dividing min to max you will get g

43. A radioactive substance decays to 1—16”‘ of its initial activity in 40 days , then the half life

of the radioactive substance is expressed in day is
a)20 b)10 )30 d)s0

t

. N CINTI/
Hint: — = ()"
No  \2

40

1 (1\71],
5= (3)
40

16 = 272
On solving you will get 10 days

FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
CONTACT : 8098850809
8




www.Padasalai.Net www.TrbTnpsc.com

PHYSICS SAIVEERA ACADEMY STUDY MATERIAL
Il Short answer questions (Book Back)

1. What are cathode rays?.

It is beam of electrons travelling from cathode (negatively charged ) to anode
(positively charged ) at a pressure of 0.01 mm of Hg in discharge tube across a voltage
difference between the electrodes

2. Write the properties of cathode rays.

1) When the cathode rays are allowed to fall on matter, they produce heat. They affect
the photographic plates and also produce fluorescence when they fall on certain
crystals and minerals.

2) When the cathode rays fall on a material of high atomic weight, x-rays are produced.

3) Cathode rays ionize the gas through which they pass.

th

4) The speed of cathode rays is up to (%) of the speed of light.

5) Cathode rays possess energy and momentum and travel in a straight line with high
speed of the order of 10’'m s*. The direction of deflection by electric field and
magnetic field indicates that they are negatively charged particles.

3. Give the results of Rutherford alpha scattering experiment.
Most of the alpha particles are un-deflected through the gold foil and went straigit.
Some of the aipha particles are defiected thiougn a sinali angle.
alpha particles (one in thousand) are deflected thrcugh “he angie more than 90°
Very few aipha particles returned back (back scaitered) —trat is, defiected back by
180°

4. Write down the postulates of Bohr atom model.
1) The electron in an atom moves around nucleus in circular orbits under the influence
of Coulomb electrostatic force of attraction. This Coulomb force gives necessary
centripetal force for the electron to undergo circular motion.

2) Electrons in an atom revolve around the nucleus only in certain discrete orbits called
stationary orbits where it does not radiate electromagnetic energy. Only those discrete
orbits allowed are stable orbits

3) Energy of orbits are not continuous but discrete. This is called the quantization of
energy.

4) An electron can jump from one orbit to another orbit by absorbing or emitting a
photon whose energy is equal to the difference in energy (AE) between the two orbital
levels

c
AE = Efinal — Ejnitiat = ho= hz

FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
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10. Write a general notation of nucleus of element X. What each term denotes?

ax

A — Mass number

Z — Atomic number

11. What is isotope? Give an example.
Isotopes are atoms of the same element having same atomic number Z, but different
mass number A.

Example : 1H , 2H , 3H

12. What is isotone? Give an example.
Isotones are the atoms of different elements having same number of neutrons.
Example : 13¢, 12B

13. What is isobar? Give an example.
Isobars are the atoms of different elements having the same mass number A, but
different atomic number Z.

Example : 1947, 13¢l

14. Define atomic mass unit u.
One atornic mass unit (u) is defined as the 1/12" of the mass of the isotope of carbon
12
C
6
Llu=1.550 x 180%kg

15. Show that nuciear density is almost constant for nuciel with Z > 10. {ci)
Calculate the density of the nucleus with mass number A.
__ mass of nuclei

"~ volume of nuclei
mass of nuclei = A.m ....
Where m is mass of proton

volume of nuclei =

R = R,A3
Sub R value in 3

4 3
volume of nuclei = §7IR§ (A1/3)

= -7
3

Sub (2) & (3) in (1)

—nR?’A/ —nR3
Smce den3|ty of the nuclei equation does not contain any mass number (A) term therefore
nuclear density is almost constant for nuclei with Z > 10.

FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
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24. What is half-life of nucleus? Give the expression.
It is time required for nucleus initially present to reduce one half of its initial amount .
N = No/2 T=T1 /s

;. _0.6931
1/2 —T—SBCS

25. What is meant by activity or decay rate? Give its unit.
Activity (R) or decay rate which is the number of nuclei decayed per second
= |
K= |dt
R =AN
Activity at any time t is equal to the product of the decay constant and number of undecayed

nuclei at the same time t
Unit : Becquerel

26. Define curie.
e It is a unit of radioactivity corresponding to 3.7 x 10'° disintegration per second

e One curie is defined as number od decays per second in 1g of radium and is equal to
3.7 x 10*° decays per second

27. What are the consiituent particles of neutron and proton?
e FProtons and neutrons are not fundamental particles; in fact thev are made up of quarks.
e Proton is made ufp of two up quarks and one down quark and neutron is made up of one up
quark and twe down quarks

Book inside
1.What are the Conclusion made by Rutherford based on a scattering experiment

An atom has a lot of empty space and contains a tiny matter known as nucleus whose
size is of the order of 104 m.

The nucleus is positively charged and most of the mass of the atom is concentrated in
nucleus.

The nucleus is surrounded by negatively charged electrons.

Since static charge distribution cannot be in a stable equilibrium, he suggested that the
electrons are not at rest and they revolve around the nucleus in circular orbits like
planets revolving around the sun.

2.Write down the empirical formula for the radius of nucleus.
R = ROA1/3

A — Mass number

Ro=12F=12x10%

FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
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3. Drawbacks of Rutherford model
This model fails to explain the distribution of electrons around the nucleus and also
the stability of the atom.
Rutherford model could not account for the stability of atoms.
According to this model, emission of radiation must be continuous and must give
continuous emission spectrum but experimentally we observe only line (discrete)
emission spectrum for atoms.

11 Long answer questions (Book Back)
1. Explain the J.J. Thomson experiment to determine the specific charge of electron.
Principle - s (Y
In the presence of electric and magnetic fields, the phatss
cathode rays are deflected. By the variation of =
electric and magnetic fields, mass normalized
charge or the specific charge (charge per unit
mass) of the cathode rays is measured.
Construction
e A highly evacuated discharge tube is used .
and cathode rays (electron beam) produged gﬁ::ﬁ;ﬁt‘?gﬁgﬁx 3{: gé;r?i%?son
at catnode are attracted towards anode disc charge of an electrcn

A. — - —

Anicde disc is made with pin hole in ordar to allow only a narrow beam of catFoce
rays.
These cathode rays are now allowed ¢ pass througn the parallel meta! piates,
maintained at high voltage.
Further, this gas discharge tube is kept in between pole pieces of magnet such that
both electric and magnetic fields are perpendicular to each other.
When the cathode rays strike the screen, they produce scintillation and hence bright
spot is observed. This is achieved by coating the screen with zinc sulphide.
Working
Determination of velocity of cathode rays
e For afixed electric field between the plates, the magnetic field is adjusted such that
the cathode rays (electron beam) strike at the original position O
e This means that the magnitude of electric force is balanced by the magnitude of force
due to magnetic field .
Let e be the charge of the cathode rays,
Force due to electric field = eE
Force due to magnetic field = Bev

FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
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Determination of specific charge
¢ Since the cathode rays (electron beam) are accelerated from cathode to anode, the
potential energy of the electron beam at the cathode is converted into kinetic energy of
the electron beam at the anode.
e LetV be the potential difference between anode and cathode, then the potential energy
IseV.
e Then from law of conservation of energy,

1
eV= 5 mv?

Substituting the values of E, B and V, the specific charge can be determined as
e

— =1.7x10'1Ckg™?!

m

Deflection of charge only due to uniform electric field
When the magnetic field is turned off, the deflection is
only due to elactric field. The detiection in vertical
direction is due to the electric force.

41T 177

— ] -——

m be the mass of the electron and by appiying Newton’s

second law of motion, acceleration of the electron is
1

(,le = ;Fe

sub (1) in above equation

a, == eE.......Q2)

m
y - deviation produced from the original position on the screen .
Let the initial upward velocity be u = 0 before entering the parallel plates.
t - Time taken to travel in electric field
| — length of the one of the plates

l
t=—
v

deflection y' = ut + %at2

Figure 8.5 Deviation of path by applying
uniform electric field

1
Hereu=0 a, = — eE

FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
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(d) viscous force F,

(a) Determination of radius of the droplet
When the electric field is switched off, the oil drop accelerates downwards.
Due to the presence of air drag forces, the oil drops easily attain its terminal velocity
and moves with constant velocity.
This velocity can be carefully measured by noting down the time taken by the oil drop
to fall through a predetermined distance.
The free body diagram of the oil drop is shown in Figure 8.7 (a), we note that viscous
force and buoyant force balance the gravitational force.
Let the gravitational force acting on the oil drop (downward) be Fy = mg
Let us assume that oil drop to be spherical in shape. Let p be the density of the oil
drop, and r be the radius of the oil drop, then the mass of the oil drop can be expressed
in terms of its density as

m

P= v

m=p G nr3) (volume of the sphere,V= %m‘3)

Fg=mg

Sub m value in above equation

Fo=p ‘é 11'1'3) g

Let o be the density of the air, the upthrust force exgerienced by the il drop Gue to displaced

air is

Fo = o (g nr3) g

Once the oil drop attains a terminal velccity v, the net downward torce acting on the oil drop

is equal to the viscous force acting opposite to the direction of motion of the oil drop.

From Stokes law, the viscous force on the oil drop is

Fv= 6mrvn

From the free body diagram

F,=F,+F,

4 4
p <§7T7‘3> g=o <§7T7‘3) g + 6mrvn

4
6mrvn = —nr3(p— o)g

3 1
9tvn ]i
2((p—o0)g

=

(b) Determination of electric charge
e When the electric field is switched on, charged oil drops experience an upward electric
force (QE). Among many drops, one particular drop can be chosen in the field of view

FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
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From (2) & (4)
U,= —2K.E,
Total energy E,, = K.E,, + U,
From (5)
= K.E, —2K.E, = —K.E,

1 Z%me*

n - principal quantum number.

The negative sign in equation (8) indicates that the electron is bound to the nucleus.
Substituting the values of mass and charge of an electron (m and e), permittivity of free
space & and Planck’s constant h and expressing in terms of eV, we get

1
E,=13.6

4. Discuss the spectral series of hydrogen atom.

. 1 1 1 ]
The wavelengths of the spectral lines i R (ﬁ = ﬁ) =D

R — Rydberg constant (R = 1.09737 x 10’ m?)
m and n are nesitive integers such that m > n.
© — wave number whicii is inverse of wavelength,
(i) Lyman scries

\When the efeciron jumas frcrm any oi ihe ouier orbits {m =2 . 3. 4...) o the first
orbit(n== 1), the spectrai lines emitied are in the vitraviolet region of the spactram and they
are saiu to form a series called Lyman seiies

— 1 1 1
m=2,3,4... n=1 b=7=R(5-=)
(if) Balmer series
When the electron jumps from any of the outer orbits( m = 3, 4...) to the second orbit
(n = 2), we get a spectral series called the Balmer series.
All the lines of this series in hydrogen have their wavelength in the visible region.

m=3,4... n=2

(iii) Paschen series
This series consists of all wavelengths which are emitted when the electron jumps from outer
most orbits (m=4, 5, 6.....) to the third orbit (n=3)

This series is in the infrared region (near IR)
— 1 1 1
m=45,6... n=3 U=—=R(§— )

A m2
(iv) Brackett series
FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
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6. Explain in detail the nuclear force.

Strong attractive force between protons to overcome the repulsive Coulomb’s force
and holds the nucleus together is called strong nuclear force.
Properties of strong nuclear force are
(i) The strong nuclear force is of very short range, acting only up to a distance of a few
Fermi.
(ii) It is the strongest force in nature.
(iii) The strong nuclear force is attractive and acts with an equal strength between proton-
proton, proton-neutron, and neutron — neutron.(charge independent)
(iv) It does not act on the electrons , therefore it does not affect the chemical properties of
atom

7. Discuss the alpha decay process with example.

When an unstable nucleus decay by an emitting alpha particle (3He) , it losses two
proton and two neutrons.
Due to this its atomic number decreases by 2 and mass number decreases by 4

X - 473Y + 3He

X — parent nucleus
Y — daughter nucleus
Example : Decay of uranium to thorium with the emission of alpha gar:icle
238U — 235Th + %He
Total miass of daughter nucleus and helium rarticle is always less than that of narent nucleus
The difference in mass is released as energy celled aicintegration energy QQ
Q = (m, — my—m, )c?
For spontaneous decay (natural radioactivity) Q >O0.
In alpha decay process, the disintegration energy is certainly positive

8. Discuss the beta decay process with examples.

In beta decay, a radioactive nucleus emits either electron or positron. If electron (¢) is
emitted, it is called B~ decay and if positron (e*) is emitted, it is called B* decay.
p* decay

In this decay , the atomic number is decreased by one and the mass number remains
the same.

X, Y+ et +v
It implies that the element X becomes Y by giving out an electron and antineutrino v
pon+et+v

Example : 22Na - 23Ne + e + v

FOR FULL STUDY MATERIALS , QUESTION PAPER & ACADEMIC SUPPORT
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10. Obtain the law of radioactivity.
At any instant t, the number of decays per unit time, called rate of decay ( ) proportional to

the number of nuclei ( N ) at the same instant.

dN

—aN
dt
dN

dt
A — Decay constant

Decay constant is different for different radioactive sample and the negative sign in the
equation implies that the N is decreasing with time.

Here dN represents the number of nuclei decaying in the time interval dt.

t=0 N=N,
By integrating the equation (1), we can calculate the number of undecayed nuclei N at any

timet
f Adt

In [N—] = -

Taking expounentials on both sides, we get
Eq(2) is caiied the law of radioactive decay.

Number of atoms is decreasing exponentialiy cver the time. This implies that tre time taken
for all the radioactive nuclei to decay will be infinite.

—

Number of undecayed nuclei

1
Tip 2Tv2 3Ti2 4Tz Timet

| Figure 8.26 Law of radioactive decay 11.

11.Discuss the properties of neutrino and its role in beta decay.
1. It has zero charge
2. It has an antiparticle called anti-neutrino.
3. Recent experiments showed that the neutrino has very tiny mass.
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e Uranium undergoes fission reaction in 90 different 9 Nectrse
ways
e The most common fission reactions of 233U

DU+ n—> 20U = 'WBa+ FKr+3,n+Q

238 | 236y 1* 140 04 1
U T o= QU = JXet oSr+2,n+0

Q is energy released during the decay of each uranium -0 R
nuclei. When the slow neutron is absorbed by the uranium Neutrons g
nuclei, the mass number increases by one and goes to an (< O
excited state 235U T e
e Excited state does not last longer than 102 s and decay
into two daughter nuclei along with 2 or 3 neutrons.
e From each reaction, on an average, 2.5 neutrons are emitted.

Figure 8.27 Nuclear fission

14. Discuss the process of nuclear fusion and how energy is generated in stars?
When two or more light nuclei (A<20) combine to form a heavier nucleus, then it is
called nuclear fusion.
The nuclear fusion never occurs at room temperature unlike nuclear fission.
It is because when two light nuclei come closer to combine, it is strongly repelied by
the coulcmb renulsive force.
To overcome this repulsion, the two light nuclei must have enough kinetic energy to
move closer to eacn other such that the nuclear force becornes effective.
This can be achievad if the ternperature is very much greater than the value 107 K.,
\When the surrounding temserature reaches around 107K, lighter nuclei start fusing to
form heavier nuclei and this resulting reaction is called thermonuclear fusion reaction.

Energy generation in stars:
The natural place where nuclear fusion occurs is the core of the stars, since its
temperature is of the order of 10’K.
Energy generation in every star is only through thermonuclear fusion.

Most of the stars including our Sun fuse hydrogen into helium and some stars even
fuse helium into heavier elements.

The sun’s interior temperature is around 1.5 x 107 K.

The sun is converting hydrogen into helium every second and it has enough hydrogen
such that these fusion lasts for another 5 billion years

proton-proton cycle of fusion reaction.

This cycle consists of three steps

IH+1H - 2H+ e +v

IH+2H - 3H+ y

A number of reactions are possible in the third step. But the dominant one is
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e 3H+ 3H->3H+1H+1H

15. Describe the working of nuclear reactor with a block diagram.
Nuclear reactor is a system in which the nuclear fission takes place in a self-sustained
controlled manner and the energy produced is used either for research purpose or for
power generation.
The main parts of a nuclear reactor are
fuel, moderator and control rods. In addition to this, there is a cooling system which is
connected with power generation set up.

The fuel is fissionable material, usually uranium or plutonium. Naturally occurring
uranium contains only 0.7% of 233U

99.3% are 235U .

So the238U must be enriched such that it contains at least 2 to 4% of 235U

A neutron source is required to initiate the chain reaction for the first time.

A mixture of beryllium with plutonium or polonium is used as the neutron source.
During fission of 235U, only fast neutrons are emitted but the probability of initiating
fission by it in another nucleus is very low.

Siow neutrons are preferred for sustained nuclear reactions.

Moderators
The imoderator is a material used e convert fast neuiirens into slow rneutrons.
Usually the moderators are choasan in such a way that it must be very light nucleus
naving mass csinparabic 1o that of neutrons. Heiice, these light nuclei undergo
collision with fast neutrons and the speed of the neutron is reduced
Most of the reactors use water, heavy water (D20) and graphite as moderators.
The blocks of uranium stacked together with blocks of graphite (the moderator) to
form a large pile Contots g

Heat exchanger

..‘-.-s-h:i-ﬂﬂi'uﬁ::'.' i Steam

Control rod : =L Fleetn
e The control rod are use to adjust the Ro e e RS T et

reaction rate . R T
During each fission, on an average 2.5 TI TI R A
neutrons are emitted and in order to have |- imimenses i1 7
the controlled chain reactions, only one
neutron is

allowed to cause another fission and the
remaining neutrons are absorbed by the control rod .

Control rods : cadmium or boron These rods are inserted into the
uranium blocks

| Figure 8.29 {a) Block diagram of Nuclear reactor
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Murray Gellman and George Zwelig theoretically proposed that protons and neutrons
are not fundamental particles; in fact they are made up of quarks.

These quarks are now considered elementary particles of nature.

Electrons are fundamental or elementary particles because they are not made up of
anything.

There are six quarks namely, up, down, charm, strange, top and bottom and their
antiparticles.

All these quarks have fractional charges. For example, charge of up quark is +§e

and that of down quark is —%e

According to quark model, proton is made up of two up quarks and one down quark
and neutron is made up of one up quark and two down quarks

Book inside
Long answers
1.Explain about discovery of neutrons and its properties
When beryllium was bombarded with a particles, highly penetrating radiation was
emitted.
This radiation was capable of penetrating the thick layer of lead and was unaffected by
the electric and magnetic fieids.
James Chadwick discovered that those radiations are not EM waves but they are
rarticles of mass little gieater than ine rmass of the proion and had no charge.
He called therii as neutrons.
aBe + 3He - ":C+ n
an — Denctes neution
Properties
e Neutrons are stable inside the nucleus. But outside the nucleus they are unstable. If the
neutron comes out of the nucleus (free neutron), it decays with emission of proton,
e electron, and antineutrino with the half life of 13 minutes.
Neutrons are classified according to their kinetic energy as
(i) slow neutrons (0 to 1000 eV)
(ii) fast neutrons (0.5 MeV to 10 MeV).
The neutrons with average energy of about 0.025 eV in thermal equilibrium are called
thermal neutron, because at 298K, the thermal energy kT ~0.025eV
Slow and fast neutrons play a vital role in nuclear reactors.

2.Explain about J. J. Thomson’s Model and its limitations
¢ In this model, the atoms are visualized as homogeneous spheres which contain
uniform distribution of positively charged particles .
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5 1 (+Ze)(—e) .
7

coulomb =

Ate, %3

This force provides necessary centripetal force
, mvg
Fcentripetal SAEaun 8
Tn
m — Mass of electron
Vi, — velocity of electron in a circular orbit

|ﬁcoulomb| X |ﬁcentripetal|
1 Ze? mug

Atey 12 T
Multiply and divide by m

4meg(Mv,ry)?
i ==

From Bohr’s assumption, the angular momentum quantization condition mv,r,, = nh
Sub mv, r, = nhin (1)
dmeg(nh)
n, == olnn,
Zme?

[ &k*\n? _ h
o (Em;’) z (h n .‘Zn)
n € netural number

& , h, e and m are constant
2
n 07

2
> =0.529A
mme

This is known as Bohr radius which is the smallest radius of the orbit in an atom. Bohr radius
is also used as unit of length called Bohr. 1 Bohr = 0.53 A
For hydrogen atom (Z = 1), the radius of n™ orbit is
r, = ayn?
Bohr’s angular momentum quantization condition leads to

n? n? h
mv,r, = m7a07 = Tl%

h Z

1
VU, = o Uy & —
n 2mmagn n n

th
ao ==
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5.Explain about chain reaction
When one?33U nucleus undergoes fission, the energy released might be small.
But from each fission reaction, three neutrons are released.
These three neutrons cause further fission in another three nuclei which in turn
produce nine neutrons.
These nine neutrons initiate fission in another 27 235Unuclei and so on.
This is called a chain reaction and the number of neutrons goes on increasing almost in
geometric progression.
There are two kinds of chain reactions: (i) uncontrolled chain reaction (ii)
controlled chain reaction. In an uncontrolled chain reaction, the number of neutrons
multiply indefinitely and the entire amount of energy released in a fraction of second.
The atom bomb is an example of nuclear fission in which uncontrolled chain reaction
occurs.

If the chain reaction is controllable, then we can harvest an enormous amount of
energy for our needs. It is achieved in a controlled chain reaction.

In the controlled chain reaction, the average number of neutron released in each stage
Is kept as one such that it is possible to store the released energy. In nuclear reactors,
thc controlled chain reaction is achieved and the produced energy is used for power
generation cr for research nurpose.

CX2Icises
1. Consider two hydrogen atoms Haand Hgin ground state. Assume that hyclrogen
atom Ha is at rest aind iydrogein atom Hgis moving witii a speed aid nmiake heaa-on
collide on the stationary hydrogen atom Ha. After the strike, both of them move
together. What is minimum value of the kinetic energy of the moving hydrogen atom
Hg, such that any one of the hydrogen atoms reaches one of the excitation state.
Given : ua =0 velocity of B will be ug
Since mass of both atom = m

Total kinetic energy before collision = %muﬁ + %muﬁ

=0+ %mué
After striking they move with the same velocity. Therefore va=vg = v
Total kinetic energy after collision = %mvj + %mvé

= %mvz(l + 1) = mv?

Change in kinetic energy AE = %mué — mv?
By the law of conservation of linear momentum
m(ua +ug) =m(v+v)

m(0+ug) =2mv
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m ug = 2mv

v=-2 subvvaluein (2)

2

This loss in kinetic energy is due to excitation of one hydrogen atom .
The ground state (n =1 ) energy of hydrogen atom is -13.6 eV
The energy of first excited level (n=2)is—3.4eV
Minimum energy required to excite a hydrogen atom from ground state to first excited state
IS
=[-3.4—(—1.6)]eV

=10.2eV

Loss in kinetic energy in collision is due to energy used up in exciting one of atoms

Thus imué =10.2eV

1 2
=2x10.2

E min

1 2
—mu = 20.4elV

2 min

2. In the Rohy atom model, the frequency of transitions is given by the following
expression

1 1 . : ) ) !
v=Re! ) wherz n < m, Consider the foliowing transitions:

.2 2

1

Transition | M -5 T
352

2-1

m=3andn=1
1
V3g = Re (12 3?
Atom can undergo transition from 3 to 1 either directly or in two steps from 3to 2 and 2 to 1
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S s 17 = 597 x 107

§T[T3
5.97 x 10%* x 3

3 =
2.3 X 1017%4 x 3.14

r3 =0.62 x 107
r=183.7m

5. Calculate the mass defect and the binding energy per nucleon of the 1934g nucleus.

[atomic mass of Ag = 107.905949]

Given : atomic mass of Ag = 107.905949 Number of proton = 47
Number of neutrons = 108 -47 = 61

m, =1.00783 m, = 1.00867

Mass of 47 protons =47 x 1.00783 = 47.36801

Mass of 61 neutrons = 61 x 1.00867= 61.52887

Am = [Zmp + Nm,, — m]

= 47.36801 + 61.52887 — 107.905949

= 108.89688 — 107.905949

= 0.990931u

[Ziiip + Nm,, — m]c?

E =

A
__0.990°931uX 931 MeV

108
== 8.597 MeV

6. Half lives of two radioactive elements A and B are 20 minutes and 40 minutes
respectively. Initially, the samples have equal number of nuclei. Calculate the ratio of
decayed numbers of A and B nuclei after 80 minutes.
Given : t12(A) =20min and t12(B) = 40 min
By given ty; at the end of 80 minutes A will have Four half lives and B will have two half

Ly =DNo

live
. 1\"
Na after 80 minutes = (E) No =Ny =
No _ 15

Number of nucleus decayed = N, — — = —N,
. _(n\" e N,

Ng after 80 minutes = (5) No =5 No ="

Number of nucleus decayed = N, — % - %NO

the ratio of decayed numbers of A and B nuclei after 80 minutes = 1—2N0 X
=5:4

4
3N,
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9. Assuming that energy released by the fission of a single 235U nucleus is 200MeV,
calculate the number of fissions per second required to produce 1 watt power.

Given : Energy per fission = 200 MeV

Energy released per fission = 200 x10° x 1.6 x 101® J =320 x 1013)

N — number of fissions per second producing 1W power

320x 10 xN=11J/s

1

N=————=3.125 x 10'%Fissions
320X10

10.Show that the mass of radium 238Ra with an activity of 1 curie is almost a gram.

Given T2 = 1600 years
dN
dt
dN : . :
— =1 Curie = 3.7 x 101° disintegration/s

dt
_0.6931

tl/z o A

AN

secs
A 0.6931
B }1200 X 365 X 24 X 60 X 60

., 16G0 X365 XZ4 X60X60

(.6931
= 2.69Y36 x 107*

6.023 x 10%3ators = 226 g of Radium

226
For 2.6 x 1021 =
or 2.6936 0<= atom £023 x 1053 X

= 1.0107gram

2.6936 x 102%*

11.Charcoal pieces of tree is found from an archeological site. The carbon-14 content of
this charcoal is only 17.5% that of equivalent sample of carbon from a living tree. What
is the age of tree?
Given: N=0.175N, ty, =5730 years

0.6931
t1 = 7 Secs

A= QERST" 1.2094 x 10~*
= T30 1 years

N
et
N,
1

~ 1
t =log (0.175 )1.2094 X104
Age of tree = 14.408 years
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