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12 hours

UNIT - IV
4. Nuclear Physics | 3
| Nuclear structure @ General properties of Nuclel, Mass defect, Hinding cll\cl By
> ‘ ) c ' | theory,
| v Characteristics of nuelear forces Yukawn's meson
et Shell model, Magie numbers;

| Nuclear Models @ Ligmd drop model, the :
| Nuclear Radiation detectors G M. Counter, Cloud chamber, Solid State detector;
{ lassification.

Elementary Particles : Flementary particles and their ¢

UNIT - V 7 hours

5. Nano materials

Nanomaterials - Introduction, Flectron confinement, Gize effect, Surface to volume
ratio. Classification of nano materials - (0D, 1D, 2D); Quantum dots, Nano Wiff".
Fullerene, ONT, Graphene (Mention of structures and properties), Distinct properties |§
ofnano materials (Mention - mechanical, optical, electrical and magnetic propertics);

Mention of applications of nano materials : (Fuel cells, Phosphorus for HD TV, Next
Generation Computer chips, elimination of pollutants, SCNSOrs).

6. Superconductivity

Introduction 1o Superconductivity, Experimental results - critical temperature, critical
magnetic field, Meissner effect, Isotope effect, Type Land Type I superconductors,
BCS theory (elementary ideas only), Applications of superconductors.

5 hours
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b)
a)

b)

SECTION - A (5 « 10 - 50 Marks)
Answer ALL of the following questions.

Explain Quantum theory of Raman effect.
g Or

Describe spatial quantisation and spinning electron hypothesis.

State Heisenberg’s uncertainty principle and apply in case of i) Position and
momentum & 11) Energy and time. '
Or

Explain Heisenberg’s uncertainty? Explain gamma ray microscope as a conse-
quence of uncertainty principle.

Give the physical significance of wave function?

Or
Describe schrodinger s and Born’s interpretation of wave function?

Mention the basic properties of nucleus with reference to size, charge, mass,

nuclear spin, magnetic dipole moment and electric quadrupole moment.
Or

Explain the principle and working of G — M counter.

Write about the structure of graphine.
Or

Give sailent features of BCS theory. Describe briefly the formation of cooper
pairs.

SECTION-B (3« 5= 15 Marks)
Answer any THREE of the following

What are the drawbacks (short comings) of Bohr's theory. (or) Explain the limita-
tions of Bohr’s theory.

- Explain wave velocity and group velocity,

What are Eigen values and Eigen functions?
Write about quadrupole moment of a nucleus.
What is Meissner’s effect in superconductivity?
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11. ‘
| . spectral lines 8:3 x 10" Hz. Find the magnetic ficld.

12.

13.

14.

15.

. Refer to L.A.Q. No. 6 in Atomic and Molecular Physics.

. Refer to L.A.Q. No. 3 in Atomic and Molecular Physics.

. Refer to L.A.Q. No. 5 in Matter Waves and Uncertainty Principles.
. Refer to L.A.Q. No. 3 in Matter Waves and Uncertainty Principles.
. Refer to S.A.Q. No. 3 in Quantum(wave) Mechanics.

. Refer to L.A.Q. No. 1 in Quantum(wave) Mechanics.

. Refer to L.A.Q. No. 1 in Nuclear Physics.

. Refer to L.A.Q. No. 5 in Nuclear Physics.

. Refer to L.A.Q. No. 2 in Nanomaterials.

+ Refer to Problem No. 9 in Atomic and Molecular Physics.

. Refer to Problem No. 4 in Quanlum(wave) Mechanic

L15.

MODEL TEST PAPER 1

SECTION - C (2 x 5 = 10 Marks)

Answer any 7O of the following

-t » ecutive
In the normal Zeeman effect, the frequency separation between two cCOns

Determine the uncertainty in the velocity of an clectron confined to 204

(h=66x10"" &M, =91x 10" "kg).

A particle is confined to one dimensional infinite po.tcnt‘ial well of w.ldth
0-4 x 10" m. It is found that when the energy of the particle is 230 ev, its eigen
function has 5 antinodes. Find the-mass of the particle and show that 1t can never
have energy equal to 1 kev. : : :
Calculate the amount of energy released in Joules when 10 micrograms of uranium
undergoes fission.

Avogadro’s number = 6:023 x 10 ; Energy released per fission = 200 MeV.

Calculate the critical current which can flow through a long thin super conducting
wire of diameter 10”* m. Given H, = 7-9 x 10’ A/m.

ANSWERS
SECTION - A

Refer to L.A.Q. No. 3 in Superconductivity.

SECTION - B

Refer to S.A.Q. No. 2 in Atomic and Molecular Physics.
Refer to S.A.Q. No. 2 in Mater Waves& Uncertainty priciples
Refer to S.A.Q. No. 2 in Quantum(wave) Mechanics.

Refer to S.A.Q. No. 4 in Nuclear Physics,

Refer to S.A.Q. No. 3 in Superconductivity,

SECTION - C

Refer to Problem No. 39 in Matterwaves & Uncertainty Principle

‘ S.
Refer to Problem No. 13 in Nuclear Physics.

Refer to Problem No. 7 in Superconductivity,

. R
-
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SECTION- A (5 10 50 Marks)
Answer ALL of the following questions.

. a) Describe stern and Gerlach experiment. What is its importance”

Or
b) Explain Raman effect” Descnibe the experimental set-up in study of Raman

effect in higmds. Write the applications of Raman eflect
a) Describe the Davison and Germer experiment on electron diffraction. Discuss

the results of the expeniment. .
o' r
b) Explam Heisenberg's uncertainty principle by illustrating by diffraction

through single sht.

a) JObtamn an expression for the energy of a particle in one dimensional potential

well(box) of mfinite height.
Or

b) Derive schordinger ime independent wave equation and time dependent wave
cquation

2) What 1s nuclear binding energy” Draw a binding energy curve. What informa-

ton do we get from such a curve”
Or

b) Explain the construction and working of wilson cloud chamber

a) What are Nanomatenials. Discuss briefly different types of Nanomatenals
Or

b) Explain the persistent currents, specific heat, entropy and transition tempera-
tures in connection with super conductors
SECTION -B (3 -5 15 Marks)
Answer any THREE of the following
Explain Stokes and anti-stokes lines
Write the properties of matter waves
Give the physical significance of wave function”
What are magic numbers” Explamn

What are the various applications of Nanotechnology
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.

12.

13.

14.

15.

. Refer to L.A.Q. No. 2 in Atomic and Molecular Physics.

. Refer to L.A.Q. No. 5 in Atomic and Molecular Physics.

. Refer to L.A.Q. No. 2 in Matter Waves and Uncertainty Principles.
. Refer to L.A.Q. No. 4 in Matter Waves and Uncertainty Principles.
. Refer to L.A.Q. No. 2 in Quantum(wave) Mechanics.

. Refer to L.A.Q. No. 1 in Quantum(wave) Mechanics.

. Refer to L.A.Q. No. 2 in Nuclear Physics.

. Refer to L.A.Q. No. 2 in Nuclear Physics.

. Refer to L.A.Q. No. 3 in Nanomaterials.

. Refer to S.A.Q. No. 3 in Nanomaterials.

- Refer to Problem No. 8 in Atomic and Molec
. Refer to Problem No. 54 in Matterwaves
. Refer to Problem No. 2 in Quantum(wav

: Refqr to Problem No.3 in Superconductivity.

SECTION-C (2x5=10 Marks)
Answer any TWO of the following

In the normal Zeeman effect, the frequency separation
spectral lines is 8:3 x 10°Hz. Find the magnetic field. 1,

between two consecuti /
~ .37 % 107 “TVAE

: - ial differ
Calculate the wavelength associated with an electron subjected to a potentia 3

ence of 1-25 kv. . '
Calculate the energy of an electron moving in one dimension in an infinitely

B
potential box of widht 24 given mass of electron m = 9-1x 10 kg and Planc
constant 4 = 6-62 x 10™** Js

_ : S Syl - 18
What is the mass number of a nucleus whose radius is 3-6 fermi (given r, = 12
fermn)

The critical field for niobium is 1 x 10° A/m at 8K and 2 x 10° A/m at OK. Caletk
late the transition temperature of the element. W

ANSWERS
SECTION'- A

Refer to L.A.Q. No. 4 in Superconductivity.

SECTION - B

Refer to S.A.Q. No. 5 in Atomic and Molecular Physics.
Refer to S.A.Q. No. 7 in Mater Waves& Uncertainty priciples
Refer to S.A.Q. No. 3 in Quantum(wave) Mechanics.

Refer to S.A.Q. No.2 in Nuclear Physics.

SECTION - C

ular Physics.

& Uncertainty Principle

€) Mechanics.
Refer to Problem No. 22 in Nuclear Physics.

ol




ATOMIC AND MOLECULAR..

|11 B.Sc. PHYSICS SEM4 -P5 || 1 |

| UNIT- |

ATOMIC AND
MOLECULAR PHYSICS

LONG ANSWER TYPE QUESTIONS

1. Describe stern and Gerlach experiment. What is its importance?
[ANU J18, M16,15; AdNU 018; AU 18; KU 018, M16,15;
RU 017; SKU 017; SVU 017; VSU 018; YVU 018, N17]

\. The stern and Gerlach experiment :

Principle :
I) The experiment is based on the behaviour of a magnetic dipole (atomic mag-

net) in a non - uniform magnetic field.
2)  In a uniform magnetic ficld (B), the dipole experiences a torque that tends to

align the dipole parallel to the field.
[t the dipole moves in such a field in a direction normal to the field, it will

trace a straight line path without any deviation.
In an 1in homogeneous magnetic field, the dipole experiences, in addition, a

translatory force.
[ the atomic magnet flies across such a homogeneous magnetic field normal to

the ficld direction, it will be divided away from its rectlinear path.

3)
4)
S5)

Expression :
1) Let the magnetic field vary along the X- direction. So that the field gradient is

dB : .
and 1s positive,
dx
2) €D 1s the atomic magnet (of polestrength P, length 2/, dipole moment . ) with
its axis mclined at an angle 0 to the field direction.
3) Ifthe field strength at the pole C'1s B, then the field strength at the other pole D

will be [B + ‘j/\} 2/cosB)].
(€8

4) Hence the forces on the two poles are pB and p[B + i/[“f 2lcos0]. [ F=mbB]

5) Hence the atomic magnet experiences i
not only a torque (t = p-2I1B = but :

J } 1 e P i il A p[B + (dB/dv)! cos 0]
also a translatory force. i Cliglil
v :
il = d—BpZ/cosO I M ,
Yy | !

| F‘_:LIQMCOSG—»(I) f ' —>
* el B B[B + (dB/dx)1 cos 0]
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0)

7)

8)

9)

Experimental Arrangement :

1)

3)

4)
5)

D= "1 4)

“These atoms then pass through a ve

those with oppositely directed spins w

' he field,
Let V= velocity of the atomic magnet of mass m as .1t ent::,-sa vte] -
L = length ofthe path of theatom in the field and 7 = the time 0

L
atom through the field = %

A
force isa, = 71‘ = (2)

The displacement of the atom along the field direction, on emerging out of the I i
5 _A[Ea_1TEL
S0 f[mjlt o [m}?'

1 .
2 m p O

If u is resolved component of the magnetic moment in the field direction,
K, = ucoso. '

Silver 1s boiled in an electric oven S. Atoms of silver stream out from an

opening in the oven. By the use of slits Sy and S, a sharp linear beam of atoms
1S obtained. ;

ry homogeneous magnetic field between |
the shaped poles of a magnet MM.

5S; M P Field on

Sirea & 20

Pole pieces

The magnetic field ‘is at right angles to the direction of Movement of th
Finally the atoms fall on a photographic plate P, The whole a ¢ atom.sf
enclosed in an evaccuated chamber, frfangement 18 |
When no field, the beam produc : : ]
7 tinuous

In terms of the vector atom model, those atoms, with f]:lllelz n(-m the _platej

parallel to the magnetic field, wi]] experience a force in ope d(i): Stpms direct
: cction, where

111 €Xperience .
direction. 2 foree in the Opposi

Ve
- N |
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lit into two beams in its passage
is splitting of the beam into two
lly observed in these experi-
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6) According to this, the beam of atoms should sp
through the inhomogeneous magnetic field. Th
parts of approximately equal intensity was actua
ments.

7) On applying th
of silver atoms splits into two separate lines. Knowing —‘gg—,

e inhomogeneous magnetic field, it was found the stream
L, Vand D, , was

calculated.

Importance : This experiment gave a very dir
features of vector atom model i.c., Spatial quantisation, spinning €

quantised atomic magnetic moment.

ect confirmation of the essential
lectron and

2. Describe spatial quantisation and spinning electron hypothesis. |
R ! [AU 18, 17; KU J15]

A. The vector atom model is an extension of the Rutherfold - Bohr - Sommerfeld
atom model on new lines. It explains the draw backs of previous models and also
to covk:r new fields of experimental observation. The two essential features of
vector atom model are 1) Spatial quantisation and 2) Spinning electron.

1. Spatial quantisation : '
1) Bohr - Sommerfeld’s orbits are all quantised as

their size and shape). o
2) The angular momentum of the electron in stationary orbits is quantised. But

quantum theory demands more than this. :
3) Now, the quantisation of orientation of orbits in space is introduced. This

makes the orbits vector quantities. A preferred direction is required for quanti-

sation of direction.
4) The external magnetic induction field direction is taken as preferred direction.

5) The projection of the orbital angular momentum of electron in the field direc-
tion must be quantised. : 3
6) The stern - Gerlach experiment is proof of space quantisation.

2. Spinning electron hypothesis :
1) The spin motion was given to electron by uhlenbeck and Gouds midt, to

account for the structure of spectral line and to explain anomalous Zeeman

effect.
2) The electron spins about its own axis. Further it has orbital motion.

3) According to quantum theory, the spin of the electron also should be quantised.
Now the electron has extra spin angular momentum and spin magnetic mo-
‘ment. The orbital and spin motions are quantised not only in magnitude but

" “also in direction. |
4) A-new quantum number known as spin quantum number is introduced. The

two motions are quantised vectors. Hence the model is called vector Atom
model. \

regards their magnitude (i.e.,

3. Explain about the vector atom model.
[ANU J18, 017, J16; AdNU 017; AU 17; BRAU 018; KU 017;
RU 018: SKU 018: VSU 018. S171 |
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A. Quantum numbers associated °
quantum numbers associated with each electron n a

mith ;réétor atom model : The
atom are given below.

:[t belongs to principle
an have only non Z€i0
y levels corre-

1) Principle (or) total quantum number (n)

orbit of an electron. The total quantum number /1 €
o, The energ

positive integer values ie¥n=1234.... .
KO, MENG respectively. It

sponding to n=1,2,3,4,....are denoted by
indicates the size of the orbit and indicates encrgy levels.
[t defines the shape of the orbit occu- |
1 number. [/ can have
(n=1). The particu-.
0,1, 2,3 uximals ca]led:ﬁ

g 4
lectrons 1n @ sub shell is

2) Orbital quantum number (/) :

* pied by the electron. Hence it is called orbital quantu

any integral values from 0 to (7 — 1) i.e.. /= Onelpie 3y

lar / value defines the subshell. The subshells with /=

S, P, d, . ....subshells respectively. The number of ¢
equal to 22 L+ D)l oo gutera

3) Spin quantum number (s) 3 This quantum number

an electron about its own axis. This spin produces 2 Spi

which can be either parallel or antiparallel to the surroun

‘“Electron has two spin values. If the electron spin in clockwise § =

the electron spin in anticlockwise s=— 1/2.

¢ concerns spins offf
: A

n magnetic momenti

ding magnetic field.

+1/2 an

4) Total angular quantum number (j) : The resultant angular momen=4

tum of the electron due/to both orbital and spin motions is called total angular
quantum number. It’s numerical value is vector sum of / and s.
j=1+s,when [, s are paralle] and j=[~s, when /, s are antiparallel.

5) Orbital magnetic quantum number (m,) : To explain the effect o

rotion, a quantum number m, known as orbital}|

magnetic {ield on orbital
quantum number is introduced. i.e., m;=1cos®. Butcos® lies from + 1 to

_ 1. Hence permitted values of n; are from + [ to — /. The number of possible |

m, values are (2/ + 1) including zero.
6) Magnetic spin quantum number (m,) : It is defined as the compo-|

2s +1).

7) Total magnetic quantum number (m)) : It is defined as the compm
nent of j on the field direction i.e.;m; =j cos 0 1
The possible values of mm; are +/ to — j excluding zero. The number of possibl =
values of m; are (2j + 1) excluding zero.

1
4. What is Raman effect? Give the experimental arrangement for the Raman effec o
Obtain the expression for Raman shift. (or) Describe the Raman effect experime ]

Write the applications of Raman effect. [ANU 018,J18,J16,15,1
2; AdNU N17;
AU 18,17; BRAU 018, 017; KU 018, o17,,15’; RU 018 017;
SKU 018, 017; SVU 017; VSU S17; YVU, N17]

et 7 |
A

A. 1) When monochromatic beam of incident light is passed through a gas, liquid of

transparent solid body, the light is scattered. In 1928, Sir C.V Raman observed
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4)

that the spectrum of scat-

tered light, (in addition to

the frequency of incident Vel

hght) consists of frequencies STROKES — FREQUENCY — ANTI STROKES
greater and smaller that of LINES — OF INCIDENT - LINES

the incident beam frequency.  LINA

This 1s known as Raman ef- [ e Ma AR

fect. | |

The spectrum of the scattered light is called Raman spectrum. The new lines
are called Raman lines. $ & .

The hines of smaller frequency are called as stokes lines while the lines of
greater frequency are called as anti stokes lines. The lines are shown in fig.
The displacement of the lines, are independent of the frequency of incident
light but are functions of the scattering substance. So Raman dlsplaccmcnts
are characteristic of seattering substance. !

e
Experimental arrangement for Raman spectroscopy :

1)
2)

3)

4)

¥,
S—

7)
8)

9)

Expression of Raman shift :

Scientist Wood's apparatus, is used for studying Raman effect in liquids.

It consists of a glass tube AB of length 10 to 15cm and 1 to 2¢m in diameter,
contaming the pure experimental liquid free from dust and air bubbles.

The tube 1s closed at one end by an opticélly plane’ glass plate W and at the
other end it i1s drawn into a horn (/) and blackened on the outside.

Light from a mercury arc S is passed through a filter F* which allows only
monochromatic radiation of A = 4358 A to pass through it.

The Raman tube is surrounded by a water-jacket (J) through which water is
circulated to prevent over heating of the liquid.

A semi cylindrical aluminium reflector R 1s used to increase the intensity of
illumination.

: Original line | 4358 A
R Anti-stokes line Stokes line

K"‘J‘_ﬂf*

-

1

1% gy

S - Spectrograph

The scattered light coming out of W is converging on the slit of a spcctrograph

The spectrograph must have a large resolving power. A short focus camera 15
used to photograph the spectrum. {

On developing the photographic plate, it exhibits a number of stoke’s lines,
few anti-stokes lines and a strong unmodified line.

1) Raman observed that spectrum of scaltered light consists of frequencm greatér

and smaller than of the incident beam frequency.

-
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2) The lines of greater frequéncy are called as anti-stokes lines while the lines of
smallar frequency are called as stokes-lines.
3) The three different situations are shown below.

% I
hy ' hv hy fiv hv
Anti - stokes lines Ray, light Stokes lines
RSN

2 < hy )».I~ =A
The difference of frequency between actual frequency of incident light and
kes lines, called Raman shift.

frequency of either stokes or anti sto
Raman effect is given by Av =y, — v, for

5) The wave number displacement in
stokes lines and Av — v, — v, for anti stokes lines.

1 1 1 1o 1 :

6) Buty,=—,v.=—fand'v_ =t SAAV=Hs 5 1
) 0 S a-s 7\' i A, )\‘ ( )

9 s
')\'r) >"x a-s 0 s

1 1
dA\v=—""—3" 2
and A i — (2)

7) Equations (1) and (2) are expressions of
Characteristics of Raman lines :

1) The stokes lines are always more intense than antistokes lines.
2) The Raman lines are symmetrically displaced about the parent line.

3) The frequency difference between the modified and parent line represents the
frequency of the corresponding of infrared absorption line.
Applications of Raman effect : ;
i) To study the molecular structure of crystals and compounds.

ii) To study the composition in plastics, mixtures etc.
iii) To decide about single, double or triple bond.

iv) To study the spin and statistics of nuclei.
v) To study the binding forces between the atoms or group of atoms in crystals.

Raman shift.

-

5. Explain Quantum theory of Raman effect.
[ANU 017; AdNU 018; SVU 018; VSU 018; YVU 018]

A. Quantum theory of Raman effect :
1) Raman effect is due to the interaction between a light photon and a molecule of
the scatterer.

2) Suppose a photon of frequency v, is incident on a molecule of mass‘m’ and

there is a collision between the two.
Let ¥, and ¥, be velocities £, and E, be intrinsic energies of molecule before

and after collision.
4)  Let v, be the frequency of the scattered photon.

5) Applying the principle of conservation of energy,

3)

2

E, + L Vi+hv,=E, + —;— mV;i+hv, — (1)
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6) We may assume that the K.E. of the molecule is unaltered during the process.

I’: e I':\
Hence, £y + hv, + E, + hv; = vy = v, == il
. A )
B - &, ) .
VitV 4 ilaansis, _, ()
4 | /I
7) Three cases may arise,
1) ITE, = E, then, v, = v,. This represents the unmodified line,

u) It E,>E,, then, v, < \' This represents the stokes line. It means that the
molecule has absorbed some energy from the incident photon. Consequently
the scaottered photon has lower energy or longer wave length.

) IFE, < £y, then, v, > vy, This represents the antistokes line. It means that the
molccuk was pnumu.\ly in the excited state and it handed over some of its
ntrinsic energy to the incident photon. The scafttered photon thus the greater
energy or shorter wave length.

8) The three different situations are shown in figures.

T
v | | hv!
\\\7 WV
|
Anti-stokes lines Ray leigh lines stokes lines & i
A< hy A= A

9) Since the molecules possess quantised energy levels,
We can write E, — E, =nhv, — (3)

Where n=1,2,3 .. .etc, and v, = the characteristic frequency of the molecule.

10) In the simplest case n = 1, equation (2) reduces to v, = v, £ v, — (4)

11) Equation (4) shows that the frequency difference v, — v, between the incident
and scattered photon corresponds to the characteristic frequency v, of the
molecule.

6. What is Zeeman effect ? Describe the experimental arrangement to study the
Zeeman effect. [BRAU 018; KU M16; SVU 018; VSU 018, S17]
A. 1) When a source of light producing line spectrum is placed in a magnetic field,
the spectral lines are split up into components. This effect is called zeeman
eftect.
2)  When the splitting occurs into two or three components, it 1s called normal
zeeman effect.
3) The splitting of a spectral line into more than three components in ordinary
weak magnetic fields 1s called anomalous zeeman effect.
Experlmental arrangement :

1) MM is an electromagnet capable of producing a very strong magnetic field.
2) It consists of pole pieces PP have longitudinal holes drilled through them.
3) L s a source of light, emitting line spectrum is placed between P and P.

-
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' iginal line
4) The spectral lines arc otig

observed with high ——

; ' spectro- e .
lesOllutlon ; é ! E Longitudinal view -
graph. ME :
5) In the absence of mag- = .
K =
netic field, the position £+ o

Transverse view
of spectral line 1s L ld;\ld)\l
noted.

ik
6) In the presence of e ersicai
magnetic field, the spectral line is split into two components on €

44

, 45 g

original line, in the direction of field. The 01'i.gina‘l line 18 ngt p‘resell1]t‘.3dBr(])(t)lll‘I;C::‘i?_?.i :

lines are circularly polarised in opposite directions. This 1s ca a
itudinal zeeman effect. : A :

7 ]T("l?eg lsl:;gcl:tral line is then viewed transversely, the single spectral- line split u 1
into three components when the field is applied. The central 'lme has sam@%
wavelength as the original line and is plane polarised with vibrations .parallel to‘«:d
the field. The outer lines are symmetrically situated on either side of th.e'% j
central line. The displacement of either outer line from the central line IS |

known as zeeman shift. The two outer lines are also plane polarised having |

vibrations in a direction perpendicular to the field. This is called transversez
zeeman effect. AR

SHORT ANSWER TYPE QUESTIONS
1. Explain the spectral terms.

A. In describing the electron configuration, small letters are used to represent the valued
of /, '

£ TR W ) T
Dol s p d . f g

Thus, if an electron is in a shell for / = 0, it 1s calle

d s — electron, for / = K
p — electron, and so on.

To represent ihe configuration, following two points are considered
1) The value of total quantum number 7 is wri ' |
of 1tten as a prefix
representing its / values. : % ‘et
11) The number of electrons with th

| € same » and
hand side of letter representing

their / valye,
The electron conf guration of sodium and

sodium (11 electrons) 1s?, 257, 2p°, 3’
chlorine (17 electrons) 14

The total orbital 1,1 |
Qomentum of : B
below At atom L, are expressed by capital letters as shown |

L.0123
gitiotanon i s it r

p values is written at the upper right|

chlorine are expressed as,

Sk 2p°, 352, 34°

) \ ; ]
v

4iis
G H
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>N

“To express the spectral terms, we consider the following two points.

1) The value of total angular momentum of the atom (J) is written as the subscript al
the lower right of the letter representing the particular £ value of the atomic state

i1) The number of possible values of J for given values of L is written as a subscrip!
at the upper left hand of the letter representing the L values.

1

For L = 1, and S = -, the skectral terms are °P, , and *P;

2
Hence, L = 1 so the state is P. For S = 1/2, the multiplicity is (25 + 1) = 2, Now
1 gl 3
J=LtS=1lt===and=
) and 5

Write about selection rules.
The spectral lines are governed under certain principles known as selection rules.
There are three selection rules as described below.

a) The selection rule for L : Only those lines are observed for which the value of L
changesby + 1 (i.e., AL=+%1)

b) The selection rule for J : Only those spectral lines are observed when the
transitions takes place between states for which AJ =+ 1 or 0. The transition

O — O 1s not allowed.

¢) The selection rule for S : Only those spectral lines are observed for which the
value of S changes by O(AS = O)

d) Selection rules for magnetic quantum numbers : In the presence of magnetic
field, the orbital magnetic quantum number , and spin magnetic quantum number

m, play an important part in the transition. Their selection ruels are Am; =0 or £ 1
and Am, = 0. ,

In consequence, Am, =0 % 1.

Write about intensity rules.
The intensity rules are
i) The intensity of transition is strong for which L and J change in the same sense.

i1) The intensity of the transition is weak for which L and J change in opposite sense

iii) The intensity of a line is strong when the transition is in the decreasing sense.
Le., fromL - (L - 1).

iv) The intensity of a line is weak when the transition is in the increasing sense i.c .
fromL — (L + 1) /

v) The oppositely directed transition does not occur.

The above rules can be summarized as

AL=-1 AJ=-1 most intense line

AL=-1 AJ=0 less intense line

AL=+1 AJ=+ 1 weaker

ST AT —0 wealer
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AL=-1 AJ=+ 1no transition.

AL=+1 AJ=-1 no transition.

4. Explain L - SandJ-J Coupling.  [ANU 018, 017, MJ-?-; “:1": ?:‘";Bdoh:::
H 017; KU 018! ’ ’ |

AdNU 018; AU 17; BRAU H SKU 018]‘

A. Coupling schemes : q
« - The orbital and spin angular momenta of electrons in an atom can be a ded i
together in 2 ways. They are (1) L — S coupling or the Russel-Sanunders couplmg

and (2) the J-J coupling.

1) L — S coupling :
1)+ Tthe coupling which occurs most
frequently is called L-S§ cou-
pling. [
i) In this type, all the orbital angu-
lar momentum vectors of the
various electrons combine to
form a resultant ‘£’ and inde-
pendently, all their spin angular
momentum vectors combine to
form a resultant ‘S,
11) These resultants L and S then combine to form the total angular momentum J [

of the atom.
1v) Symbolically, we can represent the coupling as L=(/, +1, +1+.. ); |
S=(5+S8,+S8;+...)and J=L +S. L is always an integer including zero.

When L >S,J can we have (2S+ 1) values and when 7 <8,/ can have
(2L + 1) values.

2) The j — j coupling :
1) This method is employed
when interaction between the
spin and orbital vectors of
each electron is stronger than
the interaction between either
the spin vectors or the orbital
vectors of the different elec-
trons.
i1) The orbital and spin angular
momenta of each electron in
the atom are added to obtain the resul
gilhus j, = (/; +5)), 7, = (, + 1),
Js=(3+s3)....andJ=j +j, +j, = S

tant angular momentum of the electron‘

5. What is Raman effect ? Explain. Write its applications. P
[ANU 017; AU 18; BRAU 018; Ry 018; SKuU 017, YVU o,
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A.  When monochromatic beam of incident light is passed through a gas, liquid or
transparent solid body the light is scattered. In 1928, Sir C.V Raman observed that
the spectrum of scattered light, (in addition to the frequency of incident light)
consists of frequencies greater and smaller that of the ineident beam frequency.
This is known as Raman effect.

Applications of Raman effect :

1) To study the molecular structure of crystals and compounds

1) To study the composition in plastics, mixtures etg.

i) To decide about single, double or triple bond.

1v) To study the spin and statistics of nuclei.

V) To study the binding forces between the atoms or group of atoms in crystals.

6. Explain Zeman effect and Stark cffect. [ANU 018; ADNU N17; BRAU O/N17;

A. Zeeman effect : . [RU 017; SKU N18, N/D17]
1) When a source of radiation, giveing line spectrum is placed in a magnetic field,

the spectral lines are split up into a number of component lines, symmetrically
distributed about the original line. Doublets, triplets and even more complex
systems are observed. This is known as Zeeman effect.

2) If the magnetic field is very strong each spectral line is split up into two
components in the longitudinal view and in three components in transverse
view. This is known as Normal Zeeman effect.

3) When the magnetic field is comparitively weak, each line splits into more than
three components. This is known as Anomalous Zeeman effect.

Stark effect : 1he sphitting of spectral lines due to the action of external electric

field is called the stark effect. ‘ | ~

7. Explain stokes and anti-stokes lines. [ANU M15)

A. :

of incident light is passed

through a gas, liquid or l l

transparent solid b()d)’, the STROKES FREQUENCY ANTI STROKES
light is scattered. In 1928, LINES OF INCIDENT

LI
Sir C.V Raman observed LIGHT '
that the spectrum of scat- — RAMAN LINES
tered light, (in addition to
the frequency of incident

light) consists of frequencies greater and smaller that of the incident beam
frequency.. This is known as Raman effect. The spectrum of the scattered light
is called Raman spectrum. The new lines afe cdlled Raman lines,

2) The lines of smaller frequency are called stokes lines while the lines of
greater frequency are called as anti stokes lines.

3) The lines are shown in fig.

4) The displacement of the lines, are independent of the frequency of incident

light but are functions of the scattering substance. So Raman displacements
are characteristic of scattering substance,

1) When monochromatic beam r

-
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A.  The yellow lines of sodium are split due to spin-orbit coupling of L ani .IS' .
The transition which gives rise to the doublet 1s ’r'ron? thg 31; t:)tg]e??S (cfr‘l/:it; l? Cl
which would be the same in the hydrogen atom. The factis t a' eA N
quantum number = 0) is lower than the 3P(/ = 1). The 35 electron E er;c; livzl ise 4
1S shell more and is less effectively shielded than 3P electron, so the ey
lower. The fact that there is a doublet shows the smaller deppndeqq: 0 tet Oﬂ}t
energy levels on the total angular momentum. The 3P level is split into states with
3
total angular momentum j = - andj = ! by the mag- e
S 2 X cand ! 3P
netic energy of the electron spin in the presence of the 12
nternal magnetic field caused by the orbital motion. 289 Dy
This effect is called spin-orbit effect. 3505
Hence we get D, D, lines due to the transitions shown
in the fig.
PROBLEMS !
1. An element is placed in a magnetic field of flux density 0-3 weber/m’. Calculate !
the Zeeman shift of a spectral line of wavelength 4500A.. [ANU M15] ._
Sol : B = 0-3Weber/m’, A = 45004 = 4-5 x 10" " m, |
a=1'6 x 107" C
my=9-1x10""Kg; C=3 x 10° m/s
2 - 19 ; ; = 9R9)
AR eBA 1166 X 107 Hix(0:3) >_<3(145 x 10 )8 — 0-028384.
4nm,C 4 x3-14 x (9-1 x 10 ) x (3% 10°
2. The Zeeman components of a 500 nm spectral line are 0-0116 nm apart when the |
magnetic field is 1-007. Find the ratio e/m, for the electron. {
Sol : A =500 nm =t x 10™ 'm; Ak = 0-0116nm = 0-000116 x 10~ "m,
B=1:00T=1N/A—-m. :
Be)? e  4nC[d\
AN = o el
dm,C  mg B ) ] ‘
e _4x(314) x (3x 10%[0000116x 10°7] 4 0
T il L 5% 1077)? P/ kfansl0996 ks |
3. Calculate the frequency of vibration of CO molecule and spacing between its
- vibrational energy levels, given that the force constant K of the bond in CO is |
187 Nm™ ' and reduced mass of the CO molecule 1 is 1-14 x 107 Kg. 1
[ANU J15] |
Sol : The frequency of vibration is given by I
 eloggia. o b 187 i 13
v"_Zn\/f_Zn_ ——g—— =204 x 10" Hz.
1-M4 x 10 2"}

Write about the five structure of sodium D-lines.
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Sol :

Sol :

Sol : Given -£- = 1.76 x 10" C/Kg

The separation AE between vibrational energy levels in 'O is given by
AE=E \ ~E =hv, =663 %10"") « (204 % 10"y} = 844 % 10°? ¢V,

A sample was excited by the 4358 A line of mercury. A Raman line was observed
at 4447 A°. Calculate the Raman shift in em o [ANU 017;
KU 018, 017, M15; SVU 017; VSU 018)
Given A, = 4358 4 = 4358 x 10" * em.
A =4447 4 = 4447 x 10"  em.

Raman shift, A), = L X

) ,"\

o i SR l L

= 229406 - 22487

4358x 10" 4447 10°* 4358 4447
“AAN=459¢em !

The exciting Tine in an experiment is 5460 4 and the stokes line is at 5520 A. Find
the wavelength of antistokes lines. [ANU J16, M15; KU J15]
The wave number displacement, in Raman effect is givenby Av=y, - v, for anti
stokes lines. = v, -y, ;
2 - : = 18315¢m™"
Ao 5460 x 10°* em

- ' = 18116 em™'

|
LA, 5220 x 10" *em
Av=vy-v,=18315-18116="199 cn""! _
For anti- stokes lines, v, . =A v + Vo=199 + 18315 = 18514 ¢!

Vo=

i A 1 ]
. Wave length of antistokes line is A, == —— = —t _ | £

a8y RS

5

=5-401 x 107" em = 5401 4.

Calculate the wavelength separation between the component lines when a magnetic
field of flux density 5 weber /m? is applied in normal Zeeman Effect experiment.
(Specific charge of electron = 1.76 x lO“C/Kg, A =6000"4 and ¢ = 3 x 10" nvs),

[KU J16)

m,

A =60004 =6 x 10"m
C=3x10%m/s . B =5 weber/m’

AL = eB \? _1:76 x lgilx 5x(6x107")

e SR o

47tmoC ¥ 4 x3.14 % 3;168"
S AA=84x10"m =(0.844
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7.

e N
..J-Ii'z—zor2

Spectral terms are 2,,3/2 and 2

Sol: Given A = 60004 = 6 x 10 'm

Sol :

Sol :

10. Find the possible Spectral terms for 3
Sol: 3p" electron has L = |, § %

J="148

. ified line of wavelength
Calculate the wavelength separation between the unmodified :

: nsity 1 weber/ |
A = 60004 and the modified line when a magnet_llc; field of S?XxdleO_B 'tI)(lg T
i1s applied in normal Zeeman Effect. e = 1-6 x 107 ¢, my =
and ¢ =3 x 10%m/s.

bl
i

[KU M16]

B=1wb/m2;e=16x10"¢
my=9-1x 107'Kg; C=3 x 10°m/S

_eBM  16x10x 1 (6x107)
4mmeC 4x314x91x 107 x 3 x 10°

L AL=0:1679 x 10 "°m = 0.1684

In the normal Zeeman effect, the frequency separation between two 2gonsecutive 1
spectral lines is 8.3 x 10* Hz. Find the magnetic field. p, =9.27 x 107" J/T.
Given Av=8.3 x 10° Hz; i, = 927 x 1072 J/T [ANU J15]
h=663x10"*JS:B=9"

Be B eh
Formula, Av=-=2. £ .. _ eh
ormula, Ay Pl sy P
ng 8
o hAy b 6163 x M0t ?-ix 10 B=M x 107%2=5.936 x 1072 T
I 9.27 x 10 9.27

In the normal Zeeman effect, the frequency separation between two consecutive ‘»
spectral lines is 8.3 x 10® Hz. Find the magnetic field. |
Given Av = 8.3 x 10% 4= ;

e=16x10""C

my=9-1 x 10'31Kg;B=?
Be

4nm,

Formula, dv =

o dmmydv L4%3:14 %19:1x 107! x 8.3 x 10°
e 1-6x 107"

_4x314x91%x83x%x 104
T \1_6~ - B=592.9x 10747

p' electron in -S coupling scheme.

Prsa
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11. A material was excited by a radiation having a wavelength of 4358 A. A Raman
line (stokes line) was observed at 4400 A. Calculate the Raman shift. .

[ANU July 18]

| Sol: Ay =4358 4 =4358 x 10 cm ; Ay = 4400 4 =4400 x 10"" cm o

L g 1 . 1

Raman shift AA= — - — = -
~ Ao As 4358x10°° 4400 x10°° _
Ah=22,946-22,723 ;" . AA=223Cm . | | -_
12. If a magnetic field of 0-027 T is applied find separation of spectral lines
(e=16x10""C, M =91x 107" Kg). [ANU July 18]
Be)?
[:Ah=
o 4nM.C ,
Here B=0-027 T;e=16x10""°C ;M,=91x10*'Kg ; C=3x 10" ms™"
2 (0-027) (1-6 x 10~ ") (A%) 0-0432 dn2
= — X 10 }\.
(4x314)x(91x107*)(3x 10°) 342:888
B30 5
= i =il 4
FIT T ek

4 13. Calculate the spectsal lines for 25, 2P electron using L — § coupling. [SVU 18]

| ‘ |
Sol : | Level ') A Multiplicity (2S5 + 1) U= ijzl- Full Notation
4 2l 2
G S Lo R 2 %
. L SR
P ‘_Ll_,__i_L___ 2 ) P31,
2/’{ P3/2
3 2p,
/)
2 y y 2S
S 3 1/2

Dy b,

. Spectral lines for 2, 2P electron using L — S couplin gareD, and D,.

14. Calculate the change in angular frequency of an electron due to magnetic field
1 weber / m’.

Be

4nm,

T T

Sol : Av =

Here B=1Wb/m’;e=16x 10" °C;m, =91 x 10°*' Kg o '
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RSN RTURG 1.6 x 10
@x314)(91x 107"  12:56 x 91
o Av=1:3998 x 10" Hz.

15. A sample was excited by 4360 A line of mercury a Raman line was ob
4450 A. Calculate the Raman shift in em” ',

servedl;; {

: : I+l
S 1 SR h ﬁ AAN=———
ol : Raman shift AA T
=8 ;
Here A, = 4360 A = 4360 x 107" cm ; Ag=4450 A = 4450 x 10 “cm
" 1 ) I & [4450 - 4360_] 108 ™!
4360 x 10~ 4450 x 107° (4360 x 4450

90 e 90,0000 e s
EN .\ By dar 2OV 10 eni ' = 0-0463869 x 105 ¢
T gl ey 1

o AA=463-869 cm” . ,,
16. Calculate the specific charge of electron. Bohr magnetron of eleclron\
Wy = 9274 x 107 Amp— mr’. [ANU 018]

eh e 4mpy

Sol : p, = ——4mn = s = h

Here py=9-274 x 107 Amp—m’ h =663 x 107"
e 4x314x9274x 107
A e

4
|

— = ~ S T 0
m 663 x 10~ ;

£ 1.75x 10" ¢/kg
m

R
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UNIT- Il

MATTER WAVES &

UNCERTAINTY PRINCIPLE

1. What are matterwaves ? Explain the de-Broglie concept of matterwaves. Obtain
an expression for the wavelength of matterwaves. Give the properties of matter
waves. [ANU 018, J16; AdNU N17; AU 18, 17; BRAU 018, 017;

RU 018, 017; SKU 018. VSU 018, $17]

A. Matter waves : The waves associated with the material particles are called

matter waves or de-Broglie waves.

de-Broglie concept of matterwaves :

1) According to de-Broglie a moving particle has wave properties associated with
it.

2) A material particle of mass m moving with a velocity ¥ behaves like a wave of

*  wavelength l

de-Broglie wavelength ) = W —ll—;

Here P =mV" 1s the momentum of the particle and / is the Planck’s constant.
The corresponding wavelength is called the de-Broglie wavelength.

Expressior for the wavelength of matterwaves :
1) According to Planck’s quantum theory

A

A

Where c is the velocity of light in vaccum and A is the wavelength.
2) According to Einstein’s mass-energy equivalence

E=mc* > ()
3) From equations (1) and (2)

2 he h

NG = \ k=m— —->3)

where mc = p (Momentum associated with photon)

4) Consider a material particle of mass m moving with a velocity ¥, then the |
wavelength associated with this particle can be expressed as

ol B Al
Nies P — (4) (' PEmi)
5) If Eis the kinetic energy of the material particle, then
B, s

2 mV'*Z;
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~ e
s P=OmE ~. de-Broglie wavelength A= "5

‘ lerated by a po
6) When a charged particle carrying a charge ¢ 15 acce

difference ¥, then its K.E is given by £ = ¢V’

h
7) | Hence, de-Broglie wavelength (A) = W

Properties: .- ‘ ;
1) Lighter is the particle, smaller is the mass () ‘
the matter wave 4
h :
k = L -_ o
Thned i velength.
2) Smaller is the velocity (V) of the particl.es, larger 1s the \txi/gn a
3) Matter waves are exhibited by any particle that 1s in mo1 1'ike reutron
4) Matter waves are associated with charge less particles-also
5) The velocity of matter waves is not a constant, : .
6) The velocity of matter waves can be greater than the velocity of light.

7) Matter waves are not produced by any distrubance created in“any ma 5,]
medium.

and larger is the wavelength

- 2. Describe the Davisson and Germer experiment and its result.
. : [ANU J1i8, 017, J15, M16; AdNU 018 N17; AU, 17; BRAU 018, "1;"
KU 018, M16, J15; RU 018, 017; SKU 018,
SVU 018, 017; VSU S1 7; YVU 018, N17
Or : 4
What are matter waves ? How they are experimentall

A. Matter Waves :
The waves associated with materia] particles are called

Description : As shown in figure the arran

1) An electron gun consists of a tungsten filament F. Thjg f;
heated to dull red to emit electrons by thermionic emjsg;
are accelerated through the potential difference generat

The electron beam is collimated into g narrow fine beam
- SlltS Sl’ Sz, S3. a

2) - The outcoming electron beam is di
nickel. This crystal is the target
perpendicular to the plane of
the page. The electron beam
scattered in different directions,
The angular distribution of scat-
tered electrons and their respec-
tive intensities are measured
with the help of a Faraday cy]-
inder c, a circular scale s and a
galvanometer G.M.

y verified ? Explain,

matter waves.

gement consists of the following,

o
0

i,
lament ig electrical!
on. These electro
ed by the battes

by means of suj ab
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3)

4)

5)

6)

Faraday cylinder C called the collector, acts as an electron detector and s
connected to a sensitive galvanometer. The Faraday cylinder consists of two
cylinders D and C insulated from each other and provided with co-axial slits.
A retarding potential is maintained between the outer and inner cylinder only
fast moving electrons cdming from electron gun G and scattered by 7 can enter
into the inner cylinder. Any secondary electrons produced in collisions with
the target atoms are reflected away by the Faraday cylinder. Thus, only those
electrons having nearly the same velocity as that coming out from the electron
gun and incident on the target may enter into the collector c. These electrons
are detected by the sensitive galvanometer. The galvanometer deflection is

directly proportional to the intensity of electron current.
The Faraday cylinder can be rotated along a graduated circular scale ss, so that

it can receive the scattered electrons at all angles between 20° and 90°. Thus

the angular distribution of scattered electrons can be determined.
The acgelerating potential ¥ provided by the battery can be changed from 30 V
th

to 600 V. The retarding potential will be 19—0 of the accelerating potential

each time.
The whole apparatus was completely enclosed and highly evacuated.

Experimental procedure :

)

2)

Let us consider the normal incidence of the electron on the target crystal |
surface. The surface of the target (nickel) acts as a diffraction grating to the
incident electron beam. For each azimuth of the crystal, a beam of low voltage
electrons is made to fall normally on the crystal surface. The collector is
moved to various positions along the circular scale ss. At each position, the

deflection in the galvanometer is noted. ,
This deflection gives a measure of the intensity of the diffracted beam of

electrons. The angle between the incident beam and the beam entering the
collector is known as co-lattitude angle. It is also a angle of diffraction. The
intensity of scattered electron beam was measured at different angles. The
experiment is repeafed for several accelerating voltages V.

" 50°
54V

(c)
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dppear in the curve for 44 volts el

3) It is observed that a bump begins to”
~ According to de- broglie, the wave len

g,th associated with moving e,;

given by
A ' A [t
4) The bumb becomes most prominent at V= 54 volt.
WA
o A=—72=1614
o

stal acts as a plane diffraction gt

g
ey

5) From X - ray analysis, A nickel cry
(d=0-914). According to the diffracted electron beam at (0 = 50°).

, 180°=50°
955 .2
6) Using Bragg’s equation (taking n = 1)
A=2dsin®' =2 (0-914) sin 65°
A=1-654
Result : This is in good agreement with de - broglie wave length, hence confi
the de-broglie concept of matter waves. '

=03

3. State Heisenberg’s uncertainity? Explain gamma ray microscope as a conseq j
of uncertainty principle. :
Or
State and prove Heisenberg uncertainty principle with example. 3
~ [ANU J18, 017; SKU 017; VSU 018, S1'
A. Heisenberg uncertainty principle : 9

simultaneously to any desired degree of accuracy". 3
2) Taking Ax as the error in determining its position and AP the error in determin
ing its momentum at the same instant, these quantitics are related as follows,

Ax-AP=h — (1)
Similarly AE-At=h — (2)
AJ-AO~h —(3)

where AE and At are uncertainties in determining the energy and time. While "_

and A6 are uncertainties in determining the angular momentum and angle.

3) The product of uncertainties in determining the position and momentum of the
particle can never be smaller than the order of L. So we haye
4n

h h ]I
AP -Ax2>—, AE - At2~
4n e A AT

Illustration : Determination of position with y-ray microscope :

1) Suppose we try to measure the position and linear momentum of an electron |

using an imaginary microscope with a vary high resolving power. The resolv-|
ing power of the mocroscope is given by
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R
= 2s1n0 e

Microscope objective

Photon g Elec-

—»

where Ax is the minimum distance between two points in the field of view 0 is
the semivertical angle of cone of radiation entering the microscope.

2) If position of electron changed by Ax, the microscope will not be able to detect
it. Thus Ax is the uncertainty in the measurement of electron position.

3) The incident photon has momentum Ii It collides with electron. The scattered

photon niay enter the objective lens anywhere between OA4 and OB.

4) The component of this momentum along OA is —Th sin O and that along OB is

i
2 sin 0.
}\' R
5) Hence the uncertainty in the momentum measurment in the x-direction is

AP‘:;—isine—(_Th sine)z%sine

A 2he;
—sinO=h

2sinf 4§ A

Ax-AP. =h — (2)

This is uncertainty principle.

6) Equation (2) shows that the product of uncertainty in position and momentum
1s of the order of Planck’s constant.

v Ax - AP =

4. Explain Heisenberg’s uncertainty principle by illustrating by diffraction through
single slit. A -

A. 1) Letus consider a narrow beam of electrons incident on the slit of width Ay as
shown in figure. It is quite obvious that the slit of width d = Ay gives us the

accuracy with which the position of the electron can be measured in the y-di-
rection.

2) Let us consider the diffraction effect the electrons can be considered as waves
because of the wave-particle duality.




' o 0@ as

3) The diffraction pattern will be as shown |
in the figure. As there is a spread of the ")f(fg,";,”’
wave due to diffraction, there will be an il Ay p a
uncertainty in the value of momentum SHORT | _L 3 // ?\’p
of the electrons as it comes out of the -“>Q"'] Po
slit. R ]

4) The original initial momentum P, 1s Y
only along the OX direction. There 1s _l
no momentum component along y-dl- A B
rection initially. .

5) After diffraction, let P, be the mometum of the electron as it reaches the first
minimum at a. The angle of diffraction is 6. This P, itself will be the uncer-
tainty. AP is momentum along y-directiort. ‘ l

o o
For small 0 values, tan 8 ~ 0 = ?‘L - (1)
0
6) From the diffraction formula
nA=dsin0 — (2)
For first order diffractions n = 1 and d = Ay we have
sin 0 = L and for small 6. 4
Ay .’
. A ;
sinf~0=— — (3) :
Ay
D E Honsi(1) BB e bive 2 S gl
a we have —% ~ —
) From equations n PiEL |
AP, -Ay=\P, — (4) |
8) From de-Broglies hypothesis we have A = %
0

5. - State Heisenberg’s uncertainty principle and apply in case of
i) Position and momentum & ii) Energy and time.

1)

2)

Heisenberg’s uncertainty principle :

h
APy'Ayz[FO)Po

AP Ay~h — (5)

The product of the uncertainty in mmentum and uncertainty in position is of
the order of Planck’s constant. This is nothing but the Heisenberg’s uncer-
tainty principle. : "

[ANU 018; AdNU 18; AU 18; BRAU 18; KU 18; SKU 18] |

"It is impossible to measure both the position and momentum of a particle "
simultaneously to'any desired degree of accuracy". .
Taking Ax as the error in determining its position and AP the error in determin- ';
ing its momentum at the same instant, these quantities are related as follows.
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Ax-AP=h — (1)
3) Similarly AE-At~h — (2) !
AJ-AB~h = (3)
where AE and At are uncertainties in determining the energy and time. While

AJ and A are uncertainties in determining the angular momentum and angle.
4) The product of uncertainties in determining the position and mementum of the

: it
particle can never be smaller than the order of . So we have

n
AP-szi,AE-Atzi,AJ-AGZL.
4n 4n 4n

i) In case of Position and momentum and ii) Energy and time :

5) Consider the case of a free particle with rest mass ‘m,” moving along X~ di-
rection with velocity V.

5

o
The kinetic energy is given by E = % mV2= ;’;— - (1)

6) If AP, and AE be the uncertainties in momentum and energy respectively, then
differentiating equation (1),

We have AE = 2’171 (2P, AP ‘= PR =piAE

WJIPRCE | C T
. AP S P,~AE_ V.\'AE > 2) [P, =m K3l

X

7) Let the uncertainty in the time intervel for measurement at point x is At, then
uncertainty Ax in position is Ax = VAt — (3)
8) From equations (2) and (3), Ax AP, = At AE — (4)
/
We know that Ax AP, > R
hald
LN
" AtAEZ— 5 (5)

4n

This 1s the Time-energy uncertainty principle.

6. Estimate the wavelength of a matter wave and discuss the complementary principle
of Bohr. [ANU 018; SVU 18] |

A. Complementary principle of Bohr : “Any new theory in physics must re-
duce to well-established corresponding classical theory when the new theory is ap-
plied to the special situation in which the less general theory is known to be valid”,
Explanation :

1) According to classical theory, the frequency of the spectral line is the same as

the orbital frequency of the electron (v = 22]
1 0
But in Bohr’s theory, the frequency of the spectral line 1s determined by the
difference in energy between two orbital states : v = (&, - E)/h.

3) Letus consider an atom of effectively infinite mass.

2)
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F————L"‘ - ()
RSy Sen o (

chang

4) If nis sufficiently great, the energy change AE correspondingtoa "«

nby An is obtamed by differentiating equation (1)
_me'

AE, = <dn - (2)
de) '’ '
\E .
G me} An = (3)
h 48 '’

nh
5) According to Bohr s first postulate, Zt— = mr'o
or nh = 2nmr’o
me' me'
o = An = s An — (4)

2 2 23106253
4¢2 (2nmrio)’ 32n'sl mr’e

6) Now for the equilibrium in the orbit, we have,

5 2
R 1 4ne mo
wes 5 r e

(8]

nre” =

2

4 4 27"

me TE MO 0)

S e % Anorv=—An
32ne; mmo 2n

e
Now, If An=1,v= e
21

7) Thus the frequency given by the quantum theory for ‘cwo very large quah h1

and hence with the classical frequency. E
8) Bohr’s correspondence principle explained the polarised spectral lines an
velocity, where as Bohr’s general principle has not explained. ‘

SHORT ANSWER TYPE QUESTIONS
1. Show that the phase velocity of de-Broglie waves is greater than the velomty
light. \
A. 1) De-Broglie wavelength (1) = L = (1)

where m i1s the mass of the partlcle and V be the velocity of the particle.

2) This wave will have its frequency v and velocity o that are related to 1}
wavelength by :

O =VA —(2)

3) From quantum theory, the energy of the partlcle 1s
E=hv — (3)
and from relativity £ = mc® —» (4)

4) From equations (3) and (4) hv = mc*




Il B.Sc. PHYSICS SEM4 - P5 25 MATTER WAVES AND ...

" s >

5) From equations (5) and equation (2), we get ® = (_'n;:;])‘ - (6)

o

2
6) and from (6) and (1) ® = (’"’C ) ":’V ol (i/' e (V )

7) Now according to relativity, the particle velocity V should always be less than
the velocity of light ¢. That is the velocity of de-Broglie wave  is always
greater than the velocity of light e.

Explain wave velocity and group velocity [ANU J18, J15; KU J16, M15]
Wave velocity (V,) or Phase velocity :
The wave velocity is the velocity with which the planes of constant phase

advance through the medium.

Phase velovity (V) = m

Phase velocity of de-Broglie waves :

1) A particle of mass m moving with a velocity ¥ is associated with it whose
wavelength 1s given by
h
& mV o
2) Let E be the total energy of particle. Then according to quantum expression
E=hv

ves

2nE
3) .. Angular frequency (®) = 27tv——1;1—

2 ¢ z :
O = l”—l—c" €. E= mcz) ‘ ,,

h : !

4) Now de-Broglie wave velocity ¥, is given by :

© [27["1('2) Ol
R 2amW)’ PV

A - h
where K is propagation constant. _
2n /

K= —)\-— (
Group velocity (Vy) s |
The velocity with which the group of waves travels is called group velocity.
dw
Vg T |
Group velocity of de-Broglie waves :
1) A particle moving with a velocity ¥ is supposed to consist of a group of waves,
according to de-Broglie hypothesis.
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Group velopi]y, V) = %‘;{3

Broglie waves associated

2) The angular frequency and wave number of the de- b Vi given By

with a parcticle of rest mass m, moving with the veloci
2 A
S 27!"16'2 ok 21!"100

= 1
® =271V P 7 - (1)
(AN B e
c
2nmyV
andk=2_7t=27rmV= my __)(2)
A h V-
ANl =55
c
3) Differentiating equations (1) and (2) we have
2myV 2nm
AL S6) ang BT o Gy
dv 273 AVl 2T
A hl1-—|
¢’ fea
: do do dv
4 = TTIRINN, f rer— S [
) Group yelomty 173) T T 14

Hence the de-Broglie wave group associated with a moving particle travelé
with same velocity as the particle. B |

3. Derive the Relation between phase velocity and group velocity.
| A. 1) Wave velocity (V) =% — (1)

2) Group velocity = dd_;{o —(2)

3) The wave number (k) = -?f

gk =2n
") B

et R S P AR RTEE i a) SR
sents a relationship between group velocity ¥, and pha




Il B.Sc. PHYSICS SEM4 - PS5

1 27 "MATTER WAVES AND ...

4.

[ANU 018; AdNU N17;

lain Heisenberg’s uncertainty principle.
State and explain He1 g oy i 018)

AU 18, 17; KU J15,

le :
A. Heisenberg uncertainty princip f a particle

1) "It is impossible to measure both the position and momentum O

simultaneously to any desired degree of accurgcy". . :
2) Taking Ax as the error in determining its position and AP the error in determin-
ing its momentum at the same instant, these quantities are related as follows.

Ax-AP=h =>(1)
3) Similarly AE-At=h —(2)
AJ-MO~h —(3) :
where AE and Ar are uncenainti:es in determining the energy and time. While
A J and A9 are uncertainties in determining the angular momentum and angle.

4) The product of uncertainties in determining the position and momentum of the

particle can never be smaller tha.b the order of Zh; So we have

h h h
AP-Ax >4 AE-At>—- AJ-AO >
bt ax’ adCor A

"Explain the consequencies of uncert#inty principle. (or) Expiain complementarity

principle of bohr. | [ANU 017; SKU 017; SVU 018]
1) The uncertainty relation in a way explains the possibility of wave-particle

duality present in nature.
2) If we treat the entity completely as a particle there will be no question of

considering its wave properties and vice versa.
3) A single experiment can never probe simultancously into the two different

natures. :

4) If we develop a very careful exﬂeriment to reveal out its wave character, an
electron for example will hide its particle character which becomes fuzzy.

5) On the other hand if wedevelop a very careful experiment to reveal out its
particle nature, the same electron will now hide its wave character will become
fuzzy.

6) "The two views are however complementary to eachother and not contradic-
tory. Both are necessary to have a comprehensive understanding of the sys-
tem". This is called Bohr’s principle of complementary.

Discuss importance of uncertainty principle. Write its applications.

Importance :

1) This theory also applicable big bodiés like sun and moon other than small
particles like electrons, protons. In the case of big bodies comparing experi-
mental errors, uncertainty values are very small. Thus uncertainty principle

does not effected. z

2)  Uncertainty principle explains particle & wave nature of matter, radiation in
new COHCCptS.
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Sol :

Sol :

Applications : 4 | .

1) It is used to explain Non-existange of el
neutrons in nucleus. s .

2) Itis used to binding energy of an electron in atoms.

3) Itis used determine the radius of the Bohr’s first orbit. ‘

4) Ttis used to frequency of radiation of light from an excited atom.

ectrons and existance of protons and

Write properties of matter waves.
Properties : & !
1) Lighter is the particle, smaller is the mass () and larger is the v.vavelength of 1
the matter wave A = Sl = A :
mV  p '
2) Smaller ‘s the velocity (V) of the partjﬁles, larger i§ the Wavelength-
3) Matter waves are exhibited by any particle that is.m motion.
4) Matter waves are associated with charge less particles also like meutron.
5) The velocity of matter waves is not a constant. . ,
6) The velocity of matter waves can be gieatcr than the velocity of light. E
7) Matter waves are not produced by any distrubance created in any material [
medium. ‘{

PROBLEMS

Calculate the de-Broglie wavelength assoéiated with a proton moving with a veloc- |
ity equal to 1/20 th of the velocity of light.

Velocity of proton (v) = 516 x Velocity of light

g
220
Mass of the proton = 1-67 x 10 S Kg

- 34 .
L 602 x 10 =2645107* m.

x3x10°=1.5x 10" m/s

mv_ 1.67 x 102 x 1.5 x 10" :
Calculate the energy of the proton in terms of electron volt whose de-Broglie
wavelength is 1A . (Proton mass = 1-66 x 10™%’ Kg. [SKU o18] |
Planck’s constant (%) = 6-6 x 107 ** J — seé:) :

Giventhat A\=1A=1x10"""m !

h=66x10"*]— sec, m=1:66 x 10 % Kg
LM R L
mv  \2mE T 2mA?
(6:6 x 1074
2% 1:66 x 107 x (107 %)
3 -21
o MO 10]9
1-6 x 10

S Es

5 =13:61 x 10™ %' Joules

=851x107% eV.
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3

| S

V= 1000V

\\wwuuhkwdmdvﬂu ‘emitted, i an electron
trameniied mio raduation and converted nto ane quantum

Accordmg 1o Planck, the energy £ assocated with one quantum £ = by i
Eeme

hmﬂ’.%-ﬂ’

SO . 11 - w0024« 10 "m=00202 A

e S 10 " x 3 x 10

Compute the de-Broghe wavelength of 10" kev neutron. Mass of neutron may be,
tukeon ms 14678 « 10 " Kg. 8
Given that K E of nevtron = 10" keve 10" eve 10" x 16 x 100 J= 16x 107" )

Now 3 mv' = 16 10°*) o

fz-,_u-w'

W S e

167510 "

| 6628 x 107" [l-muo‘”]‘

v 1675 x 1077 (2% 16% 10"
Ae2B6>» 10 "m

Compute the de-Broghe wavelength of a proton whose K.E is

mass energy of the clectron. (Rest mwam-uu '.
Kost mass onergy of m = 03512 MeV '

Energy of protog (£) = 2 .V’ = 0512 McV

Agam A =

F=0512x10°%x16x10" 8193 x100")

h ‘I' :!'H:;
m= 14673 x 107" Kg |

a g 5 e
VI _\2xBi93xio™ gk
T -
1673 x 10

Now 4 = b - mllQ

(1673 107 Px9897 x 109
A= 00004004 A

= 9897 « 10" m/s

a=1226 , 1226 1226
7 TH1000
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7.

Sol :

Sol ;

Sol :

t 10.

| Sol :

e=16x107", m=9.1 x 103! kg

- Momentum of electron (P) = ;v = (1)

i oduce electro
What voltage must be applied to an clectron microscope o pr '
Vo )

wavelength 0-5A ? 8
A=05A=05x10

i (6:62 x 107*%)? S
(E 2mi’e 2x9x 107 x (0-5x 107 "% x 1.6 x 10°"
V = 608-6 volts.

An electron initially at rest is accelerated through a potential ditference of 5‘ .

Calculate the velocity of the electron and de-Broglie wavelength. XU o1 1

1226 _ 12-26 "

= = = 1666 A
M

De-Broglie wavelength A = s
mv
h 662 x 10

— — —

mA 9.1x 10" x 1.666 x o=
v=4-371 x 10° m/s.

What voltage must be applied to an ele
wavelength 0-40 A ?

A=040A=04x10"m: ph=66x o

ctron microsbope to 'p‘r'oduce electrons'd 9

x=ﬁ— h

ke, b 8
P 2mE  \Dmev g4

2 -

V o L’) ) § 'i,, :
2me)’ e R

Ve (6:6 x 107 34?2 -

With what velocity must an electro Mepfell 14 ' g 1
_ n travel its mo i al

photon with 5 Wavelength of A < sy o mentum is equal to that of ‘d i

A=5200A=5200x lo_lom_. ) VA ) s %,

entum of hv _h
Ntum of phf)ton b = P )




Il B.Sc. PHYSICS SEM4 . PS5 || 31 |/ MA WAVES AND ...

1.

Sol :

T
e mi,
k2

(91 x 107 ) % 5200 % 10" ™
Find the wavelength associated with | gram of mass having a veloeity 2000 m/sec
(h=662x 10 * )y
m=1gm=10"Kg
v=2000m/s h=662 %10 )5

. h 6662x10°"
Ve w22 XD w330 % 10
mv 10 ° x 2000 w

A=331x10"A (- 1A=10"m)

12. Find the energy of the neutron in ev whose de-Broglie wavelength is 1A,

Sol :

13

Sol :

[SKU M17)
A=1A=10"m h=66x10"Js,m=1674 x 10" Kg

A= A md£=%m9mv=‘j%

mv
myv =m¥x ng “25”'
A = h - E = —-&i‘
U AN2Em T 2mA?
L+
g (,Mz,:,"):.rl.-__...._, = 1301 x 10" Joules
2% 1674 x 1077 x (107"’
1301 x 107"

=B 131 x 1077 ev.

16 x 107"

Calculate the wavelength associated with an electron having K.E equal to 1-512

MecV. Rest mass energy = 0-512 MeV.
K E of the electron = 1-512 MeV

Rest mass energy = 0-512 MeV
me =my + KE=0512+ 1:512=2024 MeV

me = 2024 x 10° x 1-6 x 10" ** Joule

6 - |9
x

my

m

We know that m =

k'3
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15.

| 16.

14.

Sol :

Sol :

5 ARy
B | R (0 mo=9'l><10_“Kg) |
!

€ TN RSSO 10
1 - =0.2528
C

Yo = (02528)% = 006395

L= S

V2

= =1-006395 = 0-93605

(8
V' =0:93605 x (3 x 10%); v=2:902 x 10° m/s

|

-34 1_

Now A=t = 6:63 x 10 ~0-006348x 107°m |
mv  3.598 x 107*° x 2.902 x 10° |

A =0-006348 A. !

An electron falls from rest through a potential difference of 100 V. What is the
de-Broglie wavelength ? (Planck’s constant = 6:6 x 10 ** Js, mass of electron
=9-1 x 10" *' Kg, charge of the electron = 1:6 x 10™ "¢

Given ¥ = 100 volts

h=66x10"*1Js

m=91x10"Kg e=16x10"¢c

h 6:6 x 10°**
“\2meV \2x91x10 " x16x10 " x 100

=122x 107 m

A=122A.

What is the de-Broglie wavelength of neutron of energy 28-8 ev ?
(Mass of the neutron = 1-678 x 10 *"Kg)
m=1678 x 10 *'Kg

E=288ev=288x16x10""J
h=66x10""Js

By SRR 6:6 x 10~
" \2mE V2 x 1-678 x 107% x 28-8.x 1.6 x 107 *°

PN 66I0R0 UL 16:6107 IRIHESTIGIGRION &
T \32x1678x288  V154-64 12-435

Electrons are accelerated through 344 volts and are reflected from a crystal. Thé
first reflection maximum occurs when glancing angle is 60°. Determme the spac-

ing of the crystal.
h h

gt
mV ~ \2meV

= 0:53 x 107 M

| Sol :



From Bragg’s law

2d sin © = n\ ; 2d sin 60° = A \&—h—r/
me

P 6:62x10 ™
V3 \2x9x10 T x1-6x 10" © x 344

cd=05%x10""m=05A

17. What is the de-Broglie wave length of an electron which has been accelérate from
rest through a P.D of 120 V ? ‘

. 12:25 12.25 1225
Sol: V=120V : A=—== A = A= - =1-118 A.
V V120 1095

18. What voltage must be applied to an electron microscope to produce electrons of
w avc]ength 0-80 A ?
Sol: h=08A=08x10"m;

11_66><10 3“Js,e_16><10 vl & m—91x10 “Kg

= h
\2meV

W (6:6 x 107"’
mel’  2x91x 10 V16 00 ™ % (0-8 x 107 '%)?

V=

; V=480 volts.

19. What is the de Broglie wavelength of an electron accelerated through 30,000 V?
Sol : Given that V = 30,000 V

_12325 ;SRS =ﬁ.@:o-om&
R A ;

20. Calculate the wavelengfh associated with electrons whose speed is 0 - 01 the speed
of light (h =6 - 62 x 10~ ** Joule sec, m =9-11 x 10" *'Kg)

Sol : Velocity of electron =0 -0 1 x velocity of light = —1&)- x3x10% =3 x 10° m/s

m=9-11x10">"Kg, h=6-62x 107" Js

ok GUEISCHATN S 62

“mv 9.11x10"x3x10° 27-33
A=0-2422x 10" m

21. Find the de-broglic wave length of an electron which is accelerated through

a potential difference of 1000 volts. (Mass of electron = 9:11 x 107" Kg, |

x 107°

e=1632x10""¢) [KU 017)]
Sol : k=P bury= N=H
mgyv mg
h 662 x 10
= = = o o DAY I Y Y (el :
2eVm,  \2x 1632 x 10" x 1000 x 911 x 10 B -
a2 01225 e, 01225 gm0, g - 0.0395 x. 1070 m =0-0395 4.

V10 ‘ 3.1623

’ "
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| 22.

! Sol ;

23.

Sol :

24.

Sol :

25.

Sol :

Compare the uncertainties in the velocities of an electron and a proton c;):gn

1 mm box. .
Let (AV) and (A V)p be the uncertainties in the velocity of electron and proton,

eV

P m,

An), =

27
@), _m, 1.67x107"Kg _ g3
Aav), m. 91x10"" Kg
The speed of an electron is 300 m/s and it s measured with an accuracy of 0- 001 ‘

Calculate the certainty with which we can locate the position of the electron.

Given V=300 m/s, m=9-1x 107" Kg, h = 6:62 x 10° Bl [
mv=9-1x 107" x 300

Y

Momentum of the electron =

mDA =(0.005va= 5x107°%x91x 10" x 300
100
e 6:62 x 10~
AP, 5x107°x9-1x 107 x 300
Ax = 0-04849 m.

A microscope 1s used to locate an electron in an atom to within a distance of 0- 1-‘3{
Calculate the uncertainty in the momentum of the electron located in this way

And also calculate the uncertainty in the velocity.
h=6-62x10"J sec
Ax=02A=02x10""m

r 662x10°7

Ax  02x107"°

AP =331 x 102 Kg - m/s
ARL 331 107
my  9.1x10"
AV =3-64 x 10" m/s.
How does the concept of Bohr’s orbit violate the uncertainty relation ? Explain.
AE-At=T | '

According to Bohr’s theory an electron revolves in a quantised orbit and «’j%
possesses well defined energy, with O uncertainty i.e., AE = O 8

AV =

This means that all energy states of atom must have infinite life time, h
according to experimental observations, the excited states of an atom has a U
time of 10”° sec. Thus the concept of Bohr’s orbit is in violation of uncertainty

principle.
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26. An. electron has a speed of 35 x 10" em/sec accurated to 0-0098% with what
fundamental accuracy can we locate the position of electron.
(Mass of electron = 9-11 x 10" "' Ky)

Sol : V=3-5x 10" m/s, m = 911 x 10" Kg, AP = 0-0098%

mv=9-1x10"" % 3.5 x 10° = 3.185 x 10" * Kg m/s

0-0098 -
AP—( = }mv 98 x 107° x 3185 x 10~

APA\'=—b-
2n

Ankie 663x10" ° .
2rAP 2% 3-14x98 x 10" % x 3-185 x 10~

Ax=3382x10"°m

27. Show that if a component of angular momentum of the electron in a hydrogen atom
is known to be 2/ within 5% error. Its angular orbital position in the plane perpen-
dicular to that component cannot be specified at all.

Sol : Let AJ be the uncertainty in the angular momentum and A® be the uncertainty in
the angle

AJAB =h
GIVCHAJ="'§"‘X2h Lk
100 10
A9=—h—=~—’1—— 10 rad > 2n rad
AJ h./lO .
This 18 not possible.

28. If the uncertainty in the location of a particle is equal to, its de-Broglie wavelength,
Show that the uncertainty in its velocity is equal to its velocity.

Sol : AP - Ax =h ; A(mv)Ax = h
AV

m

From data Ax = A

h h ; h) -

AV=-"= Gl T e

m). m(—h—) ( my ' \ '
my

AV =V ie., the velocity of the particle. vt gl g

29. Assume that an electron is inside a nucleus of radnus 107 m. Usms lmcerhmty
principle, estimate the K.E of the electron in ev. 4
Sol : The maximum uncertainty in the posmon =2x10""%m .
: “(or)Ax 2x10 '5m " '

5 RESEA
per 4} el 1/‘.4‘» R - » W I U a™y

1 : : ) L .1‘3_4 : . A
ap et e NN sy D L e

d [ RIS sty SRS A i L e it .(.,»-’

2ntAx 2x314%x2x 10'7ls
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30.

Sol ;

31.

Sol :

32.

Sol : h

Now the momentum itself must be at least comparable in magnitude, Hence
P ﬁ-m x 107" Ky /s

 (5:276 x 10" %)

2’"(\ 2x 91 x10™"
_1530x 107" . .
16 x 107" , i 1
K'=9563 x 10°eV ; K = 9563 MV, «

|
11530 x 107" )

Caleulate the smallest possible um.crlmnty in the posmon of an electron movm
with veloeity 3 x 107 m/s,

I
(AN (AP) oy = L |
P=mv="" "Eﬂ','"'r‘
V1Y
¢
m,v h
(A X — = "“‘;‘ N py i
e , i
L& (3 x 10"
(A ) h ! ;}' 6 62 X 10- oy ‘J] i (3 X 103)2
AU Min i A

2TmY 54394 9% 10° x 3 x 107
(Ax)pin =38 x 10" *m = 0.038 A.

An electron has a spu.d of 3 x 10* m/s accurate to 0-01% with what fundamental |
accuracy can be locate the position of the electron ? [KU M15] |

v=3 X 10‘ m/s |
P=my=91x10""x3x10*=273 x 10°* Kg m/s

27-3 x 10~ x 0-01

AP & — D —=273x10"* Kgm/s
34 ]
Ax= A Suokal () 3 = 2:4 X 107* 5! - i
AP~ 273 x10°

If the uncertainty in position of an electron is 4 x 10°'* m. Calculate the uncer-
tamnty in its momentum 4 = 6:624 x 10" ** Joule sec. [SVU 018] |

=6:624 x 107 J — g : |
Ax=4x%x10""m ';
Ax AP, =h ; i |
] =V Bl Y
AP. = N _ 6624 x 10

e e oy -24
R TR 1:656 x 10™* Kg/sec.

.
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33..

Sol ©

34.

Sol :

35.

Sol :

36.

Sol :

An electron is confined to a box of length 10~ m. Calculate the minimum uncer-
tainty in its velocny (Mass of the électron = 9.1 x 10~ Kg, h=66x10"" Is)
(AXDa =107"m, h =66 x 107 |

R ikl ‘ "
(AP )yin = (Ax)Max 10 | 266 x 107" Kgm/s

But (AP -)Min =m(A V,r)Min

\P 6% 10-3
(AV )Mm (L )th 6:6 x 10

" i 9x 10~ :\(AV,\-)Min . 73 x 10° m/s.-

-

e

‘ . .
Find the uncertainty in the momentum of a particle when position is determined | -
with in 0-01 cm.

Ax=0-01cm=001 x 10’ m= lO%‘m
h=66x10""Js | e
Ax-AP =h )

AP, = h _66x 10°*
A x 10°* ?

AP, =6-6 x 10"30Kg m/sec. '

An electron has a speed of 4 x 10° m/s within the accuracy of 0:01%. Calculate the
uncertalmty in the position of the iectron | e

V=4x10"m/s,m=9-11 x 10™*
P=mV=911x 10" x4 x 105=p6-44x 107*° Kg m/s

0-01 3 _%
- 44 x 10
AP= [IOOJ,"V 10" * x 36-44 x
=36-44x 107 Kg m/s
Ax-AP=h
_h _ 6oxI10NE

AP 3644x 107"

Ax=0-18 x 10" *m.
The speed of an electron is 10° m/s and it is.measured with an accuracy of 0-005%.
Calculate the certainty with which we can locgte the position of the elcctron
V=10 m/s, m=9-1 x 10> Kg, hl= 6:62 x 10‘“1 S

005
APF(O]OTOOS) v="106
AP -Ax=h /

x 914 107 x 105

. 662 108
AP, 0-005 x 9-1 x 1072

:
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37.

Sol :

| 38.

| Sol :

{1 39.

Sol :

-6, Ay = 14549  107° M-

.005%. Calcula
An electron has a speed of 600 7 s e ‘:c:: rchytl(:i (ilectron. Gi
cetainity with which we can loti'c;tle the posttl [AN'_
h=6-6x10"*Js,m=9-1x10""Kg.
Given that v=600 m/s,m=9-1 X 10 Kg
h=6-6x10"* J-S. ; _
Momentum of the electron=mv=9-1x 10" %600

0. 0005
APx‘( 100

e 6-6x10"*

CAPx 5x107°x9-1x 107 x 600 ‘
< -3 f

If the uncertainity in the momentum of an electron is 2 x 10" Kg —.m/sep, -

i

the uncertainity in its position. !

6-62
s

)mv=5x10"5x9-1>klO'3'x600

P N 0 5 =0-02254 m.

Given that A P, =2 x 10” ¥ Kg - m/sec
Ax-Ap, =~ h

h _662x10 % |
B 2 x 1072 ,.

Ax=331x10"2m;Ax=3-31cm.

Determine the uncertainty in the velocity qf an electron and proton confined to 204
(h=6.62x 107 & M,=9.1x 10°'Kgmp=167 x 107 Kg), -
@

Given AX =204 =20 x 10"’m | ikt
1ven = = | :

|
h=6.62x10Js; M,=9.1 x 10> Kg

h .
AP =— |
AX \
DV= B 6.62 x 107 l
° MAX 9.1x10*x20x107°
=0 10°20.3626 % 10° . ¥, = 3.626 % 10° s
'9%9.1'x2 {
~ 34
iy ¥, = h 6-62 x 10

difference of 6 KV. Given that 4 = 6.62 x 1

WD (1-67 x 107%") x (20 x 10° f“)

=1.982 x 10% m/s.

Calculate the de Broglie wavelength of a-%]))article accelerated throug

B Glven 7 6kVe % 16" Vo

s, m,=1.67x 107 Kg,

h a potential

[ANU M16]|
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41.

42.

43.

Sol :

Sol :

Sol :

Sol :

45.

Sol :

h=6.62 x 10Js; m, = 1.67 x 10 7Kg

me=4xm,=4x167x10"
S 6.62 x 10"
V2meeV 2 x(@x16x10 ) x (16 x 10 ") x 6 x 10°
Cy LEGSEA0T x 10 6.62 x 10" uy

Find the de-Broglie wavelength of a neutron of energy 12.8 MeV. Given mass of
neutron = 1675 x 10*'Kg and & = 6-625 x 10™**J-sec. [KU M186]
Given E=12.8MeV = 128 x 107"J ;

m=1-675x 107Kg
h=6625x 10

) Sl d 6.625 x 10~
V2mE  \2x1675%10 2 x 128 x 107

-14 —14
% 6.623; 81;) _6 62655x4;0 & A=02693 x 10-"m.

Calculated de-broglie wavelength associated with a human body having mass 60
Kg moving with a velocity 1m/sec.
Given m = 60 Kg

V=1m/S
h h 662x100Y

p mv  60x1
A=0-1103 x 10" m.

The uncertainty in position of an electron is 2 x 10"’m. Then find the uncertainty
in its momentum (k = 6:63 x 107** JS). [AdNU N17)
Given that Ax = 2 x 10'°m

h=663x10*Js
AP = === AP=3.315x 107" Ko m/s.
Ax-AP=h = AP e 2%10"° g

Find the de-Broglie wavelength of electrons, when they are accelerated through ‘av
potential difference of 150V. [VSU $17)

{
V=150V | |
y 1225 . 122801225
AR

Calculate the energy of electron having de Broglie wavelength of 4°4. Given that
the mass of electron is 9-1 x 107*! Kg. [KU M13)

A=4°A=4%x10""m,m=91x10"" Kg.

1-0008 A.
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S _ (G2 x10 08 -
ERN 2 %91 x10°% x (4 < 10" )

2
E:%%@_lg x 10" =0:1505x 10~ J.
s X
g . - 14 il
46. If the uncertainty in the position of a proton is 5 x 10~ " m, find the uncertai R
its momentum. g
Sol: Ax=5x10""m, h=66x 10"

Ap-Ax = h
h 66x10* e
S = =132 x 10" Ko /s,
g ax S0 =

47. If the uncertainty in position of electron is 0.1A calculate the uncertainty in i
momentum (4 = 6-624 x 10 ** J— S).
Sol : Given that Ax=0-14=0-1x 10"°=10"" m

h=6624 x 107> Js
AP-Ax=h ,
—34
Ap_h _6624x10
Ax 10— 11
AP =6-624 x 107 Kg m/s.
48. Calculate the deBroglie wavelength associated with a proton moving with a veloc-|
ity of 2200 ms™". .
Sol : Velocity (v) = 2200 ms™"
h=6625x10""Js;m=167x 10°? Kg
SR 6625 x 107
mv 167 x 1072 x 2200
AL 6625
T 167 x 22

49. If the uncertainty in position of an electron is4x10'" m and uncertainty in its .'
momentum is 1-65 x 10”** Kg m/s, Calculate Plancks constant.

vSol : Given that Ax =4 x 107"’ m
," AP=1-65x10"% Kg m/s
Ax-AP = h
h=4x10""x1.65x10"%
h=6624 x 10" Js.

50. If the uncertainty in the momentum of an electron is 1-65 x 10™** Kg my/s. Calcu- 7
late the uncertainty in its position.
Sol : Given that AP = 1-65 x 10™** Kg m/s

x107°=0-180 x 10™° m.
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. Calculate energy of electron of wavelength 03 4 ineV. [ANU O/N 17]

: Given A =0-03 A=003%x10 " m=3x 10" “m

. The uncertainty in position of an electron is 2,x 10" '°m. Then find the uncertainty

: Given that Ax =2 x 10~ ""m

. If neutron is travelling with a De-Broglie wavelength of 14 then find its momen-

- Given that L = 14 =10"""m

. Calculate the wave length associated with electron subjected to a potential differ-

:V=125kv=125x10°v

. What is the energy of Gamma ray proton of wavelength 1A? 4 =6:63 x 10 *,
: Given A, =1A=10""m '

AP'AX'—::]I

h _662x10°*
AP 1.65x 10"

=4012%x 107" m.

(Given mass of electron 9-11 x 10”"' Kg, h = 6:63 x 10" * /.5) ‘

m=9-11x10"" Kg; h=663 x 10 J.§

» (6:63 x 107 __(663’x10°%  _(663)'x 10" "
2x911x 107" x 3P x102 2x911x9x10°%  ~ 2x911'%9
_ (663) 13 leV

Ix Ol %9« 10 Ko Esu

=0-1675 x 10% eV,

in its momentum (4 = 6-63 x 10™** JS), [YVU N17]

h=663x10"*Js
~ 34
AvAP=h = AP~ HEE
Ax 25¢:10°

AP =3.315 x 107* Kg m/s.

tum. [AdNU 18]

h=663x10"*J-S
P=7 y
_h_663x107*

3 s 6:63 x 10™*" kg-m/s.

ence of 1-25 kv. [VSU o018]

b 12-26 A 12:26 12:26 1226

= = = =03467 A
Nz V125%x10° 1250 35:36

h=663x10"%* c=3x 10®m/s

&N
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—34) (3 X 10 )

‘ E=ni 10 3
A8 e _16 _,,,_l._e_y————.—: 12-43 x 0;

' -X
=6-63x3x10"61=6'63"3"10 16 x 10

- E=1243KeV. —
| 56. What is the ratio of kinetic energies of electron and proton AR
length of 10A?

Sol : Givert Ap= A, = 10A
| me=9-1x10’3' kg
m,=167x 107"

LA h
y L
P \2mE
= E= L :>Eoc-1— [.. A, \are constant]
2m A

ge.m, . 1.67 -27
iy B qg3s.16.

P o 191 107
ORI i
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~ UNIT-I
QUANTUM(WAVE)

MECHANICS

LONG ANSWER TYPE QUESTIONS

What is Wave function. Derive schrodinger time independent wave equation and

time dependent wave equation. [ANU 018,017; AdNU 018, N17; AU 018,17;
BRAU 018, 017; KU 018, 017, M16, 15, J16, 15; RU 018, 017;
SKU 018; SVU 018, 017; VSU 018, 017; YVU 018, 017]
Wave Function : A function describing the probability of finding the particles
within a matter wave is called Wave function. It is denoted by y . It is written in
the form y =y, e '
Schrodinger’s time independent eguation :
1) Let us consider a system of stationary waves associated with a material particle

of mass m. Let (x,y,z) be the co-ordinates of the particle. The differential
equation of a wave motion is given by
oy ———%{ + Qz—% ﬂ =V Vy — (1)
or &t o 67
622 + az,_ + 622 [ " V* being the Laplacian operator] and v is
oxi L oz ; _ ;
the wave velocity. : :
2) Solution of equation (1) is given by
W =, Sin @f = Yy sin 21 v —> (2)

where V> =

where v = frequency of the stationary wave associated with the particle.
3) Differentiating equation (2), twice we get
Q\E=% Q2n v)cos2nvtand%2%=—\po(2n V)’ sin 2 v ¢

ot
e
%:2[ —4n’v \If—"(41;L JW = (D) ( v=%)

4) Substltutmg equation (3) in equation (1)
2 2 ‘ 2
v .VZW-_—.—(47L ]\y oer\p+(4kz)w 0 —>#4
5) According to d de-broglie hypothesis, the wavelength associated with the mate-
rial particle is given by
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" 6) If E and V be the total enersy

kinetic ;
=E-
energy ; mv> is given by 5 Ly =
mr=2m(E-V) = ©)
7) From equations (5) and (6) &
2 s

VZ\I/“"[%XZM (E- V)]q;.—_o

Viy+ {Sn m ]W 0 - () atl
independent wave equ
Equation (7) is known as schrodinger time 1 pdm e i
8) Substituting / —E’L in equation (7), the schroding _
written as i
Viy 2"21 E-Ny=0 >

Equation (8) is the schrodingers time mdependent equatlon
9) For a free particle V=0, hence the schrodinger wave equatlon.._ ,

partlcle can
be express as

V2W+2'wa 0 = (9)

10) Equation (8) can be written as

(26]V2W+(E Ny=0

h2
B
2m Vy-Wy=-Ey

7 2

—h
L2m T ’j‘V=Ew - (10)
OrHlllew _)(11)

y2

h 2 e .
where om Y tVisthe Hamitonian and £ ; 4

s the tota] energy Of
nt equathn . f

Schrodinger’s time depende
2) Differentiating w.r.to time, we

Cu .
ot e - lw) W, e ot
h

B ko
B, o (14

get

4(13)
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Henca SR IE - K b et g
8K T Y ( ~j= 35_‘:.__.]

E\pzilz%‘:i - (15) (V1=

3) Substituting ¢quation (15) in the schrodin

2m

* ger’s time independent equation
V‘w+?(E— Nw=0

Wi 2 @ . A
e have Viy + 2 (I’l%‘;—Vw)zo

2y ==2m[ ., Oy
\% = - w B
VT P [lll l\u]

m Ay + Wi = ik %ii - (16)

This is known as schrodinger’s time dependent equation.
4) Equation (16) can be written as ﬁ\y = @\u - (17)
e

where £ = (7—"7 V4 V] = Hamiltonian operator

()]

o8
and £ = ih . Energy operator.
Obtain an expression for the energy of a particle in one dimensional potential box

(or) well of infinite height. [ANU 018, J18, 017; AdNU 018, N17;
AU 18, 17; BRAU 017; KU 018, 017, J16, M15; RU 018, 017;

| . §KU 018; VSU 018, $17; YVU 018)
1) Let us consider a particle of mass m in a one dimentional box extending from

x =0 to x =/, with a width
[ and having infinetely
hard walls at x=0 and
x = [ as shown in figure.

2) The total energy E of the
particle remains constant
because, it will not loose
energy in collision. In
side the box we can take
the potential energy V=0
Schrodinger’s equation A
Viy g;—’;(E— y=0

reduces in one dimension with V=0

3 §¥+(2mﬁ)“’=0 - (1)

AAMANAAANAAAANAANANND

4
—
v

=

Ox” G
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3) The solution of this equation 1S __

\mE NamE
w:Asm(*"’"}'*”“’s( h

where A and B are constants.

finite
‘ the walls of the box are of in
X sA:d x = [ and as the particle can not have infinite

- (2)

htatx=0 ' &
heig energy, it can not move O Al

oo 2
294
B

i thi on.
. S[';fax?;e wave function should also be zero in this regio
. y=0forx=landx= =0 =-() B=0in
Because of this boundary condition that = 0 stx =0 We BAVE
equation (2) . ] .
L y=A sin( Z:E)X - 4)
5) Now y =0 at x = /,wehave from equatioh 4)
( 2;" ]I nn —(5)wheren=1,2,3.
2 2/, n2n2h2 h
6) The energy E, = "——5 = (-.-h=—)
_ i cusgy £, 2ml* 8n’ml’ 2n
K = “i’f— 6 1,2,3
™ =6) n=1,2,3....)
These are the eigen values and corzrespond to the energies of the system. T :.‘.;
energy 1s quantised in units of — . -."
8ml 3
7) Now, the wave functions of the Ey=16E, n
particle are given from equation (4) : E
. (\OmE ‘
Y, = A sin (-'T }.r - (7) Ey=9E, n=
8) me equanton (S), "2;",,‘"5‘ [..—. nm ) E} = 4E| n .
m )m ‘ Ez._.; '
/t [ 8ml L

" W,= Asm[ n)r - (8)

9) The normalisag; " ¥
rmalisation conditiop is that ,[ | W, Pdx=1 but the ]
A particle can exist

b -
etween Y=0andx = 4
10) HenceJ. | i i
\p"| dyx=1 = [ 2 A
A 2(ATT | :
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—

=il
o 1=
x=0 l 2
A= \/21—_ —(9)
. The wave function for a particle in a box are i i
Y, = \/%— sin (%) X

where n=1512, SN

W3 \\‘;///—ﬁﬁnu3

(] n;I

x=0 x=1
Write the application of Schrodinger wave equation to one dimensional harmonic
oscillator and derive equation for the energy of the oscillator.
Let us consider a linear harmonic oscillator.

For simple harmonic motion, f(x)=-kx

Where K is a constant known as force per unit displacement.
2

: g
A : — —_— Va
gain, f(x) =m 17 Kx

dx | K

r +mx—0 =)

This is classical equation of simple harmonic
motion. The potential energy function v (x) is

given by
f@)=-Kx=-

aVv (x
dx

dV (x) = Kxdx
On integrating we get V (x) = % KX > (2)

The plot of ¥ against x is a parabola. Now the particle may be described in parabolig
potential wall. If E be the total energy of the particle, then the particle oscillates
back and forth between x = — 4 and x =+ 4. The amplitude 4 is determined by en-
ergy E, such that

ot
E—jKA

Let us consider the problem quantum mechanically. The Schrodinger wave equation
for harmonic oscillator is given by

2
%+%"—(E-%Kx2}w=o > )
X

Letusput,z%lzﬁ=a,and \/—’%2—=B

substituting these values in equation (3), we get :
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4%, @-pA)P=0->O
dx

ntroduce one dimensional inde

pendent variable and such that

Letusi

g =Vpx
e

NOWE«‘I_Bds2

substituting in equation (4), we get

E————z'dz‘y+(01—13“{)\1’:0 5

de’ p ¥
. i

gi__‘§’_+(g_gz)q,:0 D)

de \B

The solution of equation (5) can be expressed 1

The general solution eqn. (5) 1 given by !
L i

n terms of Hermite polynomial

¥ (e)=CH, () e *” > (6)
The solution is acceptable only forn=0,1,2.... ‘;..,
The restriction on 1 gives a corresponding restriction on 10 4

In this case we have

9_=2"+1

s =2n+1=2|n +l
NmK/I ( ZJ
E= (n - %J h ——\/Iz

m

! :
But 5L \/g =w, where w is the angular frequency of the oscillator.

R & 1 {
. E—(n+2JhW—(n+§J71v > () (. W=2mv) 8

1
E=(n+-2-]ﬁv,wheren=0, 182, o

Eqn. (7) shows the wave mechanical oscillat

separated by intervals /v
oscillator,

Wh : or can take only certain discrete f'?
ere /1 is planks constant and v is the frequency of tt

SHORT ANSWER TYPE QUESTIONS

1.  What are the basic posulates of
[ANU 018, Ji8; AU
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2) Every dynamical variable is associate with the corresponding operator.

3) The expected or average value of a dynamical quantity is the mathematical
expectation for the result of a single measurement. It is the average of the
result of a large number of measurements on independent systems.

The expectation value of dynamical variable G for which the corresponding
operator G is given by

<G>=Iw'Gde

“ W

For example for energy < E > = jw’ [i h aé) ydV
t

<E>=ih .@j{ 4
11_{\4] a{d

2. What are Eigen values and Eigen functions ?
[ANU 018, J18, 017; KU 017; RU 018, 017; SKU 018]

A. 1) There is a class of function y which when operated by an operator O are

merely multiplied by some constant say A .

e, Oy (x) =iy

Then we say that the number A is an eigen value of the operator O and the

operand \ (x) 1s an eigen function of 0.

2) For example, since the operand sin 4x is well behaved function and if operated

-

-

by an operator (-ﬁz—} gives the following result.

—-’d;‘ sin 4x = 16 sin 4x
dx” :

We sav then the number 16 is an eigen value of the operator -_-Zé- and the
; (

el

operand sin 4x is an eigen function of the operator pro g

In operator form schroedinger wave equation can be written as Fiy = E\y

—FAZ+ VandE=iha%.

where H=—
2m

3. Give the physical significance of wave function ? [AdNU 018, N17;
AU 18, 17; KU J16, M15; SKU 018; SVU 018, 017; YVU 018, N17] |

A, The probability that a particle will be found at a given place in space at a given
instant of time is represented by  (x, ¥, z, ). Itis called wave function.

1) The wave function \ has no meaning. But " = | y ' represents the proability
density of the particle associated with the wave

[[f1wpdcdydz=1
2) v satisfies the above requirement is said to be normalised wave function.
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Sol :

Sol :

3) It must be finite every where.
4) It must be single valued.
5) It must be contirfuous.

A hes an infinite square

is bound by a potential which closely appro© issible quantum €nergi

Afn el"czlilt:oll]Oli 1(())lf 10 0. calculate the lowest three perm M1

of wi ; i

by electron. -3
yisigsiefo)'/‘f h=662x 10 s, m=9-1 x 107 K8

In the case of a potential well §,;
232 ' ’
E:"h, wheren=1,2,3....
"8l 1
S (662x107%)
' 8mP 8x91x 107 x (10 107 ) 3
06 x 10°"

=06 x 10" Joules=—————=0-375 ev ‘
E, =06 x oules 16x10°" 1

o E=n'E, =4x0375=1500ev (" n=2)
E,=n’E,=27x0375=10-125ev ("' n=3)

Calculate the energy of an electron moving in one dimension in an infinitely 3_
potential box of width 2A  given mass of electron m=9-1 x 10> Kg and Planck

constant 1= 6-62 x 10”>* Js [VSU 01!
1=2A=2510""m; h=6:62x 10 Js; m=9-1 x 10~ Kg ‘
232
nh

" 8ml
The least energy of the particle may be obtained by substituting n = |
bR (6:62 x 10™*)’

8l 8x9.1x 1070 x (2 x 10~
E=1504x10""

where n=1.2.3" . .

E=M=
1-6x 107"
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ll Bl
K (6:63 x 107 \
E e, ) =19 i
'Z8mP 8x 911 x 10" x (107 '%)? = o0 ok
60-3x 10" "
= o= GG BV,
b= e i i

4. A particle is confined to one dimensional infinite p.otential well of width
0-4 x.IO’ el L _is found that when the energy of the particle is 230 ev, its eigen
function has 5 antinodes. Find the mass of the particle and show that it can never
have energy equal to 1 kev.

Sol : According to data the particle is in quantum’state with n = 5. E, and E; be the ener-
gies in first and fifth states respectively. Then ,
E,=5E, =230ev=230 x 1-6 x G o gl N0 1265x 19 7 =147x 107" J

h2
We know that £, = 2
8ma
i’ (6:62 x 107°%)?
ms= = 2-30F K
BEa® 8x147x10 P x 04x 102 e
IfE,=1kev=10"ev
E 3 ; -19
PERIELLEL on=104
E,  147x10
. n=10-4 is not an integer, hence E, = 1 kev is not a perrmtted value of energy for
the particle. |

5. A particle is moving in one dimensional potential box (of infinite height) of width
25A. Calculate the probability of finding the particle with in an interval of 5A at
the centre of the box when it is in its state of least energy.

2
Sol : The probability of a particle at centre of a box, P = 7 Ax
Here [=25°4=25x10"""mand Ax=5°4=5x10""m
=10
p_2Xx5x IE)]0 Lok
2510
6. For a wave function y show that [y,z] = 0. - [ANU J16]
Sol : The particle moves inside a box along X- direction of infinite square well.
The box is supposed to have walls of infinite height at x = 0 and x = L.
The normalised wave function of the particle in x box of infinite square well is,
= NE gin X
Y,= stm 17 |
The particle can not exist outside the box and so its wave function  1s o for x< 0
and x> L. Hence y is fory=0andz=0. '
. For a wave function y, we have [Y, Z] = 0.
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d : ‘on in an infinitely hlgh
7. Find the least energy of an electron moving in 01 dimensio [ANU O/N 17)
potential box of width 2:5 4 .

A. Givenl=254=10"m
m=911x 10" Kg; h=663 x 107> Js

- idth / is given by

Energy of the electron in one dimensional potential boX of wi

n’h’
E,= swheren=1,2,3....

8ml .
Least energy can be obtained by substituting 7 = 1,
o s (6:63 x 107>Y’ L .650 .10 el

L= 8mi> 8x9-11 x107* x (2:5x 10 2y
19
R T 603125 e
1-6 x 10 ‘

8. A particle is moving in a one dimensional infinite high box of width 15 4. Calcu-
late the probability of finding the particle within an interval of 1 4 at the state of
least energy. [VvSU 17]

Sol : Probability of the particle P =% Ax

Herel=154;Ax=14

2x1
. P= T =0-133.

9. A particle is moving in one dimensional potential box (of infnite height) of width
<] °4. Calculate the probability of finding the particle of Ax 4 at the centre of the
box when it is in state of least energy.

Sol : We know that wave function of a particle enclosed with in an infinite potential box
is given by

nmnx

v, (x) = \[%- sin W
" when the particle is in the state of least energy 7 = 1. Hence in this e

v, () = \/% sin">

[
At the centre of the box x =>. The probability of findin
interval at the centre of box 1S given by

5

[

n——-
\’2 : ‘_(2_1 _2 Mot 12
|\I’1(x)|2=[ e }'—sm o

/

g the particle in the unit

The probability P in the interval Ax is given by P = |, () P Ax = 2008
=7 Ax.

4 _ -
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nucleus within the nucleus. The total angular momentum of a nucleus is given by
L=\l (ly+ 1) —21’— This total angular momentum is called nuclear spin.
e M

- mentary charge (e). Due to vitS spin, '

UNIT - IV

LONG ANSWER TYPE QUESTIONS

Mention the basmv properties of nucleus with reference to size, charge, mass, nu-
clear spin, magnetic dipole moment and electric quadrupole moment.

| , [ANU J18, 017;

AU 17; KU 017; RU 017; SKU 018; SVU 018; VSU 018]
The basic properties of nucleus of an atom are given below.
i) Nucleus size : The size of the nucleus is estimated by the study of proton
and neutron scat}ering experiments. The mean radius of the nucleus is of the order
of 10" 10 10~ m while that of the atom is about 10~ "’m. The nuclear radius is
given by R = R,A""” where R, = 1-3 x 10~ m and 4 is mass number.
ii) Nuclear charge : The charge of the nucleus is due to the protons contained
in 1t.  Each proton has a positive charge of 1:6 x 10” "’c. The nuclear charge is Ze
where Z 1s the atomic number of the nucleus.
iii) Nuclear mass : The mass of the nucleus is sum of the masses of protons
and neutrons. It is expressed in atomic mass units (a.m.u). la.m.u = 1-66 x 10 &
kg. Itis given by Zm, + Nm, where m,, m, are mass of proton and neutron. Z is

atomic number and N is number of neutrons.
iv) Nuclear density (d) : The ratio of total mass of the nucleus to volume of’

the nucleus is called nuclear density.

133

4 4 IV W L
LE, d=/:—{. But mass of the nucleus M = mAand V=§- “R3=§7‘(Raf4 3) =-3-1tAR;

Where m = mass of nucleon, A is Atomic number, R is radius of nucleus.
3m 7 ¥
e
4nRy3

v) Nuclear Spin :

S0, d =

Both thc proton and neutron, like the e)cctrdn, have an
h
momentum is calculated by L, = Vid+1) b

In addition to the spin angular momentum, the protons and neutrons in the
The resultant angular momentum of

nucleus have an orbital angular momentum. : o
the nucleus is obtained by adding the spin and orbital angular momenta of a

intrinsic spin. The spin angular

'p At

4‘4”
ik g

S
i

vi) Magnetic dipole moment

;é_lol (n) = Prbton has a positive ele.-
magnetic dipole moment . According




11 B.So. pHYSlcS,‘SE.ll‘4 : st O g(W/2M) where My is the
PR e o, s

. o o di ent, by =
to Dirac’s theory magnetic dipole moment, H |

] a lletorL ,'
UCICa p? g
e}

e
8)1

mass. Here iy is called as n
Neutron is a neutral partic
derstood on the b

g == 19128}1)\/ : can be un
it The'rhagnetic moments of proton and neutron
| ¢
ofmeson RERPIY: ’ t (@ : In addition to 1ts magnetg% ,1“
'vii) Electric quadrupole momen I

: moment. ¥
ment, a nucleus may have an electric qudrupole Di¢

: ; ut it is an ellips

In general, the shape of the nucleus 18 nOt.Spheztc;]ybsuc h a shape. The

revolution. Indeed, most nuclei do assume appr 0{“”: e of a quantity knok':v“,

'viation from the spherical symmetry is expressed n te
electric quadrupole moment.

i
; : iameter al
Considerering the symmetry as ellipsoid of revolution, let the dia ,

- irecti hown in
the axis be 2a and the diameter in a perpendicular direction be 2b as s 3

(ii) and (ii).

/
|

Em .- ————

O=— Q=+ve

() (i (i)

The electric quadrupole moment is given by Q=%Z€ [ -] where 2
atomic number an Ze is the total charge on the nucleus. b
2. What is mass defect and nuclear binding energy ? Draw a binding energy c I
What information do we get from such a curve ? [AU 18; BRAU -':"_;‘i

T KU 018; SVU 017; VSU 018, S17; YVU N!
A.  Mass defect : The difference of mass between the actual mass of the nucleus
and masses of the nucleons, is called mass defect. 7‘?"
Binding energy :

1) The equivalent energy of mass defect is called Binding energy.

2) When the Z protons and N neutrons combine to make g

mass (A m) disappears because it is converted into a

AE=(Am) . Thisis called the binding energy of the n

- 3) To disrupt a stable nucleus into its constituent
R B ?»mum‘ehergy is required is the binding energy.

4) The magnitude of the B.E of a nucleus determ

gration. . ‘

s St the B.E iSvla.rge, the nucleus is stable, R
©) A nucleus having the least possible energy, equal o the B, i said to be in|

O
A8
i

nucleus, some of |
n amount of ener
ucleus. s
protons and neutrons, the mi

ines its stability agajnst di

ground state., . o
If the nucleus has an energy £ > 10

in» 1t 1S 52id to be in the excited state, i
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8)

9)

10

St

y

2)
3)

4)

Ex
1)
2)

3)

11) IfB.E < 0,thenucleusisunstableand it willdisintegratebyitself.

B.E per nucleon =

The B.E per nucleon is plotted as a function of mass number A is shown in figure.

The case £ =0 corresponds to dissociation of the nucleus into its constituent
nucleons.

If M is the experimentally determined mass of a nuclide having Z protons and
N neutrons.

B.E= {(Zm,+Nm,) - M }c’

) .IfB.E > Q, th_enucleusis stableand ener gy mustbe supplied from outsideto
disrupt it into its constituents.

ability of nucleus and binding energy :

Total B.E of a nucleus
The numberof nucleons

L

1 | l ] I )iy
0 40 80 120 160 200 240

Binding energy per nucleon in MeV’
B =N
-

Mass number
The curve rises steeply at first and then more gradually until it reaches a

maximum of 8-79 Mev at 4 = 56 corresponding to 26Fe56.

The curve then drops slowly to about 7:6 Mev at the highest mass numbers.
Evidently nuclei of intermediate mass are the most stable, since the greatest
amount of energy must be supplied to liberate each of their nucleons.
This fact suggests that a large amount of energy will be liberated if heavier
nuclei can somehow be split into lighter ones or if light nuclei can somehow be
joined to form heavier ones. The former process is known as nuclear fission

and the latter as nuclear fusion. Both the pr

circumstances and do evolve energy as predicted.

plain how the shell model of nucleus accounts for th
[AANU N17; BRAU 017; KU M15; RU 017;

According to shell model, the nucleus consists of a series 0
neutrons placed in certain discrete levels or shells. :

According to Pauli’s exclusion princip spi
two neutrons having opposite spins are accommodated in a particular shell.

In this way the first shell accommodates two protons and two neutrons and is

ocesses indeed occur under proper.

e existence of magic numbers.
SKU 018; VSU $17]
f protons and

le two protons with opposite spins and

)
’!

\J

more tightly bound than other shells.
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hows that there nuclei hay
¢ stable nuclei.

4) The nuclei containing
known as magic numbers Or
are 2 and 8 are more stable than't

5) The electric quadrupole moments Qf mag
zero) compared with those other nuclel.

" almost spherical charge distribution. This 1S €XP
2 assumptions.

scribed by t

gic num

This sl
ected for mor

on the following
ly in a force field de

e from the centre of the system. i
ording to pauli exclusion principle. =

lar momentum VI(/ + 1) 71 is movin ‘i)
dependent of 0 and ¢, the scroedin

6) The shell model is based s potential, Whic{

i) Each nucleon moves free
a function of radial distanc

ii) The energy levels or shells are filled acc

7) Consider a nucleon of mass M with angu
a potential (). Assuming that ¥(7) is In
wave equation can be written as

o P L I+ D i
P (rR) + 72 {E— Kin) S ongan ](rR)—O — (1)

v
:

i
where R is the radial wave function and £ is energy eigen value. Here thy
same quantum numbers 7, /, j, m, result in shell model is an atomic model. B

8) The square well potential is represented by ¥(r) = — Vyforr <R
— @ 7 forr=iR

9) The harmonic-oscillator potential is given by () == Vs + % k7

10) If we combine the square-well potential, and harmonie oscillator potential t“-
new form of the potential will be g

)
V() = — Vo(l —;?)forrsR

-4

=0 r>R

11) Using the above potential equati :
: quation (1) and solving it
magic numbers (shell structure) except magic numbger 2’8Wc S nUCIC‘i

12) In this way the shell
model of the nucleus i \
: . na ¢
excistence of magic numbers and certain other nrl L R ;'
nucleon behaviour in a common force field

Describe about quuid dI‘Op model. [ANU 018 J18, J16 15, M1 5:
’ y ;

iy ; .
This model is explained successfully the nuclear

uclear properties in terms of
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i) The foree of surface tension acts on th surface of the liquid drop,  Similarly,
there is a potential barrier at the surface of the nucleus.

ii) The density of a liquid drop is independent of it volume, Similarly, the
density of the nucleus is independent of its volume.

iv) The intermolecular forces in a liquid are short range forces, The molecules in
a liquid drop interact only with their immediate neighbours,  Similarly, the
nuclear forces are short range forces. Nucleons in the nucleus also interact
only with their immediate neighbours. This leads to the saturation in the
nuclear forces and a constant binding energy per nucleon,

v) The molecules evaporate from a liquid drop on raising the temperature of the
liquid due to their increased energy of thermal agitation,  Similarly, when
energy is given to a nucleus by bombarding it with nuclear projectiles, a
compound nucleus is formed which emits nuclear radiations almost immedi-
ately.

vi) When a small drop of liquid is allowed to oscillate, it breaks up into two
smaller drops of equal size. The process of nuclear fission is similar and the
nucleus breaks up into smaller nuclei.

Merits : 1) It has been successfully applied in describing nuclear reactions and

explaining nuclear fission,
2) The calculation of atomic masses and binding energies can be done
with good accuracy.
Demerits : 1) This model fails to explain the magic numbers.

2) This model fails to explain some phenomena involving nucleons.

Explain the principle and working of Geiger-Muller counter and discuss its merits
and demerits. [ANU July 2007, March 2007]

Geiger-Muller counter : )
Principle : " When an ionizing particle (say a-particle) enters the counter, posi-

tive and negative ions are produced. The flow of electrons moves towards central
wire and passing through the resistance causing a small current pulse. As each
incoming particle into counter produces a pulse, hence the number of incoming

particles can be counted. Sl Bt
Description : It is a device used to detect and measure ionization radiations. It

consists a hollow metal cylinder containing a mixture of 90% argon at 10 cm
pressure and 10% ethyl alcohol vapour at 1 cm pressure, A fine wire like tungsten
(Anode) is placed along the metal cylinder (cathode) electrode enclosed in a thin
glass tube. At one end of the tube, a very thin mica window is provided through
which the ionizing particles or radiations may enter the tube. A d.c potential of
about 1200 volts is applied between the cathode and the wire which acts as an
anode. : L -

The value of the voltage is adjusted to be some what below the break down

voltage of the gaseous mixture. A high resistance R is connected in series with
battery. ; '

e —
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/glass tube
e |
Ionization radiation
— 2 T
Cathode R
455
I,r
Win- e[

E

ail|

Working : When 3 charged particle passes through the counter,‘lt 1c‘)r‘11T6‘S1 thfr g(z;s
molecules. The central wire attracts the electrons while the 'Cylmdrlca clecirode
attracts the positive ion. This causes an ionization current whlch dependsl upon the
applied voltage. At sufficiently high voltages, the electrons gain high kinetic en-
ergy and cause further ionization of argon atoms. Thus, the larger nurpbgr of
secondary electrons are produced. The number of secondary electrons 1s inde-
pendent of the number of primary ions produced by incoming particle due to the
following reasons.

1) The production of secondary electrons is not combined to the region near the

primary electrons but it takes place all along the length of the wire as their
number is extremely large &=110")

1)) The production of secondary electrons at o
other point.
The incoming particles serves the purpose of triggering the re|
of secondary electrons. The electrons quickly reach the anod
current. The positive ions move more slowly away from g
sheath around the anode for a short while, They reduce t
between the electrodes to a very low value because ion sheath depresses electric
field near anode. The current therefore, stops. In thig way brief pulse of current
flows through resistance R. This current Creates a potentia| difference across R
The pulse is amplified and fed to counter Circuit. As each incoming particle pro-.

duces a pulse hence the number of Incoming particles can pe counted
Advantages : :

ne point effects the production at

€ase of an avalanche
¢ and cause ionization
node and they form a
he potential difference

1) It is very useful for counting B-particles

2) It can also be used for measuring y-ray intensities,
Disadvantages :

1) It cannot be used for counting o-particles due to thejy low
' window cannot be made thin enough the pass them. cnergy as the
2) It cannot give other informations as charge, Mmomentum_ e

N€1gy of the particle.

6. Explain the construction and working of Wilsion’s cloud chambe

tages and disadvantages. What are the limitationg of t - Write its adyan-

his 3
[ANU July 2010, Aug 2°°I;paratus 9

» Marcp, 2009, 2008]
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Measurement of energy : etic field in such a way that
The wilson cloud chamber is placed in strong mggn otion of the particle. The

magnetic field acts perpendicular to the direction of m

particle experiences a force F is given by

F = qVB, where ¢ = charge on the particle

' th
* * V= Velocity of the particle and B = magnetic field streng L i
Th : 0 m
e direction of this force being perpendlcular to the directi

: i ircular path.
the magnetic field B. Due to this force, the particle descrlll:;as acl
v LCiddl or mV =rqB
Now the particle attains a centripétal force %__ Thus — qVB q
' b
Dy measuring the radius of the path, the momentum of the particle can be
determined.

Advantages : 1) It can be used for the study of radioactive radiations. '

2) By counting drops in cloud track, the specific ionization can be determined.

3) It can be used for recording the tracks of ionizing particles.

4) It cab be used for the determination of energy of various particles.

Disadvantages :

1) When the range of the particle exceeds, the dimensions of the chamber then
the whole track is not photographed.

2) In case of disintegration particle neutron, the track is not registered.

3) As the chamber contains different gases, it is difficult to know which of them
has suffered transmutation.

Limitations :

1) When the range of the particle exceeds the dimensions of the chamber then the
whole track is not photographed.

2) In case of neutron, the track is not registered. *

3) As the chamber contains different gases, it is difficult to kno i

; W

has suffered transmutation. Which of them

4) One is not always sure of the sense of the track photographed.

SHORT ANSWER TYPE QUESTIONS

Write a short note on semi empirical formula.
Semi-emperical formula : [ANU 018]

1) The atomic mass of a nucleus can be expressed .
* neutrons and series of correction terms of binding eney

mula for the mass is called semi emperical formula g

2) Consider a nucleus of atomic number Z ang atomic p

s MAIf m,, and m,, are the mass of protop and neyty

+ (4 — Z) m,] — B} where B is the binding €Nergy expreg

3) Bis calculated emperically as the sum of some s
B=E,+Eg+E-+E,+Ep

n
terms of masses of protons,

The modified for-

gmber :’4 with atomic
n, _ZM == {[Zmp
Sed in magg units,
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f”mm [5, = Volume energy correction
U

> &

[, = Surface energy correction
k5. = Coulomb energy correction
E = Asymmetry energy correction
E, = Pairing energy correction
What are magic numbers? Explain, [RU 018]

1) According to shell model, the nucleus consists of a series of protons and
neutrons placed in certain discrete levels or shells.

2) According to Pauli’s exclusion principle two protons with opposite spins and
two neutrons having opposite spins are accommodated in a particular shell.

3) In this way the first shell accommodates two protons and two neutrons and is
more tightly bound than other shells.

4) The nuclei containing protons and neutrons number 2, 8, 20, 50, 82, 126 etc.,
known as magic numbers or shell numbers.

5) The nuclei for which Z and 4-Z are 2 and 8 are more stable than their
neighbours.

6) The electric quadrupole moments of magic number nuclei are very low (nearly
zero) compared with those other nuclei.

7) This shows that there nuclei have almost spherical charge distribution. This is
expected for more stable nuclei.

Mention the basic properties of nucleus. [ANU J16; BRAU 017; KU M16, J15]
The basic properties of nucleus of an atom are given below. ‘

1)  Nucleus size

i1) Nuclear charge -

i1) Nuclear mass

iv) Nuclear spin

v) Magnetic dipole moment of nuclei

vi) Electric quadrupole moment , ,

Write about quadrupole moment of a nucleus. [AdNU 018]

Electric quadrupole moment (@) : In addition to its magnetic moment, a

nucleus may have an electric qudrupole moment,
In general, the shape of the nucleus is not s

revolution. Indeed, most nuclei do assume approximate

viation from the spherical symmetry 1s expressed in terms of a qua
electric quadrupole moment.

pherical but it is an ellipsoid of |
ly such a shape. The de-
ntity known as
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etic field n such a way that

Measurement of energy : , magn _
g otion of the particle. The

The wilson cloud chamber is placed in ‘stror.l e
magnetic field acts perpendicular to the direction O
particle experiences a force F is given by

F = qVB, where ¢ = charge on the particle
— magnetic field strength

perpendicular to the direction O
circular path.

* » V= Velocity of the particle and B

The direction of this force being

the magnetic field B. Due to this force, the particle clescrlbczes a
g ’_”_Iﬁ Thus mie gqVB or mV =rqB
r

f motion and

r

Now the particle attains a centripétal forc
omentum of the particle can be

By measuring the radius of the path, the m

determined. : : py
Advantages : 1) It can be used for the study of radioactive radiations.

2) By counting drops in cloud track, the specific ionization can be determined.
3) It can be used for recording the tracks of ionizing particles.
4) It cab be used for the determination of energy of various particles.

Disadvantages :
1) When the range of the particle exceeds, the dimensions of the chamber then
the whole track is not photographed.
2) In case of disintegration particle neutron, the track is not registered.
3) As the chamber contains different gases, it is difficult to know which of them
has suffered transmutation. :
Limitations :
1) When the range of the particle exceeds the dimensions of the chamber then the
whole track is not photographed.
2) In case of neutron, the track is not registered.
3) As the chamber contains different gases, it is dj
s lfﬁ 1
has suffered transmutation. cult to know which of them

4) One is not always sure of the sense of the track photographed
SHORT ANSWER TYPE QUESTIONS

Wirite a short note on semji empirical formula
Semi-emperical formula : .

[ANU 018]

mass ;M Er m, and m, are the mass of

+ (4= 2) m,] = B} where B is the bingip,

3) Bis calculated emperically as the g, ,
B:EV+ES+Ec+E’+EP
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>

where £, = Volume energy correction
E = Surface energy correction
E .= Coulomb energy correction
E, = Asymmetry energy correction
E, = Pairing energy correction
What are magic numbers? Explain. [RU 018]

1) According to shell model, the nucleus consists of a series of protons and
neutrons placed in certain discrete levels or shells.

2) According to Pauli’s exclusion principle two protons with opposite spins and
two neutrons having opposite spins are accommodated in a particular shell.

3) In this way the first shell accommodates two protons and two neutrons and is
more tightly bound than other shells.

4) The nuclei containing protons and neutrons number 2, 8, 20, 50, 82, 126 etc.,
known as magic numbers or shell numbers.

5) The nuclei for which Z and 4 —Z are 2 and 8 are more stable than their
neighbours.

6) The electric quadrupole moments of magic number nuclei are very low (nearly
zero) compared with those other nuclei.

7) This shows that there nuclei have almost spherical charge dlstnbutlom This is

expected for more stable nuclei.

Mention the basic properties of nucleus. [ANU J16; BRAU 017; KU M16, J15]
The basic properties of nucleus of an atom are given below. .

1) Nucleus size

i1) Nuclear charge -

111) Nuclear mass

1iv) Nuclear spin

v) Magnetic dipole moment of nuclei

vi) Electric quadrupole moment

Write about quadrupole moment of a nucleus. | ' [AdNU 018] |
Electric quadrupole moment (@) : In addition to its magnetic moment, a

nucleus may have an electric qudrupole moment.
In general, the shape of the nucleus is not spherical but it is an elhpsoxd of |-

revolution. Indeed, most nuclei do assume approximately such a shape. The de-
viation from the spherical symmetry is expressed in terms of a quantity known as

clectric quadrupole moment.
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et the diémeter along

a

=N

ipsoid of revqlutiqn’ be 2b 4s shown in fig

The Considerering the symmetry as enrpendicula

‘the axis be 2a and the diameter in a pe€
(i1) and (ii1).
electric quadrupole moment is given by 0

number an Ze is the total charge on the nucleus.

_2 7,10’ - 4] where Z is atomic
)

n has a positive elementary
According

Write a short notes on magnetic dipolement. i
Magnetic dipole moment of nuclel .(p) s Pro S
charge (e). Due to its $pin, it has magnetic dipole moment kv
| e(h/2%) \here m,, is the proton

to Dirac’s theory magnetic dipole moment, Hy = —-7"’;;’

mass. Here py is called as nuclear magneton.
Neutron is a neutral particle. It is found that n

p,=— 19128 p,.

The magnetic moments of proton and neutron can be

meson theory.

eutron has a magnetic moment

understood on the basis of

What is massdefect and binding energy of nucleus.
Mass defect : The difference of mass between the actual mass of the nucleus and

masses of the nucleons, is called mass defect.

Binding energy :

1) The equivalent energy of mass defect is called Binding energy.

2) When the Z protons and N neutrons combine to make a nucleus, some of the
mass (A m) disappears because it is converted into an amount of energy
AE=(Am) ¢’. This is called the binding energy of the nucleus.

3) Ifthe B.E is large, the nucleus is stable.

4) ;’I;II]\Z Jfr (t)lrlles .expenmentally determined mass of a nuclide having Z protons and
BE={(Zm,+Nm,)-M} ¢

Briefly explain the working of solid state detector.
A semiconductor junction device used as a particle detector is
It consists of a P — N junction formed between P —
When a battery is connected across the type and N - type silicon.

junction with its — ve terminal connected Deplation

P - side and + ve terminal to N - side (i.e.,
P — N junction is reversed biased), a de-
pletion region is formed within the de-
vice. The depletion region has no
carriers of either sign. When charged
particles enters this depletion region,
they interact with the electrons of the
crystal.' Due to this interaction, electron - hole Pairs
carriers (electron and holes) are then quickly Swept 5

shown in fig.

To
amplifier
and
counter
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Sol :

Sol :

r——’T_hfus they produce a voltage pulse across the resistor . This output pulse depends

upon the number of carriers collected. The incoming particles must lose all of their
kinetic energy within the depletion region. The output pulse is then amplified and
is either measured or counted.

Describe Geiger Muller counter and explain its operation
[ANU Revised Model Paper]

Geiger-Muller counter :

Geiger-Muller counter is a device used to detect and measure ionization radia-
tions. It consists a hollow metal cylinder containing a mixture of 90% argon at
10cm pressure and 10% ethyl alcohol vapour at lcm pressure. A fine wire like
tungsten (Anode) is placed along the metal cylinder (cathode) electrode enclosed in
a thin glass tube. At one end of the tube, a very thin mica window is provided.

l

lonization radiation < ve

—
—_— Anode —

/’ Cathode
Window ; _
it

A d.c potential of about 1200 volts is applied between the cathode and anode.
A large electric field is produced near the surface of the wire. When an ionizing
particle passes through the window into the tube, the free electrons produced by the
ionization are attracted towards the anode. These electrons cause further ionization
and hence ari avalanche effect is produced. A current pulse starts through the high
resistance and a p.d. produced across it is amplified and passed into a counter.
Thus the counter registers the number of ionizing particles passed into the tube.

PROBLEMS

Calculate in kg the total mass of fundamental particles present in JLi’ nucleus.
Mass of proton is 1-6725 10™* Kg and mass of neutron is 1-6748 x 10° 7 Keg.

3Lz’7 has 3 protons and 4 neutrons.
Mass of 3 protons = 3 x 1:6725 x 10° 21 5,0175% 107 Kg

Mass of 4 neutrons = 4 x 1-6748 x 107*"=6:6992 x 10"*" Kg
. Total mass = (5-0175 x 1077 + 6:6992 x 10" *) Kg

= 117167 x 108k

What is the mass number A of nucleus whose radius  =2:71 fermi ? Given that
ri=1.3 0057 m, [ANU M15, J12; KU 018, J16; SVU 018]

r=2-71 fermi =2-71 x 10" ® m
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Sole

HSol

Sol :

| Sol :

We know that r =7, e 1
2574 T

2471 % 10 15E03 % 10"'5,4'/3 of Am: 3 o0
s . (Calculate the radius of
A nucleus of mass number 165 has fs /sl termi:
nucleus of mass number 4, oy s 4 o o
Let 7, and 4, and 7 and A, be the radius and mass number of Ho
trvely. Then

By 1/3 paasies (13
V=g and r, =r, A4

.'. _ | — o — e o — . 1 e RS
. (AJ or r, "(A,) Ot =175 (165

A nucleus of mass number 125 has radius 6 fermi.

having mass number 64. [AdNU O18;
I

We know that r = r, 4>

r o iél_]/3
s

Given thatAl 05,40 — 64,1, = 6 fermi

1/3 1/3

_9.238 fermi.

Find the radius of a nucleus
KU M16; VSU 018, $17]

Gl s = 7

RO
(o) er)

6x 10" ") x4 -15
(6 x - )4 L= 48107 = 4-8 fermi.

orr,=

Estimate the .density of nuclear matter in kg/m’, gi
given th
r=13xA" fermi. Take the mass of the nucleus as A amua twgm T e
number and 1 amu = 1-66 x 10"* Kg and 1 fermi = 10" '* metr ere 4 is the mass
e

M=Aamu.=4x 166 x 10" Y Kg

__fi 3 f& 1/3 15\3 4
e 3><n><(13><A x 107 )““X{(13)><A><10‘”

M Ax166x 107"
i —n {(1:3)’ x 4 x 10" %}

Now Lo
@5 1-8 x 10" Ke/m?.

Calculate the electrostatic potentlal energy between twq fi

produced by the fission of U’ just before se fagments of equal nucl
(G V) paration qual nuclet

ry=13x10" "4 , where A 1s the mass number. The nuclear radius

At the moment of ﬁssmn let » be the radius of eq
cl
173 1 Mucleus.

y= (13 x 107 )(—é— . 235] B3 dlss 1015

\



“PHYSICS SEM4 - P
[ B-S¢C 2 65 NUCLEAR PHYSICS

The electrostatic potential energy U between the nuclei is given by

i (;@Q‘Z—C] e (46)° x (1:6 x 107"y’

dnegx 2r  4m(8:65x107'%) x 2 (1:3 x 488 x 10° )

i 2116 x (1:6 x 10~ ")
" 4m (8:65 x 107 %) x 2(1-3 x 4-88 x 107 %)

Find the binding energy of an a-particle from the following data :

eV =240 x 10° eV,

i Mass of the helium nucleus = 4:001265 a.m.u.
Mass of proton = 1:007277 a.m.u ; Mass of néutron = 1:008666 a.m.u.
Take 1 am.u= 9314812 MeV

4,/ - Mass of two protons = 2 x 1:007277 = 2014554 a.m.u.

Mass of two neutrons = 2 x 1:008666 = 2-017332 a.m.u.
Total initial mass of two protons and two neutrons
—2.014554 +2:017332 =4-031886 a.m.u.

Mass defect AM = 4:031886 — 4-001265 = 0-030621 a.m.u.

.. Binding energy of a-particle = 0-030621 x 931-4812
=28-5221 MeV

Binding energy per nucleon = 28'1221 =7-10525 MeV.

8. In a thermonuclear reaction 1-00 X 1078 kg hydrogen is converted into 0-993 x 1078

kg helium.
1) Calculate the energy released in joule.

ii) If the efficiency of the generator be 5%.
Calculate the electrical energy in kilowatt hours.

Sol : i) Mass defect AM = (1:000 — 0:993) X 105
— 0007 x 107° Kg
. The energy released is given by energy-mass relation

E = mc® = 0:007 x 1072 x(3 x 10%) = 6300

i1) Electrical energy = T(§)_6 A = T%d x 63-0 x 10"

10
=005 % 630 x 1015 = 0'0532 631’(;510 _ 875 x 10" kilowatt hour.
X

Calculate the energS/,prqduced in
10~ Kg. Mass of proton
10-¥ Kg. Speed of light

9. A neutron breaks into a proton and an electron.
this reaction in MeV. Mass of an electron =9 X
=1.6725 x 10°¥ Kg. Mass of neutron = 1-6747 x

=3 x 10® m/sec. 4 i .
Sol : Mass defect AM = Mass of neutron — [(Mass of proton Mass of elec‘tron’)]
0013 x 10" *'Kg

16747 x 10°7 (16725 x 1077+ 9 x 107) =0
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- Emergy released E = AM - ol

(19 510} MeV = 0-73 MeV.

Sl T e
1-6 x 10

tomic mass. The mass

L is 298 MeV. Find its @ 1.008665 a.m.u.

. : : 35 ‘
10. The binding energy of _,7Cl nucle Yiiiat of 2 peutron 18

of hydrogen atom ( \H') is 1:00782
Given 1 amu. =931:5 MeV

Sol : The ,7Cl35 atom has 17 protons and 18 neutr
" Mass of 17 protons = 17 X 1.007825 = 17-133025 a.m.t-

Mass of 18 neutrons = 18 X 1-008665 = 18-155970 a.m.U-
Total = 35-288995 a.m.u.
The mass equivalent of the binding energy of

Am = 5 =0-319914 a.m.u.

9315
O 35288995 - 0319914 34.96908 a.m.u-

5 a.m.u. an

ons in 1ts nucleus.

,CIP° nucleus is

11. If 3-6 g of uranium be completely converted into energy; how many kilowatts of

energy will be obtained from it ?
Sol : We know that E = mc

m=36g=36x10""Kgandc=3x 10° m/sec

L E=36x 1072 % (3 x 10°)° =324 X 10880

324 x 10" : E
—gé)rwatt—hours=—§—z—(;%%%kwh:9 % 10" kwh.

12. A neutron breaks into a proton and an electron. Calculate the energy produced in
this reaction in MeV. Mass of an electron =9 x 10" Kg. Mass of proton
EN6T25 e 10 2" Kg. Mass of proton = 1-6747 x 10" 2N :
ASpe
= 3% 10" /s, g Speed of light
Sol : Mass defect Am = mass of neutron — mass of (proton + electron)

16747 x 1077 = (1:6725 x 1077 + 9 x 107*Y) = 0.0013 x 10~
Energy produced £ = e =0M0013 % 1072 x (3 x 10%) ] x 1077 K¢

_ 00013 x 1077 x 3 x 109 |
16x 107" LSi=0-73 MeV.

13. Calculate the amount of energy released in Joules when 10 mj
undergoes fission. micrograms of uranium
Avogadro’s number = 6-023 x 10%
Energy released per fission = 200 MeV

Sol - We know that 235 g of uranium contains 6-023 x 10**
uranium contains atoms. Hence, one crmio

G2 10” atoms
¥ 35 :

S



e
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15.

16.
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14.

| Sol :

Sol :

Sol

17.

Sol :

. 20 pg contains = 735 % (10 x 107°) atoms = 2:563 atoms

Energy released = 200 x (2:563 x 10'°) = 5126 x 10" MeV
. Energy released by fission of 1 atom
~ 200 MeV = 5:126 x 10" x 10° eV

_5.126 % 10" x 10° x (146 x 10" ") J = 8:2 x 10’ Joule

Find the amount of energy produced in Joules due to fission of 1g of uranium
assuming that 0-1 percent of mass is transformed into energy.

Take 1 a.m.u. = 1:66 x 10° 7Kg =931 MeV

Mass of uranium = 235 a.m.u.

Avogadro number = 6-02 x 10%

Energy released per atom of uranium = _?61(—) x 235 a.m.u. = 0-235 a.m.u.

_0235x931 x 10°x 1-6x 107> =3.5x 10" Joule

; . 6-02 x 10> 21
Number of atoms present in one gram of uranium = s 2:562 x 10°" atom

-, Energy released by one gram of uranium
= (2:562 x 107")(3:5 x 10") Joule = 8:967 x 10" Joule

Calculate the energy released by the fission of 2g of 5,U*” in kwh. Given that the
energy released per fission is 200 MeV.
2 x 6025 x 10%

The number of atoms in 2g of o, e 735 atoms

Energy released by 2g of o, Yt

2% 6025 x 107 x 32 % 100 jo2x6025x 10" 132 x 10° '\
& 235 235 3600 x 10’

=455 x 10" kwh
Calculate the mass number of the nucleus of radius 3:9 x 10 “m. (given
R,=13x 10" " m).
R=39x10""m;Ry=13x10""m
A=?

R:R0A1/3

3 _15
4= [51 _[3:9.x LoT s
Ry {7 [11-3 < 107
If 7.2 g of uranium is completely converted into energy, how many KWH energy

1S obtained.
We know that E = m ¢

Giventhat m=7-2g=7-2X 107> Kgand ¢ =3 X 10° m/s
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E=mc'=T: 2><10—3><(3><10)’ O7kwh.
64.8x 10" 64 - 8 % 10" kwh = 18 X
Ot 00 Bl wvats hours = 3600

=T Eh0 ' 8
18. Determine the density of 2 nucleus
. 1.5 x 107

1.67 x 10-2" Kg. Radius of the nucleus 13
173

maSS
15 1]/3 A::

Sol :r=1:5x 10°1° 4
W =1670107""Kg
W= % 167100 Kg

174 r3=§-x7tx(l'10_15/4m)

1l
L»-'I-ts u|4>.

x (1-5)° x 4 x 105

' 0%
Density (p) = A—I;[ 67 x |

—n (1-5)° x Ax 107%

498 10 0.1174 x 10" = 1.174 x 107 Kg/m’

T SEDM

19.
=255 ?

Sol:m=1gm=
E =mc*

E=102x@3x10°; E=9x10"]

L 910"
~36x10°

20. Calculate the binding energy per nucleon C'2 » M, =1.007276, M =

M, =0.00055amu mass of C atom is 12.00000 amy.
Sol : leen M, =1.007276amu

M, =1.008665amu
M, =0.00055amu; M = 12.00000amu
Z=6;4-2=12-6=6
Mass defect, AM = [ZM, + M) + (4 - M, — M)
= [6(1.007276 +0.00055) + 6 x 1008665 _ | 000007 gy _
0-09

10> Kg, C=3x 10° m/s

=2-5x 10" KWH

Binding ene _ AM
g energy per nucleon = ~ % 931.5Mey

_ 0.098946

D x931.5Mev=7.680Mev.

/—\
][]

Mass number

How many KWH of Energy will be released by the complete fission of 1 gm of

[ANU J15]

1.008665and
[ANU J16]

8946 amu
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4, Find the energy needed to remove a neutron from the nucleus of the calcium
2 otope yCa'" is 40.962278 amu.

Energy needed to remove neutron,
[ = (41:958622 = 40-962278) amu
_(-996344 amu = 0-996344 x 931-5 Mev = 928:09 MeV.

Sol -

Ve

22, What s the mass number of a nucleus whose radius is 3-6 fermi? (giVen ro= 1-2
femi) v |
l:R= 3.6 fermi=3:6 x 10" "m.
=12 fermi = 12 x 10""m

R:mAm
2)
A:H ~L-2x 10_15} - A=27

923. Calculate the energy released when two protons and two heutrons combine to form
o-particle. [Given mass of o particle = 4:00389 a.m.u, mass of proton =1-00813
a.m.u, mass of neutron = 1-00893a.m.u. and lamu = 931 MeV]

Sol : Mass. of two protons = 2 x 1-00813 amu = 2:01626 amu

Mass of two neutrons = 2 x 1:008993 amu = 2-01786 amu
Total mass of nucleons in a-particle = (2:01626 + 2-01786) amu = 4- 03412 amu
Mass of a- particle Nucleus; M, = 4-00389 amu.
Mass defect, A M = (4-03412 — 4-00389) amu= 0-03023 amu
. Energy released, E=A Mx C*= A Mx 931 MeV = 003023 931 = 28 14413 MeV.

24. Calculate the approximate radius of Al

Sol: 4=27; ry=1-2 fermi; R =%

. (Given r, = 1-2 fermi).

. 1 1 ;
R=r,43=12x[27p - R=36fermi.

25. Calculate the mass number A of a nucleus whose radius (R) is 2-17 fermi?
(ro=1-3 x 10" "° metre). [SVU 18]

Sol: R=2-71 fermi =2.71 x 10™ " m ‘ * 4
r0=1'3X10—|0m l | ¥

We know that R = r,4'>
271 X 10_15 =) 13 % 10— 10 XA1/3

43 271 100 ' 97l
1:35% 1052 K 1°3

x107°=2-08 x 107°

A= [2-08 x 10 5]% L [20-8 103 6]% ad = (20-8)% X ‘10'2'.

[ANU M16] |
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26. Calculate energy equal to 1 amu.
Sol :

27.

Sol :

28.

Sol :

29.

Sol :

30.

Sol :

1 amu = 1-66 x 107*" Kg

C =3 x 10° m/s’

E=mc*=1:66 x 1077 x (3 x 10%? = 1-66x 10” r
Mev [ MeV = 1.6 x 107 °J]

16 x 107"

.. E=933.75 MeV.

27,9 % 10"

=1:66x 107" x9x 1

_ 166 x 9 x 10?
3 1-6
; 235 in KWH. Energy
Calculate the energy released by the fission of 2gm of u:e
released per fission 200 MeV.
Mass of uranium = 2g Lo
Energy per fission = 200 MeV =200 x 10° x 1.6 x 107 "°J

023 x 10
No. of atoms in 2g of uranium, n = 2x6 (;35x

; 23 -19
Total energy released E' = ng = 2o ()22335>< L x 200 x 10°x 1-6 x 10~ J

1640 x 3 x 10°
a6 0’
- E'=45.56 x 10° Kwh.

Kwh

Calculate the mass number of nucleus whose radius is 3-9 x 10° 5 m.-
Ry=1-3 x 10" *m),

RESORI0 °m R, =1:3 107" m: 4 =9

R=R, 4" |

3 § - 157
(39107 o
R [13x10
Calculate the Binding Energy (BE) per nucleon of ¢ - particle, i =
m, = 1-0087276 amu, m_ = 4-00150 amu, 1 amu = 931 ey ; m,,[ ; ': ‘008665 amu,
Mass of two protons =2 x 1-007276 a.m.y =7 . 014552 am.u b ote 0

Mass of two neutrons = 2 x 1-008665 a.m.y = 2:01733 a u

Total mass of two protons and two neutrons = 2.014552 4 2:01733 4
Mass defect, AM = (4.031882 — 4.00150) 4 1y DT O

A mu
~. Binding energy of o - particle, (B.E) = (.

031882 a.m.u

30382 x 931 Mey = 28285642 a.m.u

-BE _ 28285647 Mev |
4 T o
A nucleus of mass number 125 has

radius (.8 femi.
having mass number 64.

L
We know that r =r, 43

Binding energy of an ¢ - particle per nucleon

Find the radius of nycleus

\
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32.

Sol :

33.

Sol
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Sol

- Energy emitted by a-particle = 4-18 MeV

": .'l:)-‘
s L.-l,

—0-8 fermi, 4, =125 ; 4, =64

Here 1y =
18
"s T (-1 13 o 4 2
2 el 3{_ ’ > r,=08 X% =0-04 fermi
O,\‘ ‘_ 125 S o
Calculate the binding energy per nucleon of a - particle, m, =1:00893 amu

= 00813 amu, m, =4-00389 amu, 1 amu = 031 MeV. [ANU J18)
Mass of two protons =2 X 1 00813 amu=2-01626 amu ;
Mass of two neutrons =2 X 1 00893 a.m.u=2:01786 a.m.u

Total mass of two protons and two neutrons = 2-01626 + 2:01786 = 4-031882 a.m.u
Mass defect, AM = (4-18046 — 4-00389) a.m.u=0-17677 a.m.u
. Binding energy of a - particle, (B.E) = 0-17677 x 931 Mev

Binding energy of an a - particle per nucleon = BAE L SZ s S =41:14 MeV.

he binding energy of deuteron given that the mass = 2:0 13553 a.m.u.
[BRAU 18]

Determine t
The mass of deuteron( IH) =2-013553 amu

m, = 1.007276 amu ; m, = 1-008665 amu

The total mass of 1 proton and one neutron =m, + m,
=(1-007276 + 1-008665) amu

=2-015941 amu

Mass defect AM = (2-015941 — 2.013553) amu
=(0-002388 amu

— 0-002388 x (1-67 x 107*")

=39654 x 10" " kg

Energy released £ — (AM)C -

= (39654 x 107°%) 3 x 10°%)’
s E=35-6886 x'10" 42356886 % 107"

3-56886

L E= eV =22305¢€V.

MeV is placed near ionization
d enter the chamber. Calculate
ires energy of 35 eV ;

A sample of uranium emitting - -particle of 4-18
chamber. Assuming that only 10 particles per secon
the current produced. Given that jon pair requ

e=16x10""C.
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34.

Sol :

35.

Sol :

- 36.

Sol:

4 -
Number of ion-pairs produced by onc (x-paruclc = 15

Number of ion-pairs produced per second s enter in one second)
=119 x 10° x 10 = 1-19 x 10° jon - pair/sec (" 10 particic: v
Jharge on €
Current = number of ion-pair produced per second x charge
: - -13 &

=(l-l9><]06)x(1,6x 10 19)=].()O4>< 10 y ' 4
an electrometer of cﬂP’ch”Y 0-5 PF and
| A beam of & particles produced a

equired and the

. of ion pairs I
i d energy of 35 €V and

An ionisation chamber is connected to
voltage sensitivity of 4 divisions per volt.
deflection of 0-8 division. Calculate the num _
energy of a- particles. Given that 1 jon pair require
e=16x10""C.

The voltage required to produce a deflection of 0-8 division =
of electrometer is 4 div/volt)

9—'—8 = 02 V()lt
4

(. Voltage sensitivity
Now Q= CV=(0-5x10"3(02)=10"C

=3

.. Number of ion-pairs required = =625 x 10’

1-6x 107"
Now total energy required = (6-25 x 10°) x 35 = 21-88 x 10° eV=21-88 MeV
(" one pair required 35 eV energy)

A G.M counter wire collects 10° electrons per discharge. When the counting rate is
400 counts/minute, what will be the average current in the circuit?
Counting rate = 400 counts/min [ANU Model Paper 2010]

The wire collects 10° electrons per discharge

- The total number of electrons collected in one min 7 = 400 x 10* = 4 x 10"°

Charge/min = ne = (4 x 10'°) (1:6 x 10™ %) coul/min

1 <9
Charge/second = (4x107) 2)6 0 s 1066 x 107'° A

. Average current = 1-066 x 10" AL

A self Quenched G.M counter operates at 1000 volts and has a wire of diameter 0-2
mm. The radius of the cathode is 2 cm and the tube has 3 guaranteed life ti f
10° counts. What is the maximum radial field and how long will the o ife 1r]ne O-f
it is used on an average for 30 hours per week at 3000 counts per mi Ou;ner ast 1

50 weeks to a year. Per mintue? Assume

The radial field at the centre is given by

i Y daml 4 1000
B i 210
rlog, .~ | 0-02x 2:3 logm?

Let the life time of the tube be N years.

A

J= 1:89 x 10° V/m

N
ow the tota] number of counts

recorded will be
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N X 4() x 3() x 60 x 3000 = 2-7 x 103 N

ling to given problem 2:7 x 10N = 10°
.
N=57x10°

Accore

= 3.7 years.

\ G.M counter wire collects 10" electrons per discharge. When the counting rate
100 counts/minute, what will be the average current in the cireuit ?

t rate per second = 1000760 [ANU March 2010]

1S 1
] - Cour

Number of electrons collected per second = LLQ-O—Q) x 10"

60

Charge passing per second = 12%0— x 10" x (16 x 107 %) = 2:66 x 10"

Average current = charge passing per second = 266 x 107" 4,

. q-particle of energy 3 MeV pass through an ionisation chamber at the rate of 10
per second. Assuming all the energy is used in producing ion-pairs, calculate the
current produced. (35eV 1s required for producing an ion pair and ¢ = 1:6 x 10 "C)

. Energy of a-particle = 5x10°eV
Number of ion-pairs produced by one a-particle

Energy s
Encrgy :5’;510 = 1429 x 10°

Energy required produce ion— pair

Number of 1on-pairs produced per second
- Number of pairs x Number of o~ particles entering per second

(1-429 » 107) x 10
ion-pairs produced X Charge on one 1on

(LQQx103x10x06x10”%=2287xNT”A.

collects 10 electrons per discharge. When the count rate is

. A GM counter wire
500/minute. what will be the average current in the circuit. (charge of an electron is
[ANU July 2010]

1-6 x 10" o).

*. Current

500 _ 500,

: sec
minute 60

: Count rate per second =
500

Number of electrons collected per second = G0 % 10’

Charge passing per second = é(%l x 10" x (1.6 x 107 "

~133x107" 4 ,

-. Average current = Charge passing per second = 1:33 % 1077 4. :

T+
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UNIT -V
NANOMATERIALS

LONG ANSWER TYPE QUESTIONS

3 e .q of art
What are nanomaterials ? Discuss briefly different types of nanop
cuss their structures.

Nanomaterials : Nano means 10 . Nanoparticles are

icles and dis-

very small particles. A

group of 10° (or) less number of atoms (or) molecules bounded together to form a

cluster with redius less than 100 nm form a nanoparticle. : :
The size of nano particle lies between molecular size and bulk material size.

The properties of nanoparticls depend on size of the particle. Bgsicaflly there are
two factors which make nanoparticles to exhibit different properties from those at

bulk size. They are
1) Increase in surface area to volume ratio.

2) Quantum effects at nanoscale.
1) Increase in surface area to volume ratio : Nanoparticles have

large surface to volume ratio than their bulk form.

E.g : 1) consider a spherical particle of radius . Let s be its surface area and ¥ be it

volume.
Then the ratio of surface area to volume is, ;;/ = %71 = 3
3 r
I
3

This ratio is inversely proportional to radius of the particle.

2) Quantum confinement effects : We know that when atoms are iso-
lated, the energy levels are discrete. Nanoparticles (or) nanomaterials repre-
sent an intermediate stage. When the material is in bulk form. the difference
between the energy levels is very small and can be viewed as a‘lmost continu-
ous. When the size of that material reduces to nanoscale, the energy levels are
no longer continuous and they can be treated as discrete. The q;:mum con-
lf;r;izg;;()f particle can affect the optical, electrical, magnetic properties of

Write about the structure and properties of graphene.

Graphene is a single layer of carbon atoms, tightly bound i :

comb lathice. It is an allotrope of carbon in the form of 4 ol gll?eakigo‘nalbhogzg

atoms with molecular bond length of 0-142 nanometers La ero Sfpz- O; ne

stacked on top of each other from graphite, with ap imerpla“arysp:cio gr ?l(’) ;35
ng of 0-

ters. The separate layers of graphene in graph:
nanome ; graphite are helq together by

B N
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vander waals forces, which can be overcome during
_<holiation of graphene from graphite.
Graphene is the thinnest compound known to man
at one atom thick, the lightest
material known, the strongest compound discovered,
the best conductor of heat at room temperature and
{150 the best conductor of electricity known. Other (DD
hotable properties of graphene are its uniform absorp- TN AT, £ 15
bion of light across the visible and mear infrared parts of the spectrum,
operties : The properties of graphene are unique due to its all carbon structure
and nanoscale geometry.
sjlectronic Properties : Graphene has delocalilzed Ri-electron system across
he entiraty of its surface, the moment of electrons is very fluid.
The graphene system also exhibits no bond gap, due to over lapped Ri-electrons,
allowing for an easymovement of electrons without the need to input energy into
he system. The electronic mobility of graphene is very high and the electrons act
ike photons, with respect to their movement capabilities.

hermal Properties : The repeating structure of graphene makes it an ideal
material to conduct heat in plane. The regular structur allows the movement of
phonons through the surface. Graphene can exhibit two types of thermal conduc-
fivity-in-plane and inter-plame.

Mechanical Strength : Graphene is one of the strongest materials ever discovered
Wwith a tensile strength of 1-3 x 10" pa.

Elasticity : The repeating SPZ hybridized backbone of graphene molecules

allow for flexibility, as there is rotation around some of the bonds, whilst still
providing enough regidity and stability that the molecule can withstand changes in

sonfirmation and support of other ions.

What do you mean by quantum well, quantum wire and quantum dot ? How

guantum dots are synthesised.
antum well : If one dimension is reduced to the nanorange while other

dimensions remain large, then the structure so formed is known as quantum well.

R

Bulk well Wire Dot

- Quantum well confine electrons (or) holes in dimension and allow free propa-
gation in two dimensions. It forces quantum well to occupy a planar region. The
effects of quantum confinement take place, when the quantum well thickness be-
comes comparable at the de Broglie wave length of the electrons and holes, leading

»‘fa energy values.
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Il B.Sc. PHYSICS SEM4 - P5j jasers. 10eY are also used to mgy -
de laser>: ]

Quantum wells are widely USedEiK/I(;J; i
High electron mobility transistors (H oduce dto

' ions are T a
Quantum wire : If the two dlme“S‘Ol:‘onne is known a8 qi'ch quantimee
remains the same, them the structure 50 ire, in whi €ety

G , ucting w y
A quantum wire is an electrically “Otndl wires confine chC'ffonf (:)k:) holes i,

) e antun .+d. Due to the confj
are affecting transport propertics. Qu e e third. = s ne.
two spatial dimensions and allow fre€ P! opagd™’ he wire, their transverg,
ment of conduction electrons in the trapsversevalues' Quantum WIre has 10 timeg
energy is quantized into a series of discrete 1t would be made wit,

. e welght
better conductivity than copper at one-sixth th

carbon nanotubges. :
When all the three dimensions of

Quantum dot :
nano range, then it is called as quantum dot. .+ o the quantum
The quantum dot contains 100 to 100,0QO atoms “:jl;hto laboutgto lOnmd?nt
volume with a diameter of 10 to 50 atoms. This ;O;res.po?hree dimensions. Due tg
diameter. Quantum dot confines elec ( 4 the greater is the difference in

smaller size of the crystal, band gap is larger an :
energy between the highest valence band and the lowest conduction band. There

fore more energy is needed to excite the dot and more energy is released when the

dot returns to its ground state. _ '
In a quantum dot semiconductor excitations are confined to potentlal well in all

three spatial dimensions.
Quantum dots are used as light emitting diodes and quantum dots reduce the

the material are reduced t,

cost of photcvoltaic cells.
Electron-Beam Lithography (Fabrication of Quantumdot) :

s
rsis [0 A W
L
e // A
e (b) ©
Mfk

7 o
LI (LTI

700 V)

In electron-beam lithography, a thin film (
. ‘ A quantum Al
is supported by its substrate. The quantum we]] g Coate\:]ie\lztﬁf athe ds.artr.lple ma:t?:e
radiation-sen

1A

resist like polymethyl methacrylate. The reg;
810n on the syrfy : €
ce of the resist whef
/
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the nanostructure is designed 1s wrradiated by electron beam through the mask
Other wise the scanning electron beam that strikes the surface only in the dcsireci
can also be used. The radiation chemically modifies the exposed parts of
co that it becomes soluble i a developer, This part of photo regist is
yy dissolving it into developer (fig ¢),

pegion
resist,
remo ed |

Ihe unexposed part of resist should be removed, for this purpose an etching
| ask is planted nto the groove (fig d). The remaining part of the resist is now
wken out (fig ©) and the region of the quantum well uncovered by the etching mask
s chemically etehed away (fig f), Now the quantum structure is covered by etching
mask. Fnally the etching mask is removed (fig g). The resulting structure is a
quantum dot.

Describe in brief how carbon nanotubes are formed. Discuss their structure, prop-
ertics and applications. .
Carbon nanotubes have 10 to 20 nm in diameter and 100 wa in length. The carbon

nanotubes (CNT) form as.

1) Mulu wall carbon nanotubes © @
(MWCNT) with walls separated :
by small distance of 0:3 nm and.

2) Single wall carbon nanotubes
(SWCNT). Under specific con-
ditions SWCNT are fabricated
by mixing traces of some cata- PrL
lyst cobalt, nickel (or) iron with \__/ \__/
the graphite target. Single wall (SW) Multi wall (MW)

Carbon nanotubes are synthesizing in i

three methods.

1) Laser evaporation method i
£ 2) Carbon arc method
3) Chemical deposition method.

CNT structures : The carbon
nanotubes are imagined to have
been formed by rolling the graph-
ite sheet. When graphite sheet 1s
rolled up about, an axis 7, the
CNT 1s formed. The circumfer-
ential vector is at right angle to 7.
By rolling the graphite sheet
‘about the 7 vector at different
orientations, then different CNT
structure can be obtained. The
vectur T at different orientations
aarm}hair structure, zigzag structure an

d the chiral structure are formed.
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A.

Properties of CNT
19

2)

3)
4)

Applications of CNT :

1)
2)

3)
4)

5)

. i nning tu
CNT . is studied using 5 S

The semiconducting € 11300 SO

ing microscope (STM). ¢ ¥ e remperature stability 1s esti-

All nanotubes are good thermal conductorss(-)OC i

mated to be up to 2500°C in vacuum and 7

The CNT * are mechanically robust. e
The molecular symmetry of CNT classifies their vibra

: d ou
by 4,, and Ey. The 4, mode represers 5 f}:ea?ube’s cro
diameter of the tube. In )

the other mode (Exp)
lates between the circular and elli

Jectronic gtructur

ns into normal modes
¢ oscillations of the
ss-section oscil-

ptical shapes:

uter chips. :
ﬁber—reinforced plastics. They have

ships.
t pain.

A CNT used as connector in comp

Long filaments of nanotubes are used n
less weight, so they are used in aeroplanes, Space
CNT are thin, so they can penetrate the skin with ou
injected where ever required.

CNT can store hydrogen and helium. So it can be used as an alternate source

of energy for future automobiles.
Nanotubes can act as axles in nano mechanics

Medicime can be

SHORT ANSWER TYPE QUESTIONS

What are the various applications of nanotechnology?

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

7)

Nanotechnology is helping in medical diagnostics by providing faster, cheaper

and portable diagnostic equipments.
Nanotechnology will provide new methods to effectively utilize our current
energy resources. :
Nanotechnology will provide efficient water purification techniques. Water
from the oceans can aiso be converted into drinking water :
Computers can be made more powerful and smaller usi :
sing na ‘

Sensors based on nanotechnology are more sensitive andghenrézt:ghnd?fgy 'ti ;.
Using nanotechnology bullet-proof clothing, sports materials, r ore e elc ﬂ\; S
are made. ; , resistant clotne
Using nanotechnology quantum computers, spi

o » SpIn F ET 1
telvisions are made. , spin LED. Flat panel

2 - What is Buck fullerence ? Write a brief note on it.
A . The small carbon clusters form linear (or) closed non-

planer nonocyclic structures.

\ The linear clusters have sp hybridization with ca
rbon bond an 0
gle 180°. These

" elesters contains an odd number of atoms with 3, 11, |
The two other forms of hybridization in carbon m
carbon bond angles measuring 120° and 109°23',
contain on even number of atoms and the carbon bg
three standard hybridization values. One such ¢

spec

3, 19 and 23 are more stable-
glecule are sp? and sp’ with
® 1::“;3 with ‘closed structure:
luster gh_es are different from the

ighest stability in mass

trum is composed of 60 atoms. The Cg, molecy]e o
e fold coordinates

~ carbon_atoms bounded to form a symmetrical a%
: a_molecular ball com-
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2 pentagons and 20 hexagons. Cg, molecule was namgd "Buck fuller-
Poscd 01{}116 fﬁllerence is a molecule composed entirely of carbon, in the form of a
ence"-

hollow sphere, ellipse (or) tube.

wriethe Qs B enbecoicsniss N
l-Opatq :xlneatel'ia]s, like platinum, become catalyst.

: h:elrjle materials can turn combustible. E.g. aluminium.
j.:oa;id can turn into liquids at room temper.atlure. E.g. gold.
5.. [nsulatory can become conductors. E.g. silicon.

ost striking property of nano particles made of semi conductor elements is
I T;]glz 1mn their optical properties compared to those of bulk materials.
chal

>+
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What is super conductivity? b\p‘*‘";“‘,’{‘:u 18, 17; gRAU 017; KU 018, 0,
[ANU O18; AdNU 018, ’ y 018; VSU 018, $17; YVU o4y

RU 018, 017; SKU 018, obn: SCV(_ ooled below a certian (eMperature
Super Conductivity :- When the su stance 1S ¢ ner Conc This ohe.
its resistivity sudden aly drops to zero and behaves like super conductor. This phe.

nomena is called super conductivity.

The temperature at which the resistance disap
perature (or) critical temperature.
Based on magnetic behaviour, the su
rics. They are
1) Type - | super conductors or soft superconductors and
2) Type - 11 or hard superconductors.

Type - | super conductors :

1) Type - I supertconductor is one in which the
transition from superconducting state to nor-
mal state in presence of magnetic field oc-
curs sharply at the critical value H. :

2) In presence of an external magnelic field / ::,',‘:j;c“ng S:t':““'
H < H., type - I superconductor in super /___State
conducting state is a perfect diamagnet. O He

3) When H exceeds Hq, the super conductor External magnetic field (/)=

R e e, s i i poery ol

: s through out the superconductor.

§) *The critical field value H . for type - | super conductor is fi
6) E.g Aluminimum, lead and indium or 1s found to be very low

Type - 1l super conductors :

1) The magnetization curve of type - Il superconductor .

Il h o
2) Type - Il superconductors has two critical magnetic tilltlg‘)/\;/n ::15'?1
3) For the field strength below H,., the super- “ “

pears 18 called the transition tem.

pcrcom{uclm's are \‘lAlSSIﬁCd into two catego.

Type-I superconductor

Magnetization —

conductor expells the magnetic field from its I

body completely and behaves as a perfect 3 o

diamagnet. H, is called the lower critical g \!'\\s\-‘q A ™™ Normal state

field. The curve is represented by A5 ‘e . Pagtial

1 om H ., aonatic p ¥

4) Asuw.Hlmmm ﬁ ( the magnetic s Super ' / PW

field lines begin to penetrate the material. conducting

The penetration increases until //,. is called . o C o

0 HC| HC,

the upper critical field.

wl magnetic field #
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At He-, the magnetization vanishes completely, i.e., the external field h.as. com-
]etel§’ penetrated into super conductpr and destroyed the su_percondgctmty.
R ion from Hc to H , the specimen assumes a complicated mixed struc-
P - Ifff normal andlsuperczonducting states. The superconductor is said to be in
;u;iixed state which is commonly knom as vortex state, In.the regign HC' and
H,., the material is in a magnetically mixed state but electrically it is a super-
coﬁductor. ' :
7) After Hc, the material turns to normal state. So, type - II supercondl'n?tor is
one which is characterised by two critical fields H¢ and He and transition to
normal state takes place gradually as magnetic field is increased from H¢ and
8) ggi\veell Hc and H, 2, the state is called as mixed state or vortex state. In this
state, though there is a flux penetration, yet the material retains its zero resis-
tance property and it is still a super conductor.

Explain the terms critical temperature, critical field and Meissner effect on super-
conductors. :

(Or)

" What is super conductivity ? Discuss the the

rmodynamic properties of super
¢ conductors.

[ANU 18; VSU O/N1 8]
Super Conductivity : When the substance is cooled below a certian temperature,

| its resistivity suddenly drops to zero and behaves like super conductor. This phe-
. nomena is called super conductivity.

Critical temperature (T):

1) The temperature at which the conductor resistance disappers is called the tran-
sition temperature or critical temperature.

2) The transition temperature 7. is different for different isotopes of an element.

It decreases with increasing atomic weight of the isotopes. The thermal prop-

erties [Entropy, heat capacity, thermal conductivity etc.] of a metal changes
sharply at transition temperature.

Critical magnetic field A0):

1) Superconductivity is destroyed if a sufficient strong magnetic field is applied.

The superconducting material restores its normal resistance when a strong
magnetic field is applied. The

minimum magnetic field which
IS necessary to regain the nor- 19

mal resistivity is called criticalk MIClptiEe St Z‘f,?,‘dsl}‘c'i?ie
magnetic field H (o).

(Normal state)

) The minimum value of applied; 4| He; looy st \
-Magnetic field when the super- Super congluctive
conductor loses its supercon- /¢

B —(Critical temperature)|
ductmty 1s called the critical T'=0 Ty e T e _
Magnetic field. Temperature —»
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0), the supercon.
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- 1)eiin 1957 Bardeen, cooper and schrieffer gave

critiCal a : :
3) If the applied magnetic field exceeds the ¢ critical ™2 etic field with tem.
ducting state 1 destroyed. The variatio 0
perature 1 shown in fig. : (e of the matenal is restored if the
4) Itis observed that the normal conduc-tmg sta i o4  ature of the speci
magnetic field is greater than the critical value
men is raised above critical temzperature c
We have HAT) = HAO) -7
oy  at temperature T, H{O) s

cal field strengt

ring at zero and T 1s the

; i riti
Where HAT) is the maximum € absolute

the maximum Critical field strength occu
critical temperature.
Meissner effect :

1) Ifa superconductor is cooled I ’
corresponding to that field, then the lines of ind

material. This effect is called as Meissner effect.

d, below critical temperature

a magneticﬁel
uction are expelled from the

s
super conductin
i material
<\ />
~ Magnetic flux
T>T, I lines
c
(a) Cooling - ‘ T<Tg
(b)

2) IfT>Tcas shown in figure (a) the superconductor is i
S ris
magnetic lines of force pass through it. in normal S
3) If T< Tcas shown in figure (b) the su
i percond is di :
magnetic lines of force are expelled out of it uctor i3 disnaRESESEi i
4) In case of superconductors. !
B=pnH+M)=0=> M=-
po( M) . M H where H = magnetiSing fleld - )
and M = Intensity of magnetization. AtCHE
5) The magnetic suceptibility y is given by y = M _
Therefore superconductor behaves as a perfec}t[ di ook
’ amag
Explain BCS theory of super conductivity and writ Af“'lg,net,
a theZ; Bt“AU 018, 017; M16]
BC Y to explain the phenome”
S the()ry 5
. The theory is bas®

2) In normal state, the force between the electr
ons is

non of super conductivity, which is known
as

of cooper pair.
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s through a super conductor and an electron comes near
of the lattice, then the electron experiences an attractive
force. Due to in en electron and ion core, the ion core is slightly
% ]z;ced This is known as Lattice distortion. The distortion in the lattice
fhiﬁ travéls away as a mechanical wave (phonons). Now another electron

ed lattice. The phonon interacts with the second electron

comes near the distort ' |
and hence there 1S a force of attraction between second electron and phonon.

In this way, two electrons interact with each other through the lattice vibration.
lectron-lattice-electron interaction via phonon field

SHYSICS SEM4 - P3 83

When a current flow
the positive jon core
teraction betwe

This process 1 called as ¢
(Mechanical wave)

or K distors the lattice, the lattice gains momenturm.

'4) Whenan electron with vect
of electron decreases. So, a phonon of wave vector

As a result, the momentum
B gis emitted. When an-
L other electron with wave
vector K, absorbs the en-
ergy from phonon it gains
momentum. There fore,
due to interaction, we
have two electrons with wave vector K — ¢ and K, + ¢. The pair of electrons is

called a cooper pairs.
E) "Cooper pair is a bound pair of electrons formed by the interaction between the

electrons in a phonon field". The two electrons which pair up have opposite

momenta and spin.
Cooper pair of electrons moves on without suffering any deviation either by

impurities (or) thermal vibrations. Hence there is no exchange of energy be-
tween pair of electrons and lattice ions. If an electric field is established inside
the substance, the electrons gain additional K-E and give rise to a current. The
main important point is that the pair of electrons does not transfer any energy
to the lattice. There, they do not get slowed down. As a consequence of this,
;he substance does not possess any electrical resistivity and the conduction is
arge.
Whgn a pgir of electrons flow in the form of cooper pair, the resistance factor
Zar}:}slhes, i.e., conductivity becomes infinity which is named as super conduc-
1VILY.
k| en current ﬂo»ys in a super conductor, the pair of electrons are like two
- dances who move in step without collision.

Plications of BCS theory :
. The th : ;
R " neory could successfully explain the zero resistance and persistent cur-
: Tl? S t;ln a super conductor.

- 1he theory successfully explain normal '

state and super

?Uper S s per conducting state of a
Tte . :
1t could explain the specific heat of a super conductor.

It could explai iti
plain the - ; ;
o crltlcgl field B, and its fole in the behavior of a super

k1+q

phonon field
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'5) It confirms the existence of an energy

gap in the excita

conductor. and transition temperatures j,
Explain the persistent currents, specific heat, entropy |
connection with super conductors. b mperature below the

Persistent currents : When a super conducclt(;
critical temperature 7, (7'< T,), in a super conc 1_
appreciable loss of energy. This super current pers
for an external deriving electromotive force.
Limitations for these persistent currents are

1) Super conductivity is destroyed by application of
field. -

2) If the current exceeds'a critical current, the su
destroyed. oo e

3) A super conductor well below its transition temperature wgl als:nze }i)s not“;lth'
out dissipation to an 4-C electric field provided that the irequency 00
large.

tor currents can flow with p
sts for ever with out any neeg

a sufficiently large magnetic

per conducting state will be

Specific heat :

1) At low temperatures the specific heat C, of a normal metal (Below 7)) is given
by C,=AT + BT &) (1) (Debye’s theory). :
The linear term AT is due to the electronic excitations and BT > is due to the
lattice vibrations.

2) When the metal is in the super conducting state (Below T.) this behavior
changes drastically. As the temperature drops below T, the specific heat C,

will jump to a higher value initially at T, and then will slowly decrease and
eventually fall of the well below the value for normal state.

Entropy of super conductors :

1 Gibbs f; for th -
) The Gibbs free energy 0;; : € normal and super conductmg states of a metal
arerelated by G, - G, = 5 = > (1)

0

i 5]
2) Entropy S and C; are related by S = — [EGJ = (2) and hence
B

BC (4
S”_SGz_:O(dT)_)G) F
3) The slope of the critical field curve,

dB. . : :
T 1S negative as can be seen in figure,

Entropy

The normal state entropy S, will be

greater than or equal to the super
conducting state entropy S,.

S,25, = (4)

—

94 os

08 10 12
Temperature
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x dB.
4) From figure, the slope ”‘. tends to zero
(
at absolute zero.
At 4 — 0 we have §, = ..
Transition temperature : The temperature at which the transition takes place
from the state of normal conductivity to that of super conductivity is called transi-

tion temperature.
SHORT ANSWERS TYPE QUESTIONS

What is super conductivity 7 Mention the properties of super conductivity.
[ANU 018, J18, M16; AdNU N17; AU 18; RU 018; YVU 018]
The resistivity of a substance drop suddenly to zero, when its specimen is cooled
below a certain temperature the phenomenon is known as superconductivity. The
substance showing this property is called as super conductor.
Properties :
1) At room temperature, they have high resistivity.
2) Critical temperature (7) 1s different for different isotopes of an element.
3) Due to transition, the thermal expansion and elastic properties do not change.
4) All thermoelectric effects disappear in superconductors.
5) Superconductors are perfectly diamagnetic.
6) 7. decreases with increasing atomic weight of isotopes.

7) When a strong magnetic field is applied to a superconductor below its transition
temperature, the super conducting property is destroyed.

Mention the applications of superconductors.
[ANU 018, J18; AdNU N17; BRAU 017; RU 018; SVU 017; YVU N17]

1) Power cables : Superconducting materials if used for power cables will
enable transmission of power over very long distances without much power loss.

2) Electromagnets : Superconducting solenoids which do not produce any heat
during operation have been produced.

3) In the construction of very sensitive electrical measuring instruments like
galvanometers.

4) They are employed in switching devices.
5) Superconductors are used for amplifying very small direct current and voltages.

Briefly explain Meissner effect.
[ANU 017, J16, M15; AdNU O/N 17; AU 18; BRAU 018; KU 17; RU 018;
SKU 018; SVU 017; VSU S17; YVU 018]
1) When a magnetic field is applied to a perfect conductor and it is cooled to low
temperature such that it is below its transition temperature and becomes a
perfect conductor, the resistivity decreases to zero but the flux distribution
goes not change as shown in figure (a).
B In case of super conductor the lines of maenetic induction are niiched e -
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Il B.Sc. PHYSICS SEM4 - P5 This effect is called the Meisgpe,
Tovisd

shown in figure (b). Hence B = 0 inside 1

effect. ' 2 ﬂ
B 1
‘ ‘ 1
T
0 (-
L~

Super conductor
a) Perfect conductor b) Sup

r)
4. Explain zero resistance with respect to super conductors:

A.

1) In super conducting state, the electrons scatter

ed in pairs rather than individua],

2)

3)

4)

5)

5. Explain isotope effect with respect to super conductors.

el

52)

3)

4)

‘Where M= Isotopic mass.

is force is similar
This gives rise to an exchange force between electrons. This f to

forces between nucleons in a nucleus. ;
When the electrons have opposite spins and momenta, there 1s very strong
attractive force between them. ;
In super conducting state, the force of attraction is greater the electrostatic
forces of repulsion. Thus all conduction electrons become a bound system.
Now no transfer of energy takes place from this system to lattice ions.

When an electric field is applied to a substance in super conducting state, the
pairs of electrons gains additional kinetic energy. Thus they give rise to a
current. ’
As these electrons do not transfer any energy to the lattice hence they do not
get slowed down and as a result of this the substance does

; mods not possess any
electrical resistivity. It means that the resistance of s

uper conductor is zero.

It was discovered that the critical tempera-

: 0-585 4
ture T, of the isotopes of a super conducting

element decrease with increasing atomijc

mass of the isotope.

The 7, for the isotope '“Hg is 4.16] k

and for the isotope 2°4Hg 154126 K.

logeTcT

The 1sotopic effect in its generalizeq form . — MO
1
can be stated as 7, M2 = constant. logeAs

This isotopic effect suggests that the Current ¢
ductor do not move independently of 10n lattj
ing with the lattice.

ns in a,.supercon-
of some Jow interact-

€€, Insteaq

- AN -



.37 x 10" A/m.
e

ey

or, the critical fields are 144 x 10° and 42 x 10°
ure 14 K and 13 K respectively. Calculate the transi-
I fic ds at OK and 4.2 K.

1= 140 x 10° - (1)
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Sol :

Sol :

Sol :

(&L=BJ}-(?]] 42x10° > @)
; 7~(|3) L &d (3)

SR gl,;_) = 1-4
Dividing (2) by eq (1) , we get (B, Tf (14)
145 K.

Solving eq (3) for T, we get T.=

R

14 |- 1.40% 10°
Substituting 7, value in eq (1) By fi (1 4.5

5
U Sy x 10° A/m
14
W (it
(14-5]
Now (B )y, = Bo[l - (14—425] }= 20-67 x 10° x

can flow through a Jong thin super conducting
[J15, M14]

j><7-9><1o3

0916 = 189 10" A/m.

Calculate the crmcal current which

wire of diameter 10" ° m. Given H, =79 x 10° A/m. :

10
According to silsbee’s rule, I, = 2nrH, =2 X 3-14 x [ 2
. 1.=24-814.

The critical temperature 7. for mercury is 4-185 K and isotopic mass 1s 199-5. If
the isotopic mass changes to 205-4. Calculate its critical temperature. [ANU 18]

1 1 1
T, M 2 = constant = T\M,2 =T,M,> Here T, =4-185 K ; M, = 199-5 amu
M,=2054amu ; T,=7?
1 1
4185 x (199-5)7 = T, x (205-4)2

1
199:5)2
&l =4 8 — =4. . = 4.
T,= 15x(205.4] 4-185 x 0-9865 = 4-1285 K.

A super conductor ten has a critical temperature of 4.7 g ¢
a critical field of 0-0106 Tesla at OK. Find the critica] fie]q z
a

B,(D)=B, (0)[1 —(%”

ero magnetic field and
t3 K.

T,=47K; B,(0)=00106; T=3K
2
&8 )
B, (1) =00106|1—|-—| |=0

RN N—

e e

T T



