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SPECTROSCOPY
Atomic Spectra: Introduction - Drawbacks of Bohr's atomic model - Sommerfeld's elliptical orbits -
relativistic correction (no derivation). Stern & Gerlach experiment, Vector atom model and quantum
numbers associated with it. L-S and j-j coupling schemes. Spectral terms, selection rules, intensity rules
- spectra of alkali atoms, doublet fine structure, Zeeman Effect, Paschen-Back Effect and Stark Effect
(basic idea).
Molecular Spectroscopy: Types of molecular spectra, pure rotational energies and spectrum of diatomic
molecule. Determination of inter nuclear distance. Vibrational energies and spectrum of diatomic
molecule. Raman effect, classical theory of Raman effect. Experimental arrangement for Raman effect
and its applications.

UNIT - 11
QUANTUM MECHANICS
Inadequacy of classical Physics

Spectral radiation - Planck's law (only discussion). Photoelectric effect - Einstien's photoelectric equa-
tion. Compton's effect - experimental verification.

Matter waves & Uncertainty principle

de Broglie's hypothesis wavelength of matter waves, properties of matter waves. Phase and group
velocities. Davisson and Germer experiment. Double slit experiment. Standing de Brogile waves of
electron in Bohr orbits. Heisenberg's uncertainty principle for position and momentum (x and px),
Energy and time (E and t). Gamma ray microscope. Diffraction by a single slit. Position of electron in
a Bohr orbit. Complementary principle of Bohr.
Schrodinger Wave Equation
Schrodinger time independent and time dependent wave equations. Wave function properties Signifi-
cance. Basic postulates of guantum mechanics. Operators, eigen functions and eigen values, expecta-
tion values.

UNIT - 11

NUCLEAR PHYSICS
Nuclear Structure : Basic properties of nucleus - size, charge, mass, spin, magnetic dipole moment
and electric quadrupole moment. Binding energy of nucleus, deuteron binding energy, p-p, n-n and n-p
scattering (concepts, nuclear forces. Nuclear models - liquid drop model, shell model.
Alpha and Beta Decays : Range of alpha particles, Geiger - Nuttal law. Gammow's theory of alpha
decay, Geiger, Nuttal law from Gammow's theory. Beta spectrum - neutrino hypothesis,
Particle Detectors : GM counter, proportional counter, scintillation counter.

UNIT - IV
SOLID STATE PHYSICS & CRYSTOLOGRAPHY
Crystal Structure : Crystalline nature of matter. Cystal lattice, Unit Cell, Elements of symmetry.
Crystal systems, Bravais lattices. Miller indices. Simple crystal structures (S.C., BCC, FCC, CsCl,
NacCl, diamond and Zinc Blende)
X-ray Diffraction: Diffraction of X -rays by crystals, Bragg’s law, Experimental techniques -Laue’s
method and powder method.
Bonding in Crystals: Types of bonding in crystals - characteristics of crystals with different bondings.
Lattice energy of ionic crystals-determination of Madelung constant for NaCl crystal. Calculation of
Born Coefficient and repulsive exponent. Born-Haber cycle.
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Important Questions

UNIT -1
1. Describe the theory of Stern and Gerlech experiment. Why it is necessary to use a beam
of neutral atoms.
Ans :
Refer Unit-l, Q.No. 4.
2.  Explain vector atom model ?
Ans :
Refer Unit-l, Q.No. 6.
3. Discuss the L-S and J-J coupling schemes associated with an atom ?
Ans :
Refer Unit-l, Q.No. 8.
4.  What is Paschen - Back Effect?
Ans :
Refer Unit-l, Q.No. 16.
5.  Give the elementary theory of the origin of the vibrational spectrum of a molecule ?
Ans :
Refer Unit-l, Q.No. 21.
6. What is raman effect ? Explain classical theory of raman effect ?
Ans :
Refer Unit-l, Q.No. 22.
UNIT - 1l
1. Describe the distribution of energy in the spectrum black body radiation?
Ans :
Refer Unit-1l, Q.No. 3.
2. Explain experimental study of photo - electric effect?
Ans :

Refer Unit-1l, Q.No. 5.
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Discuss in brief about compton effect?

AnS :

Refer Unit-Il, Q.No. 7.

4.  Obtain an expression for wave velocity and group velocity.
Ans :

Refer Unit-1l, Q.No. 13.
5. Describe Davisson Germer Experiment to demonstrate the wave character of electrons?
Ans :

Refer Unit-1l, Q.No. 14.
6. Give the experimental illustrations of Heisenberg uncertainity principle.
Ans :

Refer Unit-1l, Q.No. 18.

UNIT - 1l

1. Explain binding energy of nucleus and calculate binding energy of nucleus.
Ans :

Refer Unit-1ll, Q.No. 2.
2. What are the similarities between liquid drop and a nucleus?
Ans :

Refer Unit-1ll, Q.No. 8.
3. Discuss in detail Gamow’s theory of o - Decay?
Ans :

Refer Unit-1ll, Q.No. 12.
4. Describe Geigger - Nuttal Law from Gamow’s Theory. Explain B-ray spectrum.
Ans :

Refer Unit-1ll, Q.No. 13.
5. Describe in detail the construction and working of a Geiger - Muller Counter.
Ans :

Refer Unit-1ll, Q.No. 15.
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6. Explain the working of proportional counter.
Ans :
Refer Unit-1ll, Q.No. 16.

7. Describe the construction and working of scintillation counter.
Ans :

Refer Unit-1ll, Q.No. 17.

UNIT - IV

1. Mention the seven crystal systems.

Ans :
Refer Unit-1V, Q.No. 6.

2.  Explain about miller indices.

Ans :
Refer Unit-1V, Q.No. 8.

3. Explain simple crystal structures.

Ans :
Refer Unit-1V, Q.No. 10.

4. Explain body centred structure.
Ans :
Refer Unit-1V, Q.No. 11.
5. Define Face centred crystal structure.
Ans :
Refer Unit-1V, Q.No. 12.
6. State & Explain Bragg’s law.
Ans :
Refer Unit-1V, Q.No. 18.
7. What is madelung constant? Explain it with respect to sodium chloride lattice.
Ans :
Refer Unit-1V, Q.No. 28.

]

VI

:

Rahul Publications



e e e e e e e e e e e e e e e T T T T T T T T T T T T T T T T T T

SPECTROSCOPY

Atomic Spectra: Introduction - Drawbacks of Bohr's atomic model - Sommerfeld's elliptical
orbits - relativistic correction (no derivation). Stern & Gerlach experiment, Vector atom
model and quantum numbers associated with it. L-S and j-j coupling schemes. Spectral
terms, selection rules, intensity rules - spectra of alkali atoms, doublet fine structure, Zeeman
Effect, Paschen-Back Effect and Stark Effect (basic idea).

Molecular Spectroscopy: Types of molecular spectra, pure rotational energies and spectrum
of diatomic molecule. Determination of inter nuclear distance. Vibrational energies and
spectrum of diatomic molecule. Raman effect, classical theory of Raman effect. Experimental
arrangement for Raman effect and its applications.
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ATOMIC SPECTRA

Introduction

In the nineteenth century it was clear to the scientists that the chemical elements consist of atom.
Although, no one has so far seen individual atoms, yet there is no doubt for its existence. Electron, one of
the fundamental constituent particles, was first of all invented by J.J. Thomson

To account for the experimentally observed spectroscopic data at that time, several theories have
been proposed from time to time regarding the atomic structure which are known as atomic models. The
various models are as follows :

1. Thomson’s Plum Pudding Model
Rutherford’s Nuclear Model
Bohr’s Model

2
3
4. Sommerfeld’s Relativistic Model
5. Vector Model

6

Wave Mechanical Model

I 1.1 DrawBACKS OF BOHR’S THEORY

Q1. Mention the drawback’s of Bohr’s theory?
Ans :

Bohr’s theory was able to-explain successfully a number of experimental observed facts and has
correctly productly the spectral lines of neutral hydrogen atom and singly ionized helium atom, etc. in
terms of only principal quantum number n. However, the theory fails to explain the following facts :

(i)  The theory could not account the spectra of atoms more complex than hydrogen.

(i)  The theory does not give any information regarding the distribution and arrangement of electrons
in atom.

(iii) It does not explain the experimentally observed variations in intensity of the spectral lines of a
element.

(iv) This theory cannot be used to calculated about transforms from one level to another such as the
rate at which they occur or the selection rules which apply to them.

(v)  This theory cannot be used for the quantitative explanation of chemical bonding.

I 1.2 SoMMERFELD ELLiPTIcAL ORBITS - RELATIVISTIC CORRECTION I

Q2. Explain sommerfeld elliptical orbit theory ?
Ans :

Sommerfeld in 1921 modified Bohr’s model by introducing the idea of notion of electron in elliptical
orbits and taking into consideration the variation of mass with velocity. The improved model is known as
sommerfeld relativistic model.

(2 )
=)
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Elliptical Orbits :

According to sommerfeld, the electron moving around the nucleus under an inverse - square force.
In the elliptical orbit the position of the electron at any time may be fixed by two coordinates y and ¢
where v is the radius vector and ¢ is the angle which the radius vector makes with the major axis of the
ellipse, i.e., azimuthal angle. Now consider an electron of mass ma dn linear tangential velocity of the
electron can be resolved into two components - one long radius vector called the radical velocity and
other perpendicular to radius vector called the transverse velocity. Corresponding to these velocities the
sommerfeld assumed that the same generalised condition which has been postulated for circular orbit also

holds in elliptical orbit, i.e.,
~ Electron
T
()
O
Nucleus _/

<j5Prdr=nrh

$ Po dp=n¢h

where Py and P¢ are the components of linear momentum p of the electron along the radial direction and
transverse direction respectively, ny and n¢ are integers. More specifically ny is called the radial quantum
number and n¢ as angular or azimuthal quantum, ¢ indicator that the integration is to be carried out over
one cycle of the motion.

1.2.1 Sommerfeld Relativistic Correction

Q3. Discuss the sommerfeld relativistic correction.
Ans :

Sommerfeld pointed out that the velocity of the electron in the innermost Bohr’s orbit is 0.007 of
the velocity of light hence the variation of mass of the electron with velocity should be taken into
consideration. The velocity of the electron moving in an elliptical orbit varies at different parts of the orbit.
It is maximum when their electron is nearest to the nuclear and minimum when it is farthest from the
nucleus.

This implies that effective mass of electron will be different at different parts of its orbit. Consequently,
the curvature of elliptical path is not a exactly the same in two positions and hence the ellipse is not a
complete one. Sommerfeld has electron has two momenta one along radius vector called as radial
momentum and other perpendicular to radial quantum numbers and n¢ as angular or aximuthal quantum
number. In other to quantize the elliptical orbits, sommerfeld introduced the two quantum numbers n
and n, and because they stand for one periodic system. Hence n + n, = n.n, quantum number, n is
known as principal quantum number, n is radial number.

For the normal state of the hydrogen atom, the principal quantum number n = 1 corresponding to
n = 1, there are two possibilities, i.e., n = O,n=i(n=n+ n¢) and n =1, n, = 0. When n, = 0
(semiminor axis is zero), the ellipse converted into a straight line and the electrons have to pass through
the nucleus twice during every period. This type of motion is not possible hence n, is one.

[ 3]
= J
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Thus, corresponding to n = 1, n¢ is one and the first orbit is a circle identical to Bohr’s orbit. With
n = 2, np may have values 1 and 2. Thus, corresponding to n = 2, two orbits are possible, one isn = 2,
ng = 2, acircle and other n = 2, np = 1 an ellipse. Similarly for n = 3, n$ = 3, three orbits are possible
- one circle corresponding to n = 3, np = 3 and two ellipse. Similarly for n = 3, n$ = 3, three orbits are
possible - one circle corresponding to n = 3, n¢ = 3 and two ellipses with n = 3, np =1 and np = 2.

Made such calculations and has shown that the parts of the electron is not a closed ellipse but a
complicated curve known as rosette - a processing ellipse whose major exist processes slowly in the plane
of the ellipse about an axis through one of the foci as.

The expression of energy of an electron in a hydrogen like atom for a particular state characterised
by quantum number n and n¢, after relativistic correction can be shown to be

mz? e* 1+a222 1 3
En_'BSOZCZh2 % m [ny 4"

Where

e? 1

~

a= 2g ch 317

a is called as sommerfeld fine structure constant.

I 1.3 STERN AND GERLECH EXPERIMENT

Q4. Describe the theory of Stern and Gerlech experiment. Why it is necessary to use a beam of
neutral atoms.

Ans . (Imp.)
In Stern and Gerlach experiment a team of silver atom is passed throgh an inhomogenous magnetic

field. The silver atoms beam is produced by heating silver is a small electric oven o fig. and passing the
beam through slots S, and S,

Magnetic pole Beam of
N silver atom
0 $1% [ N -
| 1] N | /
Oven J
S
Photographic
Inhomogeneous plgtep
magentic field

Fig.: Stern - Gerlach Experiment

(4 )
_J
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The inhomogeneous magnetic field is produced having one of the pole pieces of the magnetic flat
with a cylindrical groove and the other in the form of a knife edge, parallel to the groove as shown in the
fiture. Thus the magnetic field is of much greater intensity near the knife edge than anywhere else in the
gap i.e., the intensity of the magnetic field increases as we go from the centre towards the upper knife
edge pole and decreases as we go below towards the lower pole fig. A photographic plate p records the
configuration of the beam after its passage. Through the field to avoid the deflection of silver atoms by gas
molecules, the whole arrangement is enclosed in a highly evacuated glass vessel.

Z-axis

Fig.: Side view of magnet with lines of force

In the absence of magnetic field, a trace of the form of a narrow strip is obtained as shown in fig. in
the presence of the inhomogenous magnetic field the strip splits up into'two components as shown in fig.
According to the classical shape of the strip is inhomogenous field is.shown in figure.

Field off Field on

!

-~
>
-

VAN
\ !
»
U
it

(a) Nofield  (b)Actual (c) Classical
pattern pattern pattern

The splitting of silver beam into two components in inhomogenous field verifies the existence of
electron spin and the postulate of space quantisation as shown below :

When all silver atoms passing a magnetic pJ pass through the inhomogenous magnetic field, they
experience different amounts of force in vertical direction depending on their orientation. This is due to
the fact that when a bar magnet is placed in inhomogenous magnetic field (let its north pole experiences
a greater force the south pole). Then the magnet experiences a resultant force F, - F, fig. The magnitude
and direction of the force F depends on the magnitudes of F, and F, i.e., orientation of the axis of magnet
relative to the magnetic field.

This force causes a defection of the silver atoms to varying degrees in a vertical direction, if, the
magnetic moment pJ can have all possible orientations (according to the classical view), then the beam of
silver atoms, consisting of millions of atoms having all possible orientations of u. will be spread out into a
broad continuous band on emerging from the magnetic field. In this way it should produce a broad
continuous path on the photographic plate. Experimentally only two narrow strips are obtained on the
photographic plate. Therefore, the predictions of classifical physics are not correct in this case. The two
narrows strips shown that p, cannot have all possible orientations, but only two possible orient orientations
as shown in figure. We know that il is proportional to angular momentum J and hence the direction of J
relative to well defined direction should have only two values. According to the quantisation rules, the
magnitude of J is give by

[ 5 ]
)
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F F
N
S
Fo
F,
N
S
Fs

—— h
I= G+ - 5
There are (2] + 1) possible orientation of J

The stern - Gerlach experiment shown that (2] + 1) = 2

(or)

1

1=3
Thus J=—3.L
2 27

)

My

Itis know that the angular momentum J of silver atoms is entirely due to spin of its valence electrons.

Thus we conclude that the electron has a spin angular momentum.

1
S= {[S(S+1) . 21 where S = 5
T

Thus Stern and Gerlach found that the initial beam split into two distinct parts, corresponding to
two opposite spin orientation in magnetic field that are permitted by space quantisation.

I 1.4 Drawsacks oF BoHR AND SOMMERFELD ATomic MoDEL & CoNcePT oF VECTOR MODEL

Q5. What are the drawbacks of Bohr and Sommerfeld atomic model ? Explain concept of vector

model ?

AnS :

This model is an extension of Bohr - Sommerfeld atoms model. Following are the drawbacks of

Bohr and sommerfeld atomic models :

(i)  Original Bohr’s theory was incapable of explaining the fine structure of the spectral lines even in the

simplest hydrogen a form.

(i)  In case of complex atoms, Bohr’s theory fails to calculate the energy of the system and frequencies

of radiation emitted.

(6 )
)
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(i) Sommerfeld modification, though gave a theoretical back ground of the splitting of individual spectral
lines of hydrogen, still in could not predict the correct number of observed fine structure of these
lines.

(iv) Both the models could not explain the distribution and arrangement of electrons in atoms.
(v) Both the models do not throw any light on the intensities of the spectral lines.
(vi) Both the models could not explain the anomalous zerman effect and stark effect.

To overcome all these objections a new model known as vector atom model was proposed.

1.4.1 Concept of Vector Atom Model

Q6. Explain vector atom model ?
Ans . (Imp.)

The main contributors for this model are Bohr, Sommerfeld, Uhlenbeck, Goudsmith, Pauli, Stern
and Gerlach.

The two main features of vector atom model are :
1. Spatial Quantization
2. Electron Spin

I=2
i
2 ILI=A22+1) #

1. Space Quantization

According to spatial quantization, the orientation of the electron orbits in space is quantized. The
plane of the orbit in space or the direction of orbital angular momentum can taken only certain selected
orientations with respect to a preferred direction which could be an external magnetic field (B). (B — 0),

The magnitude of orbital angular momentum of the electron is given by

h
L=p =1 o = |h.
where

I is the orbital quantum number. The associated magnetic moment is called the orbital magnetic
moment pl. For a given value of principal quantum number n, | can take n values from 0 to (n - 1). Thus
forn=3,1=0, 1, 2,. For a given value of I, an orbit in space can have (2| + 1) orientations in space with
respect to external magnetic field. Then according to the space quantization rule, only those orientation of

- J
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h
P, pcosd = m, o = mlh where ¢ is the angle between p, and the external field direction in space, m,

is the magnetic quantum number for orbital motion and can have the possible values of 0, +1, £2, £3,
...... *li.e., m can have (2| + 1) values.

For example, in case of | =2, m = £2, +1,0, -1, -2.
2. Spinning Electron Hypothesis

According to electron spin hypothesis proposed by Uhlenbeck and Goudsmit, an electron in addition
to orbital motion has a spin motion. The spin motion is quantized. The magnitude of the spin angular

S;

hE DTS

h
momentum is p, =s o sh where s is the spin quantum number. The value of s = 1/2. The associated

magnetic moment is called the spin magnetic moment . The spin angular momentum has two orientations
with respect to external magnetic field.i.e., either parallel or antiparallel to field.

I 1.5 QuanTuUM NumBERS AssocIATED WITH VECTOR AToM MODEL

Q7. Explain quantum numbers associated with vector atom model ?
Ans :

Quantum numbers associated with the vector model of the atom

In vector atom model, for each of the component parts like orbital and spin motion, orbital and
spin angular momentum, a quantum number is assigned. They are the set of integers or half integers
characterizing the energy states of an electron in an atom. Each electron in an atom is described by four
different quantum numbers. They are n, I, s and J. In a strong magnetic field three more quantum
numbers arise. They are m, m_and m,.

1. Principal Quantum Number (n)

It specifies the energy of an electron and the size of the orbital. It can take only integral values i.e.
n=1,2,3, ... , oo . All orbitals that have the same value of n are said to be in the same shell (level).
For a hydrogen atom with n = 1, the electron is in its ground state; if the electron is in the n = 2
orbital, it is in an excited state. The total number of orbitals for a given n value is n2.

2. Orbital Quantum Number (1)

It specifies the shape of an orbital with a particular principal quantum number. It takes integral
values between0andn=1i.e.,1=0,1,2,3, ..... , h — 1. This quantum number divides the shells
into smaller groups of orbitals called subshells (sublevels). Usually, a letter code is used to identify |

[ & }
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to avoid confusion with n. For 1| = 0, 1, 2, 3, ..., the letters are s, p, d, f ... respectively. The orbital
angular momentum is quantized and is given by p, = | Zln = Ih. According to wave mechanics
L=p,=l(+1) h

3. Spin Quantum Number (s) :
It is has a magnitude of % . An electron can spin in only one of two directions (sometimes called up

h
or down). The spin angular momentum is quantized and is given by p, ='s o = sh. According to

wave mechanics p, = /s(s+1) h.

4. Total Angular Quantum Number (j)

It is the resultant of orbital and the spin motion and is givenby j=1+s=1 + 1/2. Itis| + swhen
sis parallel to | and | — s when s is antiparallel to I. The total angular momentum is quantized and is

h
given by p, = | o jh. According to wave mechanics p, = /j(j+1) h.

5. Magnetic Quantum Number (ml)

It specifties the orientation in space of an orbital of a given energy (n) and spape (I). It is the
projection of the orbital vector | on the external field direction,i.e., L . It is an integer and can have
any of the (21 + 1) values from —I to +I. This quantum number divides the subshell into individual
orbitals which hold the electrons; there are 2| + 1 orbitals in each subshell. Thus the s subshell has
only one orbital, the p subshell has three orbitals, and so on. If | =2, thenm =-2,-1,0, 1, +2 as
shown.

|1

6. Magnetic Spin Quantum Number (m,)]

It specifies the orientation of the spin axis of an electron. It is the projection of the spin vector s on
the external field direction. It can have 2s + 1 from —s to +s excluding zero, m_can have only two

values 2 Or—z.

-

m=-12

g
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7. Magnetic Total Angular Momentum Quantum Number (m)

It is the projection of the total angular momentum vector j on the external field direction. It can
have 2j + 1 from —j to +j excluding zero.

32
1.6 COUPLING SCHEMES I
Q8. Discuss the L-S and J-J coupling schemes associated with an atom ?
(OR)
Explain L-S and J-J coupling schemes ?
Ans . (Imp.)

Generally two types of coupling known as Russell - Saunders or L-S coupling and J-J coupling
occurs which are described below :

(i) L-Scoupling : This type of coupling occurs most frequently and hence is known as normal coupling.

In this coupling orbital angular momentum vectors | of the electrons combine to from a resultant
vector L & all the spin angular Momentum vectors S like wise combine to form a resultant vector S.

Now the vectors L & S combine to form a vector J
We can represent the coupling as
L=©0F+I12+B..)
S=(st+s2+¢s3 ...)
J=L+S

Fig.: Showing L-S Coupling

l 10 ',
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» Here L is always an integer zero ie,. 0, 1, 2, 3 .... etc. The value S depends on the number of
Electrons & the direction of their Spin vectors.

» In case of two Electrons if the spins are parallel the value is one and when the Spins are
antiparallel the value of S is Zero.

» Thus, S is an integer for an Even number of Electrons & half integer for an odd number of

Electrons.
Two electrons Three electrons Four electrons
Sy

S3 S3

So So S3 S S3

Sy |Sa

Sy ; S1l TSg 52 S1$ lSB Ss s l ¥ 5 i S4
Sy S 1

S=1 0 3/2 1/2 2 1 0

Now J = Integer (0, 1, 2, 3, ...... etc) where S is integer

(i,e, for odd electron system)

J = Half integer (% Cy 5/ etc.)

where

S is half integer
(i.e., for.odd electron system)
J must always be positive & never negative because it represents the total angular momentum.

(i) J-J Coupling: The interaction between the spin & orbital vectors in each electron is stronger than
the interaction between Either the spin vectors or orbital vectors of different Electrons. In such case
j-j coupling is most suitable than L - S coupling.

» Inj - j coupling, Each Electron is considered separately & its total angular momentum j is
obtained by the relation

j=1+S

»  Then the total angular momentum J of the atom would be vector sun of all the individual j
vectors of the electrons.

Lb=0+8)),=1,+S)j, =+ S)...
J=(,+j,+)+ ..
=73j.

»  Purej - jcoupling is seldom found. In most of known cases I-s coupling is effective.

l 11 l,
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1.7 SpeCTRAL TERMS I

Q9. Explain the spectral terms ?

AnS :

To describe the Electronic Configuration, Small letters are used to represent the | values are shows
again

| Notation

S

aa A W N O
-~ O T

= (o]

To represent the configuration, following two points are considered.

i)  The value of total quantum number n is written as a prefix to the letter representing its ‘I’
values.

ii)  The number of Electrons with the same n & p values is written at the up per right hand side of
letter representing their | value.

l 12 ',

Rahul Publications



UNIT - | MODERN PHYSICS

1.8 SeLecTION RULES & INTENSITY RULES

1.8.1 Selection Rules
Q10. Explainselection rules.
Ans :

We know that in an atom, there are number of energy states. It is observed that all the transitions
between different energy states (as spectral lines) do not appear. The spectral lines are governed under
certain principles known as selection rules. There are three selection rules as described below :

(@) The selection rule for L : Only those lines are observed for which the value of L changes by
+1 (i.e., AL = £1).

(b) The selection rule for J : Only those spectral lines are observed when the transitions ake place
between states for which AJ = =1 or 0. The transition 0 — 0 is not allowed.

(c) The selection rule for S : Only those spectral lines are observed for which the value of S
changes by O (i.e., AS = 0).

(d) Selection rules for magnetic quantum numbers : In the presence of magnetic field, the
orbital magnetic quantum number m1 and spin magnetic quantum numbers m_ play an
important part in the transition. Their selection rules are

Am =0 or 1 and Am =0
In consequence

Amj=0 or *1

1.8.2 Intensity Rules

Q11. Explain Intensity Rules.

Ans :
The intensity rules are :
(i) Theintensity of the transition (i.e., a line) is strong for which L and J change in the same sense.
(i) 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 i.e., from L —
(L-1).

(iv) The intensity of a line is weak the transition is in the increasing sense i.e., from L — (L + 1).
(v) The oppositely directed transition does not occur.
The above rules can be summarized as :

AL = -1, Al =-1 Most intense line
Al = -1, AJ=0 Less intense
AL = +1, Al =+1 Weaker
AL = +1, AJ=0 Weaker
AL = -1, Al =+1 No transition
AL = +1, Al =-1 No transition
@ Rahul Publications
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1.9 AvLkaLl AToMs SPECTRAL TERMS

Q12. Explain the spectra of alkali atoms ?
Ans :

After hydrogen, the next simpled spectra are of ‘monovalent’ atoms of alkali metali lithium (Li),
Sodium (Na), Potassium (K), Rubidium (Rb), Cesium (Cs), etc. These belong to the group first of periodic
table. In case of alkali atoms, the modified field shows the net effect of nucleus and the cure elements i.e.,
the atom reduces to hydrogen - like. As the value of n increases, the energy levels in case of alkali metal
approaches to that of hydrogen level. However, all alkali levels lie below the corresponding hydrogen
level.

As the electron come closer to the nucleus, it penetrates the atomic tunk and the field is changed
(Fig.). Due to penetration, the energy of the moving electron.

Non-penetrating

Penetrating

3d

Fig.: Penetration of Orbits

Cannot be expressed by the term - (R/n?), i.e., by hydrogen like atom. Now it is more convenient
to use a term value in case of alkali spectra defined as

R
T= .
n?, 1)
where n_ is the effective quantum number.

The energy is also expressed by the following relation

R
= m+p)y .. (2)
Where m is currently to n but not equal to n and p is a fraction less than unity.

T

The value of p is constant for a given value of L. Larger is the value of L. Smaller will be the value
of uw and vice-versa. For smaller value of , the penetration of electron to nucleus cure will be small.

The lines in the spectrum of an alkali atom can be grouped into following distinct four series :
1. Principal series (intense lines)
2. Sharp series (fine lines)
3. Diffuse series (comparativel broader lines)
4. Fundamental series (lies in infra-red region)
Let us express the wave numbers of these series in terms of their term values.
1. Principal Series

The series arises from the transitions between various P levels and lowest S level. The lowest S - level
has the lowest possible value for the energy. This represents the grand state of the atom. The term
values are as follows :

l 14 ',
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Q13.

_R
1+ Hs)z

Where R is Rydberg constant and p, is the characteristic constant for the sharp series. Similarly, the
term value for p dates are

_R
To= (m+p,)

T.=

Where M is the characteristic constant of principal series, m is an integer equal to Or greater than 2.
Further, T > Tp

The wave - number of principal series is given by
R R
p s T,= P
P+ ) (M)

Sharp Series

This series comes from the transitions from S-levels (exclusive or lowest) of S-levels. The wave -
number is given by

_m=2) (1)

- R R S )
Vo = @+u, )’ (m+ ) (m = 2) - (2)

Diffuse Series

This series arises from transitions between the various transitions between D levels and lowest P -
Level. The wave - number is expressed as

R R
v, = - m > 3 .. (3
D (2+“p)2 (m+HD)2 ( ) ( )
Where , is the characteristics of diffuse series.
Fundamental Series

The fundamental series arises from the transitions from various F levels to the lowest D - level. The
wave - number is expressed as

R R
Ve = Grny - (mapy M= 4 . (4)

Where My is the characteristic constant of fundamental series.

I 1.10 DousLET FINITE I

Show how the concept of spinning electron accounts for the doubling of levels in spectrum of
alkalics?

AnS :

The lines of optical spectra emitted by alkali atoms show a fine structure splitting. This splitting is

small for lighter atoms and increases rapidly with increasing atomic number. All lines of the sharp series are
close doublets and similarly, each line of principal series is also a double.

In the analysis of alkali spectra, it has been observed that 5-level is single while others P, D, F, ... are

doublet levels. The splitting of the levels is due to the spin of electron. Actually, the spin magnetic moment

l 15 l,
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of optically active electron interacts with the internal magnetic field created by the motion of electron
through the nuclear electric field. The phenomenon is known as spin orbit interaction. Due to this interaction,

orbital angular momentum 1 of the optical electron is coupled with spin angular momentum s to form
resultant j.

The quantum number j can take the following two values, i.e.,

1 1
The splitting of each energy level into two results duetoj =1 + 5 andj=1- 5 values. There is
an expectation for 5-level because for 5-level, | = 0.

The complete notation of the levels is shown below :

Level | S Multiplicity (2s + 1) j Full Notation
S 0 1/2 2 1/2 S,
P 1| 12 2 312, 1/2 P, %P,
D 2 1/2 2 5/2, 3/2 D, ,’D,,
F 3 | 12 2 712, 5/2 F ., F,,

The relative splitting of levels 2P, 2D and *F for a given n value is illustrated in fig..

Fig. : Splitting of Alkali Level

The 2P levels are splitted as *P_,, and *P,, where ?P_ , being deeper. Similarly, °D and *F levels are

splitted as *D, ,, °D,,, and °F_,, °F, .. It is also obvious that these splitting are much smaller.

The doublets of the sharp series are formed by the following transitions.:

n3s, — msz and m 2P

2 (with n > m)

3/2
The principal series doublets are due to transitions

n 2P3,2 and n?P,, —»> m?S

12 12 (with n > m)

Here n and m represent the total quantum numbers in vector atom mode.

The two transitions 3°P,, — 32S,,and 3°P,, — 3°?S,, are the first members of principal series and

are lines of sodium referred to as sodium D lines doublet.

These are shown in fig.

l 16 ',
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2

3P
2p { 3/2
3 %Py
2
S — 325,
Dy D,
Figure
The lines of the diffuse and fundamental series show a three component structure and are called
component doublets. Diffuse lines arising from transition 3 °D,, — 3 %P, , 3°D,, — 3°%P,,,3°D,, —

3 %P, are shown in fig.

2
3205/2
3 "Dy

2

p—r 3 %Pyz

A 2
| ’ 3 °Pre

v —>

Fig.: Compound Doublets of Diffuse Series

The doublet character of Na spectrum is shown in fig.

Dajp %Fy, 2Fan

Fundamental
doublets

doublets

7~ Prindpal
doublets
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Q14. Explain the singlet and triplet fine structures in alkaline earth spectra.

AnS :

The alkaline earth elements are beryllium (Be), magnesium (Mg), calcium (Ca), strontium (Sr),
barium (Ba) and mercury (Hg). They have two electrons in their outermost shell. The spectra of alkaline
earth elements resemble the spectra of helium atom.

On excitation either one or both of the two valence electrons can go to higher energy states.
Afterwards they give rise to transitions to lower energy states. Due to two electrons, a large number of
transitions are possible. Therefore, the spectra of alkaline earths consists of a very large number of lines.
The spectrum consists of two typels of spectral lines, singlets and triplet.

These lines of each type can be grouped into four chief series, i.e., principal, sharp. diffuse and
fundamental.

Let us consider the ground state of two valence electron system. In this case,

1
n=11=0 and s= 5 for each electron.

For two electrons system
L=l,+1,=0and S=s +s,=0orl
But Pauli’s exclusion principle does not allow S =1 state (parallel spins of two electrons).
Therefore, the term symbol is 'S . So, the ground state of alkaline earth only shows singlet structure.
When the electron is excited, it comes into higher states. We consider the following cases :
1. Consider the first excited state (P state). For this state
L=1L+1L=1
S=s,+s,=0o0r1
(i)  WithS=0,J=L+ S=1and we get singlet state *P..
(i) WithS=1,J=20[(1+ 1), 1, (1-1)]. Inthis case, we have °P,, °P,, °P,.
This is a triplet state.
2. Let us now consider the second excited state (D state). In this case,
L=2,S=0 or 1.
Now we get
(i) WithL=2 and S=0, J=2and the state is ‘D,. This is a singlet state
(i) WithL=2and S=1,J=(3,2,1)
The states are °D,, °D, and °D,.
This is a triplet state

Hence, we have two sets of energy states. One set is singlet and is observed when spim are anti-
parallel and the other set is of triplet states when spins are parallel.

l 18 ',
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Taking into account the fine structure of triplets, the following points are observed:
(i) all members of sharp series are composed of three lines and approach a triplet limit

(i) all members of principal series are composed of three lines with decreasing separation and
have a single limit

(iii) all the members of diffuse and fundamental series contain six lines, three strong lines and
three satellites with triple limit.

In Hg-spectrum, the following main series are observed :

(@) Singletsystem

[\

m ‘P, - 1'S, withm
m ‘P, -2 'S, withm > 3

vV

Principal series {

Sharp series m!S — 2'S withm > 2
Diffuse series m'D, — 2'P, withm > 3
(b) Triplet System

Principal series m 3P — 2% withm=> 3

0,1,2
Sharp series  m?3S, — 2°P,
Diffuse series m 3D1'2'3 — 2°P withm > 3

Here m means the ground state of the atom and not the number of orbit, m = 2, first excited state
and so on.

The diffuse triplets of mercury spectrum is shown in fig..

<___.._ SN (PR T——

)

Y

e S R T R R Dbl ahatatads
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‘

»
w

Y

Fig.: Triplet system in Hg spectrum

The diffuse triplet of mercury is more complicated as it is obtained by combination of two triplet
levels. Out of nine possible transitions, only six are allowed as shown in fig.
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I 1.11 ZeemaN ErrecT I

Q15. What is zeeman effect? Describe the experimental arrangement to study the zeeman effect.

AnS :

Zeeman repeated Faraday’s experiment with improved apparatus and observed the splitting of
spectral lines. The splitting of spectral lines is known as Zeeman Effect.

In 1896, Prof Zeeman discovered that when a source of radiation, giving 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. If the magnetic field is very strong, each spectral line split up into two components in the
longitudinal view and in three components in transverse view. This is known as normal Zeeman Effect.
When the magnetic field is comparatively weak. Each line split into more than three components this is
known as Anomalous Zeeman effect.

Experimental Arrangement

The experimental arrangement for observing normal zeeman effect is shown in figure (31). The
source of radiation such as sodium flame as a mercury are is placed between

Electro

To
7 S spectrometer

(for normal
longitudinal
effect)

Spectrometer
(for normal
transverse

effect)

The pole pieces of a powerful electromagnet. The electromagnet has conical pole pieces and holes
are drilled along the length so that light from the source can pass through it. Thus, the spectrum can be
observed along the direction of the magnetic field. The spectral lines are observed with high resolving
power spectroscope. The spectral lines may also be observed in a direction perpendicular to the magnetic
field.

l No. Field
I I l Transverse
view
v = Av v v + Ay

Longitudinal
view
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In the normal zeeman effect, when the light is viewed perpendicular to the direction of magnetic
field. (Normal transverse zeeman effect). Three components are observed one in the same position as the
original line having original frequency v and two components being on on either side of the central line
and equally separated from it having frequencies v + Av and v — Av. It is found that it central or original
line is linearly polarised, parallel to the magnetic field whereas the component lines on either side are
linearly polarised at right angles to the magnetic field as shown in the figure. (35). Here it should be
remembered that the original spectrum line in the observe of magnetic field being unpolarised. When the
light is viewed along the direction of magnetic field. (Normal longitudinal zeeman effect), the come two
additional lines with frequencies v + Av and v — Av are observed while the central line having frequency
v is missing. These two lines are circularly polarised one being clockwise and the other anticlockwise i.e.,
these two lines are polarised in opposite directions as shown in fig. by arrows.

I 1.12 PascHEN - Back EFrecT

Q16. What is Paschen - Back Effect?
Ans . (Imp.)

The alkali metals, like Na, Li, K, etc., shaw anomalous zeeman effect only in weak fields. Paschen
and Back showed that (whatever be the anomalous zeeman pattern of a given line in a magnetic field, the
pattern in always approximated as normal zeeman triplet as the field strength is - Progressively increased).
This fact is known as paschen - back effect. Thus the transition phenomenon between the two (anomalous
zeeman effect and normal zeeman effect) is known as paschen - back effect

Explanation of Paschen - Back Effect

When the magnetic field is increased, a stage is reached when the outer precession attains the order
of magnitude of the inner one. Now the magnetic coupling between L and S is loosen and we cannot
replace the magnetic. Moment p of the atom by the parallel component p_between p, when averaged

over a period will not be equal to zero. This is the reason of paschen - back effect. If the magnetic field is
raised still further the coupling between w and s becomes practically annulled. Now orbit and spin vectors
L and S separately process about the field direction as shown in fig. (34).

We have seen that the when external magnetic field is very strong the coupling between L and S
breaks down and they precess separately about the magnetic field B.

AB

The magnitudes of L and S along field direction (z-direction) are
h h
L,=m, [Z—J ands, = m_ [Z—J
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Here, the orbital quantum number m, processes (2| + 1) values from - | to | with difference of unity
further, the spin quantum number m_ possesses (2s + 1) values from —s to +s with difference of unity.

The angular velocities of precession of L and S about the field directions are given by Larmor’s
theorem.

Accordingly
Mmoo B
“ =L BT 2m,
TR 2eB
and °°S=|S|B=_2mo

Thus, the change in energy due to magnetic field is
AE = AE + AE,

=('0LLZ+('OSSZ

= () (58] (52 [59)

eh

= 47[m0 [ML + ZMS] B

In terms of wave numbers, the shift is

L AEQ \
MWEAS E Zamc M +2M]B
eB _
AV=gmme b

The quantity (m_+ 2m,) is known as strong field quantum number m,_can take only integral
values while m, can have either integral or half integer values. Thus, (m_+ 2m,) can have only integral
values. As S or m can not change during a transition, the only change is due to m_in the expression (m_

+ 2m,). According to selection rule m_=0.0r £+ 1, hence a given aline will split in three components in
strong magnetic field as in case of normal zeeman effect.

I 1.13 StARK EFFeCT I

Q17. What is Stark Effect? Describe the experimental arrangement to study Stark Effect.
Ans :

The action of an electric field on the spectrum of hydrogen was discovered by stark (1913) who
observed the splitting of Balmer lines. the splitting of spectral lines due to the action of external electric
field is called the stark effect.
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Experimental Study

The experimental arrangement is shown in fig. stark effect placed on auxiliary electrode .F close
behind the cathode cat a distance of few millimeters. The canal rays are produced in an ordinary discharge
tube whose cathode is perforated. A. high potential difference is applied between cathode ¢ and electrode
F to produce a strong electric field of about 10”V/M between F and C. The spectrum is studied by a high
resolving power spectrometer.

— -

8,000V 10,000V
T\
==
1 - anal [—
\ rays /

Q Spectrometer

The main features observed in case of Balmes series of hydrogen spectrum are :

1.
2.

Every line splits up into a number of sharp components.

All hydrogen lines from symmetrical pattern. The pattern depends markedly on the quantum
number n of the term involved. The number of lines and total width of the pattern increases
with increase of. Thus the number of components of H_ lines is greater than those of H_lines
i similarly the number of components of H is greater tﬁan those of H,.

The wave number differences are integral multiple of unit which is proportional to <. It is
same for all hydrogen lines.

Observations perpendicular to the direction of electric field. Show that the components are
polarised some parallel to the direction of field strength and other perpendicular to field strength.

Upto the electric fields of about 107V/M, the resolution increases in proportional to the field
strength. In this region, we have linear stark effect. In case of more intense field. More
complicated effects, so called quadratic stark effect and even of higher orders are observed in
addition to linear effect.

I 1.14 SpPeCTROSCOPY I

1.14.1 Types of Molecular Spectra

Q18. Explain types of molecular spectra ?

AnS :

>

>

The spectra emitted buy atoms due to energy in their electronic system is Know as atomic spectra.
when the element is in the molecular are know. as bund (or) molecular spectra.

Molecular spectra generally fall in following three distinct regions.

1

Microwave and for infrared region: The spectrum obtained in this region is called as pure
rotational spectrum.
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2. Near infrared region: The spectrum obtained in this region in called as vibration - rational
spectrum.

3. Visible (or) ultra] - violet region: The spectrum obtained in this region is called as electronic
spectrum.

I 1.15 PuUre RoTATIONAL ENERGIES AND SPECTRUM OF DiaToMIC MOLECULE I

Q19. Give the elementary theory of the origin of pure rotational energies and spectrum of
Diatomic molecule?

AnS :

When microwaves radiation is incident on a a molecular, the molecule ofter absorbing energy
rotates about its center of mass. This gives rise to various rotational energy levels.

Rational energies of diatomic molecule

The simpled molecule is a diatomic molecule is a diatomic two atoms, (ray of masses m,and m, are
reproduct at a distances R) are based by alternative forces. To a fixed appropriation,.it is assumed that the
distance between two nuclei remains constanti.e., the molecular behaviour as arigid rotator. The molecular
rotates about an aim passing through its centre of mass e and perpendicular to the line joining the atoms
as shown in fig.

Centre
of mass N\ -----f-----__

Fig.: Diatomic molecule

As the energy of the molecule depends upon its moments of interia. Hence find of all, we shall
calculates the moment of interia. The moment of interia of diamotic module about an aim passing through
its centre of mass e and perpendicular to the line joining the two man in given by.

I=myV?+my/?

As the system in balanced about its centre of graceful
myv, =my,
R=(v,+V)

Substituting eqn. (2) and (3) for v, and v,, we have

m, m,

v, = —(m1 Tm,) R and v, =—(m1 Tm,) R

Substitute the value in eq. (1), we get
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m,m3 m,m;
|= 77 7 < xR+ 7 — 3 xXR?
(m, +m,) (m, +m, )
m1m2
— (m +m,)
| = MR?
(or)
mm, , L
When M = m in the reduced mass of the molecule. Thus, instead of considering the
1 2

rotation of diatomic molecule. We can equally well consider the rotation of a single man point of man is at
a fixed distance, R from the aim of rotation.

The angular momentum L, of the molecule is given
L=L

The orbital angular momentum of the directions in hydrogen atom can have only this values given
by the following

L= {Jrr+D)} .n (where h = h/2x)
The orbital angular momentum of the rotating molecule is also quantified with value
L= {\90+D} .n

Where J = rotational quantum number. Then value J = 0, 1 classically, the energy of rotation of
a is (1/2) lw? and hence the energy levels are seperated by

=g W=y L)

T

~JJ+1h?

EI’
21

E, given the rotational states.
Molecule or Raman

In order to obtain a more assets value of the energy we have to solve the Spectroscopy wear
equation for this system. The Spectroscopy various equations is given by

2

But in present case, m = u and v = 0 (airgid rotation). Hence

2

8n°m
V2P + 7;12 EY =0
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Solution of eq. (8) is only possible for certain value of E vcalled as eigen values. The eigen values
are given by
h? h?
E=m J(J+1)=ﬁ\](,]+1)
Where J is a rotational quantum number. it can take value 0, 1, 2, ... Thus, we have a ----- of directs

energy levels, with emergine 0, 2h?/ 8= |, 6h?/ 8 1%, ..... The variouis allowed rotational energy levels of
a diatomic modular and the spectrum is show in fig.

J
5 3

Fig.: Allowed energy levels and spectrum of diatomic module
Spectrum of a Diatomic Molecule

According to quantum theory, the emission of light quantum take plans as a result of transition of
the rotator from higher to lower energy state which the absorption of quantum of proper frequency
produces a transmission from lower energy state to higher energy state. W.K.T

h2

7

E:

J (J+1)

where, J=0,1, 2, ...
Now we consider the frequency of transition from a level of energy E, to a level of energy E;

where (EJl >E, ) . The energies of their two states are given as :

2

h
EJl = < 3 ‘]1 (‘]

+1
8n?l )

1

2

h
EJ2= m\]z(\]2+l)

g
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The frequency v of the rotation is given by

EJ _EJZ AE 1 h*

" - = - = | —{,0,+)-3,(J,+1

V= h = h = h 87E2|{1(1 ) 2(2 )}
h

V=g B0, +1)-3,0,+ 1)

Corresponding to different values of J, and J,, we get different lines in absorption spectrum of the
molecule. The set of lines (in emission (or) absorption spectrum) obtained in this way forms the pure
rotational spectrum of the molecule.

1.16 DeTterMINATION OF INTER NUCLEAR DISTANCE I

Q20. How do you use rotational spectrum to determining internuclear distance?

Ans :
The rotational spectra of rigid diatomic molecule consist of equidistant series of line.

When the molecule is raised from J to JH, the absorption is represented by

2

8r?l

AE = [0+ 1) @+2)-J0+1)]

h2
= ——x20+1
87'[2' ( )
The wave number of radiation is given by
J_AE_ 2
V" he ~ 8rn’IC

@+1)=2BB(@J+1)

where

B is constant equal to
a 872IC

So, the spacing between lines is 2B. Therefore, from rotational spectra, B can be determined. By
knowing the value of B, the moment of inertia and bond length or internuclear distance can be calculated.

I 1.17 VIBRATIONAL ENERGIES AND SPECTRUM OF DiaToMIc MOLECULES

Q21. Give the elementary theory of the origin of the vibrational spectrum of a molecule ?

Ans : (Imp.)

The atoms of the molecule vibrate about the mean position. In this way, their internuclear distance
is changed. Further, the adsorption of radiation will also increase the vibrational energy of the molecule.
This gives rise to the vibrational spectra. Therefore, the combination of vibrational and rotational effect
results the modification in the spectrum. The spectrum is now called as rotational - vibrational spectrum.
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(i)  Vibration of Diatomic Molecule

Consider a diatomic molecule consisting of nuclei masses m, and m, separated by equilibrium
distance v_. The nuclei are held together by attractive forces. The molecule is in equilibrium state wen the
two nuclei are separated by a distance v_. When the two nuclei are slightly, separated, distributed, they
experienced restoring forces. Thus, the two vibrating nuclei are equilibrium to a linear harmonic oscillator
of reduced mass p.

1 - ——>ie-- 2 --» 5

m1 00000000 my

I I

oo R >
E(a) Equilibrium positioni
:

(b) Expansion position

(c) Contracted position

1
]
1
1
1
]
I
I
1
|

Frequency of Vibration

A vibrating diatomic molecule can be approrimated to a linear harmonial oscillator. Its frequency of
vibration can be calculated on the classical lines using Newton’s Equation of motion. Suppose the bond is
disorted from its equilibrium length v_to a now length r. The restoring forces on each atom of diatomic
molecles are

d?v,
m, e =-K(r,-r) D)
d2
and m, dt\iz =-—K(-r) . (2)

Where K is known as force constant. This is a measure of the stiffness of the bond. r, and r, are the
positions of atoms 1 and 2 relative to the centre of mass. We know that

m.,r m,r

r,= —m1+m2 and r = —m1+m2 )]

Putting the value of r_in eqg. (1), we get
m,m, d?r . 4
—ml+m2 e (r-r) .. (4)
Since, r_ is constant, its differation with respect to t will be zero. Therefore,

dr _ ¢

Putting in eq. (4), we get
mm, | d*r-r) _
[ml_i_mz] dt2 =-K (r_ re) (6)
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Let

mlmZ
r-r,=n and —m1 m, = u (reduced mass)
Now eq. (6) becomes

l”l_dtZ_

or dn + - n=0
da — n
d’n
or e +wn=20 (where w?> = K/ ) e (D)

This is equation of simple harmonic motion. The frequency of vibration is given by

V. = — .= .. (8
v 2n |\ U (8)
Energy Levels

Vibrational energies, like other molecular energies are quantized. The permitted vibrational energies

for any particular system can be calculated from Schroedinger equation. The eigen values for the energy
of a linear harmonic oscillato is given by

1
E = (VJFE) hv, .. (0)

Where v is vibrational quantum number,

It may have may values 0, 1, 2, 3,

Eqg. (9) is also written as

1
E = (”Ej he ® .. (10)

Where ® is the vibrational frequency of vibrating diatomic molecule expressed in wave number.

From eq. (10), itis clear that the minimum energy (even at absolute zero) possessed by the oscillator
(i.e., for v = 0) is not zero. This is known as zero point energy.

Therefore,

1
Zero point energy = 5 hc ®

Figure shows the vibrational energy levels.
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Es=9/2 hv ,
U= 4 y Y 4 0 U= 4\ /
E;=7/2 hv, \ /
U= 3 A 8 0 U= 3
E, =5/2 hv \ /
v=2 \ 2 2 v=2 Y
E1 = 3/2 hVo \ /
v=1—¢ : U= Y
=12h \_/
v=0 Eq = 112 hve v=0
Fig.: Equispaced Discrete Vibrational Levels
Spectrum
Ji
3 'y i ;ﬁ
S
2 7y A
1
T 0 A — y y
> E
2 |
g !
i 4 ;
i
I o
3 . I
2 : S
i
1 —1
0 —— ~—
Ad=-1 Ad=+1
L1 | L,

PBranch A Branch
Fig.: Transition between rotational-vibrational energy levels of a diatomic molecule

The selection rule for transition between vibrational states is Av = +1 in the harmonic oscillator
approximation and AJ = + 1 for the rotational states. The transition corresponding to AJ = 0 is forbidden.

Fig. (7) shows that J, = 0, 1, 2, 3 and 4 levels of a diatomic molecule for v, = 0and J, =0, 1, 2,
3 and 4 levels for v, = 1. The allowed transitions are also shown.

The v, =0 — v, = O transitions fall into two categories, the P branch in which AJ = -1 (i.e., J —
J - 1) and R branch in which AJ = +1 (i.e., J = J + 1). The frequencies of the spectral lines in each
branch is given by
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Vp=E1,J-1 EOJ

I +[J-1D)F-JQJ+1
= J h J=1,2,3(Pb h
=V,- ey =1, 2, 3 (P branch)
= VoY 47

and VR=E, , -E |
-1 K +[J+1)J+2)-J0+1 N
=5 ) FEO+DE+2-30+ D] g
v (1) 3=0,1, 2 3 (R branch
=v, +( )47[2| =0,1, 2,3 (R branch)

Thereisnoline atv = v, because transitions for which AJ = 0 are forbidden in diatomic molecules.

This missing line, or the gap, in the band is called the origin of the band.

I 1.18 RaMAN ErrecTt & ExPERIMENTAL STuDY RAMAN EFFECT

Q22. What is raman effect ? Explain classical theory of raman effect ?

AnS :

(Imp.)

Rayleigh observed that in the spectrum of scattered light, there is change in the intensity scattered
light but there isno change in the wavelengths or frequency. This scattering is called as Rayleigh scattering.
In 1928, Sri, C.V. Raman observed that the spectrum of scattered light (in addition to the frequency of
incident light) consists of frequencies grater and smaller than those of the incident beam. This is known as
Raman effect. The spectrum of the scattered light is called Raman spectrum. The new lines are known
Raman lines. The lines of greater frequency are called as stokes O lines. The lines are shown in fig. The
displacements of the lines, are independent of the frequency of incident light but are functions of the

scattering substance.

(—A“ﬂ
Stokes Frequency
lines of incident

T light I
Raman lines

Fig.: Raman Lines

Anti-stokes
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Characteristics of Raman Effect
Following are the characteristics of Raman Effect :
(i) The frequencies of Raman lines depend on the frequency of incident light.
(i) The anti - stokes lines are weaker - than stokes lines.
(iii) The rotational or vibrational state of the molecule is changed due to scattering of light by it.
(iv) Raman effect is purely a molecular phenomenon.
Classical Theory of Raman Effect

When an atom or a molecular is placed in an electric field, the electrons and nuclei are displaced.
The electrons are attracted towards the positive pole while the nuclei towards the negative pole. Due to
the displacement of nuclei and electrons, an induced dipole moment is produced and the molecule is said
to be polarised.

Then E be the strength of applied electric field and p be the magnitude of induced dipole‘ moment.
Now,
p=akE . (@)

Where o is polarisibality of molecule. The strength E of electric field of electromagnetic wave of
frequency v, then

E = E, sin 2nvt .. (2)
Where E_ is the equilibrium value of field strength from eq. (1),
pu = aE sin 2nvt e (3)

The atom a -molecule oscillates with same frequency v. By classical theory, this oscillating dipole
should scatter (emit) radiation of the identical frequency v, i.e., of incident frequency, a case of Rayleigh
scattering.

1.18.1 Experimental Setup to Study Raman Effect

Q23. Describe an experimental setup to study Raman effect. Give the theory?
Ans ;

The Raman effect has been studied by a number of Investigators. The principle involved in their
researches is to illuminate the experimental substance with an intense monochromatic source of light and
then to photograph the scattered light by means of spectrograph arranged in transverse direction. Here
the source of light should be very strong otherwise the Raman lines will be of very low intensity. Now-a-
days lasers are used for this purpose.

The experimental arrangement is shown in fig. It consists of

(i) Source

(i) Raman tube and

(iii) Spectrograph

g
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R ‘LMonochromatic light
Water _\ Reflector
Raman e Scattered
tube light to
e et ooy spectrograph
Experimental | i
sample R TR Water

R  Reflector
Fig.: Experimental Arrangement for Raman Spectrum

In the figure, S is mercy arc lamp, i.e., a source of light is passed through afilter F_to obtain a
monochromatic beam, i.e., light of a single frequency. The light is then allowed to pass through an
opening in a metallic reflector which then falls on Raman tube. The Raman tube consists of a glass tube of
about 1 or 2cm in diameter and 10 to 15 cm long. One end of the tube has a flat glass surface through
which the scattered light emerges. The other end is drawn out int horn shaped and blanckened outside to
provide the black background. The tube is surrounded by a water jacket in which cold water is circulated
to prevent overheating the sample in Raman tube due to proximity of the oxciting arc. The experimental
sample is placed inside Ramantube. The scattered beam emerges from the flat end of the Raman tube
and is examined by means of spectrograph.

When the sample is a gas, it is enclosed in a tube at a pressure of few cm of mercury. In case of
solids, powers are used. Which are mixed either with liquid paraffin or any other solvents.

1.18.2 Applications

Q24. What are the applications of raman effect and Problems?
Ans :
Raman effect has the following applications :

To study the molecular structure of crystals and compounds.

N

To know the number of atoms in a molecule, their relative arrangement, relative masses and chemical
bonds between them.

To study the composition in plastics, mixtures, etc.
To decide about single, double or triple bond.
To study the spin and statistics of nuclei.

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

No o b~

To study the vibrational and rotational energy levels of homo-nuclear molecules, for example nitrogen,
oxygen, etc.
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PROBLEMS

1. Prove that for a given principal quantum number n, there are n? possible states each of
which can accommodate a maximum of 2 electrons.

Sol :

For a given n, the orbital quantum number | has following values | =0, 1, 2, ..., (- 1)

For each value of |, the magnetic quantum number m has the following values m = + |, + (I - 1),
+(1-2), ... 0,-1,-2,...,-(1-2),-(0-12), -l

The total number of possible states is

(n-1
> @+1)=1+3+5+ ..+ @2n-1)
=0

Itis a A.P. series whose sum is given by

a+l 1+(2n-1)
[f5]o 5] -

Total number of states is n?

Now corresponding to two different values of spin, each state can accommodate a maximum of z
electrons.

2. Indicate the possible (n, I, j) values of electrons in the first three shells of an atom. The
symbols have their usal significance.

Sol :

Case |l :

First sheel, i.e, n =1

1 1

Inthiscasel=0andj=1+s=0 + 5 or j= 5 because negative value of j is not permissible.

Hence, possible values of (n, 1, j) are (1, 0, %)

Case ll :
Second shell, i.e., n =2

Inthiscase | = 0and 1

Nowj:(Oi %) or % and (1i %) i.e.,%,%
j=%and%,%

Hence three states are possible. They are (2, 0, %) (2, 1, %) and (2, 1, %) . These states are

shown on next page in the form of a diagram.
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i=% =¥ =% i=%

(Not possible)
Caselll:
Third shell, i.e., n =3
In this case 1=0,1,2

wo 1= (053, (143). (245
- %% %).19% %

Following five states are possible

(3.0.75). (32 %), (3.2 7). (82 5) and (3. 2. %))

Il €—

Yy oy % ey % Y

(Not possible)

3. Calculate the wavelength separation between the unmodified line of wavelength

6000 A and the modified line when a magnetic field of flux density 1 weber/m? in applied in
normal zeeman effect.

Sol :
The wavelength separating dA in given by
Be\?
dr = 4nm_C

Substituting the given values, we get

g
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_ (L weber/m?) (1.6x10™*° coulomb) (6000 x10*°m)

d 47 (9.1x10%'kg) (3x10? m/ sec)

—0.68x10°m=068 A.

4. In the normal zeeman effect the frequency separation between two consecutive spectral lines
8.3 x 108 Hz. Find the magnetic field.

Sol :

The energy separated between two consecutive lines is given by AE = p, B where p in Bohr
magnelon. Now the corresponding energy separation AV is given by

AV = or B=
h Mg

(6.6x107%*) (8.3x10%
T 9.3x10™* jouleftesla

5. The red line of cadmium splits up into three compounds separated by 120 MHz when the
source in placed in a magnetic field of flux dervity 8.6 mT, the light being examined in a direction
perpendicular to the magnetic field. Calculate the ratio of charge mass of electron.

Sol :

The change in frequency is given by

e € 4mdv

dv = —4nm0 B or m, ~ B

& 4x3.14x(120x10°)
m,. = (8.6x107)

= 1.76 x 10 coulomb / kg

o
6. A prominent spectral line of calcium has wavelength of 4226.73 A. When calcium atoms are
placed in uniform magnetic field of 4 weber / m?, the normal zeeman pattern is obtained.
Calculate the wavelength of the three components of the normal zeeman pattern and show the

wavelength separation are each 0.13 A.
Sol :

The wavelength separation dA is given by

=%
M= an m,C

Substituting the values, we get
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(1.6x107°)x 4 x (4226.73x10°)’
T 4x3.14x(9.1x10®)x(3x10°)

=0.1268 x 10 m

o

—0.1268 A ~ 0.13 A

The three wavelength are :
(i) (4226.73 - 0.13) = 4226.6 A
(i) 4226.73 A

(iil) (4226.73 + 0.13) = 4226.86 A

7. The zeeman components of a 500 n — m spectral line are 0.0116 mn apart when the
magnetic field is 1.00T. Find the ratio e/m_ for the electron.

Sol :
The zeeman shift wavelength is given by
Be)’
DA = 4n m,C
e 4nc (dr
m, — B (A

Here A =500 mm = 5.00 x 10" m, DA = 0.0116 nm = 0.000116 x 107 m,
B = 1.00 tesla = 1.00 N/ A-m
Hence

& | 4x3.14x(3.0x10%) |0.000116x107
o 1.00 (5.00x107)?

= 1.75 < 10 c/kg

3
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Short Question and Answers

1. Mention the drawback’s of Bohr’s theory?
Ans :

Bohr’s theory was able to explain successfully a number of experimental observed facts and has
correctly productly the spectral lines of neutral hydrogen atom and singly ionized helium atom, etc. in
terms of only principal quantum number n. However, the theory fails to explain the following facts :

(i)  The theory could not account the spectra of atoms more complex than hydrogen.

(i)  The theory does not give any information regarding the distribution and arrangement of electrons
in atom.

(i) It does not explain the experimentally observed variations in intensity of the spectral lines of a
element.

(iv)  This theory cannot be used to calculated about transforms from one level to another such as the
rate at which they occur or the selection rules which apply to them.

(v) This theory cannot be used for the quantitative explanation of chemical bonding.

2. What are the drawbacks of Bohr and Sommerfeld atomic model ? Explain concept of
vector model ?

AnS :

This model is an extension of Bohr - Sommerfeld atoms model. Following are the drawbacks of
Bohr and sommerfeld atomic models

(i)  Original Bohr’s theory was incapable of explaining the fine structure of the spectral lines even in the
simplest hydrogen a form.

(i) In case of complex atoms, Bohr’s theory fails to calculate the energy of the system and frequencies
of radiation emitted.

(i)  Sommerfeld modification, though gave a theoretical back ground of the splitting of individual spectral
lines of hydrogen, still in could not predict the correct number of observed fine structure of these
lines.

(iv) Both the models could not explain the distribution and arrangement of electrons in atoms.
(v) Both the models do not throw any light on the intensities of the spectral lines.
(vi) Both the models could not explain the anomalous zerman effect and stark effect.

To overcome all these objections a new model known as vector atom model was proposed.

3. Discuss the L-S and J-J coupling schemes associated with an atom ?
Ans :

This type of coupling occurs most frequently and hence is known as normal coupling.

In this coupling orbital angular momentum vectors | of the electrons combine to from a resultant
vector L & all the spin angular Momentum vectors S like wise combine to form a resultant vector S.

Now the vectors L & S combine to form a vector J
We can represent the coupling as

L=(t+P+5..)
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S=(st+s2+s3 ...)
J=L+S

=
Sq

Fig.: Showing L-S Coupling

» Here L is always an integer zero ie,. 0, 1, 2, 3 .... etc. The value S depends-on the number of
Electrons & the direction of their Spin vectors.

» In case of two Electrons if the spins are parallel the value is one and when the Spins are
antiparallel the value of S is Zero.

» Thus, S is an integer for an Even number of Electrons & half integer for an odd number of

Electrons.
Two electrons Three electrons Four electrons
Sy

S3 S3

So So S3 S S3

Sy |Sa

Sy ; S1l TSg 52 S1$ lSB Ss s l ¥ 5 i S4
Sy S 1

S=1 0 3/2 1/2 2 1 0

Now J = Integer (0, 1, 2, 3, ...... etc) where S is integer
(i,e, for odd electron system)

J = Half integer (% Cy 5/ etc.)

where
S is half integer
(i.e., for odd electron system)
J must always be positive & never negative because it represents the total angular momentum.

4. Explain L-S and J-J coupling schemes ?
Ans :

The interaction between the spin & orbital vectors in each electron is stronger than the interaction
between Either the spin vectors or orbital vectors of different Electrons. In such case j-j coupling is
most suitable than L - S coupling.

l 39 l,
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» Inj -] coupling, Each Electron is considered separately & its total angular momentum j is
obtained by the relation

j=1+S

»  Then the total angular momentum J of the atom would be vector sun of all the individual j
vectors of the electrons.

Lb=0+8)),=1,+S),j, =+ S)...
J=(,+j,+)+ ..
=73j.

»  Purej - jcoupling is seldom found. In most of known cases I-s coupling is effective.

5. Explain the spectral terms ?

AnS :

To describe the Electronic Configuration, Small letters are used to represent the | values are shows
again

| Notation
0 S
1 p
2 d
3 f
4 g
5 h
— { 40 }
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To represent the configuration, following two points are considered.

i)  The value of total quantum number n is written as a prefix to the letter representing its ‘I’
values.

i)  The number of Electrons with the same n & p values is written at the up per right hand side of
letter representing their | value.

6.

Explain selection rules.

AnS :

We know that in an atom, there are number of energy states. It is observed that all the transitions

between different energy states (as spectral lines) do not appear. The spectral lines are governed under
certain principles known as selection rules. There are three selection rules as described below :

(@) The selection rule for L : Only those lines are observed for which the value of L changes by
+1 (i.e., AL = £1).

(b) The selection rule for J : Only those spectral lines are observed when the transitions ake
place between states for which AJ = =1 or 0. The transition 0 — 0 is not allowed.

(c) The selection rule for S : Only those spectral lines are observed for which the value of S
changes by O (i.e., AS = 0).

(d) Selection rules for magnetic quantum numbers : In‘the presence of magnetic field, the
orbital magnetic quantum number m1 and spin magnetic quantum numbers m_ play an
important part in the transition. Their selection rules are

Am, =0 or 1 and Am =0
In consequence

Amj=0 or *1

Explain Intensity Rules.

AnS :

The intensity rules are :
(i)~ The intensity of the transition (i.e., a line) is strong for which L and J change in the same sense.
(i) 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 i.e., from L —
(L-1).

(iv) The intensity of a line is weak the transition is in the increasing sense i.e., from L — (L + 1).
(v) The oppositely directed transition does not occur.
The above rules can be summarized as :

AL = -1, Al =-1 Most intense line
Al = -1, AJ=0 Less intense
AL = +1, Al =+1 Weaker
AL = +1, AJ=0 Weaker
AL = -1, Al =+1 No transition
AL = +1, Al =-1 No transition
@ Rahul Publications
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8. What is zeeman effect?

AnS :

Zeeman repeated Faraday’s experiment with improved apparatus and observed the splitting of
spectral lines. The splitting of spectral lines is known as Zeeman Effect.

In 1896, Prof Zeeman discovered that when a source of radiation, giving 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. If the magnetic field is very strong, each spectral line split up into two components in the
longitudinal view and in three components in transverse view. This is known as normal Zeeman Effect.
When the magnetic field is comparatively weak. Each line split into more than three components this is
known as Anomalous Zeeman effect.

9. What is Paschen - Back Effect?
Ans :

The alkali metals, like Na, Li, K, etc., shaw anomalous zeeman effect only in weak fields. Paschen
and Back showed that (whatever be the anomalous zeeman pattern of a given line in a. magnetic field, the
pattern in always approximated as normal zeeman triplet as the field strengthris - Progressively increased).
This fact is known as paschen - back effect. Thus the transition phenomenon between the two (anomalous
zeeman effect and normal zeeman effect) is known as paschen - back effect.

10. What is Stark Effect?
Ans :

The action of an electric field onthe spectrum of ‘hydrogen was discovered by stark (1913) who
observed the splitting of Balmer-lines. the splitting of spectral lines due to the action of external electric
field is called the stark effect.

11. How do you use rotational spectrum to determining internuclear distance?

AnS :

The rotational spectra of rigid diatomic molecule consist of equidistant series of line.
When the molecule is raised from J to JH, the absorption is represented by

2

8r?l

AE = [0+ 1) @+2)-J0+1)]

2

h
=g <20+

The wave number of radiation is given by

__AE_ 2
V'™ he ~ 8riC

@+1)=2BB@J+1)

where

2h
B is constant equal to ——
d 872IC

g
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So, the spacing between lines is 2B. Therefore, from rotational spectra, B can be determined. By
knowing the value of B, the moment of inertia and bond length or internuclear distance can be calculated.

12. What is raman effect ?

AnS :

Rayleigh observed that in the spectrum of scattered light, there is change in the intensity scattered
light but there is no change in the wavelengths or frequency. This scattering is called as Rayleigh scattering.
In 1928, Sri, C.V. Raman observed that the spectrum of scattered light (in addition to the frequency of
incident light) consists of frequencies grater and smaller than those of the incident beam. This is known as
Raman effect.

13. Define Classical Theory of Raman Effect.

AnS :

When an atom or a molecular is placed in an electric field, the electrons and nuclei are displaced.
The electrons are attracted towards the positive pole while the nuclei towards the negative pole. Due to
the displacement of nuclei and electrons, an induced dipole moment is produced and the molecule is said
to be polarised.

Then E be the strength of applied electric field and p be the magnitude of induced dipole moment.
Now,
n=aE D)

Where o is polarisibality of molecule. The strength E of electric field of electromagnetic wave of
frequency v, then

E = E, sin 2nvt .. (2)
Where E_ is the equilibrium value of field strength from eq. (1),
pu = aE sin 2nvt )]

The atom a molecule oscillates with same frequency v. By classical theory, this oscillating dipole
should scatter (emit) radiation of the identical frequency v, i.e., of incident frequency, a case of Rayleigh
scattering.

14. What are the applications of raman effect and Problems?

AnS :

Raman effect has the following applications :
(i)  To study the molecular structure of crystals and compounds.

(i)  Toknow the number of atoms in a molecule, their relative arrangement, relative masses and chemical
bonds between them.

(iii)  To study the composition in plastics, mixtures, etc.

(iv) To decide about single, double or triple bond.

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

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

(vii) Tostudy the vibrational and rotational energy levels of homo-nuclear molecules, for example nitrogen,
oxygen, etc.
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‘ Choose the Correct Answers I

1. Specifically n_is called the [a]
() radial quantum number (b) spin quantum number
(c) both (a) and (b) (d) none of the above
2. Velocity of electron perpendicular to radius vector known as [a]
(@) azimuthal momentum (b) radial momentum
(c) both (a) and (b) (d) none of the above
n
3. —+=
. [c]
b by =
(@ (b) 3
© (d) a
4, The angular momentum of the atom, will now be due to motion and motion of the e~
[b]
(a) orbital, antispin (b) orbital, spin
(c) sperical, spin (d) none of the above
5. According the quantisation rules, the magnitude of J is given by [a]
— h . h
(@) 3= i+ 5 (b) J=(i+1) 5
h
) I=J > (d) none of the above
6. pl=M, whereM = [c]
(&) magnetic field (b) magnetic flux
(c) magnetic moment (d) none of the above
7. The nucleus of hydrogen atom is given by [b]
13.6 -13.6
(@ E =-—7= eV (b) E = >— eV
n n n n
(c) E,=0 (d) E = =*1
8. According to sommerfeld model the electron moves around the nucleus in orbit [c]
(a) Spherical (b) Circular
(c) Elliptical (d) None of the above
[ 44 )
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9. According to Bohr model velocity of recolving electron. [b]
e? e’
(@) v=-— (®) V= Znhe,
e _&
© v=1om (@) V= 2nhe,
10. Symbolically, we can represent the coupling as [c]
— L
(@ J=L-S (b) J="L4
(c) J=L+S (d) J=1L2°-85
[ 45 )
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Fill in the Blanks

1. The value of Rydberg constant

2. Motion of electron in elliptical orbits and taking into consideration the variation of mass with

3. In vector atom model, based on quantum theory, the orbits are assumed to be quantized in
and
4. Agis —_____element.
5. —_isknown as angular momentum J of silver atoms is due to its spin of its valence electrons.

F
6. o= Ey when m is the mass of

7. L-S coupling is also known as

8. Complex motion of the electron subjected to an additional force is called

9. The quantity (m_+ 2m,) is knownas _______ quantum number.
10. By analysis of alkali spectra, it has been observed that S-vel is ——_______ while other PD.F. are
levels.
ANSWERS

1. 10.97 < 10°* m™*

2. velocity

3. magnitude, direction

4. monovalent

5. J= % hom

6. atomic magnet

7. normal coupling

8. Larmor precession

9. strong field

10. single, doublet

g
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QUANTUM MECHANICS
Inadequacy of classical Physics

Spectral radiation - Planck's law (only discussion). Photoelectric effect - Einstien's photoelectric
equation. Compton's effect - experimental verification.

Matter waves & Uncertainty principle

de Broglie's hypothesis wavelength of matter waves, properties of matter waves. Phase and
group velocities. Davisson and Germer experiment. Double slit experiment. Standing de
Brogile waves of electron in Bohr orbits. Heisenberg's uncertainty principle for position and
momentum (X and px), Energy and time (E and t). Gamma ray microscope. Diffraction by a
single slit. Position of electron in a Bohr orbit. Complementary principle of Bohr.

Schrodinger Wave Equation

Schrodinger time independent and time dependent wave equations. Wave function properties
Significance. Basic postulates of quantum mechanics. Operators, eigen functions and eigen
values, expectation values.
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QUANTUM MECHANICS

I 2.1 CurassicaL PHysics I

Q1. Explain about classical physics.

AnS :

Classical physics is basically based on three Newton’s Law of motion -
(i) law of inertia,

(i) law of force and

(iii) law of action and reaction.

According to classifical mechanics, it is possible to determine exactly the quantities like position,
velocity, momentum, acceleration, etc., which characterise the state of the systems at any instant.

2.1.1 Inadequacy of Classical Physics

Q2. Discuss the inadequacy of classical physics ?
Ans :

The reasons of failure of classical physics are :

1. Classical mechanics successfully explained the motion of the objects which are either observable
directly or can be made observable by instruments like microscope. When the classical concepts
were applied to the particles of atomic dimensions like electrons, they failed to describe the actual
behaviour. Thus, the classical concepts cannot be applied to atomic phenomenon, e.g., motion of an
electron in an atom.

2. The energy of the electron should decrease continuously and it should come closer and closer until
it collapses with nucleus. This shows the instability of the at OX. This statement is contradictory to the
observed fact of the stability of atom. Thus, classical mechanics failed to explain the stability of the
atom.

Classical mechanics failed to explain the spectrum of hydrogen atom.
It could not explain observed spectrum of black body.

It could not explain the observed variation of specific heat of metals and gases.

I

The classical mechanics failed to explain photo - electric effect, compton effect, Raman effect etc.

2.2 SpPecTRAL RADIATION

Q3. Describe the distribution of energy in the spectrum black body radiation?
Ans . (Imp.)
According to Stefan’s law, total amount of radiant energy by a black body per unit area per second
due to all wavelengths is directly proportional to the fourth power of absolute temperature.
i.e. EaT* (or) E=o0oT*
Where
o = Stefan’s constant = 5.67 < 108 Wm=2 K
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This law gives the total energy radiated by a black body and does not throw any light on energy
distribution. The distribution of energy in black body radiation for different wavelengths and at various
temperature was determined by Lummer and pringsheim in 1899.

Black

by St @)

The radiation from a black body O was focussed on a slit S by a concave mirror M. The slit S is
placed at the focus of another concave mirror M, so that radiation after reflection from mirror M, becomes
parallel. The parallel beam of radiation is allowed to incident on a flurspar prism ABC. The prism produces
the spectrum of radiations. The emergent dispered beam is incident on concave mirror M,. The radiations
are detected by means of bolometer, fitted with galvanometer G. The deflection in the galvanometer gives
the intensity of radiation E, .

This is the quantity E, d is the energy, for wavelengths lying between A + di emitted per second per
unit surface areas of black body. The wavelengths at different parts of the spectrum was calculated by prism
dispersion formula.

Instead of rotating bolometer, the mirror M, was rotated about a vertical axis and different maxima
were detected by bolometer. The same is repeated with same wavelengths at different temperatures. The
curve is as shownin figure.

Y

12 3 4 5 & X
Ain microns ——
(1 micron = 107% metre) -

A in Microns —
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The total energy of radiation at any temperature is given by the area between the curve corresponding
to that temperature and the horizontal axis. The increase in area is found in accordance with the Stefan’s
law.

E= [ Ed.=oT
0
The wave length corresponding to the maximum energy represented by the pack of the curve shifts
towards shorter wave lengths as the temperature increases. This is called Wien’s displacement law. According
to this law

A, > T = constant

2.3 PLANCK’S RADIATION I

Q4. Explain and derive Planck’s Radiation formula ?
Ans :

Planck in 1900 suggested that the correct results can be obtained if the energy of the oscillating can
be obtained if the energy of the oscillating electrons is taken as discrete rather than continuous.

(i) Achamber containing black body radiation also continas simple harmonic oscillators of molecular
dimensions which can vibrate with all possible frequencies.

(i) The frequency of radiation emitted by an oscillator is the same as the frequency of its vibration.

(iii) An oscillator cannot emit enrgy in a continuous manner,.it can emit energy in the multipoles of
a small unit called quantum (photon). If an oscillator is vibrating with a frequency v, it can only
radiate in quantas of magnitude hv, i.e., the oscillator can have only discrete energy valuies E_
given by

En:nhv=n8|

where hv=¢
Here n'is an integer and h is Planck’s constant
(6.625 < 10-* joules - sec)
(iv) The oscillators can emil or absorb radiation energy in packets of hv.

If N be the total number of Planck’s oscillators and E be their total energy, then the average energy
per Planck’s oscillators and given by

_ E
€ =—
N

I 2.4 EXPERIMENTAL STuDY OF PHOTO - ELECTRIC EFFECT I

Q5. Explain experimental study of photo - electric effect?
Ans : (Imp.)

A simple experimental arrangement to study the photoelectric effect is shown in fig. The apparatus
consists of two photosensitive surfaces A and B enclosed in an evacuated quartz bulb. The plate A is
connected to the negative terminal of a potential divider while the plate B is connected to the positive
terminal through a galvanometer G or a micro ammeter.

{ 50 }
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In the absence of any light, there is no flow of current and hence there is no deflection in the
galvanometer or micro ammeter. But when monochromatic light is allowed to fall on plate A, current starts
flowing in the circuit which is indicated by galvanometer. The current is known as photo - current. This
shows that when light falls on the metallic surface, electrons are ejected.

Evacuated
quartz

'Rheostat

— b

The number of electrons emitted and their kinetic energy depend upon the following factors.

1.
2.
3.
4.

The potential difference between the two electrodes i.e. between plates A and B.
The intensity of incident radiation
The frequency of incident radiation

The photometal used

The effect of potential difference:

»  When the positive potential of plate B is increased, photoelectric current also increases. All the
photoelectrons are emitted from plate A and the photoelectric current reaches a certain maximum
value called saturation current.

> If the potential difference is kept zero, the photo electric current still flows in same direction.

»  When the negative potential is applied, the photo current continues to flow and if the negative
potential is increased the photocurrent decreases and finally becomes zero. (v,)

LT
g8
Q5
Stopping ® 9
potential o R
= Saturation :
o current !
\ 4
Vo () V—>
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Effect of Intensity of incident Radiation:
> The stopping potential is independent of the intensity of incident radiation.

»  Asthe intensity of the incident radiation is increased, the photocurrent also increases i.e. the saturation
current is proportional to intensity of incident radiation.

Photo T .
current Intensity
| — . 37
| — 27
1

Vo 0 V>

Effect of frequency of Incident Radiation:

> The graph shows that at the frequency v, the stopping potential is zero. The frequency v, is known
as threshold frequency and corresponding wavelength is called threshold wavelength.

t—>
/" Frequency v —

Stopping potential V,

> The threshold frequency is defined as minimum frequency (v,) of incident radiation, which can
cause photoelectric emission.

Effect of Photometal
> All the lines'in the graph have same slope, but their interactions with frequency axis is different.
> The threshold frequency depends on the nature of photometal.

5 ¢
E /
S \,}@“\
L7 L7 g /—' Vi

Vo -

2.4.1 Einstien's Photoelectric Equation
Q6. State and explain einstein photo electric equations.

AnS :

Einstien proposed an explanation of photo - electric effect as early as 1905. According to Einstein’s
explanation in photo - electric effect one photon is completely absorbed by one electron, which thereby
gains the quantum of energy and may be emitted from the metal. The photon’'s energy is used in the
following two parts :
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(i) A part of its energy is used to free the electron from the atom and away from the metal
surface. This energy is known as photoelectric work function of the metal. This is denoted by
W

.
. . L 1 >
(i) The other part is used in giving kinetic energy (E mv J to the electron.

Thus,

1
hv =W, + 5 mv? . (@)

Where v is the velocity of emitted electron, eq (1) is known as Einstein’s photoelectric equation.

When the photon’s energy is of such a value that it can only liberate the electron from metal, then
the kinetic energy of the electron will be zero eq. (1) now reduces to

hv0 =W
Where

0

v, is called the threshold frequency.

Threshold frequency is defined as the minimum frequency which can cause photo - electric omission.
The value of A is given by

C=V, A, .. (2)
e _ch
or A, = v, = W, [~ W,=hv]
3x10°x6.25x10"*
A= W

0

19.875x10%
= T meter

0
There W, is expressed in joules. If W, is expressed in electron volts (eV), then

19.875x10*°
Mo = 1.602x10° W,

12.4x107
- W,

0

meter

12400

0

From eq. (3), the value of photo - electric work function is given by

12400 0
W, = """ (ev) where A isin A
0

0

' 53 |
—J Rahul Publications



B.Sc. I YEAR V SEMESTER

Substituting the value of W, = hv_ in eq. (1), we have

1
hv = hv, + 5 mv? .. (4)

1
or o mv? = (hv —hv)) =h (v-v,)
This is another form of Einstein’s photo - electric equation
The Einstein’s photo - electric equation predicts all the experimental results. From eq. (1), we have

1
5 mv? = hv—W0

For a particular emitters, work function W is constant and hence

1
K.E. = 5 mv? o hv .. 5

or V2 oc v ... (5)

Thus, the increase in frequency v of incidents light cause increase in velocity of photo - electrons
provided intensity light is constant.

An increase in the intensity of radiation is equivalent to an increase in the number of photon’s falling
on the emitting surface.

In this way the intensity of emitted electrons is directly proportional to the intensity of incident
radiation

From eg. (5), we have

1 .
Emv —hv.h0

If v, be the slopping potential, them

eV, =hv-hv, ... (6)
v hv ,
or o= e " e . (7)

As h and e are constant V is also constant for a given photo cathode, eq (7) shows that graph

between stopping potential vV and frequency V would be a straight line of slope % .

I 2.5 CoMPTON's EFFeCT - EXPERIMENTAL VERIFICATION I

Q7. Discuss in brief about compton effect?
Ans : (Imp.)
Compton Effect

According to Compton, the phenomenon of scattering is due to an elastic collision between two
particles, the photon of incident radiation and the electron of scatterer. The observed change in frequency
or wavelength of the scattered radiation is known as Compton effect.
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The experimental demonstration of the compton effect is shown in figure

Scattered
X-rays Detector
Modified
Source | of° ? X-ra‘f;s
‘ _
- ST\“ “Unmodified
caflerer  “s. X.rays
) | % Rec§0‘ii\"~.~_
Collimator electron

Fig.: Experimental arrangement for the study of Compton effect

A beam of monochromatic x-rays of known wave length are directed to a target. The scattered X-
rays at various angles ‘¢’ (observed on x-rays spectrometer) determine their wavelengths.

The scattering of Photon and the vector diagram of compton effect is shown in figure (3)

Momentum ry A “ . muvcos é
Recoil
It L™ electron ’ E
v"-u' _‘u«\dﬂ"") musin ¢ mu
(a) Geometry of Compton scattering {b) Components of momentum

before and after collision

The amount of energy lost by the photon during collision is same as the kinetic energy gained by
the electron.

Less in photon energy = gain in electron energy.
According to the principle of conservation of energy
hv + mc? = hv* + mc? . (@)
where
h - planck’s constant
v - frequency of incident photon
v! - frequency of scattered photon
But energy of a particle in terms of momentum is given by

E = pv

E hv

= P:C T['.'EIhV]

Where (p - photon momentum, c-velocity of light)

In figure, if one direction is chosen for original photon, the perpendicular to it results in element and
the other as scattered photon.
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The initial and final momentum of original photon direction is same, i.e. Initial momentum = final
momentum

hv hv!

dry + 0.cosf = S cos¢ + pcoso .. (2)
hv  hv?

= ~—— = — C0s0 + pcosO .. (3)
c c

= pc cosd = hv — hv* cosd .. (4)

= pcsin® = hv! sing .. 5

Where,
squaring equations (4) and (5) then adding
p?c? = (hv — hv* cosB)? + (hv? sinB)?
= hav2 - 2h2w! cosb + h?vY cos? 6 + h2yY sin20
=h2[v2 + v¥ - 2w cos0)] ... (6)
From equation (1)
mc? = h(v - v*) + mc?
Squaring on both sides
m2ct = h? (v2 - 2w! + v¥) + 2h (v - V&) m ¢® + mZc* . ()
Substracting equation (6) from equation (7)

m?c* — mAv2e? = =2h?w* (1 — cos6) + 2h (v - v!) mc? + mic’

2.4
c vem =__M
= ﬁ(cz—vz):—thwl(l—cose)+2h (v-v)me? +mict |~ M= >

I 2.6 MATTER WAVES & UNCERTAINTY PRINCIPLE

Q8. Given an account of velocity of de-Broglie wave.
Ans :

The velocity of matter wave depends on the velocity of matter particle i.e. it is not constant while the
velocity of electromagnetic wave is constant.

The velocity of matter wave (de - Broglie wave velocity) is greater than the velocity of light.

A particle in motion with associated with matter wave has two different velocities represented by
oand second related to the propagation of the wate represented by w.

We know that E-ho and E = me?
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hv = mc? (or) v =

Tire wave velocity (w) is given by

h
W=V XA\ {km—c}

2 2

me? h (or)w—c
h mv IRV

W=

As particle velocity v ca nnot exceed c (velocity of light) hence w is greater than velocity of light.

Heisenberg Uncertainity Principle
Q9. State and explain Heisenberg uncertainity principle.

AnS :

According to Heisenberg uncetainity principle, it is impossible to measure both the position and
momentum of a particle simultaneously to any desired degree of accuracy.

»  “The order of magnitude of the uncertainities in the knowledge of two variable must be atleast
planck’s constant h”.

AX =V At .. (3)
From equations (2) and (3), we get
AX . Ap = At. AE o (4)

h
We know that AX Ap > an

h
AX . Ap, > ™ .. (5)

Q10. Relation between group velocity a nd wave velocity.

AnS :

®

The phase velocity of a wave is given by vV, = "

and group velocity Vv, = dk

do dv,
w=vk (or) do=dvk+vdk = dk =v, +Kk K

from the above equations, we can write

— dVP
Vg—Vp+kW
e M o
or Vg—Vp+|(a><dk
since k= 2 hence I = _2¢
Ince = N ence dk ——k2

g
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2.6.1 de Broglie's Hypothesis Wavelength of Matter Waves

Q11. Explain de-broglie hypothesis of matter wave Derive an expression for de-Broglie
wavelength?

AnS :

Light has dual nature i.e. it possesses both particle and wave properties. In some phenomena
corpuscular nature while in others wave nature is predominate. The wave and particle donot appear
together.

»  The correspondance between wave and particle’ are not confined only to electromagnetic
radiation, but also valid for material particles i.e. like radiation, matter also has dual characteristics.

» A moving particle has always got a wave associated with it and the particle is controlled by
waves.

»  According to de-Broglie’s hypothesis, a moving particle is associated with a wave which is
known as de-Broglie wave. The wavelength of the matter wave is given by

h _h
A= pol . (1)
Where
m — mass of the material particle
v — velocity of particle
p — Momentum of the particle
Expression for de-broglie wavelength
Consider planck’s theory of radiation, the energy of the photon is given by
hc Cc
f— _— V = —
E=hv= o ) { k}
Where
¢ — Velocity of light in vaccum
A — wavelength
According to Einstein energy - mass relation E = mc? .. (2
hc
From egn’s (1) and (2) mc? = N
A = hc
~ mc?
A= LA 3
= e - (3)
(where me = p momentum of photon)
If we consider particle with mass m and velocity v i.e. momentum my, then
. . o h h
the wavelength associated with the particle is given by A = me = E o (4)
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(a) If E is the kinetic energy of the material particle, then

E—lmvz—l my _ P
T2 T2 m  2m
F = {(2mE)
h
de-broglic wavelength A = J2mE .. 5

(b) When a charged particle carrying a charge q is accelerated by a potential difference V volts,
then its kinetic energy E is given by E = qV de-Broglie wavelength associated with this particle

h
isgiven by A = W ... (6)

3
(c) When a particle is in thermal equilibrium at a temperature T, Then E = 5 KT

(Where k is Boltzmann constant k = 1.38 < 102 J / K)

The De-Broglie wavelength of particle at temperature T is given

b A h
y = T
2m(3ij
2
h
S 3kmT

De-Broglie wavelength associated with electron

Consider an electron of rest mass m_and charge e which is accelerated by a potential V volt from
rest to velocity v, then

2eV
m

1
5 myv?>=eV (or) v=

0

h hym, h
Now M=y T m,v2eV ~ \2evm,
Substituting the values of
h =6.625 < 10 j.s
e =1.632x10%*C
m = 9.1 x 10" kg

6.625x 10"
A= 2x1.632x10°V x9.1x10 %)
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12.26
A= W A°

If V=100 volts, then A = 1.226 A°
This shows that the wavelength associated with an electron accelerated to 100 volts is 1.226A°.

2.6.2 Properties of Matter Waves
Q12. Define Properties of Matter Waves.
Ans :

Following are the properties of matter waves :
1. Lighter is the particle, greater is the wavelength associated with it.
2. Smaller is the velocity of the particle, greater is the wavelength associated with it.

3. Whenv =0then A = =, i.e., wave becomes indeterminate and if v = o then A = 0. This
shows that matter waves are generated by the motion of particle.
These waves are produced whether the particle are charged particles or they are uncharged
(A = h/mv is independent of charge). This fact reveals that these waves are not electromagnetic
waves but they are a new kind of waves (electromagnetic waves are produced only by motion
of charged particles).
4. The velocity of matter wave depends on the velocity of matter particle i.e., it is not a constant
while the velocity of electromagnetic wave is constant.
5. The velocity of matter wave is greater than the velocity of light.
The velocity of matter wave (de-Broglie wave velocity) is greater than the velocity of light. This can
be proved as under
A particle in motion with associated matter wave has two different velocities, one referring to the
mechanical motion of the particle represented by v and second related to the propagation of the wave
represented by w.

We know that E = hv and E = mc?.

2

mc
hv=mc? or V = h
The wave velocity (w) is given by
N mc? h { _h }
=VXxX\A= X — S A=
w=v h —— mv
CZ
or w= —
A%

2.6.3 Phase and Group Velocities
Q13. Obtain an expression for wave velocity and group velocity.
Ans : (Imp.)

When a monochromatic wave i.e., a wave of single frequency and wavelength travels a medium, its
velocity of advancement in the medium is called as wave velocity. Consider a wave whose displacement y
is expressed as y = asin (wt — kx).
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Where is the amplitude, w is angular frequency (=2nn) and k (=2x / 1) is the propagation constant
of the wave.

The ratio of angular frequency o to the propagation constant k is defined as wave velocity. This
expressed by v,. Hence

v, = (k) - (1)

For the wave (wt — kx) is the phase of wave motion for the planes of constant phase (wavefronts),
we have

ot — kx = constant .. (2

Differentiating equation (2) with respect to time t

dx
o-k—=0
t
ax _o _
o T K=Y

Thus the wave velocity is the velocity with which the planes of constant phase advances through the
medium.

Group Velocity

Wen a group of waves of slightly different frequencies travels in the medium, the phase velocities of
different components are different. However, the observed velocity is the velocity with which the maximum
amplitude of the group advances. This is called group velocity. Thus the group velocity is the velocity with
which the energy in the group is transmitted.

Let us consider the case of two wave trains having same amplitude a but slightly different angular
frequencies (o and ®') and phase velocity (u and u’). The waves can be represented as

y, = asin (wt—kx) . Q)
and y, = asin (ot — k'x) .. (2
Where k'and k' are propagation constants defined as (2 / A). The resultant wave is given by

y=y, +y,=asin (ot - kx) + asin (o't - k'x)

(25255 (2525

) ) - (A+B A-B
sin A+ sinB = 2sin cos

2 2
do ¢ dk .
y=2acos || 5 |'7( 5 JX|sin (ot - kx) .. 3)
Where
O+ '

_ LEL
5, = oan 5 = (approx).
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Equation (3) represents a wave of angular frequency o and propagation constant k. The phase

velocity v of the resultant wave is given by

vV =
p

~|e

The amplitude given by

e | 5)( 30

I 2.7 DavissoN AND GERMER EXPERIMENT

Q14. Describe Davisson Germer Experiment to demonstrate the wave character of electrons?

AnS :

(Imp.)
Davisson and Germer were two American physicists who has given first experimental evidence of

matter waves.

Experimental Arrangement:

The apparatus consists of an electron gun G where the electrons are produced and obtained in a

fine pencil of electronic beam of known velocity. The electron gun consists of a tungsten filament F. heated
to dull red so that the electrons are emitted due to the thermionic emission.

Incident beam
\
A)
\

ol
N
£y
1
\J
A

60V

44V 8V

The electrons are accelerated in the electric field of known potential difference. The electrons are
collimated by suitable slits to obtain a fine beam. The beam of electron are directed to fall on a large
single crystal of nickel, known as target T. The electrons acts as waves as they are diffracted indifferent
directions.

The angular distribution is measured by an electron detector (Faraday cylinder C) which is connected
to a galvanometer.

The Faraday cylinder can move on a circular graduated scales between 29° to 90° to receive to
reflected electrons.
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The Faraday cylinder consists of two walls, which are insulated from each other.

A retarding potential is maintained between them so that only fast moving electrons coming from
electron gun may enter it. The secondary electrons produced by collisions with atoms from nickel
target are reflected by Faraday cylinder.

Procedure

> The accelerating potential V is given a low value and the crystal is set at any azimuth (). The
Faraday cylinder is moved to various positions on the scales and galvanometer current is noted for
each position. The galvanometer meter current is noted for each position. The galvanometer current
is @ measure of intensity of. diffracted beam

» A graph is plotted between galvanometer current and angle 6 between incident beam and beam
entering the cylinder. The observations are repeated for different accelerating potentials.

Observations
It is observed that a bump begins to appear in the curve for 44 volts electrons.
(i) With increasing potential, the bump moves upwards.
(i) The bump becomes most prominent in the curve for 54 volts electrons
at 6 =500
(iii) At higher potentials, the bumps gradually disappear.

The bump in its most prominent state verifies. The existence of electron waves. According to De-
Broglie, the wavelength associated with electron accelerated through a potential V is given by

12.26 .
A= N A
Hence, the wavelength associated with 54 volt electrons is
12.26

_ — 0
A= \/5—4 = 1.67 A
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2.8 DouBLE SLIT EXPERIMENT

Q15. Describe the double slit experiment.
Ans :

The interference of electron waves can be exhibited by double slit experiment. The interference
pattern so obtained resembles with the pattern obtained in case of visible light. This proves the association
of waves with electrons just like photons.

The experimental arrangement is shown in fig.

To pump
| |
P 3
A/.FS _— ] — 2
c
I e c
<
©
B L H £ :
o o
c
(]
2
A - g
AQS L — =
Electron gun P

Fig.: Double slit interference pattern with electrons.

In the figure, FF is the filament and cylindrical anode AA acts as electron gun. The function of
electron gun is to supply a monoenergetic beam of electrons. The electronic beam passes through a
narrow split SS. An arrangement of two slits S , S, (very fine, closely spaced and symmetrically situated
with respect to SS).is placed inthe path of electronic beam. PP is a photographic plate where the beam
produces interference pattern. The whole chamber is evacuated.

The electrons pass through the split SS and diffracted by S , S,. The two slits act as coherent sources
and hence the diffracted beams of electrons interfere and produces interference pattern on photographic
plate PP. The interference pattern is also shown in the side of figure. The interference pattern shows the
existence of waves associated with electrons.

Knowing the separation between S , S, and their distance from photographic plate, the value of
wavelength associated with electrons can be calculated. The value of wavelength comes out to be the
same as obtained by de-Broglie relation. This proves the existence of matter waves associated with material
particles.

2.9 STANDING DE-BROGLIE WAVES OF ELECTRON IN BOHR ORBITS

Q16. Derive standing de-Broglie Waves of Electron in Bohr Orbits.
Ans :

According to de-broglie hypothesis, an electron of mass m in motion with velocity v is associated
with a wave whose wavelength X is given by
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h
A= —
mv
where
h is Planck’s constant . @)

de-Broglie, on the basis of his hypothesis proposed an atomic model in which the stationary orbits
of the Bohr’s model were retained but with the difference that electron in various orbits behaves as wave.
This is shown in fig.

Bohr's
stationary
orbit

Wave
associated
with revolving
electron

He suggested that stationary orbits are those in which orbital circumference (2xr) an integral multiple
of de-Broglie wavelength 2, i.e., stationary orbits for an electron are those which contain the complete
waves of electron. This,

2nr = n\
Where
n=123,.. .. (2
But
h
A= ——
mv
h
2nr=n —
mv
P 3
or =mvr=n o .. (3)

mvr is the angular momentum if the electron as particle. The eq. (3) is nothing but the Bohr’s

postulate, i.e., the total angular momentum of the moving electron is an integral multiple of %n .

Thus, the new concept of de-Broglie confirms the Bohr’s postulate

d dk d X
or  2acos — [t——x} = 2a cos — {t——:l

2 do 2 v,

Where v, is known as group velocity. This is given as
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2.10 HEISENBERG'S UNCERTAINTY PRINCIPLE FOR POSITION AND MOMENTUM (X AND PX)
ENErRGY AND TIME (E AND T).

Q17. Explain Heisenberg's uncertainty Principle for Position and Momentum (x and px) Energy
and time (E and t).

AnS :

Uncertainty Principle

Itisimpossible to know where within the wave packet the particle is and what is its exact momentum.
Hence we can measure either the position or the momentum of a particle with any desired degree of
accuracy.

According to Heisenberg uncertainty principle, it is impossible to measure both the position and
momentum of a particle simultaneously to any desired degree of accuracy. In general, this principle states
that “It is impossible to specify precisely and uniultaneously the values of both members of particular pairs
of physical variables that describe the behaviour of an atomic system. “Qualitatively this principle states”
that “the order of magnitude of the uncertainties in the knowledge of two variables must heat least
Planck’s constant h” Considering the pair of physical variables as position and momentum, ‘we have

Ap AX ~ h (1)
where AP the uncertainty in determining the momentum and Ax is the uncertainty in determining the
position of the particle. Similarly, we have

AE At ~ h +(2)

AJAB ~ h ...(3)
where AE and At are uncertainties in determining the energy and time while AJ and A6 are uncertainties
in determining the angular momentum and angle.

The exact statement of uncertainty principle is as follows :

The product of uncertainties in determining the position and momentum of the particle can never

h
be smaller than the order of i So. we have

ApAxs M AEAts N oAt Aes N
4n 4n 4n

Time-energy Uncertainty Principle

Although the time-energy uncertainty relation can be obtained by considering a wave packet over
limited time interval but the proof is beyond the level of this book. However, we shall consider the time-
energy uncertainty with the help of position momentum uncertainty. Consider the case of a free particle
with rest mass m, moving along A-direction with velocity v . The kinetic energy is given by

2
_1 o,
- OUX_ 2m0

5 (1)

If Ap, and AE be the uncertainties in momentum and energy respectively, then differentiating eq.
(1), we have

_ 2p,Apy

or p, Ap = m, AE
Ap, = To AE = iAE 2
p, = P, = ..(2)
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2.11 Gamma Ray MicroscoPE

Q18. Give the experimental illustrations of Heisenberg uncertainity principle.
Ans : (Imp.)

According to Heisenberg uncertainity principle, it is impossible to measure both the position and
momentum of a particle simultaneously to any desired degree of accuracy

Experimental lllustration

1. Determination of the position of a particle by Gamma ray Microscope: Consider the case of the
measurement of the position of a particle say electron in the field of microscope. The resolving
power i.e. the smallest distance between the two points that can be just resolved by the microscope

is given by
A
AX= Dsing - ()
Where

A — wavelength of light used
6 — semi vertical angle of of light
AX — uncertainity in determining the position of the particle.

In order to observe the electron. It is necessary that atleast one photon must strike the electron and
scatter inside the microscope. When a photon of initial momentum p = h / A, after

After scattering enters the field of view of microscope, it may be anywhere, within angle 20. Thus its
x component of momentum i.e. p_may lie between psin® and —psin®

As the momentum is conserved in the collision, the uncertainity in the ‘x’ component of momentum
is given by

Ap, = psind — (—psino)
= 2psin®
h
=2 o sind — (2) .. (2)

From equations (1) and (2), we have

AX A A 2h 0
~ X —
XAP > S6ing xS
ie, Ax.Ap ~ h > (3) . (3

g
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Scattered

Particle

This shows that the product of uncertainities in position and momentum is of the order of Planck’s
constant

2.12 DIFFRACTION BY A SINGLE SLIT

Q19. Explain diffraction by a single slit.
Ans :

Suppose a narrow beam of electrons passes through a single narrow slit and produces a diffraction
pattern on the screen as shows in fig:

The first minimum of the pattern is obtained by putting n = 1 in the equation describing the
behaviour of diffraction pattern due to a single slit

(i.e., d sind = ni) hence

Ay sing = A o (4)
Where Ay is the width of the slit
0 is the angle of deviation corresponding to first minimum

In producing the diffraction pattern on the screen all electrons have-passed through the slit but we
cannot say definitely at what place of the slit. Hence the uncertainity in determining the position of the
electron is equal to the width Ay of the slit.

A
from equation (4) Ay = Sino .. 5

g
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Initially the electrons are moving along the x - axis and hence they have no component of momentum
along y - axis. After diffraction at the slit, they are deviated from their initial path to form the pattern and
have a component psin, As y component of momentum may lie any where between psin6, and —psin6,
uncertainity in y - component of momentum is

. 2h oD
AP = 2psinf = o sinod . p—x ... (6)
from equation (5) and (6)
AV AD ~ A ><2hsin6~2h
Y288 ™ sing x
(or) Ay. Ap, h . (7)

The relation shows that the product of uncertainties in position and momentum is of the order of
planck’s constant.

2.12.1 Consequence of Uncertainty Relation (Particle in a Box)

Q20. Explain uncertainty relation (Particle in a Box).
Ans :

Consider a particle of mass m moving in one dimensional box of length I . In A-direction as shown
in fig. The minimum uncertainty in the position x of the particle will be Ax = L. Here L is the width of the
box.

m .
">
0 L X
According to uncertainty principle,
AX.Apzh
oo h
or P= Ax T L

Approximately, the above expression can be written as

L
p P~ oL
N E E—p—2~ h*
ow, nergy =om amL2
n°h?
or ~ 2
2mL
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2.13 PosITION OF ELECTRON IN A BoHR ORBIT

Q21. Derive position of electron in Bohr Orbit.

AnS :

In calculating the radius of Bohr’s first orbit: If Ax and Ap are the in certainties in position

and momentum of the electron in the first orbit, then according in uncertainty principle, we have

AX.A L
X p24n

Ap > (1)

4AX

The uncertainty in the kinetic energy AT of the electron may be written as

1 2 2 2
AT==m(Av)? > m<(Av) > (Ap)

2 2m 2m
h2

AT > S
167%.2m.(AX)?

+.(2)

The uncertainty in the potential energy AV of the same electron is given by

_7e?
AT > 28 (3
AX
The uncertainty in the total energy AE is given by
h? _7e?
AE >AT > AV > ° --(4)

2 2 v ——
167“.2m.(AX) AX

The uncertainty in the energy will be minimum, if

d(AE) . d*AE)
d(Ax) 0 an d2(Ax) IS positive
d(AE) _ —2h? Ze?
NOW,  4(ax) = 1672 - 2m-(ax® T (ax? 0
h? Ze?
or —_——— =
1672 -m.(ax)? (%)
h2
or Mr ——> ..(5
16n°mze? ®)

g
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d2

If we calculate the value of this comes out to be positive and hence Ax

d(Ax)?

given by eq.(5) represents a minimum. This shows that in order to have minimum energy, the
electron must be at least Ax away from the nucleus. We know that the energy at the electron is minimum
in the first orbit. Therefore, the radius of the first orbit is given by

h2
16n2mze? (©)
h?2 - h
or I~ usin =
4mze? 9 2n

2.14 CoOMPLEMENTARY PRrINCIPLE OF BOHR

Q22. Define complementary Principle of Bohr.
Ans :

The most important consequence of uncertainty principle is that it is impossible is determine the
wave and particle properties at the same time in a single experiment.

According to complementary principle, the wave and particle nature of main and light are
complementary rather than contradictory, i.e., both aspects are necessary to have a complete picture of
the system. Both these aspects have never been shown‘in a single experiment.

Let us consider an experimental arrangement in which light is diffracted by a double slit and is
detected on a screen that consists of many adjacent photoelectric cells. The photoelectric cells respond to
photons having particle properties. However, if we plot the number of photons, each cell counts in a
certain period of time against the location of cell, a wave-like pattern (like the interference of a pair of
coherent wave trains. is obtained, It follows that only experiment which can be devised displays either the
particle-like characteristics or wave-like characteristics of the system, in moreover the wave and particle
pictures give complementary description of the same pattern.

2.15 APPLICATIONS OF UNCERTAINTY PRINCIPLE I

Q23. Explain and derive Applications of Uncertainty Principle.
Ans :

Non-existence of electrons and existence of protons and neutrons in nucleus

The radius of the nucleus of any atom is of the order of 10-** m. If an electron is confined inside the
nucleus, then uncertainty in the position Ax of the electron is equal to the diameter of the nucleus.

i.e., AX~2x10" m. Using the Heisenberg’s uncertainty relation, the uncertainty in momentum of
electron is given by

h 1.055x10734

-1 (.. -14
ApXZZn.Ax = 251014 kgms™ (- Ax >>107)
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h
where — = 1.055%10*
27

Ap, > 0.527 > 102 N-s
It means that the momentum component p _and hence the magnitude of total momentum | p | of
the electron in the nucleus must he at least of the order of magnitude.
Uncertainty Principle
Since the muss of the electron is 9.1>x10-** kg, the order of magnitude of momentum (0.527 >
10%° kg ms™) is relativistic. Using the relativistic formula for the energy E of the electron, we have
E2 = p2c®+ mic*
As the rest energy m, c® of the electron is of the order of 0.511 MeV, which is smaller than the value
of first term, hence it can be neglected. Thus,
E?=p%*® or E=pc
E ~(0.527 x< 10%°) =< (3 < 10%) joule
~(0.527 =< 1020) (3=<108)
~10 MeV

This means that if the electrons exist inside the nucleus their energy must be of the under at 10 MeV.
However, we know that the electrons emitted by radioactive nuclei doing beta decay have energies only
3 to 4 MeV. Hence, in general electrons exist in the nucleus.

For protons and neutrons, m, ~1.67>102"kg. This is a non-relativistic problem as |d || p|/ m,~
10° ms™. The kinetic energy E in this case is given by

p> _ (0.257x10 %)
2my  2x1.67x107%

E= joule

(0.527 x10720)? v
= ev =
2x1.67x1072" x1.6x10719

52 keV

Since the theory is smaller than the energies carried by these particles emitted in luteal these particles
can exist inside the nuclei.

Binding energy of an electron in atom

In an atom the electron is under the influence of electrostatic potential of the positively charged
nucleus. It is confined to the linear dimensions equal to the diameter of electronic orbit. The uncertainty
in the position Ax of the electron is of the order of R where R is the radius of the orbit. The corresponding
uncertainty in momentum component Ap_is given by

h
APz 2n 2R

This expression shows that the momentum of an electron in atomic orbit is at least
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This is non-relativistic momentum for an electron. The kinetic energy K is given by

K= P’ h Y 1 _ h

The potential energy of an electron in ihe field of nucleus with atomic number Z is

—7e?
V= 4menR

The total energy of the electron in its orbit is

h2 Ze?
E=K+V= ——— -
32n°myR?  4megR
(1.055x10734)? Z(1.6x10719)?

¥ 8x9.1x1031xR? ~ 4x3.14x8.85x10 2 xR

h
where — = 1.055%10"%
27

1020 15x107%07
r 2T Ty

E=
R? R
Taking R~10 m, we have
E~(0- 15 Z) eV ~(-15 2)eV

As we know:-that the binding energies of outermost electrons in H and He are —13.6 and 24.6 eV
respectively, hence the value of binding energy derived on the basis of uncertainty principle is acceptable
in view of magnitudes.

Radiation of light from an excited atom
We know that the a range time period that an atom takes to come to its unexcited from the excited
state is of the order of 1078 seconds. Thus, the uncertainty in the energy is given by

h 6.6x10°3* >
> > =10
= 4n-At < 4x3.14x10°8

AE ° joule

Thus, the uncertainty in the frequency of light is

26
AV:A_Ezlo ><4><3.14z107hertZ
h 6.6x10734

4N

' 73 |
= J Rahul Publications



B.Sc. I YEAR V SEMESTER

I 2.16 ScHRODINGER TiIME INDEPENDENT AND TIME DEPENDENT WAVE EQUATIONS

Q24. Derive Schrodinger time independent equation for matter waves ?

Ans : (Imp.)
Schrodinger time independent wave equation
According to de - Broglie theory, a particle of mass m is always associated with a wave whose

wavelength is given by A = %V. If the particle has wave properties, it is expected that there should be

some sort of wave equation which describes the behaviour of the particle consider a system of stationary
waves associated with a particle. Let x, y, z be the coordinates of the particle and ¥, the wave displacement
for the de-broglie at any time t W is called as wave function. It is assumed that W is finite angle valued and
periodic function. The classical differential equation of a wave motion is given by

o2y oY o°Y oY

o Vo Ty T ) TV - (D)
0? o o?
o Ty T

Where v is the wave velocity

V= [V 2 being Laplacian operator]

The solution of eq. (1) is given by

¥ =W sinwt =¥ sin2n vt .. (2)
Where v is the frequency of the stationary wave associated with the particle.
Differentiating eq. (2) twice, we get

o¥
i ¥, (2nv) cos2m vt
2
e ==Y (2nv)’ sin2nvt
o’y 4mPv?
- = AN VY = T ' (3)

}\‘2
62

Substituting the value of { o } from eq. (3) in eq. (1)

4?2
}\‘2

vyZiWY=

<2

4X
or V*V¥+ 02 ¥Y=0

Now from de - Broglie relation

h

Y]

g
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2

4
VY + hT; m2v2¥ =0 ... (5)

If E and V be the total and potential energies of the particle respectively, then its kinetic energy

1
5 mv? is given by

= 2=E-V
5 mvi=E-
or m?v2 =2m (E - V) ... (6)

From equ. (5) and (6) we have

2

4
V¥ + hT; v2m(E-V)¥ =0

8n’m
VZ\P+—EZ E-V)¥ =0 - ()

Equ. (7) is known as Schroedinger time - independent wave equation

h
Substituting h = o in eq. (7) the Schroedinger wave equation-can be written as

) 2m
v‘P+h—2(E—V)‘P:0 .. (8)

Equ. (8) can also be expressed in following way

h2

[Z_mj VY +(E-V)¥Y=0

h2
or EVZ‘P—V‘PZE‘P

2

2

or %V +V}‘P:E‘P
or HY = E¥

2

Where H - {Zm

v? +V} ¥ and H is known as Hamiltonian operator

For a free particle V = 0, hence the Schroedinger wave equation for a free particle can be expressed

) 2mE
V‘P+h—2‘P=0 ... (10)
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Q25. Derive Schroedinger time dependent equations for matter waves ?
Ans : (Imp.)

The Schroedinger time - dependent wave equation may be obtained from Schroedinger time -
independent wave equation by eliminating E.

In order to derive time - dependent wave equation, Schroedinger introduced a numerical function
¥ which is a variable quantity associated with the moving particle. This is complex function of space
coordinates of the particle and time. The function ¥ is called as wave function as it characterises de -
Broglie waves associated with particle.

The differential equation representing a one - dimensional wave motion is

=vVv?Y¥ .. (1)
Considering ¥ to be a complex function of space coordinates of the particle and ti,e the general
solution of eq. (1) is given by
Y (xyz,t) =Y, (KXY g™
or Y=Y, e™ .. (2

Differentiating eq. (2) with respect to time t, we have

oY N
i ¥, (-iw)e”
= Y, (-i2nv) ™ = 2miv¥
= -27i (E/h) ¥ (- E=hv (or) v=E/h)
_¢E
~h
EW¥ =ih x 3
=ih = .. (3)

Substituting the value of E ¥ in Schroedinger time - independent wave equation to get

2m |., oY
PRSP 2 LU ITNCE SRV B
VY e { at }

V2Y = i_l’zn |:iha—\y—v‘l’}

2

2m

) . OV
\Y ‘P+V‘P=Ih§ .. (4)

This equation is known as Schwedinger time - dependent wave equation Eq. (4) can be written as

: 0
VZ+v —ih =
{ }‘P ih i

2m
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HY = EY ... (5)

_h2
-~ 2 . .
H= {Zm \ +V} = Hamiltonian operator

~ 0
and E =ih Pl Energy operator

Eq. (5) describes the motion of a nonrelativistic material particle

2.17 WAavVE FUNCTION PROPERTIES

Q26. Explain wave function properties ?
Ans :

The wave function ¥ must fulfil the following requirements
(i) It must be finite everywhere

If ¥ is infinite at a particular point, then it would mean an infinitely large probability of finding
the particle at that point. This is not possible. Hence W must have a finite or zero value at any
point.

(if) It must be single valued

Let us consider that ¥ has more than one value at any point. It means that there is more than
one value of probability of finding the particle at that point. This is obviously ridiculous.

(iii) It must be continuous
2
dx?

has no discontinuity at any boundary where potential changes. This implies that ¥ too must
be continuous across a boundary.

For Schroedinger equation must be finite everywhere. This is possible only when d%x

Important Points
1. Since a physical system must exist somewhere, the probability of its finding must be 1, i.e.,

+0

[ 1wlzdxdydz=1

This is known as normalization condition
2. The probability of finding the system between x, and x, is given by

Xa

p= [ 1¥12ax

X1

3. The probability per unit volume of a system being in the state W is called probability density
i.e., p=|¥|?dx

[pav=[¥Irdv=1
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2.18 PHysicaL SieNIFicaNCE oF WAVE FUNCTION

Q27. Define physical significance of wave function.

AnS :

It is observed that in some cases, ¥ is appreciably different from zero within some finite region
known as wave pocket. It is natural to ask, “where is the particle in relation to wave packet?” To explain it,
Max Born suggested a new idea about the physical significance of ¥ which is generally accepted now-a-
days. According to Max Born WYW* |¥|? gives the probability of finding the particle in the state ¥, i.e., ¥2
is a measure of probability density. The probability of finding a particle in volume dT = dx dy dz is given
by |¥|? dx dy dz. For the total probability of finding the particle somewhere is, of course, unity, i.e.,
particle is certainly to be found somewhere in space

[I] 1#12dxdy dz =1
Satisfying above requirement is said to be normalized.

I 2.19 Basic PostuLATEs oF QUANTUM MECHANICS I

Q28. Define basic postulates of quantum mechanics ?
Ans :

The particulars of the quantum mechanics may be stated as follows :
Postulate 1 :
Where function to describe physical system

There is an associated wave function ¥ with system and any state of system is described as fully as
possible by this wave function. This is state function of the system.

For a wave function W to describe any physical system, the following boundary conditions must be
satisfied :

() W(x)as well as d¥ (x) must be finite for all values of x. Let ¥(x) be finite at the any point in the
space. The probability of finding. The system at the that point, i.e., | ¥(x)]? is infinite. This
shows that the particle is completely localized.

(i) W(x)aswellas d¥(x) / dx must be continuous for all values of x in the region expect where the
finite. For d¥(x) / dx to be infinite, W(x) must be continuous because derivative, of a
discontinuous function is always infinite. The discontinuous value of the function i.e., the
infinite values of d¥(x) / dx will lead to the infinite value of the system which is not possible.

(iii)) W(x) as well as d¥(x) / dx must be single - valued for all x in the region. Let ¥(x) has a multi
valued at some point. Then the probability of finding the system between x and x + dx is
|'¥(x)]? dx and will be multi-valued.

(iv) In addition to the above condition, the wave - function W(x) must satisfy the Born conditions.
According to earn condition, the probability of finding a particle in volume element dx dy dz
is given by |'¥(x)]? dx dy dz or W¥'¥* dx dy dz. If the particle is somewhere in the space, then
the probability will be equal do unity, i.e.,

J“P‘P*dxdydzz 1
All space
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This is called normalization condition

When, there are n - particles in the space then

J“P‘P*dxdydzz n
All space

. . . . . . vy
Where ¥ is now unnormalized where function. The normalized wave function will be //(n) . The

quantity (\/ﬁ) = e. Is called the normalization constant.

Postulate 2 :
Operators for observable quantities.

With every dynamical variable, there is associated an operator. An operator is anything which is
capable of doing something to a function or any mathematical operation as multiplication x, differentiation

d / dy integration j can be expressed by contain symbols known as operator. When any operator say 0
operates on a wave function ¥ and the result is expressed as

6‘P=a‘P,

Then the observable quantity a is known as eigen value of the operator O for the function ¥
known as eigen function. The table given below shows some guantum mechanical operators corresponding
to different classical observable quantities:

I 2.20 OPERATORS

Q29. State the operators ?

Ans :
S.No. Classical Quantity Equivalent Quantum
Mechanical Operator
1. Certain coordinates of particle in space (X, Y, z) X, ¥,2Z
2. Position of particle (y) ¥
h
3. Momentum (p) T Y
n o
X - component of momentum (P,) T
n 0
y - component of momentum (Py) T 5
n o
z - component of momentum (P) T

L J
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2
4. Kinetic energy - :_m v?
x - component of K.E (=h?/ 2m) G%XZ
62
y - component of K.E (-h? 7 2m) Ayz
z - component of K.E (=h?/ 2m) o 522
. h
5. Velocity (v) m Vv
. h o
x - component of velocity (v ) m o
. h 0
y - component of velocity (vy) m 5
. h o
z - component of velocity (v) m o

I 2.21 EIGEN VALUES AND EIGEN FUNCTIONS

Q30. Discuss Eigen values and Eigen functions of a particle enclosed box.
Ans : (Imp.)
There'is a class of function (known as well behaviour function)
¥ which when operated by an operator 0 are merely multiplied by some constant say A, i.e.,
0¥ (X) = AP(X)
Then we say that the number A is an eigen value of the operator 0 end the operate and W¥(x) is an
eigen function of 0 in operator form, Schrondinger, wave equation can be written as

2

0
= —— V2 4 =in —
H va vand e |nat

Where

Schrondinger study - state eq (1) be solved only for certain values of energy . The values of
energy <, for which Schrondinger steady state equation can be solved are called eigen values and
corresponding wave functions ¥ _are called eigen functions.
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According to Mav Born, W' gives the probability of finding a particle. It is also essential to calculate
the average or expectation values of dynamical quantity by the wave function. The expected or the
average value of a dynamic quantity is the mathematical expectation for the result of a single measured,
taken on the independent system.

Let f(y) be any function for an observable quantity associated with a moving particle. The expectation

value of f(y) is given by

[[J¥ ) ¥ dx dy dz
<M== "{[[¥¥ dcdy dz - ()

where the integration is taken over the entire space

Incase, the function is normalised wave function, then

<> = [[[¥ f(y) ¥ dx dy dz .. (2

[ J”‘P* Y dx dy dz — 1}

If the probability of moving particle of de - Broglie wave-is W2, then its position of sometime t is
expressed by f(y)

I 2.22 ExPECTATION VALUES

Q31. Write short note on Expectation Values.
Ans :

The expectations value of position is

<f(y)> = [ f(y) dx dy dz

The expectation value of a quantity in terms of position coordinate is written as

<X>J Y*x ¥ dx or <x>:I ¥2x dz
<y>J ¥Y*y ¥ dx or <y>:I Yy dy
<z>J Y*z ¥ dz or <z>:I Y27 dz

For momentum p,

<p>= H Y p¥ dx dy dz
= [[J¥ i) ¥ dx dy dz
=-h [[[¥ ¥ dxdydz
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PROBLEMS

1. Ifthe uncertainty in position of an electron is 4x<10-° m, calculate the uncertainty in its
momentum.

Sol :

We know that
AX. Ap =~ h
ap o 6.6x107>*
" Ax - 4x107
= 1.65 > 10-2* kg m/sec.
2.  Anelectron has a speed of 600 m/s with an accuracy of 0.005%. Calculate the certainly
with which we can locale the position of the electron. Given
h =6.6 x 103 joule-sec, m = 9.1 x< 1073 kg.
Sol :
The momentum of electron = mv
= 9.1 x 103 > 600 kg m/s
Ap = [%} mu=>5 x 10 x 9.1 x 103" = 600 kg m/s
e 56.6x1o—3431
Ap, 5x107x9.1x107>" x600
~ 0.02254 m.

3. Show that if the uncertainty’ in the location of a particle is equal to us de-Brogle
wavelength, the uncertainty in its velocity is equal to its velocity.

Sol :

According to uncertainty principle,
Ap.AX = h
A(Mv) AX =h or Av.Ax = h/m
Given that AX = A
h h
Av = m_k:m (- A= h/mv)
Av= v=velocity of the particle.

4. A microscope using photons is employed to locate an electrons in an atom to within a
distance of 0.1 A. What is the uncertainity in the momentum of the electron located in
this way? What is the uncertainity in velocity? Rest mass of electron = 9.1 x 10-3* kg.

Sol :

According to uncertainty principle,
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_ h _ 6.63x10%J-s
AP = Ax T T(0.1x10°m)

= 6.63 < 102 kg-m/sec.

The uncertanity in the velocity of the electron is

Ap  6.63x10*kg.m/sec
m, — 9.1x10%*kg

Av =

= 7.28 %< 107 m/sec.

5. Compare the uncertainties in the velocities of an electron and a proton confined to 1 nm
box. Their masses are 9.10 < 10 and 1.67 10?7 kg respectively.

Sol :

Let (Av), and (Av), be the uncertainties in velocities of electron and a proton respectively. Then

Ap Ap

(Av), = m_e and (Av) = m_p

(Av), m,  1.67x107%kg

(), = m, = 8.10x207kg = 189>

6. Calculate the smallest possible uncertainty in the position of an electron moving with
velocity 3 % 107 m/sec.

Sol :

Let (AX) ., bethe minimum uncertainty in the position of the electron i.e., (Ap), ... the maximum

uncertainty in the momentum of the electron. Then

max’

AX) . (Ap)  =hi2 n

But (A)) e = Momentum of the electron
m, v
Now, p=mv= 1_(\/2 /CZ)
myv h
(Ax)min x (1_V2 /CZ) - 2_7_[
h l_ 2 2
or (AX) (A-vi/c)
mn 2n m,v

Substituting the values, we get

g
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7. Anelectron is confined to a box of length 10-° m. Calculate the minimum uncertainty in
its velocity. Given mass of electron m = 9 x 10! kg and given constanth = 6.6 < 103
J-s.
Sol :
We know that
AX=Ap,=h
If Ax is maximum, Ap _must be minimum
ie., (AX) o - (AR, = N
According to problem, (Ax)  =10°m
(09), = Gy = 22
min P)rmex 10
= 6.6 < 10° kg . m/s
Again, (Ap),,, = m (Av)
A - 6.6x10%
(300, = pr;)m.n ~ 9x10™
= 7.3 x 10° mfs.
8. Using the uncertainty relation AE . At = Zln , calculate the time required for the atomic
system to retain the exitation energy for a line of wavelength 6000 A and width 104 A
Sol :

Here, the width of spectral line
dn =194 A
=10%x 100 =10%m
A =6000 A =6x10"m
We know that

et
= hv = 2
hc
or AEZFAK

Using uncertainty relation AE = (h/2 &), we obtain

h h A2
A= OnAE — _ (hc) .. — 2ncan
T ZW(ZJA}L T e
A
— { 84 |
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9. The spacing between the principal planes of NaCl crystal is 2.82 A. Itis found that the
first order Bragg reflection occurs at an angle of 10°. What is the wavelength of X-raus?

Sol :
According to Bragg’s law,
2dsin 6 = nA
__ 2dsin6
n
Given that

n=1,d=282x10*m and sind = sin 10° = 0.1736

2x(2.82x107%)x 0.1736
A= 1

=0.9793 x 10 m

= 0.9793 A
10. Calculate the wavelength of an X-ray beam incident at 12° for the first order reflection

from a calcite crystal, if the grating constant of the crystal is 3.035 A. (sin 12°=0.2079).

Sol :
We know that

2dsin0
n

Here,
h=1, d=23.035 A =3.035 x 10° m and sino = sin 12°

2x(3.035x10 ) xsin12°
1

=1.262 < 10 m

= 1.262 A

11. When a nickel target is used in an X-ray tube, two shortest wavelength emitted are
found with Bragg crystal respectively to tbe diffracted at angle 15.1° and 17.1°

respectively. Find their wavelength. Assume the crystal spacing to be 2.81 A.
Sol :

According to Bragg’s equation, 2d sin6 = ni. Consider diffraction maximum to be of first order,
e, n=1

A=2dsin®
() A, =2x (281 A)=sin15.1 A = 1.468 A

(i) A, =2x (281 A)=sin17.1 A = 1.652 A
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12. X-rays of wavelength 1.54 A are diffracted by a crystal with the first maximum occurring
at 11°. What is the separation between the lattice planes.

Sol :
We know that, 2d sin6 = ni
For first order diffraction,
n=1
A
2sin6

d=
Here,

A=154 A and 6 = 11°

_ 154 A
2sin11°

= 4.035 A
13. The line A of X-ray beam gives a first order reflection maximum at a glancing angle of

30° to the smooth face of a crystal. Line B of A = 0.92 A gives a third order reflection
maximum at an angle of 60° from the face of the same crystal. Find the wavelength of

line A.
Sol :
According to Bragg’s law,
2d sin6 = nA
For line A, 2dsin30°=1 x A,
For line B, 2dsin 60° =3 x A,
Aa _sin30°
3hg ~ sin60°
_ sin 30°
or 2= 3% Sin60°
_ sin 30°
or A, =3>x0.92 x sin 60°
=168 A

14. The first order Bragg maximum of electron diffraction in a nickel crystal (d = 0.4086

,&) occurred at a glancing angle of 65 A. Calculate the de-Broglie wavelength of the
electrons and their velocity.

Sol :

According to Bragg’s law,
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2d sin®@ = nA

A = 2dsin® 2><(0.4086><10'1°)>< sin 65°
0 n 1

2x(0.4086 x 10°) x (0.9063)
1

= 0.7501 > 107 metre.

15. Calculation the energy of a photon of sodium light of wavelength 5893 > 107'° mn in
(@ joules and (b) in electron volt. Take h = 6.62 < 10**J _ and c = 3 x 10° m/sec.

Sol :
(@ We know that

€ = hv = h c/A joules

c = (6.62x107°*)x (3x10°)
5893x107"°
= 3.370 x 107* joules
(b) As leV =16 > 10" joules

o 3.370x107% v
= T16x10° °©

=2.10eV
16. What is the threshold wavelength for nicledl whose work - function is 4.84 eV ?
Sol :
Work function = 4.84 eV
= 4.84 x (1.6 x< 107™°) joule
The work function W, = hv, = hc/},

Where
_hc  (6.624x10*) (3x10°%)
b= W, T 484x1.6x107)

= 2.566 < 107 meter
= 2566 A

17. Calculate the work function of sodium if its threshold wavelength is 5040 A

Sol :

We know that
hc

0=,

w

4
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(6.624 x107*)x(3x107®)
Wo = -10
5040 x10

= 3.928 x 107" joule.

18. Thework function of sodium is 2.46 eV and its threshold wavelength is 5040 A . Calculate
the value of Plank’s constant.

Sol :

m
W, = o or hzwokolc

_ (2.46x1.6x107j) (5040x10*°m)
h= (3x10® m/sec)

= 6.612 x 10* joule - sec.

19. The photo - electric work function of potassium surface is 2.2 eV. When ultra - violet

light of wavelength 3200 ,& falls on potassium surface. Calculate the energy of the most
energetic photon emitted. What is the threshold frequency for potassium.

Sol :
According to Finstein’s photo - electric equation,
hv =W, +K__
K, =hv-W_ = (hc/d) - W,
34 8
B (6'623X210(2)Xiéi: %) =22 % (1.6 x 10%)
= (6.21 < 10 - 2.2 x 1.6 x 107™) joule
= 1.6 < 107 (3.386 — 2.2) = 1.686 x (1.6 < 107%) joule
= 1.686 eV.
The work function W, and threshold frequency v, are relation as
WO
W, =hy, or v, = T
_ 2.2x(1.6x107™)
0 6.62x10°*
= 5.309 < 10 Hz.
20.

Complete the value of planck’s constant h if photoelectron ejected from the surface of a

certain metal by light of frequency by light of frequency 4.6 > 107 Hz are fully stopped
by a reverse potential of 16.5 V.
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Sol :

We know that
evV,=h({v-v)
Substituting the two given values, we have
6.6e=h(22>x10"-V)
and 16.5e =h (4.6 x 10®-V))
Substituting eqn. (1) from (2), we get

9.9x1.602x107*°
h= 3
2.4x10

=6.6 103 Js

21.

Sol :

In compton scattering the incident photons have wavelength 8.0 < 10-° m. Calculate
the wavelength of scattered radiation if they are a viewed at angle of 60° to the direction
of incidence.

In compton scattering, we have
2h 0

1 _ H A p—

A=A = m,c sin® | 5

Here, A =30x10'"m, 6= 60°

=30 x 1040 4 _2XBOx107 ol o
. 9.1x10° x3x10° B

= 3.0 x 100 + 2x6.6x107% < i
o 9.1x10% x3x10® = 4

= 3.0 x 10° + 0.012 =< 10

—3.012 x 10° m = 3.012 A

22.

Sol :

A photon recoils back after striking an electron at rest. What is the change in the
wavelength of the photon.

The compton shift A is given by

2h 0
— — — ain2 | —
Ak—}»—x—moc sin >

Substituting the values, we get

2x6.624 x107% . 180°
A ) sin?

+ = 0.1x10 %) (3x10° 2
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_ 2x6.624x 107
T (9.1x107%)(3x10°)

sin? 90°

— 0.048 x 10" metre = 0.048 A

23.

Sol :

o]
X-rays of wavelength 1 A are scattered at such an angle that the recoil electron has the

maximum K.E. Calculate the wavelength of the scattered ray.

2h 0
— — ain2 | —
We know that AL = m.c sin® | 5

The compton shift is maximum when 6 = 180°

2h 0

(AN, = o =0.048 A

The incident wavelength A = 1 ,g\

Hence, A =X+ AL=1A + 0048 A = 1.048 A
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Short Question & Answers

1. Discuss the inadequacy of classical physics ?
Ans :

The reasons of failure of classical physics are :

(i)  Classical mechanics successfully explained the motion of the objects which are either observable
directly or can be made observable by instruments like microscope. When the classical concepts
were applied to the particles of atomic dimensions like electrons, they failed to describe the actual
behaviour. Thus, the classical concepts cannot be applied to atomic phenomenon, e.g., motion of
an electron in an atom.

(i)  The energy of the electron should decrease continuously and it should come closer and closer until
it collapses with nucleus. This shows the instability of the at OX. This statement is contradictory to the
observed fact of the stability of atom. Thus, classical mechanics failed to explain the stability of the
atom.

(iii)  Classical mechanics failed to explain the spectrum of hydrogen atom.

(iv) It could not explain observed spectrum of black body.

(v) It could not explain the observed variation of specific heat of metals and gases.

(vi) The classical mechanics failed to explain photo - electric effect, compton effect, Raman effect etc.

2.  Explain and derive Planck’s Radiation formula ?
Ans :

Planck in 1900 suggested that the correct results can be obtained if the energy of the oscillating can
be obtained if the energy of the oscillating electrons is taken as discrete rather than continuous.

(i)  Achamber containing black body radiation also continas simple harmonic oscillators of molecular
dimensions which can vibrate with all possible frequencies.

(i) The frequency of radiation emitted by an oscillator is the same as the frequency of its vibration.

(iii) . An oscillator cannot emit enrgy in a continuous manner, it can emit energy in the multipoles of
a small unit called quantum (photon). If an oscillator is vibrating with a frequency v, it can only
radiate in quantas of magnitude hv, i.e., the oscillator can have only discrete energy valuies E_
given by

En:nhv:n8|

where hv = ¢
Here n is an integer and h is Planck’s constant
(6.625 < 10-* joules - sec)
(iv) The oscillators can emil or absorb radiation energy in packets of hv.

If N be the total number of Planck’s oscillators and E be their total energy, then the average energy
per Planck’s oscillators and given by

_ E
€=—
N

g
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3. Define Compton Effect
Ans :

According to Compton, the phenomenon of scattering is due to an elastic collision between two
particles, the photon of incident radiation and the electron of scatterer. The observed change in frequency
or wavelength of the scattered radiation is known as Compton effect.

4.  State and explain Heisenberg uncertainity principle.

AnS :

According to Heisenberg uncetainity principle, it is impossible to measure both the position and
momentum of a particle simultaneously to any desired degree of accuracy.

»  “The order of magnitude of the uncertainities in the knowledge of two variable must be atleast
planck’s constant h”.

AX =V At .. (3)
From equations (2) and (3), we get
AX . Ap, = At. AE - (4)

h
We know that AX Ap > i

h
AX . Ap, > i .. (5)

5. Relation between group velocity a nd wave velocity.
Ans :

®

The phase velocity of a wave is given by vV, = "

and group velocity Vv, = dk

do dv,
o= vk (or) do=dvk+vdk = dk =v, +Kk K

from the above equations, we can write

— dVP
Vg—Vp+kW

_ +kdvpxd_x
or v,=v, 0. ik

Since k= 2% ponce 9h 2t
ince k= == hence 7~ =-73

6. Define Properties of Matter Waves.

Following are the properties of matter waves :
(i)  Lighter is the particle, greater is the wavelength associated with it.
(i)  Smaller is the velocity of the particle, greater is the wavelength associated with it.
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(iii) Whenv =0thenA = «, i.e., wave becomes indeterminate and if v = « then A = 0. This shows
that matter waves are generated by the motion of particle.

These waves are produced whether the particle are charged particles or they are uncharged (A = h/
mv is independent of charge). This fact reveals that these waves are not electromagnetic waves but
they are a new kind of waves (electromagnetic waves are produced only by motion of charged
particles).

(iv) The velocity of matter wave depends on the velocity of matter particle i.e., it is not a constant while
the velocity of electromagnetic wave is constant.

(v) The velocity of matter wave is greater than the velocity of light.

The velocity of matter wave (de-Broglie wave velocity) is greater than the velocity of light. This can
be proved as under

A particle in motion with associated matter wave has two different velocities, one referring to the
mechanical motion of the particle represented by v and second related to the propagation of the wave
represented by w.

We know that E = hv and E = mc?.

2

hv =mc? or V=

h
The wave velocity (w) is given by
N mc? h [ _ h}
=VXxX\A= X — o A
w=v h p— .
CZ
or w= —
A%

7. Explain diffraction by a single slit.
Ans :

Suppose a narrow beam of electrons passes through a single narrow slit and produces a diffraction
pattern on the screen as shows in fig:

The first minimum of the pattern is obtained by putting n = 1 in the equation describing the
behaviour of diffraction pattern due to a single slit

(i.e., d sind = ni) hence

Ay sind = A o (4)
Where Ay is the width of the slit
0 is the angle of deviation corresponding to first minimum
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In producing the diffraction pattern on the screen all electrons have-passed through the slit but we
cannot say definitely at what place of the slit. Hence the uncertainity in determining the position of the
electron is equal to the width Ay of the slit.

A
from equation (4) Ay = sine .. 5

Initially the electrons are moving along the x - axis and hence they have no component of momentum
along y - axis. After diffraction at the slit, they are deviated from their initial path to form the pattern and
have a component psin, As y component of momentum may lie any where between psin6, and —psin®,
uncertainity in y - component of momentum is

. 2h e h—

AP = 2psin@ = — sin0 [ p——} ... (6)
y A

from equation (5) and (6)

A 2hsin@
- =
sin® A

Q

~

Ay . Ap,

Q

(or) Ay. Ap, = h . (7)

The relation shows that the product of uncertainties in position‘and momentum is of the order of
planck’s constant.

8. Define complementary Principle of Bohr.
Ans :

The most important consequence of uncertainty principle is that it is impossible is determine the
wave and particle properties at the same time in a single experiment.

According to complementary principle, the wave and particle nature of main and light are
complementary rather than contradictory, i.e., both aspects are necessary to have a complete picture of
the system. Both these aspects have never been shown in a single experiment.

Let us consider an experimental arrangement in which light is diffracted by a double slit and is
detected on a screen that consists of many adjacent photoelectric cells. The photoelectric cells respond to
photons having particle properties. However, if we plot the number of photons, each cell counts in a
certain period of time against the location of cell, a wave-like pattern (like the interference of a pair of
coherent wave trains is obtained, It follows that only experiment which can be devised displays either the
particle-like characteristics or wave-like characteristics of the system, in moreover the wave and particle
pictures give complementary description of the same pattern.

9. Define physical significance of wave function.
Ans :

It is observed that in some cases, ¥ is appreciably different from zero within some finite region
known as wave pocket. It is natural to ask, “where is the particle in relation to wave packet?” To explain it,
Max Born suggested a new idea about the physical significance of ¥ which is generally accepted now-a-
days. According to Max Born WYW* | ¥ |? gives the probability of finding the particle in the state ¥, i.e., ¥2
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is a measure of probability density. The probability of finding a particle in volume dT = dx dy dz is given
by |¥|? dx dy dz. For the total probability of finding the particle somewhere is, of course, unity, i.e.,
particle is certainly to be found somewhere in space

[ 1#12dx dy dz =1
Satisfying above requirement is said to be normalized.

10. Write short note on Expectation Values.
Ans :

The expectations value of position is
<f(y)> = [ W f(3) dx dy dz

The expectation value of a quantity in terms of position coordinate is written as

<x>j Y*x ¥ dx or <x>:I ¥2x dz
<y>j ¥Y*y ¥ dx or <y>:I Yy dy
<z>j Y*z ¥ dz or <z>:I Y27 dz

For momentum p,

<p>= ” Y p¥ dx dy dz
= [[[% (©h¥) ¥ dx dy dz

=h [[[¥" ¥ dx dy dz

g
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‘ Choose the Correct Answers I

1.  The potential energy of the electron with charge-e in the field of nucleus charge is [b]
e —e?
(@) V= Amegr (b) V= 4rggr
e -e
(© V= gyl (@) V= gyl
2. Schrodinger time dependent wave equation is [b]
—hz 2 . 8\y hz 2 . 6\y
—V +V |y =ih— —V°+V |y =ih—
(@) [2m ’ j‘" A (b) (Zm V=
hz 2 . 6\y —hz 2 . 6\y
——VZ+V |y =in— — V-V |y=in—
© { om’ J“’ " (d) [2m Y3
3. Expression for wave velocity [c]
(@ wk (b) kiw
Ik g
© w (@) 5
4.  Expression for Hamiltonian operator [b]
—h? s s
— V-V by — V-V
@ - (b) -
Zh2 —h? 5
—V+V d —V°+V
© SV @ -
5. Relation between group velocity and wave velocity. [c]
_ av, _ dv,
(a) Vg = VP -+ }\,K (b) Vg = - VP =+ }LK
— dvp _ 2V
(C) Vg—vp—}\‘a (d) Vg—VP—}L a
6.  Expression for de-broglie wavelength interms of energy. [b]
h
a) A= b) A=
h h
© = e N o=
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7. Wave length associated with 54 volt electron is [a]
(a) 1.67 A (b) 1.6A
(c) 15A (d) 1.4A
8. Heisenberg uncertainity principle for energy and time. [d]
AE . At = L b) AE . At > L
AE . At = n d) AE.At> n
) T 2m (d) ' 4n
9.  According to phenomena diffraction by slit width of the slit [b]
Ad = 2.sin 0 b) Ay = ——
(a) = sin (b) Ay =<5
Ay = A 0 d) Ay= o
() Ay=hcos () ay=—
10. In order exist in the nucleus the electron must have the energy of the order [a]
(@) 10 MeV (b) 9 MeV
(c) 6 MeV (d)- 1 MeV
[ 97 }
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‘ Fill in the Blanks I

According to de-Broglie wavelength for matter waves is A =

is the experiment for confirmation of matter waves.

Uncertainity relation for energy and time

B nh e

According to Gamma ray microscope uncertainity in position and momentum inversely proportional
to

¥ is finite, and function.

Expression for wave velocity v, =
Relationship between group velocity and wave velocity v, =

The value of zero point energy

© © N o o

The propagation constant ‘K’ is inversely propotional to

10. The expresion for classical frequency is given by

ANSWERS
1. h/imv
2. Davisson and Germer
3. AE.AT = h
4, Sin0
5. single value, Periodic
6. wlk
7 Lo
VP =A—
P=""m
1
—h
8. > Y
9. |
10 v= —
- V= 2r\m
— ' 98 }
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Nuclear Physics

Nuclear Structure : Basic properties of nucleus - size, charge, mass, spin, magnetic dipole
moment and electric quadrupole moment. Binding energy of nucleus, deuteron binding
energy, p-p, n-n and n-p scattering (concepts, nuclear forces. Nuclear models - liquid drop
model, shell model.

Alpha and Beta Decays : Range of alpha particles, Geiger - Nuttal law. Gammow's theory
of alpha decay, Geiger, Nuttal law from Gammow's theory. Beta spectrum - neutrino
hypothesis,

B A B A A
T ey
L P L P P P L T P P T P P L L TP T T LT

Particle Detectors : GM counter, proportional counter, scintillation counter.
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I 3.1 Basic PrRoPeRTIES OF NUCLEUS

Q1. Explain the properties of nucleus with reference to size, charge, mass, density, spin,
magnetic dipole moment.

AnS :

Basic Properties of Nucleus
Some of the important properties of atomic nucleus are given below:
(@ Nuclear Size

The mean radius of an atomic nucleus is of the order of 10**m to 10%®m while that of the atom is
about 10°m. Thus radius of the nucleus is about 10,000 times smaller than the atomic radius.

The empirical formula for the nuclear radius R is
R=RAY
Where A is the mass number
R, = 1.3 x 107 m = 1.3fm; {1fm = 10-**m}
Nuclei are so small that the fermi (fm) is an appropriate unit of length.
(b) Nuclear Charge

The charge of the nucleus is due to the protons contained in.it. Each proton has a positive charge
of 1.6 < 107 coulomb. The nuclear charge is Ze, where Z is the atomic number of the nucleus.

(c)  Nuclear Mass

The mass of nucleus is the sum of the masses of the neutrons and protons contained in it. Then the
mass of the nucleus should be ZM, + NM_

Where m, and m_ are the masses of proton and neutron respectively.
The real nuclear mass is less than the sum of masses of individual nucleons.
This difference in masses is called the mass defect.
(d) Nuclear Density
The nuclear density p, can be calculated from

Nuclear Mass
Nuclear volume

pN_

Nuclear Mass = Am_
Where A = mass number

m_= mass of the nucleon = 1.67 < 10"* Kg

4

4
Nuclear volume = 3 nR3 = 3 n(RAY)

4 3
=3 n(R;A)
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(e)

®

Am_ m,
pN = = 4
ﬂTERSA —nR}?
3 3

1.67x107%
%n(l.S x107°)°

p, = 1.816 x 10'7 kg m=
This shows that the nuclear density is independent of mass number (A).

Nuclear density

Number of nucleons per c.c. =
Nucleon mass

10" kg / m?

= m = 10* nucleons / c.c.

Thus nucleus is a very tightly bound system of particles with a large potential energy.

Nuclear Spin

Both proton and neutron like electron have a n intrinsic angular momentum known as its spin. The
magnitude of spin angular minimum is % h. In addition, the nucleons posses orbital angular

momentum due to their motion about the centre of nucleus. The resultant angular momentum of
the nucleus is obtained by adding spin (s) and orbital angular momenta (L) of all nucleons within
the nucleus. This total angular momentum of the nucleus is known as nuclear spin denoted by

I=L+S

According to wave mechanics we have | = h /I(1 +1)

The value of | depends on the type of interaction between the nucleons.
Nuclear Magnetic Dipole Moment (u)

We know that a charged particle moving in a closed path produces a magnetic field. The magnetic
field, at-a large distance, may be considered as due to magnetic dipole located at the current loop.
The spinning electron has an associated magnetic dipole moment of 1 (one) Bohr magneton .

. eh
l1.e., Me == 2m

e

Proton has a positive elementary charge e. Due to its spin, it has magnetic dipole moment p, .
According to Dirac’s theory.

eh

Hg = 2m,
Where m, is the mass of proton
Here p, is called nuclear magneton.

J
by, = 5.080 x 10 =

1
Since m, = 1836 m, nuclear magneton is only 1836 of a Bohr magnetism.
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Since neutron donot have any charge. It is believed that neutron donot have any magnetic moment
up to a long time. According to Yukawa'’s theory, neutron transforms to proton and a negative n
meson for a fraction of time. The two particles are changed and have magnetic moments. But mass
of neutron is very small and magnetic moment will be very large when compared to proton. Therefore
net magnetic moment appearing on neutron will be negative.

(g)  Electric Quadrupole Moment (Q)
An electric dipole moment is zero for atoms and nuclei in stationary states.

. o 1

The electric quadrupole moment is defined as Q = e J (3z22-r3) P dt

Where dt = volume element, r = radius, p is the charge density in the nucleus.

2
It is also given by Q = 5 Ze{b*-a?

Considering the symmetry as ellipsoid of revolution, let the diameter along the axis be 2a and the
diameter in a perpendicular be 2b as shown in figure.

Q=0
@

Fig.: Shapes of the nucleus and electric quadrupole - moments Q
Shape of the nucleus & electric quadrapole moment
It is obvious from the expression that
i)  Q = 0 for spherically shaped nucleus.
i) Q = +ve for ellipsoid (oblate distribution) a > b
i) Q = +ve for ellipsoid (prolate distribution) a < b.

The dimension of the quadrupole moment is that of an area. In nuclear physics it is measured, in
barns (1 bam = 10 m?).

3.2 BINDING ENERGY OF NUCLEUS I

Q2. Explain binding energy of nucleus and calculate binding energy of nucleus.
Ans : (Imp.)
Binding Energy

The neutrons and protons within a nucleus are held together by strong attractive forces among the
nucleons. In order to break a nucleus into its constituents, certain amount of energy is required against the
attractive forces. This energy is known as binding energy of the nucleus.

The binding energy is defined as the energy required to decompose a nucleus into its constituent
particles.

It has been observed that mass of the nucleus is always different from the sum of the masses of its
constituents. The difference in measured mass M and the mass number A is called as mass defect.

mass defect Aw = (M - A)
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When two nucleons (protons and neutrons ) are bound together to form a. nucleus, a certain mass
(Aw) disappears. This mass Aw is converted into an amount of energy AE = (Aw)c? This energy is called
as the binding energy of the nucleus. In order to break the nucleus into its constituent particles, the same

amount of energy is required this purpose.
Binding Energy of nucleus
If M is the mass of a nucleus having Z protons and N neutrons, then
B.E = [(Zmp + Nm ) - M] ¢ . (@)
Where m_and m are masses of proton and neutron respectively, When binding energy B.E < 0.
the nucleus is unstable.
If A is the mass number (number of protons and neutrons) in the nucleus.

B.E = [Zmp+(A -Z)m - M]c? .. (2
Adding and subtracting Z m_ on right hand side
B.E =1z (mp+ m)+ A-2)m —{M + Zm }] ¢ .. (3)

Where m is the mass of electron.
Now, (m  + m) = m,, (mass of hydrogen atom)
and [M (nucleus) + Z m] = M, (atomic mass)
B.E=[Zm, +(A-2Z)m - M,] c?
=[Zm, 6+ Am -Zm -M]c?
=[Am -Z(m -m,)-M]c? . (4)
Dividing both sides by mass number A, we get average binding energy per nucleon

M
BTE _ { n —%(mn —mH)—TA} o .. (5)

Binding Energy per nucleon

The binding energy per nucleon as a function of mass number is shown in figure. It is observed
from.

Py
(=]
L

o

»H

N

Binding®nergy per nucleon h"\. MgV -—

1 1 L 3 i A 1 L 1 L
610 80 100 120 140 160 1 80 200 - 220
Mass number A —»

o
3
EY
o

Fig.: Binding energy per nucleon as afunction of A.
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The graph, that binding energy per nucleon (except for He* C*2, and O) rises first sharply and
reaches a maximum value 8.8 MeV in the neighbourhood of A = 50. The curve falls very slowly after
A = 50 and reaches at 8.4 MeV at about A = 140. For higher (mass number, the energy) decreases to
about 7.6 MeV. It should also be pointed out here that the packing, fraction curve is also minimum at

about A = 50, predicting that nuclei near A = 50 are most stable.
Q3. Explain the structure of nucleus.
Ans :

The atomic nucleus was discovered in 1911 by Rutherford experiments. According to the experiment
conducted on scattering of a particles, an atom consists a very small nucleus (= 10** m in diameter)
surrounded by orbiting electrons. The proton and neutron are considered to be two different charge
states of the same particle which is called as nucleon.

A constituent particle of nucleus is known as a nuclide. The atoms are represented by _X* where Z,
the atomic number, indicates the number of protons. A. the mass number, indicates the total number of
protons and neutrons and X is the chemical symbol of the atom N is the Number of neutrons .

N=A-Z
As an example, the chlorine nucleus |_CI** has Z = 17 protons,
A = 35 nucleons and
N=35-17
= 18 neutrons

3.3 BINDING ENERGY OF DEUTERON AND CALCULATE BINDING ENERGY OF DEUTERON

Q4. Calculate binding energy of deuteron (,H?).
Ans :

A deuteron nucleus is formed by a proton and a neutron.
The mass_of proton = 1.007270 amu
The mass of neutron = 1.008665 amu
The total mass of proton and neutron in free state
= 1.007270 + 1.008665 = 2.01594 amu

actual mass of deuteron nucleus = 2.013555 amu

I 3.4 PROTON - PROTON SCATTERING (— SCATTERING) I

Q5. Explain p - p scattering. What is its significance?
Ans :

This scattering is only the way to get direct evidence on proton - proton interaction force inside the
nucleus. This scattering is caused not only by the nuclear forces but also by coulomb force. As the two
particles are identical, they obey pauli exclusion principle. Therefore, the wave function describing the
two protons must change sign on the interchange of two particles. Hence, a symmetric space wave function
can be associated with anti - symmetric spin wave function. Similarly, an anti - symmetric space function
may be constructed with a symmetric spin wave function. It is important to nutrition here that more
information regarding the shape and exchange character of potential can be obtained from high energy
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p — p scattering. When the energy is increased, the coulomb potential plays a smaller and smaller part in
the scattering. Therefore a comparison of n — p and p — p interaction may be possible at high energies.

The experimental study of p — p scattering is more accurate than p — p scattering due to the following
reason :

(i) Protons are easily available over a wide range of energies.
(i) Protons can be produced in a well collimated beam.

(iii) Protons can be made more mono - energetic.

(iv) Protons can be detected by their ionizing properties.

3.5 NEUTRON - PROTON SCATTERING (SCATTERING) I

Q6. Explain n - p scattering ?
Ans :

Let us consider a deutron nucleus which is a bound system. There must be attractive forces between
neutrons and protons. Further intermission regarding the inter-nucleon force can be obtained by the
scattering of free neutrons by protons. For this purpose a parallel beam of neutrons is allowed to incident
on a target containing hydrogen atoms. The number of neutrons deflected through various angle is
determined as a function of neutron energy. As neutrons have no change, they will not be deflected by
coulomb field. Therefore, the scattering will directly reflect upon the operation of the nuclear forces. The
interactions which may be involved are

(i) Scattering and (ii) Radioactive capture which has low probability

(i) For neutron energies greater than 1 eV, the proton can be assumed free. This sets the lower
limit to the nuetron energy.

(if) For neutron energy less than 10, eV, only the associated ‘S’ wave overlaps with the nuclear
potential and is scattered.

It is“important to mention here that n — p scattering is affected by the chemical bounding and
depends on relative spin orientations of the neutron and proton.

I 3.6 ProT1ON - NEUTRON THEORY OF NUcLEAR COMPOSITION

Q7. Explain p-n scattering. What is its, significance?
Ans :

According to Heisenberg hypothesis, the nuclei are composed of protons and neutrons. The total
number of protons and neutrons in nucleus gives its mass number A. The number of protons in the
nucleus is equal to atomic number z and the number of neutrons is equal to (A — Z).

The total change, i (i.e., to)” of the nucleus is due to protons only. To neutralize the positive charge
of the nucleus, i.e., to make the atom electrically neutral, the number of extranuclear electrons is z.

As the number of protons increases, the electrostatic repulsive force also increases but the additional
short range attractive nuclear forces [(c_ - n) and (n — p)] components the growing potential repulsion.

The B - ray emission of radiative elements, which gives a strong experimental support to proton -
electron theory (nucleus consists of protons and electrons) can also be accounted in this theory in the
following way :
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The electron does not exist in the nucleus, but it is formed just at the instant of emission. It is
produced due to the transformation of a neutron into a proton by the following equation

1 1 0o
On [N 1H +—1e
likewise, the position emission is due to the conversion of a proton into a neutron as shown by the
equation.
1 1 0o
H — s nt+e

This, proton and neutron are mutually convertible. They are regarded as two alternative states of a
single heavy nuclear particle named as nucleon.

3.7 NucLEAR MODELS I

3.7.1 Liquid Drop Model
Q8. What are the similarities between liquid drop and a nucleus?
(OR)
Discuss the liquid drop model of nucleus.
Ans : (Imp.)

This model was proposed by Neils Bohr who observed that there are certain similarities between an
atomic nucleus and a liquid drop. In this model the forces acting in the nucleus are assumed to be
analogous to the molecular forces in a droplet of a liquid. Hence this model is named as liquid drop
model.

i) The nucleus is supposed to have spherical shape in the stable state and a liquid drop is also spherical
due to the surface tension forces.

i) A force dueto surface tension acts on the surface of the liquid drop. Similarly there is a potential
barrier at the surface of the nucleus.

iii)  The density of liquid is independent of surface area / volume. Similarly density of nuclides is almost
constant.

iv)  Inthe liquid, the molecules / atoms have nearest neighbour interaction only. Similarly the nucleons
will also have nearest neighbour interaction.

v)  Molecules / atoms in the liquid are attracted by short range tensional forces, similarly, nucleons in
the nucleus are attracted by short range forces.

vi)  Liquids exhibits the phenomenon of evaporation, which is compared with radioactivity property of
nuclides.

vii)  Upon oscillation, the liquid drop breaks into components. Similarly the nuclides will also undergo
the process of nuclear fission.

viii)  The energy necessary to evaporate the drop is proportional to the mass number A. This is similar to
the binding energy of the nucleus which is proportional to A.

These concepts are used to find the mass of the nucleus. This formula is known as semiempirical
mass formula.
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Semi - Empirical Mass Formula

In 1935, Ven Weizsacker expressed the atomic mass of a nuclide in terms of the series of binding

energy correction terms with the main mass contribution from proton and neutron. The modified expression
of the mass is known as semiempirical mass formula. The mass of neutral at om can be expressed as

MA=ZM +NM, - E, . (1)
Where

,M* = Atomic mass of the nuclide

Z - number of protons,

M, - Mass of the proton

N = Number of neutrons

M = Mass of the neutrons

E, = Binding energy expressed in mass units.
The value of E, is calculated empirically as made up of a number of correction given by

E,-E, +E,+E.+E +E, .. (2

Where E, E,, E_, E and E_are volume energy correction, surface energy, coulomb energy, a

symmetry energy and pairing energy respectively,

()

(i)

(iii)

Volume Energy correction E,

It has been experimentally verified that the binding energy per nucleon is approximately constant
over a wide range of mass number. The total binding energy of nucleus is proportional to the total
number of nucleons A in it i.e.

EoA or E =aA .. (3

Where a_ is an undetermined constant. Here subscript v is used to show that the contribution to the
binding energy comes from the entire volume of the nucleus.

Surface Energy E_
Nucleus of an atom has some nucleons on its surface.

As a molecule at the surface of a liquid is attracted less strongly in comparison to a molecule in the
interior.

Similarly, the nucleons on the surface of nucleus are bound less tightly. This gives rise to a slight
reduction in the total binding energy of the nucleus. So it has a negative contribution.

The number of nucleons on the surface are proportional to surface area of the nucleus and therefore
to r*> We know that r = r A"® where r is a constant. So, the number of nucleons on the surface are
proportional to A%3, Hence

E, = -a A% . (4)
Where a_is a constant.
Coulomb Energy E_

Coulomb’s repulsive forces are produced due to the mutual repulsion of protons which are positively
charged particles of the nucleus. Due to these repulsive forces, the binding energy is decreased.
Assuming that the nuclear charge Z e is uniformly distributed throughout the nuclear volume the
electrostatic potential energy is given by 3/5. (z2 e?/r)
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(iv)

The Coulomb repulsion is proportional to electrostatic potential energy,

. . . 3 Z%?
Hence coulomb repulsion of binding energy E_is written as E_ = a, 5 ¢
Butr = r0A1’3
. 3 7%? z?

E.= a, g INE = —a, INE

More accurate calculations show that
2(Z2-1)
E.=a, g ... (5)

Considering the sum of volume, surface and coulomb energies, the total binding energy E, of
nucleus is given by

E,=E,+E,E,

or EE=aA-aA**-a Ae-) (6)
b Vv S C A1/3

Thus, binding energy per nucleon

. (1)

Let us consider the contribution of asymmetry energy and pairing energy. The contributions are as
follows.

Asymmetry Energy E

The nuclei are most stable when nucleus contains equal number of protons and neutrons, i.e. the
condition of stability is N = Z. This is called symmetry effect. As the value of A increases, the number
of neutrons increases and alternately the binding energy decreases. This decrement is known as
asymmetric energy correction.

The binding.energy of the nucleus is given by
_ 2
A

Where a _is a constant

E . (8)

Pairing Energy

The nuclei containing even number of protons and even number of neutrons are most stable. On

the other hand, nuclei containing odd number of protons and odd number of neutrons are least stable.
Moreover, nuclei containing even number odd protons and odd number of neutrons or vice versa have
intermediate stability. This pairing effect changes the binding energy as shown below.

Number of protons Z number of neutrons Z E.
even even _|_ap A3
odd even 0
even odd 0
odd odd -a, A4
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Where a_ is constant
Pairing energy E,=a A3 .. (9)

The final expression for binding energy of a nucleus with atomic ma ss number A and atomic
number Z is

Z(z-1) (A - 22) 1
INEE A +a, | oA

E,=aA-aA”-a
This is semi-empirical binding energy formula.
Semi - Empirical Mass Formula
Combining all the above correction terms, the semi-empirical mass formula is given by
2Z-1) (A-22)
Al/3 + ar A + Ep

MA=ZM, + (A-Z)M —a A+ aA? +a

The formula is not exact expression but a fairly valid for mass number A > 15.
Merits

1.  The liquid drop model accounts for many of the salient features of nuclear matter, such as the
observed binding energies of nuclei and their stability against a and disintegration as well as nuclear
fission.

2. The calculation of atomic masses and binding energies can be done with liquid drop model with
good accuracy.

Demerits
1. It fails to explain-other properties like magic numbers.
2. It fails to explain the measured spins and magnetic moments of nuclei.

3.7.2 Shell Model

Q9. Explain shell model with magic numbers?

Ans :

> In liquid drop model we emphasize the properties of nuclear matter and nothing about single
nucleons.

> So, it is great departure from the atomic model who emphasizes on the motion of the electrons in
the field provided by the nucleus for. Certain numbers of neutrons or protons are called, magic
numbers.

> The nuclei containing protons and neutrons number 2,8, 20, 50, 82, 156 etc. known as magic
numbers or shell numbers are exceptionally stable in base of electronic shell rule of 2, 8, 18 etc.
This show that there are definite energy shell in nuclei.

> The magic numbers of the nucleons, can be explain by shell model of the nucleons.

> This model is capable of explaining not only the magic numbers but also many other nuclear
properties such as spin magnetic moment and energy levels.
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Evidence for the existence of magic numbers:

> “Mayer” suggested in 1948 that the nuclei with magic number of nucleon are especially abundant
in nature.

> ,He?, O are particularly stable it can be observed from the binding energy curve. So we can
observe magic numbers 2, 8 which indicates stability.

> z = 28, the only nucleons of even z have isotropic evidence existing 60% Sr® (N = 50), Ba!3®
(N = 82)2
Ce!® (N = 82)

> Sn (Zn =50) has ten isotopes more than any other element while Ca (Z = 20) has 6 isotopes.

> This indicates that z = 50 and z = 20 are more than usually stable.

> a-decay energies of a for given z strikes in the discontinuties of N = 126.

> This represents the magic character of number 126 for neutrons.

> Schmith theory of magnetic moments for odd A nucleosides shows that ground state of nuclides
change from even parity to odd parity or vice-versa.

> The electric quadruple moment of the nuclei which shows the sharp minima-at the closed shell

numbers which is indicating the nuclei is nearly spherical type.
Merits
1. Shell model describes the arrangement of nucleons in different shells of nucleus
2. The concept of magic numbers can only be explained based on shell model.
Demerits

The quadrapole moment values calculated as per shell model donot tally with the experimental
values.

3.8 RANGE OF Q.-PARTICLES I

Q10. Explain Rane Range of a-particles.

AnS :

The range of a - particles is customarily defined as the distance which these particles travel through
air at 76 cm of mercury pressure and 15°C temperature before they lose their energy to the extent
that no longer ionise the gas particles. The range of a - particles depend upon the following
factors :

(i) Initial velocity of a - particles
(i) Nature of emitting radioactive element
(iii) Nature and pressure of the gas or nature of absorber.

3.9 GeEIGER - NuTTAL LAW I

Q11. Write a note on Geiger nuttal law ?

AnS :

The different a - emitters emit o - particles of different energies and hence of different ranges. It has
been observed that o - emitters giving higher energy particles have the shortest half - lives (largest decay
constant) and vice-versa.
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Geiger and Nuttal measured the range of a - particles emitted by several radio active elements and
found that there exists a regular relationship between the ranges and the half lies of the elements. The
relationship is expressed as

log A=A+Blog R

Where R is the range of a - particles emitted by an element, A is its disintegration constant and A
and B are constant. This relation is called Geiger - Nuttal law.

The law is helpful indetermining roughly the decay constants of radioactive substance of very short
or very long lives.

If a graph is plotted between logarithms of disintegration constant A and the logarithms of range R
for various radioactive substances emitting o - particles in the three series, nearly parallely straight lines are
obtained. It is obvious from the figure that the three lines have different intercepts on log R axis. This
indicates that A is different for different series white B is same for all series.

Log A —>

3.9.1 Gamow’s Theory of a - Decay
Q12. Discuss in detail Gamow’s theory of a - Decay?
Ans : (Imp.)

Accordingto classical theory, an o - particle cannot escape from the nucleus i.e., classical theory fails
to explain o - decay. On the other hand, using quantum mechanics, Gamow has shown that there is a
finite probability for an o, - particle (possessing an energy less than the potential barrier) to penetrate the
potential barrier and escape from the nucleus.

Gamow mode the following assumptions :
(i) The o - particle is pre - formed inside the parent nucleus.

(i) The o - particle is in constant motion and bounces back and forth from the barriers walls. In
each collision with the wall of potential barrier, there is a definite probability of leakage though the barrier.

Let p be the probability of transmission of a - particle in each collision. Suppose A be frequency
with which the o - particle collides with the walls in order to escape from the nucleus.

Now, the decay probability per unit time is given by
A - v,

If there be only one o - particle in the nucleus which moves back and forth along the nuclear
diameter, then

\%
V= oon

g
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Where v is the velocity of a - particle and r be the nucleus radius

Represents qualitatively approximate from of potential energy of a - particle as a function of its
distance from the nucleus. The potential that exists around the nucleus is known as potential well. In the
figure, OA = -V is potential energy at o -particle when it is inside the nuclers, CD is equal to V,, the
electrostatic potential energy of a - particle when it is first outside the range. If the total energy e of a -
particle is less than V_, and the particle is initially outside the nucleus, it is unable to enter the nucles. The
reason being that the particle gets repelled back away from the nucleus. On the other hand, if the particle
is inside the nucleus, it is also unable to escape from the nucleus, because it is pulled back into the nucleus.
However, quantum mechanically, a moving particle is treated as a wave and there is a definite probability
to leak through the barrier (Tunnel effect). The a - particle has a finite probability of being able to cross
the potential till.

v(n
Of—¢lr= n r=n
Distance —»
~Yor—3

Using WKB approximation, the probability P can be calculated by the following formula

0g,P= 4 [ JEmv-o ar

where m'is the mass of the particle and h = %n

2Ze,
4me,r

Further, V(r) =

is the electrostatic potential energy of a - particle at a distance r from the nucleus at charge Ze. The charge
on a - particle is 2e.

2 2Z¢?
= — 2m —€
log, P h i [4n80r j dr

.. _ 27Ze*
At r=r; €= Angoﬁ)

-2 " I
onp =7 ] (fam(Toc)
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_ " ¥
(or) |OgeP = Tz (2m e)% _[ (rzl—lj dr

To

Let us solve the integral

Let us substitute r = r, cos?0 and r, = r,cos?0,
dr = -2r, cos0 sino do

0 , b
= I [ . —1J (=2r, cos6 sin6 do)

r, cos’ 0

0

0
=-2r, .[ (1—cosze)% sind do = -2r, ,[ sin20 do

6 0o

0

|2 50
=-2r, 5 (1 -cos 20) d6 = -2r,

1, 1sin207
O 2 2 2

8o
1. 1. ,
=-2r | =500+ 78IN20, | =7 [g ~sing, cosO,]

T

n

r
As 005260 = hence 0,= cos™ [r_oj

1

(20" wmr oo 3] 2 2]

From equation, we get

o o ()22

Because the potential barrier is relatively wide (r > r ). Hence

=gl N}

log, P =~

g
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Substituting these values in eq, we get

2 T |h %_ ro%
log,p= 1 (2me)2r, |27 ) T|%

b
-2 T ok
=7 (2m e)% .2 Z(rj

27¢?

17 Amg, e

) 27e* |4 Ime, 1, %2
log b= —=< y £E | S-2x| 20
Oge p= h (2m e) 47[80 c |2 27e2

Here r

(or)

% 2 A
4e m —e m \/2 =
log, P h [nsoj 2% 1 he, ( ZJ \°

Substituting the values of various constant in eq. We have

log, P = 2.97 7% % -3.95Z¢
Here € = kinetic energy in Mey, r, = uclear radius in fermi (1 fermi = 10-**m) and z = atomic
number of nuclear - alpha particle.

The decay constant is given by

v
log, A = log, (Fj + log, p
0

\' _
= log, (z_roj +2.97 7% 2 3952 2

Represents the a - decay

When base of log, is changed to base, , we have

10’

log,, A = log,, (%} 1129722121722 ¢ "

0
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I 3.10 GeEIGGER - NuTTAL LAW FROM GAMOW’S THEORY

3.10.1 Beta - Ray Continuous and Discrete Spectrum
Q13. Describe Geigger - Nuttal Law from Gamow’s Theory. Explain B-ray spectrum.
Ans : (Imp.)
Expression is regarded as theoretical form of Geigger - Nuttal Law.
logh =A+ BlogR

tells that the decay constant varies exponentially with the energy of a - particle. So, the Gamow
theory explains qualitatively the essential features of o - decay.

B-ray spectrum.

The head of velocity and energy of B - particle, using a G.M counter the number of electrons per
unit time with different velocities is counted.

A graph is then plotted between number of electrons and their energy. The graph is shown in fig. 6

The graph is extensive continuum upon which a few sharp lines are superposed. The graph shows
that the 3 - particles emitted by radioactive substance possess a continuous range of energies.

i.e., B -ray spectrum is continuous

Groups of
electrons
(Line spectrum)

Continuous
spectrum

End point
energy
/

No. of -particle

Energy —»

End point
y

Fig.: B-ray spectrum
1. Continuous Spectrum

The B - particles have a continuous distribution of energy. The continuous spectrum energy ranging
from O to a certain maximum value. The upper value is called the end point energy and is a
characteristic of the emitter.

2. Discrete Spectrum

Some radioactive (susbo) substances emit beta particles which produce line spectra (Discrete
spectrum) superimposed on the continuous faint background. These are called secondary spectra.
Now we shall explain the features of - ray energy spectra in detail.
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Alpha and Beta Decays

Features of B - ray Energy Spectra

()

(i)

There are two distinct types of B - ray spectra viz. continuous spectrum and sharp line spectrum.
The description of disintegration electrons and internal conversion electrons is as follows :
Primary or disintegration Electrons

These electrons are omitted by nucleus itself with varying velocities. These electrons give rise to
continuous spectrum. the continuous spectrum has an end point or a cut-off point at the high
energy end. This point signifies that there is an upper limit to the velocity or energy of these electrons.
The end point energies are different for different sources. Some elements give rise to continuous
spectra with single B end point energies where as some others exhibit spectra with two or more
point energies.

Secondary or Internal Conversation Electrons

The sharp lines observed in B - spectrum are due to the process of internal conversion. We know
that y - rays are emitted from the radioactive nucleus with discrete energies. These rays knocked out
electrons from K, L, M and N shells of the atom. Thus the secondary electrons are the orbital or
extra - nuclear electrons which are knocked off by vy - rays during their escape from nucleus.

These electrons form the line spectrum i.e., sharp peaks on continuous curve.
The process of 8 - disintegration differs from o disintegration in the following two respects.

(i) The o - particles are already present in the initial nucleus while - particles are not present in
the initial nucleus B - particles are created at-the time of emission.

(i) The energy spectrum of a - particles is discrete while the energy spectrum of B - particles is
continuous

3.10.2 Neutrino Hypothesis of g - Decay

Q14. Explain neutrino hypothesis of g - Decay.
Ans :

In order to explain the difficulties with B - ray spectra, Pauli in 1930 forwarded a new hypothesis

known as Neutron hypothesis. According to this hypothesis, in the process of - decay, a neutral particle
which has negligible mass as compared to electron, charge zero and spin half is emitted along with 3 -
particles. This particle carries a part of available energy and momentum and is called neutrino. Neutrino
travels with the velocity of light. In fact, in some respect, it resembles with photon. On the basis of neutrino
theory, the conservation of linear and angular momentum in p - decay may be explained.

The B - decay can be represented by the following equation.
Neutron — proton + electron + neutrino

o"—» H' + -1e°+V
mass 1 51 + 0+ 0

0O _—y+1 + -1+0

So both the mass and charge are conserved
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The neutrino theory successfully explains the continuous energy spectrum of 8 - rays. In - decay
the proton remains in the nucleus while both B - particle and the neutrino come out. The both particles
are emitted simultaneously. The total energy of these two particles is constant and is equal to the end point
energy observed in - ray spectrum.

3.11 GEIGER - MULLER COUNTER I

Q15. Describe in detail the construction and working of a Geiger - Muller Counter.
Ans : (Imp.)
Description :

The Geiger - Muttler counter is just like the proportional counter. It consists of a fie wire (usually
tungsten) placed along the axis of a hollow metal-cylinder electrode (Cathode) enclosed in a thin glass
tube. The tube contains a mixture of 90%. Organ at 10 cm pressure and 10% ethyl alcohol vapour of 1
cm pressure. Different mixtures of goes at different pressure are used in different design. At one end of the
tube, a window covered with thin mica sheet (fig. 2) is provided through which the ionizing particles or
radiation may enter the tube. A d.c. potential of about 1200 volts is applied between the cathode and the
wine which acts as an anode.

Glass tube
lonization ¢ 3
radiation X 7 To amplifier
- Anode and scalar

—
/v Cathode

Window

Fig.: G.M. Counter

The value of the voltage is adjusted to be someld hot below the breakdown voltage of the gaseous
mixture,. A high resistance R is connected in series with battery.

Working

When a charged particle passes through the counter, it ionizes the gas molecules. The central wire
attacks the electrons while the cylindrical electrode attracts the positive ion. This causes an ionization
current which depends upon the applied voltage. At sufficiently high voltage, the electrons gain high
kinetic energy and causes further ionization of argon atoms. Thus, the larger number of secondary electrons
are produced by incoming particle due to the following reasons :

(i) The production of secondary electrons is not continued to the region near the primary electrons
but it takes place all along the length of the wire as their number is extremely large (= 108).

(i) The production of secondary electrons at one point affects the production at other points.

The incoming particle serves the purpose of triggering the release of an avalanche of secondary
electrons. The electrons quickly reach the anode and cause ionization current. The position ions move
more slowly away from anode and they form a sheath around the anode for a short while. They reduce
the potential difference between the electrodes to a very low value because ion sheath depresses electric
field near anode. The current therefore stops. In this way brief pulse of current flows through resistance R.
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This current creates a potential difference across R. The pulse is amplified and fed to counter circuit. As
each incoming particle produces a pulse, hence the number of incoming particles can be counted.

Voltage Characteristics Curve

Threshold

voltage
9 Plateau

Count per minute —»

I
I
I
}
I
1
I
|
|
1

1
1
1
I
]
I
1
1
1
1

1000 1200 1500
Voltage —»>

Quenching

When the positive ions reach the cathode, they detach secondary electrons from the cathode because
they have acquired large kinetic energies. These electrons travel to the anode and produce fresh.avalanches
i.e., unwanted pulse. The self - quenching is obtained by adding a quenching agent like alcohol.vapour in
the tube. Alcohol has low ionization potential (11.3 eV). The argon ions (having ionization potential
15.7 eV) on their journey to the cathode and practically all neutralized” by acquising an electron from the
alcohol molecules. Now only alcohol ions reach the cathode. They acquire electrons from cathode and
becomes neutral alcohol molecules. Through the alcohol molecules still possess kinetic energy yet this is
used for dissociation onto alcohol atom and not for the production of secondary electrons by colliding
with cathode. Thus, the possibility of continuous avalanching is removed.

Counting Rate

The G.M. counter can count about 500 particles per second. The counting rate depends upon
(i) dead time, (ii) recovery time and (iii) paralysis time. The slowly moving positive ions take about 100
microseconds to reach the cathode. This time is known as dead time.

If a second particle enters the tube during this time, it will not be recorded as the potential difference
across the electrodes is very low. After dead time, the tube takes nearly 100 microseconds before if
regions its original working conditions. This time interval is known as recovery time. The sum of dead time
and recovery time is known as paralysis time which, of course, is 200 microseconds. The tube respond
fully to the second incoming particle after 200 microseconds. Thus, the tube can count nearly 500 particles
per second.

Advantages and Disadvantages :

The G.M. counter is very useful for counting B-particles. It can also be used for measuring y-ray
intensities. It cannot be used for counting a-particles due to their low energy as the window cannot be
made thin enough to pass them. It cannot five other information as charge, momentum, energy of the
particle.

I 3.12 ProproRrTIONAL COUNTER I

Q16. Explain the working of proportional counter.
Ans : (Imp.)

The proportional counter consists of a cylindrically metal chamber with a thin wire situated along its
axis and insulted from it. The wire is connected to the positive pole of high tension battery and serves as
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collecting electrode. The negative of high tension battery is connected to the chamber as shown in fig. (1).
A high resistance R is connected in the battery circuit. The wire in turn is connected to pulse amplifier and
counting circuit. The cylindrical tube is also provided with a mica window so that charged particles and
ionizing radiations can enter inside it. The chamber is filled with a gas like methane, organ, carbon dioxide

Window

i

Wire

Gas

t

Metallic
chamber L——4 |-| }1

Battery

=E

Fig.: Proportional Counter

or a mixture of suitable gases for a particular purpose of suitable atmospheric pressure. The proportional
counter functions satisfactorily at voltage 500 to 800 volts or above at pressure of about one atmosphere.

When a charged particle enters in metallic chamber, ionization of gas takes place resulting in an ion
pair formation. The positive ions move to the chamber while the negative ion (electrons) move towards
the central wire. Now an extremely short electric flow or pulse passes through high resistance R which
develops a voltage across it. When the applied voltage is low, many ions recombine before reaching the
central wire and hence the current is small. But when the voltage is‘increased, more and more ions reach
the central wire and the current increased. When all the ions are collected by the central electrode, the
current reaches the saturation value.

When the voltage is further increased, the ions gains sufficient kinetic energy to produce secondary
electrons by collisions with the atoms of the gas. In this case, the current would be very large. For a given
applied voltage, the current is proportional to the number of primary ion - pairs produced by incoming
charged particles.. The counter now works as proportional counter.

Every incoming charged partical produces one voltage pulse across the resistance which is amplified
b the amplifier and passed to the counter. The number of particles entering the tube in a given time can
thus be counted. As a-particle or a beta particle or y-ray produces different number of primary ion - pairs,
the voltage pulse developed across R will be different in these cases. Thus different incoming particles may
be distinguished from each other.

This counter can be used to detect neutrons. In this case the chamber is filled with a small amount
of boron Trifluoride (BF,) molecules. Now o-particle is recorded as usual. The disadvantage of this counter
is that the proportionally factor depends on the applied voltage. Therefore, the applied voltage should be
maintained at a constant value.

3.13 ScINTILLATION COUNTER I

Q17. Describe the construction and working of scintillation counter.
Ans : (Imp.)
Principle :

We know that one of the properties of ionizing particles (like a-particle) is their ability to produce
fluorescence in certain materials. When high energy charged particles pass through active fluorescence
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material (called scintillation or phosphor). Some of its atoms are exicted. As these excited atoms return to
their ground states, photons are emitted. The intensity of the light flash so produced depends on the
energy given up by the charged particle. These flashes are converted into amplified electrical pulse by
means of a photomultiplier tube. The electrical pulses are then recorded electronically.

Construction and Working

The main parts of a scintillation counter are shown in fig, it consists of scintillation chamber,
photomultiplier tube and electronics counter. The scintillation chamber, consists of an aluminium costing
in which a suitable scintillation crystal is placed. The aluminium case shields the crystal from all stray light.

Aluminium Photo-
casing cathode

. +200V

Radiation ' _El ectrén s

_> \ R

—> ' : »To
i electronic
! counter

Scintillation -
crystal  Photon +100V +300 V
Photomultiplier Anode
tube

Fig. : Scintillation Counter

The scintillation chamber is fitted at the end of photomultiplier tube, High energy radiation is allowed to
incident on the cyrstal which produces tiny flash of light (photons). The photons from scintillator chamber
enter the photo - multiplier tube and strike the photo cathode. Now photo - electrons are emitted due to
photo-electric emission. The photo - multiplier tube has several electrodes called dynodes (shown by D,
D,, D,, ..... etc) to which progressively higher potentials are applied. These dynodes in the photo - multiplied
tube. Finally a highly amplified electric pulse impinges on the anode acting as a collector of electrons.
These pulses are fed into an electronic system where they are counted. The scintillation counter can count

10 particles per second.
The scintillation counter, has many advantages over other detectors. They are :
(i) high efficiency
(i) short time rise and recovery

(iii) large life of usate.

g
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‘ Problems I

1. A G.M. counter wire collects 108 electrons per discharge. When the counting rate is 500
counts/minute, what will be the average current in the circuit ?

Sol :

Counting rate = 500 counts/min.

The wire collects 10 electrons per discharge
Total number of electrons collected in one min.
n =500 x 108 =5 x 10"
Charge/min = ne = (5 < 10') (1.6 > 107*°) coul/min.

(5x10%).(1.6 x10™)
60

Charge/second = = 1.33 x 107" amp.

Now charge/second gives the average current

Average current = 1.33 x 107 amp.

2. A Geiger Muller counter collects 107 electrons/discharge. The average current in the
circuitis 1.333 x 10-*® amp. Find the counting rate/min.

Sol :

The number of electrons received-in 1 sec. by wire of G.M. counter.

current
charge on electron

1.333x10™" _ 13.33
1.6x10° 1.6

No. of discharges in one minute

1333

16 x< 60 = 499.8

Therefore, counting rate per minute is 500.

3. A G.M. counter has a plateau slope of 3% per 100 volt. If the operating point is at 100
volt, what is the maximum permissible voltage fluctuations, when the counting is not
affected by more than 0.1 %?

Sol :

Working voltage of the counts = 100 volt

Change in count rate 3%
slope = Change in working volt ~ 100
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The count rate limit = 0.1 %

The corresponding change in volt = V

0.1%
\

The slope =

The slope is same for the counter

3% _ 0.1%
100  V
V = 3.3 volt

Sol :

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 a guaranteed life time of 10°
counts. What is the max radial field and how long will the counter last if it is used on as
average for 30 hr per week at 8000 counts per minute? Assume 50 weeks to a year.

The radial field at the centre is given by

Y% 1000
max — rlog,(b/a) > 0.02x[2.3 log,, (2x1072/107%)]

= 1.89 x 10° V/m
Let the life time of the tube be Nyr. Now the total number of counts recorded will be
N x 50 x 30 < 60 =< 3000 =2.7 x 10® N
According to given problem,
2.7 % 108 N = 10°

10°

N= ———
2.7x10

= 3.7 years.
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‘ Short Question and Answers I

1. Define Nuclear Size and Nuclear Charge.

AnS :

Nuclear Size

The mean radius of an atomic nucleus is of the order of 10**m to 10%®m while that of the atom is
about 10°m. Thus radius of the nucleus is about 10,000 times smaller than the atomic radius.

The empirical formula for the nuclear radius R is
R=RAY
Where A is the mass number
R, = 1.3 x 107 m = 1.3fm; {1fm = 10-**m}
Nuclei are so small that the fermi (fm) is an appropriate unit of length.
Nuclear Charge

The charge of the nucleus is due to the protons contained in it..Each proton-has a positive charge
of 1.6 =< 107 coulomb. The nuclear charge is Ze, where Z is the-atomic number of the nucleus.

2. Define Nuclear Mass and Nuclear Density.

AnS :

Nuclear Mass

The mass of nucleus is the sum of the masses of the neutrons and protons contained in it. Then the
mass of the nucleus should be ZM, + NM_

Where m, and m_ are the masses of proton and neutron respectively.
The real nuclear mass is less than the sum of masses of individual nucleons.
This difference in masses is called the mass defect.
Nuclear Density
The nuclear density p, can be calculated from

Nuclear Mass
Nuclear volume

pN_

Nuclear Mass = Am_
Where A = mass number

m_ = mass of the nucleon = 1.67 < 10"* Kg

4

4
Nuclear volume = 3 nR3 = 3 n(RAY)

4 3
=3 n(R;A)
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Am_ m,
pN = 4
ﬂTERSA —nR}?
3 3

1.67x107%
%n(l.S x107"°)°

p, = 1.816 x 10'7 kg m=
This shows that the nuclear density is independent of mass number (A).

Nuclear density

Number of nucleons per c.c. =
Nucleon mass

10" kg / m?

= m = 10* nucleons / c.c.

Thus nucleus is a very tightly bound system of particles with a large potential energy.

3. Define Nuclear Spin and Nuclear Magnetic Dipole Moment().

AnS :

Nuclear Spin

Both proton and neutron like electron have a n intrinsic angular momentum known as its spin. The
magnitude of spin angular minimum is % h. In addition, the nucleons posses orbital angular momentum

due to their motion about the centre of nucleus. The resultant angular momentum of the nucleus is
obtained by adding spin (s) and orbital angular momenta (L) of all nucleons within the nucleus. This total
angular momentum of the nucleus is known as nuclear spin denoted by

l=L+S
According to wave mechanics we have | = h /I(1 +1)

The value of | depends on the type of interaction between the nucleons.
Nuclear Magnetic Dipole Moment(u)

We know that a charged particle moving in a closed path produces a magnetic field. The magnetic
field, at a large distance, may be considered as due to magnetic dipole located at the current loop. The
spinning electron has an associated magnetic dipole moment of 1 (one) Bohr magneton .

. eh
l1.e., Me == 2m

e

Proton has a positive elementary charge e. Due to its spin, it has magnetic dipole moment p, .
According to Dirac’s theory.

eh
Mg = 2m,
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Where m, is the mass of proton

Here p, is called nuclear magneton.

J
by, = 5.080 x 10 =

1
Since m, = 1836 m, nuclear magneton is only 1836 of a Bohr magnetism.

4.

Explain the structure of nucleus.

AnS :

The atomic nucleus was discovered in 1911 by Rutherford experiments. According to the experiment

conducted on scattering of a particles, an atom consists a very small nucleus (= 10** m in diameter)
surrounded by orbiting electrons. The proton and neutron are considered to be two different charge
states of the same particle which is called as nucleon.

A constituent particle of nucleus is known as a nuclide. The atoms are represented by X* where Z,

the atomic number, indicates the number of protons. A. the mass number, indicates the total-number of
protons and neutrons and X is the chemical symbol of the atom N is the Number of neutrons .

N=A-Z

As an example, the chlorine nucleus |_CI** has Z = 17 protons,
A = 35 nucleons and
N=35-17

= 18 neutrons

5.  Calculate binding energy of deuteron (,H?).
Ans :
A deuteron nucleus is formed by a proton and a neutron.
The mass of proton = 1.007270 amu
The mass of neutron = 1.008665 amu
The total mass of proton and neutron in free state
= 1.007270 + 1.008665 = 2.01594 amu
actual mass of deuteron nucleus = 2.013555 amu
6. Explain Rane Range of a-particles.
Ans :

The range of a - particles is customarily defined as the distance which these particles travel through
air at 76 cm of mercury pressure and 15°C temperature before they lose their energy to the extent
that no longer ionise the gas particles. The range of a - particles depend upon the following
factors :

(i) Initial velocity of a - particles
(i) Nature of emitting radioactive element
(iii) Nature and pressure of the gas or nature of absorber.
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7. Explain neutrino hypothesis of g - Decay.

AnS :

In order to explain the difficulties with B - ray spectra, Pauli in 1930 forwarded a new hypothesis
known as Neutron hypothesis. According to this hypothesis, in the process of - decay, a neutral particle
which has negligible mass as compared to electron, charge zero and spin half is emitted along with 3 -
particles. This particle carries a part of available energy and momentum and is called neutrino. Neutrino
travels with the velocity of light. In fact, in some respect, it resembles with photon. On the basis of neutrino
theory, the conservation of linear and angular momentum in p - decay may be explained.

The B - decay can be represented by the following equation.
Neutron — proton + electron + neutrino

o"—» H + -1e°+V
mass 1 51 + 0+ 0

0O _—y+1 + -1+0

So both the mass and charge are conserved

8. A Geiger Muller counter collects 107 electrons/discharge. The average current in the
circuitis 1.333 x 10-*® amp. Find the counting rate/min.

Sol :

The number of electrons received in 1 sec. by wire of G.M. counter.

current
charge on electron

1.333x10°** _ 13.33
1.6x10° 1.6

No. of discharges in one minute

1333

16 x< 60 = 499.8

Therefore, counting rate per minute is 500.

9. A G.M. counter has a plateau slope of 3% per 100 volt. If the operating point is at 100
volt, what is the maximum permissible voltage fluctuations, when the counting is not
affected by more than 0.1 %?

Sol :

Working voltage of the counts = 100 volt

Change in count rate 3%
Change in working volt ~ 100

slope =
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‘ Choose the Correct Answers I

1. The diameter of Nuclear is of the order. [a]
(@) 10m (b) 10 m
(c) 10*?m (d) 10 m

2. The number of neutrons N = [a]
@ A-Z (b)A+Z
(c)A.Z (d)A/Z

3.  The charge of proton in coulomb b is [c]
(@) 1.6 x 10" (b) 1.6 x 108
(c) 1.6 x 107 (d) 1.6 x 10**°

4.  An electric dipole momentis ____ for atome [b]
(@ -1 (b) O
(c) +1 (d) o

5. For spherically shaped nucleus, the value of Q is [a]
@0 (b) +ve
(c) -ve (d) None

6. lbarn=__m? [d]
(@) 10 (b) 10*%"
(c) 10+ (d) 102

7.  Themass of nucleous is always ____ then total mass of its constituents [a]
(@) Less (b) Greater
(c) Equal to (d) Not equal to

8.  The nucleous forces are attractive when the distance between nucleons is of the order of .... [ b ]
(a) 10%m (b) 10**m
(c) 10*°m (d) 102°m

9.  Which among the following are magic numbers [d]
(@ 3 (b) 9
(c) 27 (d) 82

10. Nucleons forces are change [b]
(a) Dependent (b) Independent
(c) Free (d) None
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‘ Fill in the Blanks I

The empirical formula for the nucleous radius is

The mass of nucleous is the sun of the masse of the and contained in if

The number of nucleons per c.c. is
The spinning electron has an associated magnetic dipole moment of
The electric dipole moment is defined as

Mass defect i.e. loss of mass is converted in energy

N o g~ 0 N PRe

The minimum energy required to separate a stable nucleus into its constituent protons and neu-
trons is

©

If the binding energy is —______ the nucleous is more stable.
9. The number of nucleons in each shell is limited by

10. A proton and a neutron with their spins parallel exists forces on each other and bind together to
form a stable

ANSWERS
1. R=RA 1
: =R,A 3
2. Newtron, proton
3. Nuclear density
4. 1 Bohr magneton
i .
5. ¢:E (3z2-r?) idt
6. ev=mc?
7. binding energy
8. large
9. Paulis exclusion principle
10. deutron.
— (128}
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SOLID STATE PHYSICS & CRYSTOLOGRAPHY

Crystal Structure : Crystalline nature of matter. Cystal lattice, Unit Cell, Elements of symmetry.
Crystal systems, Bravais lattices. Miller indices. Simple crystal structures (S.C., BCC, FCC,
CsCl, NacCl, diamond and Zinc Blende)

X-ray Diffraction: Diffraction of X -rays by crystals, Bragg’s law, Experimental techniques -

Laue’s method and powder method.

Bonding in Crystals: Types of bonding in crystals - characteristics of crystals with different
bondings. Lattice energy of ionic crystals-determination of Madelung constant for NaCl crystal.

Calculation of Born Coefficient and repulsive exponent. Born-Haber cycle.
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I 4.1 CrySTALLINE NATURE OF MATTER

Q1. Explain crystalline and amorphous
material.

AnS :

If the atoms (or) molecules in a solid are
arranged in some regular fashion, then it is known
as crystalline.

When the atoms (or) molecules in a solid are
arranged in an irregular fashion, then it is knows as
amorphous.

In a crystalline solid each atom (or) molecule
is fixed at a definite point in space at a definite
distance from and it in a definite angular orientation
to other atoms (or) molecules surrounding it.

Q2.

Distinction between crystalline and
amorphous solids.

AnS :

1. Crystalline solids have a regular arrangement
of particles where as the amorphous solids
have a completely random particle arrange-
ment.

2. Crystalline solids have different physical
properties in different directions.

3. The cooling curve for amorphous substance
is smoot, while the curve of crystalline
substance has breaks, the middle of which
corresponds to the process of crystallization.

4.  Allthe bonds in a crystalline solids are equally
strong due to their symmetry

For example, as the temperature of glass is
gradually raised, it softens and starts flowing
without any sharp change from solid state to
liquid.

4.1.1 Lattice Translation

Q3. What is Lattice translation vector?
Ans :

The position vector of any lattice point in two
dimensional lattice by choosing any other lattice
point p as origin is expressed as
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Where n _and n, are integral values, which
represent the number of lattice point along PA and
PB axes and a b are called primitives. The position
vector T is called is called the translation vector.

The arrangement of points in three dimensions
is expressed by the translation operator T as

T=na+nb+ n,c

where a, b and c are primitives taken along
the crystal axes PA, PB and PC

I 4.2 UNIT CELLS

Q4. Describe a unit cell.
Ans :

Let us consider a two dimensional crystal in
which the atoms are arranged as shown if use
consider a parallelogram. ABCD with side AB = a
and AD=0b

ABCD then by rotating this parallelogram by
any integral multiples of vectors A and B, the whole
crystal lattice may be obtained. This fundamental
unit ABCD is called a unit cell is the smallest
geometric figure the repetition of which gives the
actual crystal structure

The unit cell should be chosen in such a way
that it conveys the symmetry of crystal lattice.

A three dimensional unit cell is shown in the
unit cell is a parallelopiped formed by the basic
vectors a, b, ¢ as concurrent edges and including
angles o, B, y between b & ¢c, ¢ aand a & a
respectively.

In general unit cell may be defined as that
volume of a solid from which the entire crystal may
be constructed by translational repetition in three
dimensions.
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Q5.

(a) Simple cubic (b) Face centred cubic (c) Body centred cubic

I 4.3 ELEMENTS OF SYMMETRY

Discuss the elements of symmetry.

AnS :

Following three are the main elements of symmetry :
1. Axes of symmetry

2. Planes of symmetry

3. Centre of symmetry

We shall discuss these one by one

Axes of symmetry

This-symmetry refers to the axis around through which a crystal is rotated. If the crystal occupies
two (or) more identical positions during its rotation through 360°, then the axis of rotation is known
as axis of symmetry. For example, consider the rotation of a cube shown in fig. about yy through
90°. In this case the cube has four indentical positions in one complete rotation. Therefore, the
crystal has four-fold axis of symmetry. In General, if rotation through an angle(360°/n) about an
axis brings the crystal figure into an identical position, then the axis is called an n fold axis of
symmetry.
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Planes of symmetry

The planes which cut a crystal into two halves so that each half is a mirror image of the other half,
then the plane is known as plane of symmetry fig. shows a plane parallel to the Top and botton of
the cube dividing the cube into mirror image halves. Three such planes can easily be constructed,
each parallel to different faces of the cube.

Fig(76). shows a diagonal plane passing through diagonally opposite parallel edge six such diagonal
planes of symmetry are possible.

Therefore, for a cube system, there are nine planes of symmetry. In a cubic crystal, there exists only
two ways of dividing the crystal into two mirror images.

-/
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Fig. (b) Diagonal plane of symmetry

(Six diagonal planes of symmetry can be
constructed)

Fig. (a) Plane of symmetry (3 such
planes can be constructed)

Centre of symmetry

This refers to a point in the crystal fig(8) such that a line drawn from any lattice point in the crystal
through this point. When produced equal distance on the opposite side, meets an indentical point.
This'is a translational operation. The cubic system has only one such centre of symmetry

_~Centre
of symmetry

r—-——-—————n--——i

AN

Fig. Centre of symmetry in a cubic system
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Q6.

AnS :

I 4.4 THe SEVEN CRYSTAL SYSTEMS I

Mention the seven crystal systems.

(Imp.)

On the basis of the lengths and directions of the axes of the systems, all the crystals may be classified

into the following seven systems.

()

(i)

(iii)

(iv)

V)

(vi)

(vii)

Cubic crystal

In this crystal all the three length of the unit cell are equal and are at right angels to each other, i.e.,
(@=b=cand a =B =1y =90°. The examples are Nacl, CaF,, NaClO,, diamond etc.

Tetragonal crystal

In this crystal the lengths of the unit cell are equal while the third on is longer. The three axes are
perpendicular, i.e., (@ = b=c and o = =y = 90°). The examples are NiSO,, SnQ, etc.

Orthohombic crystal

In this crystal the lengths of unit cell are different but three axes are perpendicular to each other i.e.,
(@zbxcand a =B = 90°= y). The example are KNO,, BaSO,, etc.

Monoclinic crystal

In this crystal the lengths of unit cell are different two axes are at right angles and the third is
obliquely Inclined, i,e., e axes are perpendicular to each otheri.e., (@azbxcand a = =90°=y
)- The examples are Na,SO,, FeSo, etc.

Triclinic crystal

In this crystal the length of unit cell are different and oblique to each other i.e., (axbxc and
a# f#8). The examples are CuSO,, K,Cr,O, etc.

Rhombohedral crystal

In this crystal all the three length of the unit cell are equal in lengths. moreover they are equally
inclined to each other at an angle other than 90° i.e., (@ =b =cand a = =y #90°. The
examples are CaSO,, Quartz, calcite, etc.

Hexagonal crystal

In this crystal the three axes of unit cell are equal in one plane at 120° with each other and fourth
axis is perpendicular to this plane i.e., (@ = b # cand o = B = 90° y = 120°). The examples are
SiO,, Agl etc.

The seven types of crystal systems are tabulated in the following table.
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e

4
' b
a=b=c a=b=c
Cubic Crystal Tetragonal Crystal
azf=zc
o= [3 = ’y = 90°
ﬁ Orthorhombic crystal
b 0
a Z [
c
azpzc a=b=c a=b=zc .
o=fBzy=90° a=p=y=090° a=p=90°
azp=c Triclinic Crystal Tetragonal Crystal & g=120°

a=p=90°=y Hexagonal Crystal.

Monoclinic Crystal
Fig.: Seven crystal systems
S.No. Name of the crystal system| Relation of Relation of angle between
lengths of axes axes
unit cell

1. Cubic a=b=c a=f=7y=90°

2. Tetragonal a=b=z=c a=f=7y=90°

3. Orthorhombic azb=zc a=f=7y=90°

4. Monoclinic azb=zc o= =90 = 8

5. Triclinic azb=c a=p =1y = 90°

6. Rhombohedral(Trigonal) a=b=c a=pB=y = 90°

7. Hexagonal a=b=z=c o= =90° and y = 120°

The table shows that the cubic crystals have the largest symmetry while the Triclinic crystal have the
least symmetry. If is worth while to mention here that more than half of the elements crystalize into cubic

system which is the simplest amongst all.
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4.4.1 Bravais Space Lattices

Q7. Explain Bravais space lattices.
Ans :

In 1848 Bravais showed that there are only fourteen ways of arranging points in space to the the
environment look the same from each point. The lattices are called the Bravais lattices named after the
discoverer. In case of a cubic system there are three Bravais lattices each of which has the same collection
of symmetry elements and the lattic points. The lattices are shown in fig(10) and are referred as.

(i)  Simple (or) Primitive cubic or cubic p-type Lattice

There is one Lattice point at each of eight corners of the unit cell. There is no lattice point inside the
unit cell (Fig. a).

(if) Face centred cubic (fcc) or Cubic F Lattice

There is one Lattice point at each of the eight corners and one lattice point at the centres of each of
the six faces of the cubic cell. Thus there is an extra point at the centre of each face(fig.b).

(iii) Body centred cubic(bcc) or cubic | Lattice

There is one Lattice point at each of the eight corners and one lattice point at the centre of each cell.
So there is a lattice point at the centre of each unit cell(fig c).

I 4.5 MILLER INDICES I

Q8. Explain about miller indices.
Ans : (Imp.)
The planes in a crystal are specified by a set of number called miller indices, derived by miller.

The miller indices are the three smallest integer integer which have the same ratio as the reciprocals
of the intercepts of have the plane concerned on the three axes.

The miller in can be determined by adopting the following rules.
1. First, determine the intercepts of plane on the three coordinate axes.
2. Then take the reciprocals of these intercepts.

3. Lastly reduce the reciprocals into whole whord number obtained after taking LCM of the
denominator.

For example, plane ABC has intercepts of 2 axial units on x-axis g axial units on y axis and 1 axial
unit on z-axis.

The numerical parameters of plane ABC are 2, 2, and 1.
Hence its orientation is (2, 2, 1)

According to miller, it is more useful describe the orientation of the plane by reciprocal of its numerical
parameters, rather than by its linear parameters.

11
The miller indices for ABC are (EzlJ or (1, 1, 2). The general form for indices of a plane is (h,

k, I). The symbol for a family of parallel planes is <hkI)
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The following information about crystal structure can be obtained from miller indices.

1.  The same index number (h, k,l) for different planes indicates that the planes are parallel and equal
spaced.

2. Whether plane is parallel to any of the three coordinates axes, its intercept on that axis is as infinity.
Hence its miller index for the axis is zero.

3. Abar on miller index indicates that the intercept of a plane of corresponding axis is negative.
4.  Aset of parallel planes, but not a particular plane are defined by miller indices.

5. A plane passing thought he origin is defined in terms of a parallel plane having non-zero intercepts.

4.5.1 Lattice points per unitcell
Q9. What are lattice points per unit cell?

Ans :
(i)  Simple cubic lattice

We know that there is one lattice point at each of the eight corners of the unit cell..Moreover, each
lattice point forming the simple cubic lattice is a member of 8 surrounding cells.

.. Number of lattice points in unit cell = (1/8)x 8 = 1
In this way, there is only one lattice point per unit cell.
(if) Face centred cubic lattice

In this case, each unit cell consists of eight corner lattice points, each being a member of eight
surrounding cells. Moreover, there exists six face lattic points, each being a member of two cells.

Therefore,
Total number of corner lattice point concerned with unit cell = 8% (1/8) = 1
Total number of face centred lattice points concerned with unit cell = 6x(1/2) = 3.
Hence, total number of lattice points concerned with unitcell =1+ 3 =4
(iii) Body centred cubic lattice

In a unit cell, there are eight lattice points at the eight corners and each of them is a member of 8
surrounding cells. Also, there is one lattice point at the centre of the body.

Therefore,
Total number of body centre lattice point per unit cell = 1
Total number of corner lattice point attached to unit cell = 5%(1/8) = 1

Hence, total number of lattice points concentred with unit cell = 1x<1 = 2.

4.6 SoME SimpLE CRYSTAL STRUCTURES I

4.6.1 Simple cubic structure
Q10. Explain simple crystal structures.
Ans : (Imp.)

The aim of this article is to consider some simple crystal structures hexagonal closed pack surface,
diamond structure zinc blend structure and sodium chloride structure. The cubic system includes the three
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Bravais lattice. Simple cubic lattice (SC), the body centered lattice(BCC) and dace centred cubic lattice(FCC)
all these crystal structures are unique arrangements of atoms, composed of a unit cell periodically repeated
in three dimensions.

Simple cubic structure

The unit cell of a simple cubic lattice. There is one lattice point at each of the eight corners of unit cell
and no lattice point inside it. We consider the different parameters as follows.

1/8th of an atom
(corner atoms)

Fig.:
(i) Lattice points per unit cell
We know that there is one lattice point at each of the eight corners of the unit cell.

Moreover, each lattice point forming the simple cubic lattice is a member of 8 surrounding cells.

1
Therefore the share of each lattice point to the cubic lattice = s

1
Number of lattice point in unit cell = s x8=1
In-this way, there is only one lattice point per unit cell.
(if) Atomic Radius
The from view of SC lattice

y—a o2
r=a r—2

Fig.: Atomic Radius
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(iii) Atomic parking fraction

The packing fraction ish the ratio of volume occupied by atoms in a unit cell to the total volume of
unit cell

Packing fraction

Volume of all atoms in unit cell
Volume of unit cell

no.of spheres x vol. of each sphere
volume of unit cell

3
L™ am®  anal2P

a® 3a’® 3a’®

= 0.52

o|a

= 52%
Thus, the pacing fraction is 52% i.e., the structure is loosely packed.
(iv) Co-ordination number

The simple cubic lattice taking any one of the lattice points as origin and the three edges passing
through that point as x,y and z axes respectively, the position of the nearest neighbours about origin are

Fig.: Simple cubic lattice

+ai, +ajand +ak
where i, j & k are unit vectors along the three X, Y & Z axes respectively.

We know that in a simple cubic lattice, there is one atom at each of the eight corners of the unit cell.
Now, we take an atom at position of the (0, 0, 0) origin. It is observed that this atom is surrounded by six
equidistant neighbours. The coordinates of these points are

(+a, 0, 0), (-a, 0, 0) along x-axis
(0, +a, 0), (0, —a, 0) along y-axis
(0, 0, +a) (0, 0, —a) along z-axis

Thus, the coordination number is obviously 6. It is important to mention here that other atoms are
not equidistant.
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4.6.2 Body centred structure(BCC)

Q11. Explain body centred structure.

Ans : (Imp.)
There is one lattice point at each of the eight corners and one lattice point at the centre of each cell.

The unit cell of body centre cubic lattice. The different parameters are as follows.

Corner atoms  1/8th of the
atom

Fig.: Body centred cubic lattice
(i) Lattice point per unit cell
In a unit cell, there are eight lattice points at eight corners and each of them is a member of 8
surrounding cells. Also, there is one lattice point at centre of the body therefore total number of body
centred lattice point per unit cell = 1
Total number of corner lattice point attached to unit cell

8 L 1
= X —=
8

Hence, total number of lattice points concerned with unit cell

=1+1=2
(if) Atomic radius

For calculation of r in case of BCC
AG2=AD? + DG?

But

(DG)? = (DC)* + (CG)* = a? + a? = 2a?

(4r)> = a? + 2a®> = 3a?

3 4y
r=—a (onNa= 7=
220 J3
£ F
A
HE 5
E \\\4r
: S~ o
a ~So
H N
v H ~>G
s VL -1 A
l __—’—— ’a
D fremenm@ wemeeees ~*

Fig.: Atomic radius
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(iii) Atomic packing fraction

no.of spheres x volume of each sphere

Packing fraction =
volueme of each cell

3
ZXﬂn ﬁa 3
_T3a ) ea(VB)a?
a’ 3x64xa’

_ 43X
8

= 0.68 = 68%

(iv) Coordination number

In case of of body centred cubic lattice there are eight atoms at the eight corners of the unit cell and
one atom at the body centre as shown, the body diagonals are also shown in the fig. To compute the

coordination . Let us take the lattice point at the body centre as origin and x, y and z axes being parallel
to the edge of unit cell

Fig.: Body centred cubic lattice
So, the coordination number is 8

4.6.3 Face centred crystal structure
Q12. Define Face centred crystal structure.
Ans : (Imp.)

There is one lattice point at each of eight corners and on lattice point at centre of each of the six
faces of the cubic cell. The unit cell is shown, the different parameters.
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Corner atoms 1/8th of an

Face centered
atoms (1/2 atom)

Fig.: Face centred crystal structure

(i) Lattice points per unit cell

In this case, each unit cell consists of eight corner lattice points, each being a member of eight
surrounding cells. Moreover there exists six face lattice points, each being a member of two cells

1
Therefore total number of corner lattice point concerned with unit cell 8><§=l

i 1
total no.of face centred lattice points concerned with unit cell = 6x 5= 3

Hence, total number of lattice points concerned with unitcell =3 +1 =4
(if) Atomic radius

FCC structure unit cell

(DB)? = (DC)? + (CB)?

@r=a2+a%>=2a2

2a Ar

r:T (or)a=\/§
A B
T ~7B E
: r, i
E a
a .
1P |
i N ;
Die---mm-n- Py »C Die----- a ----n- »C

(a) (b) '

Fig.: (a) Lattice points per unit cell, (b) Atomic radius
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(iii)

(vi)

Atomic packing fraction

In case of FCC, we have atomic per unit cell = 4

radius of each sphere = (\/5 al4)

Volume of each sphere

2 4 {ﬁa}3:na3\/§

_4 o 4 (V2
—3 ~3T 4 24

so the maximum fraction of cell filled i.e., packing fraction.

_no.of sphere x vol.of each sphere
Total volume of each cell

4x(mad\2)/24 2
= ==—2=074
a’ 6

= 74%
Coordination number

The nearest neighbours of any corner atom are the four face centred atoms of surrounding unit

cells. The corner atom will have four face centred nearest neighbours in its own plane, 4 in a plane about
it and four in a plane below it making the total number of nearest neighbours twelve. Therefore, the total
number of nearest neighbours twelve. Therefore, the coordination number of face centred atom is twelve.

Characteristics of three lattices

Characteristics SC BCC FCC
Volume of unit cell as as as
Lattice points per unit cell 1 2 4
. . a 3a 2a
Atomic radius - L —_—
2 2
J3a a
Nearest neighbour distance 2r a — =
g 2 J2
Number of nearest neighbours 6 8 12

4.6.4 Structure of CsCl
Q13. Explain the structure of CsCl.

AnS :

This crystal has simply cubic structure with Cs* and CI- ions as the basis. The unit cell of Cscl lattice

is shown in fig(27). As is obvious from the figure, Cs* ions are
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Fig.: Structure of CsCl

This crystal has simple cubic structure with Cs* and ClI- ions as the basis. The unit cell of cell lattice is
shown as is obvious from the figure, Cs* ions are situated at the corners of the cubic cell and ClI-ions at the
body centre (or) vice versa. So, the crystal may be considered to be a combination of two simple cubic
sub-lattice, one of cstions and the other of CI- ion. Now we consider the coordination humber which is
defined as the number of nearest neighbours to a given atom in the origin lattice taking at one corner as
the origin and x,y and z axes along the three edges passing through that corner, the positions of nearest
neighbours are *ai, +aj, +ak where i, j, k are unit vectors along x, y and z axes respectively. The co-
ordinates of nearest neighbours are (+a, 0, 0), (0, +a, 0) and (0, 0, +a) obviously, their number is 6.
Hence, the co-ordination number for same kind of ions is-6 and the nearest neighbour distance is a
further, there are eight nearest neighbouring ions of opposite kind for an ion of one kind. So, the co-

ordination number for opposite kind of ions is 8 and the nearest neighbour distance is(x/§ al 2).

4.6.5 Sodium chloride structure
Q14. Explain the sodium chloride structure.

AnS :

The sodium chloride structure is shown in fig. In sodium chloride, sodium atom less its outer electron
and acquired an excess of positive charge while the chlorine atom excess of negative charge. Now due to
the electrostatic forces between their excess charges, the two ions attract each other further, due to the
strong forces of repulsion as their outer electron shells come into close proximity, the two ions cannot
approach each other to within less than a certain distance when attraction and repulsion balance, equilibrium
is attained. Now the ions cannot approach further NaCl has a geometrical structure of a simple cube with
ions of sodium(Na) and chlorine(Cl) arranged alternatively at the corners of the cube as shown in fig. In
terms of the Bravais lattice, NaCl is a face centred cube. The basis consists of Na atom and one Cl atom
separated by one-half the body diagonal of unit cube. There are four molecule of NaCl in each unit cube
with ions in the positions.

N'OOOEEOEO1
a'!!!2!2!!2!!2!

111 01 L
2!2!2! b 12! !2! b

In the crystal each ion is surrounded by six nearest neighbours of the positive kind, i.e., coordination
number of six nearest neighbours of the same kind as the reference ion.

Cl:

1
2

20,0
2!!

Representative crystals having NaCl type arrangement are LiH, KBr, Kcl, AgBr, Mgo, MnO, BaO,
Uo etc.
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Fig.: Sodium chloride structure

4.6.6 Diamond Structure

Q15. Explain the diamond structure?
Ans :

The diamond structure is a FCC structure with basis of two.carbon atoms one located at (0, 0, 0)
and other at (a/4, a/4, a/4) associated with each lattice point fig(24a) shows the positions of atoms in the
cubic cell of the diamond structure projected on a cubic face. The fraction denote height above the base
in unit of a cube edge. The points 0 and-1/2 are on the FCC lattice while those at 1/4 and 3/4 are on a
similar lattice displaced along the body diagonal by one fourth of its length. In this way the diamond
structure is a combination of two interpenetrating face centred cubic sublattice each atom in this structure
has four nearest neighbours, occupying the corner point of a regular tetrahedron (see fig (24b) to which
it is bonded by strong covalent bonds. The entire diamond lattice is constructed of such tetrahedral
units(fig(24c). The diamond structure is loosely packed since each atom has only 4 nearest neighbours.
Carbon, Silicon, Germanium and greytin crystallize in diamond structure. In other words the arrangement
inside the unit cells of silicon and germanium is a diamond lattice

OO0 —

(

A=———————-
|
]
]
Fo——————=-

S}

/

&
-

(@) (b) (©)

Fig.: Diamond structure

— 'l 144 ',
Rahul Publications



UNIT - IV MODERN PHYSICS

Following are the parameters of diamond cubic structure :
1. Lattice points per unit cell

Refering fig. Points 0 and 1/2 are on FCC lattice while those at 1/4 and 3/4 are on similar FCC
lattice displaced along the body diagonal by one fourth of its length.

In diamond cubic unit cell, there are eight corners atoms, six face centred atoms and four more
atoms.

1
Number of atoms and four more atoms to unit cell = [g} x8=1

. . 1
Number of atoms contributed by face centred atoms to unit cell = (Ej x6=3

There are four more atoms inside the structure. Therefore, the number of atoms in diamond cubic
unitcell=1+3=4=38

2. Atomic Radius

In order to consider the atomic radius. See fig(25) from fig(25)

a)? (a) a2
(xy)? = (xw)* + (wy)? +(zj "‘(Zj iy

Similarly. (xz)? = (xy)* + (yz)?

_ +[3j2_£
B 4) 16

2

3a? 3a
2n)2= — (on)rr= —
@) 16 (on) 64

_ J3a
8

r

ald al4

Fig.:

g
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3.  Atomic packing fraction

3
o[ A | 2 g A [ Y3
Here V—8><3 _8><3n 3

J3rad
V =

16

Situated at the corners of the cubic cell and CI- ions at the body centre or vice versa. So, the crystal
may be considered to be a combination of two simple cubic sub-lattice one of CS*ions and the other of
Cl-ion. Now we consider the co-ordination number which ia defined as the number of nearest neighbours
to a given atom in the crystal lattice taking the atom at one corners as the origin and x,y and z axes along
the three edges passing through that corner the positions of nearest neighbours are +ai, aj, +ak where
i,J,k are unit vectors along x,y and x axes respectively. The co-ordinates of nearest neighbours are (+ a, 0,
0), (0, +0, 0), and (0, 0, +a) obviously, their number is 6. Hence the neighbour distance is a same kind
of ions is 6 and nearest neighbour distance is a further, there are eight neaighbouring ions of opposite
kind for an ion of one kind. SO the co-ordination number for opposite kind of ions is 8 and the nearest

neighbour distance is (\/3 a /2)

J3na®
Now  APF= d=-"To_ =3 3
vV 16xa 16
APF = 34%

Therefore it is a loosely packed structure
4.6.7 ZincBlende structure
Q16. Explain Zinc blende structure

AnS :

In many compound semi-conductors, atoms are arranged in a basic diamond structure but are
different on alternating sites. If the two face centred cubic sub-lattices mentioned in the diamond structure
are occupied by different elements, then zinc blend structure results as shown in fig(26). The semi conductors
Inshb, GaAs and also Zns crystalline in zinc blende structure. In this structure Ga and As are found at
alternate locations inside the unit cell.

O Zn atom
® S atom

Fig.: Zinc Blende Structure
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4.7 X-rAY DIFFRACTION I

4.7.1 Diffraction of x-ray by crystal

Q17. Write short note on x-ray diffraction.

AnS :

According to the first theory x-ray were regarded as high speed particles having greater penterating

power.

According to the second theory x-rays were treated as electromagnetic waves for extremely high

frequency

Frequency of x-rays(F) = 3x10* -3>x<10'°Hz
Wavelength of x-rays(i) = 0.01-20%m

F o 1
Screen
X-rays ﬁ ﬁ g : :'
. 5 S; E To
NaCl or A
ZnS ‘el
crystal
ystal >

Fig.: Diffraction of x-ray by crystal

4.7.2 Bragg’s law

Q18. State & Explain Bragg’s law.

AnS :

(Imp.)

Let us consider a set of parallel lattice planes of a crystal separated by a distance d apart. Suppose
a narrow beam of x-rays of wavelength A be incident up on this planes at angle 6. The beam will be
reflected in all directions by the atoms of various atomic planes. Because the refractive index of the matter
of the crystal is very nearly equal to unity.

Q

Plane I 4

Plane 11 ¢

Fig.: Bragg's law

S

- Q- - Q-

()
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Hence there is practically no bending of the rays entering (or) leaving one crystal. The condition for
the reflected waves to be all in phase, as in case (of) optics, is that the path difference between two
reflected waves must be an integral multiple of wave length.

Consider a ray PA reflected at atom A in the direction AR from plane 1 and another, ray QB
reflected at another atom B in the direction BS. Now from the atom A, draw two perpendicular AC an AD
on the incident ray QB and reflected ray BS respectively.

The path difference between these two rays is (CB + BD). The two reflected rays will be in phase or
out of phase will depend upon this path difference, when the path difference (CB + BD) is a whole wave
length A, or multiple of whole wave length ni, then the two x-ray diffraction rays will reinforce each other
and produce an intense spot.

Thus, the condition of reinforcement is
CB + BD = nA
CB = BD =sin

where n = 1, 2, 3....etc., for first order, second order, third order.... etc., maxima respectively. The
relation is known as Bragg’s law.

Different direction in which intense reflection will be produced can be obtained by giving different
valuesto 0 i.e.,

A
For 1%t maxima, sine1 = 52
) . 2\
For 2" maxima, sin6, = >d
For 3 maxima, sinG, = >d etc,

I 4.8 EXPERIMENTAL TECHNIQUE I

4.8.1 Crystallography by laue’s method

Q19. Explain experimental technique - lave method.
Ans :

The experimental arrangement of have method ish shown in fig. As shown in figure passing through
the crystal, the x-rays are diffracted and recorded on a photographic plate. The x-rays before passing
through the crystal are limited to a line pencil by a slit system (lead diaphragms). Here the diameter of the
pinbole is important because smaller is the diameter, sharper is the interference.
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Lead ] \
diaphragms 2 ., . D
X-rays | | 32 ’..' -.'
»> - o® | ¢ o
Ly jga
Pin hole £ ) .
Crystal a \

= Laue

patterns

Fig.:

The x-rays which penetrate the crystal are scattered from different atomic diffraction centres. This is
possible because there is a whole range of wavelengths in the continuous spectrum and there will be
discrete values of A which satisfy the Bragg condition no matter what may be the orientation of the lattice
planes. Here it should be remembered that values of different angles will be different for each set of
planes and each set of parallel planes will have its own particular value of the distance. We know that
atoms of crustal have an orderly arrangement in all these dimensions in space, hence the diffraction of x-
rays will occur from many families of atomic planes at once. Each family picking but the wavelength which
it can diffract at angle which it finds itself. The diffraction pattern consists of a central spot and a set of spot
arranged in a definite pattern about central spot. The symmetrical pattern of spot known as have pattern.

Each spot in the lauve pattern corresponds to an interference maximum for a set of crystal plane
satisfying equation 2d sin6 = DA for a particular wavelength selected from the incident beam. The atomic
arrangement in the crystal can therefore, be deduced from a study of the positions and intensities of the

lane spots.

Theory

Imagine a line grating (one dimensional lattice) with atoms on the line as diffracting centres. Let ‘a’
be the lattice constant. i.e., the constant distance between two successive lattice points. Suppose
monochromatic x-rays of wavelength A are incident on the space lattice. The electrons in the atoms at the
lattice points scatter x-rays in all directions coherently. Let 6, be the complementary angle of incidence
(glancing angle) and 6 the complementary angle of diffraction as shown in fig. The path difference the two
diffracted rays is (AN - BM) where AM and BN are perpendiculars dropped on the incident and diffracted
rays respectively. The diffracted rays will have maximum intensity if

Fig.:
AN-BM=n 1
where n_ is an integer
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From fig, AN = AB cosb = acos6
BM = AB cos 6, = a cos 6,
a(cosd —cos6))=nr .. (2

is usual to denote cosO, and cos® by o, and a, known as directional cosines of the incident and
diffracted rays.

Hence
ala-o)=nr L 3)

After being diffracted by the crystal let ray leave the crystal along a path whose direction cosines are
o, o and r. This means that three conditions should be satisfied simultaneously. These conditions are

a(o—oy) =n, A
ap-B,) =n,A
a(r-r)) =n

where n, n,, n_ are integers. These are called laue equations.

4.8.2 Crystallography by Powder Method

Q20. Explain experimental technique powder method.
Ans :

The Bragg’s spectometer can be used to diffract x-rays by using a single crystal free from distortion.
There are a variety of materials eg., metals, allogs, powder, etc., which are available in micro-crystalline
nature.

Actually only few substances are available in the form of a large single crystal. Powder crystal method
is a standard technique to study the structure of micro crystals(substances which are available in the form
of very small crystals or-in powder form). This method gives information regarding the size of crystals,
presence of impurities, distortion, preferred orientation on of crystals etc.

The experimental arrangement of powder method is shown in fig. x-rays from x-ray tube are
allowed to pass through a fitter F which absorbs all wavelengths except one. In this way a
monochromatic(single wavelength) beam of x-rays is obtained. The beam is collimated by passing it
through two fine slits S, and S, cut in two lead plates. This fine pencil of x-ray is made to fall on the
powdered specimen C. (The specimen in the form of the powdered state is struck on the line wire in the
path of x-ray beam). The specimen is located at the centre of drum shapped case the with photographic
film at the inner circumference.

Filter
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The basic principle underlying this powdered technique is that in the powder, million of micro-
crystals have all possible random orientations. Among these very large number of micro-crystals there will
always exist some crystal whose lattice planes are so oriented to satisfy the Bragg’s relation niA = 2d sin6.

The scattered x-rays are incident on the photographic film. The intersections of the different comes
of the photographic film are series of concentric circular rings. Radii of these rings(recorded on the film)
can be used to find glacing angle. Now the interplanar spacing of crystalline substance can be calculated.

The patteren recorded on the photographic film is shown in fig(9) when the films is laid flat. Due to
the narrow width of the film, only parts of circular rings are registered on it. The curvature of arcs reverses
when the angle of diffraction exceeds 90°.

le— /1 —
)
0]
I3
Photo film
Fig.:
Let I, I,, I, etc. be the distances between symmetrical lines on streched photograph and D, the
diameter of cylindrical film, then
L, 46, _90°
D 360 ON%= 5l
- © 90°
Similarly, 0,= i% |, and 6,= 5 l,

Using these values of § in Bragg’s formula, interplanar spacing d can be calculated.

I 4.9 Types oF BoONDING CRYSTALS I

Q21. Explain types of Bonding crystals?
Ans :

A chemical bond is defined as inter - atomic intermolecular or inter-ionic force of attraction which
holds the atoms together. On the basis of the nature of forces which bind the crystal lattic together, the
crystals can be divided into four categories:

(&) lonic Crystals

(b) Molecular Crystals

(c) Covalent Crystals

(d) Metallic Crystals.

The different bindings between them are as follows:

(@) lonic Crystal : These crystals are bound by strong electrostatic attraction between ions of opposite
kinds.

Examples are : NaCl, CsCl, kBr, etc.
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(b)

(©)

(d)

Molecular Crystals: These are also known as invert gas crystals. These crystals are bound by
weak Van der Walls forces.

Examples are : Solid CH,, etc.
Covalent Crystals: Thee crystals are bound by sharing of electrons between atoms.
Example are : Ge, Si, C (diamond), etc.

Metallic Crystals: They are bound by electro-static attraction between the lattic of ion cores and
free electron gas.

Example are : Na, Al, lu, etc.

4.9.1 Characteristics of crystal with different bonding

Q22.

Write the characteristics of lonic bonding?

AnS :

The ionic crystals have the following characteristics:

i) lonic compound are generally crystals in structure.
i) lonic crystals usually crystallize in relatively closed packed structure.
iii)  lonic crystals are rigid.
Q23. Write the characteristics of lonic bonding.
Ans

The ionic crystals have the following characteristics:
i) lonic compound are generally crystals in structure.
i) lonic crystals usually crystalize in relatively closed packed structure.
iii)  lonic crystals are rigid.
iv)  Due to strong electrostatic binding force, they have high melting and boiling points.
V)  They are highly soluble in solvents like water and liqguid ammonia and insoluble in non-polar solvents.
Q24. Write characteristics of molecular crystals?
Ans
i) The molecular crystals have small binding energy.
i) Molecular structure can be both crystalline and non-crystalline.
iii)  They are usually transparent to light.
iv)  They have low melting points because of extremely weak Van der Waal’s force.
v)  They are soluble in both polar and non-polar solvents.
vi)  They are good insulators as no valence electrons are available.
Q25. Write characteristics of covalent crystals?
Ans

Some characteristics of covalent crystals are given below :
i) Covalent crystals are usually hard, brittle materials with high bindings energies.
ii) They have high melting and boiling points.
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iii)  They generally dissolve in non-polar solvents such a benzene and carbon tetrachloride.

iv)  Basically all the covalent crystals are insulators because ordinarily no electrons are available for
conduction. However, some are semi-conductors like germanium.

v)  These crystals are transparent to long wavelength radiation but opaque to shorter wave lengths.

Q26. Write the characteristics of metallic crystals.

i) Metallic crystals have a crystalline structure.
ii)  They have high thermal conductivity due to the presence of free electrons.
iii)  They have high electrical conductivity.

iv)  The metallic bond is comparatively weaker than the ionic and covalent bond. Hence metallic crystals
have usually moderate to high melting temperatures.

v)  The metallic crystals are opaque to all elector-magnetic radiations from very low frequency to the
middle ultroviolet, where they become transparent. The metallic crystals have high optical reflection
and absorption coefficients.

4.9.2 Lattice energy of ionic crystals

Q27. Define lattice energy of a crystal ? Obtain an expression for the lattice energy of ionic
molecule?

AnS :

The lattice energy is defined as the energy released in the process when the constituent ions are
placed in their respective positions in the crystal lattice or this is the amount of energy which is required to
seprate the solid ionic crystal into its constituent ions.

Imagine two ions of opposite charge separated by an infinite distance. Let they are allowed to
approach each other. There will be electrostatic attraction between the ions which is described by Coulomb’s
law, In this case the potential energy will be negative because the work is done by the ions. The variation
Of Coulomb’s attractive potential energy with interionic distance is shown by curve (1) in fig.

+

Potential energy
=)

cmmecnnm—d 4
2

7

!
- j—— T ——->-'b,’®
(4

The two ions are not expected to approach each other sufficiently close to coalesce because there
will be repulsive force between them due to electron clouds of the two ions. The situation is shown by
curve (2) in fig. In this case the potential energy is positive because the work is done on the ions.

The potential energy of the system is sum of attractive potential energy and repulsive potential
energy and this is represented by curve (3). At a certain distance of separation the two forces balance each
other. The potential energy is minimum {as shown in curve (3)} and the solid is stable.

{ 153 }
=2 Rahul Publications



B.Sc. Il YEAR V SEMESTER

The repulsive term is due to short range type of force and it is not effective when the two ions are
extremely close to each other. Born proposed that the repulsive potential can be represented by

B
u =+ r_” (1)
where r is the distance between the two ions, n is repulsive exponent and B is the repulsive coefficient.
Positive sign represents repulsion.

The Coulomb’s potential energy is represented by

eZ
U, =—A[4mo.rJ (@)

The constant A is called as Madelung constant. The value at A depends upon the crystal structure.
The total energy Ur is given by
UT = UR +UC

u, = %—A( ¢’ J ..(3)

r 47[80 I

4.10 DeTeERMINATION OF MADELUNG CONSTANT FOR NACL CRYSTAL

Q28. What is madelung constant? Explain it with respect to'sodium chloride lattice.
Ans : (Imp.)

Imagine two ions of opposite charge are allowed to come closer and closer. There will be a coulombain
attractive force between them. This force varies inversely as the square of the distance between the two
ions. In this way the two. ions attract each other when the distance of separation is large and they repel
each other for small separation. AT a certain distance of separation the two forces balances each other.
Now the potential energy is minimum and the solid is stable.

Madelung Constant for Nacl Crystal

Consider a single Na™ ion which is situated in sodium chloride lattice as shown in figure (3). Consider
a single Na+ ion situated at the Position A. This is surrounded by

|
ANVA

KA
A
V|

Fig.: Sodium chloride lattice

O
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N
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6ClI- ions at a distance r, 12 Na* ions at /2 r,, 8Cl-ions at \/3 r, and 6 Na* ions at a distance 2r,

and so on. The attractive potential energy and repulsive potential energy between considered Na+ ion
and other ions are as follow:

Attractive potential energy between Na* ion and 6CI* ions at a distance r,

{ g }
U==6
1 dn e, 1,

Attractive potential energy between Na* ion and 8CI™ ions at a distance /3 r, is given by,

e2
U,=-8 {41‘5 A x/§r0 }

Repulsive potential energy between Na* ion and 12 Na™ ions at a distance /2 r;is given by,

e2
U3: +12 4r e, ﬁro

Repulsive potential energy between Na* ion and 6Na* ions at a distance 2r is given by

e2
U4: +6| —M—
4m e, 21,

The sum of all these energies is given by

|:_6_i+£+§ :|
“Tern | BT

e2
= -1.74756 { }

dre, 1,

For one mole of solid, the lattice energy,

e2
= 1.74756 N{ }

dre, 1,

Where N is Avogadro’s number. Even though there are 2N ions, the factor 2 is dropped because
the ion should be counted only once.

The constant which multiplies the factor [-e* /1, | is known as Madelung constant. For a NaCl
lattice its value is 1.7456 N.
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4.11 CaLcuLATION OF BORN OF COEFFICIENT AND REPULSIVE EXPONENT I

Q29. Give a born calculation of repulsive exponent.
Ans :

According to born, the repulsive energy between two ions due to the short range force is given by,

U =— (1)
Where B is the repulsive coefficient, r is the distance between two ions and n is the repulsive
exponent.
Born obtained the value of repulsive exponent n from the compressibility measurement of crystal.

We know that the compressibility k of a solid is given by,

=3[ 2
=7 | ..(2)
According to first law of thermodynamics

dQ =dU + dwW «(3)

Where dQ is the quantity of heat given to a system. It is used in two parts: A part is used in
increasing the internal energy and the other part is used to perform the external work done dWw.

Now,
dU =dQ - dw
=dQ - pdW  [--dW = pdV]
(--dQ = C,d, and at absolute zero, Cv is negligibly small)

GU__dp

il ..(4
dv? av @

So that compressibility at absolute zero is given by,

1 d?v
Vo Lv} ...(5)

0

For NaCl, V = 2 Nré, where N is the total number of molecule and r is the nearest distance two ions.

dU _ dudu dr

oW T v v
and U _du dr  dU {ET
dv?  dr T dv?  dr® [dV
_ . du
At equilibrium, separation r =r, o 0
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d*u d’u ar °
I \V& . = dr? . d_V . (6)
dr dr . . ]
The values of | 77 | and | 7 | can be obtained by using the relation.
dv dv
V = 2Nr?
dr 1
dv ~ 6Nr?
dr T 1
and {d_v} = 36N - (0)

At equilibrium separation, r =r_

dr L
“oldv. T 36N’y

For equations (6) and (7), we get

d?u d?u 1
dv2 r=rg - dr2 r=r, 36N2rg

d?u  d?U 1
dv? dr?2 * 36N’y

2

Substituting the value of va} from equation (8) in equation (5) we get,

1 d?u 1
K, =V, | g2 | - 36N ...(8)

d’U
The value of lez } can be obtained as follows. We know that potential energy U for N molecules.

NAe? 1(5 j“l
U= S
(4m gy nyr

NAe? NAe? 0t

(Arne))r  Ame,n’ gn

du NAe? NAe? 1] *(n +1)
Now —_— = > - —
dr (4n g (4n gyry
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NAe*r! ™ (n +1)
(4n Eo)ron+2

{dzlz-’} __ 2NAe®
dr r=ry (471: Eo)ro3

d?uU
or dr2 = -

Substituting this value in equation (a), we get

NAe?*(n -1)
A e )rs +-(9)

1 , NAez(n—l)X 1
ke = 2N > Tame)? 36N
1 Ae*(n-1)

or — ..(10)

E = (4n e,)18ry

With the help of equation (11) the valume of n can be obtained.

18r}
Now (n-1) = kOAOez (Ane,)
18ry
orn=1+ k A’ (4n e,)

Using this equation the repulsive exponent can be calculated. In case of sodium chloride n = 9.

I 4.12 BorN HaABER CycLE I

Q30. Describe Born Harber cycle.
Ans : (Imp.)

The direct measurement of lattice energy is difficult. Hence Born - Harber cycle is used for this
purpose. The Born - Harber cycle for NaCl is represented as follows:

Na,(Solid) ——» Na (gas)

Cl (molecule) —D>Cl(atom)

T+AH ) l—E

NaCl <«—— (c|—+ Na"

Here

S = Heat of sublimation,
L = lonisation energy
AH= heat of dissocition

They cycle can be explained as follows:

D = Dissociation energy
E = Electron affinity
U = Lattice energy

Rahul Publications
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i) Atomization of Na and Chlorine

Intially we start with solid sodium and chlorine molecule. The solid sodium is subjected to the
sublimation energy (s) and it si vaporized. To the chlorine molecule, dissociated energy (D) is supplied
and as result it is dissociated into its constituent atoms. Here D/2 is the dissociation energy per
chlorine atom.

ii) lonization of Na and CI

Next ionization energy / is supplied. The outer electron of Na gaseous atom is removed. This electron
is added to Cl atom. As the ClI atom has the electron affinity F an energy E is given out.

iili) Formation of solid

The two inons (Na* and CI-) are arranged in the lattice and hence the lattice energy U is released.
iv) Back to Square One

We again reach to the string point by applying an energy (AH) known as heat of dissociation.

D
Now S+E+I—E—U—AH=0

D
U=S+E+I—E+AH

All the quantities on right hand side are known and hence U can be calculated.

g
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‘ Problems I

1. A substance with face-centred cubic lattice has density 6250 kg/m? and molecular weight
60.2. Calculate the lattice constant a. Given Avogadro’s number 6.02x102° (kg mole)=.

Sol :
We know that a = (n M/p N)*

Here n- 4 = number of molecules per unit cell in fee lattice

M = 60.2, N = 6.02x10% (kg mole)™ and p = 6250 kg/m?
4x60.2 13
= 6 =4x10m=4A
6250x6.02x 10

2.  The density of a-ion is 7870 kg/m® and its atomic weight is 55.8. Given that a-ion
crystallises in the bcc space-lattice. Calculate the value of the lattice constant. Avogadro’s
number N = 6.02 x 102° (kg mole).

Sol :
a = (n M/p N)*®
n= 2 = number of molecules per unit cell in bcc lattice
M = 55.8, N = 6.02 x 0% (kg mole)™ and p = 7870 kg/m?

_( 2x55.8 jl’g’
| 7870x6.02x10%°

= 2.86 x 10 m = 2.86A

3.  Copper has a density of 8.96 gm/cm? and an atomic weight of 63.5. Calculate the distance
between two nearest copper atoms in the bcc structure. The Avogadro’s number is
6.02 <102,

Sol :

The lattice constant a for a cubic lattice is given by

Here n = number of atoms per unit cell (4), M = atomic weight = 63.5

and p = density = 8.96 gm/cm?®

{ 4%635 }1’3
a= 23
8.96 x6.02x 10

= 3.61 x 10® ¢cm = 3.61A
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The nearest neighbour distance in fee lattice is al42. Hence, the distance between two nearest

copper atoms.

3.61A
= T = 2.55A

Sol :

or

In a crystal a lattice plane cuts intercepts 2 a, 3 b and 6 c along the three axes where a,
b and c are primitive vectors of the unit cell. Determine the Miller indices of the given
plane.

Here,pa:gqb:rc=2a:3b:6¢c
where a. b and ¢ are primitive vectors of the unit cell.

p:q:r=2:3:1

1

Further —
p

h:k:1=3:2:1
Hence the Miller indices of the plane are (321).

Sol :

Find the Miller indices of a set of parallel planes which make intercepts in the ratio 4 a.
on the X and Y-axes and are parallel to the Z-axis, a, b and c being primitive vectors of
the lattice.

When the planes are parallel to the Z-axis, their intercept on Z-axis is infinite. Hence
pa:gb:rc=4a:3b:wcC
or p:gq:r=4:3: o

1 1 1
or ===
p

Thus the Miller indices of the given set of planes are (340).

Sol :

In a simple cubic lattice find the ratio of intercepts on the three axes by (1, 3,2)plane.

Let a plane cuts intercepts of lengths /,, /,, |, on the three axes, then

"3
l,L,l,=pa:qb:rc (1)

1?

If h. k, | be the Miller indices, then

Herea=b=c and h=1,k=-3andl =2
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p:qir==:—(7:5=6:-2:3 ..(2)

From egs. (1) and (2),
| .l :l.=6a:-2a:3a=6:-2:3

7. Inacrystal whose primitives are 1.2A, 1.8A and 2.0A a pla (231) cuts an intercept 1.2A
on x-axis. Find the corresponding intercepts on the and Z-axes.

Sol :
Here, we have
h:k:lI= g 18 : 20
2 3 1
=06:06:20
Given h=1.2A
12:k=0.6:0.6
or k =1.2A

Similarly, 1.2:1=0.6:2.0

1.2x2.0
= o6 " 40A

§
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Short Question and Answers

1. Explain crystalline and amorphous material.
Ans :

If the atoms (or) molecules in a solid are arranged in some regular fashion, then it is known as
crystalline.

When the atoms (or) molecules in a solid are arranged in an irregular fashion, then it is knows as
amorphous.

In a crystalline solid each atom (or) molecule is fixed at a definite point in space at a definite distance
from and it in a definite angular orientation to other atoms (or) molecules surrounding it.

2. Distinction between crystalline and amorphous solids.

AnS :

1. Crystalline solids have a regular arrangement of particles where as the amorphous solids have a
completely random particle arrange-ment.

2. Crystalline solids have different physical properties in different directions.

3. The cooling curve for amorphous substance is smoot; while the curve of crystalline substance has
breaks, the middle of which corresponds tothe process of crystallization.

4.  All the bonds in a crystalline solids are equally strong due to their symmetry

For example, as the temperature of glass is gradually raised, it softens and starts flowing without
any sharp change from solid state to liquid.

3. What is Lattice translation vector?
Ans :

The positionvector of any lattice point in two dimensional lattice by choosing any other lattice point
p as origin is expressed as

Where n, and n, are integral values, which represent the number of lattice point along PA and PB
axes and a b are called primitives. The position vector T is called is called the translation vector.

The arrangement of points in three dimensions is expressed by the translation operator T as
T=na+nb+nc

where a, b and ¢ are primitives taken along the crystal axes PA, PB and PC

4.  Explain Bravais space lattices.

AnS :

In 1848 Bravais showed that there are only fourteen ways of arranging points in space to the the
environment look the same from each point. The lattices are called the Bravais lattices named after the
discoverer. In case of a cubic system there are three Bravais lattices each of which has the same collection
of symmetry elements and the lattic points. The lattices are shown in fig(10) and are referred as.
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()

(i)

(iii)

Simple (or) Primitive cubic or cubic p-type Lattice

There is one Lattice point at each of eight corners of the unit cell. There is no lattice point inside the
unit cell (fig. a).

Face centred cubic (fcc) or Cubic F Lattice

There is one Lattice point at each of the eight corners and one lattice point at the centres of each of
the six faces of the cubic cell. Thus there is an extra point at the centre of each face(fig b).

Body centred cubic(bcc) or cubic | Lattice

There is one Lattice point at each of the eight corners and one lattice point at the centre of each cell.
So there is a lattice point at the centre of each unit cell(fig c).

What are lattice points per unit cell?

AnS :

()

(i)

(iii)

Simple cubic lattice

We know that there is one lattice point at each of the eight corners of the unit cell. Moreover, each
lattice point forming the simple cubic lattice is a member of 8 surrounding cells.

.. Number of lattice points in unit cell = (1/8)x 8 = 1
In this way, there is only one lattice point per unit cell.
Face centred cubic lattice

In this case, each unit cell consists of eight corner lattice points, each being a member of eight
surrounding cells. Moreover, there exists six face lattic points, each being a member of two cells.

Therefore,

Total number of corner lattice point concerned with unit cell = 8% (1/8) = 1

Total number of face centred lattice points concerned with unit cell = 6x(1/2) = 3.
Hence, total number of lattice points concerned with unitcell =1+ 3 =4

Body centred cubic lattice

In a unit cell, there are eight lattice points at the eight corners and each of them is a member of 8
surrounding cells. Also, there is one lattice point at the centre of the body.

Therefore,
Total number of body centre lattice point per unit cell = 1
Total number of corner lattice point attached to unit cell = 5%(1/8) = 1

Hence, total number of lattice points concentred with unit cell = 1x1 = 2.

6.

Explain the structure of CsCl.

AnS :

This crystal has simply cubic structure with Cs* and CI- ions as the basis. The unit cell of Cscl lattice

is shown in fig(27). As is obvious from the figure, Cs* ions are
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Fig.: Structure of CsCl

This crystal has simple cubic structure with Cs* and ClI- ions as the basis. The unit cell of cell lattice is
shown as is obvious from the figure, Cs* ions are situated at the corners of the cubic cell and ClI-ions at the
body centre (or) vice versa. So, the crystal may be considered to be a combination of two simple cubic
sub-lattice, one of cstions and the other of CI- ion. Now we consider the coordination humber which is
defined as the number of nearest neighbours to a given atom in the origin lattice taking at one corner as
the origin and x,y and z axes along the three edges passing through that corner, the positions of nearest
neighbours are *ai, +aj, +ak where i, j, k are unit vectors along x, y and z axes respectively. The co-
ordinates of nearest neighbours are (+a, 0, 0), (0, +a, 0) and (0, 0, +a) obviously, their number is 6.
Hence, the co-ordination number for same kind of ions is-6 and the nearest neighbour distance is a
further, there are eight nearest neighbouring ions of opposite kind for an ion of one kind. So, the co-

ordination number for opposite kind of ions is 8 and the nearest neighbour distance is(x/§ al 2).

7.  Explain the sodium chloride structure:
Ans :

The sodium chloride structure is shown in fig. In sodium chloride, sodium atom less its outer electron
and acquired an excess of positive charge while the chlorine atom excess of negative charge. Now due to
the electrostatic forces between their excess charges, the two ions attract each other further, due to the
strong forces of repulsion as their outer electron shells come into close proximity, the two ions cannot
approach each other to within less than a certain distance when attraction and repulsion balance, equilibrium
is attained. Now the ions cannot approach further NaCl has a geometrical structure of a simple cube with
ions of sodium(Na) and chlorine(Cl) arranged alternatively at the corners of the cube as shown in fig. In
terms of the Bravais lattice, NaCl is a face centred cube. The basis consists of Na atom and one Cl atom
separated by one-half the body diagonal of unit cube. There are four molecule of NaCl in each unit cube
with ions in the positions.

Na: 000~ L otgll
a'11121211211212

R A A
- 2 L 2 L 2 L b L 2 L b 2 L b 2 L b

In the crystal each ion is surrounded by six nearest neighbours of the positive kind, i.e., coordination
number of six nearest neighbours of the same kind as the reference ion.

Representative crystals having NaCl type arrangement are LiH, KBr, Kcl, AgBr, Mgo, MnO, BaO,
Uo etc.
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8.  Write short note on x-ray diffraction.
Ans :

According to the first theory x-ray were regarded as high speed particles having greater penterating
power.

According to the second theory x-rays were treated as electromagnetic waves for extremely high
frequency

Frequency of x-rays(F) = 3x10* -3x<10'°Hz
Wavelength of x-rays(}) = 0.01-10%m

F o 1
A

Screen

X-rays ﬁ ﬁ g . :'

] 5 S, H -0 !

NaCl or A

ZnS ‘el
crystal
Y , 5 )

Fig.: Diffraction of x-ray by crystal
9. Explain types of Bonding crystals.

AnS :

A chemical bond is defined as inter - atomic intermolecular or inter-ionic force of attraction which
holds the atoms together. On the basis of the nature of forces which bind the crystal lattic together, the
crystals can be divided into four categories:

(&) lonic Crystals

(b) Molecular Crystals

(c) Covalent Crystals

(d) Metallic Crystals.

The different bindings between them are as follows:

(@) lonic Crystal : These crystals are bound by strong electrostatic attraction between ions of opposite
kinds.

Examples are : NaCl, CsCl, kBr, etc.

(b) Molecular Crystals: These are also known as invert gas crystals. These crystals are bound by
weak Van der Walls forces.

Examples are : Solid CH,, etc.
(c) Covalent Crystals: Thee crystals are bound by sharing of electrons between atoms.
Example are : Ge, Si, C (diamond), etc.

(d) Metallic Crystals: They are bound by electro-static attraction between the lattic of ion cores and
free electron gas.

Example are : Na, Al, lu, etc.

{ 166 }
Rahul Publications )



UNIT - IV MODERN PHYSICS

10. Write the characteristics of metallic crystals.

Ans :

i) Metallic crystals have a crystalline structure.

i) They have high thermal conductivity due to the presence of free electrons.

iii)  They have high electrical conductivity.

iv)  The metallic bond is comparatively weaker than the ionic and covalent bond. Hence metallic crystals
have usually moderate to high melting temperatures.

v)  The metallic crystals are opaque to all elector-magnetic radiations from very low frequency to the
middle ultroviolet, where they become transparent. The metallic crystals have high optical reflection
and absorption coefficients.

11. Describe Born Harber cycle.

Ans :

The direct measurement of lattice energy is difficult. Hence Born - Harber cycle is used for this

purpose. The Born - Harber cycle for NaCl is represented as follows:

Na,(Solid) ——» Na (gas)

Cl (molecule) —D>Cl(atom)

[

NaCl <«—— g|—+ Na"

Here S = Heat of sublimation, D = Dissociation energy
L = lonisation energy E = Electron affinity
AH= heat of dissocition U = Lattice energy

12.

Sol :

Find the Miller indices of a set of parallel planes which make intercepts in the ratio 4 a.
on the X and Y-axes and are parallel to the Z-axis, a, b and c being primitive vectors of
the lattice.

When the planes are parallel to the Z-axis, their intercept on Z-axis is infinite. Hence
pa:gb:rc=4a:3b:wcC
or p:gq:r=4:3: «

or

o

Thus the Miller indices of the given set of planes are (340).
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13. Inacrystal whose primitives are 1.2A, 1.8A and 2.0A a pla (231) cuts an intercept 1.2A
on x-axis. Find the corresponding intercepts on the and Z-axes.

Sol :
Here, we have
h:k:lI= g 18 : 20
2 3 1
=06:06:20
Given h=1.2A
12:k=0.6:0.6
or k =1.2A

Similarly, 1.2:1=0.6:2.0

1.2x2.0
| = 06 = 4.0A

g
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‘ Choose the Correct Answers I

1. Acrystallinesolidhas — [a]
(a) definite geometric shape (b) flat forces
(c) sharp edges (d) all of these

2. The elements of geometry are [d]
(&) plane of symmetry (b) axis of symmetry
(c) centre of symmetry (d) all of these

3. The diamond structureisa _—_________ structure. [c]
(@) BCC (b) SC
(c) FCC (d) None of these

4, Nacl has a geometrical structure ofa . [a]
(a) SsC (b) BCC
(c) FCC (d) None of these

5. Bragg’srelationis . [d]
(@ nA=dsind (b) .nA = 25sin6
(c) 6=2Ax2dsin6 (d) nA = 2dsin6

6. _—______ are also knownas invest gas crystals. [b]
(&) lonic crystal (b) molecular crystal
(c) metallic crystal (d) covalent crystal

7. Modeling constant —_______. [a]
@ (%) & (%)
(c) e (d) None of the above

8. Example of ionic crystal . [a]
(a) Nacl (b) CH,
(c) Ge (d) Na

9. Atomic radius of SC lattice . [b]
@ r=a (b) r= %
(c) r=2a (d) r= %

10. The semiconductors Insh, GaAS and Zns crystalline in . [a]
(&) Zinc blende structure (b) Sodium chloride structure
(c) CsCl (d) Diamond structure

(a0 )
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‘ Fill in the Blanks I

1.  Asetof parallel places, but not a particular plane are defined by
2. The co-ordination number of body centrad cubic lattice is
3. Each point in a crystal lattice is called
4, The —________can be used to diffract X-rays by sing a single crystal free from disburtion.
5. Power crystal method is standard technique to study the structure of
6. Molecular structure can be both and
7.  Anenergy (AH) known as
8.  The metallic crystals have high and
9. have high melting and boiling point.
10. Born obtained the value of repulsive exponent n fromthe ________‘measurement of crystal.
ANSWERS
1. Millerindices
2. 8
3. lattice point
4. Bragg's spectrometer
5. ~Micro crystals
6. crystalline, non-crystalline
7. treat of dissociation
8. optical reflection, absorption coefficients
9. Covalent crystals

[EEY
©
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FACULTY OF SCIENCE
B.Sc. V - Semester(CBCS) Examination
Subject : Physics
Paper-V: MODERN PHYSICS
MODEL PAPER - |

Time

: 3 Hours]

[Max. Marks : 80

Note

10.

11.

12.

Note

13.

Part - A (8 x 4 = 32 Marks)
: Answer any Eight questions

Mention the drawback’s of Bohr’s theory?

Discuss the L-S and J-J coupling schemes associated with an atom.
Explain the spectral terms.

Discuss the inadequacy of classical physics.

State and explain Heisenberg uncertainity principle.

Define physical significance of wave function.

Define Nuclear Size and Nuclear Charge.

Explain Rane Range of a-particles.

A G.M. counter has a plateau slope of 3% per 100 volt. If the operating point
is at 100 volt, what is the maximum permissible voltage fluctuations, when the
counting is not affected by more than 0.1 %?

Explain crystalline and amorphous material.

Explain Bravais space lattices.
Explain types of Bonding crystals.

Part- B (4 x 12 = 48 Marks)
: Answer all the questions

(@)

Describe the theory of Stern and Gerlech experiment. Why it is necessary
to use a beam of neutral atoms.
OR

(b) What is zeeman effect? Describe the experimental arrangement to study

the zeeman effect.

(Unit-l, SQA- 1)

(Unit-1, SQA-3)

(Unit-l, SQA-5)
(Unit-II, SQA-1)
(Unit-II, SQA-4)
(Unit-II, SQA-9)
(Unit-Iil, SQA-1)
(Unit-lil, SQA-6)

(Unit-Ill, Prob.9)
(Unit-IV, SQA-1)

(Unit-1V, SQA-4)

(Unit-IV, SQA-9)

(Unit-1, Q.No .4)

(Unit-1, Q.No.15)
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14. (a) Explain experimental study of photo-electric effect. (Unit-Il, Q.No.5)
OR
(b) Discuss in brief about compton effect. (Unit-II, Q.No.7)
15. (a) Explain the properties of nucleus with reference to size, charge, mass,
density, spin, magnetic dipole moment. (Unit-lll, Q.No.1)
OR
(b) Explain binding energy of nucleus and calculate binding energy of nucleus. (Unit-lll, Q.No.2)
16. (a) Explain body centred structure.Explain the diamond structure. (Unit-1V, Q.No.11,15)
OR
(b) Describe Born Harber cycle. (Unit-IV, Q.No.30)
(172}
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MODERN PHYSICS

FACULTY OF SCIENCE
B.Sc. V - Semester(CBCS) Examination
Subject : Physics
Paper-V: MODERN PHYSICS
MODEL PAPER - Il

Time : 3 Hours]

[Max. Marks : 80

Part - A (8 < 4 = 32 Marks)

Note : Answer any Eight questions

1.  Explain the spectral terms.

2. Explain selection rules.

3. How do you use rotational spectrum to determining internuclear distance?
4.  Explain and derive Planck’s Radiation formula.

5. Define Compton Effect.

6.  Write short note on Expectation Values.

7. Define Nuclear Mass and Nuclear Density.

8. Define Nuclear Spin and Nuclear Magnetic Dipole Moment(p).

9.  Explain the structure of nucleus.

10. What is Lattice translation vector?

11. What are lattice points per unit cell?

12. Find the Miller indices of a set of parallel planes which make intercepts in the

ratio 4 a. on the X and Y-axes and are parallel to the Z-axis, a, b and ¢ being

primitive vectors of the lattice.
Part - B (4 x 12 = 48 Marks)
Note : Answer all the questions
13. (a) Discussthe L-S and J-J coupling schemes associated with an atom.
OR

(b) What is Paschen - Back Effect? What is Stark Effect? Describe the

experimental arrangement to study Stark Effect.

ANSWERS
(Unit-1, SQA-5)
(Unit-1, SQA- 6)

(Unit-I, SQA- 11)
(Unit-Il, SQA- 2)
(Unit-II, SQA- 3)

(Unit-II, SQA-10)

(Unit-1ll, SQA-2)
(Unit-1ll, SQA-3)
(Unit-1ll, SQA-4)

(Unit-IV, SQA-3)

(Unit-IV, SQA-5)

(Unit-1V, Prob.12)

(Unit-1, Q.No.8)

(Unit-1, Q.N0.16,17)
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14. (a) Describe Davisson Germer Experiment to demonstrate the wave character

of electrons? (Unit-Il, Q.No.14)
OR
(b) Derive Schrodinger time independent equation for matter waves. (Unit-ll, Q.No.24)
15. (a) What are the similarities between liquid drop and a nucleus? (Unit-lll, Q.No.8)
OR
(b) Discuss in detail Gamow’s theory of a. - Decay. (Unit-lll, Q.No.12)
16. (a) Define Face centred crystal structure. State & Explain Bragg’s law. (Unit-IV, Q.N0.12,18)
OR
(b) Explain experimental technique powder method. (Unit-1V, Q.No.20)
(174)
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FACULTY OF SCIENCE
B.Sc. V - Semester(CBCS) Examination
Subject : Physics
Paper-V: MODERN PHYSICS
MODEL PAPER - 111
Time : 3 Hours] [Max. Marks : 80

Part - A (8 < 4 = 32 Marks)
Note : Answer any Eight questions

ANSWERS
1. What is raman effect ? (Unit-1, SQA-12)
2. What are the applications of raman effect and Problems? (Unit-l, SQA-14)
3. What is Paschen - Back Effect? (Unit-1, SQA-9)
4. Relation between group velocity a nd wave velocity. (Unit-Il, SQA-5)
5. Define Properties of Matter Waves. (Unit-Il, SQA- 6)
6. Define complementary Principle of Bohr. (Unit-Il, SQA- 8)
7. Explain the structure of nucleus. (Unit-ll, SQA-4)
8. A Geiger Muller counter collects 107 electrons/discharge. The average current
in the circuit is 1.333 > 108 amp. Find the counting rate/min. (Unit-lIl, Prob.8)
9. A G.M. counter has a plateau slope of 3% per 100 volt. If the operating point
is at 100 volt, what is the maximum permissible voltage fluctuations, when
the counting is not affected by more than 0.1 %? (Unit-lIl, Prob.9)
10. Distinction between crystalline and amorphous solids. (Unit-1V, SQA-2)
11. Explain the structure of CsCl. (Unit-1V, SQA-6)
12. Describe Born Harber cycle. (Unit-1v, SQA-11)
Part - B (4 x 12 = 48 Marks)
Note : Answer all the questions
13. (a) Give the elementary theory of the origin of the vibrational spectrum of
a molecule ? (Unit-1, Q.No.22)
OR
(b) What is raman effect ? Explain classical theory of raman effect ? (Unit-l, Q.No.22)
{175 }
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14. (a) Give the experimental illustrations of Heisenberg uncertainity principle. (Unit-IIl, Q.No.18)
OR
(b) Derive Schroedinger time dependent equations for matter waves ? (Unit-lIl, Q.No.25)
15. (a) Describe in detail the construction and working of a Geiger -
Muller Counter. (Unit-Ill, Q.No.15)
OR
(b) Explain the working of proportional counter. Describe the construction
and working of scintillation Counter. (Unit-lll, Q.No.16,17)
16. (a) Define Face centred crystal structure. (Unit-IV, Q.No.12)
OR
(b) Explain experimental technique - lave method. (Unit-1V, Q.No.19)
(176 )
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