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Answer either in English or in Assamese.

Answer the following questions as directed :

1x5=5

AT SRR eeTe frEl e Bl

()

(%)

Calculate the number of quanta of
radiations of frequency 4.67x10' Hz
that is required to melt 4g of ice is
(energy needed to melt 1gofice is 333J)

8 oS T AMFRCA 8.8aAx 50 Hz FIRIET
TS D! (PRI (quanta) SRIGH 242

(> & 9T AR ST A oo J)1 2 ".5“3"55{:';.‘; g

Ao 7

~

Which of the following is not a llneat‘r
operator? . -\‘jg

9§ (PINCH! Linear operator «12¥?

d
(@ ==
(b) [dx
(c) In

(d) None of the above
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(iii)

()
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For an eigenfunction cos(2x), the

eigenvalue of the operator g2 JahbE

) eigenfunction cos(2x) I3, operator
d’/dx*Jeigen W |

The dielectric constant is defined as the

ratio of Permittivity of free space to

permittivity of the medium.
(True/False)

Dielectric constant ‘E[@W ‘Pﬁﬁl'ﬁ]aﬁlw AR
NG RFTS0T Sgeiie ol TwiFe o=

= | e/ Figt)

Which of the following statements is

- true ?

o] AFERIT 0! ey 2

(@) LS coupling applies to heavy atoms
and JJ coupling applies to light atoms.

LS coupling 7437{9199 (heavy atoms)
(%9® 9IF JJ coupling #Aloe 2{=iqg
(light atoms) (Fqw &@ey 37|
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~ (b). LS coupling applies to light atoms and

JJ coupling applies to heavy atoms.

LS coupling #ies 43 (light
atoms) (@9 % 5149 JJ coupling
s T4 (heavy atoms) (Fao &I 2 ?

() Both LS and JJ coupling applies to

heavy atoms.

LS coupling ®ii%JJ coupling TCA! 943
S99 (heavy atoms) (Fg© ARG 2|

(d) Both LS and JJ coupling applies to
light atoms. :

4

LS coupling WIi% JJ coupling 7! 9[1@51'/?\:2“/ 2
/19T (light atom) (IS SIS 2| (m( S
¢ - ‘/’,-“

-

Answer any five from the following questions : , 4

2N
2x5=10

()

The first member of Balmer series of

hydrogen atom has a wavelength of
6561A. Calculate the wavelength of the
second member of'the Balmer series.

RRY TS AT AT (i (Balmer
series) U AR O} M 6561 A | AT
(4T &S A wakel v SteleTt <5l |
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(i)

(iti)

(v)
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Normalise the function :

¥=sin(zx/a) ; 0<x<a

@R T (function) TERS (normalise) 34t 3
¥Y=sin(zx/a) ; 0<x<a

What is the significance of space
quantization ?

B (FRIDRED (Spacé Quantization)<
oy b e

Which of the following molecules obey
Clausius-Mossotti equation :

H,0, NH, CO,, CH,

O (PR WY@ SRS (Clausius-
Mossotti) e N by ¢ '

H,0, NH, CO,, CH,

Determine the degree of degeneracy
energy level 17h* / 8ma®.

17h* / 8ma® =& SIBR Rrewha Wl
(degree of degeneracy) T i1
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(vi)

(vii)

What is the condition for an observable
to be a “Good quantum number”?
Mention any two good quantum
numbers in case of hydrogen atom with
the assumption that there is no spin-
orbit coupling. : 1+1=2

ol IS (observable) “Sis (FIRIGN

2di” (Good quantum number) (XEIF
o0t e Po-wfds FR@ee (spin-orbit
coupling) 2 & 4R & RGeS
CFae [P 701 O (RGN FRY! Trad
34|

What do you mean by “free particle” '9*’3
Give one example. NS

Tnizad |

(viii) Show that length of the box is an integral

multiple of 1/2 whereiis the
wavelength associated with the particle
wave. (Use de Broglie relation p=h / 1)

(463 @ IAFBOR T 1/ 2 7 <ot ol wffess,

TC 1 T U SRAGBR 37 Sios w1 |
(% IR 7% P=h/A3977 3=11)
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(ix) What is Radial Probability density ?I

ST AR 79 (Radial Probability
density) ¢

(x) Draw the 3s and 4 p, orbitals.

3s WI¥ 4p_orbitals T F4 |

3.  Answer any four from the following questions :

B 5x4=20

o T RIS R skt S fim s

|
o

g .‘ “1) Justify the quantization of energy and

N y\"""’ /) existence of zero-point energy for a

‘Y& FN” (free particle) iﬁﬂ.ﬁ & el e <51 4

particle in one-dimensional box. What

will happen if the walls of the box are
sudden}y removed ? 4+1=5

_ G-T1{&F A6 (one-dimensional box) 1”&
9B IR G (PIRITIRTS (quantization
of energy) W% *7-%% *f&F (zero-point
energy) SIf%g @4 <1 | I AHOR CRAITEN
2o Sifesiz Wl 2, (ore & 297
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(i) Show that the third ionization energy of (v) What is the Cartesian co-ordinate - .
lithium is 9 times the ionization energy - representation of the Laplacian operator ? -
of hydrogen atom. : ' d
st ol (@ e \?_\?PI wiEed *ife Show that the commutator[&a} =
e o & ,
ZRG TeA AT IR e » el Mention two conditions for a well-
(iii) Deduce the expression for the zero-point behaved function.

energy of a harmonic oscillator and show

1+2+2=5

that it is in accordance with Heisenberg’s
uncertainty principle.

g5t z(fWe w'osEvss (Harmonic 5 ‘ :

Oscillator) -7 =f&3 (Zero-point l:x’d—x}z_l | @b JIRZTS T (well-
rgy) AREET efeoive 91 oiF e @ 4 N Coleps

R e g e behaved) T AR LEIET 75/ 5% Sz < |

(TR S\ (Laplacian operator) 3
PGB ZHI AT &2 (re\eat @ FaB5a

2 el Sl qifos (Heisenberg’s/é”“ o 0
uncertainty principle) (Tt F{W%"ffl (= ‘,1 o

What are orthonormal wavefunctions ?
Show that the wavefunctions of a particle
in one-dimensional box of width a and
infinite height are orthogonal.  1+4=5

(iv) Draw the energy levels, wavefunctions \/
and probability densities for a particle \%
in a one-dimensional box for energy
levels corresponding to n=1,2,3.

1+2+2=5 LAGE $RY FEA  (Orthonormal
Wavefunctions) {2 (483l @ ‘a’ &%3 o
SR SHeN GG S L <O T

ORI TR QY6 (orthogonal) |

- &3-3I{4F F6S (one-dimensional box) 9

@Bl IR n=1,2,3 *f& %= @ «feq ¥
(energy levels), 94 T (wavefunctions)
i A T (probability densities)
B o w1 |
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(vu) What is meant by rigid rotator ? Deduce

the expression for the Schrodinger

equation of a rigid rotator. 1+4= _5‘

ﬁ@w—_\s 20559 (Rigid Rotator) I & @2
451 Ros 059 A (GRS
(Schrodinger equation) S IACH]
(expression) &S 4|

' (viii) Define quantum mechanical tunneling.

Find the lowest kinetic energy of an

electron in a three-dimensional box of
-13
dimensions 0.1x10®cm,1.5x107"° cm

and 2x10™cm.

@RS G SIEEes (quantum

mechanical tunneling) #t&l ot 9ol

0.1x10 2 em,1.5x10 % cm 9% 2x10"%cm
g s Awee 4 GOl Srg
sifoxf& (kinetic energy) F<fa |

10

2+3=5.

4. Answer any one from the following questions :

10x1=10

SR [ G 2| s 9 ¢

(i)
Fan Con~
(e ~Ole o
g ; Vu/
>/ =0 ANGA
2 .", L Ao
L A2
&
ol
e\ ¥
\e\{ o7 p
P N
Y« Nagd
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(@) What is a Hermitian operator ?
Show that eigenvalue of Hermitian
operator is real. 2+3=5

QIfSioAT 959 (Hermitian operator)
e (et @ 2RBam Sstiebes wizgan
RIc (elgenvalue) % |

(b)

Write how the molecular orbitals of
a homonuclear diatomic molecule
can be classified as ¢ and ~.
Which of this is doubly degenerated
and why ? What is the basis of
classifying the MOs as g and u ?

2+2+1=5
T -k W

(homonuclear diatomic molecule)

lelfee Wﬁ:‘iﬂ’[‘{@s (molecular orbitals)
o 9% 7 Bl @S ETRees 37
AN, 7111 229 fo9T® @M doubly
degenerated W% 72 wqfs

Wﬁ%ﬁﬂw (MOs)g 9% u f25ite
ETiRSE FT fofe [Fe
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@ (a)
(b)
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Define orientation polarization.
Mention any two applications of
Debye equation. 1+2=3

SfRGEEGE (sliEiacend (orientation
polarization) #k@! Al | (AR T

(Debye equation) Replel 767 T2

T 41|

The bond angle in H,0 is 104.5°

and the dipole moment is 1.85D.
Calculate the bond moment for the
O-H bond. Also estimate the
percent ionic character of the O-H
bond, given that the O-H bond
distance is 96 pm. 3

H,0-< JI&W (&4 (bond

angle)104.5° SF 2[R 7 GF GNP
(dipole moment) 1.85D. O-H bond
=9 AR AR SF (bond moment)
sl T4 | FCO O-H IFE *oFal
IEA 54@ (percent ionic character)
f5efa =91, O-H IFFT < 96 pm I
fa 2311 .

12

" £ - %
o g
- -

(c) How can dipole moment explain the

(d)

(i) (a)

B13 GA 043A

following statement : 2
BF, is non-polar but NH, is polar.

7 (% a9 (dipole moment) FEW®
oo 3l SRR (e i R AR g

BF, W&oﬁﬁ (non-polar) &€ NH,
&1 (polar) |

Write down the Clausius-Mosotti

;quation and define the terms
involved. 2

S-S THFIIET (Clausius-
Mosotti equation) Rl 1% 231w Gazre
ATRY el 3 |

Deduce the expression for the
hydrogen atom in terms of polar
coordinates. Also show the

graphical representation of polar
coordinates. 3+2=5

(3% ZIST (polar coordinates) MG
QG CEA AT AN el <o |
TS (F FAITT GOl FT TR
(graphical representation) (€3 |
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i) (@

B13 GA 043A

ith
Show that [inzy]zéjcf‘z (The

terms have their usual meaning).
5

myeqt @ [L,,L,]= ;—xﬂz (GrEres
e WY AR (R W= |

Determine the term symbols
associated with an np' electron
configuration. Show that these term
symbols are the same as for np°
electron configuration. Which term

symbols of np' and np® configuration

represents the ground state.
2+2+2=6

np* BT RUPR 10 Tivw i et
(term symbols)‘l{iﬁ‘fﬂw | (ryedl (T
@2 B PR np® =g /e @
GRPR | np' WF np® RevE @Gl

ol B o SR (ground state)
Aoy a@ 2

" 14
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(b) Write down two assumptions of the

valence bond theory developed by
Heitler and London. Write down the
ground state wavefunction of the
hydrogen molecule as given by the

above theory. (Define all the invélved
terms defined) 2+2=4

| 2R I S SRR @ISTe! AR

wgd (valence bond theory) 557 el
el | @2 oy PR 2RYtem 9w o
OEE ©95 FEACH] (ground state

wavefunction) &7l | (33® Iz FHeE]
7ng el o)
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