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‘The figures in the margm indicate 2
Sfull marks for the questtons.

i Answer the followmg questlons © e Ix7ET
(a) Wnte down. the quantum mechanical

~ form of total energy operator of a
partlcle movmg in x—dlrectmn

(b) Determine whether or not w(x)=e* is
an acceptable wave functlon

Contd.



: (b) A partlclc thh total energy E

i e o ""52 a0 influenced by a potent1al energy V(x) 2
- (d) ~ Show that | X "ﬁ]=-2a @ ' Show . that  the one-dimensional

o] Y et v Schrodmger equatlon can be Wntten
-(d) How does the number of superimposed & . 1n the form o ; =

~ _waves, forming a wave packet, affect Sl " . / A
= the locahzatlon of the particle ? e ¢ [———+k2 ?U‘(x)] wix)=0.2 7+ 7

= (e) What 1s Lande g factor ?

(f) ”What is the total number of energy
- level (or degeneracy) for the nth stat :

{g) The sphttlng of a spectral line in thﬁ
:~_ presence of extemal electnc ﬁeld
- termed as

':potentlal v(x) has the wave function -

r ! 4 . _",. %
u')} /»l ", -1‘,-, 1}; ._,_{‘_-..

(izi) ",i';Normal Zeeman eﬁ'ect
(' v) Stark 'effect

- ._f'.»'"where both A and 'k are constants.
Determlne the exphc1t form of the‘
potent1a1 b
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(d) erte down the rad1a1 wave functton ‘
. for. 1s state of hydrogen atom Also, :
compare the probablhtles of a ls‘h_.
.electron 1n the hydz;ogen atom bexng at
'.'f.""'a dlstance ao from the nucleus than at =

2 '_a dlstance ao /2 7 1+4—5<'_"

AT s

3.» ,"Answer any three of the following : = =
el anl ' 5x3= 15
< (a) What do you mean by expectatmn %
'-‘.ff o ~ value of a dynamical variable ? Fmd

7 — - the expectation value <p> and <P2>:,
~—+ for the wave function 'f , ,' e

=5 o ,;y/(x)=,}2/L Sm( Lx) for’ 0<|x| <L
o = for |x|>L

2 i Sirer : 1+(2+2) ‘

c). Ak
- -

47 (e} ‘,'State Pauh s exclusmn prmc1ple. An":}-" |
L : ';,;;ﬁ;atormc state is denoted by D5/2 G1ve :
© the values of L, S and J. What should -

~ be the mmunum number of electrons 2

7 Tf;f,,mvolved for the s state f_ 2+3—5}

T ;} (b) Show that if %() wnd v, 7) ar ]
e mdependent solutions  of  the
= ' Schrodmger equatlon, then 7

_;.—.——, 7

V’(" ) a1W1 (")"‘ az ¥, (r ) constant 'o'f"’a_wave functlon (at t O) glven 272
s 1s also a solutlon of the Schrodmge 5 | |
y equatlon What does it 1mp1y ? :

o .f":

;'Determme (a) the probab1hty dens1ty, and. =

(C) What “are’ momentum space way
= (b) the probab1hty current dens1ty of the

= = functlons ? Show that these -wa :
e funcﬁons can be obtamed as. FO'LII‘IC e ’u,',wave funcuon i 2+3+5—10

A
i{r

e functlons

A 3('S'exli‘-5/CBCS)PHYHC LG A e 3 (Sem-5 /CBCS) PHY HC 1/G 5 in i i o

‘ ks T % R L e
A R o, X > O o B
o T o
# T
w s s
P

What is the need for normahzatmn of A
wave funct10n 9 Calculate the normahzatlon Ze :



-

OR St ; J'ig fé
A finite square potent1a1 well of depth V is

deﬁned as P :
Z 0 dor” %<0 _ | ;}"»
V(x)={-V, for O<x<L

— 0 o x5

- Set up Schrodmger equatlon for the &
- potential well. Also solve using appropriate .

~ boundary conditions and determine the
- energy e1genvalues : 2+8=10

(‘ 1) Write down Schrodmger equatlon for a
» linear harmonic oscillator. What are
the eigen-values and eigen-functions
of the Hamiltonian “of a: linear =
- harmonic-- oscillator - ? Explain - the

31gn1ﬁcance of zero- pomt energy of the
oscﬂlator = -L- 1+2+2-5

(iz) Fmd the expectatmn value of energy.
when the”state of harmomc oscﬂlato

functlon s

where vy (x t) and 7 (x t) are Wave
~ functions for the ground state and the, /
ﬁrst excrted state respectlvely 5
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Write down Schrodmger wave equatlon for
# A
hydrogen atom m Sphencal polar ‘
245 ’ ‘,.: 3 ‘( ¥ /

4»..)’/('

coordmates. Separate the' equatlon mto

rad1a.l a.nd, two,angular parts. Also, from the

radlal part_of ‘the’ Schrodmger equation,
e ﬁnd the“ elgenvalues of energy E for the
‘grOUnd etafe of hydrogen atom. i

uyfm

e A foa
Z. #9

1+2+7-10

ot ;,'

=7, o e T s L e 5%
".v,/ ST P o _r .t o8

: (1) Descrlbe and explam LS couphng
Z Under what cond1t10n does 1t hold ?

~ v o

e and what kmd of new
,'?;couphng takes place o

- (m) Descnbe J-J couphng Illustrate L—S
,.' and J—J couphng w1th ‘the help of
e vector dlagram

G g ; 343+4=10
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Or

With a suitable diagram illustrate the
Stern-Gerlach experiment. What is the
significance of inhomogeneous magnetic
field used in Stern-Gerlach experiment ?
explain mathematically.

‘In‘ a Stern-Gerlach type experiment, the
magnetic field varies with distance in

z-direction according to dB, /dz=14 T /mm.
Silver atoms travel a distance x =35cm
through the magnet. The speed of atoms
emerging from oven is v =750 m/sec- Find
the separation of the two beams as they
leave the magnet. Mass of silver atom
= 1-8 x 10"25kg and its magnetic moment

is 1 Bohr magneton. E
A ‘ 3+3+4=10
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