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1. Choose the correct answer ﬁOm the followmg
; 1x5=5

@ Perturbatlon theory is a systematlc procedure
for °btalmng
() Exact solutions to the unperturbed problem

(i) Exact soluuons to the perturbed problem

(i) Approxxmate solutions to the perturbed
problem

(iv) None of the above
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-.(b) The commutation relation between x and P* is
. . X

(i) ninP!

(i) ii’hp;-'

(ii) ninp¥

(v) RARY

(c) The wave function \p(r t) is sald to be |

normalized if

@ [I¥GEHjd=1

@) |l WE, )P dr=1/N? °
L) [I¥GE.HP dr=1

() [I¥*@E, 1) di=1

(d) Stationary states are those
probablhty density P is

for which the
@ tlme-dependent (i) time-indépendent
(i) Space-dependent (iv) s‘Pat"'e-independent

(e) IfR and T be the reflection and transmission
probabilities of a particle through a potential

step, then
() R-T=constant (ii) R+T=1
(iii)R+T=O (VR+T=0w
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2. Answer the following questions 3 2x5=10
(a) Give Born’s interpretation of wave function. .
(b) Write two properties of ket vectors.
(c) Define projection 6perato;. Show th;it the
operator |§,}(¢; | is & projection operator when
1) is normalizgd. . |

- (d) Explain the significance of zero-point energy
of a particle in a one-dimensional box.

() Why the presériptlon of non- degeneréte
perturbation theory is not applicable for
degenerate energy levels ?

3. Answer any five of the.following . 5x5=25

(a) Define expectation value. A.particle constrained
to move along X-axis in the domain 9 <x <L

: : : . (nmx
" has a wave function ‘P(x)=sm(—i—-)_

Normalize the wave functi'oh and find the
expectation value of its momentum. 1+2+2=5

(b) Define dimension and basis of a vector space.
Show that every vector in a finite dimensional
vector space V over the field F can be uniquely
expressed as a linear combination of the vectors
of its basis. , 2+3=5

104/63/2(SEM-1) PHY 103 (3) Turn over



S

() State the admissibility conditions‘ of wéve
: ‘functions. A wave function of 5

; particle is
F(x)=Ae™ defined |

In the domain

—0<X< . Find the probability ofﬁnding the -

particle in the region 0 <x <oo, " 243=5

(d) What is density ofstate'? Show that the density |

of states per unit length is Proportiona] to E+ .

() Find the first order correction and hence the
ground state energy for a harm

| Onic illator,
when a perturbation yx¢ jg applied % 5

(f) Suppose we put a delta ﬁmctioﬁ 'Bump ie
. H'=as ;ﬂ) : L

(x 2) In the center op the infinite

square well. Find the 2pq4 order

. . Correction t0
the energies. : -

5

(g) Discuss briefly the implicat;

R of natyral unit.
Show that .

_ Im=5.07x10% fic/ GeV. -
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'2+3‘=_5=10 |

4. Answer any four of the following questions :

(@)

10x4 = 40

A bMicle tréveling_ with energy E along }(.-axis
has in its-path a rectangular potential barrier of
height v, > E and widtha. '

(i) Show that there is a finite probability of
~ transmission even if E<V,

(ii) Apply the result to explain the phenomenon

®)

©
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of a-decay in nuclei. - 5510
Using opera{or algebra, derive the following
expression for uncertainty relation between two
operators : |

aanB> 2| (AB]!
Hence derive the expression for Heisenberg

uncertainty rejatjon between the components

of position and momentum operators. .
) 8+2=10

Write a few important features of Klein-Gordon
equation, Derjve the Klein-Gordon equation in
covariant form, Show that Klein-Gordon
€quation can not predict the spin i.e it only

describes spin-zero particles. 2+3+5=10
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(d) Discqss !)rieﬂy the variationa] Method, Using
the principle of variationa] metliod est . the
ground state €nergy of the hydr, Smate

. ’ 0gen atom. Use
the trial wave function ag « o

Calculate the dirhension

- parameter o, _Of the scale

(e) Using first-order perturbatiop
.. theenergy of the first exciteg s
well: . . T

theory, estimate
tate for 5 cubical
10

v(x,y,2)={?; ff;hgq‘.:} 0<y<L,0<z<L
if the following perturbat;
» ation js gpnys
Pplied,

H’=VL’s(x-£ 3L
°. . 4 8 y‘TJS(z-EJ

4 .
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\P(r,e,¢) = e—l’/ll . .

3+6+1=10
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' Full Marks—80
Time — Three hours

“‘e figures in the margin indicate full marks
| for the questions.

1. " Choose the correct answer from the following :
: 1x5=5

(a) The wave function Y(7,t)is said to be
normalized jf |

(i) Il lI"(f,t) |dr=1
(ii) jl‘l’(f,t)|2 de=1/N*" ,
i) [IPE P gemy |
@) fI'¥*(F,1) dr =1

R (.b) The commutatjoy relation between x and Fy’ is
(i) ninpr (i) nifB? |
(iff) A (V) mhP:
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(c)- The momentum operator in one dimension is

N ) :
@ . -z ii) in 2.
A g
P o,
(u%) lhat | (V)= h\ iz

2m' axz.
@ "IfR and T be the reﬂectién g
. , an issi
probabilities of a particle moulhmsmlss:?;
step, then e a poten
@ R-T=constant (i) Ry _ .
- (i) R+T=0 (VR+T <,
(¢) Which one of the following i Correct 2
) a¥,=Vnrly,,
| -(ii) a,\I'n_:\/,‘,Tl ¥, : ‘
(i) 8, ¥, =Va Ty, -

(iv) a,%,=Vn ¥,
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B=TaN

"

2. Answer the folldwing questions: . 2x5=10
- (@) Give Bom’s interpfetatioxi of wave function.
(b) Write two properties of ket vectors.

* (©) Why the prescription of non-degenerate
Perturbation theory is not applicable for
degenerage energy levels ? .

(d) Show that the quantity | ¥X(¥| is a projection
Operator when | ¥) is normalized.

| - 5i _
(¢) Considertheket:|¥) '—{ 2 J Is| ¥)normalized ?

i
Ifnot, normalize it ;
3. Answer any five of the following : ’ 5x5% 25 ..
- (@) Define expectation value;AParticle.consmined
' anx

Y(x) =sin (T) .

has a wave function

. Normalize the wave function and find

the exmn, . e gOMENtuM.
Hi€ eXpectation yalue of its w 14942=5

10\4/63/2('88\'1‘1) PHY 103 (9) Turn over



(b) Find the constant B so
|'¥) = Bl¢)+3l¢2)and|x)

orthogonal. Given, the stateg
orthonorma].

that the gates
=4Bg,) - ~9]¢,)are
19,) angd |g,) are

. N in guantum
mechanics Signify 9 [E A d )

Rl X and

dx TX, evaluate [A A*] . 5

1+4=

(d) Define Hermitiay, and skeyy,.
" Showthat (A+A*)
(A + A*)
P14 14115

is skew-Hermitjap

(e) What do you megp b

Show that the produ); pf_] tlon Operator ?

projection operatqps is ‘“mutatmg
i als
opera 2 Projection
1+4=5
(f) Suppose we put a delta funct;
On blll‘np

a
H' = aa(x-gj

square well. Find the
the energies.

in the Center of the i
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. 4. Answer any four of the following questions :

10x4=40

(@) Using operator algebra, derive the following
expression for uncettainty relation between two

operators :
| AAABZ-;-I([A,Q])I.

Hence derive the expression for Heisenberg
uncertainty relation between the components
of position and momentum operators. 8+2=10

Calculate the ground state energy and
normalized ground state wave function for a
linear harmonic oscillator with the help of
operator algebra, 10

(®)

Using ﬁl‘St-order perturbation theory, estimate
the energy of the first excited state for a cubical
well : 10

(c).

0, if 0<x<L, 0<y<L, 0<z<L
ViEna = {°° otherwise

if the following perturbation is applied,

/ 2 L AL 5( _L‘.J
H:VOLS[X 4)8()' 4) z 1)
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(d) Discuss briefly the variational method. Usmg

- the principle of variational method estimate

the ground state energy of the hydrogen atom.
Use the trial wave function as y(r, 8, ¢) = ™'°.

. Calculate the dimentions of the . scale |

¢
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parametero. 3+6+1=10

Write a few important features of Klein-Gordon ,
equation. Derive the Klein-Gordon equation in
covariant form. Show that Klem-Gordon
equation can not predict the spin i.c it only
describes spin-zero particles. = 2+3+5=]0
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(d) Discuss briefly the variational method. Usmg
- the prmmple of variational method estimate -
- . ~ the ground state energy of the hydrogen atom.

Use the trial wave function as y(r,0, ¢) = e™'°. |
.. Calculate the dimentions of the .scale
parametera. 3+6+1=10

(e) Write a few important features of Klein-Gordon ,
equation. Derive the Klein-Gordon equation in
covariant form. Show that Klem-Gordon
equation can not predict the spin i.e it only
describes spm-zero partxcles o 243+5=10
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