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U.0.S. PAST PAPERS

MSCI &BSVI(M&E) . Qusstims Mechanicsl (PHYS 6103) rriye g i

.~ Midterm E:.l_nilulth_n ' ‘“'l‘ll:e. i Ilonr &30 minates o ‘Total Marks: 30
! s e —
" NOTE: Attemp all questions,

Q l (a) Deﬁne wave functlon and.explaln its- physacal importance. Also gives the.
.. . properties of Probablhty in"terms of Wave functions. 3)

. (b), Lct two ﬁmctibns Y and ¢ be ‘déﬁned for 0 < x < . Explain why y(x) = ;
cannot bct-wave-funcﬁonbuﬂp(-x-)—e ' could be a-valid wavefunction. ~ (3)

Q.2: (a) Define and proof"ﬁle R’mensnonal‘l‘iﬁe—DepcndentSchrodmgcrwave
eqnauon - o - (6)
Q3 (a) Consider a pamclc is happcd imaTegion between 6 toworIf '\
i, t) = Asql(kxlexp( ‘E’/h) -
then by using the Schrodinger wave equation find out £ = o /Zm Th (4)

-1/2 . V ] —_—
(b) The angular frcquency fora wgve is w = ke [ 1-2% ',)] - . J | e
Find the group. veloclty of the wave, __ ,_(2}—’
Q. 4: (a) Show that Wx)=e" i is an elgcnfuncnon of an operator =
2 3):
A= (- : Bl
‘ t
(b) For any operator 4, show that A= (H') 7 : (3).

Q.5 | (a) Let 4 and B- two Hermitian operators then prove that i[A, B] is Hermitian. (3)

: (b) Establish the following operator- equanon, ; (3)._ {
(u“)('? -x)= ‘;!*x -1 2"
1. 6h » p |
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'NOTE: Altempt only five questions.

(a) Prove that the elgenvalucs ofa Hermman -operator are real,_

'tb')-ConsrdeFa-eno-dmwnsmual particle which is confi ned within the

-region-0. < x < a.and whose wave function is ¥ (x, t) = sm(rrx/ a)e:rp(—-iw

" (a).Find the potential V{(x).

;a-Gb}CalculaLe the probability of ﬁndmg the particle in-the mterval : :
a/4<x < 3a/4- : , : ' (6)

g - (a)_lf_two ope: ators are compatahle “then show that they w:ll commute
to each other. : :

(b) Estabiish the following operator equation. ’ V4

ox

30 o

(a) For (.9) to be constant in time. Then pru\n:-“that—[ﬂ.—-.li}'= 0. : (5) i

) Prove that AA AB = % |< € >|, if A and B are two non-commuting
'Hormitinn uperators. . (5)

Solve the Schrodinger wave equation {or 2 bound- states of a particle in an

infinite square potentml well in the inteival —a/2 < x < a/2, when energy

of the incident particle is less than that of the potential barrier height. Calculate

the energy x.zgenva!uts aud aiso draw the wave functions for even and odd parity

. [ungtions. ) . o (10)

: (a) If X is dcgenerate elgcnvalue of a Hcrm:tmn operator-corresponding to Ilnearly

/_ independent - eigenfunctions ¥y, ¥, ..., ¥,, “then—ewvery . linear. combination of

Y, ¥, . ¥, is an eigenfunction of the same operator corrcsrmndmg to same
eigenvalue. . o ¢ . (5)

) Show that for a one-dimensional square integrable functlop

[ )dy = S22 v , (5)

'a) Show \hz'n ‘the momentum operaldr is Hermitian. - " - £4)

(b) An’ ch.c‘ﬁ-on is rntwmgﬂﬁ%eh nside a..ouc._dnmensmnal infinite potcmml box

with avalls at x = 0 and-x =.a. If the c'l"ttron is in initially in ‘ground:staie (n = [Tof

" the box and if the waH move - frorn X = a to: xTSa Ca*c&l»atc the prohabr!lty of
indingthe elect i

(d) the ground state of the new. box and

. (b) in Tha TIPSt exetred stateOT the few box..

+ r‘% S {(‘3"‘—,;"-:-')“ 1 S
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ALEX Kom

DEePARTMENT Of Prrysics
MSc-11 (M & E) & BS-VI (M & E)

Quantum Mechanics-1 (PHYS 309) Session: 2015-17 & 2013-2017
Mid Term Exam Time: 1.5 hour

Total Marks: 30

NOTE: Attempt all the questions.

Q. 1: (a) The eigenfunctions of a Hermitian operator corresponding to
different eigenvalues are mutually orthogonal.

(5)

(b) The Hamiltonian of a free particle of mass “m” and momentum

(5)

Q. 2: (a) If the Hamiltonian of the system is Hermitian, then prove that

[11%% ]

p” is H = p*/2m, then calculate [H, p].

the total probability density is constant. - (5)
(b) (i) Using the commutator [X, p] = ih, show that [X®, P] =
imhX™, withm > 1.

(i) Use the result of (i) to show the general relation [F(X), P] =

ihdF(X)/dx, where F(X) is a differentiable operator function
of X. '

(2)

(3)

Q. 3: (a} When light of a given wavelength is incident on a metallic
surface, the stopping potential for the photoelectrons is 3.2 V. 1f 4
second light source whose wavelength is double that of the first is

used, the stopping potential drops to 0.8 V. From these data,
calculate '

(i) the wavelength of the first radiation and 2)
(ii) the work function and the cutoff frequency of the metal.

(3)
(b) A particle has a wave-function
: ‘P(X) — (}\/T[)IM(E)— A2

Find the expectation value of its Kinetic Energy.

QUANTUM MECHANICS Quanta Publisher




PAST PAPERS

MSc-11 (M &E)&BS-\'I (\i &E)
Hnal'lcmEuu ST SN

’\ . NOTE‘.' Auemp(all lhe quesuansi e
) ERLE R

a':~' '.‘1' v M

__ .\ ‘(a)‘Explam the~Etgen-value giganons_lmhe fonnﬂfamamx rt'presvntatmn '
. rite forn = 3, 4, and'S.". . ' a (ﬁ)'—
= (b). Calculamnnly ene:g;uugemzalues.nla panuch.,_whua apanicleis
confmed in a one dlmensmnal box = _ . RN
Q. 2:  Consider a pamcle whlch is confined to-move along tie pusitive x-axis and

whose Hamiltonian is H =<+Ed*/dx® + ﬁEf where E is @ real constant ‘having the
dimensions of energy.

(a) Find the wave function that corresponds to an energy eigenvalue uf'SE'
(make sure that the function you find is finite everywhere aleng the positive x-aXis
and is square integrable). Normalize this wave function. : (4

 (b)yCaleulate-the-prebability-of-finding the particle-in the-region
0<xs< 15, (3)
: (c) Is the wave function derived in (a} an‘cigenfunction of the uperitor
A= d/dx - 772,

(3)

Q 3: (a) Consider a particle is moving in +ve x-direction then, calculate the time
rate ot change of the expectation value of its momentum operator, - (6)

~(b) (i) Express the commutator. [\" P | interms of XP plus a constant = 2 ‘ﬁ

in h* . (2)
(i) Find the classical limit of [X?, P*| lor this expression. ~ &) -
'-_'—'- —_—

Q: a: (a) In the finite square well potential, disduss the case when incidept particle
e ergx is less than that of potendal barrier. (i5)

— ﬁ—-._-.-.._

(b)show-that-for-a- one-d|munsmnal squafe in

J’J(x,t) dx = <P.>/m
\
Lo aY -

()

:'f‘\/ly:'here J(%31) is the probability current dénsi:y.
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MSc-II (M & E) & BS-VI(M & E) Quantum Mechanics-1 (PHYS 309)
Mid Term Exam

PARIMLN[ Of Prrysics

Session: 2015-17 & 2013-2017
Time: 1.5 hour Total Marks: 30

NOTE: Attempt all the questions.

Q. 1: (a) Explain the Classical and Quantum Concepts of Particles and
Waves in detail. (6)

(b) Prove that [H, P,] = -h/i(dV(x)/dx), where H = P,"/2m +V(x) (4)

(a) Consider a photon that scatters from an electron at rest. If the Compton
wavelength shift is observed to be triple the wavelength of the incident photon
and if the photon scatters at 60°, calculate - I

(i) the wavelength of the incident photon,, (2)
(ii) the energy of the recoiling electron, and (2)

(iii) the angle at whicli the electron scatters. (2)
]

i :
(b) A particle of mass "m" in 1-dimensional box is found to be the ground state
normalized wave-function is

W¥(x) = (2/a)"” sin (1x/a) for Osxs<a, ([ -)

AP = hnia Y, ;ﬁ D\P LQ (4)

then find that

(a) Find the state ¥(x) for which A¥(x) = 0 and normalize it, where operator A is
= 1(X“+1)d/dx + iX is Hermitian operator. (2)

(d) Consider a one-dimensional parude which moves along the x-axis dnd. whose '
Hamiltonian 15{%1— -Ed¥dx* + 16EX% where E is a real constant having the
dimensions of edergy. Is W(x) = Ae“Ywhere A is a normalization constant that
needs to be found, an eigenfunction of H" If yes, find the energy eigenvalue. (3)

(€) 1f ¥(x) = A(ax-x") for 0<x<=a, then
(i) Normalized the wave-function, (2)
(il) Find <x>, <x?>, and <Ax> 3
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UNIVERSITY OF THE PUNJAB PAST PAPERS

UNIVERSITY OF THE PUNJAB\‘\‘ ROl No. «vveevenes

Fifth Semester 2018 )
Examination: B.S. 4 Years Programme M

o’
(e ~

PAPER: Quantum Mechanics-I TIME ALLOWED: 30 mins:._
Course Code: PHY-305 MAX. MARKS: 10 i

Attempt this Paper on this Question Sheet only.

SECTION -1 (OBJECTIVE TYPE)

Q1: Choose (encircle) the best possible answer from the given: (1x10 = 10)

1- Conditions on wave function is that, it must be:
a) Single valued
b) Finite
¢) Continuous
d) All above
2- Livi-civitia symbol € for odd permutation of i, j, k is
a)l
b) 0
c) -1
d) none of above
3- (L., L]
a) hL,
b) ihL.
€) ihL-
d) Zero

4- The Hamiltonian of harmonic oscillator in terms of Ladder operator:

) hw@-7)

QUANTUM MECHANICS Quanta Publisher
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5- LxL
a) Zero
b)h L.
c)ih E
d ) None of above
6- If[A, B] = 0 then both operators can be determined
a) Simultaneously
b) Difficult to find
c¢) Botha&b

d) none of above

7- The raising operator L. of angular momentum is defined as:
a) L+ i Ly
b)L«-iL,
ix+ilz
d)Lz+ily
8- If two operators commute with each other, then operators have same set of:
a) Eigen values
b} Eigen spectrum
¢) Eigen functions
d) None of above

9- Expression for Z-component of angular momentum is

a)-i h-é%
0
9¢
5
3¢

b) -i h

¢c) ih

e I
d) -ih e

10- Applications of barrier tunneling are:

a) Radioactive decays

b) Semiconductor devices
c)Botha&b

d) None of these

QUANTUM MECHANICS Quanta Publisher
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UNIVERSITY OF THE PUNJAB

....'lll'l...ll.ll.'.l.l.

Fifth Semester 2018 :
Examination: B.S. 4 Years Programme * ROINO. cooocvvvieriisin

FRBIABRBENINRNIIRRRRRRERY

PAPER: Quantum Mechanics-I TIME ALLOWED: 2 hrs. & 30 mins.
Course Code: PHY-305 . MAX. MARKS: 50
Attempt this Paper on Separate Answer Sheet provided.
SUBJECTIVE TYPE

i,

Q2: Give short answers to the following questions: (4x5 = 20)

i, What is zero point energy, If a classical oscillator has energy 5 h o, What is its

amplitude?
Define degenerate eigen values, non-degenerate eigen values, linear
dependent functions and linear independent [unctions,

iii. Describe Correspondence principle.

iv. State Hilbert space and give two of its examples.

v. Write physical significance of Uncertainty principle.

Q3: Define the term Central potential. Starting with the time independent
Schrodinger’s wave equation, obtain an expression of radial wave function. (10)
Q4: (a) 1ftwo operators have simultaneous eigen function, then these operators commute
(b) Write down three postulates of Quantum Mechanics. (7+3)
Q5: (2) Find eigen value and eigen function of z-component of angular momentum.

(b) Prove that {L,, Sind] =-itCosp  (7+3)
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G.C University, Faisalabad
Final Term Examination Paper, Fall -2018
(For Affiliation Colleges)

Subjective Part
Subject Quantum Mechanics-| Counrse Code: PHY-304
Class: BS (PHY)6 Time Allowed: 150min Total Marks: 30
Name of Student: Roll No:

Note: Attempt All Questions.

Q#2 What 1s Matrix representation of angular momentum operators
with examples.

Q#3 Explain Linear Vector Space and orthogonal systems.

Q#4 Explain the Schrodinger Equation in Three Dimensions and
Separation of Schrodinger equation 1n Cartesian coordination

Q#5 What 1s Dynamics variables and operators.

Q#6 Explain Heisenberg uncertainty relations and Functions and
expectation values.
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G.C.U.F PAST PAPERS

§ GOVERNMENT COLLEGE UNIVERSITY FAISALAISALY
% B ) 6'" Semester(Final tern:; 2020
Course Code: PITY-504 Thne Allowed: 90mins

Quantum Mechanics-1 Total Marlks: 50

Question No. 1: Incircle the correct ansywer

Ihe K 17 of photo eleciron depends on
) Speed of hght
() intensity of hight
() No of mcident photons
Y Photon liequency i
Operator (A + At)is
(1) Anti-tHlermitian (b) Skew Hermitain (rfﬁlermitian (d) none of these
liermitian operator that governs dynamical variable in quantum mechanics is called
(a) intangible (1) intanglio (c) obtainable (dj/observable
The square of angular momentum |2 commuiles with
()1 (D Jy ()l (d) All of these —~
I he commumator [T, By is rqual to
A

(a)ih thy I? (" tely Zero v

-

[ hie sum of two THemmhan opersfors is
(a) Anb-TTetnnnian by Simoltaneous (< ffernmnan () Comunuiator
I'he action of parnty cperator on e’ s
(mryc® (hye™ (<Y () 1

| he za1o point cnci gy of'a particle in one dinnensional box is
n? gma’ » n?
(¥ "gma’ L2 (™ () Fa?

e zero poimnl energy o hanmomc oscillator is
3 S 5 o
(a) I =35 P (L) 5~ 5 hoy (e} Es =3 hw (d)Y L2, = ho

{he function fix) = < 1s
(a) Swvstemalic (h‘ﬁ\nli-symmelnc (c) Harmomc (d) none of these

The number op‘eyl H is defined as
atda(dya

(M1 (Y3 &'(cC

2
12 I xpecianon valre al 1.7 is equal 10

(ayimagmary (5 sero (c)yreal d) all of these

ER LM
(af i, (13) ihf. (a) ihly (2} Zcro

14 1he electron puolon and neutron are

(%cunuolﬁ (b) Boson {c) Photons (d) None of these
of the [ollowing charges can exist?

15 | he charge on election 1s represenied by © Wouch

(n)?20e [(M25c (c)36¢ (d) S.2e

of photon depends vpon
pressuic (d) tempeiature
are measurable and so they arc represcnted by

je» The cnergy

(a) amphitede (1) speed (<€)

17 Dvnamical vanables arc real quantihies that
(05 1 lenmian Operalo

(hy Ann-1 [ernutian (porator

(v lancat ¢ e ator

ey non- hineat perator
IR A set of vectors m a vector 15 called
‘ asis (cl Modulus (?Tv none of 1these

paon () 13
rator are alwiays

wes of Hermitian upe

(ay yane

e .‘l
19 1 he crpen v :

lex H’A‘-‘-"‘ (v) hpaginary i1 all ot dicse
() Comp

10 ket spee

cina space i " .
o ey Dual spacs

7 ] se
e (1) Vector space (1) All of these

)

(a) | hiiberl spac
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G.C.U.F PAST PAPERS

21 1 two vectors are normalized and orthogonal, we call them - veclors

() Normalized (b)) Orthogonal (c‘)’()rllmnurm.-l (d) None of these

Expectation value of an observable 1s always

(a}imagimay (b) Complex (Lﬁcnl (d) Commuiative

1 he sum of Reflection (R) and Transnussion (T) coeflicients 1s equal to
@0 (T (c) Both a and b (d) none of these
‘The square of angular momentum is
(‘c'ﬂ/Hcrmnmn (b) Antu-Hemutian (c) Lincar (d; Projection operator
Components ol angular momeninn are ds s1o( commal =

a) orthogonal b) normal ) commule d) none
When V(x) 1s even, the corresponding Hamiltonian is

a) odd b) even ) degenerate d) non-degenerate

As P. and T have common eigenfunction so they

a) Commute b) Antt-commule ¢) Orthoconal d) Orthonormal

Which one ol following 1s not an ohservable”

b) wave function ¢) position d) momentum

a) Energy
The expectation value of  m nth eigen state T
@ (=0  (b)(R) = m’ (€)(F) = ma’ (@)(P) =0
_Fhe linear momentum of free particle is
(a)2mE (b) VZmEZ (c) VBmE (d) VZmE
‘The quantity [ is

(a) wave function (b) onc (c¢) normalization condition
2

(d) probability density

I'he simultaneous eigen function o{'lh ancd P

(me™ (L)Smx (c)Cosx (d) Sinx Cosx
The momentunn operator in multiple dimensions can be written as
(ay—1hv (b)) BV (c)—ih d/ax (d)none af these
Angular momentum operator acts on the state y(r.0,¢) as
(a) LAy = {74 1)y
(L) Ly =X/ + l)hz\p
() Ly = I(/ + 1Aya
(d) none ol above
. Expression of z-component of angular momentuin 1s
(a)—1h &/ (b) —ik &/00 (c) —1h @/0z (d) none ol'these
Apphlications of barrier tunneling are
(a) radioactive decay (b)semiconductor devices (¢)both a and b (d) none of these
It 1s necessary for iwo operators to commute with cach others for having a
(a) degenerate eigen value (b) simullaneous cigen value (¢) orthogonal eigen value (d) all of these
In Heisenberg picture, the operators are time dependent while ___ are ume independent
(1) wave functions (b) operators (c) Eigen values (d) none
For lydrogen atom that are in ground state, the orbital angular inomentum will be
tay t (b)2 ()0 (d) unknown
Position and momentum operators are always

-

{n) Commutatve (b) Anti commultative (¢) Normalized (d) orthogonal =

=

QUANTUM MECHANICS Quanta Publisher
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Fhe momentum oper}

4 ; ) :
| 11{01' In one dimension 1s

. " h_ i i
() I &fex (h);(‘/c:.\‘ (c) 7, &/t (d) 3 ¢/ax

Quantized energy of n';Did rotator is

s .fg/ + I) I gf+ h’f(2:+ D) KPR+

I'he Pauli spin operﬂtl:r is defined as

- -2 ] >~ - i I;I\ -)
“”""715 (h)n=mb (c)a*is (d)c ,,

. The raising operator L. ol angular momenmm is defined as

EIpT [ il () r - [., (c) L +iL, (d) L, + il
Spm does not depcn upon

|

(@a)S (bLymg () spnTaI degrees of ﬁeedom (d) all of these
The states correspodihg to discrete spectra are called
(a) bound states (b) ynbound siales (c) slatuonasy states (d) all of these

In transformation frop\ one orlh(monnal set into other is unitary, such transformation is
(a) Linear () non Imlzar (¢) unitary (c) similarity .

‘The physical lequm.mcul of a wavelunction is that it should be
(a) reliable () squan;: infegrable (c) zero (d) discrete

. The value of . x L is.r:
) O (D) 1 (c)inLl (d) none of these

- The quantity { ¢y ) Feprcsenls

() probability amplithde (b) onliunnrmalily {c) arthogonality (d) none of
i

these

b1
1

G()V:F.RNM ENT GCOLLEGE UNIVERSITY FAISALABAD Roll MNo.
'+ 6™ Semester(Final term) 2020

Course Code: PHY-504 Time Allowed: 50mins
Quantum Mechanics-1 Total Marks: 25

Question No. 2: A nswer the fJollowing questions

1) What arc claatacteriimicq of well behaved wave function?

1) Dillerentiate between degencrate eigen states and non-degenerate eigen states
Define correspondence principle and complementarity principle.
Why a particle trapped in a box cannot be at rest?

Deline probablity current density. . -_3_'_'
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@, UNIVERSITY OF THE PUNJAB L e

+ Roll No. Ba.0a L

B.S.dYunrﬁt‘murum Third Semaestoer - Fall 2021 R
Paper: Quantum Physics Course Code: PHYS-2001 Thne: 3 Hrs. Marks. 69

Q1. Answer the following short questions: (15x2=30)

(1) Define ultraviolet catastrophe,
(i) Write down Elnsteln e

; quation of photoelectrlc effect and explaln the term work function.
(1) Define palr annihilaty

i 0 on. How sk amount of energy s required to take place this process?
i) dﬁerentlute between a wave and a particle.

o hat are matter waves, Explain your answer on the behall of debroglie’s hypothesls.

4 Explain energy time uncertainty,

(viii According to Bohr what key points should follow an electron to move in a circular orbit.
hir ) Define zeeman effect,
X

Write down mathemat
(x) What is zero-point ene
(x1) Define magnetic
numbers,
Define spin orbit coupling,
Define pauli's exclusion principle,
State correspondence principle,
Write down some properties of laser light.

Ieal form of following operators (a) total energy (b) linear momentum
FBY? Is this numerical value be zero for harmonic oscillator?

Quantum number, If j=1 caleulate all possible values of magnetic quantum
(xi)
(i)
(xiv)
(xv)

Answer the following questions.

e 's
Question no2. pefine compton's effect. Write down It's experimental setup In detall, What is Compton

:}:‘ft- Derive its mathematical expression, Show that compton's shift is maximum for head on collision
tween electron and photon, (10}

Question 3. (a) Use Davison Germer experiment to verlfy debroglie’s hypothesis about dual nature of
radiation and matter,

(b) what is normalization condition? Conslder a function
W = Asinkx
Calculate normalization constant A. (5+5=10)

B L .]|‘I:|
Question noa, (a) Define tunneling. Discuss tunneling Is purely quantum mechanical phenomert

¥
an’t explain by classical mechanics. 2
momentut

(b) Define angular momentum, What do you know about space quantization of angular

(54510
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G.C.U.F PAST PAPERS

w AEOVIEETRNTVIEMNT CAOOLLIKGE UNIVEIRSITY, FAISALAIZAD

Joxternal Semestar El-glllllllnll Spring ZOZZX

u - BS. Physlos (6" Scmenstar) Kallt Ntwo
Maximum Marks: 10O

Cr. Hr.: 3(3-0)

Course Code: PEIY -50%
Time Allowed: O30 hours

Course Title: Quanturn Mechanics-T
Objective Marks: 20

Higrvature e i s e . T

® O T ——
o (20w 3 =20)

Q3 Desswd on your :oﬁcenln of tnis courss, Selact mad Tiek the best possd
©“) Tha wave function of a particiein a bow lagiven &y _______. 7
(m) Asinihs) = Boosd{ks) () Asiniien] - Beosims) fc} Asim(e=] (1) Aconlks)
. -

(H] Tumne! affect is notebly ouservad In the cosa of
(MICarm e rave (=)he -

These
(RI] Tihe HMermitisn conjumare of the operator A | a|w )/ (w~itn A a seatar and 4 an cporsior) is

A @) xw X rla B1 A jeMale )|t
A ) | |2 T . @) AT X | ¥ AT

Briimily shows the conmaction DeCwaan auasniurm mecthianics acd)
raglomviwiny

fel~iphe parisaln » a0 »r

=)
e}

fiw) Ehranfest s Usacran D
oy Prhoronics. b) Clessn sl rryocheanics. €) Spesiol rolestivity. o) Geneor s
iw)] The froe particle snergy eigenfunctions are fot physical s1etes that n porticle cen Botuslly Bg in b-l:-u-

e

whaow:
=) Conm't be normalized (e, they arn't sgquare-intograble]). B) Dan’t axist.

) Car e norrealized (Le,, they are sauvare-lintegrabla) o) Do awist
(w1} What are tha conditians for observable O to be = constunt af the rnotion?
iw.Q] =9 and BRSO - O
(@) = e oot = O.
(.l - o Ll /ot » O
1) = o - acuae = O
twil) The complsteness relstios is
- (P o y =T ©) e Yo | = o) | e | = 0 ol (e [om.)
taa)Y -_

v} For the adioin of the oroduct of wo oaeratars A end A,
=]

(m) AFD* (i) BrAT nTa dy Aw
(im) IF therg oxiat more tnan one elgen funerinn car A to a mvan algen valua. then the esigen value is

) Mo - domemer ale ) wonrlrusnn () diser et
) The walla of & partichks i1 o0 bow 8re supposed 1o be | — .
(3] Srralt but infieitety herd () Infinicery torge  Got (c) Soft snd Sman

weafe

{el) Infinieesly hord and
Infsitely 1o ge

(=i} Accarding TS the seave function and It fest pestinl derivative should 3es — TrrC L

in) Zere z {5} cantinuaous (e) slemeity fed) EIaa e b il
(=i} Parvicie In @ bow cen ngvar o ot reat. i
(m) LOO™M: Frise (b)) 200N sisc (v Cowldrn't be (o) Couled by

(wtil) Moar ahe weava funatians % and @ ond SeerSITer A, e sharter naarion oaf oo Intagroel
Je=A metu=_
(=) (e , ) () {d» . Asr) ) 1= Aah [et) dALr=ala b
(i) If there exisl rmore qh.grw one sigen functoar aarresaeading to n givern elgen valoes, thaeen tha 4-1*0 a woliie is

called .
(o) doganersie B Noir- Jdagonsraias (rt) atlmcrellm
) Tilve walis of o particin o 8 bos are subposed to be 1
{m) Sermal puy infisitely haca i) tnfinnety largo but soft () Saft and S«aall (ed) lvTiniiesly hard and

* infimseciy Tergs

BrvesneeTy

Gl 1T retatian (m_ | A__| ) win give
oy reures e B) Soucre rRtrie ) lden ity fmatris o) ity o

=i} The aero-paint ensrgy Tor simele harmonic oncillatar i) .
o . g

(m) O S (1) 1. 5P e) O
{mwili} Thae letensity of the diffraction pettern is praportionnl (o _ of the wwawe Tunclian:

(@) Torth powes (b)) Cultss e} Saire (Il o
(=iw} Sy mirmetric wave funation has cooceooee

(o) fver ourity lie) D ada Doty [B) Mimesdt arity (o) Fonn of these

(=m} Arvy Tveo aigan Tuncilons botonging Tt unegunl elgien values af > scif adjaint operator are

(=) Morn orthosonae! () oaraliar <) r.“_"uwn;unal [el) temmmirnaery

Courne Code: PHY -S04 PAaxiimuin PMacks: | OO0
Course Title: Quantum DMealuwwios I Cr. Hr.: 3(3-0)
Subjective Marka: RO Timoa Allowaead: O2:30 hours

e T D — P

«@Q-2. fam) Definog Hermiitiam apoarator and wirite three cond Ithians for BNy ORDCrator To e
- Hermitilan apesratar, Alao, show that If arny oRperatar cOMIMuUtes with fthe gomvormior of ihe
nfinitasi el Lltory Transforrmation, remmalas o Pimmge ol
() Show that the eigern valur of any, rmitiamn operator is real {10+ 10=200)

o o o

1 (2] o -

(+] ,.‘l o Then prove, by using wiris
<«

Ja
o

B) 7 the positan operstor is % —)-_"
e
o
thoorerm that anargy of the 3°° state of the auanturm harmonic oscillator is % Frave

v batwaan Inside am IRMiNTe SO WUEre DGTENTIaT

b) Congider » particle of Mmess m moving fr
(LO+ 2O=20)

walt Of wideh wo” Shesww et (o, |77 pr,, ) = D2,

(&) Define expectation values, CGive classical and quontum descriplions and sliow
hat expectation values of an observable cnan be obtmined by adding nll perrminsiile
wigamnvalues smualtiplilod by the corvespondlng probatsility .

(=) Canasider two ostnte vectorm |[w) = 3/, ) — 7/ ey ) mndjr) = —len) + Zijer, ). whare

[em ) anct |e,) are orthonormnl sets -

. Bhow that (u | r)is egual to the complex conjugate of ((a|w)) .
ii. Show that |y} and | ) obey Schwarz Ineqguality. {10+ 10=20)

Q5. (a) Obain the energy expression of a porticie In a potential regicon.
(b)) Analytically and graphically show how o particle with energy less than bearries will

transmit throwuh Barrier (20+10=20)
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UNIVERSITY OF THE PUNJAB PAST PAPERS

3 UNIVERSITY OF THE PUNJAB

B.S. 4 Years Program / Third Semester — Fall 2022
Paper: Quantum Physics Course Code: PHYS-2001 Time: 3 Hrs. Ma

THE ANSWERS MUST BE ATTEMPTED ON THE ANSWER SHEET PROVID|

Q.1. Answer the following short questions: (15x2=
fm&omm&mhhumdnw.
2-Find the energy of a 700 nm photan.

a‘/mmmuwuux-mcub.hunmz X-rays
with & minimum wavelength of 30pm.

&memmmﬂ_hﬁu(woﬁhﬂmm—
Find the smallest angle of Bragg scattering for 0.030mm X-rays.

ﬁmh&:?nqqumxmm-h_mmuuhn.n

&vamwu-hdumummm.umwm.
Each particle had a kinetic energy of 1.00MeV. Find the wavelength of
resulting photons.

{M&&MWdul.&n‘mduﬂmwm
wind at a speed of 20m /s.

l‘“ﬁtuhm&gnﬂnhh&vmww
does increasing the electron energy have?

lvkmlnnm-dhn::udbuh-mwdm‘thiuﬂrn
excited state. What is width of the bax?

I«Wh;hlhmwmhthﬂnd-unhdmd

ll“-ﬁ.&hmﬂ.th*:mhhmm How can such an
clectron have a negative amount of energy?

“
12 Abundl&&Vmumemhydm What
series of wavelength will be emitted?

IJ?U“MMW.UWL.hquﬂlnLT
14" The asimuthal wave function of hydrogen atom ia
F (¢) = Ae*™*

Integrate |F[* over all values from 0 — 2w and obtaln the valus of normal-
mation constant A

15, %hmmmdtbwd:unmm.pmimotwmbhwh
by spin-orbit coupling?

Q.2. Answer the following questions. (3x10=30)

1. Electrons with energios of 1.0eV and 2.00V are incident on a barrier 10 DeV
high and 0.50nm wide Find their respective transmission probabilitics

are the tranemision probabilities be effected If we double the width

&
¥

I
i

e
i

i
f
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DEpPARTMENT Of PHYSIC

IS (M & E) & BS-VII (M & E) Quantum Mechanics-1I (PHYS 6102) : Session: 2014-16 & 2012-201
inal Exam Time: 2.5 hour Total Marks: 50

—
%D

/

L

{ NOTE: Allempt dii tise iluﬁbL;uu.'J.J

Q. 1: Solve the hydrogen atom by considering the spherically symmetric potential V(r)
and find out the ground state energy of the hydrogen atom
E. = -m.e*/2h’ (15)

/\
./Q 2: (a) By applying the Degenerate perturbation theory, prove that the energy
eigenstates are degenerate. (8)
(b) Define and explain the variational method and apply it to estimate the ground
state energy of the one-dimensional Harmonic Oscillator. ;) (7)

0,
))Q/B In the light of, Time-Dependent Perturbation theory, find the transition probability
for a constant perturbation and transition into a continuum of final state. (10)

%@\ 4. (a) Describe the exchange degeneracy in detail for identical particles and wave-

functions of 2 identical particles. 7)

(':}}(b) Erom the non-degenerate perturbation theory, find the first order correction Eg)

energy.

QUANTUM MECHANICS Quanta Publisher




UNIVERSITY OF THE PUNJAB

PAST PAPERS

PAPER: Quantum Mechanics-11

UNIVERSITY OF THE PUNJAB .

~

Sixth Semester - 2018 N 721, CR—

- P ~
~
~
-
-

TIME ALLOWED: 15 Mints.

Course Code: PHY-309 Part — I (Compulso MAX. MARKS: 10

A t t Paper on this S o
t Mark. Th will be coll

Q1: Choose (ensirc'e) Lthe best possible answer from the grven (ap@=qm)

The operators which coanect the Hilbers snace

a) Creation opcrator

b) Amnihilaticn operator
c) Moinealum opcralor
d) Botha &L

ldentify, which is an approximation method?

a} Time dependent perturbation theory
b) Time independent penturbation theory
€} Variational techaique

d) Al

a}
b
4]
dy
Spin

2)
b)
c)
™

above

The diagonal matrix ol operator $, is oblained after diagonaliztion is

RS

2 \] o/
0 -

: G 9)

1]

s £1

z o 1/
1 1]

i (01 o)

angular momentum is quantirzed by _ quantum numbers?

6

Idemify fermion particie

aj
b)
£}
d)
The
a)
b)

<)
d)

Phowon

graviton
P mesor
Neutron

particles composed of two or more identical elementary particles ure

Quarks

Compasite particles
Photons

Gravitons

For anti-symmetric wave function the value of permutation operator is:

a)
b)
c)
d3

-1

+1
aorb
Zero

Condition for the validity of WK approximation is:

a)
b

<)
d)

dd <« dx

— << 1
dx
None uf above

Botha &b

The Letal no of collisions over the duration ol scatiering experiment is proportional 1o

a)
b)
)
d)

No of particles in incident beam
No of target particles per unit arca
Botha& b

All of above

The *Frame® in which both colliding particles has equal and opposite velocity is called

a)
b)
)

<)

Centre of mass Frame
Inertial Frame

Lab Frame
Nan-inertial Fiame

~
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UNIVERSITY OF THE PUNJAB

SkthSemester-ZOls oocoooooooooooooo.o--cnn:

Examination: B.S. 4 Years Programme . I
Examination: B.S, 4 Years Programme T

O

PAPER: Quantum Mechanics-II TIME ALLOWED: 2 Hrs. & 45 Mints
Course Code: PHY-309 Part-11 MAX. MARKS: 50

Attempt this Paper on Separate Answer Sheet provided.

Q.2 Give short answers 1o the following questions. (4x5=20)

i.  Prove that [FI, Pij]=0, interpret your results.
. Defines Iater determinant? Write it for N-particle system
ili.  Define ‘Exchange Symmetry’ and ‘Exchange Degencracy’
iv.  What is the Solid angle? Write its physical inlerprclation i scatiering
reference.
What is boson-[:instein.condensation? Give one cxamplu

Q3 Write Detail Description of Time-independent perturbation theory up 1o first order
Correction, (10)
Q4 Explain the theory of scattering? write a note on potential scattering. {10)
Qs Briefly describe (5+5)
a) Born Approximation

b) Check validity of WKB method.
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EMERSON UNIVERSITY

EMERSON UNIVERSITY MULTAN

Midterm examination

B.S. Physics 6" semester
or code. PHYS-304
Paper. Quantum Mechanics-11P Paper code, PH

] kss 30
Time. | our & 30 min. Total marks

EJ#;J.'H”.-L {

y 1] i
: : . T Vo neer wave equation o V)
fa) Showthar H | W = F | ¥ = s cauervirdent o Schrodinger eif

3 : ’ searprgberrafer R ¢ et inifenrd perii
(b) Write the extracted results obtained due to desenerate time ind. pendent |
Hreory,

westion. 2

i il ar
fa) Use WKB approximation to calculate cnergy levels of states of an electron that o
hounded to Ze puclens.

(Y Use WKB method 1o estimare energy levels of on

e iimensional harmioni
Question. 3

'f.‘nj' Usine variational methaod (o estimate the
if/ll Suppose we are fnoking for sroumnd state

trergy of efectri
Ly

a= :
- ad(x)

ground state enes ey oo Mrvils

im dxt

Using variational principle where star, Ve'e

Ouestion o

() Find the grinend state energy of one dimensional fraty
variational principle whose stage
(0) Write the rotal energy and total ywave function tp

degenerate pe

menic oscillat.
VeCTor iy ofyen iy Y Ae*
o l, to second orde; e to time

Sy i . ’ : N
L ependeny Frenne rifer frar!.'m: ﬂ'h'.r.l'1 :

Ouestion. s
‘—u—'_l.-.._.

(@) Explain the
(b} Explain the

time dependent per

turbation
tmspiration s i

Eary in iletailed
letaifed b

hind WK R approximation.
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GOVERNMENT COLLEGE UNLVERSITY FAISALADBAD
Government AfMillated Colleges

Final-Term Fxamination Fall 2019 (Subjectlive)

-

"FULL.NAME

——

| Roll No

_Sebjeet | PIIY-601 Quantum M
l Total Marks ' ¥ e

Class | BS{Physics) T Semester

33

Frae

A posralionn 2

_’_h._“ 1 Hqu’r‘ und 45 Minules -

(6+3)

ta) Defimeandt claborate tmrry'panitle! system? Describe how symmetric snd nnli-symmetric wave

M bons ave Jeterming.

i Express operior N for harmennic oscillalor in matrix fonn.

www.talentstareducation.com

" ¥
tm Dhisguss determinantal wave Tunction of many clectmnpssystemn

(6+2+1)

Chiewiion: 3 "

thy  Deline kinclic energy operator?
1) DifTerontiate between Symmetric and Antisyminetric spin elpen unction?
 Weestiogd (6+2)

a1 Fxplein timedependent perturbation thewry aml eoleulate first order tronsition probability.

M Uvnlume | %, S usiing molrices.
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EMERSON UNIVERSITY PAST PAPERS

GC UNIVERSITY, FAISALABAD

Final Semester Examination MSe 3
Course: Quantum Mechanies-1l

!
Time: 2 hrs

Total Marts = 80

Name:......ov..
P Fl:fﬁl'e-: Fel 3,31-22

Code: py- i) S 11 YT ST
Subjective
Note Solve all nuestions, and each question carries equal nearks,

Q-2 Describie the tme Independent Nondegenerate Perturbation Theory and prove that

The cxact Figen function [0+, of [T vith its first order correction is
' {.;,;:"’ﬂ Jrm :
l"’ll) = "an} + Xm!n rrl _Fu l"!l::
o -ER,
is the energy eipenvalue of the cquilibrium Hamiltonian, |7/

Nute: Where, EIEIJ

/) is the state vector
corresponding to equilibrium state and ﬂ,, is the perturbed part of the exact Hamiltonian /7 of
the system,

9
- | O
() Describie the validity of WKB ;q:‘jwuximeninn b

(b) Describe the quantization rule for the potential wells with two rigid walls by using WKB
method

Q3

{c)Use the WEB approximation Lo calculate the energy levels of a spineless particle of mass m
—.moving in a one-dimensional box with wallsatx = Oandx = L. (5+6+5)
U aedibe i detal -

A the First Bomn Appl‘nmma“cn/ )

. Faldity of the First Bon AFDTOX;IIT'I ation

(8+8)
‘i b L | B
Q5. {a) Find

L]

v i \{' * p; c i l i :

| ",].r" t{ugerwalue; and eigenvectqrs of the sp.n operator S of an electron in the direction of a unit I‘

vertar b lying in the xz Plane, :

(b) Find the probability of measuring §, = ' -
L ] -

Whereas the

l ';{;“‘I operators in matrix form are ["H(.'n as ]
S=s (Y 1), -gh-iy tgt(l *t 1244
: ) (! ”)' -"\' = -2- (i 0 )' o 2 (U _ |) ( }

e

[2) Deseribe the reason that why the total ene2y of a system of identical noninteracting

‘< . " { & .
Particle is given by a sum of the single partic® enesgies (["n,,n;_ o ir.-: éni) like 3
“Wstem of non-interactin distinguishable paritles. Whereas the wave functions can no
DnRerbe piven by simple product oi orbitals |
W) SLow that the 1 ace of on meator dogt MOt depend on the basis in which it is expressed.
1) Defing the quantum Tunneling Phengpenon {448+4)
o |
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@ Govt. College UNIVERSITY, FAISALABAD | =~
: @,  External Semester Examinations Fall-2022-2023

Programme: BS Physics
Part: Objective
OLrSe e L]

Semestar; 71

aritie ° HE Y -5

me lﬂawcld: 30 Minutes

@-1:- Tick the correct answer from the given cholces:
i) Orthonormality condition of the discrete, complete and orthonormal basis(1é, )] & given a3
) Emalb il =1 () [3dal =0 (c) ($aldhe) =1 B(d) (Bulén) = Sum
)  According to matrix representation ) and (¥| are ————of each other
(a) Opposite  (b) Complex conjugate (1) Hermitlan Adjoint  (d] Always transpose
i) H-mmwkmﬁrmﬂudmmllmhmmll@hmmnﬂh#
o 7w ] J;‘E IR/ e U ()

W)  Thediagonal elements of ajHermitian Matrix are.... ;
(a) Complex (b} Pure imaginary (c) Both real and Imaginary [%lllll
) Which of the approximatio methods is caled Semi-classical?
(a) Perturbation £b) WKB () Variational Method  (d) bothband.c
vi) Which of the given hmr{}
(a) Alfa particie {b] Photon {c; Meutron (d) Pion
wil mlemwmmmmvm.ﬂ.hmm. -
, {a) Increase (b} confirm (c) apply (o, reduce
vili)  Operators corresponding to different particles.....
{a) Aredegenerate (b) are not degenerate (¢} Commute ,:;I]dunulmuu
Ix) nmmﬂ-mnm:mmmmdep‘mm_
(a) Changed (6] Confirmed {c) Normalized (' Mot changed
i) The wave-function assoclated with a particle having spin h/2 Is .
{0 Anti-symmetric (b) Symmetric e} Asymmetric {d) Antl-asymmetric

x)  The wave function ted with photon Is...
{(a) Asymmetric m-n-trk %) anti-symmietric {d) antl-asymmetric

xii)  Operators corresponding to different particles.....
{a) Commute (b} Are degenerate  (c) are not degenerate !_l!]ﬁnnﬂnmmt
xiil)  Which of the given products is physically nonsense -
® @ (WA (b) %)) (e) Av) o D10 (¥
xiv)  The uncertalniy principle is applicable only on
(a) Bosons () identical particles '.<) Quantum particles {d) fermions
xv) According to Paull Exclusion Principle, every-quantum state can be occupled by at most....
[a) Two fermions (b} two bosons c) one fermion (d) one bosen
wvl)  The wiB method ls appl on the quantum-mechanical problems involving...potential.
{a) Fastly varying  (b] co 1 (¢} ume-dependent ] slowly varying
Thie particles has'ng spin as § = 0, 1h, Zh, 3 . are called....
{a) Fermions (b) bosons (c) gravitons (d) quantum particles
An Operator matrix written in ity own discrete, complete and orthonormal eigen-state basis ls...
[ 5quare matrix matrix {c) Adjoint of square Matrix  (d) Identity Matrix
xix)  Energy of nth Elgen state of a quantum particle of mass m maving In a one dimensional Infinite patential
well of width d Is 0. .siss b
.I - ']
) (04) e b fd @ o =
xx) . The total wave function of the system of distinguishable non-interacting particles ls...
{a) Product of arbitals (1) Sum of the arbitals
(<) Difference of orbitals (d) 2 ( Sum of the orbitals)
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