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Paper 4 of 15 — PHY 311 - 2016/2017 - First Semester - Quantum
Mechanics
Level 300 • First Semester • PastQuestion

Qe

| FEDERAL UNIVERS?1'Y OF PETROLEUM RESOURSES
; EFFUKUN, NIGERIA

COLLEGE OF SCIENCE

H DEPARTMENT OF PHYSICS
1 FIRST SEMESTER EXAMINATION
: Academic Session: 2016/2017 -

Course Code: PHY 311

Course Title: Quantum Mechanics

Course Unit: < le F
1 Time Allowed: 3 Hrs

=at- Instruction;7 Answer any Four Questions

Q) ) Explain the Heisenberg uncertainty relation and Fourier decomposition

) If |y(x)f deis the probability to find the particle within x, x+dxJ, obtain the
i relation for the uncertainty in the particles position and the uncertainty in the
| | + Momentum if the probability density for the momentum js 6 (xP

i (©) Prove that for any fanctiony (x) , we have the inequality Axdk>
| @ What does Compton scattering show

3 (2) {@) Enumerate the five rules on iow photon sattering changes the electron's wave
(b) Explain the following

| i (1) Thompson model

j (2) Rutherford scattering
. (3) Franck- Hertz experiment

i; (4) The Bohr atoms
| arn Roa

(b) List 3 postulates of quantum mechanics “

. (c) Show the continuity equation classically. Hence show that the wave function is
normalized.

(@) Write out the operators for the following physical quantitites (1) KE (2) Total
energy (3) momentum (4) potential energy (4) <p> (5) Velocity <¥>
@}Gy Obtain the lowest energy for a particle in an infinitely deep rectangular wel,
where 0<x<a .
Eis 15 joules and E; is 27 joules, what is the width of the well.
tiie teeter meer oe
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} (@)List five axioms that defines a vector space

j | (S) For @ simple Harmonic oscillator, show that the ground state energy is B =™*@2N+1)

‘ (O)pf2f List and explain the three pictures of quantum mechanics
| <W) Solve the Schrodinger wave equation for a hydrogen atom in a spherical coordinate.

rd WWwow.eupreleleg - com
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Paper 7 of 15 — Phy 311 Exam PQ and Ans
Level 300 • First Semester • PastQuestion
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Paper 8 of 15 — Phy 311 Test Qst and Ans
Level 300 • First Semester • PastQuestion

FURUN

FEDERAL UNIVERSITY OF PETROLEUM RESOURCES, EF

COLLEGE OF SCIENCE
DEPARTMENT OF PHYSICS >
SECOND SEMESTER EXAMINATION. ‘

Course Code: PHY 311
Course Title: Quantum Mechanics

Course Unit: 3 Units
Session: 2019/2020
Time Allowed: 45 Minutes Date: 04-02-2021

Instruction: Answer al
e and in linear algebra. (3 m

fe 1. (a) Define an operator of quantum theory in the Hilbert spact
\ atrix. (3 marks)

arks)

(b) Write a short note on Hermitian operator and Hermitian Mm
| Write a short note on expectation values. (4 marks) 2
(3) Yr@) = § sin ma 0 <x <L findth x) (6 marks) 4
Normalize the wavefunction
< a/3(4 marks)

ue(c)
e average value of (Px.

= Ax(a-%) considering the conditions << = ee

ve (b)
gand0 <¥*

2 oo - . A i! ;
Ete Qos eros

Plonecten, ry

ih

x A Sk. Se
bien
S\ = a
ee
Saas
\e = — Se Sess > Ane
4 aN
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Paper 10 of 15 — Phy 311 Test PQ
Level 300 • First Semester • PastQuestion

FEDERAL UNIVERSITY OF PETROLEUM RESOURCES, EFFURUN
COLLEGE OF SCIENCE
DEPARTMENT OF PHYSICS
SECOND SEMESTER EXAMINATION.

Course Code: PHY 311
Course Title: Quantum Mechanics

Course Unit: 3 Units

Session: 2019/2020

Time Allowed: 45 Minutes Date: 04-02-2024
Instruction: Answer all questions

ear algebra. (3 marks)

he Hilbert space and in lin

ae 1. (a) Define an operator of quantum theory in tl
(b) Write a short note on Hermitian operator and Hermitian matrix. (3 marks)
<eh
lues. (4 marks) Cc
Os

u(c) Write a short note on expectation va
x) (6 marks) @

oe 2. (a) For W,() = a sin eG m0 x F find the averag!
ve (b) Normalize the wavefunction p = AX (a- x) considering the ¢

qand0 < *¥ < a/3 (4marks)

e value of (Px.

onditions 0 < * <
uw
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Paper 11 of 15 — PHY 311 2016 2017
Level 300 • First Semester • PastQuestion

This source paper is a scanned document; its pages are reproduced below.
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Paper 12 of 15 — PHY 311 2017 2018
Level 300 • First Semester • PastQuestion

FEDERAL UNIVERSITY OF PETROLEUM RESOURSES |
EFFURUN, NIGERIA |
COLLEGE OF SCIENCE :
DEPARTMENT OF PHYSICS |
FIRST SEMESTER EXAMINATION |

Academic Session: 2017/2018

Course Code: PHY 317 |
Course Title: Quantum Mechanics ee |
Course Unit: 3 LWW. pupreblag Con
Time Allowed: 2hrs 30mins
Instruction: Answer any Four Questions

la)

1b)

1c)
1d)
2)

4

3a)

i)
ii)

3b)

a

36)"

oe

Obtain the Schrodinger wave equation for a charged particle in an electromagnetic ee
characterized by the vector potential A and the scalar potential ¢ whose clas

sical
Hamiltonian is given by
Dale a |
H=—(P-gA) +9¢ |
2m |
The Hamiltonian of an electron situated in a magnetic field of induction & = (0, 0, B), is
given by H = DRS Obtain the equation of motion for (S,.),(5', and(S_) and comment on
m : |

your results.
Show that [Lx, Ly] = 74 L, CF



PHY 311  |  FUPRE Renanced

by Renance
renance.app  •  Download Renance on Google Play

30

If the energy difference in an infinitely deep potential well is Zp = 5J and E;=1 ree

the width of the potential well.

For a particle scattered from a potential step, obtain the relations for the reflection, and
transmission coefficients when E > 0 |

A’particle moving along thé x-axis within the limits (0, a) is describes by the wavefungtion

‘yw = Sin — i
Determine the normalizing factor and mean position of the particle.
Determine the uncertainty Ax in the position of the particle. |

A particle trapped in a region may be described by the wavefunction y = Ax(a- x)
within the interval; O< x <a@=0 > Where A is

the normalizing factor. Determine A| and

the probability of finding the particle within the interval Chis
2

e
Show that. ¥ = [ wwf, | Satisfies the Schrodinger wave equation with H = wS - |
: eh) :

» 5 |
List and describe the three (3) pictures of quantum mechanics. _,

4b)

4c)

4d)

5a)
i)
ii)
5b)
D
ii)
iii)
_5e)
6a)
a

i)

ii) ©

6b)

6c)

5 |
For y, (x)= f2s0(22)} with O0<x < L, find the average value of P.-X. That is (P, - x)

Ya
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Evaluate (w/H'/y) for a simple harmonic oscillator, where y -(=) ‘exp 2)
7a 2h

and H' =ve*™

A system is in a state described by the wave function y=

= exp- Ve Ken A Determine
nit =

the probability that a measurement of its energy will give a result corresponding to the

YY,
energy Eigenfunction , = As oxp(-f.x?a" ; |
74
a

A particle confined to a cubical box of volume V is found to be in a state given by the
wavefunction |v} = Axyz

Obtain the normalizing constant.

Determine the probability of finding the particle in the ground state of the box.

For a particle scattered from a potential step at E> V, find the percentage transmission and
réflection if

E = 6eV, V=2eV
E=3.24eV, V=2eV

Determine x = yy for T= 75% Ww uobo- pupre ble

Lr

yy « CBM
d

Normalize the wavefunction lwy=| -3
243i

The transmission coefficient in the scattering from a potential barrier is given as

=i
V Sink? 2m
Si OE | core ==" (-V)
AE(E-V) ole) ;
If the width of the potential barrier is a = 0.280nm, the energy and potential are j5eV
and /2eV respectively, determine T

If the energy and potential are /4eV and ]6eV respectively for a reflection coefficient
of R = 90%, find k and a

1 13 -) A \
1 i
2W2 ==) 7-1

A=|—WE 0 18 |pyqe |?
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: | NO | 2
1) 0
Determine the expectation value of A in each of the state y, and y,.
Determine the average of x’ for a simple harmonic oscillator which is in a state define by

the wavefunction y/ is @

2

i 3 1 )

“3? $
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Paper 13 of 15 — PHY 311 2015 2016
Level 300 • First Semester • PastQuestion

by a
cA

ee

ae

co

prebleg.c Cowie - ay

; Zea ; LOUD « Fa s a

— UNIVERSITY OF PETROLEUM RESOURSES
- EFFURUN, NIGERIA.

COLLEGE OF SCIENCE
DEPARTMENT OF PHYSICS
FIRST SEMESTER EXAMINATION 2015/2016 ACADEMIC SESSION
COURSE CODE: PHY 311 TIME ALLOWED: 2:30 Hrs

COURSE TITLE: QUANTUM MECHANICS I COURSE UNIT: 3
INSTRUCTION: ANSWER ANY FOUR QUESTIONS

la.
} i.

2a.

(b)

Say

jw

aS

Fi 4af
4b.

23-

¥ Sb.

Ses

1)

List five characteristics of a wavefunction
For 2 particle in the state given by u = Ax’, 0 < x < a, determine the normalization
constant A and the probability that the measurement will yield an eigenvalue

corresponding to the normalized eigenfunction, y= 2 sin

a -A~—— ~
What is the De Broglie wavelength of an electron whose kinetic enérgy is 100ev ha
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6.626.x 10 Js, me = 9.109 x 10°*Kg). ‘, caval

Using the uncertainty principle, estimate the ground state energy of an electron in the
hydrogen atom ?
Obtain the general solution for a patticle i in an infinitely deep potential well.

Prove that [2 Bs [= 2 aati i i Je

Explain; poe ee ed
1, The correspondence principle

2. The Heisenberg uncertainty principle
3. The complementarity principle

Using the time dependent Schrodinger wave equation, show that y(7,)=¢(7)e." | -
_iét
If w(7,t)=¢(F)e * prove that it satisfies the mass conservation equation

A system is in a state described by the wave function pa om(-jo*.
ei

Detemiine the probability that a measurement of its energy will give a_result

22

: a? 1
corresponding to the energy eigenfunction ¢, = a Ze0(—te x } =

2
An-electron situated in a magnetic field of induction B= (9, 0, B) have a Hamiltonian

“given by H = 8.5. Obtain the equation of motion for (.),(S,)and(S.)

m

List and describe aoe the three pictures of nae mechanics.
Given that A=(P-iAx)—= ¥ and At = =(Psiaj i where 2,7 are constants and all

other quantities have their usual meaning. vase y iu terms “of Aso. that
[44']=1

Evaluate (w|H|y:) where y= Se =(-2e] and H'=ve?* i =e
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Paper 14 of 15 — PHY 311 2017 2018 TEST
Level 300 • First Semester • PastQuestion
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Paper 15 of 15 — PHY 311 2012 2013 QUANTUM MECHANICS 1
Level 300 • First Semester • PastQuestion

a ; Uo vdeo. pupreblag: Corn seks oN

FEDERAL UNIVERSITY OF PETROLEUM RESOURSES.
EFFURUN, NIGERIA e ee

A J Hates%e)

lei ee

won vere MGs tay. p

: wee
COLLEGE OF SCIENCE

DEPARTMENT OF PAYSICS
FIRST SEMESTER EXAMINATION » 2012/2913 ACADEMIC SESSION
COURSE CODE: PHY 311 TYME ALLOWED: 3 LIRS

COURSE TITLE: QUANTUM MECHANICSI. CURSE UNIT: 3 Y
INSTRUCTION: ANSWER ANY FOUR QUESTION? i if :

on Explain ;
an ve 2 Qe |. The correspondence principle
I< “ee 2. The Heisenberg uncertainty principle: ~

Ye ? 4 3. The complementarity principle

CE2b1S
©, _ What is the De Broglie wavelength of an electron wi,ose kire + energy is 100ev Ge a
: 4.626 x 10%" Js, Ce meena : iv

A ae ee ina rogion: auto ra - ty wave functioy

y = Ax(a—x) for0<x<a. a

Determine 4 and the probability of. finding the particle within theinter:al(. -'3). (se
N! 4

Starting from the time dependent Schrodinger wave equation, obtain the exact a
solution for a free particle. : 5
iE : ar

am. if wie O=¢9)e ” , prove that it satisfies the mass conservation equation V spat
5a. for a potential barrier of infinite-width, obtain the pened solution for scattering from |
lo a potential step of height Vo in the regions x<0 andia>0 8
Kee If y= = AVX cos =) in the region 0< x <b, Aiud the constant of sormAlizaton |
wa 2b a,
Ga. a ee ‘x an infinite potential well 0 <x <q is described bythe: sbavefantion 4
ae = 3x. Determine the = ‘obability that it is in the,third: excited) state,

.d*¢
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~©) Derive the retation +(a- ype 0 forthe one fimeasionsl sep rman esae a
dy i “is

; (asthe 4 de i


