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CS 2022 - Introduction to Database Management Systems

all questions

play a critical role in modern cornputing-and information management.

Define clearly the term Database Management System (DBMS) and'explain

nrodern irrfornration systenm.

Discuss the advantages of using a DBN4S over traditional

t

file-based systems using

NI anip ulati, o n L an q ua g e

[20 marks]

its role in

[15 rnarks]

three valid

115 markslpoints.

) Compare and contrast Data Defini,ti,on Language (DDL) and Data

(DML). Provide examples of each.

) Define tlre terrn Duta Motlel and explairr its role irr representirrg data in a datalfi#f,-

(e) Explain the concepts of normalisatian, emphasising the

in database design.

[15 marks]

goals and benefits of normalisation

[10 marks]

(f) Consider the foliowing three Functional Dependencies (FDs):

Employee -+ Department

Employcc -+ Managcr

Department -+ Manager

i. Oneof thethreeFDsabove isatrans'i,tiueFD. WhichisthetransitiveFDandwhatis

meant by the term transitiae? i10 marks]

ii. Explain why does Third Normal Form disallow relation schemas which have transitive

FDs. [05 marks]

iii. Given the above tlrree FDs over the set of attributes Enrployee, Departrnerrt, Manager,

produce a Third Normal Form design. t10 marks]



2. An Entity Relationship (ER) model describes a database in an abstract way, primarilv inl

of entities, relationships and attributes.

(a) Define each of the followirrg with suitable exarnples:

i. Primary Key;

ii. Composite Attribute;

', :'iii. Strong Entity;

iv. Una,ry Relationship. [40 m

I

(b) Consider the following scenario:

The Library Management System database keeps track of readers with the foll.owing con

. The systcm kceps track of thc stafl with a single point authentication system compr

login Id and password.

. Staff maintains the book catalog with its iSBN, Book title, ptice, category(r

general, story), edition, author number arrd details.

. A publisher has publisher_Id, year when the book was published, and name o

book.

. Readers are registered with their user id, email, name (first name, Iast name),1

no (multiple entries allowed), communication address. The staff keeps track of rel

. Readers can return/reserve books that stamps with issue date and return date. I

returned within the prescribed tirne period, it rnay have a due date too.

. Staff also generate reports that has readers-id, registration number of reporl,

number and rcturn/issue information.

I)raw an ER diagram for the data set described above. The ER diagram shoul

contain redundant cntity sets, relationships, or attributcs. Also, usc relationships whe

appropriate, If you need to make any assurnptions, include them in your answer.

[60 n



(d) If L*,L, and r11 are given by L*= fh(sin O**cot8cos@ *),i,u=
th(*cos@ fr+cot|sin@#) ""4 

y] =-#sing stl,determineyr0.

You may assume the commutator relations,

[40 marks]

(i) [[",[uJ = itlL",pu,l,l = iht.^,[i",C,.J - ihly

(ii) [il', L*] = [[', to] = [it, l"] ='0, 
r

(iii) [t*,[-l * zrLL,

(irr) p,,[*J = +fri*

(r) [1,, lt] = o .

3. Two parficles of equal masses with coordinates x, and x2moves in one

dimension under the influence of an external potential Vr = jmaxt

and they have a mutual interaction potenti alV2 - 1mp(x t - xr)z

(u) Write down the stationary Schrodinger equation. [20 marks]

(b) By changing these * = i(x, *x2) and y = (xr -x) and assuming

that the two-particle wavefunction S(xr, x2) may be written in the

form U(X)V(Y), show that Schrodinger equation separates into two.

[50 marks]

(.) Hence obtain the energy eigenvalues of the particles.

[10 marks]
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I

i

(d)WhatconditionsmustbesatisfiedbyU(X)andV(Y)ifthe

ate;

(i) Bosons

(ii) Fermions

You may assume that the energy eigenvalues

harmonic oscillator with angular frequency o)

(" * )O*,where n is a positive integer'

infinite well

are given bY En

4. (a) obtain an expression for the first order colrection to the

[20 marks

of a linear sim

[45 mar

va

[05

with unpertur
energy eigenvalue E(o) of a quantum system with unpertur

Hamiltonian H0 and subjected to a time-independent perturbation

You may take the unperturbed wave function as n0'

(b) A particle of mass //t moves in a one-dimensional

the potential V (r) defined as follows:

V (') = 0' if 0 S x S a

= m, otherwise'

suppose a perturbation is introduced to this particle by

I

constant potential Vo inside the well' then

energies of(t find the first-order correction to the allowed

' ' ' particle in the Potential well;

(ii) comment on Your result'



(.) Suppose a delta-function shape perturbation represented by H' -
a 6(x - i) ut * = * is introduced inside the inJinite potential well,t2'2

where o is a constant, then

(i) find the first-order correction to the allowed energies;

[20 maiks]"

(ii) expiain why energies are not perturbed for even t?.

You may find the following informurion useful:l

The eigenfunctions of a particle of mass m confined

dimensional potential well defined by

v (*) = o't:o:,..i**,,.

[10 marks]

to a one-

*n?!q,

n = 1,2,3, ...,

The corresponding eigenvalues are E, - ffir'

5. (u) Explain what you understand by 'fine structure' and 'hyperfine

structure' in atomic spectra. t20 marksl

(b) (4 Stating the selection rules, indicate in an energy level diagram

with fine structure levels the spectral transitions that form the

main line of the Balmer series (transitions in which the final level

is the n = 2level) of hydrogen-like spectra. Assign appropriate

[30 marks]

are given by U*(x) : #sinJ! ,

quantum numbers to the energy levels.
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(ii) What is the maximum number of fine structure components of tl

main line of the Balmer series that could be observed i{ a

instrument of sufficiently high resolving power is available?

[05 marks]

(iii) What rnust be the resolving power of a spectroscopic instrumel

capable of resolving the traro fine structure componenl

corresponding to the transitions 3dsp + ZPslz utd 3dsft'

Zpt/, when the atom is

(A) Hydrogen

(B) He* ion?

[35 markr

' [10 markr

You may find the following information useful:

The fine structure correction to the energy of the nth level of an H-lik

atom is given by,

LE,, . ^- - -azz:;nw {/+ - +), rvhere symbols have their usul
t,;,J,m; nr \j*; 47r f

meaning.

The fine structure constant * :- .
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