Test Code: CS (Short answer type) 2010
M.Tech. in Computer Science

The candidates for M.Tech. in Computer Science will have to ta&ge tw
tests — Test MIIl (objective type) in the forenoon session antl 8s
(short answer type) in the afternoon session. The CS test bodkleavé
two groups as follows.

GROUP A

A test for all candidates in analytical ability and mathecsadit the B.Sc.
(pass) level, carrying 28 marks.

GROUP B

A test, divided into several sections, carrying equal marks of 72 in
mathematics, statistics, and physics at the B. Sc. (Hons.) kwvelin
computer science, and engineering and technology at the B.TechAlevel.
candidate has to answer questions fronly one of these sections
according to his/her choice.

The syllabi and sample questions for the CS test are given below.

Note: Not all questions in the sample set are of equal difficulty. They
may not carry equal marksin the test.

Syllabus
GROUP A

Elements of set theory. Permutations and combinations. Functions and
relations. Theory of equations. Inequalities.

Limits, continuity, sequences and series, differentiation and integra
with applications, maxima-minima, complex numbers and De Moivre’s
theorem.

Elementary Euclidean geometry and trigonometry.

Elementary number theory, divisibility, congruences, primality.
Determinants, matrices, solutions of linear equations, vector spiaees,
independence, dimension, rank and inverse.

Logical reasoning.



GROUP B

Mathematics
(B.Sc. Hons. level)

In addition to the syllabus for Mathematics in Group A, the syllabus
includes:

Calculus and real analysisreal numbers, basic properties; convergence
of sequences and series; limits, continuity, uniform continuity of
functions; differentiability of functions of one or more variables and
applications. Indefinite integral, fundamental theorem of Calculus,
Riemann integration, improper integrals, double and multiple integnals
applications. Sequences and series of functions, uniform convergence.
Linear algebra — vector spaces and linear transformationsicesatind
systems of linear equations, characteristic roots and chastcteectors,
Cayley-Hamilton theorem, canonical forms, quadratic forms.

Graph Theory — connectedness, trees, vertex coloring, planar graphs,
Eulerian graphs, Hamiltonian graphs, digraphs and tournaments.

Abstract algebra — groups, subgroups, cosets, Lagrange’s theoremaj no
subgroups and quotient groups; permutation groups; rings, subrings,
ideals, integral domains, fields, characteristics of a field,nqmwiyal rings,
unique factorization domains, field extensions, finite fields.

Differential equations — solutions of ordinary and partial diffeeénti
equations and applications.

Statistics
(B.Sc. Hons. level)

Notions of sample space and probability, combinatorial probability,

conditional probability, Bayes' theorem and independence, random
variable and expectation, moments, standard univariate discrete and
continuous distributions, sampling distribution of statistics based on

normal samples, central limit theorem, approximation of binomial to

normal. Poisson law, multinomial, bivariate normal and multivariate

normal distributions.



Descriptive statistical measures, product-moment correlatiotialpand
multiple correlation; regression (simple and multiple); elemgntaeory

and methods of estimation (unbiasedness, minimum variance, sufficiency,
maximum likelihood method, method of moments, least squares methods).
Tests of hypotheses (basic concepts and simple applications ofaNeym
Pearson Lemma). Confidence intervals. Tests of regression. ritemie
non-parametric inference. Contingency tables and Chi-square, ANOVA,
basic designs (CRD/RBD/LSD) and their analyses. Elementactdrial
designs. Conventional sampling techniques, ratio and regression methods
of estimation.

Physics
(B.Sc. Hons. level)

General properties of matter — elasticity, surface tension, viscosity.
Classical dynamics - Lagrangian and Hamiltonian formulation,
symmetries and conservation laws, motion in central field ofeforc
planetary motion, collision and scattering, mechanics of system of
particles, small oscillation and normal modes, wave motion, spheialy

of relativity.

Electrodynamics — electrostatics, magnetostatics, eleatypetic
induction, self and mutual inductance, capacitance, Maxwell’'s equation in
free space and linear isotropic media, boundary conditions of fields at
interfaces.

Nonrelativistic quantum mechanics — Planck’s law, photoelectrecgff
Compton effect, wave-particle duality, Heisenberg’s uncertainygipte,
guantum mechanics, Schrodinger’s equation, and some applications.
Thermodynamics and statistical Physics — laws of thermodgsaamd

their consequences, thermodynamic potentials and Maxwell’soredati
chemical potential, phase equilibrium, phase space, microstates and
macrostates, partition function free energy, classical and quantum
statistics.

Electronics — semiconductor physics, diode as a circuit elemgping,
clamping, rectification, Zener regulated power supply, transiasora
circuit element, CC CB CE configuration, transistor as acewi®R and
NOT gates feedback in amplifiers.

Operational Amplifier and its applications — inverting, noninverting
amplifiers, adder, integrator, differentiator, waveform generator
comparator and Schmidt trigger.

Digital integrated circuits — NAND, NOR gates as buildogcks, XOR
gates, combinational circuits, half and full adder.



Atomic and molecular physics — quantum states of an electron in an atom,
Hydrogen atom spectrum, electron spin, spin—orbit coupling, fine
structure, Zeeman effect, lasers.

Condensed matter physics — crystal classes, 2D and 3D latiogerocal
lattice, bonding, diffraction and structure factor, point defects and
dislocations, lattice vibration, free electron theory, electron anotn
periodic potential, energy bands in metals, insulators and semiconductors
Hall effect, thermoelectric power, electron transport in semicdodsjc
dielectrics, Claussius Mossotti equation, Piezo, pyro and ferro electricity.
Nuclear and particle physics — Basics of nuclear propenigsear forces,
nuclear structures, nuclear reactions, interaction of chargedieartand

e-m rays with matter, theoretical understanding of radioactivayle
particle physics at the elementary level.

Computer Science
(B.Tech. level)

Data structures - array, stack, queue, linked list, binary trem, #ev/L

tree, B-tree.

Programming languages - Fundamental concepts — abstract data types
procedure call and parameter passing, languages like C and C++.

Design and analysis of algorithms — Asymptotic notation, sorting,
selection, searching.

Computer organization and architecture - Number representation,
computer arithmetic, memory organization, 1/O organization,
microprogramming, pipelining, instruction level parallelism.

Operating systems - Memory management, processor management,
critical section problem, deadlocks, device management, file systems.
Formal languages and automata theory - Finite automata and regular
expressions, pushdown automata, context-free grammars, Turing
machines, elements of undecidability.

Principles of Compiler Construction - Lexical analyzer, pars@antax-
directed translation, intermediate code generation.

Database management systems - Relational model, relatilyedira
relational calculus, functional dependency, normalization (up to 3rd
normal form).

Computer networks - OSI, LAN technology - Bus/tree, Ring, StakCM
protocols; WAN technology - circuit switching, packet switchidgta
communications - data encoding, routing, flow control, error
detection/correction, Internetworking, TCP/IP networking including IPv4.



Switching Theory and Logic Design - Boolean algebra, minimization of
Boolean functions, combinational and sequential circuits — synthesis and
design.

Engineering and Technology
(B.Tech. level)

Moments of inertia, motion of a particle in two dimensions, ieifgt
friction, strength of materials, surface tension, viscosity and gravitation.
Laws of thermodynamics, and heat engines, optics.

Electrostatics, magnetostatics and electromagnetic induction.

Magnetic properties of matter - dia, para and ferromagnetism.

Laws of electrical circuits - RC, RL and RLC circuits, sw@ment of
current, voltage and resistance.

D.C. generators, D.C. motors, induction motors, alternators, transformers,
single phase machine.

p-njunction, bipolar & FET devices, transistor amplifier, oscillatou]tm
vibrator, operational amplifier.

Digital circuits - logic gates, multiplexer, de-multiplexegqunter, A/D
and D/A converters.

Boolean algebra, minimization of switching functions, combinational and
sequential circuits.

C Programming language.



Sample Questions
GROUPA

Mathematics

Al. Ifl, &, &,..., &1 are then roots of unity, find the value of
(1 -a]_) (1 -az)...(l -an_]_).

A2. Let
S ={(a, a,, a;, ,):a00,i= 1234 and a, +a, +a, +a, =0}

and
r={(a,a,a,a,):a00,i=1234and a -a, +a, - a, =0}.

Find a basis foSn T .
A3. Provide the inverse of the following matrix:
CO Cl CZ C3
C2 C3 C0 Cl
C; —C C —G
Ci =G C —C
1+43 3443 3-43 1-3
Where Co=— 7%= =——, C,=—F, and C;=——.
a2 T a2 T a2 a2

(Hint: What isC5 +¢Z + ¢ +¢5?)

A4. For any real numberand for any positive integershow that

[x]+{x+ﬂ+{x+ﬂ+-.-+{x+n7_l} = [nx]

where B] denotes the largest integer less than or equal to
A5. Letbgbg....bibg be the binary representation of an intdyere.,

a
b=>2'b, p=0o0r1,fof=0,1, ..4
j=0
Show thab is divisible by 3 if b, —b, +b, —...+(-1)%b, =0,
A6. A sequenceXy} is defined byx; = ﬁ Xne1= 42X, n=1,2, ...
Show that the sequence converges andténuinit.
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A7. Find the following limit:

. ( 1 1 1 j
lim + E S e———
el Jn2+1  n?+2 n® +n

A8. Find the total number of English words (allvafiich may not have
proper English meaning) of length 10, where alllegters in a word
are not distinct.

a a
A9. Letay + % +?2+ ----- + . :1 =0, whereg's are some real constants.

Prove that the equatica,+a;X +a,x* +...+a,X" =0 has at least one
solution in the interval (0O, 1).

A10. Let ¢fn) be the number of positive integers less thamd having no
common factor witm. For example, fon = 8, the numbers 1, 3,5, 7

have no common factors with 8, and heg(& = 4. Show that
0 ¢(p)=p-1,
(i) ¢(PA) = ¢(pP)¢(a), wherep andq are prime numbers.

All. LetT, be the number of strings of lengitformed by the characters
a, b andc that do not containc as a substring.

(a) Find the value of,.

(b) Prove thafl, > 2"*for n > 1.

Al2. Let f be a real-valued function such thigk+y) = f(x) + f(y)

Ux, yUR. Define a functionpby ¢x) = ¢ + f(x), x/7R, wherec is a
real constant. Show that for every positive intager

@'(X)=(c+ f(c)+ f2(c) +....+ £"H(c)) + f"(X);
where, for a real-valued functign g"(x) is defined by
9°() =0, g"(x) = g(x), g (x) = g(g" (%),
Al13. Consider a square grazing field with eadk sf length 8 metres.

There is a pillar at the centre of the field (aethe intersection of
the two diagonals). A cow is tied to the pillar ngsia rope of

length % meters. Find the area of the part of the field thatcow
is allowed to graze.



Al4.

Al5.

Al6.

Al7.

Let f: [0,1] = [-1,1] be such th&(0) = 0 andi(x) = SiNs for x > 0.

Is it possible to get three sequenceag {{ bn}, { c,} satisfying all

the three properties P1, P2 and P3 stated beloa®, ifrovide an
example sequence for each of the three sequendhsrwise,
prove that it is impossible to get three such seges

P1l:a,>0,b,>0,c,> 0, for alln.

p2:lima =0, limb, =0,limc, =0.

n-oo n— oo n - oo

P3: L'[Tl f(a,) =0, L'[Tl f(b,) = 05, L'[Tl f(c,)=1

Leta; & as.. a be the decimal representation of an integer
(a/f0,...,9} for i = 1,2,...,R. For example, ifa = 1031, then
a=1, a=0, az=3, a,=1. Show that is divisible by 11 if and only

if
2a-2.a

i odd i even

is divisible by 11.

Leta < b < ¢ < dbe four real numbers, such that all six pairwise
sums are distinct. The values of the smallest painwvise sums are
1, 2, 3, and 4 respectively. What are the possiblees ofd?
Justify your answer.

Consider the 5 10 matrixA as given below.

1 6 11 16 21 26 31 36 41
2 7 12 17 22 27 32 37 42
A= |3 8 13 18 23 28 33 38 43
4 9 14 19 24 29 34 39 44
510 15 20 25 30 35 40 45

O OVWmW~NO®

Let a set of ten distinct elemertig by, ..., Qo be chosen froniA
such that exactly two elements are chosen from eashand
exactly one from each column. Show that+ b, + ... + byg is
always equal to 255.



GROUP B

Mathematics
X,+3
M1. LetO <x;<1.IfXn1 = 3Xn+1' n=12,3, ...
_ 5x,+3
(i) Show thatx,+» = ﬁ n=12,3, ...

(i) Hence or otherwise, show tr M X; exists.
(i) Find M X,

M2. (a) A functionf is defined over the real line as follows:
£(x) = xsinZ, x>0
0, x=0.
Show the f'(X) vanishes at infinitely many points in (0,1).

(b) Let f:[01] -~ O be a continuous function wifi0) = 0. Assume
that f'is finite and increasing on (0,1).
Let g(x) =2 xO(01). Show thay is increasing.

M3. Let

F(x) = (x-1) (x*+4x+7) if xisrational.
A-x) (x*+4x+7) if xisirrational

Find all the continuity points df

M4. Leth be any fixed positive real number. Show that ther@o
differentiable function f :00 - [ satisfying both the following
conditions:

(a) f'(0)=0.
(b) f'(x) > hforall x> 0.
M5. Find the volume of the solid given 0< y<2x, x*+y*<4 and
O<z<x.



M6. (a) LetA, B andC be Xxn, nxn andnx1 matrices respectively. Prove

M7.

M8.

MO.

or disprove: RanfABC)< RanKAC).

(b) LetSbe the subspace Bf defined by

S={(ay, az, a3, as) : 5a1 - 2a3 -3a4 = O}.
Find a basis fof.

(a) A rumour spreads through a populatiob@30 people at a rate

proportional to the product of the number of peopleo have
heard it and the number who have not. Supposel®@atpeople
initiate a rumour and that a total of 500 peoplevikrithe rumour
after two days. How long  will it take for halie people to hear

the rumour? [assume thaltt(m = E)]
log49 229

(b) Find the equation of the curve satisfying tifeecential
equation

d?y

)<2

(x*+1) = ZXQ.
dx

(@) Let {an :nz]} be a sequence of positive numbers. Define
b, =+a,,4a,, for n=1. If a, is monotonic anden converges,
prove thatz a, also converges.

(b) LetMbe the set of all 8 3 matrices of the following for:

o O o
O 9 O
Q O O

wherea, b, ¢ 0Z,. Show that with standard matrix addition and
multiplication (overZ,), M is a commutative ring. Find all the
idempotent elements o

Consider the vector space ofrakk nmatrices ovell .
(&) Show that there is a basis consisting of optyreetric and
skew-symmetric matrices.
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(b) Find out the number of skew-symmetric matrittes basis
must contain.

M10. (a) LetG be a group. Faa, b in G we say thab is conjugateto a
(written b 0a), if there existg) in G such thab = gag*. Show that
(is an equivalence relation @ The equivalence classesloare
called theconjugacy classesf G. Show that a subgroy of G is
normal inG if and only ifN is a union of conjugacy classes.

(b) LetG be a group with no proper subgroups. Show @ist
finite. Hence or otherwise, show thais cyclic.

M11. LetV denote the vector spadé. SupposeV, — [is a function
satisfying
e f(v,v,,...,v,) =0whenevey, =v, forsome # |
o f(v,... v, av, Vi, V) =af (Ve Vi,V VeV, ) da 00
fF (Ve Vi,V ULV V) = TV Vg,V V0 )
f (Ve U, Ve,V ) Ou, 00"
 f(e,...,6,) =1wheree = (10,...0),e, = (010,...0),...,.e, = (0,...,0]).

Show that for any n x n matrix A, whose columns
arev,,v,,...,v,, f(v,,v,,...,v,) = det(A).

M12. (a) Consider the differential equation:
d?y dy_. _
= COSX+—=sinx — 2ycos’ X = 2¢0S’ X.
dx dx
By a suitable transformation, reduce this equatmra second
order linear differential equation with constanteffwients.

Hence or otherwise solve the equation.

(b) Find the surfaces whose tangent planes all gassigh the
origin.
M13. (a) Draw a simple graph with the degree seceiéh,1,1,1,4).
(b) Write down the adjacency matrix of the graph.
(c) Find the rank of the above matrix.
(d) Using definitions of characteristic root andadcteristic vectors
only, find out all the characteristic roots of tiatrix in (b).
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M14. LetA be anyn x n real symmetric positive definite matrix. Letbe
the largest eigenvalue &f

(a) Show that| Ax|g Ax, O||x|gO0.

. [| AX]]
(b) Find Sup, . 21
GalFY

M15. Let G = (V, E) be a connected simple graph. Our objective is to
assign a direction to every edge, such that eade has in-degree
at least one.

(a) Prove that such an assignment of directiomoigossible if G
is a tree.

(b) Prove that such an assignment of directiordwsys possible if
G is not a tree.

Statistics

S1. (a)X andY are two independent and identically distributeddam
variables with Prob{ =i] = p, fori =0, 1, 2, ......... Find
Prob[X <] in terms of thep; values.

(b) Based on one random observat¥rirom N(O, o), show that
V1W2 [X| is an unbiased estimateaf

S2. (a) LetXp, X1, X, ... be independent and identically distributed
random variables with common probability densitpdtion f. A
random variablé\ is defined as

N=nif X;<Xg X,<Xg,, Xpq5Xg Xp>Xg n=123--
Find the probability oN =n.

(b) Let X and Y be independent random variables distributed
uniformly over the interval [0,1]. What is the paddlity that the

integer closest t+ is 2?

S3. LetA = {1,2,3}. You are given a coin with probability bead as
p, where 0 <p < 1 and p is unknown. Suggest a procedure for

12



choosing a number randomly frof using the given coin, such
thatP({1}) = P{2}) = P({3}) = % Justify your answer.

S4. (a) LetX,,... X, be the iidU (6 -1,6 +1)where 8 is an unknown
real number. Show that for any real numbért (01) ,

a(x(n) -D+ (1_0')0((1) +1)
is a maximum likelihood estimator for the unkno@nwhere

Xy and X, are the smallest and largest sample observations

respectively.

(b) Let X,,... X, be iid N(u) where x4 is only known to belong
to the set of all integers. Find a maximum likebdcestimator
for 4 based onX,, .., X,,.

Sb. SupposeX,, ..., X are independent and identically distributed

random variables followindI(6, 1), 80 R. Let ¢(6) = P4X1 > Uo),
where up is a known real number. Show that the uniformly

minimum variance unbiased estimate (UMVUE)df) is given

by
T(XypeesX.) =1—¢{,/ni_l(uo - 2)]

where ¢()J is the distribution function of the standard naim
distribution.

S6. Consider a randomized block design with tvimcks and two
treatmentA andB. The following table gives the yields:

Treatment A Treatment B
Block 1 a b
Block 2 C d

(a) How many orthogonal contrasts are possible jth, ¢ and d?
Write down all of them.

(b) Identify the contrasts representing block effettsatment effects
and error.

(c) Show that their sum of squares equals the totalafisguares.

13



S7.

S8.

S9.

LetX be a discrete random variable having the proligbihass
function

P(X) =AX1- A", x=0, 1,

where/\ takes valuez 0.5only. Find the most powerful test, based

1 2
on 2 observations, for testingg HA = P againstH; : A = 3 with

level of significance 0.05.

Let X=(Xy,..., Xn) be a random sample from the exponential
distribution E(8, 0) having unknown location parameté and
unknown scale parameter Consider the problem of testikty: 8

= & againsHi: 6 Z &.

(@) Let X, =X, ... X, be the order statistics associated

with X. Let
T= fu"%
Z(xi - X(1))
i=1
Find the null distribution off in terms of arF-distribution, with
degrees of freedom to be obtained by you.

(b) Fix 0 <a <1, FindC,, C, with 0 <C; < C; such that the test
with rejection region T < C; or C,” has sizen.

(c) Show that for any alternativé( o) with 6, < &, the power of
the levela test in (b), denoted bg(8,,0 ,)s given by

ﬁ(gllo-) =1- (l_a)eXp{_n(eo _91)/0}

LetX=(Xy,..., Xn) be a sample from the uniform distribution on (O,
6). Show the following:

(a) For testingdo: €<& againstH;: 8=>&, any test is UMP at level
a for whichE, (X)) =a, E, (X)) <aford<6,, and ¢x) =

1 when max k,....,X,) > &.
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(b) For testingHo: € = & againstH;: 8 # &, a unique UMP test
exits, and is given by{x) = 1 when max X,....,X,) > & or max

(X,.eX,) < Ga"" andg(x) = 0 otherwise.

S10. Consider a population with 3 units, labdle2 and 3. Let the
values of a random variable of interest (y) fash units bg, y»
andys respectively. A simple random sample without repraent
(SRSWOR) of size 2 is drawn from this populationn€ider the
two estimators:

(@ y, i.e., the usual sample mean and

% + XZZ if thesampleconsistof unitsland2
(b) Y = % + % if thesampleconsistof unitsland3
% + % if thesampleconsistof units2and3

(i) Show that both estimators are unbiased fopthygulation mean.

(i) Show thatVar(Y) <Var(y) if ys3yz-3y1-ys) > 0.
(Hint: Supposex is the sample mean for a simple random sample
without replacement of size from a population of siz& with
population unit values,...., X, . Then

Var(X) =

N

2%

where X =13 )
N

S11. SupposeXy,..., X, are i.i.d. exponential variables with locations
paramete@> 0 and scale parameter 1. g}, = min{X,,...,X,}.

(a) Show that the distribution function Bf= X(1), denoted by F(t),
is a decreasing function &f
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(b) Givena (0 <a < 1), use (a) to obtain a (i) confidence interval
for 6.

S12. LetXy, Xo,.... % (X= (Xi1, X2, ..., %), =1, 2, ..., 1) ben random
samples from @-variate normal population with mean vectorand
covariance matrix.

Further, let S = ({g) denote the sample sums of squares and
products matrix, namely

S = 2 (% = X)(% ~x)1< j,k< p, where
— 1< .
X =22, % s <P
Obtain the distribution ¢/'SY where? D%, 7 2 0.

S13. Suppos¥ = (X1,X2,X3)" ONs(4,Y), where

H 0, 0O, 03
H=| K |, 2=|0y 0, Oy
M O3 O3 Og

Show that BXuXo.Xs) = filyfds + T o3 + 4,05 + 4307,
(b) SupposeX = (X1, Xz, Xs, Xa)' ONi(0,X), where ¥ = ((g;)).

Show that B, X2, Xs,Xs) = 0,04, + 0,50, + 0,0 5.

S14. An experimenter wants to study three facteash at two levels,
for their individual effects and interaction effecif any. If the
experimental units are heterogeneous with respeetd factors of
classification, suggest a suitable experimentalde®r the study.
Give the analysis of variance (ANOVA) for the susfgel design,
indicating clearly how the various sums of squaaes to be
computed.
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Physics

P1. (a) In a photoelectric emission experiment, etaimsurface was

successively exposed to monochromatic lights ofelemgthA;,

/2 and /3. In each case, the maximum velocity of the emitted
photo electrons was measured and found toab@ and vy,
respectivelyis was10% higher in value than;, whereas., was
10%lower in value than;. If g : y =4 : 3, then show that

a:f =9/3: 8k

(b) The quantum number of two electrons in a twigivee electron
are;

ng= 6;|1= 3,S]_=1/2
np, = 5;|2 =1 =1/2

(i) Assuming L-S coupling, find the possible vedwf L and hence J.
(i) Assuming J-J coupling, find the possible \egwof J.

(a) Consider a material that has two solidspk, a metallic phase
and an insulator phase. The phase transition tplke® at the
temperaturely which is well below the Debye temperature for
either phase. The high temperature phase is metastd the
way down toT = 0 and the speed of sourd, is the same for
each phase. The contribution to the heat capaoityirgy from
the free electrons to the metal is

Ce=puV, T, =37 ——
e = PeVy 14 aT;

where pe is the number density of the free electromfs,is the
Fermi temperatureK is the Boltzmann constant, andis the
volume. Calculate the latent heat per unit volueguired to go
from the low temperature phase to the high tempezgihase at

= To. Which phase is the high temperature phase?

(C)A crystal at temperaturg is made up oN noninteracting atoms,
where each atom can be in one of two states, teegies of
these states beirig)
(i) Find the partition function of this system.
(i) Find the energy of this system
(i) Find the entropy of this syst@and then give the expression
in the limit of very low amery high temperatures.
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P3. () A particle of mas® moves under a force directed towards a
fixed point and this force depends on the distdnom the fixed
point. Show that

(i) the particle will be constrained to move inlare, and
(ii) the areal velocity of the particle is constant

(b) If the forceF varies as the inverse of the square of the distanc
show that

OxF=0.
Discuss its implications.

(c) Assuming the trajectory of planets to be ciaculdeduce the
force law from Kepler's third law.

P4. (a)A massis attached to a massless spring of spring conktara
a frictionless pulley of radiuBR and mas#1 as shown in following
figure. The massn is pulled down through a small distancand
released, so that it is set into simple harmonidiono Find the
frequency of the vertica[ oscjllation of the mass

A

(b) The Hamiltonian of a mechanical system having tlegrees of
freedom is:

1 1
HIX Y po ) = 5 (BC+R) + 5 m (X +Y),

wherem andware constants, y are the generalized co-ordinates
for which py, py are the respective conjugate momenta. Show that
the expressioné p, -y p)", n=1,2,3,...are constants of motion
for this system.

P5. (a) Consider a hollow sphere of radibaving surface density of
mass equal to ¥. Consider any point insidesghhere which is at
a distance afrom the origin. Find ghavitational force and
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potential at that point due to the mass efdphere.

(b) In a Millikan's oil drop experimentaltsp, two small negatively
charged spherical oil droplétsving radii8 and 5 were
allowed to fall freely in the chxs chamber filled with air. The
downward terminal velocities att by them werg, andv;
respectively. Subsequently, underattion of a strong electric

field, the droplets attained upward termindbegiesv,/6 and
y/20 respectively. Neglecting the bouyant force obad
assuming the charges to be uniformlyrithisted over the surface
of the droplets, compare their surfacargl densities.

P6. (a) A dielectric sphere of radius R andvpitivity € carries a

volume charge densify(r) = kr (wherek is a constant). Deduce an
expression for the energy of the configuration.

(b) Two spherical cavities of radii andb are hollowed out from
the interior of a neutral conducting sphere of uad®. Two point
charges of magnitud® andq, are now placed at the centres of the
two cavities as shown in the figure.

(iCalculate the surface charge densities on tiases of the two
spherical cavities and the sphere.

(inWhat are the magnitudes of the forcesqprandq,?

P7. A train passes a platform with veloartyTwo clocks are placed on
the edge of the platform separated by a distarened synchronized
relative to platform inertial system. Clock 1 reaidse t; when it
coincides with the front of the train and clocke2ds time, when it
coincides with the rear of the train. Answer thiofeing questions
relative to an observer on the train.

(a) What is the length of the train?
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(b) What is the reading of clock 2 when the clockincides with
the front of the train?
(c) What is the time interval between the end events?

P8. (a) A perfect gas expands in a manner suthishelasticity is
always equal to the sum of the isothermal and adiab
elasticity. Find its specific heat under this caiodi in terms of
the specific heats at constant pressure and canstime.

(b) Two bodie#é andB of equal and constant thermal capacity
were initially at absolute temperaturds and Tg (Ta > Tg),
respectively. A reversible heat engine acting betwthem does
some amount of external wovK so thatA andB finally attain the
same temperatur€. Find expressions fofF and W in terms ofc,
Ta, andTB.

PO. In the circuit shown below, the peak curfémwing through the
different branches are indicated. Derive the vatbfiethe total
power delivered by the source.

ga 400

» WY
' R aa L \
T TAAMA
@V[ﬂ:vnsirm '

P10 Two heavy bodie:A and B, each having charg—Q, are kept
rigidly fixed at a distanc 2a apart. A small particlC of massm
and chargetd (<<Q), is placed at the midpoint of the straight
line joining the centers ¢A and B. C is now displaced slightly
along a direction perpendicular to the line join Ayand B, and
then released. Find the period of the resultantlatry motion of
C, assuming its displaceme Y << @,

If instead, C is slightly displaced toward: A, then find the
instantaneous velocity (C, when the distance betwe AlandC

. a

is .

124
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P11. An elementary particle called-, at rest in laboratory frame,
decays spontaneously into two other particles awogr to

>- -7 +n. The masses of-, T andn are M, nmy, and m
respectively.
(a)How much kinetic energy is generated in the y@racess?

(b)What are the ratios of kinetic energies and mumef 77 and
n?

P12. Consider the following truth table whekeB andC are Boolean
inputs andr is the Boolean output.

olr|o|r|o|lo|r |

RlRk|Rklo|lolo|lo|>
R|R|olork|lo|lo|®
R|lolk|o|lr|o|rlolO

1
ExpressT in a product-of-sum form and hence, show Hogan be
implemented using NOR gates only.

P13. (a) A series R-L-C circuit is excited fromamstant-peak variable

frequency voltage source of the fovhe Vp sinat, whereVpis
constant. The current in the circuit becomesimum at a

frequency otw = 600 rad/sec. and falls to half of the
maximum value ab= 400 rad/sec. If the resistance in the
circuit is3Q, find L and C.

(b) Find the value dR and the current flowing throughshown
in the figure when the current is zero throujh
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I, B(r)
Vo V?
function of temperatur? only. The gas is initially at temperature
I and volumeV, and is expanded isothermally and reversibly to
volumeV; =2V,

(a) Find the work done in the expansion.

(b) Find the heat absorbed in the expansion.

0S oP
(Hint: Use the relatior(_j = (_j where the symbols have
ov ), \or),

their usual meaning.

P14 A gas obeys the equation of st P = where B(7) is a

P15. Consider the following circuit where the tgatar symbol
represents an ideal op-amp.

@) Calculate the output voltage ¥or the (i) common-mode
operation and (ii) difference mode operation.

(b)  Also calculate the value of the common-mode rejecti
ratio for R/R = R/Ro.
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P16.

C1.

(a) A particle of massis moving in a plane under the action of an
attractive force proportional torf/ r being the radial distance of
the particle from the fixed point. Write the Laggséan of the
system and using the Lagrangian show that the aeéadity of the
particle is conserved (Kepler's second law).

(b) A particle of massn and chargeg is moving in an electro-
magnetic field with velocityv.  Write the Lagrangian of the
system and hence find the expression for the gkreda
momentum.

Computer Science

(@) A grammar is said to be left recursive ifas a non-termina\
such that there is a derivati A=" Aa for some sequence of
symbolsoa. Is the following grammar left-recursive? If sajter
an equivalent grammar that is not left-recursive.

A— Bb A— a
B —Cc B—b
C— Aa C—c

(b) An example of a function definition in C langeais given
below:
char fun (int a, float b, int c)
{/*body */ ... }
Assuming that the only types allowed ater , int , float
(no arrays, no pointers, etc.), write a grammar ftorction
headers, i.e., the portiochar fun(int a, ...) in the
above example.

(c) Consider the floating point number represeoitatin the C
programming language.
Give a regular expression for it using the follogvconvention:
| denotes a lette d denotes a digitS denotes sign anP
denotes point.
State any assumption that you may need to make.
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C2. The following functional dependencies are d&fion the relation
0(A B,C,D,E,F):
{A—B, AB-»C, BC—»D, CD—~E, E->A}

(a) Find the candidate keys 11 .

(b)Is U normalized? If not, create a set of normalizedti@hs
by decomposincH using only the given set of functional
dependencies.

(c)If a new attribute F is added tcJ to create a new relation
0'(AB,C,D,E,F) without any additon to the set of
functional dependencies, what would be the new dfet
candidate keys fc0'?

(d)What is the new set of normalized relations that loa derived
by decomposing ' for the same set of functional
dependencies?

(e)If a new dependency is declared as follows:

For each value ¢ A, attribute F can have two values,
what would be the new set of normalized relatidra tan be

created by decomposilJ’ ?

C3.(a) A relationR(A B, C, D) has to be accessed under the query
gs=10(R). Out of the following possible file structures, iath one
should be chosen and why?

i) Ris a heap file.

i) Rhas a clustered hash indexBn

i) Rhas an unclustere®! tree index orfA, B).

(b) If the query is modified asxg(0s-10(R)), which one of the
three possible file structures given above shoeldHhosen in
this case and why?

(c) Let the relation have 5000 tuples with 10 tsfpage. In case of
a hashed file, each bucket needs 10 pages. Inof&&etree,
the index structure itself needs 2 pages. If iesaR5 msecs. to
read or write a disk page, what would be the ditess time
for answering the above queries?

(d) Relation R(A,B,C) supports the following functional
dependencies:

A - B,B - CandC-A.
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(i) Identify the key attributes.
(if) Explain whethemR is in BCNF.

(i) If R is not in BCNF, decompose to create a set of
normalized relations satisfying BCNF.

(iv) If R does not support the functional dependenBies C,
but the other two are maintained, woRlde in BCNF? If not,
decompos® to normalized relations satisfying BCNF.

C4. LetA and B be two arrays, each of size A and B contain
numbers in sorted order. Give aD(log n) algorithm to find the
median of the combined set af Bumbers.

C5. (a) Consider a pipelined processor wittstages. The processing
time at every stage is the same. What is the sppexthieved
by the pipelining?

(b) In a certain computer system with cache mem@B0 ns
(nanosec) is the access time for main memory frache miss
and 50 ns is the access time for a cache hit. theghercentage
decrease in the effective access time if the hih fa increased
from 80% to 90%.

C6. (a)A disk has 500 bytes/sector, 100 sectors/trackhefds and
1000 cylinders. The speed of rotation of the dsk000 rpm.
The average seek time is 10 millisecs. A file aesb0 MB is
written from the beginning of a cylinder and a neyinder
will be allocated only after the first cylindertstally occupied.
i) Find the maximum transfer rate.
i) How much time will be required to transfer thie of 50
MB written on the disk? Ignore the rotational debayt not
the seek time.

(b) Consider a 4-way traffic crossing as showrhmfigure.

|
|
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C7.

Suppose that we model the crossing as follows:

- each vehicle is modeled by a process,

- the crossing is modeled as a shared data strué&tsseme that
the vehicles can only move straight through therggction (no
left or right turns). Using read-write locks (oryastandard
synchronization primitive), you have to device a
synchronization scheme for the processes. Youmselshould
satisfy the following criteria:

i) prevent collisions,

i) prevent deadlock, and

i) maximize concurrency but prevent indefinite waiting
(starvation).

Write down the algorithm that each vehicle muslofelin order
to pass through the crossing. Justify that youordlym satisfies
the given criteria.

(@) A computer on a 6 Mbps network is reguldigda token
bucket. The bucket is filled at a rate of 2 Mbpss linitially
filled to capacity with 8 Megabits. How long carettomputer
transmit at the full 6 Mbps?

(b) Sketch the Manchester encoding for the bit astre
0001110101.

(c) If delays are recorded in 8-bit numbers in a&ter network,
and delay vectors are exchanged twice a second,nmasth
bandwidth per (full-duplex) line is consumed by the
distributed routing algorithm? Assume that eachtaobas 3
lines to other routers.

(d) Consider three IP networks, Y, and Z. Host Hx in the
network X sends messages, each containing 180 bytes of
application data, to a host; in networkZ. The TCP layer
prefixes a 20 byte header to the message. Thigpdsough
an intermediate networky. The maximum packet size,
including 20 byte IP header, in each networK:i4000 bytes,
Y: 100 bytes, and&: 1000 bytes. The networks andY are
connected through a 1 Mbps link, whiteandZ are connected
by a 512 Kbps link.

() Assuming that the packets are correctly debderhow
many bytes, including headers, are delivered tdRhayer at
the destination for one application message? Censdly
data packets.
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(i) What is the rate at which application datdarensferred to
host H;? Ignore errors, acknowledgements, and other
overheads.

C8. Consider a binary operatishuffleon two strings, that is just like
shuffling a deck of cards. For example, the openashuffleon
stringsab and cd, denoted byab || cd, gives the set of strings
{abcd acbd acdh cabd cadh cdah.

(@) Define formally by induction thehuffleoperation on any two
stringsx, y 0 .

(b) Let theshuffleof two language# andB, denoted b || B be
the set of all strings obtained by shuffling argjex [ A with a
stringy [J B. Show that ifA andB are regular, then so 4s|| B.

C9. (a) Give a method of encoding the microirdtams (given in the
table below) so that the minimum number of conhitd are
used and maximum parallelism among the microinstms
is achieved.

Microinstructions Control signals
I, c.C,.G,,C,,C,,C,,

2 Cl’C3’C4C6’
C,.C..C.,
C,.C..C.,
C,.C.,
C,,C..C.,
C..C,.C.,
8 C.G,, G,

w

N

6]

()

~

(b) A certain four-input gat& realizes the switching function
G(a, b, ¢, dx=abc + bcd
Assuming that the input variables are available bath
complemented and uncomplemented forms:
(i) Show a realization of the function

fu, v, w, XE 5 (0, 1, 6, 9, 10, 11, 14, 15
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C10.

C11.

Clz2.

with only threeG gates and on@R gate.
(i) Can all switching functions be realized wittG{ OR
logic set?

Consider a set af temperature readings stored in an arfay
Assume that a temperature is represented by agemtBesign an
O(n + klog n) algorithm for finding thek coldest temperatures.

Assume the following characteristics of instiman execution in a
given computer:

* ALUl/register transfer operations need 1 clock cyaeh,

» each of the load/store instructions needs 3 clgcles, and

* branch instructions need 2 clock cycles each.

(@) Consider a program which consists of 40% ALU/regist
transfer instructions, 30% load/store instructiomsid 30%
branch instructions. If the total number of instioes in this
program is 10 billion and the clock frequency i$GHz, then
compute the average number of cycles per instrudi@Pl),
total execution time for this program, and the esponding
MIPS rate.

(b) If we now use an optimizing compiler which redutles total
number of ALU/register transfer instructions byaatbr of 2,
keeping the number of other instruction types ungkd, then
compute the average CPI, total time of executiod &me
corresponding MIPS rate for this modified program.

Consider a computer system with 1 GB main mmgraad 1 MB
cache memory organized in blocks of 64 bytes.

(@) What is the minimum number of bits needed frassing a
memory location?

(b) How many bits are needed for the tag field tredindex field
if the cache memory is organized in the followingys: (i) direct-
mapped, (ii) fully associative, and (iii) 2-way setsociative?

(c) Suppose the memory location to be access@fd0B0237 (in
hex). What cache block will be accessed fduis t memory
location in the  direct-mapped organizatom what will be
the value of the tag field? If instead, the cachemory were
organized in a fully associative manner, what wbké the
corresponding value of the tag field?
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(d) Express the following numbers in IEEE 754-1986gle
precision floating-point format:
(i) -0 (i) 2.5 % 2*%(iii) 230 (iv) 0.875 (v) (-3¥®.

C13. A tapeS containsn records, each representing a vote in an election.
Each candidate for the election has a unigleA vote for a
candidate is recorded as his/er
(i) Write anO(n) time algorithm to find the candidate who wins

the election. Comment on the main memory spaceresyjby
your algorithm.

(i) If the number of candidatek is known a priori, can you
improve your algorithm to reduce the time and/olacep
complexity?

(i) If the number of candidatek is unknown, modify your
algorithm so that it uses onl®(k) space. What is the time
complexity of your modified algorithm?

Cl14. (a) Theorder of a regular languagk is the smallest integes for
which L = L**!, if there exists suchlg andw otherwise.
(i) What is the order of the regular language (aa)(aaa*?
(i) Show that the order df is finite if and only if there is an
integerk such that* = L", and that in this case the orderiof
is the smallesk such that* = L".

(b) Solve forT(n) given by the following recurrence relations:
T@Q) =1,
T(n) = 2T(n/2)+ n logn, wheren is a power of 2.
(c) An AP.is p +qgn|n =0, 1, .. } for somep, g IN. Show that
if L 0 {a} and{n| a" 0 L} is an A.P., thelh is regular.

C15. (a) You are given an unordered sequenocdardegers with many
duplications, such that the number of distinctgets in the
sequence iD(log n). Design a sorting algorithm and its
necessary data structure(s), which can sort theesee using
at mostO(n log(log n))time. (You have to justify the time
complexity of your proposed algorithm.)

(b) LetA be a real-valued matrix of orderx nalready stored in
memory. Its (i, j)-th element is denoted bg[i, jj. The
elements of the matri& satisfy the following property:

Let the largest element in romoccur in columri;. Now, for
any two rowsy, ip, if iy <ip, thenliy <l .
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2|6 4 |5 3

5(3| 7|2 4

4/2[10]7 8

614/ 5|9 7

3|7 6 |8 12
(@)

Rowl | I(i)

QB WIN|F-
gh|wlwiN

(b)

Figure shows an example of (a) matrix A, and (B th
corresponding values gffor each row.

Write an algorithm for identifying the largest vatl

element in matrixA which performs at mosO(nlogn)
comparisons.
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C16. You are given the following file abc.h:

#include <stdio.h>

#define SQR(X) (x*X)

#define ADD1(x) (x=x+1)

#define BeginProgram int main(int ac,char *av[]){
#define EndProgram return 1; }

For each of the following code fragments, what Wwélthe output?
() #include "abc.h"
main()
{inty = 4; printf("%d\n", SQR(y+1)); }
(ii) #include "abc.h"
BeginProgram
int y=3; printf("%d\n", SQR(ADD1(y)));
EndProgram

Engineering and Technology

E1l. A bullet of mass M is fired with a velocity of 40/snat an angl®
with the horizontal plane. At P, the highest pahtits trajectory,
the bullet collides with a bob of mass 3M suspenfitedly by a

3
mass-less string of IengR m. After the collision, the bullet gets

stuck inside the bob and the string deflects witd total mass
through an angle (120 keeping the string taut. Find

() the angled, and

(i) the height of P from the horizontal plane.

Assume, g = 1@n/<, and friction in air is negligible.

E2. (a) Arigid horizontal bar of negligible weigistsupported by two
springs as shown in the figure below. Determine distancex
in order that the bar remains horizontal aftevaaP is applied.

k, ka

&m




(b) A composite shaft of Aluminium and Brass isdig supported

at the endsA andC, as shown in the figure below. The shaft is
subjected to a shearing stress by the applicatfoa wrqueT.
Calculate the ratio of lengthsB : BC if each part of the shaft is
stressed to its maximum limit (beyond which the posite shaft
will break). Assume the maximum shear stress ofs8rand
Aluminium to be 560 kg/cfmand 420 kg/crespectively. Also
assume that the modulus of rigidity of Brass iscewvthat of
Aluminium.

g -
. I-(/';?E e
,g,j:::.-=-.|u.-.i.-i...-n|H |'_|' Eh:::;c
. b : .
:-'Z T "
E3. Find the acceleration of the block of miss the situation shown

below. The coefficient of friction between the thedsp; and that
between the bigger block and the grounghis

E4. A flywheel of mass 100 kg and radius of gymat® cm is mounted
on a light horizontal axle of radius 2 cm, andrsefto rotate on
bearings whose friction may be neglected. A lighthg wound on
the axle carries at its free end a mass of 5 kg.skistem is released
from rest with the 5 kg mass hanging freely. If gteng slips off
the axle after the weight has descended 2 m, pdtatea couple of
moment 102 kg.wt.cm. must be applied in order to bring the
flywheel to rest in 5 revolutions.

E5. The truss shown in the figure rotates arouedpiliot O in a vertical
plane at a constant angular speedrour equal massesi) hang from
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the points B, C, D and E. The members of the trass rigid,
weightless and of equal length. Find a conditinrthee angular speed
w so that there is compression in the member OE.

A F

a vk

E6. If the inputs A and B to the circuit shown heloan be either 0 volt
or 5 volts,
(i) what would be the corresponding voltagesudpot Z, and
(if) what operation is being performed by thicait ?
Assume that the transistor and the diodes ard @med base to
emitter saturation voltage = 0.5 volts.

v 5V

Lm 1EG

0.1 uF

SV Dy ] -
oA o
Y
sV ;
B of— Ko 100K
0 D,

5V

E7. Two bulbs of 500 cc capacity are connected tmpa of length 20 cm
and internal radius 0.15 cm. The whole systemlledfiwith oxygen,
the initial pressures in the bulbs before conneclieing 10 cm and
15 cm of Hg, respectively. Calculate the time tat@nthe pressures
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to become 12 cm and 13 cm of Hg, respectively. Assthat the
coefficient of viscosity) of oxygen is 0.000199 cgs unit.

_ 300x 36
E8. (a) Ice in a cold storage melts at a ratm kg/hourwhen the

external temperature &°C. Find the minimum power output of
the refrigerator motor, which just prevents the fimean melting.
(Latent heat of fusion of ice = &al/gm)

(b) A vertical hollow cylinder contains an idealsgaith a 5 kg piston
placed over it. The cross-section of the cylingeBbi10° n?. The
gas is heated from 300 K to 350 K and the pistsasrby 0.1In.
The piston is now clamped in this position and dhs is cooled
back to 300 K. Find the difference between the baatgy added
during heating and that released during cooling.

(1 atmospheric pressure="Ndri* andg=10ms?>.)

E9. (a) A system receives 10 Kcal of heat fromsemeir to do 15 Kcal
of work. How much work must the system do to regdghinitial
state by an adiabatic process?

(b) A certain volume of Helium at 15°C is suddeekpanded to 8
times its volume. Calculate the change in tempezafassume
that the ratio of specific heats is 5/3).

E10. A spherical charge distribution has a volureasity p, which is a
function ofr, the radial distance from the center of the sphase
given below.

{A/r, A is constantfor0<r <R
o=

0, forr >R

Determine the electric field as a functionrpforr2 R. Also deduce
the expression for the electrostatic potential gynél(r), given that
U(0) = 0 in the regiom = R

E11l. Consider the distribution of charges as showthe figure below.
Determine the potential and field at the pqint
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E12. A proton of velocity 10m/s is projected at right angles to a uniform
magnetic induction field of 0.1 w/mHow much is the path of the
particle deflected from a straight line after ishieaversed a distance
of 1 cm? How long does it take for the proton tvérse a Foarc?

E13. (a) State the two necessary conditions undd@chwa feedback
amplifier circuit becomes an oscillator.
(b) A two-stage FET phase shift oscillator is shawrthe diagram

below.

Mg

A
ST T

RS %jl'_\ CS _— l_

&

(i) Derive an expression for the feedbackdat

(i) Find the frequency of oscillation.
(iii) Establish that the gain A must exceed 3.

=
9]
el
A
<

E14. A circular disc of radius 10cm is rotated abitsl own axis in a
uniform magnetic field of 100 weberfmthe magnetic field being
perpendicular to the plane of the disc. Will thée any voltage
developed across the disc? If so, then find thgniade of this
voltage when the speed of rotation of the dis@@01rpm.

E15. A 3-phase, 50-Hz, 500-volt, 6-pole inductinator gives an output
of 50 HP at 900 rpm. The frictional and windages&sstotal 4 HP
and the stator losses amount to 5 HP. Determinesiipe rotor

copper loss, and efficiency for this load.
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E16. A d.c. shunt motor running at a speed of S@0graws 44KW
power with a line voltage of 220V from a d.c. shgenerator. The
field resistance and the armature resistance ¢f th& machines are
55 Q and 0.02%) respectively. However, the voltage drop per brush
is 1.05V in the motor, and that in the generat@.@5V. Calculate

(a) the speed of the generator in rpm, and
(b) the efficiency of the overall system ignoring lassgher
than the copper-loss and the loss at the brushes.

E17. An alternator on open-circuit generates 36& 60 Hz when the
field current is 3.6 A. Neglecting saturation, etetine the open-
circuit e.m.f. when the frequency is 40 Hz and fie&d-current is
24A.

E18. A single phase two-windir®) KVAtransformer has 500&imary
and 500 secondary turns. It is converted to an t@mnsformer
employing additive polarity mechanism. Suppose tiamsformer
always operates with an input voltage of 2000

(i) Calculate the percentage increase in KVA ciapa

(i) Calculate the common current in the autotfamser.

(ii) At full load of 0.9 power factor, if the affiency of the two-
winding transformer be 90%, what will be the efflacy of
the autotransformer at the same load?

E19. The hybrid parameters of pan-p junction transistor used as an
amplifier in the common-emitter configuration ahg:= 8012, hs =
46, hee = 8 X 10° mho,h = 55.4 x 10 If the load resistance isk&
and the effective source resistance is S)Ocalculate the voltage
and current gains and the output resistance.

E20. (a) Derive the equivalent lattice network responding to the
bridgedT network shown in the figure.

[
J—w.w u'-fWI—
R, A,
-5
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(b) Find the open-circuit transfer impedance of ldtéce shown in
the figure below and determine the condition fovihg no zeros in
the right-half plane, i.e., for positive frequersie

ity
R,

HH | WY / /
A G, Sy
e e

A

E21. A logic circuit operating on Binary Coded Deeal (BCD) digits has
four inputs X, Xz, X3, and X, where XX,X3X, represents a BCD
digit. The circuit has two output lines and 2. Output 4 is 1 only
when the decimal digit corresponding to the inpUsXz, Xs, X4 is
0 or a power of 2. Output,Zis 1 only when the decimal digit
corresponding to the inputs is 1 or a power of iBdFa minimum
cost realization of the above circuit using NANDaga

E22. (&) Using the minimum number of flip-flops,sdag a special
purpose counter to provide the following sequence:

OZI*.lO, 1100, 0011, |ZI.OOl

(b) Find the currents bnd } in the following circuit.

Ry =] K
WA
L Rpm200 4 Ay =20002
1 — %ﬂrﬁuﬂ
1 } i
H_,-zzuﬂ',}]_z
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E23.

E24.

Write a C program to generate a sequence sitiy integers

between 1 and N, such that each of them has ormyahd 3 as

prime factors. For example, the first seven elesiehthe sequence
are: 2, 3,4, 6, 8,9, 12. Justify the steps of ygorithm.

Design a circuit using the module, as shawtine figure below, to
compute a solution of the following set of equasion
3x+6y—-10=0
2Xx-y—-8=0
A module consists of an ideal OP-AMP and 3 ressstand you may
use multiple copies of such a module. Voltage itererand sources

may be used, if required.
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