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Question Paper Specific Instructions 

Please read each of the following instructions carefUlly before attempting questions : 

There are EIGHT questions divided in two SECTIONS and printed both in HINDI and in 
ENGLISH. 

Candidate has to attempt FIVE questions in all. 

Questions no. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted 
choosing at least ONE from each section. 

The number of marks carried by a question I part is indicated against it. 

Answers must be written in the medium authorized in the Admission Certificate which must be 
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No 
marks will be given for answers written in a m,edium other than the authorized one. 

Assume suitable data, if considered necessary, and indicate the same clearly. 

Unless and otherwise indicated, symbols and notations carry their usual standard meaning. 

Attempts of questions shall be counted in chronological order. Unless struck off, attempt of a 
question shall be counted even if attempted partly. Any page or portion of the page left blank in the 
answer book must be clearly struck off. 
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(c) 

~A 

SECTION A 

f(a + ib) ; (: -:J WU~ ~l'if<i~ f : C -> S, 'R ~ ~ I 

11R ~ f(x) = 

x2 
- +4 ~ x2::0 
2 

x2 
=--+2 ~ x<O 

2 

CRTT f, [-1, 2] 3'1'"<'1(1(1 it "@:JR B1"11Cfl<:1""114 ~ ? CRTI ? CRlT ~ ~ g "Cf>T 3'lff'afCI 

~ feh g' (x) = f(x) m ? ~ ~ Cf;T acfl ~ cf))~ q: I 

(d) ~ 4i1~Q> ~ ~ b ea+ 1 < 1, ~ a (f2ff b iHtr'"lCfl ~ Cll'Rtfciet> t "ffi ~ 

zne-a-bez ~~~.q n ~~~I 

(e) ~cna41Cfl\0 1 c:f)l~Q\ z = 2x1 + 3x2 - 5x3 

~ fcj:; Xl + X2 + X3 = 7 
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(a) Show that the set of matrices S = { [: - : ) a, b E JR} is a field 

under the usual binary operations of matrix addition and matrix 
multiplication. What are the additive and multiplicative identities and 

(1 -1] what is the inverse of 
1 1 

? Consider the map f: C ~ S defined 

(
a - bJ by f(a + ib) = b a . Show that f is an isomorphism. (Here R is the 

set of real numbers and C is the set of complex numbers.) 10 

(b) Give an example of an infinite group in which every element has finite 
order. 10 

x2 
-+4 ifx~O 

(c) Let f(x) = 2 

-x2 
--+2 ifx<O 

2 

Is f Riemann integrable in the interval [-1, 2]? Why? Does there exist a 
function g such that g'(x) = f(x)? Justify your answer. 10 

(d) Prove that if b ea+ 1 < 1 where a and bare positive and real, then the 
function zn e- a - b ez has n zeroes in the unit circle. 

(e) Maximize z = 2x1 + 3x2 - 5x3 

subject to Xl + X2 + X3 = 7 

and 2x1 - 5x2 + x3 ~ 10, Xj_ ~ 0. 

Q2. (a) 810 ~ R~fcif©a !il'>~=t:1~l ~ <:hlf?#"-41 CRIT ~ ? 

( 

1 2 3 4 5 6 7 8 9 10 J 
(f~ (1 2 3 4 5) (6 7). 

1 8 7 3 10 5 4 2 6 9 

(b) 8 10 ~ ~ ~ ctr ~ zj'licf W CRIT ~ ? CFif ? ~ >fCfin: ~ ~ CflT ~ 
3<;1 ~{or ~I S10 #~~~~ ~mrt? 

(c) 
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Q3. 

(d) ~ fcF> R ~ ~ fci"¥ 3qfi5'i:i!<!i ~ fci"¥ 3=1;:m:i Ji ~ '101;f14 fl fa! M"I 

~I 
(a) What are the orders of the following permutations in 8 10 ? 

[1 2 3 4 5 6 7 8 9 
10 J 
9 

and (1 2 3 4 5) (6 7). 
1 8 7 3 10 5 4 2 6 

(b) What is the maximal possible order of an element in 8 10 ? Why? Give an 

example of such an element. How many elements will there be in 8 10 of 

that order? 
CXl 

(- l)n - 1 

Show that the series L (c) - - 2- , is uniformly convergent but not 
1 

n + x 

absolutely for all real values of x. 

(d) Show that every open subset of R is a countable union of disjoint open 
intervals. 

(a) liR ~ J ={a+ bi I a, b E Z} '113l"fl ll ~ ~ ~ (C ~ 3qqC14) ~ I 
J f?iqR1fuia it ~ ent.:r-m ~ : aj*::r cil ll ~ (>rRr), ~ :101\illqcll s1iR 
(>rRr), ~ :!0101@s"i ~ (>rRr) ? ~~~~ ~<€IMC!> I 

(b) liR ~ RC = [O, 1) ~ tNT Cll~feiCf> lO! HiRf>a B°ffif ~ ~ ~' ~ f.:n:;r 

Bf9t>413"!1 ~ ~ ~ 
- Cf + g) x = f(x) + g(x) 

(fg) x = f(x) g(x). 

llR ~ M = { f E RC I ~i) ~ 0 } . 

~ M, R q,'t ~ ~ :!01\lllqci) ~ ? ~ ~ ~ d"cfi ~ ~ I 
(c) lfR ~ f(x, y) = y2 + 4xy + 3x2 + x3 + 1 ~ I m ~_-m 1R f(x, y) ~ 

3lf'EfCf)(f'l1 3l~ ~ d q "ITT1ll ? 

(d ) m;r ~ [x ] Cll'l"dfclct> ~ x CfiT ~ mJT tlfffi:r Cfi«IT t 3l~ ~ 

n s x < n + 1 ~ n ~ ~, -al . [x] = n I Cf4"T ~ f(x) = [x)2 + 3, 

[-1, 2) .q "fu:f"R fl1"f 1Cf>C1;j)4 ~ ? ~ ~' oT fllOl$l1$l!> ~ I~~ ~l'.llCflC1=flll t 
2 

-al qftCflfcia ~ J ([x]2 + 3) dx. 
- 1 
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(a) Let J = {a + bi I a, b E Z} be the ring of Gaussian integers (subring of C). 

Which of the following is J : Euclidean domain, principal ideal domain, 

unique factorization domain? Justify your answer. 

(b) Let RC= ring of all real valued continuous functions on [O, 1), under the 

operations 

(f + g) x = f(x) + g(x) 

(fg) x = f(x) g(x). 

Is Ma maximal ideal ofR? Justify your answer. 

(c) Let f(x, y) = y 2 + 4xy + 3x2 + x3 + 1. At what points will f(x, y) have a 

maximum or minimum ? 

(d) Let [x] denote the integer part of the real number x, i.e., if n ~ x < n + 1 

where n is an integer, then [x] = n. Is the function f(x) = [x]2 + 3 

Riemann integrable in [- 1, 2] ? If not, explain why. If it is integrable, 
2 

15 

15 

10 

compute J ([x]2 + 3) dx. 10 
-1 

Q4. (a) rl{ Pld"l ~ f.mcR ~ Cf)) ~ cf)) fG1 Q\ : 

~ 

Mi Mz M3 M4 

Ji 3 12 5 14 

Cf;Ff Jz 7 9 8 12 

J3 5 11 10 12 
J4 6 14 4 11 
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IT 

I = f sin4 8 de 

0 

Cf)f 1iH R Cf) I f&l Q> I 

(c) 4'_-idCJlCfi{OI ~ z = 5x1 - 4x2 + 6x3 - 8x4 

~~q 

. (a) 

x1 + 2x2 - 2x3 + 4x4 ~ 40 

2x 1 - x2 + x3 + 2x4 ~ 8 

4x 1 - 2x2 + x3 - x4 ~ 10 

Solve the minimum time assignment problem : 

Machines 

M1 Mz M3 M4 

J1 3 12 5 14 

Jobs 
J2 7 9 8 12 

J3 5 11 10 12 

J4 6 14 4 11 

(b) Using Cauchy's residue theorem, evaluate the integral 

IT 

I=f sin4 8d9 

0 

(c) Minimize z = 5x1 - 4x2 + 6x3 - 8x4 

subject to the constraints 

x 1 + 2x2 - 2x3 + 4x4 ~ 40 

2x1 - x 2 + x3 + 2x4 ~ 8 

4x1 - 2x2 + x3 - x4 ~ 10 

15 

15 

xi?: 0 20 

A-BRL-M-NBUB 6 



~B 

SECTIONB 

Q5. (a) z = y f(x) + x g(y) it~ -q:;-~ f Cf~ g ~ fclci'l4'"1 ~ ~ ~ ~ 
fil{)Cf){Ul ~ I 

(b ) 
a2z a2z rPz 

B41Ch{UI y- + (x+y)-- +x - = 0 
Ox2 Ox Oy Oy2 

(Ch'"ilRco<'i ~) -q Bii1;:fla cfi)f\ii v; ~ x * y. 

(c) ~ -qftim #, PlWila mm~ ~ ~ m m;ft ~ ~ >!TH ~ ~ ~ 

Plqfcif©a ~ # ~ ~ ~ : 

3iCfi 30-40 40-50 50-60 60 - 70 70-80 

m;IT~~ 31 42 51 35 31 

~ 3W ~<1J~H ~ CfiT $kl'"llfl ~ ~' &f m;ft ~ ~ "ffiCf ~ ~ 
~45<fm50~~~~ I 

(d) ~ ~ fcfi ~ ~31) CfiT mu @31) "ft flGChio1 lR ~ CfiT ~ICl~4Ch <rm 
~~'fl PJqRif©a ~ : 

u , v, w = ~l ( ap, ocp, ai>) 
Ox Oy oz 

~ µ crm cp, \fiffi ~ x, y, z, t ~ 1 

(e) -=cfR im ~A, B, C <rm D, ~ CfiT ~&1l"!H m <rm~ a, cn1 ~'PTT b 

~ crt ~ ~ m tn: ~ "SfCf)R "{(5fT 1Tm ~ fcf> m ~ m cnr.n tn: m 1 qrf 

~ fcrcnuf ~ ~ ~ Cf>T ~ ~ qn:coR-ta ch'l~Q\ 1 

(a) Form a partial differential equation by eliminating the arbitrary 
functions f and g from z = y f(x) + x g(y). 1 O 

(b) Reduce the equation 

a2z a2z a2z 
y-2 + (x+y)-- + x-

2 
= 0 

()x ()x Oy Oy 

to its canonical form when x * y. 10 
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(c) In an examination, the number of students who obtained marks between 

certain limits were given in the following table : 

Marks 30-40 I 40-50 50 - 60 60 - 70 70 - 80 

No. of Students 31 I 42 51 35 31 

Using Newton forward interpolation formula, find the number of 

students whose marks lie between 45 and 50. 

(d) Prove that the necessary and sufficient condition that the vortex lines 
may be at right angles to the stream lines are 

u, v, w = µ (Oq>, 0q>, acpJ 
ax 0y az 

whereµ and <pare functions ofx, y, z, t. 

(e) Four solid spheres A, B, C and D, each of mass m and radius a, are 
placed with their centres on the four corners of a square of side b. 
Calculate the moment of inertia of the system about a diagonal of the 
square. 

Q6. (a) ~ chl~q: 

(D2 +DD' - 6D'2) z = x2 sin (x + y) 

~ Do2TT D'~~~ ~om~. 
Ox &y 

(b) ~ ~ ~ chl~Q\ "it~ 
z(x + y) = C(3z + 1), (C ~ f?~ ~) 

* ~ ~ cilMCf>('I; SIRt-eJ;; Cf){Cll ~ o2TT "it cm x2 + y2 = 1, z = 1 it :rm=rr 
~I 

(c) ~ ~a l'"l_ctCh ~ i1ft ~ ~ ~ x = o o2TT x = l t >ffi'll ~ m"Rf 

~2TT ~ fcm1=f "f1{ ~ I ~ ~ ~ ~ Wr 'A . x (l - x) WU "Cf>Pf.1 ~ ~ 
W; mr ~ t (I) fcom m ~ t TR ~ tm it fcnm m ~ x TR irtt q:)f 

~~4i1M~ I 

(a) Solve 

CD2 +DD' - 6D'2) z = x2 sin (x + y) 

· a a 
where D and D' denote - and - . 

Ox &y 
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(b) Find the surface which intersects the surfaces of the system 

z(x + y) = C(3z + 1), (C being a constant) 

orthogonally and which passes through the circle x2 + y2 = 1, z = 1. 15 

(c) A tightly stretched string with fixed end points x = 0 and x = l is 

initially at rest in equilibrium position. If it is set vibrating by giving 

each point a velocity A. . x (l - x), find the displacement of the string at 

any distance x from one end at any time t. 

Q7. (a) ~ :~fHl~"d Xo ~ ~ ~ ~ f(x) = 0 cnT ~ ~ ~ ~ 
~ -~ fufu ~ ~ ~ ~c--inf{~ fci<t>fBa ~' n ~ ~fHl~R1lll ~ 

~ ~' eps f.:rmftf ~8J ffe C12IT ~ f '(x) ~ ~ f.:rmfur W;r ~~ ~ I 

(b) ~ liR fll'H"'ll I 

y' = x (y + x) - 2 

y(O) = 2 

~ ~ ~~l'"lciCI f~ ~ Btt, y(0·6) CfiT '8blCh( lfH qftChR-Ja ~if> ~ ~ 
~ (Rtr ~) h = 0·15 ~ ~ ferftr Cflf ~ ~ I 

(c) fcm11 ~ ~ -mf'l:f ~ ~ {fll 11:$) CfiT ~ f.:rq m{Uft it ~ Tim ~ I ~ 

~it~C12IT~ k~it~ I 

t 2 4 6 8 10 12 14 16 18 20 

v 16 28·8 40 46·4 51·2 32·0 17·6 8 3·2 0 

(a) Develop an algorithm for Newton - Raphson method to solve f(x) = 0 

starting with initial iterate x0, n be the number of iterations allowed, 
eps be the prescribed relative error and delta be the prescribed lower 

20 

bound for f'(x). 20 
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(b) Use Euler's method with step size h = 0·15 to compute the approximate 

value of y(0·6), correct up to five decimal places from the initial value 
problem 

y' = x (y + x) - 2 

y(O) = 2 

(c) The velocity of a train which starts from rest is given in the following 
table. The time is in minutes and velocity is in km/hour. 

t 2 4 6 8 10 12 14 16 18 20 

v 16 28·8 40 46·4 51·2 32·0 17·6 8 3·2 0 

E stimate approximately the total distance run in 30 minutes by using 

15 

composite Simpson's .!_ rule. 15 
3 

QS. (a) ~ l ~ ~ ~ m ~ AB ('f~ BC, B -qi: lOJ~OA<fa zjfcqo (f~ A B 
Pi<:'iftja ~ ~ A 'B ~ di~hn: ("l lOJ ci ci ~ ~ ~ WT ~ I ~ fci1 SlfllJ:fHI 

~ Cf>K1 ~7t ~ ~ n2 = ( 3 ± ~) 7 . 

(b) ~ (!"{ff , x -31&1 ~ t HklO!Cf> m-rr -qi: 3'1 ClCf>l !tl a.bf Cf>l tRa1 t -it fcl1 ~ ~ 
qfHf1l11 ~ (fm ~ ~ ~ (0, a) tR ~met m ~ ~ (0, b) -qi: m men i 
(fm ~ "3ff011 rJ:!Cf> ~ tf{ ~ lTGff ~ ~ ti"{ ~ ~ ~ ~ t dl ~ 

fci1 qf<ffli:tl tR qfto11i:fl ~ np m
2

(a - b )
2 t ~ p ~ CflT t:f.1fCJ ~ I 

{2ab (a + b)} 

(c) ~ m m~ K ~ n ~:m1"t&lll ~' ~ ~ ~ a ~ ~ ~ ~nl<hl{ 

~ ~ \iloRlii (~) ~ ~ ~ (OJJ:1f?Ja ~~ ~ ~ ~, at ~ ~ fu> 
2 3 

~ ~ ~ ~ 3fu: CJ>tf>l"l~l'"I ~ B ~ 8n a ~ Tffu ~ I ~ ~ fcnm 
(n -1) K 

tft" ~ tR ~ :wIB ~I 
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(a) Two equal rods AB and BC, each of length l, smoothly jointed at B, are 
suspended from A and oscillate in a vertical plane through A. Show that 

the periods of normal oscillations are 
2

rr where n2 = (3 ± ~J g . 15 
n ~7 l 

(b) If fluid fills the region of space on the positive side of the x-axis, which is 
a rigid boundary and if there be a source m at the point (0, a) and an 
equal sink at (0, b) and if the pressure on the negative side be the same 
as the pressure at infinity, show that the resultant pressure on the 

rrpm2(a - b)2 
boundary is where pis the density of the fluid. 15 

{2ab (a+ b)} 

(c) If n rectilinear vortices of the same strength K are symmetrically 
arranged as generators of a circular cylinder of radius a in an infinite 
liquid, prove that the vortices will move round the cylinder uniformly in 

. 2 3 
time Sn a . Find the velocity at any point of the liquid. 20 

(n -1) K 
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