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[ Time Allowed: 3 hours ) 
TEST BOOKLET MATHEMATICS PAPER-II INSTRUCTIONS TO CN�IDATES Read the instructions carefully before answering the questions: - [ Maximum Marks: 300 )1. This Test Booklet consists of 24(twenty-four) pages and has 75 (seventy-five) items (questions).2. IMMEDIATELY AFTER THE COMMENCEMENT OF nIE EXAMINATION, YOU SHOULD CHECKTHAT �µS BOOKLET DOES NOT HAVE ANY UNPRINTED OR TORN OR MISSING PAGFS ORITEMS ETC. IF SO, GET IT REPLACED BY A COMPLETE §� bOOKLET.3. Please note that it is the candidate's responsibility to fill in the Roll Number and other requireddetails carefully and without any omission or discrepancy at the appropriate places in the OMRAriswer Sheet and the Separate Answer Booklet, Any omission/discrepancy will render the OMRAnswer Sheet and the Separate Answer Booklet liable for rejection.4. Do not write anything else on the OMR Answer Sheet except the required information. Before youproceed to mark in the OMR Answer Sheet, please ensure that you have filled in the required particularsas per given instructiohs. �5. Use only Black Ball Point Pen to iÒl the OMR Answer Sheet ·6. This Test Booklet is divided into 4 (four) parts - Part- I, Part- II, Part - III and Part- IV.7. All three parts are Compulsory.8. Part-I consists of Multiple Choice-based Questions. The answers to these questions have to be markedin the OMR Answer Sheet provided to you.9. Part-II, Part-III and Part-IV consist of Conventional Essay-type Questions. The answers to thesequestions have to be written in the separate Answer Booklet provided to you.10. In Part-I, each item (question) comprises of 04 (four) responses (answers). You are required to select theresponse which you want to mark on the OMR Answer Sheet. In case you feel that there is more than onecorrect response, mark the response which you consider the best. In any -case, choose. ONLY ONEresponse for each item. . . . 11. After you have completed filling in all your responses on the OMR Answer Sheet and the··AnswerBooklet(s) and the examination has concluded, you should hand over to the Invigilator only the OR{Answer Sheet and the Answer Booklet(s). You are permitted to take the Test Booklet with you.12. Penalty for wrong answers in Multiple Choice-based Questions:THERE WIL BE PENALTY FOR WRONG ANSWERS MARKED BY A CANDIDATE.(i) There are four alternatives for the answer to every question. For each question for which a wronganswer has been given by the candidate, one-third of the marks assigned to the question will bededucted as penalty.(ii) If a candidate gives more than one answer, it will be treated as a wrong answer even if one of thegiven answers happens to be correct and there will be same penalty as above to the question.(iii) If a question is left blank. i.e., no answer is given by the candidate, there will be no penalty for thatquestion.
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PART-I (Multiple Choke-based Questions) Insréctions for Questions 1 to 50: 
• Choose the correct answers for the following questions.
• Each question carÛes 3 marks.
• No Data Book/Çables are allowed; assume the data if required anywhere.
• Unless othenvise mentioned, symbols and notations have their usual meaning.[3x50=150J 1. Let R be the set of all real numbers and * be the algebraic structure defined by

a * b � a2 + b2, for all a, b e R.Then* is ----(a) associative and commutative(b) associative but not commutative( c) commutative but not associative( d) neither associative nor commutative2. Let G = {[� :] : ad * be where a, b, c ,and dare ilæegers �odulo 2} be the group w .r. t.
3. 

4. 

5. 

matrix multiplication;then the order of G is:(a) 5(b) 6(c) 8
· (d) 10The number of generators in a cyclic group of order Bis equal to: (a) 2(b) 3(c) 4

(d) 8If G is a cyclic group of order p, where pis a prime integer> 2, then G has ___ _ (a) only one generator(b) only two distinct generators(c) 2p-1 generators( d) p-1 generatorsLet f: (Z, +) ➔ (IR-{0},.) be the homomorphism where f (2) =!\.Then f(6) is equal to: 
3 (a) 1(b) 2

(c) 

(d) 

I 
9 1 27 
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6. Let Hand K be any two subgroups of a group G. If Hand K have 12 and 24 elementsrespectively, then which of the following cannot be the cardinality of the set HK= {hk:
hEH,kEK}?(a) 36(b) 48(c) 64(d) 967. Let S6 be the permutation group on six symbols {1, 2, 3, 4, 5, 6}. Which of the followingpermutation is not an even permutation?(a) (13562)(b) (1 3 4 6) (2 5)(c) (2 6 3 4 5 1)( d) (1 2 4) (3 6 5)8. Let M be the . ring of all 2 x 2 matrices over the integers. Consider the set

9. 

S={[� �laez} to be a subring ofI�. ThenS_is _____ .(a) a left ideal but not a right ideal of M(b) a right ideal but not a left ideal of M( c) a both-sided ideal of M( d) neither a left ideal nor a right ideal of MWhich of the following statement is INCORRECT?(a) A commutative ring, with unity element and without �ero divisor is a field.(b) A commutative division ring is a field.( c) Every finite integral domain is a field.(d) A field has no zero divisor.10. The set Z7 = {[O], [1], [2], [3], [4], [5], [6]} forms a field w.r.t. the operations defined as. [a]+ [b] =[a+ b] mod 7 and [a][b] = [ab] mod 7. The inverse of the element -[4], i.e.,(- [4])-1is:(a) [2](b) [5](c) [4]· (d) [3]11. The units of the integral domain D = { a + ib : a, b E Z} of Gaussian integers are:(a) -1,1,-i,i(b) -1, 1(c) - i, i(d) 1, - i, i
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12. If< a0 > is a sequence, where a0 =[1 + (-1)" :J, then:

(a)

(b)

(c)

(d) 

lim sup an = 1, lim inf an = !�n� n� e
lim sup an = e2 , lim inf an = e

n➔oo n➔oo 

1. 2 1· "nf 
l

1m sup an = e , 1m 1 an = 2n➔oo n➔oo e 

I. 1· ·nr I rm sup an = e, 1m 1 an = -n� n� e 
(2n)! n° 

13. If (a�n ) and (b�n ) are the sequences, where a = --2 and b = --------,
n (n!) 0 (n+l) (n+2)··•(n+n) 

then:

(a) both ( a�n ) and (b�n ) converge.

(b) ( a�n )converges but (b�n ) diverges.

(c) (a�n )diverges but (b�n ) converges.

_ ( d) both ( a�n ) and ( b�n ) diverge.

n!x0
14. The Ľŀte series L-0-. n ------

(a) converges, if x < e.
(b) converges, if x > e.
(c) diverges, if x < e.
( d) converges, if x � e.

15. Which of the following statements is INCORRECT?
(a) Every bounded sequence is convergent.
(b) Every Cauchy sequence is bounded.
( c) Every bounded sequence of real numbers has a convergent subsequence.
( d) If a sequence is bounded and has a unique limit point, then it is convergent.
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16. Which of the following functions is uniformly continuous on its respective interval?1 (a) f(x) = -, for all x E] 0, 1 [.1 (b) f(x) = -2 , for all x E: [a; oo [, a> 0 .
X 

1 (c) f(x) = -2 , for all x E] 0, oo [. 
X (d) f(x)=sinx2 ,forallxe[0, oo [.
r/2 xm 17. The integral -.--dx is convergent only if ____ _ smn x (a) n > m + 1(b) n < m + 1(c) m > n + 1(d) m<n+118. If f(x) = x2, for all x E [O, 4] and P = {O, 1, 2, 3, 4} be a partition of [O, 4], then L(P,n and

U(P,f) are __ and __ respectively.(a) 12, 21(b) 10, 20(c) 13, 25(d) 14, 30
( it-•· 19. Let f u0 (x) and ,.Iv0 (x) be two-�ite 'series of functions, where u0 (x)=-- and.� n+x2 

n=l v0 (x) = nxe-nx2
, fot all .x E [0,1]. Then, whichof the following statements is TRUE?(a) Iun and Ivn both converge uniformly on [0, 1].(b) L un converges uniformly but L v n converges point wise .. (c) Iun converges point wise but Ivn converges uniformly. ( d) L Un and L v n both converge point wise.

2 2 ,(x,y) ;® (0,0) lxJ -yJ 20. If f ( x, y) = x + y , then the function f is: 0 ,(x,y)=(O,O) (a) not continuous at (0, 0).(b) continuous at (0, 0) but does not possess partial derivatives at (0, 0).( c) coniâuous at (0, 0) and possesses partial derivatives at (0, 0).( d) differentiable at (0, 0).
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21. f (x) is a function such that f' (x) = 2ax + b for all x and has a minimum value atx = i' withthe condition that f(O) = 2 and f(l) = 1. Then the function f is:
(a) ¾<x2 -5x +8)(b) 2 5 X +-x-8 

4 (c) 1 2 -(x -3x+8) 
4 (d) 2 5 X --X+8 

4 22. Letf(x,y) = x3 + y3-3x-12y+ 20. Then/ has ____ _ (a) a maximum value at the point (1, 2).(b) neither a maximum nor a minimum value at (1, 2).(c) neither a maximum nor a minimum value at (-1,-2).( d) a maximum value at (-1, -2).23. The derivative of the analytic function w = f(z), where f(z) = u(x,y) + i v(x,y), with respect to z in polar form is:(a) dw = eie aw
dz ar (b) (c) (d) dw -maw -=e -
dz JÛ 
dw 1 -maw -=-e -
dz r ae 
dw 1 ie aw -=--e -
dz r ae 24. The value of the complex integral { (z)2dz over the circlelz- 11 = 1,_is:(a) 31ti
2(b) 21ti(c) 31ti(d) 41ti
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25. Let C : lz- al = r be a circle and n be a finite positive integer. Then the value of thecomplex integral r dz , when n = 1 and n * 1 respectivelyare: .c (z-a)0 (a) 1Ci and 0(b) 0 and 21Ci(c) 21Ci and 0( d) 21Ci and -21Ci26. If C is the square whose vettices are - i, 2- i, 2 + i and i, then the value of the complexl C0S7tZ integral 2 dz is: 
z -1 

(a) 

(b) 

(c) (d) 0 
1C 

1 
2 

1 
2 

r sin6 Z 27. The integral ,e ( z-: J dz; 9 :I z I= l, is: 
(a) 

21 -1ti
32

(b) 
21 -1ti16(c) 3 -m(d) 3 -m
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z 
28. The Laurent's expansion of the function f(z) =

(z-l)(z-3) 
in the regionO < lz-11 < 2 is: 

1 3 00 (z-1)0 
(a) 2(1-z) 4� 2 

(b) 1 3 00 ( Z - 1 )n
2(z-l) +2� 2 

1 3 00 (z-l)n+l(c) 2(1-z) + 4� 2 

z-smz
29. The function f (z) = 5 , at z = 0 has ____ _ z 

(a) a removable sjpgularity
(b) an isolated es�ential singularity
(c) a non-isolated essential singularity
( d) a pole of order 2

30. The residue of the function f ( z) =
2

;2-
2
2
2 

4) is: , (z+l (z + 

(a) -14
2S

(b) 

(c) 

-4
25
4
25
14(d) 25

'\ 
I b \ · ,f' (z) . . . (z2 t 1)2

• 
31. The value of the jntegral 1 f ( z) 

dz, over the crrcle C : I zl = 3, where f ( z) = 
( 22 +Ji+ 2)3 , is 

equal to: 
(a) -21ti
(b) 21ti
(c) -41ti
(d) 41ti
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32. The number of non-degenerate basic feasible solutions of the system x1 + x2 + 2x3 = 4,
2Xi-X2 +X3 = 2 are:

(a) 0
(b) 1
(c) 2
(d) 3

33. If one or more artificial variables appear in the basis at positive level and the optimality
criterion is satisfied) then ------

(a) the problem has an unbounded solution

(b) the optimal solution is degenerate

( c) the problem has no feasible solution

( d) the problem may have an unbounded solution or an infeasible solution

34. Which of the following statements is NOT CORRECT?
(a) Replacing 5u sign by= sign in a constraint of a linear programming problem can

result in a more restrictive solution space.
(b) In a two-dimensional linear programming problem, the objective function can

assume the same value at two disiâct extreme points.
( c) In real life situations, the variables in . a linear programming model can be

unrestricted in sign.
( d) Changes in the ·coefÏcients of the objective function of a linear programming

problem will definitely result in changing the optimal values of the variables.

35. Which of the following statements IS CORRECT?
(a) The primal problem must always be of the maximization form.
(b) If the primal problem has an unbounded optimal solution, then the dual of the

same has nofeasible solution.
(c) If the primal problem has an infeasible solution, then its dual always has an

unbounded optimum.
( d) The addition of a new constraint improves the objective value of the linear

programming problem.

36. Which of the following statements IS INCORRECT?
(a) A balanced transportation problem may not have any feasible solution.
(b) The basic requirement for using the transportation technique is that the

transportation model is balanced.
(c) The transportation technique essentially uses the same steps of the simplex

method in linear programming problem.
( d) The multipliers ui and vi in the transportation technique are essentially the dual

variables of the linear programming represeniâg the transportation problem.
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37. The partial differential equation formed by eliminating the constants a and p from therelation z = aePt sin px is given by:(a) (!J +(:J =0(b) (c) (d) a2z a2z -+-=0 x�2 a:¦ 
a2z a2z -+-=2 x�2 a:¦ 
a2z a2z

t-+x-=0 ax2 at238. The particular integral of the dfÏerential equation ( 4D2- 40D' + D'2)z = 4 log(x + 2y) isgiven by:(a) x log(x + 2y)(b) 1 -x log(x+2y)
4 (c) x2 log( x + 2y) 

(d) 
1 -x2 log(x+2y) 
2 39. The complete integral of the partial differential equation py = 2xy + log q is:(a) (b) (c) (d) 2 1 ay z=x -ax+-e +ba 
z=x2 -ax+ey/a +b 

1z= x2 +ax+-eay + b a 
z2 =x+ax2 +ey/a +b 

. cfu cfu a2u OU · 40. The differential equation x � + 3--+ y-2 + 17-= 0 is hyperbolic, if:ox oxay ay ox (a) 4 
xy<-9 (b) 9 
xy<-4 (c) xy<-4 

(d) xy<9
10
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00 82u 41. Let u(x, t) be the solution of the heat equation a�= ax2 ; x E [0, 1], t > 0, with the conditionsu(x,O) =sin =;x e[0,1] and u(O, t) =u(l, t) = o; t > 0. Then u( x, �2 ) is equal to:(a) e sin TIX(b) !\sin TIX e 

(c) 

(d) 

e cos rrx 
1 -cosrrxe42. Newton-Raphson iteration formula for finding cube root of the number c (c > 0) is:(a) (b) 

(c) 

(d) 

2x3 -c 
X - n 

n+l - 3 2
Xn 43. The value of the integral .b exdx by Simpson's rule, if e = 2.718, e2 = 7.389,e3 = 20.085, e4 = 54.598 is equal to:(a) 53.259(b) 53.863(c) 54.347(d) 54.99844. If the differential equation dy = -2xy2

, y(O) = 1 is solved numerically by Euler's method,dxwith step size h = 0. 2, the approximate value of y(O. 6) is:(a) 0.7846(b) 0.7885(c) 0.8745(d) 0.8954
11



45. A second-degree polynomial passes through the points (0,3), (1,6), (2,11), (3,18) and(4,27). 'The polynomial is given by:
. (a) x2 + x + 1 

(b) x2 + 3x + 2
(c) x2 + 2x + 3(d) x2 + 6x + 2

46. The order of convergences in Newton-Raphson's method is:
(a) 0(b) 1(c) 2(d) 3

47. The decimal equivalent of the octal number 136.54 is:
(a) 84.1250
(b) 94.6875(c) 97.6875

(d) 94.125048. The complement of the Boolean expression f (x, y, z) = yò + yò' + x'y'z + x'yz is:
(a) (x + y' ) (x + z' )(b) (x' + y') (y' + z)(�) (x' + y' )(x + z' ) (d) (x' + z) (y' + z' )

49. The Euler's equation of motion in x-direction is given by:( a) du = X + !\ op
dt p ax(b) (c) (d) du =X-!� op
dt p ax
au lop -=X---
ot Pax 

au 1 )Ü-=X+-­
at p ax 
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50. The image of source +m with respect to a circle is a source +m at the inverse point and

(a) a source +mat centre
(b) a source +m at the same point
( c) a sink - m at the centre
( d) a sink - m at the same point
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PART-II Instructions for Questions 51 to 63: 
• .Answer any 10 TmN) out of the thirteen questions.
• Each question carries 5 marks.
• No Data Book/Çables are allowed; assume the data if required anywhere.
• Unless otherwise mentioned, symbols and notations have theit usual meaning.[5x10 = 50} 51. Prove that the orders of the elements a and x-1axare equal. Here,a and x are any twoarbitrary elements of a group G.52. If H and K are any two finite subgroups of a group G, then prove that -O(HK)= O(H)·O(K)_ O(HnK) 53 Sh. th th fun . f d fin d f( ) (-1 , ifh[< x � _1 ,(n:u 0,1,2, ... ) . . bl . OW at e Ction e e as X = 2° 2° 2° . 1S tntegra e . · 0, ifx = 0on [O, 1], although it has an ×Ľite number of points of discontinuity. 54. Show that the volume of the largest rectangular parallelepiped inscribable in the ellipsoidx2 y2 z2 • Sabe 2 + 2 + 2 = 1, 1S � 

. a b c 3v3 55. If the complex function f(z) is analytic and lf'(z)I is the product of a function of x and afunction of y, then show that f'(z) = e<az2+flz+r), where a is a real number and/Jandy arecomplex constants. 1_ .,· 

·I 56. If the complex function f(z) is analytic inside and on a closed curve C u�ound the origin,(an )2 1 aneazthen prove that - = -. r 1 dz. Hence, deduce that, n! 2m.Cn!z0+ 00 ( n )2 'L � = _1 '7t e2acos0d0 
rt=O n! 21t 
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57. Given below is the unit cost array with supplies ai; l = 1, 2, 3 and demands b;; j = 
1,2,3,4 

1 2 3 4 ai
1 8 10 7 6 50 

Source 2 12 9 4 7 40 

3 9 11 10 8 30 

b; 25 32 40 23 120 . Find the optimal solution to the above Hitchcock problem.58. Use Cauchy's method of characteristics for solving the partial differential equation zp +q = 1, when initial data c:urve is x0 = µ, Yo=µ, z0 = µ , 0 ;® µ ;® 1.2 59. Solve the following linear partial differential equation -
a2z 82z 82z 2x+3y · --3--+2-=e +sm(x-2y).x�2 oxoy oy2 60. Evaluate the integral 1 e -•_' dx by using �e Simpson's one-third rule.61. In an examination the number of candidates who secured marks between certain limitswere as follows:MarksNo.ofcandidates 9-1941 20-3962 40-59 60-7965 50Estimate the number of candidates who secured fewer than 70 marks. 80-991762. Express the Boolean function f(x,y,z) = (xy' + xz)' + x' to its conjunctive normal form.63. Deduce the principle of energy from the Lagrange's equations of motion.
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PART. III Insréctions for Questions 64 to 71: 
• Answer any 5 (FIVE) out of the eight questions.
• Each question carÛes 10 marks.
• No Data Book/Çables are allowed; assume the data if required anywhere.
• Unless otherwise mentioned, symbols and notations have their usual meaning.[10x5 = 50] 64. Prove that a subgroup H of a group G is a normal subgroup of G if and only if the productof any two right cosets of H in G is again a right coset of H in G.65. If R is a commutative ring with unity and Sis an ideal of R, then prove that the ring ofresidue classes R/S is an integral domain if and only if S is a prime ideal of R.66. Prove that a necessary and sufÏcient condition for a sequence < Xn > to be a convergentsequence is that f�r any arbitrarily chosen small positive number E,. there exists a positiveinteger m such that,IJn+p-xnl < E, for all n � m and p > 1.67. Prove that the deriv�tive of an analytic function is also analytic.68. Solve the following linear programming problem:

Max. Z = x1 + 2x2 + 3x3-x4
s.t. . . X1 + 2X2 + 3X3 = 15 

and 

2x1 +x2 + Sx3 = 20 
X1 + 2X2 + X3 + X4 = 10 69. A rod of length l with insulated sides is initially at a uniform temperature u0 • Its ends aresuddenly cooled to 0°C and are kept at that temperature. Find the temperature function

u(x, t).70. Use Newton-Raphson melñod to iÔd the approximate value for the real root of theequation x log10 x -1. 2 = 0 correct to five decimal places.71. Show that the mome�t of inertia of a right circular solid cone, whose height is h a'¶d theradius of whose base i� a, is 3Ma 2 
( a 2 + 6h 2 

) about a ,slant side and 3M ( 4a 2 + h 2 ) about a20 a2 +h2 
, 80 line through the centre of gravity of the cone perpendicular to its axis. 
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PART-IV Instructions for Questions 72 to 75: 72. 73. 74. • Answer any 2 T�O) out of the four questions.
• Each question carries 25 marks.
• ·No Data Books/Tables are allowed; assume the data if required anywhere.
• Unless otherwise mentioned, symbols and notations have their usual meaning.

[25 X 2 = 50] (a) If His a normal subgroup of a group G and Ka normal subgroup of G such thatG' H c K, then prove that the quotient group -K is isomorphic to GI H .
K/H (b) Prove that the equation z4 + z3 + 1 = 0 in the complex variable z has exactly oneroot in the first quadrant.(a) If a function f is continuous on a closed interval [a, b] and if f(a)and f(b)are ofopposite signs, then prove that there exists atleast one point c E ]a, b[such that

f(c) = 0. l xy ,(x,y);�(O,O) (b) Show that the function f(x,-y) = ✓x2 +y2

_ 

is continuous at (0, 0), 0 ,(x,y)-(0,0) 
I possesses partial derivatives but is not differentiable at (0, 0). (a) The only singularities of a single valued complex function f(z) are poles of order 2and 1 at the points z = 1 and z = 2, with residues of these poles 1 and 3respectively.If f(O) = I and f(-1) = 1, determine the function f(z).2 (b) Solve the dual of the following linear progr�g problem by simplex method:Max. Z = 2x1 + x2s.t. x1 + 4x2 s; 24 X1 + 2X2 s; 14 

2X1 - X2 s; 8X1 - X2 s; 3 and x11 x2 � 0
17



75. 

(a) 

(b) 

Solve the ordinary differential equation dy = x + y, with initial condition y(O) = 1
dx 

by Runge-Kutta method (of order four), from x = 0 to x = 0.4 taking h = 0.1. 

If u dx + v dy + w dz = dB + A d/¾, where 9, A, /¾ are the functions of x, y, z, t,
prove that the vortex lines at any iáe are the lines of intersection of the surface 
A = constant and /¾ = constant .

\\\\\\\\...\\\\\\\\ 
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