
N 

R 

GL, (R) 
Z(G) 

C[0, 1] 

Sn 

An 

z[/5] 

z[] 

1. 

(A) 4 

(C) 
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2Tt 

USEFUL NOTATION 

15 

{1, 2,3, -}, the set of all natural numbers. 

{0, +1, +2, .* the set of all integers. 

Set of all rational numbers. 

Set of all real numbers. 

Set of all complex numbers. 

n-dimensional Euclidean space {(x4, Xo, ., X) : XE R,1SKSn} 

general linear group of 2 x 2 invertile matrices over R. 

center of a group G 

set of all continuous reallcompléxvalöed functions defined on the closed 

interval [0, 1]. 

group of all permutations on n distinct symbols under composition of 

mappings. 

alternating group, a subgroup of Sn 

group of congruence classes of integers modulo n. 

(a + ib: a, beZ}. the Gaussian integers. 

{a +b\-5 :a, beZ}. 

The value of sin «) cos() dx =, 

(a +byp :a, beZ, p is a prime number). 

set of all polynomials with coefficients in Z: 

unit vectors having the directions of positive x, y and z axes in three 

dimensional rectangular coordinate system. 

(3) 

(B) 29 

(D) 
37 

32 

(Turn over) 
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2 

3 

4 

Which one of the following statements is incorrect ? 

(A) Apoint that separates the convex part of a continuous curve from concave part 

is called as point of inflection. 

(8) The equation of asymptote to the curve y'x=-1 isy=+1. 
(C) The curve x-y=3xy is symmetrical about the line y= -X. 

(D) The equation of the tangent to the cuve xy = x-1 at the point (1, 0) is 

y=x+1. 

What is the surface area of the solid obtained by revolving the curve:y= J9-x², 
-2<x<2 about the x-axis ? 

(A) 18 

(C) 24r 

(A) X-y²+8 =0 

Which one of the following equations is obtained from the equation: xy =-8 by rotating 
the axes counterclockwise through an angle 45° ? (X, ): new coordinates.) 

(C) X*-Y+24 =0 

(A 30° 
(C) 60° 

5. If a, B, c are three vectors satisfyings: |a| = 1, |5| = 2, |c| = 1 and 
ax (ax B) + c =0,then what is the angle between the vectors a and b ? 

Consider the following statements: 

() 

() 

The set 

UB-27/21 

(B) 22 

(D) -30r 

(A) Only () is true 

(C) Only () and (|l) are true 

) x-y'+ 16=0 
(D) X'-y²+32 = 0 

(4) 

(B) 45° 

The set (X, y) e R:xye Z} is uncountable. 

(D) 75° 

(UD The set of all 2 x2 real matrices with rational eigenvalues is uncountable. 
Choose the corectanswer from the options given below: 

suncountable. 

(B) Only () and (l) are true 

(D) All (), (1) and (11) are true 

(Continued ) 



7. 

8 

9 

For the propositions :p and g, consider the following statements. 

(pv) a (-pv-) is a tautology. ) 
) (pvq) a-pa-) is a contradiction. 

Choose the correctanswer from the options given below: 
A Only (0) is true 
(C) Both () and () are true 

(A) x=17 (mod 105) 

Which one of the following options is the general solution(s) of the linear congruences : 
X=1 (mod 3), x=2 (mod 5) and x=3 (mod 7)? 

(C) x=31 (mod 105). 

(A) 9x9! 

(C) 10 x 10! 

In how many ways can 12 distinct people be arranged around a circular table, if 
exactly two of them must always have at least one person between them ? 

() 

(A) Only (0) 
(C) Both () and (|1) 

(B Only (I1) is true 

10. Ifa, bare integers and p is a prime numbe heh which of the following statements is/ 
are false ? 

(D) Both () and () are false 

If (a, p) = (b, p) =1 and ak= bmod p) (ke N), then a =b (mod p). 

(1) If (a, p) = 1 and ax = 1 (mod p),hen a =a (mod p). 

(AY 2369 

(C) 2569 

X=23 (mod 105) (B) 

(D x=52 (mod 105) 

(B) 9x 10! 

(D) 8x9! 

11. What is the value of a, from the recurrence relation : a=4, a, = 5n +a, (n>2) ? 

UB- 27/21 (5) 

(B) Only (W) 
(D) Neither () nor (1) 

(B) 2469 

12. Which one of the following statements is true for every square matrix with only real 

eigenvalues ? 

(D) 2639 

(A) Ifthe trace of the matrix is positive and the determinant of the matrix is negative, 

then at least one of its eigenvalues is negative. 

(B) Ifthe trace of the matrix is positive, then allits eigenvalues are positive. 

(C) Ifthe determinant of the matrix is positive, then all its eigenvalues are positive. 

(D) Ifthe product of the trace and determinant of the matrix is positive, then all its 

eigenvalues are positive. 

(Turn over) 



To. For a system :AX= bof linear equations to have infinitely many solutions, Which one 
of the following options must be true? 

(A) Determinant of the matrix Ais non-zero. 
(B) The rank of the matrix Ais less than the rank of the augmented matrix (A|b). 
(C) The rank of the matrix A is egual to the rank of the augmented matrix (AJb), but 

less than the number of variables. 
(D) The system must be homogeneous. 

14. In a simple graph, which of the following statements islare true r 
) Adjacency matrix is symmetric. 
() Trace of the adjacency matrix is 1. 

(A) Only () 
(C) Both () and (11) 

15. Which one of the following options is always true ? 
(A) Every Eulerian graph is also Hamiltonian. 
(B) Every Hamiltonian graph is alsoEulerian. 
(CY If the sum of degrees of vertices Ts odd, the graph is Hamiltonian. 

(A) Sis an open set in Q. 

(B) 

(D) Ifall vertices have even degreehe graph has an Eulerian circuit. 

(B) The closure of S in Qis itself. 

16. Which one of the following options is incorrect for the set S ={xe Q:x<5)? 

(Ç The limit points of S are -/5 and J5. 

(D) Neither () nor () 

(D) Shas no least upper bound in Q. 

Only () 

UB-27/21 

17. Which one of the following statements is incorrect ? 

(AJ The set:neNis neither an open set nor a closet in R. 

(D) The limit points of the set 

(6) The setxeR:sin =o, is is a closet in R. 

(C) The set (x, y) e R:xy = 0} has no interior points. 

(6) 
mensove 

(Continued) 



18. Consider the sequences: (a oe (bneN and (CnlnelN defined by: 

Pick out the correct option. 

(A) Only () is a Cauchy sequence 

(BY Only () and () are Cauchy sequences 

(C) Only () and (|l) are Cauchy sequences 

(D) Onty () and (l) are Cauchy sequences 

19. Let the limits of the sequences : (xt, respectively, be and )°. If the 

sequence : x4, Y4, X2, Y2, X3, Y3, ..has aimit, then its value is 

(A) 2 
(C) O or 1 

20. Which of the following assertions is correct ? 

lim 
X’0 

(0) For 0 <a<i <b, lima+ 

(A) Only () 

UB-27I21 

(C) Both () and () 

e=1 

(B) A+3 

(7) 

(DY -1, 0 or 1 

(B) 
(D) 

Only (W) 
Neither () nor (|) 

(Turn over) 



21. Consider the following statements : 

0 If a,, 20 for each n e N and the seriesConvergeS, then the series 

n=1 n 

) The series S (-1)" sin 

(A) Only (0) is true 

converges for p 

(C) Both () and () are true 

n=1 

Which one of the options given below is correct? 

() If lim 
h0 2h 

22. For a function f: R’R, consider the following statements : 

n 

If lim {(x +h) -f(x-h)) =0, then fis continuous on R. h0 

(C) Only statement () is true 

1 

(4) Both the statements () and (-are false 

(D) Only statement (||) is true 

UB-27/21 

is conditionally convergent. 

(B) Both the statemets () and (iare true 

f(x+h) -f(x-h)=0 thenfis diferentiable on R. 

(A) fis a discontinuous function in R. 

Choose the correct answer from the options given below: 

(B) 
(D) 

Only () is true 

the following statements is true? 

Neither () nor () is true 

23. Which one of the following options is true for the function f: R ’ R defined by 
f(0) =min(, x-1}, xeR? 

(B fmust be continuous on [0, 1]. 

(B) fis continuous and differentiable everywhere in R. 

( fis continuous and differentiable everywhere except at one point of R. 
(D) fis continuous and differentiable everywhere except at two points of R. 

(8) 

24. Ifafunction f: [0, 1]’ R is differentiable, f(0) =-1 and f(1) =5, then which one of 

(A) There exists a point ce (0, 1) such that f(c) =-1. 

(C) There exists a point ce (0, 1) such that f(c) = 4. 
(D) f'must be differentiable on (0, 1). 

(Continued) 



25. Consider the improper integrals given below and the statements that follow: 

For À = 1,, converges, but J, diverges. 
() For =2, l, diverges, but J, converges. 
Choose the correct option: 
(& Only () is true 
(C) Both () and (I) are true 

26. The value of the integral 

(A) 0 

(C) 4- V3-V2 

dx 

(A) Only (I) is true. 
(C) Only (1) and (ll) are true. D 

the point x= 0 is. 

2 

15 
1 

29. Consider the following statements: 

() ,= 

27. Consider the following statements fora function f: [a, b]’ R: 

) fis Riemann integrable, if and only if it is bounded on [a, b]. 

() fis Riemann integrable, if and only if it is monotonic on [a, b]. 

() fis Riemann integrable, if and only if it is continuous on [a, b]. 

Which one of the options given below is correct ? 

(B) 

(A) Only () is true. 

UB-27I21 

(D) 

(C) Both () and (|1) are true. 

28. The coefficient of x in the Taylbr series expansion of the function f(x) = tan(x) about 

(B) 1 

(9) 

(B) 

wise and uniformly convergent on [0, 1]. 

po dX 

Only () is true 
Neither () nor (Il) is true 

(BY Only () and () are true. 

2-V3 

(D) All(0), (W) and (|) are false. 

The sequence (fnn of functions defined by fn(x) =x" is both point-wise and 

uniformly convergent on [0, 1]) 

The sequence (fn of functions defined by fn(x) = 

(D) 1 

(eR) 

Choose the correctanswer from the options given below. 

(B) 
(D) 

In(1 + nx) is both point 
n 

Only (1) is true. 
Neither () nor () is true. 

(Turn over ) 



30. Which of the following series does not converge unifornly on (0, 1] 

n+X 

(A) Only () 

(C) Only () and () 

(C) d(x, y) =k-yl + *-| for all x, y eR 

31. Which one of the following is nota valid metric on R ? 

(A) d(x, y) = |x-yl| for all x, y eR 
B d(x, y)= Jx-y|for allx, y e R 

(A) X\Int(S) = Clos(X\S) 

(D) d(x, y) = max(lx- y. (xfor all x, yeR 

(C) Int(SUT) = Int(S) U Int(T) 

32. Let (X, d) be metric space. If S and Tare subsets X, then which one of the options 
given below is not necessarily rue ? (For any YcX, Int(Y ) : interior of Y and 
Clos(Y): Closure of Y.) 

(A) The metrics d and do are equivalent. 

34. Consider the following statements: 
(0, 1) and R are homeomorphic. 

() (0, 1) and (0, 1] are homeomorphic. 
(UI) (0, 1) and [0, 1] are homeomorphic. 
Choose the correctoption. 

p) Only () and (ll) 

(C) (C[0, 1], d,) is a cormplete metic space. 
(D) (C[o, 1, do») is a complete metric space. 

(A) Only () and (l) are false. 

(C) Only () and (l) are false. 

UB-27/21 

)+x 

33. Consider the metric spaces: (C[0, 1], d), (C[0, 1], do), under the metrices 
d (f. g) = if()-g()|dx and doo (f. g) = sup (if(%) -g(3)) (f. g eC[0, 1). 

(B) Only (W) 

(B) 

xe[0,1] 

Then which one of the options given below is corect? 

(10) 

(D) 

X 

(B) Every open ballin (C[0, 1], d,) is open in (C[0, 1], d»). 

(B) 
(D) 

X\Clos(S) = Int(X\S) 

Clos(SUT) = Clos (S) UClos(T) 

Only () and (l) are false. 
All(), () and (l1) are false. 

(Continued ) 



35. Which one of the following options is necessarily true? 
(A) Every contraction map on a metric space is uniformly continuous. 

(B) The image of an open set under a continuous function is an open set. 

(C) Every complete metric space is compact. 
(D) Every metric space is second countable. 

36. Which one of the following statements is correctfor the function: 

f(<, y) = 

(A) fx and fy exist at (0, 0), butareunbounded in any neighborhood of (0,0). 

(B) fis not continuous at (0, a 
(C) fis continuous, but not diffetehtiable at (0, 0). 

(D) fis continuous and differentiable at (0, 0). 

0, 

37. Forthe function f(x, y) = x +y-3xy, consider the following statements: 

fhas 3 critical points. 

(I) f has only one saddle point, a point for local minimum and a point for local 

(C 

(A) Only () is true 

1 

fhas two saddle points and one point for local minimum. 

maximum. 

Choose the correct answer from the options given below. 

(C) Only () and (|) are true 

A) 

(«y) = (0,0) 

UB-27/21 

1 

38. A unit vector that maximizes the directional derivative of the function:A 

f(x. y) = g(2x + y), g(3) = 3 at the point (1, 1) is. 

y=x* and the line y = 4? 
8 

16 
(C)iss 

39. What is the value of the integral:|dA, where Dis the region bounded by the curve 

(BY Only () is true 
(D) Only () and (l) are true.r 

(11) 

(e)+) 

(D 

(B) 
11 

3 

32 

(Tun over) 



40. The iterated integral: K 
the following solid regions ? 

43. 

(A) The portion of the ellipsoid 

(B) The region bounded by the parabolic cylinder x=4-yand the plane z=2-x. 
(C) A paraboloid bounded by x+=zand the planez=4. 

(C) Both () and (1) 

(D) The top half of a sphere x +y +z'=25 cut by the plane z=4. 
41. Which of the following statements is/are is true? 

42. Con_derthe following assertions: 

The vector field F (, y, z) = (yz, ZX, Xy) is solenoidal. 
() The vector field F (x, y z) = (x?-, 2xy, z) is conservative. 

(A) Only () 

() 

+ 4 

Choose the correct option. 

dz dy dx represents the volume of which one of 

(A) () is correct, but (ll) is false 

(C): Both () and (Il) are false 

) 

Consider the following statements: 

ot JJ(i +yi + zk) nds=2V, wheren is the unit outward surface nomal and 

UB-27I21 

tabove the plane z =4. 

The function f(z) = 

(A) Only () is true 

9 

S is a closed surface enclosing a volume V. 

eV ort beluoa rototbith (Re(z) 
() The function f(z) = |z| 

1 

(C) Both (|) and (I) are true 

(yzi + xzË + xyk)- dr =3, where C is the boundary of a surface S. 

(B) 

(D) 

,2#0 

z=0 

ono (B) () is false, but (ll) is corect 
Both () and (I0) are corect 

(12) 

Only () 

Neither () nor (|1) 

(D) 

+21x)(z =X+ iv) has a limit as z ’ 0. 

Choose the correct answer from the options given below: 

is continuous at z =0. 

(B) 
(D) 

Only (Il) is true 
Neither () nor (ll) is true 

(Continued) 



A4. Which of the statements given below islare false? 
) f()=++2by (z =x+ i) is differentiabled only at the points that lie on 

) 
(l) There exists an analytic function in Cwhose imaginary part is x2 

the x-axis. 

(A) nly (ll) 

f(2) =(z-1| is differentiable at z = 1, but not analytic at z =1. 

(C) Only (1) and (l1) 

45. Which one of the following options is true? 
(A) If Log(z) denotes the principal value of the logarithm, then 

(A) e 

Log(zw) = Log(z) + Log(w) for all z, weC\{0}. 

1 

(B) The solutions set of the equation: elZ =1 is (2k+ 1):ke Z 

(c) ; 

(B) 

(C) cos(z) is bounded in the whole complex plane. 

46. The radius of convergence of the power series: 

(D) 

(D) A Mobius transformation with three fixed points is a constant. 

(A) {0, +in, +2in) 

Only () and (1) 

(C) (0, tin) 

All(), () and (|1) 

47. IfC isa simple closed curve not passing through the points -1, 0 and 1 in the complex 

plane, then the set of all possible value(s) ofthe integral: Jc-2 iS. 

degree at most 2. 

48. Which one of the options given below is false? 

B) 1heuoy 

(13) 

(B) {0, tin, 2in} 

(D) {0} 

(B) There exists an entire function f such that f = 

|z' is. 

(A) Iffis analytic in a simply connected domain D, then its line integral along any 
two different paths in D connecting the same endpoints P and Q are equal. 

2n 

dz 

1+3n 

(C) Iffisan entire function satisfying |f(2)| S z´ for all| 2|>1, then fis a polynomial of 

forneN. 

(D) IfTis a triangle with 0, 1 andi as its vertices, then Jz dz = 0. 
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49. For an entire functionf, which one of the following statements is false ? 

(A) fis constant, if the range off is contained in a straight line. 

(B) fis constant, iff has uncountably many zeros. 
(C) fis constant, iff is bounded on {zeC:Relz)s0}. 
(D) fis constant, if the real part of f is bounded. 

50. If a,2'is the Laurent series expansion of the function : 1(2)=22-13z + 15 

in the annulus {zeC:<|z| <5}, then1 = 
(A) -5 

(C) 

51. Which of the following statements islare true ? 

(A) Only () 

(C) Both () and (l1) 

52. Consider the following statements: 1 

The function f(z) = sinhas an isolated singularity at z= 0. 
D The value of the integral: Jz=1 zsinz) 

Pick out the correct option. 

Residue of f(2) = e' atz a1 

1 

(A) Dsis a non-commutative group 

UB-27/21 

(B) 

(B) Order of D, is 10 

(D) 5 

(C) Z(D) = (e) 
(D) Number of normal subgroups of D, is 2 

dz 

(14) 

(B) 

(D) 

() Ifameromorphic function fhas 5 simple zeros and 2 simple poles inside 
z|=1, then =1dz = 6it. f(z) 

(A) () is true, but (I) is false(B) () is false, but () is true. 
(C) Both () and (1) are true.ne (D) Both () and () are false. 

is zero. 

53. In the Dihedral group D, = {f, s:=e, s'= e, sr = r's}under composition as the 
binary operation, which of the following options is nottrue? 

Only (U) 

1 

Neither () nor (1) 
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54. Ina group G letx=e (e: identy element of G) and xy=f tor x, ye Gy*e, 
then the order of y is 
(A) 25 
(C) 31 

(A) 9 

55. LetG be a finite Abelian group. If the subaroups H and K are of index 3 each in o, 

then what is the index of the subgroup HnKin G? 

(C) 5 

56. Which of the following statements is/are true? 

(A) Both () and (11) 
(C) Neither () nor () 

(0 ff:(S;, 0) ’(Z6. t) is a group homomorphism, then the order of f(S) is 
1,2 or 3. 

The maximum possible order of an element in the group (S5, 0) is6. 

() Inn(As) is isomorphic to Aa 
(A Only ) 
(C) Both () and (1) 

57. Which one of the following staterments is incorrect ? 

(A) Only () 

0 

(B) 30 

The group Zs is isomorphic to Zg * Zs 

(C) Both () and (|) 

(1) 

(D) 32 

59. Which of the following statements is false ? 
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(B) 6 
(DY 3 

58. Which of the following statements is/are correct? 

Z * Z, is a cyclic group. 

(B) Only () 

(A) Only () 

(D) Only (1) 

(1) The class equation of A5 (the alternating group on 5 elements) is 

60 = 1+6+ 10 + 15+ 28. 

(C) Only (l) and (1) 

In GL(R), matrices with the same determinant always belong to the same 

conjugacy class. 

(15) 

(B) 
(D) 

() Aut(Z x Z) is isomorphic to Z,s 

(B) 

Only (I) 
Neither () nor () 

(D) 

The order of the element (2, 5) e Z; * Z, is 10. 

Only (U) 

Neither () nor () 

B) Only (U) 

(D) Only () and () 

5,2 
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60. Which one of the following options is correct ? (p is a prime number.) 

(A) There are 3 non-isomorphic Abelian groups of order 45. 

(B) Every p-group is Abelian. 

65 

(C) The group Z, * Zg is a p-group. 
(D) Agroup of order 42 must have elements of orders 6 and 7 only. 

61. If G is a group of order 30, then the number of Sylow 5-subgrOups in G must be 

(A) 1or 2 

(C) 3 or 5 

62. On R=o :a, b, ce Rwith the usual addition and multiplication of matrices, 
0 

which of the following statements is true? 
(A) Ris a ring without zero-divisors. 
(B) Ris a ring with zero-divisors. 

(C) Ris a commutative ring. 
(D) Every non-zero element in Rhas a multiplicative inverse. 

63. Which of the following statementsiislare false ? 

(A) Only ) 

d 

(C) Both () and (|1). 

() z V2 =a + bv2Sae z}is an integral domai, but not a field. 

(B) 2 or 3 

(D) 1or 6 

:a, c, de R is both a subring and an ideal of M,(R). 

64. Which one of the following options is correct for the ideal [= (x+5) in the ring Q[x]? 

UB-27/21 

Consider the following statements: 

(A) Iis a prime ideal, but not a maximal ideal. 

(B Iis amaximal ideal, but not a prime ideal. 
(C) I is both a prime ideal and a maximal ideal. 
(D) Iis neither a prime ideal nor a maximal ideal. 

(A) Only () is true 

(BY Only (1) 
(D) Neither () nor () 

The kernel of the ring homomorphism f: Z[x]’Z given by f(p(*)) = p(1) 
is {(x-1)q(%): q() e Z}. 

(C) Both () and (l) are true. 

() The ring Z, is isomorphic to Z, x Zg. 
Choose the correctanswer from the options given below. 

(16) 

(BY Only (11) is true 
(D) Both () and (lI) are false 

(Continued) 



66. Which one of the following options is incorrect ? 
(A) In an integral domain, every prime element is irreducible. 
(B) In a unique factorization domain, every irreducible element is prime. 
(©) The polynomial p(x) =x-6x+9 is ireducible over Q. 
(D) The polynomial p(x) =x+4x +7 is irreducible over Zs 

67. Which of the statements given below islare true ? 

(A) Only () 

(C) Neither () nor () 

Z) is a Principal ideal domain and Euclidean domain. 

() Z V-5 is neither a Principal ideal domain nor a Unique factorization 

domain. 

68. Let Vbe the real vector space consisting of all polvnomials in one real variable with 

real coefficients of degree at most 6, including the zero polynomial. Then which one 

of the following options is true ? 

(B) W,= peV:p)=1) subspace of V. 
(A) W,= peV:p)e Q} iga subspace of V. 

(B) 
(D) 

(C) W,= pEV:p()= Pa a subspace of V. 

() 

(D) W�= peV:p)=1is a subspace of V. 

69. Fora real 4 x 3 matrix M and the standard basis (e, e, e} of R°, which of the 

following statements is/are true? 

(C) Both () and (l1) 

(A) 4 
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(C) 2 

Only (1) 

If rank(M) =1, then {Me, Me,} is a linearly independent set in R�. 

) Ifrank(M) = 2, then {Me, Me,)is a linearly independent set in R$. 

Both () and (|) 

(1) If rank(M) = 3, then {Me, Me,) is a linearly independent set in R*. 

(A) Only (UI) 

(17) 

(B) 

(D) 

70. Let Vbe a 7-dirmensional vector space. IfU, W are subspaces of V with dimensions 

4 and 5, respectively, then which of the following is nota possible value of dimension 

of Un W? 

Both () and (1|) 

Both () and (|1) 

(B) 3 
(D) 1 

(Turn over) 



71. Fora linear transformation L:VWwith dim(V)= 10 and dim(W) = 8, which one 
of the following options is correct ? 
(A) Lis always injective 

(C) Ker(L) is at least 2-dimensional 

72. Let L be a linear transformation defined on the vector space R over the field RIf 
Rank(L) = 4 and Nullity(L) = 3, then Rank (L') is (L' denotes the 
composition of L with itsel). 
(A) 4 

(C) 2 

() 

73. Consider the following statements for the linear transformation L on R° defined by 
L(x, y, z) = («, y. 0) for all (×. y, z) e R, 

(l) 

Rank of L is 2. 

(A) Only () and (l1) are true 

The number of linearly independent eigenvectors of L is 2. 
Choose the correct answer from the options given below. 

(C) Only () and (l) are true 

(B) Lis always surjective 
(D) Lis always invertible 

The only eigenvalues of L are 0 and 1. 

(A) S°= (0, the zero functional on R3 

(B) 3 

(A) 40 
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(D) 1 

74. On the vector space R° over the fild RWith the standard basis {e,, e,, e. what is 
the arinihilator (8) of the subspace 'S Span{e,, e)? 

(D) S°= (R)", the entire dual space of R 

(C) 45 

D (B) Only (l1) and (lI) are true 

(B) S°=spantf, f), where f, f, are the dual basis elements corresponding to the 
basis elements ee 

(C) s'=span{s. where f, is the dual basis element corresponding to the basis 
elemente, 

(D) All (), (1) and (1) are true 

(18) 

75. If 4, gs hg are the eigenvalues of the matrix : 2 
(-2 2 

1 -2 

(B) 43 

1 

(D) 48 

-3 

-6, then the value of 
0 

(Continued) 



76. Ifthe elgenvalue À of a matrix M has algebraic cmultiplicity 3 and geometric multiplicity 

2, then which one of the following options is true? 
(A) Mis diagonalizable 
(B) The characteristic polynomial of M has degree 3 
(C) The eigenspace associated with has dimension 3 

Misnot diagonalizable (D) 
77. Which one of the following matrices has p(x)=x-8+5x +7 as the minimal 

polynomial ? 

(A) 

(© 

0 0 

1 0 5 

0 1 8 

0 0 -7 
1 0-5 

0 1 8 

which one of the following options is frye ? 
(A) «, y} is a linearly independent 
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(C) (x } is an orthogonal set. 

78. Let (V, <, >) be an inner product spaceand let<x, y > = ||||lyl| for all x, yev. Then 

(B) 

(D) 

4 

(A) Only () 

80. Which one of the following statements is false ? 

(B) 

(C) Both () and (l1). 

(10 8) 
005 

79. The projection of the vector u = (2,-1, 3) e R° onto the vector v = (1, 2, -1) of the 

vector space R' is 

(19) 

0 1 7) 

(B) 

(0 0 7 
0 5 

, y} is a linearly dependent set. 
(D) (x, y is an orthonormal set. 

01 -8) 

The linear transformation L; R’R that reflects a vector across the line 

y=xis both self-adjoint and nomal. 

(1D The linear transformation L:R’R´which rotates a vector by an angle 

in the anti-clockwise direction is both self-adjoint and normal. 

(B) Only (I) 

(D) Neither () nor (I) 
(Tum over) 



81. What does the differential equation: (2x +y+1) dx+ (x+2y + 1) dy =0 represents ? 
(A) A family of circles 

82. 

83 

84. 

(C) A family of hyperbolas 

(A) yp =-cek 
(C) yp =cx'e 

The Bernouli equation: 

If the non-homogeneous term in an ordinary differential equation (ODE) 0s: xe and 3 is a root of the characteristic equation with multiplicity2, then what is form of the particular solution (.e., yp) ? (c is a constant.) 

following substitution? 
(A) v=y 
(c) v=y? 

arbitrary constants) is 

(A) y(x) = (c, + c,x)ex4 e 

dy 
dx 

dy 

( Y) = (C, + C,x)eke* 

(A) Ithas no solution. 

dx 

=2y. y(0) = 0? 

(A) 4 

2x 

(B) It has exactly one solution. 

3xfdx � y(y-x*)dy =O into 

(C) -2 
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The general solution of the ODE: (D+69jy = 

2x 

(D) Ithas infinitely many solutions. 

86. Ifu= y and v=y² transforms the ODE: 

+P (*)y = Q(x)y' is best solved by making which of the 

(B) 
(D) 

dy 

(B) 

du (u-v)' 

(D) 

(20) 

(B) 
(D) 

A family of parabolas 
A family of ellipses 

(A) 

85. Which one of the following options is true for the initial value problem: 

(D) 

yp = Cxek 
yp = cxek 

(C) Ithas more than one, but finite number of solutions. 

y=y 
v=y 

e 3x 

y) = (c, + c,x)ek4 e 

d 

dx 

y(x) = (c, + c,x)ek+ 

(C, and C, are 

(B) 2 

(D) 4 

then what is the value of à ? 

2x 
e 3x 
2x 

(Continued) 



87 If the roots of the characteristic equation of the Euler's ODE has a repeated root m, 
then what is the correct form of the general solution 2 (C, and C, are arbiuay 
constants,) 

(A) y(x) =c+cxm 
(C) y(x) = C,e+c,e x 

(C) 

88. The general solution of the linear partial differential equation (PDE): 

to 

du 

(A) The Fourier coefficients 

-zis 

89. In solving the heat equation using separation dfyariables, the eigenvalues correspond 

(D) The energy of the system 

) 

(B) The characteristic equation of the wave equation 

(1+x)urx t (1+)uy t xUy + yuy = 0? 

(G) The eigenvalues of the Laplacian operator 

It is classified as parabolic PDE. 

(A) Only ) 

(B) Yo)=c"+c,x"nx 

(o is an arbitrary function). 

90. Which of the following statements islare true for the PDE: 

(D) y(x) =C, coS mx +t C, sin mx 

(C) Both (0) and (11) 

(4) ux, y) =y'e 
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(B) o0-z-y)=0 

) The canonical equation is uEE * UFn =0. 

(C) ug, y) =y'e 

Cb (x+y+z, xyz) =0 

(21) 

(B) 

91. Solution of the PDE: uy t yuy = 0 with the initial condition u(0, ) = y is 

(D) 

Only (U) 

Neither () nor () 

(B) U(x, y) =y'e-t 

(D) u, y) =y'e 

(Turn over ) 



92. A string of length 1 meter is fixed at both ends and obeys the wave equation : 
Utt =4Uyowith initial conditions: u(x, 0) = sin(x), u(x, 0) =0. Then it's solution u(x, t) is 

(A) sin(zt) cos(rx) 

(C) sin(2rx) cos(rt) 

93. The solution of the system of ODEs: 

x(0) = 6 and y(0) =4 is 

(A) x(t) = 4e* + 2e, y(t) = 6e*-2e 

(A) 1.76 

(C) 1.36 

(A) 1.5 

(C) 0.5 

(C) x(t) =6e-2e y(t) = 2e +2e 

94. Regula Falsi method is used to find a root of the equation: f (x) = x-x1t 
choosing the initial guesses: xo =1and x, =2. What would be the value of the next 
iteration (i.e., x) up to two decimal places ? 

(B) 

(A) Only() 
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sin(2nt) cos(x) 

(D) sin() cos(2nt) 

y =3x +2y with initial conditions dE**2y, 

(C) Both () and (11) 

dt 

(B) x() = 4et+2e", y(t) = 6e-2e 

95. Using Newton's divided difference method, the second divided difference for the 
function values f(1) =2, f(2) = 3, f(4) =7 is approximately equal to 

(22) 

(D) x() =2e+ 4e, y(t) = 2e+2e 

96. Which of the following statements is/are true? 

(B) 1.56 

(D) 1.25 

(B) 1 

(D) 0.33 

Gauss-Seidel method for solving a linear systems converges faster than 
Gauss-Jacobi method. 

In the Gauss-Jordan method for solving a linear systems, the coefficient 

matrix be transformed into upper triangular matrix. 

by 

(B Only () 
(D) Neither () nor (1) 

(Continued ) 



o7. Using Lagrange interpolation and with the following function values: 

(A) 2.13 

(C) 3.13 

(A) 0.83 

(C) 0.67 

what would be the approximate value of f (2) ? 

rule is applied with 2 sub-intervals ? 

xF(x) 
0 

98. What is the approximate value of the integral: La+dx, when Simpson's -rd 

1 

4 

0 a=b=and c= 

3 
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1 

1 

2 

1 

4 

99. Which one of the following statements about the central difference and averaging 

operators is correct? 

4 

(0) a=band c=3 

(A) The central difference operator is u_ed for approximating the second derivative, 
while the averaging operator isued for approximating the first derivative. 

(B) Both the operators approximate derivative with the same order of accuracy. 

(CY The central diference operatoris more accurate than the averaging operator 
for approximating the derivative. 

(B 3.00 

(D) The averaging operator is used for approximating the second derivative, while 

the central difference operator approximates the first derivative. 

(D) 3.33 

100. Forwhat value(s) of the constants: a, b and c, the quadrature formula: 

[' f(c) dx = af (-1) + bf(0) +cf (1) is exact for polynomials of degree up to 3? 

(B) 0.75 

(D) 0.58 

(23) 

1 (B) a=b-and c= 1 

(D) a-b- and c = 

(Turn over ) 


