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(Write your Roll No. on the top immediately on receipt of this question paper.)

All the sections are compulsory. 

All questions cary equal marks. 

Use of non-programmable scientific calculator is allowed. 

Section I 

AU COLLE LLEG (Attempt any four questions from Section 1) 

If y = log (x+vx2 +1), show that 

GANDH 

LIBRARY 

Kalkaj 
(1+rn:2 + (2n + 1)y,: + ny, = 0. 

2 Sketch the graph of the function 

Vew Den 

r-2 

by determining all critical points, intervals of increase and 

decrease, points of relative maxima and minima, concavity of the 

graph, inflection points and horizontal and vertical asymptotes. 

P.T.O 



88 

3 Evaluate : lim (e -1-x)". 

4. Given the cost C(r)= *+ Sx + 98 of producing x units of 

a particular commodity and the selling price pr)= (75 -x) 
when x units are produced. Determine the level of production 

that maximizes profit. 

5. Sketch the graph of r = sin 20 in polar coordinates. 

Section II 

(Attempt any four questions from Section I1) 

6. Obtain the reduction formula for 

sec" x dr. 

Use it to evaluate J sec° x dr. 

7. Find the volume of the solid generated by revolving the region 

enclosed by y = x, y = 2 - r and x = 0 is revolved about the 

-axIs. 

8 Use cylindrical shells method to find the volume of the solid 

generated when the region enclosed by y = 2x * and 

y =0 is resolved about y-axis. 

Show that the arc length of the curve y = cosh x between 9 

x =0 andx = log 2 is 3/4. 

10. Find the area of the surface generated by revolving the curve 

y y9-x, - 1 sx 1, about x-axis. 
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Section II 

(Attempt any three questions from Section III) 

Find the equation of parabola having axis y = 0 and passing 
11 

through the points (3, 2) and (2, -3). 

12. Find the equation of ellipse with foci (1, 2) and (1, 4) and minor 

axis of length 2. 

13. Describe and sketch the graph of the conic 

x-4y+2x + 8y - 7 = 0. 

Label the vertices, foci and asymptotes to the graph. 

14. Rotate the coordinate axes to remove the xy-term in the equation 

31x2 +103y +21y? -144 = 0. 

Identify the resultant conic. 

Section IV 

(Attempt any four questions from Section IV) 

COLLE ABAND ANDH COLL LLES 15. Given the vector functions 

F() = ri + Pj +Pk 
LiBRARY 

G)-i- and 

verify that Ne 

lim [F)xG)] = [lim F()] x [lim G)]. 

P.T.O. 



16. A velocity of particle moving in spaceis 

V)-i-j+ Vik. 

Find the particle's position as a function of t if the position 

at time t= 0 is R(0) =i +4j-k. 

A shell is fired at ground level with a muzzle speed of 17. 

280 ft/s and at an elevation of 45° from ground level 

Find the maximum height attained by the shell. 

(in Find the time of flight and the range of the shell. 

18. Find the tangential and normal components of the acceleration 

of an object that moves with position vector 

R()= cos ti + sin j+ k. 

19. Find the curvature K(t) for the curve given by the vector 

equation 

R()=4 cos i + 4 sin ij + k (0ss 2m). 

88 4 3,100 
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Attempt any two parts from each question. 
All questions are compulsory. 

(a) Find polar representation of the complex number 6 

z,= sina + (l + cos a), a e [0, 27T). 
(b) Find z| and arg z, arg (2) for : 6 

z (1 - ) (6 + 6i 

( (i) = (7-73) (-1-i). 
(c) Solve the equation 6 

5{-1) (E -z +1). 
For a, b e Z, define a - b iff d - is divisible 2 (a) 

by 3 
() Prove that is an equivalence relation on Z. 

(in Find the equivalence classes of 0 and 1. 

(6) Define 

f:Z>Z by f(x) =x - Sx + 5 

)sf one-to-one ? 

OLLE HU C (in Is f onto ? 

Justify each answer. 

BANDA 
LIBRARY n 

P.TO. 

Kalkai kaii, Ne 
Delh 
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(c) Show that the open intervals (0, 1) and (4, 6) have 

6 
the same cardinality. 

3. (a) Suppose a, b and c are three non-zero integers with 

6 
a and c relatively prime. Show that 

gcd(a, be) = gcd(a, b).

(b) ( Solve the following congruence if possible. If no (b) 

solution exists, explain why not 

4x = 2(mod 6).

(i) Find three positive and three negative integers in 

6 5 w.r.t. congruence mod 7. 

() Use mathematical induction to establish the following (c)

6 inequality 

n! , for all n 2 6. 

(a) Find the general solution to the following linear 4 

6% system 

3x2 - 6r + 6x + 4x= - 5 

3x 7x + 8x - Sx^ + 8x= 9 3x 

3x 9x+ 12x 9x + 6xs= 15. 

21 5 8 7 

(b) Let u =-3 and A = |0 I -1| 

2 
Is u in the subspace of R3 spanned by the columns 
of A. Why or why not ? 6% 



DHU 

89 OLLES OLLES 3 ) 
ANDH 

(c) Let 

EAY 

K taji, Vew -3.v, = 
2 

9 -7 

( (For what values of h is v3 in span {v, v2 ? 

(i) For what values of h is {v. v2. Vg} linearly

6/2 dependent ? Justify each answer. 

i 4 2 

5. (a) Let A =2 5 .and define by T: R3 R3 by 5. 

36 0 
T(x) = Ar. Find all x in R such that T(x) = 0. Does 

6% b=|0 belong to range ofT? 

6) A linear transformation T: R R first reflects points 
through the x^-axis and then reflects points through 

the x-axis. Show that T can also be described as a 

linear transformation that rotates points about the origin. 
What is the angle of that rotation ? 6% 

(c) Let 

2-34 6 

A -8 8 6 and u = |-101 

6 -7 -7 
Is u in Nul A ? ls u in Col A ? Justify each 

6% answer. 

P.T.O. 
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4- , and B {b. b,} is basis 6. (a) Given 

of subspace H of R 

( Determine if x belongs to H. 

Find xla the B-coordinate vector of r. 6% 

(6) Determine the basis of the null space of the following 

matrix 

2 -5 0 -1] 
2 5-8 

A = 
-3-9 9 -7 -2 

4 3 

6% 

3 10 -7 11 7 

2 4 3 

Is a =-2 an eigenvalue of -46 -3 

3 3 1 

If so, find one corresponding eigenvector. 6% 

89 4 3,100 
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Instructions for Candidates 

Write your Roll No. on tlhe top immedialely on receipt of this qiuestion paper. 

All the Scctions arc compulsory 

Use of non-programmable scientilic calculator is allowed. 

All questions carry cqual marks. 

SECTION - I 

Aucmpt any four questions from Section -I 

1. If 

y = ei cos x) 

Prove that 

OCOLT COLLE OLLE 
ABAND 

LIBRARY 

aa 

(1-x) yn+2- (2n + 1) x yn+1-(n + m )yn = 0. 

2. Find all value of A and B so that2 

sin Ax + Bx 
36. lim 3 

Deihi 

New 3. Find constants a, b and c that guarantee that the graph of 

fCx) = ax3 + bx2 +c 

Willhave a relative extremum at (2, 11) and an inflection point at (1,5). 

manutacturer estimates that when x units of a particular commodity are produced each 

month, the total cost (in rupees) will be 

4. 

S3 



1 
C(x) = x + 4x + 200. 

and all units can be sold at a price of P(X) = 49 - x rupccs per unit. Determine the price that 
corresponds to the maximum profit. 

LLEGE COLLE AU C Compute 

2 

BANDH 

Sin? Cos dx. L 

LIBRARY 

aj Ne SECTION-II 
Attempt any four qucstions from Section - 11 

6 Trace the polar curve 

r=1+ 2sin 0. 

7. Tind the volumc of the solid that results when the region enclosed by thc given eurves 

y = x2, x = 2 and x = 0, y = 0 is revolved aboutx -axis. 

Usc cylindrical shells to find the volume of the solid generated when the region 
encloscd between y= Vx, x =I and x=4 and x-axis is revolved about y-axis. 

9 Find the arc length of the curve x = t,y=j* .(0sISI) 
10 Find the arca of the surface generated by revolving x = 9y+1. 0 Sys2 about y anis. 

SECTION-UI 

Altcmpt any three questions from Section- IIl 
d an cquation of the cllipsc traced by a point which moves so that the sum ot its distancc to (4. I) and (4. 5). is 12. 



WEGE GOLL 
Describe the graph of the curve 

NDHU 
12 LIBARY 

Kalkajl 
New 0 

y 4x+8x+5 

13 Trace the conic 

9x-24 xy+16y- 80 x- 60y + 100 = 00 

by rotating the coordinate axes to remove the xy- term. 

Find a polar cquation for the cllipse that has its focus at the polc, dircctrix above the 
polc, c= 5 and c = 1/5. 

14. 

SECTION -IV 
Attempt any four questions from Scction- IV 

15. Find lim F (1). 

2 

where F (1) [( 2ti-5j+ e'k) x (ti +4 sin t j)]. 

16. Find the tangcnt vector and parametric equation of tangent linc to the graph of the vector 

function 

F () = ti + (cos t)jt ( U cos t) k att=a/2. 

17. Statc and provc Kcpler's Sccond Law. 

18. A bascball hit at 24 angle from 3 ft. above the ground just gocs over thc 9 ft. fence 400 1t. 

rom home plate .About how fast was the ball travclling and how long did it lake the ball to 

rcach the wall? 

0Jcct movcs along the curvc = 5 (1 + cos 0),0 = 2t + 1.Find its velocity and 

accelcration in terms of unit polar vcctors uy ana uo 

QHGN 
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2 Do any two parts from each question. 

Find the polar representation of the complex number 

z=l+cos ati sin a, a e (0,2t) 
1. (a) 

(6.5) 

(6.3) (b) 
Prove that sinat = 16sinP1-20sin't +5 

(6.5) (c) Solve the equation z-125 -0. 

Let M(Z.). iE {1.2. 3, 4} be four distinet points. Prove that 
2. (a) 

The points Mi. M2 .M; are collincar if and only if (i) 

eR 
The lines MM: and M,M, are orthogonal if and only i ii) 

2eiR (6) 34 
Find the roots of 

b) 

7x23x 20 0 
giv that the product of the tuVO rOOts is 5. (6) 

LEGE 



(e) sing Descartes' rule of signs, show that the equalion 

+ 3x 2xx 2 0 

(6) 
must have al least four complex roots 

3. (a) For a. b E R, define a ~ b ifand only if a bE Z. 

(i) Prove that ~ defines an equivalence relation on Z. 

(5) 
(ti) ind the equivalence class of 5? 

oLLEGE GOLLE (b) Give an example ofa relation which is 

) reflexive but not symmetric. 

ANDHU 

LIBRARY 

Kelkal 

5) (ii) transitive but not reflexive. 

Bod 
Define f: Z>Zby f(x) = 3 x°- . 

ew De 

Nev 

(c) 
() Is fonc-to-one? 

(ii) Is fonto? (5) 

4. (a) Suppose A={xER:xS0}. 3= |xER:x2 0 and define f:A > Bby fix) = x. 

Find inverse of f. (5) 

(b) Show that the sets (2, 5) and (10, o) have same cardinality. (5) 

If p is a prime that divides ab . prove that p divides a or p divides b. ( (5) 

Find the Standard matrix A for the dilation transformation T(x)= 3x 5. (a) (i) 

(i) Show that the transformation T defined by 
2-12 -3x. +4,5x) is not lincar (7.5) 

(b) (i) Defne linearly dependent and linearly independent set of' vectors. 

(ii) Delermine il the columns of the matrix form a linearly independent set 

4 -3 0 

A--2-7 5 
4 7 5 

(7.5) 

( 



B applv ing elenmentary roW operalions find the mverse, il it exists, of the matrix (C) 

0 
3 4 

2 

(7.5) 
4 

Revnye 

. (a) let TxN,BN.3N *7A2:tSX2). Show that r is a one fto one 

transformation. Does T map Ronto R (7.5) 

-3 6-I-7 

Find the basis for the null space of the matrix A = -2 2 3 -1 

24 5 8 -4 
(b) 

(7.5) 

(c) Find the characteristic equation of 

LEGE COLLS 
(LIBRARY 

Kalkaj 

ANDHU 

-20 
A =-2 9 

5 8 3 

0 (7.5) 
Vew DE 

Also find the eigen values. 
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(Write your Roll No. On the top immediately on receipt of this question paper.) 
All questions are compulsory.

Attempt any two parts from each question. 

I (a) Define supremum of a non-empty subset of R. Prove that a number u is the 

supremun of a non-empty subset S of R if and only if 

(i) s u Vs E S; 

(ii) for any s > 0, there exists S E S such that u - E< Sg 5 

(b What is the supremum of the set S = {1 - n eNJustify your answer. 5 

(C) Prove that between any two real numbers x, y with x <y there exists a rational number 

r such that x <r << y. 

2(a) Let S be a non- empty subset ofR and is bounded below. Prove that 
sup{-s:s ES} inf S. 

) Show that a finite intersection of open sets is an open set and hence deduce that finite union 

of closed sets is closed. 5 

(C) Define limit point of a set. Find limit points of [0,1. 5 

49 Show that every convergent sequence is bounded. Is the converse true? Justify your 

answer. 

Let (xn) be a sequence of real numbers that converges to x. Show that the sequence 

(x,) converges to jx|. 2% 



(h) ) Let (x7n) be a sequence ot positive real numbers such that L = lim () exists. If n 

5 
L<1, then (xn) converges and lim x, = 0. hoN that 

2 (i) Determine lim (p for b >1. 

(c) (i) State and prove Monotone Convergence Theorem. 

i) List the first seven terms of the following inductively defined sequence
5 

2 X13, X2 = 5, Xn+2 = Xn + Xn+1 

(a) State and prove Cauchy Convergence criterion for sequence of real numbers. 4 5 

for n E N. Show that the sequences (xn) and (Vnxn) converge. 

5 

(b) Let xn = Vn+ 1 - yn 

Find their limits. 

(c) Show that the sequence )is Cauchy but ((-1)") is not a Cauchy sequence. 

5 (a) Find the limit inferior and limit superior of the following sequences: 

5 (-1)") () (1,1,.1.1 )(i1) (sin 

(b) State and prove Bolzano Weierstrass Theorem for sequences 

(c)Let x = 1 and xn+1 = yxn +2, n EN. Show that (xn) converges and find itslimit. 5 

6 (a) Give examples of the following series with justifications. 

a divergent series a, for which a converges. ) 

LLEG GOLLEG (ii) a convergent series Ea, for which a/ diverges. 

(b) Test the convergence ot any two of the following series: 

LIBRARY 

(i) 
aji, Ne 

(ii) 2n + n 

(ii) 

(el Lct , and 2 be two series of positive terms. If the sequence ( by 

HOd 



converges with a poSilive imit, then prove that 2, converges if and only if 

2 Converges. 

7 (a) Check for convergence and absolute convergence of the following series: 

() 2 
Vn n= 

- n+l-v 
5 

(b) Show that the series converges for p>I and diverges for psl. 

(c) Examine the convergence of any two of the following series: 

GOLLE 
SHBAND 

LW 

NOHU 
(i) 

n2" 

ABANDHO 
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Kalkail 
(ii) 

(ii) 

De!hi-19 
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