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Section 1

(Attempt any four questions from Section I)

L. If y = log (x+m), show that :
(1 +xy ., +@n+ Ixy,, +ny =0

2 Sketch the graph of the function
i) = 3x-35
x-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.TO.



10.

\ <) 88

Evaluate : lim (e* —1—-x)".

=0

1
Given the cost C(x) = gxz + 5x + 98 of producing x units of

a particular commodity and the selling price p(x) = %(75 — X)
when x units are produced. Determine the level of production

that maximizes profit.
Sketch the graph of » = sin 20 in polar coordinates.
Section Il
(Attempt any four questions from Section II)
Obtain the reduction formula for
| sec” x dbx.
Use it to evaluate | sec® x dr.

Find the volume of the solid generated by revolving the region
enclosed by y = x, y =2 — x2.and x = 0 is revolved about the

X-axis.

Use cylindrical shells method to find the volume of the solid
generated when the region enclosed by y = 2x — x* and

y = 0 is resolved about y-axis.

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

x =10 and x = log 2 is 3/4.

Find the area of the surface generated by revolving the curve

Y= yJ9-x?, -1 <x <1, about x-axis.



(3) 88

Section 111
(Attempt any rhree questions from Section 111)

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

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

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

axis of length 2.

Describe and sketch the graph of the conic
xX2-4y +2x+ 8 — 7 =0.

Label the vertices, foci and asymptotes to the graph.

Rotate the coordinate axes to remove the xy-term in the equation
31x% +10\3xy +21y2 —144 = 0.

Identify the resultant conic.

Section 1V

(Attempt any four questions from Section 1V)

A ) O
| ZavU Co
Given the vector functions ;\.\5“9 ¢ Q
-5 » N
F() =4+ £ + £k ~amN .
1 A\ (A :{‘!\?“
— 1 ‘.,}-\‘:.
and G@) = ;i — €j
verify that 1A N e

lim [F(1)xG(1)] = [lim F(1)] x [lim G ().
P.T.O.



16.

17.

18.

19.

e OO

A velocity of particle moving in space is
3(:) 1% ej+ ik -

Find the particle’s position as a function of ¢ if the position
at time ¢t = 0 is E(o)=i+4}_ﬁ.
A shell is fired at ground level with a muzzle speed of
280 ft/s and at an elevation of 45° from ground level :
) Find the maximum height attained by the shell.

(i)  Find the time of flight and the range of the shell.

Find the tangential and normal components of the acceleration

of an object that moves with position vector
_) - - -~ ~
R(f)=cos ti + sin fj + k.

Find the curvature k(f) for the curve given by the vector

equation

- . A 5
R(1)=4 cos ti + 4 sin ¢ + tk (0<1<2m).
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. (@)  Find polar representation of the complex number : 6

z,=sin a + {1 + cos a), a € [0, 2m).

(b) Find |z| and arg z, arg (-z) for : 6
N z={ -0 (6 + 6
(i) z=(T-73i) (-1-i).
(¢)  Solve the equation : 6
zt = z -1z —z+1).
2 (@ Fora, be Z define a ~ b iff a® — B is divisible
by 3 : 6

() Prove that ~ is an equivalence relation on Z.
(i) Find the equivalence classes of 0 and 1|.
(b)  Define : 6

JS:ZSZby f(x)=x>-5¢+5
() & f one-to-one ?

—__
(i) Is f onto ? ,@U CO<\
. A >
Justify each answer. e (?“
(3 arARY
”; U%‘.o_ g
?> O



(8]

(b)

(c)

(b)

( 2 ) 89

Show that the open intervals (0, 1) and (4, 6) have
the same cardinality. 6
Suppose a, b and ¢ are three non-zero integers with
a and c relatively prime. Show that : 6
ged(a, be) = ged(a, b).
() Solve the following congruence if possible. If no
solution exists, explain why not :
4x = 2(mod 6).
(i) Find three positive and three negative integers in
5 wrt congruence mod 7. 6
Use mathematical induction to establish the following
inequality : 6
n!'> P, for all n > 6.

Find the general solution to the following linear

system : 6"
3x, ~ 6x; + 6x, + dxs= - 5
3x) - Txy + 8xy — 5x, + 8xs=9
3x) - 9x, + 12xy - 9x, + 6xs = 15.
[ 2] (5 8 7]
Let u=|-3| and A=|0 1| -]
| 2 | 13 0
Is u in the subspace of R3 spanned by the columns

of A. Why or why not 2 62



(c)

(a)

(b)

(©)

.
Let : Lt
[ 1] [ 3] 5] 7
WE3 =9 Ly =T i W
| 2] |6 | B

(/) For what values of 4 is vy in span {v,, v,} ?
(i) For what values of 4 is {v, v,, vy} linearly

dependent ? Justify each answer. 6%
(1 4 2]
Let A=|{2 5 1|, and define by T : R — R3 by
13 6 0]

T(x) = Ax. Find all x in R? such that T(x) = 0. Does

b=10| belong to range of T ? 6%

A linear transformation T : RZ — 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 ? 6'2
Let
(2 -3 4 [ 6 ]
A={-8 8 6 |andu=|-10]|.
8 =F =T |11

Is  in Nul A ? Is » in Col A ? Justify each

V/
answer. 6%

P.TO.



(a)

(b)

( 4 ) 89

j .,
Given b =[ },h: —[ ] and B = {h,. by} is basis
-4 7

of subspace H of RZ.
-3
g belongs to H.

(i) Find [x]g, the B-coordinate vector of x. 6'2

() Determine if x =

Determine the basis of the null space of the following

matrix :
(1 2 5 0 -]
2 5 -8 4 3
A= , .
-3 9 9 -7 2 6'2
| 3 W =7 11 7|
(2 4 3]
Is A = -2 an eigenvalue of (4 —6 -3|.
L3 & 1)
If so, find one cormresponding eigenvector. 6"

4 3,100
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> All questions carry cqual marks.

SECTION =1
Attempt any four questions from Section — 1

— ncos tx
— e(’ o ):

y
Prove that :
(1= x2) Ypaz — @+ 1) X yuyr — (0 +m*)yn =
2. Find all value of A and B so that

sin Ax + Bx
3

lim 36.

x—0

3 Find constants a, b and ¢ that guarantee that the graph of

. . 2 4
W .,; f(x) =ax* + bx"+<¢

}“J_i”)lave a relative extremum at (2, 11) and an inflection point at (1,5)

each

% A manufacturer estimates that when x units of particular commodity are produced

month, the total cost (in rupees) will be

D



|
C(x) = a—x" + 4x + 200.

and all units can be sold 2t a price of p(x) = 49 — y rupees per unit. Determine the price that

corresponds to the maximum profit.

Compute : A0V © UQ_;
y 5 .
3 &
X
. A‘ . x P‘\ . -
mezz Coszz dx. 4 \6Rf e
2 \o ’

SECTION-II pal A
Attempt any four questions from Scetion — 1]
Trace the polar curve
r=1+ 2sin0.
l'ind the volume of the solid that results when the region enclosed by the given curves

y=x*,x=2andx=0,y=0 isrevolved about ¥ -axis.

Use cylindrical shells to find the volume of the solid gencrated when the r

cgion
enclosed between y=+VXx,x =| and x=4 and x-axis is revolved about y-axis.
Find the " ey =143 12
Ind (he arc length of the curve x = gty =l , (0=

Find the arca of the surface generated by revolving x = 9y+1_ ¢ <y <2 aboutl y anis.
O », B o

SECTION —III
Altempt any three questions from Scction — 1]
Find

4t cquation of the ellipse traced by a point which moves so that the sum o
di“a]f!

NEcto (4. 1) and (4. 3) is 12,

ETEN

@



13.

14.

16.

17.

18.

19.

Describe the graph of the curve

n

v =d4xX7+ 8X ¢

Trace the conic

9x*—24xy+16y* - 80 x- 60y + 100 =0

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

I'ind a polar cquation for the cllipse that has its focus at the pole, dircetrix above the
pole,c=5and ¢c=1/5.

SECTION -1V
Attempt any four questions from Scction — [V

Find  [im F ().

t— 2
where F() =[(2ti-5j+ e'K)x(Ci+4sint])].

Find the tangent vector and parametric equation of tangent line to the graph of the vector
function

F () =tii+(cost)j+ ( Pcost)k at t=mn/2.

State and prove Kepler's Second Layw.

A bascball hit at 24° angle from 3 ft. above the ground just gocs over the 9 (t. fenee ;03 fi

. a did 1t take the ball to
[rom home plate . About how fast was the ball travelling and how long did it take the ball «
reach the wall?

_ _ ‘ind its velocity and
An object moves along the curve = 5 (1+cos0),0 = 2t+ 1. Findis ek

acecleration in terms of unit polar veetors u, and Uy

©
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Instructions for Candidates

I. Write vour Roll No. on the top immediately on receipt of this question paper
2. Do any two parts from each question.

1. (a) Find the polar representation of the complex number
z=1+cosatisina, ae(0,2r) (6.5)

(b)  Provethat sin3t=16sin>t-20sin3t+5 (6.5)

(c) Solve the equation 23 125 = (). (6.5)

(a) Let M((z). 1€ {1.2.3, 4} be four distinet points. Prove that

!-.J

(i) The points M. My M are collinear if and only it

£~ =7
3 *
| c R

iy Thelines MiM:and MM, qre orthogonal if and only ir
Ly -2 R
“—2 ] (6)
L

l-'ind the roots ol
(b) ) 1
PER = IXTH 23 20=0

given that the produc of the two rooqs
VOIS 1S

0

S.

(0)



(P

A )

—

(€

(a)

(c)

(a)

(b)

Using Descartes® rule of signs. show that the equation

ot ot X - Ex - 2=0 .
i 3 )
must have at least four complex roots. )
Fora.b € R, define a ~ bifand only ifa b & Z.
(i) Prove that ~ defines an equivalence relation on Z. -
e - \ e 3)
(i)  Find the equivalence class of 57
y . e /Y\'Q COL(‘
Give an example of a relation which is / é‘o
(1) reflexive but not symmetric. :? ?:{ -
(i) transitive but not reflexive. 5 a
r’\\" e % o “
Define f: Z—>Zby [(x)=3x -X. X 2
(i) s f one-to-one? kg, o
(i1) Is f onto? (3)

Suppose A={xeR:x<0}. B={xeR:x20}and define : A - Bby f(x) S

Find inverse of f. (5)
Show that the sets (2,5)and (10.%0) have same cardinality. (3)
If pisaprime that divides ab . prove that p divides a or p divides b. 3)
(1) Find the Standard matrix A for the dilation transformation T(X) = 3x.
(iiy  Show that the transformation T defined by
T(xl“"z ):[2-“;[ —3X,, Xp+4.5%5 ] Is not linear, (7.5)

(i) define lincarly dependent and linearly independent set of vectors
(i) Determine if the columns of the matrix form a linear|y independent set

T 4 =30

{4 =5 T 3]



(¢) Ry applying clementary row operations find the inverse, il it exise o i simies
1L, " '1 I'i"\

I 0 )
\ ¥ |
(7.8)
2 34
; V.c-"“"f‘”;

ARRY | et 1[\l.x:)‘ (3\] +X.3X, -'7.\:.\1 F3%5 ). Show that 7'is a one {10 one

-

o ™ 1 z i
transformation. Does T map R=onto R (7.5)

e

(b)Y Find the basis for the null space of the matrix A =

(<) Find the characteristic equation of

6 -2 o]
A=|-2 9 0 (7.3)
5 8§ 3

Also find the cigen values.
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| (a) Define supremum of a non-empty subset of R. Prove that a number u is the

supremum of a non-empty subset S of R if and only if
() s<u Vs E€ES;
(i) forany ¢ > 0, there exists s, € S such thatu — & < S

5
. . (-n" ; ¢ 5
(b) What is the supremum of the set S = [1 bl N = N]"- \Justify your answer.  ( ’
(¢) Prove that between any two real numbers x, y with x < y there exists a rational number
rsuchthat x <r <y, °
2 (a) Let S be a non- empty subset of R and is bounded below. Prove that
—sup{-s:s €5} =infS. >
(b) Show that a finite intersection of open sets is an open set and hence deduce that finite union
of closed sets is closed. :
(¢) Define limit point of a set. Find limit points of [0,1]. ’
3 (a)(

1) Show that every convergent sequence is bounded. Is the converse true? Justify your
answer, ?

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

(lxy]) converges 1o |x]. 2%

®



4

5

6

(b) (i) Let (xy) be a sequence of positive real numbers such that L = |im ( )
L exisls.
n

L < 1, then, (x,,) converges and llm Xn=0. Clgn) +hat

(i) Determine llm (bn) forb > 1.

(¢c) (i) State and prove Monotone Convergence Theorem.
(i1) List the first seven terms of the following inductively defined sequence:

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

[f

2

2%

5

(b) Let x;, =vVn+1—+n forn €N. Show that the sequences (x,) and (\/ﬁxn) converge.

Find their limits.
(c) Show that the sequence (%) is Cauchy but ((—=1)") is not a Cauchy sequence.

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

1 1 11 .onm
,5, 5,1, » E’Z"") (iii) (31n—3—).

NIH
M=

O (=D ) 1,1

(b) State and prove Bolzano Weierstrass Theorem for sequences.

5

(c) Letx; =1 and x4, = /X, + 2, n € N. Show that (x,,) converges and find its limit. 5

(a) Give examples of the following series with justifications.
(i)  adivergent series ¥ a_ for which ¥ aj; converges.

(i)  aconvergentseries 3 a_ for which X a? diverges.

(b) Test the convergence of any two of the following series: h‘% \.6'\'1.
\

_n-—1
(i) 2‘ n? x
1 L PT
() Zznen @i
n2

Gi) X

» 4 and Z,-,b,, be two series of positive terms. I the sequence (28
- : sequence (2
(©) Let 2y uence (513

@

wn

th



converges with a positive limit. then prove that Z o converges if and only if

ZJ b converges.
n=1

5
7 (a) Check for convergence and absolute convergence of the following series:
. 0 (_I)H-i-l'
: | M S
( ) n=l \[’_?
5 Jn+1-+/n
DR 5
n=| n
(b) Show that the scries ZL converges for p>1 and diverges for p<1 . 7
ol
(¢) Examine the convergence of any two of the following series:
. z n2"
! 2
0 ; n +1
142
i) D, Jn
n=| \/;'I'I
(iii) Z— 5

,,|I?
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