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(b) All the sections are compulsory. ~ VoW,

(c) All questions carry equal marks.

(d) Use of non-program

mable scientific
calculator is allowed.

Section-I

Note : Attempt any four questions from this Section_

1. Ify=sin" x,provethat (l-xgiym-(zm1)xyn+1—n%rn =0.

L1
f ="‘-—--..__'
2. Sketch the graph of €0} = oL p oding

intervals of increase and decrease

. - . » Critica]
points, points of relative Maxima g, minim
concavity of the graph and Nilection Points,

P.T.O.
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3. Evaluate analytically following problem :

1 X
lim‘_m[x sin”’ [—)]
X

4. Suppose a manufacturer estimates that, when
the market price of a certain product is p, the number

of units sold will be = -—61n(%) . It 1s also

estimated that the cost of producing these x

units will be C(x)=4xe ©+30.

(a) Fmd the avera cﬁe cost, the marginal cost,
and the marginal revenue for this productmn
process.

(b) What level of productlon x corresponds to
maximum profit ?

5. Sketch the graph of
coordinates rg— 4p4 gosghe curve in polar

Section - II

Note : Attempt any four questions from this
Section.

6. Find the reduction forrﬁula for Ix“e*dx and

Vi g

' 1
hence evaluate = L xe V'dx.

7. Find the volume of the solid generated when

the region enclosed by the curves y =/25-x"
and y = 3, is revolved about x-axis.
2
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8. Use cylindrical shells to find the volume of the
solid generated when the region enclosed by

1 ;
the curve y=—,X=Lx=2,y=01s revolved
X

about the line x = —1.
9. Find the exact arc length of the curve
x° +8
16x’
10. Find the area of the surface generated by

y= fromx=2'tox=3.

revolving the curve x=./9- y', —2<y<2.about
y-axis.
Section- III

Note : Attempt any three questions from this
Section.

11. State the reflection properties of the conic
sections : parabolas, ellipses and hyperbolas
with diagram.

12. Find an equation for the parabola that has its

vertex at (1,2) and its focus at (4,2).

13. Describe the graph of the equation 9x* + 4y? +
18x — 24y + 9 = 0 with rough sketch label the

foci, vertices and the ends of minor axis.

14. Trace the conic x’+ 23xy +3y2 + 2\3x -2y =0
by rotating the coordinate axes to remove the xy

term.
3 P.T.0.
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Section - IV
Note : Attempt any four questions from this Section.

15. Find the ‘position vector and velocity vector if
acceleration vector with initial conditions are

given as A(t) =(cost)i—(tsint)ﬁ; R(0)=i-2j+k:
V(0)=2i+k.

16. A boy standing at the edge of a cliff throws a ball
upward at a 30 angle with an intial speed of
64 ft/s. Suppose that when the ball leaves the

boy’s hand, it is 48 ft above the ground at the
base of the cliff.

(a) What are the time of flight of the ball and
1ts range ?

(b) What are the velocity of the ball and its
speed at impact ?

(c) What is the highest point reached by the
ball during its flight ?

17. Find the tangential and normal components of
acceleration of an object that moves with

position vector R(t)=(sint)i+(cos t)j +(sint)k .
18. An object moves along the curve in the plane
described in polar form r = 3+2sint; g =t.

Find its velocity and acceleration in terms of
unit polars U, and Uj,.

19. Find the curvature and radius of curvature at
the stated point for a curve

x=¢ecost, y=¢€sint, z=et t=0
4 800
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(ii) Attempt any two parts from each questions.

(iii) All questions are compulsory.
1. (a) Find the polar representation for the
complex number 6

z=1-Cosa+1iSina, ae[0, 2n)

(b) Solve the equation (2 - 3i)z6 + 1 + 5i = 0.
6

|
(c) Compute 2" +—  if z+_1_=ﬁ. 6

Z[l

P.T.O;
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2.

(@)

(b)

()

(a)

Define ~on 7 by a~bifand onlyif2a + 3h = 5
for some integer n. Prove that ~ defines an
equivalence relation on 7. 6

Define f: 7 — 7Z by fix) = 3x* - x.
(i) Is fone-to-one ?
(i1) Is fonto ?

Justify each answer. 6
Show that the open intervals (0, 1) and (1, 2)
have the same cardinality. 6

Define relatively prime integers. Show that
17,369 and 5,472 are relatively prime. Hence,
find integers x and y such that 17369x +

9472y = 1. 6
(i) Show that 3°=1(mod7) and hence
evaluate 3° (mod7).

(ii) Find all integers x(mod12) that satisfy
9x =3(mod12). ¢

Use the Principle of Mathematical Induction
to prove 22" -1 is divisible by 3, Vn2>1. 6

Write the solution set of the given system of
equations in parametric vector form. 6.5

X +3x +x, =1
—-4:s~:1—9:u:2~lr2;s(:3 =-1

-3x,-6x,=-3
2
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(b) Let A=|-4 2 -6|. Show that the

S. (a)

=3 =2 =i

equation Ax = b may not be consistent for

bl
every b=|b, |. Also describe the set of all
_bs_
vectors b for which Ax = b is consistent.
6.5
Determine h and k such that the solution
set of the given system 6:5
X, +3x%,= k
4x, + h X;=8
(i) 1is empty.

(ii) contains a unique solution.
(iii) contains infinitely many solutions.

Boron sulphide reacts violently with water
to form boric acid and hydrogen sulphide gas.
The unbalanced equation is B,S, + H,O —

H,BO, + H,S.

Balance the chemical equation using the
vector equation approach. 6.5

3 P.T.O.
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(b) Find the value of h for which the following
vectors are linearly dependent. Also find a
linear dependence relation among them.

6.5

—

N

[ 2
Vy=| 1

h

v, =|2|,v,=

N WD

(c) A linear transformation T : R* — R? first performs
a vertical shear that maps e, into e, — 2e,,
leaves the vector e, unchanged and then
reflects point through the line x, = X,

(i) Find Matrix A such that T(x) = Ax,
xeR?,

0
(ii) Find x such that T(x)= LJ 6.5

6. (a) Given:

(1 0 -2
A={3 1 =2
-5 -1 9

(i) Show that the matrix A is row
equivalent to L,

(11) Find inverse of A and hence find
inverse of AT. 6.5

4
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(b) Find a basis for column space for the matrix A

6.5
1 3 3 2 -9]
5 0 9 -8B 2
A =
2 3 0 7 1
'3 4 -1 11 -8

(c) Is ) =4 an eigen value of the matrix A ?

T
A={2 3 -1
-—_3 4 -
If so, find eigen space of A corresponding to
eigen value ) =4. 6.0
F
A %
b ®
O | |RRARY m;‘
\. o/
U Now Q> |

5 800
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All sections are compulsory.
All questions carry equal marks.
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Section I

Attempt any four questions from Section |

1 State Leibnitz’s theorem for 'ﬁndiﬂg nth derivative of prody
| ct

of two functions. If y = a cos(ln x) 4 , Sin(ln ) Proy

2 € that
xlyn+2+(2n+l)']yn+l+( +l)yn=0.

PToQ,
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Evaluate the following limit :

sinx

lim x
r—=0F

Find the intervals of increase and decrease of the following

function, discuss its concavity and then sketch its graph

y=(x+1)*(x-5).
Sketch the graph of the polar curve »=3cos26.

A manufacturer estimates that when ‘x’ units of a particular

commodity are produced each month, the total cost (in dollars)

will be C(x) = %xz +4x+200 and units can be sold at a price

of p(x)=49-x dollars per unit. Determine the price that

corresponds to the maximum profit.
Section II

Attempt any four questions from Section I

Find a reduction formula for I cosec"xdx, n > 2 is an integer.

Evaluate I cosec4xdr.

Find the volume of the solig gencrated when the region bounded

—_——

by y=425-x2,3 =13 is revolved about the x-axis.
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8. The base of a certain solid is enclosed by y = /x , ¥y = 0, and
x = 4. Every cross-section perpendicular to the x-axis is a
semicircle with its diameter across the base. Find the volume of

the solid.
9. Find the arc length of the parametric curve :
x=0+0%y=(0+)0<r<1.

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

y=+y4-x*, -1 <x <1, about the x-axis.
Section III
Attempt any three questions from Section III.

11.  Find the equation of the parabola whose focys is (-1, 4) and

directrix is x = 5§,

12, Find the equation of the hyperboly whoge foci are (1, 8) and

(1, ~12) and vertices are 4 ypits apart
3. Describe the graph of the equation -

9-"r.'2+4y2 +18x-24y+9=0.

2 LIBRARY 7
PTO. &/




14,

15,

16.

1%

18.

19.

8597

( 4 ) 8597
Identify and sketch the curve :
x? +4xy-2y2 -6=0.
Section 1V

Attempt any four questions from Section IV.

Evaluate :

lim (20 7, JoBGING = | 10e )il

->ot sin2t  log(tan?)

The acceleration of a moving particle is A(f) = 24¢%i +4J. Find

the particle’s position as a function of ¢ if R(0)=i+2j and

¥(0)=0.

If a shot putter throws a shot from a height of 5 ft with an

angle of 46° and initial speed of 25 ft/sec, what is the horizontal

distance of the throw ?

Find T(r), N(s) and B(f) for 7(¢)=costi +sint j + £ at

T
t=—,
4

Show that the curvature of the polar curve r = ¢%9 js inversely

proportional to r.

3,300
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All six questions are compulsory.

Do any two parts from each question.

. (a) Solve the equation ' =2x* —21x* +22x+40=0

whose roots are in arithmetical progression. 5

()  Find all the rational roots of 96y’ —-16y* —6y+1=0. 5
(¢) () Find the geometric image of the complex numbers
z, such that |[z+i[22.

(i) Find the polar representation of the complex

number z = —4i and find Ar g Z. 23

2. (@) Find all complex numbers Z such that |z|=1 and
Z+4=1, s
Z z

P.TO.



(b)

(c)

(a)

(b)

(c)

(a)

(2 8617

Solve the equation : 5

2 =5(z-1) (' -z +1).

Show that 5

c0s 50 =16cos’ 0 —20cos’ 0+ 5cosH -
For (x, y) and (u, v) in R?, define (x, y) ~ (u, v) if
x2+y2=ul2+v2.
Prove that ~ defines an equivalence relation on RZ.

Find equivalence classes of (1, 0) and (1, ). 6
Suppose f:A— B and g:B—C are functions :

() If gof is one-to-one and f is onto, prove that g
is one-to-one.

(i) If gof is onto and g is one-to-one, prove that f
is onto. 33

Prove that the intervals (0, 1) and (0, =) have the same

cardinality. 6

(i) Suppose d and b are integers and p is a prime

such that plab. Then prove that pla or p|b.

Find the quotient g and the remainder r as defined

(i)
. division algorithm. If @ = -517 and b = 35. 34,3
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(b)  Using Euclid’s Algorithm, find integers x, y such that

150x + 284y = 4. 6
(¢)  Using Principle of Mathematical Induction prove that
for any xeR, x>-1, (1+x)" 2 1+nx, VneN. 6%

5. (@) Consider the following systeni of linear equations :

xl+3x2+x3=l

A
O é‘ “U\ —3x, — 6x; = -3

< ! A
E <
[=]

5‘? “Write the matrix equation and the vector equation of
\ >
\?‘}9 .@ c/tAne above system of equations. Find the general
\. | o~ i
N0 « - solution in parametric vector form by reducing the
S :

augmented matrix to echelon form. 7%
(b) Let T:R?—> R’ be a linear transformation such that :
T(x52, )= (%, — 2%, = % +3%55.3%,—2x,)
() Find standard matrix of T.
(if) Is T one-to-one ? Is T onto ? Justify your answers.
(i) Find X such that T(X) = (-1, 4, 9). 72
1 2 2
(© () Let A=|3 -2 1 Find an eigenvector
0 1

corresponding to an eigenvalue A = 3.

P.T.O.
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{a)

(b)

8617
(i)

Show that if A is an eigenvalue of A and

P)=cy+ct+ct’ +...+ct", then one eigenvalue

of p(A) is p(A). 52%

Using homogeneous coordinates, find the 3x3

matrix that produce the following composite

transformation : Reflect points through the x-axis,

and then rotate 30° about the origin.

(i) Show that H={(q, b, c)eR’|b=2a+3¢} is a

subspace of R3. 5,2%

Let S={v,v,, vy, v,} where vw=(2,2), »,=(3. 2 1),
v, =(11,10,7), v,=(7,6,4). Find a basis for the

subspace W = span S of R3. What is dim W 9 1%

Compute the rank and nullity of the matrix A. Show

that rank A + nullity A = number of columns of A.

(1 2 -1

A 2 -1
7 -8 TVa
3 =7 0 |
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Instruction for Candidates
Instruction

1) Write your Roll No. on the top immediately on receipt of this question paper.
7y All the sections are compulsory.
3) All questions carry equal marks.

4) Use of non-programmable Scientific Calculators is allowed.

Section 1

Attempt any four questions from Section 1.

. Ify= (1- x2)"2Sin"'x, when —1<x<1 and - < Sin7'x < 3;5 then show that

(1- xz)yn+1 - 2n+ Dxy, — nz)’n—l =0

3]

Sketch the graph of the function f(x) = 4+ % by determining all critical points. interval

of increase and decrease, point of relative maxima and minima, concavity of the graph.

inflection point and horizontal and vertical asymptotes.

3. Evaluate :
lim [x —log(x® = 1)]

X -+

Sketch the graph of r = 5 — 2Cos@ in polarcoordinates.

When the market price of a certain product is p, then number ot units sold will be



10.

X = —6log (ZPE)

It is also estimated that the cost of producing these x units will be

Co0 = 4xel"d) 4 30

(@) Find the average cost, the marginal cost, and the marginal revenue for 1~ - -

proCL’SS.
o i : N O,
() What level of production X corresponds to maximum profit? /rj* i
: (; J&
Section 11 ‘ AT
% \ e b
».
Attempt any four questions from Section I1. '\f\ K

Find the reduction formula for [ sec™x dx where n=2 is an integer. Hencs. =valuate

[sec®xdx.

Find the volume of solid that results when the region enclosed by x =y* anc x =y is

revolved about the line y = —1.

Use cylindrical shell method to find the volume of the solid generated when the region
egclosed by the curves xy = 1,x +y =5 is revolved about the x — axis.

Find the arc length of the parametric curve x = a(t + Sint), y=a(l —cos ) for - <
t<m.

Find the area of the sutface generated by revolving the parametric curve X = Cos’ty =

Sin?t,0 < t < ™/, about the y-axis.

Section III

Attempt any four questions from Section 11L
Find the equation of the hyperbola passing through the origin with asymptotes ¥ = 2+ 1

andy = —2x + 3,



14.

15.

16.

17.

Find the equation ofthe eilipss having Felal (0, +6), length of the minor ax:- - -

Identify and sketch the following curve :

153x% — 192xy + 97y% — 30x — 40y — 200 = 0.

; . ‘QDRU
[dentify and sketch the following curve : 3’.“ v
e
y2—8x—6y—23=0. R
Section IV ‘:‘* ,

Antempt any four questions from Section IV.
If F(t) is a differentiable vector valued function of t of constant length then show =zt F(t) is

orthogonal to its derivative for all t.

Evaluate IOE F(t) dt, where F(t) = (sec®*t,—2cost,1).

Express the acceleration of the particle in the form arT + ay N, where T is the unit 1angent
vector and N is the unit normal vector, given that the particle moves so that its position al any
time t is r(t) = (et cost,e’sin t,\@et), 3= 0.

Find the curvature and radius of curvature of the twisted cubic for a curve r(t) = (¢ &, 0)at
ageneral point and at (0,0, 0).

A projectile is fired from ground level at angle 30° with muzzle speed of 80 ft/s. Find time of

flight and the range.
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All questions are compulsory.

Attempi any three parts from each question. ’é“\ o (‘;0,\
e

(EE oah®
I. (a) State and prove the triangle inequality and show that L& Y

¥ _

llal - |bl| < la—b| VabeR. Eotraii nes

(b) Let S be a nonempty bounded set in R. Leta > 0 and a$ = {as:s € S}.
Show that sup(aS) = a sup(S).
(c) State and Frove Archimedean property of real numbers.

: |
(d) If y >0, show that there exists n € N such that o~ <y.

2. (a) Show that intersection of an arbitrary family of closed sets is a closed set. Is this result
true for an arbitrary family of open sets? Justify your answer.

(b) DeﬁneLimit point of a set of real numbers. Prove that a point p € R is a limit point

ofaset S ifand only if every neighbourhood of p contains infinitely many points of
S

(c) Let (x,) be a sequence of real numbers such that (x,,) converges to x, x > 0 show
that there exists a natural number k such that ;—r <x,<2x,¥n 2k

(d) Find the following limits and use the definition of the limit of a sequence to establish
the limits



- . 1

1; lim ( )
n—co \Wn+7

.- i 2n

i. lim (—-— .
n—oo n+2

3. (a) Let (x,) be sequence of positive real numbers such that L = lim Xm#:

exists. If
M—co x'n
L < 1 then show that (x,) convergesand lim x, = 0.
n—o
(b) State and prove the monotone convergence theorem.
(c ) Establish the convergence or divergence of the sequence (x,,) where
1 1 1
n = e L2 n+2 B E'V B & 6‘\6"6_0(;1
(d) Show that the following sequences are divergent Lk
x ~ s
L (=DM) CRE
W " n - "-:
ii. (sin (—E) ¥ . _
3 NES
AQ

4. (a) Show thatfsequence of real numbers is Cauchy if and only if it is convergent.

() If 0<r<1 and|xpe — x| <7™, V n € N.Show that (x,,) is a Cauchy
sequence. '
(c) State@test for series of real numbers and show that the series 2, % is

convergent.

(d) Examine the following series for convergence

100)"
2( )

n!

i. Y@Gn+1-vn)




3 Suppos i series, where -
5. (a) Suppose Y@ is a seriesy where @, > 0 and |bn| < @,. Then prove that Ya_is
.

convergent implies X b, is convergent. Is the series y Loesul)

— convergent? Justify
your answer.

(b) Using integral test. prove that the series > converges if and only if p > 1
n (log n)p )

75 .. ) . —1yn-1
(¢) Define conditional convergence of an infinite serics. Prove that the series 3, £

vn
is conditionally convergent.

2 3
: X x
(d ) Show that the series x+ - + +... converges absolutely for all values of x.
. o I
onU &
P ‘i
&
£ ¢
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Instruction for Candidates o/
1) All six questions are compulsory. OQ}V

2) Do any two parts from each question.

3) Marks for each part of a question are written against the question in the margin.

L. a) Find the polar representation of complex number
z=cosa—isina,a € [0,2m)
b) Compute the following
z"+zin_,if z+§=\/§.

¢) Find the quadratic equation whose roots are the cubes of the roots of the
equation x2 —px+q = 0.

@) Fora,b € R\ {0}, definea ~bifandonly if > € Q
i.  Prove that ~ defines an equivalence relation .
ii.  What is an equivalence class of 1? Show that V3 = V12 .

b) Given three consecutive integers a,a + 1,a + 2, prove that one of them is
divisible by 3.

c)y - Define f: Z — Z by
f(x) =3x3 +x.
Determine whether or not £ is one 10 one and/or onto .

a) Use mathematical induction 1o establish that forall n > 1,
8" — 3" is divisible by 3.

by Show that the set of rational numbers 1s countable



¢) Find all integers X, 0 < x < 6, satislying the following congruence
4x = 2(mod 6). -
a) Find the general solution of the system D H
U AN
P

2%, — X3 + X3+ 2x, =0 <

‘:U","-.

"'le + 4x2 - X3 - ZX4 = —5 f"..l
x1—6x2+3JC3 +JC4='7 1l"}i
A4x, — 6x, +x3 —4x4 =9 \%

~IBrARY

\ 4 ~
. : . Q& 2
by reducing the coefficient matrix to echelon form. w 22~

b) Determine whether b belongs to the linear span of a;, @; and ag. where

1 -2 —6 11
a; = 0|, a = 3 ,a3=(7),andb=(—5).
1 —2 5 \ g/

¢) Balance the following chemical equation
NQHC03 + H3CBH507__" Na.366H507 + H20 o= CG;.

a) For what values of h the vectors V4, ¥z and vz given below
3 —6 9
1 -3 3

are linearly dependent?

b) Lete; = (%}) ,€2 = (2)J’1 = (g), and y; = (-_61)' Let T: R2 — R? be such
X1

that Te, = ¥y and Tez = Yz2. Find T )

¢) (i)LetT : R™ — R™ be a linear transformation. Show that T is one-to-one if
and only if T(x) = 0 has only the trivial solution.
(ii) Show that T: R? - R? given by T(xy, %) = (%1 + x5, Xp) is One-to-one.

a) Find the standard matrix of the horizontal sheer transformation T: R? — R? that

leaves e, unchanged and maps e into ez + 2ey.

Let T:R" = R" bea linear transform and A be standard matrix representation of
T. Show that T is invertible linear transformation if and only if A is an invertible

matrix.

b)

¢) Determine the rank of the matrix
27 5§ -3 —4 B
4 7 =4 -3 9
6 9 -5 2 4
o -9 6 5 —6

S

LSH NS

[N
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