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

Attempt all questions by selecting three parts from
cach question,

All questions carry equal marks.

Use of Calenlator is not sllowed,

(@) State and prove the sequential eriterion for (he
limit of » real valued function, 15)

(b) Use & — & definition of limit to establizh the
tollowing limit ; {3)

L

lymy

142 | =x
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(&)

fehLet f: ® — R be defined a5 (53
fheya x if x I8 rational
(x)= 0 if x is irvational
Show that f has a Hmit only ot x =0,
(d} Let A B, let £: A = R, and et ¢ & R be a
cluster point of A, I Iirr: f=0, then show that
LB

fx) = 0 for all x = AnVde) x=c, (5}

(®) I F is continuous ai X, and g is continuous at fix,)
then prove that the composite Function gol is
continuous at x;, (5)

1

(b) Let fix) = —si.n—]-; for x #0 and F0) = 0. Show
x | "a

that f is discontinuous at 0, (5

(c) State Intermedinte Value Theorem. Prove that
xe* =1 for some x im {0,1}. 5}

{d} Ler f be a continuous real-valued Function with
domain (a, b), Show that if f{r} = 0 for each
rational mumber ¢ in (2, b), then f(x) = 0 for all
x € (a b)) (5}

(2] Prove that if a real valued function T is comtinuous
on [a, b] then it is aniformly continuous on [a, h].
{5}

1223 3

(b} Show that the function fix) = L iy uniformty
£

continuous on {(a, o) for a > 0 but it is not i formly
cantinuous on (0,1}, (5)

(c) Let f{ix) = |x] + [x = 1|, x & B, Draw the graph
und give the set of points where {1 15 not
differentiable. Justify aluo; (&3]

{d) Prove that if  and g are differgatiable on R, if
ti0Y = gl0) and if M(x) < g'{x) for all x & B, then
fixy = gix) for x 2 0, (5

(a) State and prove Mean Value Theorom, (5]

(b} State Intermediate Value Theorem for derivatives,
Suppose [ is differentiable on B and fi0) = o,
i1y =1 62y = 1.

(i) Show that £(x) = % for some x & (0.2).

(i} Show that f(x) = :llr- for some x & (0,2),

(5)

(c) Prove that (sin x - sin y| € |x - ¥ for all
Ly = R, {5)
P.T.0.
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(d} Let [ be defined on B and suppose that
[f(x) — fy) | < (x=v)* for all % ¥ H. Prove
that £ is a constan! function. (5]

5. (a) Let I be differentiable function on an open interval
{(a, b). Then show that f is increasing on (a, b) il
fixy=0. (5}

(b) If y = puarle prove that (5]

(1 + %3y, + (2n+ Dx - Ly, + nfn+ 1)y, =0,
(e} IT v = eostm sin™' %), find ¥, (0. (3

(d) Stating Taylor's theorem find Tavlor series

expansion of e, (&
3 } r a ]

b. (&) Find lim :-'.—In[n:‘+l}'. (5]
i b =

(b} Determine the position end nature of the double
points on the ¢urve (5}
-y - Tat Ay + 15% - 13 =0

(¢} Sketch a graph of the rational function showing
the horizontal, vertical and obilique asympiote (if

A
=

: X
any} of y= [

X
id) Sketch the curve in polar coordinates of r = sin 28,
(5

{1000)
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Name of the Paper o Caleulns and Geomelry,

¢BCS (LOCF)

Name of the Course : B.Sc. (Prngrlrume]n
Mathematical Selences [
Physical Sciences

Cemesler e 1|

Duration : 3 Hours mMaximum Marks | 15

!g!t;u;ﬂ:ggs [or Candidates

1. Write your Roll No. on the 109 jmmediately on receipt
of this guestion papet.

2. This guestion paper has 9ix questions 10 all
Attempt any two parts from each question.

All guestions AT compualsory.

L R -

Warks are indicated.

|, (a) Determiné where the graph of the function
fix) = &' — 4x} + 10 is concave Up and where it

is ¢concave down. {6}

pP.T.O.
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?

(b) Sketch the graph of the function

1
y=§11—‘}x+2. [6)

{c} (i) Evaluate 1ﬁm w

B (x—2)(axs1)" =

(1} Find all honzontal and vertical asymplotes of
the graph of the lunction

F(x)=ae 22 ()

1
{a) Find the critical points of the function fix)=x+—
X

and identify each as a relative maximum, a relative
minimum, or neither. (6.5}

(b1 Evaluste the following limits using I"Hopital's rule

i limll[z-x}"[?] @
(i lim[]———l-] (3.5)
P | '

(¢} Trace the curve

x = p{t +mint), y=a(l - cost), -m=l<w.
(6:5)
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3

{a) Derive the reduction formula for f!a:“ xdx and

hence evaluate Hnl -1-11};5 dx . {6)

(b} Obtain the reduction formula for I:!sjn’“ %oeos” x dx

Use it 1o evaluate ‘If-zsinT x cos’ x dx | (]

(e) Sketch the graph of r = .a(l —cos) in polar
coordinates. assuming 'a’ 1o be a positive constant,
{6}

{a) Find the volume of the solid generated when the

region enclosed by y=+x+1, ¥y =J2x andy =10
is revolved about the x axis. {6.5)
(b} Use cylindrical shells 1o find the volume of the
solid generated when the region R bounded by the

curve ¥ = x° and the x-axis for 0 < x £ 3 is
revolved-about the line v = -2, (6.5)

{e) Find the arc leagth of the parametric curve defined
by

x = cost + tgint-y = st — teost, D=t<m
(6.5)

{a) Describe the graph of the equation :
Sx2 4 9yt + 20x - 54y = -56. (L]

= 2 R
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i) Sketch the parabola and label the focus, veriex
and directrix:
fx=1" szi —-1—}. (65}
2
the xy-1erm.

{¢) Rotate the coordinate axes to remove
1dentify the Lype of the conic and sketch its graph-
ol afixy + 3 3Bz -2y =0 (6)

b the graph of the hyperbnhid of one sheet

2
5 s SRR (6.5)
4

A, (a) Sketc

y of o vector-valued

fine the differe prinbilit
valued

o dj.ir:tentiable veoter-

function in Z-8pace of 3-space and [le(t)l] 18

constant for all 1 then prove that rit) and it°s

derivative are arthogonal veciors for all &
(6.53)

by De
function. 1f plL) is

Ly + (sinth * t'k and

{cy Let £,dt) = {tan
(1) = (-t + (2t _myj + (I Dk
The graphs of T it r,it) intersect at the origin.
Find the degTee measure of the acute angle

the graphs of ()

hetween the tangent lines o
and ry{t) @l the origin. {6.5)

j and

(200)
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I, Write your Roll No, on the top immediately on receipt of this question paper.

3]

Use of non-programmable scientific caleulator is allowed.

Section — 1

. Aunempi any three parts. Each part is of § marks.
(n) Solve the initial value problem
(2ysinx cosx + y*sinx)dx + (sin®x— 2ycosx)dy =0, 0)=3
i) Solve the differential equation
(x* = 3yT)dx + 2xydy = 0
(e} Solve the differential equation
xy" +2y' = 6x
(d) Solve the differential equation
(x+2y+3)dx+ (2x+d4y—1)dy =0

2, Atempt any two parts. Each part is of § marks.

(a} In » certnin culinre of bacteria, the number of bacteria increased sixfold in
10 hours. How long did it take for the population to double?

P.T.0.
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m;&mmngmundwﬂhlnmmlﬂlwu}r
zes both the decelerstion of gravity and deceleration
e. How high in the air does it go?

{c}hlﬂp'.' ed from an oven at 210°F and left to cool at room
_which is 70°F. After 30 min the temperaturc of the cake is
140°F. When will it be 100°F?

Section — 2

3, Attempt any two parts. Each part is of 8 marks,

() The following differential equation describes the level of pollution in the
lake

dac F
E=F‘:'cln_cll
where V is the volume, F is the flow (in and out), C is the concentration of
pollution at time { and Cpy, is the concentration of poliution entering the
lake. Let V=28 % 10%n’, F = 4 % 10%n” /month. If only fresh water
enters the lake,
L How long would it take for the lake with pollution concentration
ll:li"';:uzht:ei',.?m3 o drop below the safety threshold4 % 10%pares/
m'?

i, How long will it take to reduce the pollution level 1o 5% of its
current Jevel?

{b) In view of the potentially disastrous effects of overfishing causing a
population to become extinct, some governments impose guotes which
vary depending on estimates of the population at the current time. One
harvesting model that takes this inte sccount is

4 X
Z=rr(1-2) =X
L. Show that the only non-zero equilibrium population is
X =k(1-2)

ii. Ar what critical harvesting rate can extinction ocour?

(c) In a simple batzle model, suppose that soldiers from the red army are
visible to the blue army, but soldiers from the blue army are hidden. Thus,
all the red army can do is fire randomiy mlnmmmdhnpeme:rh.u
something, The blue army uses aimed fire.
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.:3,‘,_,*
i ] d appropriate word equations describing the mte of
of the number of soldiers in each of the armies.

i, By nmtlng appropriate assumptions, obtain  two  coupled
differential equations describing this system.

(T8 Write down o formala for the probability of a single bullet fired
from a single red soldier wounding a blue soldier in terms of the
total area A and the area exposed by a single blue soldier A.

iv. Hence write the rate of wounding of both anmies terms of the
probability and the firing rate.
E Section =3

4. Atempt any three parts. Each part is of 6 marks.

{a8) Find the general solution of the differential
iy 4+ 6xly" + dxy' = 0.

| (k) Using the method of undetermined coefficients, solve the differential
egquation

},rrr_ E?H +}|l = 1+ xe*, :I-"{ﬂ} e }I,J[n} = }'"{ﬂ} =

ic) Using the method of Variation of parameters, solve the differential

equation
¥y 3P 4 2y = 4",

{d) Show that ¥, = 1 and ¥, = /X are solutions of
}TIJ + [}rl}z = ﬂ.
but the sum ¥ = ¥y + ¥; isnotasolution. Explain why?

Section —4

5. Attempr any two parts, Each part is of § marks.

(&) The pair of differential equations

dp
= P— yPT — = g,
- i i R

where v,y and q are positive constants, is a model for a population of
microorgenisms P, which produces toxins T which kill the microorganisms.

P.T.O.
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i

4
i. Given that initially there are no toxins and Py microorganisms, obtain an
expression relating the papulation density and the amount of toxins.
ii. Hence, give a sketch of a typical phase-plane rajectory.

iii, Using phase-pline trajectory, describe what happens to the microotganisms

over Hme.

{b) A made! of a three species interaction is :
%= ﬂlf— ﬁ:_:ﬂ"' -I;.:II.'E,

dY

E= ﬂ:.ﬂ"— hﬂ".

Where @, , by , ¢ for { = 1, 2,3 are all positive constants, Here X(t) is the prey

density and ¥(¢) and Z{t) are the two predator species densities.

i Find oll possible equilibrium populstions, s it possible for the three

populations to coexist in equilibrium 7

ii. What does this sugpest about introducing an additional predator into an

poosystem ?

{c) In a long range battle, neither army can see (e other, but fires into & given
area, A simple mathemarical model describing this bantle is given by the coupled
differential equations

dk A48
L —5,RE, i =y B

where ¢, and ¢, are positive consianis:

i Use the chain rule w find 4 relationship between R and B, given the initial numbers
of soldiers for the two armies are 1, and by, respectively.

i1. Draw a sketch of typical phase-plane trajectories.

tii. Explain how to estimste the paramecter ¢, given that the blue army fires into a
region of area A,

{200)



[This question paper contains § printed pages.]

~a-
Yﬂl."‘ Rﬂ"- Nu‘--r--i-p-niuuu-

Sr. No. of Question Paper @ 1271 F
Umque Paper Code v 2352571201
Name of the Paper : ELEMENTARY LINEAR

ALGEBRA
Mame of the Course : B.Se. (Prop.) DSC-BI
Semester R
Duration : 3 Hours hfaximum Marks : 90
r'ns. ions for id

I. Write your Roll No. on the top immediately on receipt
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2. Attempt all question by selecting two parts from each

question.

3. All questions carry equal marks.
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1. Write youf Roll No. on the op ' mmediately on receipt
af this guestion paper.

35

Attempt all question by selecting two parts from each
guestion.

3. Pant of the guestions 1o be attempted together.

4 All guestions carry equal marks.

1. (a) lf x and y are vectors in R® then prove that

Ix.y] = (isiilyi

pP.T.O.






11201, [10.2],







L -
-

SOME VECIOTS Wyy Vas w0 Yy & WV, then (Vs ¥ar e

v_} is linearly independent set in V Is the converss
wroe? Justify with examples, Under what condition

the converse holds true, Fustify

(2000)
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|.  Write your Roll No. on the top immedistely on receipt
of this question paper.

Fd

Attempt all questions by selecting any twe parts from

each guestion.

L. {a) If x and y are vectors in B", then prove that

() Jix + vj* = lix|P + [l¥f1* if and only if
Xy = 0.
F.T.O



By -6+ 33,29
P e ey
R A T e

1o tho ser § linearly indopenden? Sustify. (6%)
PT.O.
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(¢) Let W be the subspace of &', whose vectars lie
in the planc 2x = Sy + z = 0. Find a basis for W

and its orthogonal complement,

| 5 S R ey

i
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I. Write your Roll No. on the top immediately on receipt
of this question paper

J=R

Attempt all questions by sclecting two parts from
each guestion,

3. Al quesiions carry equal marks.

4.  Use of Calculator aot allowed.

|- {8) If x and y are vectors in R", then prove that
|x + ¥ = lix]| + |lyll. Also, verily the same for the
vectors X = [=1,4,2.4), 3] and y=12,1,-4,-1,0]
in R,

P









What s T-1,5) and Tix,, x)7

Find [TRAEB = (1, (-1,1) and y -

@35
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1. Write your Roll No. on the 10p immediately on receipt
of this guestion paper:

§d

Aftemptl any two parts of each question.
3. Each part carries 7.5 marks.

4. Use of nuu-pmgrammab]: geientific Calculator 18
allowed.

i, {a) Solve the initial value problem

(eiry? = 2x)dx + €Y gy = 0, y(0) =2

P.T.OL
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Use chain rule to find arelation between § and I,
Obtain and sketch the phase-plane cur
B:tl ni!ﬁiﬁ' “direction of travel ihﬂl
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Ingtru It r Candi e

L. Write your Roll No. on the top immediately on receipt
of this question paper,
2. Al questions are compulsory

3. Attempt any two paris from each question.

. (&) If x and v are positive real numbers with X<y,
then prove that there exjsts B rational number
r € § such that x < r < ¥, (6.5)

(b} Define Infimum and Supremum of a nosempty. sel
of K. Find infimum and supremum of the set

(—1)"

S=4df—

: nEN}. (6.5)

i i e
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]
() Stne the completeness property of |, hence show
that every nonempry set of real numbers which is
bounded below, bas an infimum in B. (6.5)

(a) Prove thal there does not exist a rational number
r e Q such that ' = 2, 16}

(b) Define an open set and o cloded set in R. Show
that if &, b e K, then the open interval {a, b) is
an apen sel. (6}

(e} Let § be o nonempty bounded set in &, Let a > (1,
and let a8 = fas: ¥ € §), Prove that inf {a8) =
a{inf 8) and sup {a%) = afzupS), [6)

{a} Define limit of a sequence; Using deflinition show

that er[?“_“lzi. (6.5)
-l 2n4-5) 2

(b} Prove that every convergent sequence is bounded,
Is the converse true? Justify. [6.5)

1
(e)Letx, =landx = 22%, T 3 forn e N. Show

that (x,) is bounded and monotone. Find the
T, (5.5}

4548 3

4,

Ln

a) I {a,) and (b} converges o a and b

respectively, prove that {a b} converges 1o ab.

(6)

(b} Show that lim n¥" =1, {6}

=g
(e} State: Cauchy Convergence Criterion for

sequences: Hence show that the sequence {x.),

]
defined by &8, =14+-4:i +E' does not

converge, 7]

(@) Prove that if an infinite series 31~ n, is

convergent then lim a, =0. Heénce examine the
i

n

converpence of .Z“.q In+3

(6.5)

(h) Examine the convergence or divergence of the
following series.

2 4 6
et (6.5)

145 il



4548 4 -

" o Foies n't
i z"'[ Iu+l]

(g} Prove that Em_, ) . p>0 is convergent for
=2 a(ln n)f
p>1 and divergent for ps 1. (6.5)
6. (a) State and prove ratio test [timit form). (6]

(b} Examine the convergence or divergence of the
following series. ()

: = I:I':+1
Y

v=l ot +30° +2n

= o T
TR TR TR
(¢} Prove that the series l 1 +] ] +== 15
E : ——— T — — — amw
s in2Z In3 4 In3
conditionally conviergent. Y]
(200)
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Instructions for Candidates

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

2. All sections are compulsory,

3. Marks of each parl are indicaled.

Section — |
1. Attempt any two out of the following: [7.5+7.5]

(8)  Find the integral surfaces of the equation u u, + t, = 1 for the initial data:
x(5,0) = 5,¥(5,0) = 25,u(s,0) = 5.

()  Apply i = veand v(x,y) = f(x) + g(¥) to solve:
x*ul 4y ud = 4u

(¢)  Find the solution of the initial-value systems
U FUU =Y, - avy =0,

with u(x, 0) = x and v(x,0) = e*. .

BT,



Seethon — 11

(6]

W= dimensional wave equation of the vibrating membrane
=g tuy) 4,
MB.M}EMMMFHMH length

F_uﬁp,mmm:thgmm membrane.
(b} Drive the potential equation P2V = 0, where 72 is known &5 Laplace operator.

3. Anempt any two out of the following: . [6+6]
(a)  Determine the general solution of
Hpy + Sty + Uy + 1, + Uy, =2,
(b}  Given that the parabolic equation
Upe =@U+bu, +cu+f,
where the coefficients are constants, by the substitution u = v eil'" and for the case
¢ = —(b*/4), show that the given equation is reduced to the heat equation
Py=awm+g,
where g = f e~0%/2,
(e}  Reduce the equation
(= 1) 1y =y 1wy, = ny?nty,,

to canonical form for n = 1 and n = 2 if possible and also find their solutions.

Sectlon - I11

4. Anempt any three parts out of the following: [1+2147)
(&) Determine the solution of the given below initial-value problem

"‘l‘t_czuﬂ':xl u(x,0) =0, v (x,0) =13
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{b) '_ e tion of the initial boundary-value problem
gy = 3 D<x<ca >0, y
(x, 03 0=x <o,
el
u(x,0) = 7, 0<x <,
u, (0, £) =0, t20.
(c) Selve:
Up =My,
u(x, t) = f(x) on  t=¢t(x),
u(x, t) = g(x) on x+ct=0,
where f(0) = g(0).
{(d}  Determine the solution of the initial boundary-value problem:
Mo 50N 0<x<i t>0
ulx,0) = f(x), Dsx<l
u(x, 0) = g(x), 0=x=l,

u(G,e)=0, u(lt)=0 cz0

Section — IV
3. Attempt uny three out of the following; [7+7+7]
() Determine the solution of the initial boundary value problem:

Hp = & Uy, 0<x<l t>0
ulx,0) =x*(1-1x), 0sxs1,
u{0,t)=0, wullt)=0, t=0.

{b) Determine the solution of the initial boundary value problem by the method of

separation of variables:
R g T B<x<m ¢>0
u(x,0) =0, 0x<m,
e (x, 0) = Bsin® x, 0=sx<m

uw@e)=0 ulmt)=0 c20.
P.T.O.




(€) Solve by using method of separation of variables:

Ypr = Uygy = h, 0<x<1, ¢>0 hisaconstant
ufx, 0) = &2, 0sx<1,
u(x0)=0, 0<x<1,

u0.t) =0, ufl,o)=0, t=0

(d) State and prove the uniqueness of solution of the heat conduction problem.

{3500}
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Fo Write vour Rol| No. on the top immediately on receip|
of rthig quESTion paper,

Fd

Attempt any twe parts from each question.

3. Useor scientifie caleulator 1z allowed.

. {a) Round-gff the number 34.64867 correct ip to three
significant digits and thep calculate abspluge

percentage errpe. (6]

P.T.0.
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Lo Write vour Rol| No. on the top immediately on receip|
of rthig qUESTion paper,

bd

Attempt any twe parts from each question.

3. Useor scientifie caleulator iz allowed.

. (a) Round-gff the number 34.64867 correct ip to three
significant digits and thep calculate abspluge

percentage errpr. (6]
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Make the difference table. Obtain the forward
Gregory-Newton interpolating polynomial and

estimate the premium for policy maturing at the

age of 46

5 (a) For the lollowing data, find £(2} and (3] by

using forward difference formulae

f'{x,}nﬂi%——qx'} and

() £z, )=-2f{x, ;?}rf[=,+1h]

P.T.O.
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Bk b) Apply the Flean method to approximae the solution

of the initial value problem
h = .5,

R i [I'M];r‘_._ 0<x<l,  y(0)=1,

(¢) Given the initial value problem (1VP):

'

, 2l a0,






51 No of QF 3713

Unigue Paper Code 42354401
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{ Write your Resll Mo, on the top immediately on receipt af thix question paper.)
All questions are compalsary.

Attemipt any twe parts from each question.

1. {a) Define a countable set. Show that the set @ of rational numbers is countable.

() Define absolute value of g real number 'x'.
Find all x € R that satisfy the following inequalities:
i 4< |x+2|+ x=1]<5
(1) 2Zx—-1] =x+1

(¢) (i) Define supremum of & non-empty bounded subset 5 of R,
(if) Show that a real number « is the supremum of & non-cmpty subset S of Rif and
anly if it satisfies the following conditions:
(1})s <uforall s €3,

(2) For each positive real number &, there exists 5, € 5 such that u— £< .
(6.6}

2. (1) State the Archimedean Property of real numbers. Show that if x € R, then there exists
aunique n € Zsuchthat n=1=<x <.

(b} Defing the convergence of a sequence (xy,) of real numbers. Lsing the defimition,

evaluate the following limits:

(i) limyemva+1—vn
—wn
(i) 1im e (")

ni+l

(¢} Let (x,) bea sequence of real numbers that converges 10 X and suppose that x, =0,

vn € N. Show that the sequence (,/x,,) converges 10 vx.

(6,6)
3. {a} Prove that every monotonically decreasing and hounded below sequence of real numbers

COTIVETrZes.
(b) Show that the sequence {x,.) defined by

Xy = 1 Xnpey == &{Exn +3), ¥n= 1 is convergent. Also, find lim, _o Ty-

(¢} State Cauchy’s Convergence Critefion for sequences of real numbers. Show directly
from the definition that the following sequence is a Cauchy sequence:



<
1 | 1
(1+54 34443 -
(6.5, 6.5)
4. {a) Smte and prove Comparison test for positive lerm series. Hence, show that the following
3ETICS CONVeTges:
1 1 t
1+ =+ s *—"+ -
(b) Suppose that (x,) isa sequence of non-negative real mumbers. Prove that the series
4 X, converges if and only if the sequence § = (%) of partial sums is bounded.
(e} (1) State (without proof) " Alembert's ratio test for an infinite series.
(2} Test for convergence the sefies:
1 e
(1) ;‘FE'I’E'F——-.
1 L
(1) log2 + (ogsi | [loga)? *
(6.5, 6.5)
5. {a) (i) Define an absolutely convergent series. Iy EVETY convergent series absolutely
convergent? Justify vour answer.
(i} Test for convergence the serjes:
M-S & >
= . 22 2 T [}
@) EZa(-1)%e™ g
Y
5 X . L’,
(b) Show that il @ > 0, then the sequence (—-—-an ﬁ} converges uniformly on the interval ‘:

la, 22) but not uniformiy on the interval [0, =), I
(¢} State Weierstrass M=Test for uniform convergence of series. Henee, show that

5
= WXE
. Z.ti Tt BN
is uniformly convergent.

(6.5,6.5)

6. () Find the radius of convergence and exact interval
H+41 o
(n+2)(n+3)" "

%) = x* defined on the interval [0, ], where b > 0 is Riemann

of convergence of the power series

(b) Show that the function f(
integrahle.

(e} Show that every continuous function defined on la, b] is Riemann integrable,

(6.6}
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Instructions for Candidates

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

1. Attempi two parts from each guestion

4] Let be integrable on [a, b], and suppose g 15 a function on [a, b] such that gix; = ffx)

except for finitely many v in [a, b]. Show g is integrable and _[: g _l': f (&)

(b1 Show that if £ is integrable on [a, b] then f* also is integrable on [a, b] (63

(el {1}  Let f be a continuous function on [ab] such that f{x) = 0 forall x € [a, b]. Show
that if _f:f{.:} dex=0then f{x)=0forall x € [a b] i3

(1}  Give an example of function such that | f] is integrable on [0,1] but £ is not
integrable on [0,1] Justify it. (3
2{a) State and prove Fundamental Theorem of Caleulus 1. (8:3)
{b] State Intermediate Value Theorem for Integrals. Evaluate lim % j'l}r et dt., (6.5}
{c} Let function f: [0,1] = R be defined as

: x* if xis rational
T OO Lol Bl g
U ifxis irrational
Calculate the upper and lower Darbous integrals for [ on the interval [0.1] s |
imtegrable on [0:1] 2 (G.5)

3Ma) Examine the convergence of the improper integral [~ e ~*x" dx. {6

(b} Show that the improper integral f:%dl 15 convergent but not absolutely convergen
&)

T.Cx
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L
(el Determine the convergence or divergence of the improper integral (6]
n 1 dr :
W Sam
Ij” -[I-I ;:‘;:1-
4ta)  Show that the sequence
nx
falx) = i K€ [01], neN
converges non-uniformly to an integrable function fon [0,1] such that
lim [y falx)dx = [} f(x)dx (6:5)
(b} Show that the sequence {x*e~""] converges uniformly on [0, =), (5}
le)  Let {f,} be a sequence of continuous functionon 4 = R and suppose that {f, } converges
uniformly on A to a function f: 4 — R. Show that f is continuous on A. (6.5) !
Sia)  Let fi{x) = :T:—ﬂ forx = 0. Show that sequence (f,) converpes non-uniformly on |
|0, 20) and converges uniformly on [a o0), a = 0, (6.5
fbh  State and prove Weierstrass M-test for the uniform Convergence of a series of functions,
(6,3
(e} Show that the series of functions ¥ "—t;i;—, converges uniformly om R 10 a continuotis
function, (6.3)
6la] {1} Find the exact interval of convergence of the power series {3}
Z E—f:l Ijn
=g
(i) Define sinx as a power series and find its radius of convergence (3)
Ef__4yn
(5 Provethat 35, n%" = :—E% for x| < 1 and hence evaluateg% (6)

(v} Let flx) = ¥3_,0,x" have radius of convergence & > 0. Then [ s difterentiable on
(=R, R} and

[{x) =L napx™! for |x| < K. (6)

{3500)
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Sr. No. of Question Paper : 4628 E
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Instructions for Candidate
| Write your Roll No. on the top immediately on receipt of this question paper.

2. This guestion paper has four questions in all.

3. All gquestions are 'compulsory.

4. Use anyone of the CAS := Mathematica/Maple/Maxima/any other to answer the questions

Q1. Attempt both parts (i} and (ii).

(i) Fill in the blanks 1x5=5
8. The line numbers assigns to the inputas.......
b. You can obtain information about a specific command by typing.........
€. The command to calculate r to 100 decimal places is .......
d. Linesare terminated by ....... o suppress the output
e. The command to calculate the binomial coefficient (3) is ...

{iiy  Explain any FIVE of the following "R’ commands in short : 1%5=5

a. qqmarmi )
b resd.csv( )

PO,

-
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&. H 3
d. i)
€. as.character{ )
# il )
Q 2. Write a short nate on any four from the following: x4 =8

{i) How to inclade exclusions and gridlines in & plot in any CAS. Also explain the
differsnce between them.

{ii) How to put a logaritheyic scale on horizontal axis in a plot of 2% in any CAS.

(1it) How to sketch a contour plot in any of the CAS.

(iv) How to plot 3-dimensional surface in any CAS. Explain it b:-' an example.

{v} How to form a new matrix from two existing matrices of same order by stacking
them on 1op of each other in any CAS.

(¥i} Explain the rules for defining a function in any CAS.

Q3. Do any four from the following: Ix4=8

(i) Write the command for sketching the curve |
y=(x=1)', =2<x<2, withcolour of the curve blue

{1y Write the command for ploiting the graph of the following:
y=g*co5x, F=e€*sinx, O0=zr=<5

1 0 @
(iii) 4= [z 30
o0 4
Wrile commands for generating:
a. Eigen values and Eigen vectors of Matrix A
b. Diagnolise the matrix

{iv) Write the output of the following commands in the statistical software ‘R’

>Ciarden=c{47,19,50,46,9,4)

*Hedgerow=c(10,3,0,16,3,0)

>Parkland=c(40,5,10.8,0.6)

>Pasture=c{2.0,7.4,0,0)

=datp==c(Crarden, Hedgerow, Parkland, Pasture, Woodland)
>bird=matrix(duts neol =5, dimnames=list{c('Blackbird','Chaffinch','Great
Tit,'House  Sparrow','Robin’'Song  Thrush’), e('Garden’, 'Hedgerow’, "Parkland',
'Pasture”)))

>hird



(v) Write commiand for solving the system of equations:
*+2y+3z=2 ¥=y+32=0; 2x+3y—-dz=2

(4. Attempt any three parts from the fallowing: (4X3=12)

(1) Write code of mn-fhflnwing in software- R
& Make a list “L1" in software R, containing following vectors:
VI={p,q,rs} V2= {2, 3.4, S}and V3= (| 5, 3.5, 8.5},
b. Write code to extract V2 from L
¢ Find square root of the mean of V3.
d Addvd=4{3 75 11} at third position in the list L1,

{ii} Consider the following dataframe object ‘x":

R1 -

R2
R3

C1
(5
23
7

Cc2Z

15
7

|

c3

o3
35
i

C4
28

b

cs
1
55 9
17
Re¢ 11 14 56 3 33

R5 9 d 12 45 ]
R6 12 g 9 3 18

Write code of the following in software- R:
8. Find the column means and column sums of “x*.
b. Find the minimum and maximum values of the dataframe *x*.
€. Create a seatter chart of *x".

(it} Explain difference between the following in software-R
& asdata.frame() and data.frame() commands.
matrix and data fame,

b.
€. order() and rank() commands
d.

vector and list,

(iv)Write possible R commands for the following questions:

R1
R2

R3
R4
R5
Ré

€1

12
13

21
5
13
10

cz
]
27
10
11
F
14

£3

aa
32

11
16

12
)

C4

B
5

16
10
42
20

cs
12

19

30

P.T.O.

——
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nanTe

Create the above matrix "z’

Extract second column of ‘2",

Make Histogram of row “R2".

Convert (this matrix imo dataframe.

Find standard deviation of vector “R3" of the gonverted dataframe

”}/ fr 9 (mo=/

(3500
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;_n_ﬂ;u;;lnli for_Candidates

\ 1. Write your Roll No, on the top immediately on reoaipt
of this question paper.

7. All questions are compulsory.

3, - Attempl two parts from ecach gquestion.

1. () Find and sketch, showing corresponding
orientations, the images of the hyperbolas

§3 =¥ = g (g, <) and 2xy = ¢, (e;=0)
undet the transformation w = £, [6)

P.T.O
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Instructions for Candidates

Weite your Roll No. on the top immediately on recerpt

af this guestion paper.

3. CAnempt any two parts from cach guestiin
1. Al guestions are compulsory and corry equal marks.
4. Use of Scientific calculator, Basic caleulator and

Mormal distribution tables all are allowed

(a} Explain Duration ol a xero-coupon hond. A 3-year

band with a vield of 12% (continuousky

compounded) pays & 10% coupon al the end ol

cach year

Polsrl
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4749 8
(B} () Explain stap-loss hedging scheme,

Wit dﬂﬁmmm nssert that the deltz of
o call aption is 0,77 How can a short position
in 1,000 options be made delta noufral when
the deltn of each eption is o7

(e} Find the poysff from s butterfly spread crestod

using cull optians. Also draw the profit disgram

{d) EnmpmﬁHm Y have heen offered the
following raies per anpum on a I3 million L0-yenr
investment :

= —— —=" —

: o o 2

Compuny X B.0% LIBOR
Company ¥ B8% LIBOR

Campany X requires _l_.__fi:ﬁgﬂ-r_ﬂ: investmuent:
Company Y requires a floating-rate investmenl,
Design & swap that will met a bank, acting a8
intermediary, 0,2% per snnum and that will appear
equally attractive to X and Y.
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It

Atlempt any two parts from each guestion.

3. All questipns carry equal marks.

L. {a) Solve the following Linear Programming Problem
by Graphical Method

P.T.D
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3 (@) Solve the follo —

W . | ol ;
subject to

5

the solution of the foll

?‘:5‘1 + 2,
tto X + % 5
Sx, + 3x, 5 15
2 200w 2 I
e e otimal delinion oR
oblem with ihe following cast m:

s i sl

=

-

I

Iy

i
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¥
e
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Lo o B 7 LIAR
"

i) Hﬂuwdﬂmmmmﬁﬂmlams,m;mwm.
p(Aul) =P(A) + P(E) - P(ANB).
1t}mxbeamﬂmﬂuwimwihninm Funciion F, . Prove that for

a<hPla<iX t_:,bl = Fy(B) — Fela).

srow that fE =15 . Q<X <™  represents o orobebility density

funciion, Also calculate P(X > 1)
! shnwmwxisamﬂcmmﬂnbhuﬂu,b afe constants, then
n
E[(aX + b)") = E(’:} Aty E(xt).

il}mwpntﬂﬂlmnmﬁmﬂm Ft{i:]-:;;hamﬂt}wm ¥ = —1, 0,1 and 2870
sisewhere, If P(0) = 5 , find E[X"].

Theruﬂunwﬂ:lethﬂtpmbdﬂmrdmumm:
;{;}=§{i].,rnrx=u.i,zmd3-
Hndﬂﬁnﬂmﬂwﬂimnrﬂmdmhm varisble and use it 1O
wpimd#’,,whﬂau;sﬁpﬂhhmmmﬂmﬂhum s
mmhmﬂhmﬂﬂmldﬁlhﬂhnm y = ng and
g==ﬁﬂ{1—_ﬂ].
Find the probsbilities thel 2 mandom  varisble having the sandard normal
distribution will take on 8 value:

iy Jess than 1.30.

i{) less than —0.25.

ilf) between 0.45 and 1.30.




I} & relative maximumat X = j.
u}mﬂmmﬁmﬂxw—uuﬂra +a.
: Mo
Let F(xyXa) = [‘ﬂ B - e nthﬁwl:n be the pdf of X; and X;.
Find PO <X <35 <Xz <) and P(Xy < X2).
Lt the random variable X and ¥ have joint probabiity mess function as:
X 0,0 0,1 0,2 11
P{x.¥) 8 o ok = fic
12 12 | 12 12 12

urmnmgnm:iﬁt?m;sm:ﬁm&’ Yand Y-
i) POXC+Y =2).

Lﬂx]u'ld.‘f;tnmhlnhﬁp:ﬁ[:i.:g:[ﬁ ‘fﬂf, b=

i) Find conditional pdf (152

£x
—

Lat,r‘[.rfy]'={?" ; pex<ypf<y<l

) jontpatof Xemd Y.

ifl) F-ﬂvﬁx-ﬁ—;jf=§]

W o PlE<x<;
uhmﬂmmmmﬁnfhmmﬂﬂﬁd#:
oalr of numbers on it one with (1, . one with (2. 1), two Wit (3
[1.2]Jﬁhwiﬂ1t2.ij.mdmwta.zj.m¢ﬁmﬂm i
&mgumwﬂmﬂmrﬂmmﬁ
it probebity ass functon p (xy, x2) o X, and X PR ;.
equal 10 2210 elsewhere. "

i) Find conditional meen £ (X, [xz) and the conditional variance Var (X, lea):

cmamwmmdmﬂm 2 chi




ImeWIﬁ?ﬂM?mm;ﬁmhr
f{x}'_'l=['! [ -l o

elsewhere
Show that M(ty, t3) = {h:,)*i{a—:ﬂ Lt <l
Aleo shaw that (=] = (1 - 1)~ TrLl. -
lﬁmmdmmﬁ 1mmuh&urdmﬂ :

X 71z 13 _|a 5 |
Y SRt 0 i
If X and ¥ have Joint pdf

If X and ¥ have Joint

h#ﬂ{y{x. b<x<l
ey |

: atherwise
Are ¥ and ¥ are Independent? If not, find F[Y1]. _ 2
WX, E=12,34 .. 10 be independent random random variebles, each being uni

distributed over (0, 1). Eﬂi‘rﬁ?lmﬁ?ﬁ Y

Adieisrown 3600 i, show the number of sixes lies between 5304
|
_— ——— R | e 1
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1. {a) (i) Prove that If F is a field, then F[x] is a
Frincipal Ideal Domain,

(1) Is Z[x], a Principal Ideal Domain? Justify
YOUr answer.

(b) Prove that =x* + > is not a maximal ideal in
Z[x].
| b



ey,

L |




4792 4 -

{e) (i) For the inner product spage V = P (R) with
1
<f, g>= I_I f(t)g(t)dt and the hnear OpETator

T on V defined by T(f) = 1"+ 3f, compute
T'(4 - 21).

(i) For the standard mner product space v=R
and a linear transformation g Y — R given
by gla,, 8, &) =8~ 2a; + day, find a vector
y & V such that glx) =<x, y= for all x € V.

(6.6,2+4)

6. (a) Prove that a normal operator T on a [inmite-
dimensional complex mnner product space V yields
an orthonormal basis for ¥ consisting of
gigenvectors of T. Justify the validity of the
conclusion of this result i V is a finte-dimensional
real inner produclt spacc.

{(b) Ler V = M., (R} and T: V. =+ ¥V be a linear
aperator given by T(A} = AT. Determine whether
T is normal, self-adjoint, or neither. 1 possible,
produce an orthonormal basis of eigenvectord of
T for V and list the corresponding eigenvalues.

2 1
(¢) For the matrix A=|1 2 1] find an orthogonal
)
matrix P and @ diagonal malrix D such that
P'AP = D. (6.5.6.5,6.3)

(1000)



