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Instructions for Candidates

RS

2.

S T T T T A R T e

k.

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

All questions are compulsory.

Attempt any two parts from each questions.

(a)

(b)

(©)

(a)

(b)

(©

State and prove the Triangle Inequality and show that

la]-[b]| <]a=b] Va,beR. : (5)

Given § = {1—}_; ne N}, show that Sup(S) = 1. (5)
n

Let a> 0 and aS = [as: s € S], Show that Sup(aS) = a Sap(8). (5)

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

Define Limit Point of a set. Show that the set of limit points of the set of
rational numbers is R, the set of real numbers. (5)

For non-empty bounded subsets A and B of R, show that

inf(A + B) = inf(A) + inf (B). (5)

ETO.
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3. (a) (i) Show that every convergent sequence 18 bounded but the converse is
not true. (5)

(if) Use the definition of the limit of a sequence to find the following limit :

lim ( . ] (2'4)
ein’+1)° -
(b) (i) If (x,) converges to x and (y,) converges to y then show that

(x, +y,) converges to (x+y). - (5)

(i) Give an example of two divergent sequences (X,) and (y,) such that
(x,+y,) converges. (2%%)

(¢) (i) Show thatlim _ n'"=1. (5)

(i) Find the following limit :

lim -r—ln—, b>1 (2%)

x—reob

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

(b) Prove that lim, E1+l) =e. (5)
n

(c) Prove that the following sequence is a Cauchy sequence .
1+ -1_ e .!_.
2! n! O

5. (a) (i) Find the sets of subsequential limits for the following sequences :
(a) = (0,1,2,1,0,1,2,1,0,1,2,1,0,1,2,1,0 sa)

() = (2,1,1,0,2,1,1,0,2,1,0,1,2,1,1,0,2 ...). (2'%)
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(i) Find the Limit inferior and Limit superior for the above defined
sequences (a ) and (b ). (2'4)

(b) Show that the following sequences are divergent :

Ghes=(=1)"
. (nm
(i) b, =sin [—) (5)
2
fc) Letx; =8, x. = %L+ 2. Show that (x ) is bounded and monotone.
Also find its limit. (5)

6. (a) Give examples of the following series with justification :
(i) A divergent series Zan for which Zanz converges.
(i) A convergent series Zan for which Zanz diverges. (5)
(b) Test the convergence of any two of the following series :

o F=a

1
@ 2o
@) > Vn+1-+n (5)

n!
(c) State Ratio test for infinite series and show that 2-3_'7 diverges. (5)

: 1
7. (a) State Integral Test for series of real numbers and show that the series ZF

is convergent if and only if p > 1. (5)

P.T.0.
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(b) Show that every absolutely convergent series is convergent but the converse
is not true. (5)

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

(ll) Z (_l)nﬂ _(_l)n

n’+1

Gy YL (5)

2n+1

(300)
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Write your Roll No. on the top immediately on receipt of this question paper.
All questions are compulsory.

Do any two parts from each questions.

(a) Find a cubic equation whose roots are the squares of the roots of the

equation
X3 —='x2 +3x — 10 =0, {6)
(b) State Descartes’ rule of signs. Using this rule verify that (6)

t+ 2 -3+t +-20+t-2

has at most S positive and 2 negative zeros. Deduce that it has at least 4
non-real zeros.

(1) Consider the polynomial equation x* + px?® + gx’+rx+s=40.
Prove that if the product of two of its roots is equal to the product of
the other two, then r? = ps. 4)

(ii) Let z,, z,, z, be non-zero complex coordinates of the vertices of the
triangle A AJA. Ifz2=27 and z,? = z,z;, show that triangle A A A,
is equilateral. 2)

PT0:.
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(a)

(b)

(©

(a)

(b)

(c)

(a)

(®)

2
(i) Find the polar representation of the number z = 2 + 2i. (2)
(i) Prove that (4%2)
sin 5t = 16 sin®t — 20 sin’t + § sint;

cos 5t = 16 cos’t — 20 cos’t + S cost.
Solve the equation : (6'%)

‘ z' — 2iz* - iz -2 = 0.
On the sides AB, BC, CD, DA of quadrilateral ABCD and exterior to the

quadrilateral, we construct squares of centers O, O,, O, and O, respectively.

Prove that O 0O, is perpendicular to 0,0, and O O, = 0,0,. (6'42)
For a, b € N, define a~ b if and only if a® + b is even.
(1) Prove that *~” defines an equivalence relation on N.

(i) What are the equivalence classes of 0 and 1 ?

(ii1) Find the quotient set determined by this equivalence relation ?  (5)
Let ‘~’ denote an equivalence relation on a set A, let a € A, then for any
X € A, prove that x ~a if and only if X =1. (5)
Let n > 1 be a fixed natural number, prove that congruence mod n is an

equivalence relation on Z. (5)

Define f: Z — Z by f(x) = 2x? + 7x. Determine whether f is one-to-one

and\or onto. (5)
Define Countable set. Show that intervals (0,1) and (3,5) have the same
cardinality. )

Prove, using Principle of Mathematical Induction that every integer greater

than 1 is a prime or a product of primes. (5)
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5. (a) Write the following system as a vector equation and as a matrix equation.
Row reduce the augmented matrix into reduced echelon form. Describe the
general solution in parametric form.

x, t3x +x.=1
X B, b i2x =
=Fxe—Ox, =5 (7'%)

(b) Boron sulphide reacts violently with water to form boric acid and hydrogen
sulphide gas (the smell of rotten egg). The unbalanced equation is
BS, + HO - HBO, +HS

For each compound, construct a vector that lists the numbers of atoms of
boron, sulfur, hydrogen, and oxygen. Balance the chemical equation using
vector equation approach. (7'2)

(c) (i) Find the value(s) of h for which the vectors are linearly dependent.
Justify your answer.

2 6| |8
41,1 7|, |h
1] {=3] |4

(i) Give a geometric description of Span {v , v,} for the vectors

8 12
v,=| 2| and v, = 3 (4%.3)
-6 =4

2
6. (a) (i) Let T: R*— R? be a linear transformation, T(cl)=|:5} and

et : 5 X 1
T(ez)— 6l Find the images of 3 and s where ¢, = - and
2

¥ ol 15 6 X
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4

(i) Show that the transformation T defined by T(x,, x,) = (2x,— 3x,, x, + 4, 5x)
is not linear. (4%,3)

(b) (1) Let T: R? = R? be a linear transformation which rotates points (about
the origin) through - n/4 radians clockwise. Find the standard matrix
of T.

(ii) The vector x is in a subspace H with a basis B = {b,, b,}. Find [x],
the B-coordinate vector of x where

R 1 b*_z =
S i R 7=x‘ 7 (4'4,3)

(c) Find bases for Col A and Nul A. Hence find rank of A.

1 -3 2 -4
=30 G =] s
A=
D s (7%)
-4 12 2 7

(300)
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2
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o

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

- All the sections are compulsory.

All questions carry equal marks.

Use of non-programmable scientific calculator is allowed.

SECTION -1
Attempt any four questions from Section I.
If cos™ % = log[ij then show that
n
XY, +(20+1)xy,,, +2n%y, =0

Sketch the graph of

3

1 e : 2% ;
f(x) = - X’ —9% +2 by finding intervals of increase and decrease, critical points
5,

relative extrema and concavity for the given function.

P10,
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3.

Find the horizontal asymptote to the graph of the function

f(x)=x [sinl e w—L:I

x x 6%

It is projected that t years from now, the population of a certain country will be
P(t) = 50 * million

(a) At what rate will the population be changing with respect to time 10 years
from now.

(b) At what percentage rate will the population be changing with respect to
time t years from now.

Sketch the graph of the curve in polar coordinates

r? = 9cos 260.

SECTION - 1I
Attempt any four questions from Section — II.

Find the reduction formula for J sin" xdx where n being positive integer and

X

2
hence evaluate Isin“ xdx .
(1]

ki3

cos” xdx .

oy S

2
Further show that J' sin” xdx =
0

Find the volume of the solid generated when the region enclosed by the curve

y = Jx, y=6-x and y = 0 is revolved about x-axis.
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8.

10.

11.

2.

i3.

14.

15.

Find the volume of the solid generated when the region enclosed by the curve
x =2y —2y* and x = 0 is revolved about x-axis.

Find the arc length of the parametric curve x =e! sin t, y=¢e' cost for

0<t<

o3

Find the area of the surface generated by revolving the curve

X = Jg_yz, -2 <y <2, about y-axis.

SECTION - III
Attempt any three questions from Section — III.

Find the equation for a hyperbola passing through the ori gin with asymptotes

y=2x+1and y = -2x + 3.

Find the equation of the ellipse whose foci are (1, 2) and (1, 4) and whose minor
axis is of length 2.

Describe the graph of the equation x? — 4y? + 2x + 8y — 7 = (.

Trace the conic x? +2+/3xy + 3y +2+/3x —2y = 0 by rotating the coordinate axes
to remove the xy term.

SECTION -1V
Attempt any four questions from Section — IV,

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

E(t) =3 + (cost) ] + (tz cost)f: at ft=

oA

RO,
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16.

17.

18.

19.

A shell is fired with muzzle speed 150 m/s and angle of elevation 45° from a
position 10 m above ground level. Where does the projectile hit the ground and
with what speed ?

Find the tangential and normal components of acceleration of an object that

: ;. -a8
moves along the parabolic path y = 4x* at the instant the speed is & =20,

An object moves along the curve

I =

— and 0 =t

Find its velocity and acceleration in terms of unit polar vectors u, and u,.

Find the curvature and radius of curvature for a curve

x = 3cost, y=4sint, z=t at t=-§.

(2600)
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All six questions are compulsory.
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()

(®)

(c)

(@)

Find the polar representation of the complex number (6)

z =1+ cosa + sinxt, o € (0, 27)

Compute (6)
5
((1—i)‘°(J§+i) )
5 0
(-1-i3)
Find the three roots of unity of the complex number z = 1 + i and represent

them in the complex plane. (6)

For a, b € Z/{0} define a ~ b if and only if ab > 0. {6) I

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

P T.O.
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(b)

(c)

(b)

(c)

(b)

2

(i) What is the equivalence class of 5 ? What is the equivalence class of
-57?

Find the ged (1800, 756). (6)

Define S : IR ---— IR by S(x) = x - | x]. Is S is one to one ? Is it onto ?
Explain. (6)

Given natural numbers a and b, show that there are unique non — negative

integers q and r with 0 <r < b such that a = bq + r. (6)

Show that the open intervals (1,3) and (0,) have the same
cardinality. : (6)

If ac = bc(mod m) and (¢, m) = 1 then a = b(mod m). (6)

Determine the values of h and k such that the system

x]+hxz=2

4x +8x,=k
has (i) no solution (ii) a unique solution (iii) many solutions (6'%2)
1 -3 h
Let v,=| 0|, v,=| 1| and y=|-5
=2 8 -3

For what values(s) of h is y in the plane generated by v, and

V.. (6'2)

2
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(c) Balance the given chemical equation where Boron Sulphide reacts violently
with water to form boric acid and hydrogen sulphide gas. The unbalanced

equation

B,S, + H,0 — H,BO, +.H,S
Here, for each compound, construct a vector .thq't lists the number of atoms
of boron sulphur, hydrogen and oxygen. : (6%%)
5. (a) LetT: R?*— R*be defined as

T(x,, x,) = (2x,-3x,'x, — 4x., 05 X.).

() Prove that T is a linear transformation.

(i) Find the standard matrix of T. (6'%)

(b) LetT:R"— R™be a linear transformation and let A be the standard matrix

for T. Then prove that
() T maps R" onto R™ if and only if columns of A spans R™,

(i) T is one to one if and only if columns of A are linearly independent.

(6%2)
(c) Find the basis for the column space and null space of the matrix
4 5 9 =2
A-=0651 19 (6'2)
3 48 -3

6. (a (i) Define a subspace H of R" and its dimension too.

IsH = {(a,b,c,d} |[c=a+2b+3d} a subspace of R*. Justify your
answer. (6%4)

PTO.



1789

4

(b) Determine the dimension of the subspace H of R*® spanned by the

(©)

vectors
2 3 -1

v, = -8, v, = -7 | and vy = 6 (6'%4)
6 -1 =7

2D

Is A = 3 an eigen value of the matrix 3 =2 119 If so, find one
L £

corresponding eigen vector. (6%)

(2600)
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Maximum Marks : 75

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

Attempt any two questions from each Section.

SECTION I

(a) Define basis of a vector space.

Is the set S,

Ofj1411
S=4/11107]1}1
0 0

of vectors constitute a basis for R??

(6)

(b) Define a linear Transformation. Let T: R2— R? be the transformation

denoting reflection about the line y =—x. Show that T is a linear

transformation. Also find the standard matrix representing T.

(6)
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27 (8)
(b)
3. (a)
(b)
4. (a)
(b)

2

Define rank of a matrix. Find the rank of the following matrix by using
elementary row operations.

T R S G
foingn i3
1. 20 510 (6)
£ i e
Let
e Pi=y
A=t 1008
4 TR

Find eigen values of the matrix A and eigen vector corresponding to one
of them. (6)

Define a subspace of a vector space. Let W be the set of all points
inside and on the unit circle in the xy-plane.-Is W a subspace of xy-plane ?
Justify. (6)

Solve the system of equations :
x+ty+3z=1
2x +3y—z=3
Sx-+ilypEr =1 (6)

SECTION II

1 11 :
Sketch the graph of y = Exz o +?. Mention the transformation used at

each step. (6)

A certain culture of bacteria grows at a rate that is proportional to the
number present. It is found that the number doubles in 4 hours. How may
be expected at the end of 24 hours ? (6)
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n

d
Find

where
dx"’

y = sin(ax + b).

Discuss the convergence of the sequences :

o (R @ (+(-4))

(b)

(©)

(b)

(©)

Show that
ulx,t) = 4 cos (2x+2ct) + e,
, h e i o*u
is a solution of the wave equation e c por
Ifu= ~—1~———,‘x_2 +y +2° %0
JXE+y+ 2

2’u % o'u O%u

Show that 5
x> ox a9zt

=()

Y

= show tha

Vi-x*
(l—xz)ym—(2n+3)xy,,+,-—(n+l)2yn=0.

Find the n™ Maclaurins polynomial for TL
—X

Draw the level curve of f(x, y) = y* — x? of height k= 1.

(6)

(6)

©)

(6)

(6)

(6)

©)

(6)

PT.O.
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7. (a)

(b)

(b)

(b)

4
SECTION III

Give the geometrical representation of difference of two complex
numbers. (3'%)

State Fundamental Theorem of Algebra. Also form an equation in lowest

degree with real coefficients having 2+./(-3) and 3+,/(-5) as two of
i1ts roots. ; (4)

Solve the equation
2+ 22+z22+z+1=0. (4)

Show that

0
(1 +cos@+isin®)" + (1 +cosb —isinb)" =20 cos“% cos%. (3'4)

Find the equation of the circle described on the line joining the points
(-1 =3i) and (5+7i) as extremities of one of its diameters. (4)

Find the equation of the right bisector of the line joining the points z,
and z,. (3%)

(3300)
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(Write your Roll No. on the top immediately on receipt of this question paper.) |

Attempt All questions as per directed questionwise.

1. Do any three parts :

(a) | @)
(i)
(iid)
(iv)

® @
(if)

(iii)

()

Who proved that 7 is a transcendental number ?

Which book helped Ramanujan to teach himself mathematics in high school.
What was the topic of Emmy Noether’s dissertation ?

Name the mathematician who wrote the mathematical series named ‘Elements’. 4
What was Ramanujan’s area of research ?

Newton had a dispute with a French mathematician over the invention of Calculus.

Name the French Mathematician.

Other than Hardy name another English mathematician who came in contact with

r

Ramanujan ?

Give the name of three important books that Newton wrote. 4

P.T.O.
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(¢) State whether the following statements are True or False. If false, then give the correct

answer :
@) Emmy Noether showed a great relationship with her students.
(i) Euclid is regarded as the pioneer in the invention of Complex Analysis.
(iif)  The doctoral thesis of Riemann deal with the Number Theory.
(i) ~ Srinivas Ramanujan died in London. : 4
@ @O Which property given by Riemann remains an open question till this day.
(ii)  In which book did Newton develop the idea qf gravitation based on the inverse
square law ?
(#i))  One professor of mathematics at the Presidency College Iat Madras provided financial
support to Ramanujan for ;':1 while around 191_0. Who was he ?
(v) In which College in America did Emmy Noether find a temporary position

in 1933 ? 4

Do any three parts :

(@ @

(i)

Show that every square integer is of the form 4k or 4k + 1 where k is an
integer. - 4
Using the above result show that no number in the sequence :

ol 11 P ) R i U e e

is a square. 3
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3.

®) @
(i
) O
(if)
@ @
(il

(2350 618

Express greatest common divisor of 6237 and 2520 as a linear combination of

6237 and 2520. 4

Write 28y as a continued fraction. 3
6237

Verify that 262.0 and 2924 form an amicable pair. 4

In how many ways the word “DAUGHTER” be arranged so that : 3

(1) All the vowels come together.
(2) Vowels occupy odd places.
Construct a magic square of order 7. What is its magic sum ? <

What is a Fibonacci series ? Give two examples which show the existence of

Fibonacci numbers in nature. | 3

Do any three parts :

(@) Write short notes on :

)

(i)

(i)

® O

Perspective and Projection 3
Fermat and Mersenne numbers . 2
Regular Polyhedra. 3

State the Four-Color map theorem. What is a Chromatic number ? Give the Chromatic

numbers for a plane and a tours. 3

P.T.O.
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(i) Give any two basic difference between the Mobius strip and the Kle

Bottle.

(iiiy  Explain how the Konigsberg Bridge problem led to the discovery of Euler’s form

for networks ?

(¢) ()  Draw the graphs of the following functions and indicate where the function is increasi

and decreasing :
(1) fx) =M in [-1, 1]
@ f) = J1-%2-

“Also, find their domain and range.

(i)  Discuss Golden triangle and Golden spiral with respect Golden ratio. What is th

significance of Golden ratio in nature ? 3
(i)  Verify whi;.;.h of the following functions are éven or odd via graphs : 2

(1) fix) = tan x

(2) fx) = sec x

(d) ()  Explain how the Snow flake curve is formed. What can be said about its perimeter

and area ? 3
()  Explain “Fractals in nature” with éxamplcs. . 3
(i)  What is Basic Tilings ? Discuss. _ e

Do any fwo parts :

(@ () A dieis thrown twice. What is the probability of getting a sum greater than o1

equal to 9 ? 3



(Lt 618
(i) Find two numbers whose AM. is 10 and G.M. is 8. 2

(iii) Use the graphical method to solve the following Linear Programming

Problem : 4
Max Z = 3x + 4y
Subject to the constraints

x + 4y <24

x4y S 21

(b) () An urn contains 7 red and 4 blue balls. Two balls are drawn at random, without

E replacement, What is the probability that both the balls are red ? 3

(i) How are standard deviation and the variance same and how are they

different ? 3 2

(i)  What is Optimal Feasible solution ? Use the graphical method to solve the following

—

Linear Programming Problem : ' 4
Max Z = 2x + 3y |
Subiject to the constraints

3x + y £ 21

x + 4y £ 24

P.T.O.
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© O Three envelopes are addressed for three secret letters written in invisible iz
secretary randomly places each of the letters in an envelope and mails them.

is the probability that at least one person receives the correct letter ?
(i) Explain the meaning of skewness. What are the objectives of measuring it

(@) Define Basic Feasible Solution. Use the graphical method to solve the follo

Linear Programming Problem :
Max Z = x — 7y

Subject to the constraints

618 6
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(Write your Roll No. on the top fmmediz;tefy on receipt of this question paper.)
Attempt any two parts from each question.
(@) Define the convergence of a sequence. Prove that : 7%
lim, ,.(@"=1a>0.
(b) Prove that every convergent sequence is a Cauchy sequence. Apply it to prove that the
sequence <a,> defined by : 1%

a-—l+l+l+ +-1—'
AT

does not converge.
(c) Show that the sequence (an) defined by : 1%
L W o =1 |
convergles to a positive root of the equation x> — x -7 = 0.

P.T.O.
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()

(©)

. @

()

() 849

Show that the series : _ ' T

1 P ey r et > 8)

converges if » < 1 and diverges if » > 1.
State Raabe’s test. Show that the series : 7%

W, oai 3n
7.10.13 ....G3n + 4)

22, 0

converges for x < 1 and diverges for x > 1.

State Leibnitz test for alternating series. Show that the series : 12

(_l)n + 1
2

nP

is absolutely-convergent for p > 1, but conditionally convergent for0<p < 1

Show that the function :

-

A X

is uniformly continuous on A = [1, ), but it is not uniformly continuous on
B = (0, o) : T2
Let R be the set of real numbers. State intermediate value theorem for a continuous

function. Let the function f: [-1, 1] — R be defined as follows :

-1-x, -1<x2<0
l - x, 0 sx=<l

f(x)=[

Show that f'is not continuous at x = 0 and conclusion of intermediate value theorem

does not hold for this function. 7Y%
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(¢) Obtain and plot the Taylor’s polynomial of order 0, 1 and 2 generated by fAix) = &*

at x = 0. Also obtain the Maclaurin series for this function. 7Y
(@) Investigate the maxima and minima of the function 7%
fx,y)=2 + 9> —3x - 12y + 20
(b) Show that the function :

2

x°y .
———— (9120 0
flx,y) ={x? + 52 =
19, if (x, ¥)=(0,0)
is continuous but not differentiable at origin. 1Ya

(¢) State Young’s theorem. For the following function :

(xzy + xyz) sin (x — y)
flx,y) = x* + y?
0 -1, v) =0, 0)

, if (x, y) #(0, 0)

prove or disprove : 17

f (0,0 = £, (0,0).

gy I
)= 1, when x is rational
o -1, when x is irrational
then show that fis not Riemann integrable on any interval [a, b]. T2

P.1.0:
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(©)

¢4 ) a9

that - - 7%
b % _
m(b-a) < [f(x) dx <M (- a).

If a function £ is monotonic on [a, b], then prove that it is Riemann integrable on

[a, b]. : ' 7%

'!
1
|
|

4 300



[This question paper contains 2 printed pages.]

Sr. No. of Question Paper : 1116 G Your Roll No.....coeveneenns
Unique Paper Code : 235304

Name of the Paper . 1H.3 — Algebra II

Name of the Course - B.Sc. (Hons.) Mathematics, Part II

Semester 4l 11

Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

1.
2.
3.

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

Attempt any two parts from each question.

All questions are compulsory.

(a)

(b)

(c)

(b)

(c)

Let G = Q\{-1}. Define * on Gbya*b=a+ b + ab for all a,b € G. Prove
that (G,*) is an abelian group. (6)

(i) Let G be a group and H be a non-empty subset of G. Prove that H

is a subgroup of G iff a.b' € H for all a,b € H. (3)

(ii) Prove that the group of positive rational numbers under multiplication

is not cyclic. (3)
Define centralizer of a € G, where G 1s a group.

(i) Prove that C(a) is an subgroup of G.

(ii) Let G = GL(2, R). Find c(? ;J ' (6)

For every non-negative integer n, prove that nZ is a subgroup of (Z,+).
Moreover, prove that every subgroup of Z is of the form mZ for some non-
negative integer m. (6)

Let G be a group. Let a,b € G such that ab = ba and |a} = m and |b| = n.
If <a> N <b> = {e}. Prove that G has an element of order l.c.m.(m, n).

(6)
Prove that the order of a cyclic group is equal to the order of its
generator. (6)

Lo ol
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3:ia)

(b)

(c)

(®)

(€)

(b)

(c)

6. (a)

(b)

()

2

Let H and K be two subgroup of G. Prove that HK is a subgroup of G iff
HK = KH. (6.5)
(i) Show that for n < 3, Z(S)) = {e}. (3.5)
(i) Suppose G is an abelian group with odd number of elements. Show
product of all elements of G is identity. (3)

State Lagrange’s Theorem and prove with the help of example that converse
of Lagrange’s Theorem does not hold in general. (6.5)
Prove that every permutation of a finite set can be written as product of
disjoint cycles. (6.5)
() Let H be a subgroup of G and let a,b € G. Prove that either
aH = bH or aH nbH = ¢. (3)

(i) Let N be a normal subgroup of a group G. If N is cyclic, prove that
every subgroup of N is also normal in G. (3.5)

(i) Given that G is a cyclic group, prove that G/N is also cyclic where N

is a subgroup of G. Also give an example to show that converse is not

true. (3.5)

(i) If N is a normal subgroup of G and |G/N| = m, prove that x™ € N for
all x in G. 3)
Define automorphism and inner automorphism induced by an element ‘a’ of
a group G. Prove that Inn (G) is a normal subgroup of Aut G. (6)
Let ¢ be a homomorphism from a group G to a group G. If K is a normal
subgroup of G, then prove that ¢! (K) is a normal subgroup of G.  (6)
Let G = U(10). Find the left regular representa'tion G of G and verify that
G=~G. ' (6)
If M and N are normal subgroups of G and N <M, prove that
(G/N)/(M/N) = G/M. (6.5)
(i) Let : G — G be a homomorphism. Define Ker ¢ and prove that
Ker ¢ is a normal subgroup of G. (3)

(ii) Show ¢: Z,, = Z,, by ¢(x) = 3x is a homomorphism and find Ker ¢.
Also find ¢7'(6). (3.5)

Let k be a divisor of n. Prove that Z /<k> ~ Z,. (6.5)

f&Mn
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Instructions for Candidates

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

paper.
2. Attempt any two parts from each question.

3. All questions are compulsory.

L oa) (i) Prove that a group G is abelian if and only if (ab)™" = a™ b™".
(i) Define a cyclic group. Find the generators of U(10).

(b) Let G be a group and H a non empty subset of G. Then prove that H is a

subgroup of G if ab™ is in H whenever a and b are in H.

(c) Let G be a group and let a € G. Prove that if a has infinite order then all
distinct powers of a are distinct group elements. Also prove that if a has
finite order say n then {(a) = {e, a, -.., "'} and a' = a/ if and only if n divides

i, (6x2=12)

PLO.
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(a)

12

(b)

(c)

(b)

(©)

(b)

(©)

2

(i) Prove that in a group G there is only one identity element.

(i) Show that in a group G the right and left cancellation law hold. Is the

converse true ? Justify your answer.

Define subgroup of a group G. Let G be an Abelian group with identity e.
Then show that H = [x € G| x*=e¢} is a subgroup of G. Is H a normal

subgroup of G ? Justify.

Prove that every subgroup of a cyclic group is cyclic. (6x2=12)

Prove that if the identity permutation € = ... B, where the B’s are

2-cycles, then r is even.

Define (i) Orbit of a point (ii) Stabilizer of a point. State and prove orbit

stabilizer theorem.

(i) Prove that A is a normal subgroup of S .

(i) Prove that if a subgroup H of a group G has index 2 then H is normal
in G. (6x2=12)

Prove that the disjoint cycles commute.

If G is a group with more than one element and G has no proper, nontrivial

subgroup. Then prove that G is a finite group of prime order.

(i) Prove that the center Z(G) of a group G is a normal subgroup
of G.
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(i) H is a subgroup of G such that H is contained in the Z(G). Then prove
that H is a normal subgroup of G. Is the converse true ? Justify your

answer. (6.5%2=13)

5. (a) Let ¢ beagroup homomorphism from a group G to a group G* then prove

that

(1) | ¢ (x)]| divides | x|, for all x in G.

(ii) ¢ is onec-one if and only if | ¢ (x) | =|x |, for all x in G.

a -b
(b) Let C be the set of complex numbers. Let M ={{b a) ca, € ]R’}

Prove that

@) (C+)~(M,+).
(i) (C',X> = <M',><) where C* is the set of all non-zero complex number
D and M" is the set of all non-zero matrices from M.

(¢c) Prove that a finite cyclic group of order n is isomorphic to Z , the group of

integers under addition modulo n. (6.5%2=13)

6. (a) State and prove Cayley’s theorem.

(b) Prove that the external direct product of a finite no. of groups is a group

under component-wise product.

PO,
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(¢) Let H be a subgroup of G and K be a normal subgroup of G. Prove that

HE/ w B (6.5x2=13)

(400)
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2. All questions are compulsory.

L5

(b)

Attempt any three parts from each question.

Let AcR and ce€ R be a cluster point of A and f: A — R, then
define limit of function fat ‘c’. Also show that, f can have only one limit at

‘PHi (5)
Let c E R. Use € — 8 definition to show that lim x* =c?>. (5)

State and prove Sequential Criterion of Limits. (5)

Show that ling sin(i) does not exist, where as ling xsin(lJ =0. (5)
X=¥ X X—» > 4

Let Ac R, let f and g be functions on A to R and let ¢ € R be a cluster
point of A.

Show that if lim f(x) =L and lim g(x)=M then lim (fg)(x)=LM.

(5)
Let f(x)=¢' for x # 0, then find lim f(x) and lim f(x). (5)

x—»(- x=a0+

PT6
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(d)

(®)

(©)

(d)

4. (a)

(b)
(c)

(d)

(b)
(c)

(d)

2
Show that (p(X) = %{ is continuous on A = {x € R: x> 0}. (5)

Let A = R and let f be the Dirichlet’s function defined by .

f(x) A { 1, for x rational

-

—1, for x irrational

Show that f is discontinuous at every point of R. (5)
Let Ac R and f: A — R. Show that if £ is continuous at ¢ € A then |f] is
continuous at c. Is the converse true ? Justify your answer. (5)

Let f, g be continuous from R to R and suppose that f(r) = g(r) for all
rational numbers r. Show that f(x) = g(x) for all x € R. (5)

Let f be a continuous real valued function defined on [a, b]. Show that fis
a bounded on [a,b]. (5)

Suppose that fis a real valued continuous function on R and that f(a)f(b) <0
for some a, b € R. Prove that there exists x between a and b such that
f(x) = 0. Prove that x2* = 1 for some x in (0,1). (5)

Let I be a closed and bounded interval and let f: 1 = R be continuous on
I. Then prove that fis uniformly continuous on L. (5)
Show that the function f(x) = x* is not uniformly continuous on R. (5)

If f: I » R has a derivative at ¢ € 1, then show that f is continuous at c.
Is the converse true? Justify your answer. )

Let f: 1 — R be differentiable on the interval 1. Prove that f is decreasing

on I if and only if f'(x) < 0 for all x € E (5)
State and prove Mean Value Th.e-orem. (5)
Show that |sin x — siny| < [x — Y| ‘¥xy € R. (5)

For the function f: R — R defined as f(x) = x? — 3x + 5, find the points of
relative extrema. Also, find the intervals on which the function is increasing,
and those on which it is decreasing. (5)

Obtain Maclaurin’s series expansion for the function f(x) = sinx, x € R.

&)

(400)
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Marks are indicated against each question.
Choice is given within the question.
Use of Scientific Calculator is allowed.

1. (a) Perform three iterations of Newton's method to find root of the equation

x* — x — 10 = 0 and starting approximation as 1.5.

(b) Explain rate of convergence of an iterative method for finding an approximation to the

location of a root of f{x) = 0. Find rate of convergence of the false position method.

P.T.O.
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(©)

(a)

(&)

(©)

(@)

()

o) 1458

Verify that the function fix) = x> + 2x2 — 3x — 1 has a zero on the interval (1, 2%

Perform three iterations of bisection method. , 13

Verify that the equation x5 + 2x — 1 = 0 has a root in the interval (0, 1). Perform

three iterations of secant method to approximate the root.

Perform three iterations of the Regula Falsi method to approximate the root of the

function fix) = cosx — xe™ in the interval (0, 1).

Define asymptotic error constant. Find out the error equation in rate of convergence of

Secant method. ; 13

Find an LU decomposition of the matrix :

and use it to solve the system Ax = [1 6 4]T.

Perform three iterations of Seidal method to solve the system of equations AX = B,

for the given coefficient matrix and right hand side vector, starting with the initial vector :

0 =05, 0.5, -0.5)




(€)

(@)

(5)

(c)

(a)

VG35 : 1458
Perform three iterations of Jacobi method to solve the system of equations AX = B,

for the given coefficient matrix and right hand side vector. starting with the initial

vector x(0 = (0, 0. 0) :

13

Use Newton Divided difference Method to estimate sin(0.15) from the following

data set :
X 0.1 _ 0.2
F(x) = sinX 0.09983 0.19867

Find the Lagrange interpolation polynomial for the given data set (0, 1), (1., 3) and
(3, 55).

Find the maximum value of the step size % that can be used in the
interpolation fix) = ¢* in [0, 1] so that the error in linear interpolation of fx) is

less then 5 x 1074, 12

Define the forward difference operator (A) and backward difference operator (V).

Prove that :

: ! 52 52 .
(if) V=—?+61P+"Z’.

P.T.O.
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(¢)

(@)

- (b)

1458

(©)

(%)

1
If fix) = T then evaluate the nth Divided difference f[xg. X1, Xgs weeees Xp]-

Derive the following backward difference approximation formula for the first order deriv i

where h is the spacing between the points :
: 1

Al E(3f(xc,) 47 (x —h)+ £lx - 21—.-)). I
2 dx

Evaluate L o by Trapezoidal Rule and obtain the theoretical error bound.

Apply Euler’s method to approximate the solution of the initial value problem

2l gt < 1 0 =1.
d’—rx—x, A8 R ) = 1.
over the interval [0, 1] using four steps.

Verify that the forward difference approximation :

1(x0) = 537 (x0) + 47 (s + 1) = 7 (s + 28)

For the first order derivative provide the exact value of the derivative, regardle
of the value of A, for the function fix) = 1, fAx) = x. fix) = x2 but not for th

function flx) = x°. 1

4 400
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Instructions for Candidates

e

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

paper.

Attempt any Five questions.

All questions carry equal marks.

Use of Simple Calculator is allowed.

(a) Explain the term ‘inventory’ in the organization. Describe different types

(b)

of cost incurred in an inventory system.

An electric motor company works for 50 weeks in a year with the following

characteristics :

Demand = 20 units a week, unit cost = Rs. 2,500 per unit, reordering
cost = Rs. 50 and holding cost = Rs. 660 per unit per year. What
is the optimal order quantity ? Would it make much difference
if this number were rounded up or down to the nearest integer ?

(8,7)

PTO.
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The annual demand for an item is 2,000 units, each order costs Rs. 10 and
annual holding cost is 40% of unit cost. The unit cost depends on the quantity

ordered as follows :
(i) Rs. 1 for order quantities less than 500
(i) Rs. 0'89 for quantities between 500 and 999
(iii) Rs. 0.60 for quantities of 1,000 and more

What is the optimal order size ?

Obtain an expression for the EOQ for the deterministic demand inventory

~ system ‘in which supply is instantaneous, demand rate is uniform,

1517
2. (@
(b)
3. (a)
(b)
4. (a)

backorders are allowed and are fully backlogged. (7,8)

A retailer realizes that demand for an item is normally distributed with
a mean of 2,000 units per year and standard deviation of 400 units. Unit
cost is Rs. 100, reorder cost is Rs. 200, holding cost is 20% of value
a year and lead time is fixed and equal to 3 weeks. Describe an ordering

policy that gives him a 95% of service level. What will be the cost of

the safety stock ?

Discuss the Newsboy problem. Formulate and derive the single period,

discrete and stochastic demand model. ' (7.8)

A store wants to improve the control of its stock and is looking at the
possibility of using ABC analysis. Records from eight types of item show

the current sales and costs as follows:
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(b)

5. (a)

Item No. of Sales Cost (Rs.)
1 25 : 1400

2 150 14

3 30 680

4 80 20

5 10 1020

6 40 150

7 1000 20

8 100 30 |

Perform the ABC analysis.

What is the main feature of JIT and how JIT’s approach to inventory
management differs from other methods? What is the difference between
“Push” and “Pull” systems ? . (7,8)
Explain any three of the following :

(1) Reorder level

(i1) Safety stock
(111) Lead time

(1v) Shortages cost (3%3)

Demand for an item is steady at 1200 units per year with an ordering cost
of Rs. 16 and holding cost of Rs. 0.24 per unit per year. Describe an
appropriate ordering policy if the lead time is constant at (1) 3 months

(11) 9 months (i11) 18 months. (6)

PTO.



1517 4

6. (a) Demand for an item is constant at 1800 units per year. The item can be
made at a constant rate of 3500 units a year. Unit cost is Rs. 50, batch
setup cost is Rs. 650 and holding cost is 30% of unit cost per year. What
is the optimal batch size for the item? If production sctup time is 2

weeks, when should this is started ?
(b) What is material requirement planning (MRP) ? What are its advantages
and disadvantages ? (7,8)
7. Derive the optimal inventory policy in a multi-item inventory system when
there is

(1) Constraint on storage space

(ii) Constraint on average investment in stock (15)

(100)

=¥

T
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Instructions for Candidates

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

2. Attempt any two parts from cach question.

For any two real numbers x and y, prove that
@) [x+yl < Ix| + 1yl (4%2)
(ii) Solve for x, if [x - 8] = 3ix —2|. (3)

Let A be a non empty bounded set and define B = {x tk:x € A} where

k is a fixed real number. Show that

lubB = lub A + k (7%%)

Prove that for every pair of real numbers a and b with a < b, there is a

" rational number r such that a <t <b. (7'%4)

1. 428
(b)
(©
2. {a)

Define a convergent sequence of real numbers. Determine whether the

following sequences are convergent or not.

ELL)



152¢ 2

3n+4]

® {xn}={ |

n

(ii) {xn}={2+§n }

(14+2n)" | °
i) (%} = [m (7%)

(b) Prove that, if {x }, {y } and {z } are sequences of real numbers such that
{x,} >a, {z} >aandx <y <z foralln,then {y} = a. ' (7%)

(c) Define cluster point of sequence {x _} of real numbers. Determine the cluster

points of the following sequences :
® {x.} = {-1)%}
(i) {x } = {sin(nn/4}

(i) {x } = {(~1)"n} (%)

3. {(a) Prove that the sequence {x_}, where

5 ] 1 1 1
T | R ST AR
n kZFIkZ 22 32 n?

is a cauchy sequence. (7°4)
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(b) Ifa#0, then show that the geometric series zar'“‘l converges if and only
k=1

if |r| <1, and when convergent, the sum is a/(1 —r). (772)

(c) Test for convergence or divergence of the series given below :

= 1
0 2

T 2n+1

(i) i Liast

e n‘zﬂ

(iif) Z (-1)’ (7%

4. (a) State Taylor’s theorem and hence find the Taylor’s series expansion for the

function f(x) = cos x about x = m/2. (772)

- (b) Examine the continuity of the function /

-x?, if x<0
f(x)=4 Sx-4, if 0<x<l
4x?-3x, if 1<x

at x = 0,1. (7%)

{c) (i) State Intermediate Value Theorem. (2)
o ; A ; :

(1) Prove that the function f(x) = w12 IS uniformly continuous on

[0,%0). (5%)

PI.O.
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5. (a)
(b)
(c)

4

-

Define local maxima and local minima. Determine the local maxima and local

minima of the function f(x) = x* - 4x* + 1 on [-1, 4]. (7'2)

State Rolle’s theorem and verify it for f(x) =V1-x* in [-1, 1]. (7%%2)

4 ) X
Show that the sequence of functions {f} defined by £ (x)= s
converges uniformly on R. g (7%)

(100)
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£ W2

Marks are indicated.

UNIT -1

1. (a) Define Group. Give examples of each of following :
(i) Finite abelian group.
(ii) Finite non-abelian group.
(iii) Infinite abelian group.
(iv) Infinite non-abelian group.
(v) Cyelic group.

(vi) Abelian group which is not cyclic. (6)

PTO.
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(b)

(©)

(b)

(c)

(b)

(c)

Let G be a group. Show that Z(G) =(|C(a). Where Z(G) is the center
2eG

of the group G and C(a) is the centralizer of a in G. (6)

1.6
Find the inverse of the element [3 5:| in GL(2, Z,)). {6)

Let H be a nonempty finite subset of a group G. Then show that if is a
subgroup of G if H is closed under the operation of G. (6)

Define cyclic group. Give an example of a noncyclic group, all of whose
proper subgroups are cyclic. (6)

{ 94 5€ B123456
o= ——]
Het 5 qim e g] G 61 B 4 3 5

Compute each of the following :

(8} o™
(b) Ba
(c) op (6)
State and prove Lagrange’s theorem for finite group. {6)
Find all left cosets of {1,11} in U(30). 6)

Show that the order of a permutation on a finite set written in
disjoint cycle form is the least common multiple of the lengths of the

cycles. (6)
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(b)

(c)

(b)

(c)

3
UNIT - II

Prove that a nonempty subset S of a ring R is a subring of R if and only
if

(i) a—-be S and (ii) abe S for all a,b € S.

Hence: show that if a is a fixed element of a ring R then
I ={xeR:ax =0} is a subring of R. (6%2)

Let R be a commutative ring. Then show that R is an integral domain
if and only if ab = ac = b = ¢, where a,b,c € R and a # 0. (6'%)

Define an ideal of a ring R and prove that intersection of two ideals of

a ring is an ideal but union is not so. (6'%4)
UNIT - III
Prove that a nonempty subset W of a vector space V(F) is a subspace of

V if and only if aw, + Bw,e W Va, BeF and w,w, e W.

Give an example of a nonempty subset W of a vector space V(F) which

is not a subspace of V. (6%2)
Show that the vectors (1,2,3,4),(0,1,-1,2),(1,5,1,8),(3,7,8,14) in R* are
linearly dependent over R. (6%%2)
Determine whether or not the vectors (1,-3,2), (2,4,1) and (1,1,1) form
a basis of R*. (6'%)
Define a basis of a vector space over a field ¥ and prove that every

element of a vector space is uniquely expressible as a linear combination
f elements of the basis. {6'%2)

P1O.
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(b) (i) Show that the mapping T : R? — R? defined by

T(x,,X,) = (X, X, X, =X, X,) is a linear transformation.

(i) Let T: V — W be a linear transformation. Prove that the vectors
v,, V,, v, € V are linearly independent, if T(v,), T(v,), T(v,) are linearly

independent. (6%2)

(c) LetT:V — U be alinear transformation. Define null space N(T) and: range
space R(T) of T. Show that N(T) is a subspace of V and R(T) is a subspace
of U. (6%2)

(2700)
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(b)

(©)

{d)

x*—x+1

Use the E — & definition of limit of a function to find 1irr} ey (5)
=l X+

State Sequential Criterion for Limits. Using Sequential Criterion for limits,

| :
prove that lim sin— does not exist. )
X=» x

. sinX
State Squeeze Theorem. Use the theorem to show that 11rr; —=1. ()
=¥ s

Let f be defined on AcR to R and let ¢ be a cluster point of A. If
lim f >0, then show that there exists a neighbourhood V,(c) of ¢ such that

X=rC

f(x)>0 forallxe AN V(c), x #¢. (5)

P.LO.
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2. (a) Let f be defined on A < R to R and let ¢ be a cluster point of A N (¢,»)

and A N (—,c). Then show that lim f(x) =L exists if and only if

X=rC

lim f(x) =L = lim f(x), (5)

x—rit X—C—

(b) Prove that

1
) lim —=0
(l) Kb xz
e e -
(i) lim — =0 (5)
x—=0 x

(c) Let g: R = R be defined by

x, for x rational
g(x) = T
0, for x irrational

Find all the points at which g is continuous. (5)

(d) Determine the points of continuity of the function f(x) = [x], x € R, where
ﬂx] denotes the greatest integer n € Z such that n <x. (5)
3. (a) LetA,BcR.Letf: A— Randg:B — R be functions such that f(A) c B.

If f is continuous at ¢ € A and g is continuous at b = f(c) € B then show that

the composite function gof : A — R is continuous at c. (5)

(b) Let f, g be continuous from R to R and suppose that f(r) = g(r) for all
rational numbers r. Show that f(x) = g(x) for all x € R. (5)
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(©

(d)

(b)

(©)

(d)

(b)

3

Let f be a continuous real valued function defined on [a, b]. By

assuming that f is a bounded function, show that f attains its maximum value

on [a, b]. (5)
Suppose that f is continuous on [0,2] and that f(0) = f(2). Prove that there

exist X, y in [0,2] such that |y —x| = 1 and f(x) = f(y). &)

Let I be a closed and bounded interval and let f: [ — R be continuous on

[. Then prove that f is uniformly continuous on I. (5)
Show that the function f(x) = x? is not uniformly continuous on R. (5)
State and prove Caratheodory’s Theorem. (5)

Let f: R = R be defined by

f(x)=

{xz, for x rational

0 , for x irrational

Show that, f is differentiate at x = 0 and find f'(0). (3)

Let f be continuous on [a,b] and differentiable on (a,b). Prove that if
f'(x) < 0 Vx € [a,b], then fis strictly decreasing on [a,b]. Is the converse
true ? Justify. (5)

Let g: [-1,1] = R be defined by

2, 0O<xxl1
g(x) =10, x=0
, -1£x<0
Show that g is not the derivative on [-1,1] of any function. (5)

P.T.O.
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(c) Find the Taylor series for sin x and indicate why it converges to
sin x Vx € R. &)

(d) Define a convex function on [a,b]. Show that the function f(x) = {x|,
x € [-1,1] is convex but not differentiable on [-1,1]. (5)

(2000)
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Sr. No. of Question Paper : 2065 GC-3 Your Roll No..ccoveeeeennans
Unique Paper Code 332351302

Name of the Paper : C6 Group Theory 1

Name of the Course : B.Sc. (Hons) Mathematics — CBCS

Serp_ester : I

Duration : 3 Hours Maximum Marks : ‘75

Instructions for Candidates

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

2. Attempt any two parts from each question.

3. All questions are compulsory.

(b)

(c)

Describe the elements of the dihedral group D, and show that they form

a group under composition of mappings. 6)
Prove that if H and K are subgroups of G, then so is HNK.Is HUK
a subgroup of G ? Justify your answer. (6)

Define Centralizer C(G) of a group G. Is C(G) Abelian ? Justify your

answer. 6)

Let G={a) be a cyclic group of order n. Show that G =(ak) if and only
if god(k,n) = 1. (6)

P.T.0.
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()

4. (a)

(b)

2065 2
(b) List the subgroups of Z,  and their generators. (6)
(¢) (i) Let G be an Abelian group with identity e. Prove that
H = {x € G|x* = e} is a subgroup of G. (3)
(ii) Let a and b be elements of a group. If |a| = 10 and |b| = 21, show
that (a)\(b)={e} 3)
3. (a) Prove that every permutation on a finite set can be written as a cycle or

product of disjoint cycles. (6)

Prove that the set of even permutations in S _forms a subgroup of
S.. (6)

x { 2859 567 8 d5123456?8
o= =
¢ 9 poariseg e s Figig g el g

Write o and B as
(i) products of disjoint cycles.

(ii) products of 2 —cycles. (6)

Prove that any finite cyclic group of order n is isomorphic to Z and any

infinite cyclic group is isomorphic to Z. (6%)

Let G denote the left regular representation of the group G (as defined

in Cayley’s Theorem). Calculate U(12). (6'%)
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(©)

(b)

(c)

(b)

3

Give statements only, of Lagrange’s Theorem and its converse. Is the

converse true ? Justify your answer. - (6'%)

Let H and K be subgroups of a finite group G. Prove that

=] :
[HAK] (6%)

K| -
Let G be a finite Abelian group and let p be a prime number

that divides the order of G. Prove that G has an element of order

p- (6%2)

Let ¢ be a homomorphism from a group G to a group G and let H be
a subgroup of G. Prove that

(1) if H is cyclic, then @(H) is cyclic. (2)
(i1) if H is Abelian, then @(H) is Abelian. (2)
(iii) if H is normal in G, then @(H) is normal in ¢(G). (2%)
State and prove The Second Isomorphism Theorem. (6%%)

Let G be a subgroup of some dihedral group. For each x in G,

define

+1 if x is a rotation
¢(x) = { |

—1 if x is a reflection

PLO.
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Prove that @ is a homomorphism from G to the multiplicative group

{+1,-1}. What is the kernel of @ ? (6%2)

(c) Determine all homomorphisms from Z,, to Z,, (6'4)

(2000)
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Sr. No. of Question Paper : 2066 GC-3 Your Roll No................
Unique Paper Code : 32351303

Name of the Paper - C-7 Multivariate Calculus (Including Practicals)

Name of the Course : B.Sc. (Hons.) Mathematics — II — C.B.C.S.
Semester : 11

Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

1. Write your Roll No. on the top immediately on the receipt of this question paper.
2. All sections are compulsory.
3. Attempt any five questions from each section.

4. All questions carry equal marks.

SECTION I

1. Show that f is continuous at (0, 0) where

ysin I/x x#0
f(y,) = {O x=0

2. A closed box is found to have length 2 ft, width 4 ft and height 3 ft, where the
measurement of each dimension is made with a maximum possible error
of + 0.02ft. The top of the box is made from material that costs § 2/ft*; and the
material for the sides and bottom costs only $ 1.50/ft>. What is the maximum

error involved in the computation of the cost of the box ?

P.T.O.
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3. Ifz=f(u-v, v—u), show that

0z @2
+ — =

— 0
du Ov

4. Suppose at point P (-1, 2), a certain function f(x, y) has directional derivative
8 in the direction of v, = 3i — 4j and 1 in the direction of v, =12i + 5j. What
is the directional derivative of f at P in the direction of v=3i-5j?

5. Find the absolute extrema of f(x, y) = xy — 2x — 5y on the closed bounded set
S where S is the triangular region with vertices (0, 0), (7, 0) and (7, 7).

6. Find the point of intersection of the plane x + 2y + z = 10 and the paraboloid
z = x? + y2 that is closest to the origin. You may assume that such a point
exists.

SECTION II

X
7. Compute _[! = fyz dA | where R is the rectangle 1 £x<3, 15y<2.
1 /4
8. Evaluate the integral I _[ secx dxdy.
0 t.an-l}r

9. Evaluate H ldA , where D is the region that lies inside the circle r = 3cos0 and
X
D

outside the cardioid r = 1 + cosf.

10. Find the volume V of the solid, using spherical coordinates, bounded by the

sphere (x=1)" +(y-2)" + (z-3)" =1.
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11.

k2.

13.

14.

15;

16.

Find the volume of the solid D where D is the intersection of the solid sphere
x* + y? + 22 < 9 and the solid cylinder x2 + y> < 1.

Evaluate H e-(“ +5yz)dA , using change of variable, where D is the elliptical
D
2 2
disk = +L <1,
S - 4

SECTION III

Let F(x, y) = e"1 + xe¥j. Verify that the vector field F is conservative on the entire
xy-plane. Use a potential function of F to find the work done by the field F on
a particle that moves in anticlockwise direction from (1, 0) to (-1, 0) along the
semi-circular path

y=+1-x*; -1<x<l1.

State Green’s theorem for simply connected regions. Verify Green’s theorem
for the field F(x, y) = (x — y)i + xj and the region R bounded by the unit circle
C:r(t) =cos ti +sintj; 0<t<2n.

Let E be the solid bounded by the xy-plane and the paraboloid z = 4 — x? — y2.
Let S be the boundary of E (that is, piece of the paraboloid and a disk in the
xy-plane), oriented with the outward-pointing normal n.

If F(x,y,2) = (xz sin(yz) + x*)i + cos(yz)j + (3zy? — e>))k.

Find H F.n ds over the surface S using divergence theorem.

Evaluate H(x +y+2z) dsover the surface S defined parametrically by

Ru,v) = (2u+v)i+ (u-2v)j+ (u+3v)k for0<u<1;0<v<2.

ET.0.
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17. State and prove the Stokes’ theorem.

18. State fundamental theorem of line integrals. If a semi-circular wire has the equation
y =+/25—x* and its mass density function is y(x, y) = 15 — y. Find the mass of
the wire.

(2000)
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(5)

(¢)

(b)

(©)

(Write your Roll No. on the top immediately on receipt of this question paper.)
y /4 Y q pap

All questions are compulsory.
Attempt any fwo parts from each question.

State order completeness property. Show that the set of irrational numbers is not order

complete.
State and prove Archimedean property of real numbers.
Show that the set of positive rational numbers is countable. 6.6

Prove that the set S = {1/njn € N} has no limit point other than zero in the set of

real numbers.

Show that every subset of a countable set is countable. Is every superset of a countable

set countable ? Justify.

If lim a,, = @ and a, = 0 for all », then prove that a 2 0. Deduce that if {a,} and

{b,} are two sequences such that a, 2 b, for all n, then lim g, 2 lim b,. 6.6

P.TO.



(@)
(b)

(¢)

()

)

(©)

(a)

£ 2y 328
State and prove Bolzano-Weierstrass theorem for sequences.

Define a Cauchy sequence. Show that the sequence {a,} is not convergent., where :

a, =1+=+

Q|

1
+ =+
7

U] =

Let {x,} be a sequence defined by :

3+ 2a,

Xy =l e 20

n
Show that the sequence {x,} is convergent. Also find its limit. 6/2.6Y%2

Define the convergence of an infinite series. Show that the series :

1 1 1
+——+—+
12823 34

is convergent.

Test the convergence of the following series :

0) E\/n+1;\/n—l

(i) 1+E-—+?+'—-+ ...... for all x > 0.

Let 2 u, be a positive term series such that

1

lim (u,)n = L.
n—eo
Show that X u, converges for L < 1. What happens for L. = 1 ? Justify. 6.6

State Leibnitz test for convergence of an alternating series. Test for convergence and

absolute convergence, the series :

i Ch et
T PR AR

Is the series conditionally convergent ?

i}



(c)

(a)

(b)

(©)

3T 32
Define radius of convergence and interval of convergence of a power series. Find the

radius of convergence and exact interval of convergence for the power series

X
n=0 9n 3
Define sine function S(x) and cosine function C(x) in terms of power series, Specify

the domains of convergence of the respective power series. 6'2, 6Y

If {£,} is a sequence of continuous functions converging uniformly to a function f on
[a, &], then show that £ is continuous on [a, b].

Test the sequence /,} where

nx

Jnx) =

1+ n%?
for uniform convergence on [0, 1]. Verify :

1 1

e o) = [l )
0

0
(1)  Show that the series -
1
converges uniformly for all real values of x.

(1)  Show that the series -

4 x4 x4 x4

Cret T

3 P

is not uniformly convergent on [0, 1]. 6Y2,6%

3 4,000
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Sr. No. of Question Paper : 1118 G Your Roll No...iicicaiaarse,

Unique Paper Code s 235303

Name of the Paper : Analysis — IV (MAHT-502) .

Name of the Course : B.Sc. (Hons.) Mathematics

Semester h 3

Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

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

2. All questions are compulsory.

Lo

Attempt any two parts from ecach question.

l. .(a) Letd, and d, be two metrics on a non-empty set X. Let

d(x, y)z\’df(x,y)dei(x,y)
d*(x, y) = max(d,(x, y), d,(x, y)) for all x, y € X.

What is the relation between these two metrics ?

(b) Suppose (x, d) is a metric space, Z is a set and f: Z — X is an injection

function.

Show that (a,b) — d(f(a), f(b)) is a metric on Z.

4

P1o.
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(o]

(c)

(a)

" (b)

lad

(©)

(a)

(b)

(c)

2

Suppose X is a metric space, Z € X and S is a subset of X. Show that

z e ace(S) if, and only if, z ¢ iso(S) and dist(z, S) = 0.

Suppose X is a metric space, X € X and S is a subset of X. Show that
x € boundary (S) if and only if, every open ball of X centred at x has

non —empty intersection with both S and S¢.

What is an isometry ? Show that an isometry from a metric space X onto a

metric space (Y, d) is a homeomorphism.

Suppose (X, d) is a metric space, W € X and A is a subset of X. Then,

show that
dist (w, cl (A)) = dist( w, A),

where ¢l(A) is the closure of A.

Suppose X is a metric space and S < X. Prove that
(i) (8% = CI(5)

(i) S° = {x € X: dist(x, §%) > 0}

Suppose X is a metric space and S is a non-empty subset of X. Then prove

that

diam(cl(S)) = diam(S).

Do we also have diam(int(S)) = diam(S) ? Justify your answer.

Suppose (X, d) is a metric space and Z is a metric subspace of X. Show

that the collection of open subsets of Z is {UNZ|U is open in X}.
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(a)

(b)

(c)

(a)

(b)

(c)

3

Suppose X is a metric space and S < X. Prove that

»

() 8(8S)c as.

(i) S is the smallest superset of S that is closed in X.

Let A be a nonempty subset of a metric space X. Show that z € cl(A)
if and only if, there is a sequence in A that converges to z in

X.

If x = <x > has a subsequence which converges to z. Show that
dist(z, {x_:n e N})=0.

Give an example to show that converse to above statement is not necessarily

true.

Suppose X is a metric space and S is a bounded subset of X,

(1) Sl:now that closure of S is bounded in X.

(ii) Is S also a'totally bounded ? Justify your answer.

Let f: X — Y be a function {from the metric space X into other metric space.

Show that f is a continuous at every isolated point of X.

Lct‘"{f: (X,d) — (Y,¢) be uniformly continuous. Prove that the
chu(}-\;%ce <x,> is Cauchy in X if and only if the sequence <f(x,)> is

Cauchyi\in )

State Banach contraction Property. Give an example of a complete metric
space X and a function f: X — X such that d(f(x), f(y)) <=d(x,y) for all
x, y € X, but f has no fixed pamnt in X.

£ 1.0
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(b) Define a connected space. Prove that a metric space X is connccted if and
only if, every continuous function f: X — {0, I}(a discrete space) is a

constant function.

(c) Define a compact metric space. Prove that the continuous image of a compact

metric space is compact.

(2800)
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Sr. No. of Question Paper : 1119 G Your Roll No................
Unique Paper Code : 235504

Name of the Paper : Algebra IV (MAHT-503)

Name of the Course : B.Sc. (H) MATHEMATICS - III
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Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt of this question paper.
2. Attempt any five parts from Question 1. Each part carries three marks.

3. Attempt any two parts from each of the Questions 2 to 6. Each part carries six
marks.

1. () Show that Q(v3,5)=Q(v3++5).

(i) Find a basis for Q(@) over Q.

(i) Prove that an angle 0 is constructible if and only if sin 0 is constructible.

(iv) Find the dual basis B* of an ordered basis p = {(2, —1), (1, =1)} for R2.

2=l
(v) Find all the eigen vectors of the matrix A = [4 2].

(vi) Let B be a basis for a finite-dimensional inner product space. Prove that if

(x,z)=(y,z) for all z € B, then x = y.

PLO.
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2

(vii) Let S = {(1, i, 0), (1,1,2)} in C*. Compute S*.

(viii) For inner product space V and linear operator T on V, evaluate T* at a

2. (a)

(®)

(©)

(b)

(©)

4. (a)

(®)

vector x in V where V=R? T(a,b) = (a+2b, -3a +b), x=(5,3).

Let F be a field and f(x) be a non-constant polynomial in F[x]. Show that

there is an extension field E of F in which f(x) has a zero.

Prove or disprove that Q (\/g) and Q(V—S) are field-isomorphic.

Suppose that E, is an extension of F of prime degree. Show that, for every
ain E, F(a)=F or F(a) =E.
Prove that cos 20 is constructible if and only if sin 0 is constructible.

Let a and b belong to some extension of F and let b be algebraic over F.
Prove that [F(a,b) : F(a)] £ [F(a,b): F].

Show that no finite field is algebraically closed.
Let W and W, be two subspaces of a vector space. Prove that
(Wl + W, )0 = Wso ﬂwzo

Let T be the linear operator on R* defined by
T(a,b,c,d} = (a+b+2c—-d, b+d, 2¢—-d, c+d)
and let W = {(t,s5,0,0) : t,s € R}.

Show that the characteristic polynomial of T, the restriction of T to W,

divides the characteristic polynomial of T.
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(©)

(a)

(®)

©

(@)

3

Let T be the linear operator on R? defined by

a, a, + 4a,
T|a,|=|2a,—3a, + 2a,
a, 4a, +a,

Find all the eigen vectors of T.

Let v, v, v} be an orthonormal set in an inner product space V, and

letiaca, - a, be scalars. Prove that

tlk

zaivi

i=1

2

k 2
iz Z'ai‘

Let V be a finite-dimensional inner product space, and let T be a
linear operator on V. Then prove that there exists a unique function
T*: V — V such that

(T(x),y) = (x,T*(y)) forall x,y e V.
Further, prove that T* is linear.

For inner product space V and linear operator T on V, evaluate T* at a

vector fin V where,
V=P,®R) with (f,g)= [ f(t)g(t) dt, T(E)=f'+3f, £(t)=4-2t

Let T be a linear operator on a finite-dimensional vector space, and let p(t)

be the minimal polynomial of T. Prove that T is not invertible if and only if
p(0) = 0.

PLO;
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(b) Let T be a linear operator on an inner product space V. If (T(x), y) = 0 for
all x, y € V, prove that T = T, (the zero operator on V). Prove that

the same result is true if the equality holds for all x and y in some basis

of V.

(c) Let K be a finite extension field of a finite field F. Show that there is an

element a in K such that = F(a).

(2800)
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Instructions for Candidates

(5]

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

Attempt any two parts of each question.

All questions carry equal marks.

(a)

(b)

Given a basic feasible solution x, = B"'b with z, = ¢ x, as the value of the
objective function to the linear programming problem :

Minimize zZ=c¢ X

Subjectto Ax =Db

x20

such that z,—c, <0 for every column a, in A. Show that z| is the minimum
value of z subject to the constraints and that the basic feasible solution is
optimal feasible solution.

Prove that if there is a feasible solution to the linear programming problem :
Minimize Z=CcX
Subjectto Ax =D

xz0

then, there is a basic feasible solution to it.

RT.O.
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(c)
2. (a)
(b)
(c)
3. (a)

2
X, =2,%,=3,% =1 isafeasible solution to the system of equations :
2x s dx =
3Ix, R On; = 14

Is this a basic feasible solution ? If not, reduce it to a basic feasible solution.

Using Two Phase method, so_ny_:' the linear programming problem :
Minimize Z =X —2x,

Subjectto  x +% =2

Using simplex method, solve the system of solution :
x, Bx, =1
23, HE, =3

Jises]
and find the inverse of the coefficient matrix [2 J.

Use the big- M method to solve the following linear programming problem :
Maximize  z = 3x, + 2x, + 3%,
Subjectto  2x, + x,+ x, <2

3x, T dx + 2%, 28

>
X %y 5y 2 O

(i) State and prove the relationship between the objective function values
of the primal and dual linear programming problems.
(i) Write the dual of the following linear programming problem :
Maximize  z = 8x, + 3x, — 2x,
Subjectto  x, — 6x, +x, 2 2
IXSE I —2x =4
x,£0,x,20, x, unrestricted,

and verily that dual of the dual is primal problem. (2.5,5)
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(b) Verify that (w,,w,) = (-2—, -;-]
is a feasible solution of the dual of the linear programming problem :
Minimize 2x, + 15x, + 9%, + 6%,

Subjectto x, + 6x,+ 3x, + x, 22
o2 A S o e i s b b TG

X X K X, 20

and use this information to find the optimal solution of the primal and dual
problems.

(c) Apply the principle of duality to solve the linear programming problem :

Maximize x=3%x. Fidx
Subjectto  x + x, 21
G i, . R

>
Xy X2 0

4. (a) Solve the following cost-minimizing transportation problem :

D, B; D, Supply
0, 10 9 8 8
0, 10 7 10 7
0} 11 9 7 9
0, 12 14 10 4
Demand 10 10 , 8

PIO.
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4

(b) Solve the following cost-minimizing assignment problem :

(c)

5. (a)

®)

()

A B C D
1 18 .26 17 11
II 13 28 14 26
II 38 19 18 15
v 19 26 24 10

Define saddle point of a two person zero sum game. Use the minimax criteria
to find the best strategy for each player for the game having the following
pay off matrix :

Player 1II

1 -1

PlayerI |-2 0
3t

Is it a stable game ? (3.5,4)
Solve graphically the game whose payoff matrix is

204 11

T4

Use the relation of dominance to solve the game whose payoff matrix is
given by

~] th =
S = |
o B W
W A

Reduce the following game to a Linear Programming Problem and then solve
by simplex method.

(2800)
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(WnledelNaonﬂwwphme)mm@tof&u&qmﬁm paper.)

Attempt any five parts from Q. No. 1 and any twe parts from each of Q. Nos. 2 1o 6.
All questions are compulsory.

1. Attempt any five parts. Each part carries 3 marks.
(a) Find all accumulation points ofthe set § =-{(—1)" + ﬁ :n € N}

(b) Sketch the image of the setr £ 1,0 <6 = n/4 under the map f(z) = z? with justification.

(c) Let f be analytic in a domain D such that f(z) is purely imaginary forall z € D. Show that f
must be constant.

(d) Determine the set of points at which the function f(z) = Z is differentiable.
(¢) Show that sin (1 2) = sin(i Z) if and only if z = nni (n = 0,41,42,..)-

(f) Let f :C - C beany function. Define the following notation:
: il_l'“ll f(z) = .

(g) Find the order of the pole of the function
1 - exp(22)
f&) = ———

and find its residue. E
(h) Write the principal part of the function f(2) = z exp(1/z) at its isolated singular po{ ..t and
determine whether that point is a pole, a removable singularity or an essential singular poiit.

\.
1

P.T.O.



2. (a) Let the function f on Cbe ‘s:,wen by f(z) = Z%/zif z # 0 and f(0) = 0. Show that [ (0)
{,,oes not exist. 6

(b) If f(2) = ux,y) + i v(x,y) is differentiable at zy = - Xy + [ ¥ , prove that the first order
partial derivatives of u and v must exist at (xo, Yo) and they must satisfy Cauchy-Riemann
equations u, = v, and u, = —v, there. 6

(c) If f(z) = z Im z, determine the set of points where f '(z) exists, and find the value of f'(2)
at all such points. . 6

3. (a) Show that the function f(z) = exp Z is not analytic anywhere. 6

(b)Ifz = x + i y, prove that |sinz|? = sin®x + sinh? y and |cos z|* = cos? x + sinh? y.
Deduce that sin z and cos z are unbounded on C. 6

(c) Find _fc f(2)dz , where f(z) = me™? and C is the boundary of the square with vertices
0,1,1 + i and i, the orientation of C being in the counter-clockwise direction. 6

4. (a) Let C denote the line segnient from z = i to z = 1. Without evaluating the intégral, prave

that |[, 53] < 4v2. - . - 6
(b) State and prove the Caucﬁy Integral Formula. 6

{g) Show that if f is analytic within and on a simple closed contour € and zg is not on €
\zJ [(z)
Cz zo J’C (z- z.g.}2 ’ 6

<. (a) State Liouville’s Theorem and use it to prove the Fundamental Theorem of Algebra. 6

(b) Obtain the Maclaurin’s series for the function f(z) = sin z, stating the region in which it is
valid. 6

(¢) Give two Laurent series expansion in powers of 7 for the function

f(2) = 2(1 -

and specify the regions in which these expansions are valid. 6

6. (a) If a power series $%_, a,(z — z,)™ converges when z = z,(z; # 2,), then prove that it is
absolutely convergent at each point of the open disk |z — zo| < Ry , where Ry = [z — Zl. 0

(b) State Cauchy’s Residue Theorem. Use it to evaluate the integral
5z-2
J 6
C

z{z— 1}

(c) Evaluate

J'ZIT df
0 1+4acos®

- jal< i o
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All Sections are compulsory. Attempt any five Queszians from each Section.

Section-1

I. (a) Let f be the function defined by :
Xy’
: { S x,y)#(0,0)
flxy)=1x +y Ly) =
10. (x,)=(0,0)

Is f continuous at (0, 0)? Justify your answer.
(b) Compute the slope of the tangent line to the graph of f(x,y)=xIn(x+y*) at the point

Fy(e,0,e) in the direction parallel to the xz-plane.

2 A closed box is found to have length 2 ft, width 4 ft and height 3 ft where the
measurement of each dimension is made with a maximum possible error of +0.02 ft.
The top of the box is made from material that costs $ 2/ft* and the material for sides and
bottom costs only $ 1.50/ft". What is the maximum error involved in the computation of
cost of the box? :

3 (E))
3 Fing—
0s
b 3 3 P r+s -
if w=4x+y +z°, where x=¢", y=In——,and z=rst*.
' !
®)
; 3 Iy xy—1
4, (a) Find the gradient of the function f(x, y, z) = :
Z+x

2.T.0O.



10.

1§ 1Y

(b) Find the directional derivative of f (x,y)=x*+xy+y’ atthe point £ (1,-1) in the
direction towards the origin. (zl AL l]
2 2

Find the absolute extrema of the function f(x,y)=2sinx+5cosy on the closed
bounded rectangular region with vertices (0, 0), (2, 0), (2, 5) and (0, 5) (5)

Find the maximum and minimum distance from the origin to the ellipse
5x* —6xy+5y* =4
)

Section-II

Sketch the region of integration and write an equivalent integral with the order of
integration reversed:

| I f(xy)dy
=1 ¥-2
()
Evaluate
2 Jlx—xl
I J X+ dydx
0 0
by converting to polar coordinates.
®)
Use a suitable change of variables to compute
o 222 |
D y+x
Where D is the triangular region with vertices (0, 0), (2, 0), (0, 2).
()]

Find the volume of the tetrahedron T bounded by the plane 2x+ y+3z =6 and the
coordinate planes x =0, y=0, and z=0 (5)
Evaluate the integral

1-x* JE-X: -y‘
zdz dy dx

N R

by transforming to cylindrical coordinates. (5)



12.

13.

14,

15.

16.

Find the average value of the function f(x,y,z)=x+y+z over the sphere

x2+yz+zz=4. (5

Section-111

Evaluate

[[5xydc+10yzdy+2ze]
€

where C is the parabolic arc x=y* from (0, 0, 0) to (1, 1, 0) followed by the line

segment given by x=1, y=1,0<z<1.

®)

Prove that the force field f‘=|:(2x—x2y)e""+tan"'y]i+[ zx l—xge"”]j s
Y+

conservative in R* and using this evaluate the line integral Ifdﬁ , where C is curve
- c

with parametric equations x =#°coszt, y =e™' sinar, 0<t<1.
®)
State Green’s theorem for a simply connected region in R?. Use it to find the work done

by the force field F(x, y;=(3 y—4x]i+(4x— )] when an object moves once counter-

clockwise around the ellipse 4x* +)* =4. (5)

Evaluate
‘”(x +y+z)dS,
S

where § is the surface defined parametrically by

R(#,v)=(2u+v) i+(u—2v) j+(u+3v) k for 0su<l,0<v<2, (5)

P.T.O).



17. Use Stokes’ theorem to evaluate

95[(x+ 2z, dv+(y—x)dy +(z—y)éz],
C

where C is the boundary of the triangular region with vertices

(3, 0, 0), (0, %, 0), (0, 0, 3) traversed counter clockwise as viewed from above.

&)
18.  Use the divergence theorem to evaluate the surface integral ”f‘ﬂa‘S , where
5
F(x,y,z)=cos yzi+e* j+3z°k and § is the closed hemispherical surface
z= Jd—xﬂ —»* together with the disk x* +y* <4 in the xy-plane and N is the
outward unit normal vector field.
®)
19. State and prove the Gauss-divergence theorem.
®)
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In all there are six questions. Question No. 1 is compulsory and it contains seven parts of 3 marks
each, out of which any five parts are to be attempted. In Question Nos. 2 to 6, attempt
any two parts from three parts. Each part carries 6 marks.

Use of scientific calculator is allowed.

Q. 1 Attempt any five parts.

(i) There are 5 red chips and 3 blue chips in a bowl. The red chips are numbered 1. 2 .3 4. 5.
respectively. and the blue chips are numbered 1,2.3, respectively. If 2 chips are to be drawn at
random and without replacement, find the probability that these chips have either the same
number or the same color.

(11) Verify that b(x; n, @) = b(n-x; n,1-6)
(111) Suppose X has the pdf

cx? Qi)
fX(x)__{ 0 elsewhere

then find P[—i <X < IJ .

(iv) Let X, and X, have the joint pmi p(x“x:) described as foiiows:

(x,,%)) (0,0) (0,1) (1,0) (1,1) (2.0) 2.1)

p(x,.x,) /18 3/18 4718 3/18 6/18 /18

and p(x,.x.) is equal to zero elsewhere. Find E(X,|x,). when ) O

P.T.O |



2 :
(v) Let X be a random variable such that E[(X — b)?] exists for all real b. Show that E[(X -
b)?] is a minimum when b = E(X). :

(vi) Find the median of the distribution

1

f(X)=m, —<C<xX <o

(vii) Suppose that the number of items produced in a factory during a week is a random variable
X with mean 500. If the variance of a week’s production is known to equal 100, then find the

lower bound for P{X — 500| <100}.

Q.2 (i) Show that in the limit when n — %, € — 0and n@ = Aremains constant, the number of
successes in the binomial distribution B(x,8) is a random variable having a Poisson distribution
with the parameter A .

(ii) Show that if X is a random variable having a binomial distribution with the parameters » and
@, then the moment generating function of

X —né

ﬂ/‘nﬁil—@i

approaches that of the standard normal distribution when n — .

Z=

(iii) Show that the moment-generating function of the geometric distribution is given by

=
M"(f)=1-e’(1—9)

Use it to show that ,u=—l~ and o’ =L-_—;€.
2] 6-

Q.3 (i) Show that the r#4 moment about the origin of the gamma distribution is given by

, BT a+r)
SR Tl

and hence show that the mean and variance are givenby g =of and o =af”’.
(ii) Let X, and X, have the pdf

_[Bxix; O0<x <x;<1
fE3 %) { 0 elsewhere

Evaluate E(7.X, X +5X,).



-
e

(iii) Let £, (¥, /x,)=¢,x, /x3 , 0<x, <x,,0<x, <1, zero elsewhere, and
fu(x,)=¢,x3,0<x, <1, zero elsewhere, denote respectively , the conditional pdf of X
, given X, = x, , and the marginal pdf of X, . Determine:

(a) The constants c,and c,.
(b) The joint pdf of X, and X,.

1 1 5
c) Pl—-<X <—/X,=—J.
o [4 S o e
(d) P{l«'.X <1J
Ao g
Q. 4 (i) Let the random variables X and } have the joint pdf

Sty Osx<l0<y<i
f(x,y)—{ 0 elsewhere

Compute a) F’(XI S%]

b) P(X, +X,<])
¢) Py
(i) Let f(x,.x, )=21x7x; ,0<x, <x, <l.zero elsewhere, be the joint pdf of X and
X, |
(a) Find the conditional mean and variance of X, given X, =x,, 0<x, <l.
(b) Find the distribution of ¥ = E(X,/X,) '
(ii1) Let the continuous type random variables X and .Y have the jeint pdf

et 0<xr<y<o
f&y) { 0  elsewhere

Find

(a) mgf of joint distribution.
(b) Cov(X.,Y)
(c) Are the random variables dependent?

Q.5 (1) If X and Y have a bivariate normal distribution, show that the conditional density of

Y given X" =x is a normal distribution with the mean



3 :
o, 3
Hyx = Fa +p—L(x—p1)
o

and the variance

0-}2’,:'.1' = U§ ( A3 pz)

(ii) Given the joint density

_(xe~*a*Y) x>0andy >0
f&x.y) { 0 elsewhere

find 4. "

(i) Given the joint density

_ (24xy x>0y>0andx+y<1
f (x,y)—{ 0 elsewhere

Find the regression equation of ¥ on X using the formula

o,
fy =ty + p—(x =)

Ul
Q.6 (i) State and prove Chebyshev’s Inequality.

(i) Let X be the number of times that a fair coin, flipped 40 times, lands heads. Find the
probability that X =20. Use the normal approximation and then compare it to the exact
solution. :

(iii) Suppose that the chance of rain tomorrow depends on previous weather conditions

only through whether or not it is raining today and not on past weather conditions.

hen it will rain tomorrow with probability & ; and if it

=0.7and =04,

- Suppose also that if it rains today, t
does not rain today, then it will rain tomorrow with probability B.If

then calculate the probability that it will rain four days from today given that it is raining

today.

400



[This question paper contains 4 printed pages.]

Sr. No. of Question Paper : 1962 GC-3 Your Roll No...ccoerrevrenen
Unique Paper Code : 62351101

Name of the Paper : Calculus

Name of the Course : B.A. (Prog.) Mathematics (CBCS)

Semester i

Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

1.
2.

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

Attempt any two parts from each question.

(a)

(b)

(©)

Discuss the existence of the limit of the function f(x) = |2x~1] at
g :
S (6)
Examine the continuity of the function at x = 0 for
1
ex e
X x#0
fix) = L
( ) et
1 x=0
Also state the kind of discontinuity, if any. (6)
Examine the following function for differentiability at x =0 and x = 1 :
X x=0
f(x) =41 0<x<l ©6)
Nae! x>1

P.T.0.
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2. 1a)
(b)
(c)

3. . (@)
(b)
()

2

If V = r™, where 12 = x* + y? + z?, show that

2
——2—+—-+—-—=m(m+1)r“’". (6)

If cos“'(-y—] = log[i) , prove that
b n

',?{zymz =+ (21’1 + 1)x Nl + anyn =0, (6)

3

oy
If z=sec"(x 2 ], prove that
X+y

x%+y%=200tz. (6)

If the tangent to the curve \}E + \[% — 1 cuts off intercept p and q from the
a

axis of x & y respectively. Show that §+g =1. (6)

b

Find the point where the tangent 10 the curve y = x2 — 3x + 2 is

perpendicular to the line y = X. (6)

Show that the radius of curvature for the curve

x = a(0 + sin0), y = a(l —cos0) is 4a cos(0/2). (6)




1962

4. (a)
(b)
| (c) :

5. (a)
(b)

(©)

(b)

Find the asymptotes of the curve

X3+ xty — xy*-y’ +2xy + 2y -3x+y=0. (6'2)

Find the position and nature of the double points on the curve

xt + yb—2x* + 3y? - at=10 : (6'%2)
Trace the curve

x(x? + y2) = 40 = ?)- (64)
State and prove Lagrange’s Mean Value theorem. : (6)

Separate the intervals in which the function
f(x) = 2x*~— 15x% + 36x + 1

is increasing or decreasing. (6)

3 o4
S S -

Prove that log (1+x)=xw—5—+—3———4~+..., for 0<x< 1. (6)

State Cauchy’s Mean Value theorem. Give its geometrical interpretation.

Also verify Cauchy’s mean value theorem for the functions f(x) = sin X,
T
g(x) = cos x in the interval [‘5» 0], (6%2)

Find the minimum and maximum value of the function x*. (6%2)

PT.0.
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(¢) If lim = Sx— @SN ¥ o RuiteSkenSia iitie valte of a and (he
X = xX

(6%2)

limit.

(1100)
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Instructions for Candidates

i
2.

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

Attempt any two parts from each question.

(a)

(b)

©)

(a)

Find the area enclosed by the curves y* = 4x and y = 2x - 4. (6)

Obtain a reduction formula for_[ sec”"x dx, n being a positive integer and

hence evaluate I sec®x dx. (6)
Evaluate ;
1
I dx . (6)
3sinx —4cosx
Show that

n R

J‘; cos" xcos nxdx = I 02 cos™! xcos (n -1)xdx .

m+n
Further show that .

L

n+l 2

4
L’ cos” x cosnx dx =

where m and n being positive integers. (6'%)

P.T.O.



198
(b)

(c)

32 4(a)
(b)
(©)
4. (3
(b)

2

Find the exact arc length of the curve

24xy = y* + 48 from y =2 to y = 4. (6%2)
LetV and V be the volume of the solids that result when the region enclosed
by

y‘l y=0 x-l dx=b(b>2
= ) > and x ( )

is revolved about x — axis and y — axis, respectively. Is there any value of b
for which ¥V = Vj_? (6'2)

Evaluate :

%
(1) j log (tanx +co£x) dx

2x+3
i dx 3+
(ir) j J4x2+5x+6 {32
Solve :
y(xy + 2x¥yPdx + x(xy — x**)dy = 0. (6)

Given that y = x + 1 is a solution of

2
(x+1)”;x—f-3(x+l)%+3y=o.

Find a linearly independent solution by reducing the order. (6)
Solve :
d’y _, b
xzz;—4x?‘[—x—+6y=4x—6. (6)

Using the concept of Wronskian ,show that e* sin x and e* cos x are linearly
independent solution of



198 3

2
d_'z}—Zd—y-ka:O :

Find the solution y(x) satisfying the conditions y(0) =2 and y'(0) = -3.
(6)

(c) Assume that the population of a certain city increases at a rate proportional
to the number of inhabitants at any time. If the population doubles in 40
years, in how many years will it triple ? (6)

5. (a) Using method of variation of parameters, find the general solution of

2
i);w‘-y:ranx. (6'4)
X
(b) Solve:
@’ y*z2?dx + b*x’zZ2dy + & x*ydz = 0. (6'%%)

(c) Solve the system of equations :

£+gi+2x+y=0
dt dt
%+5x+3y=0 (6'4)

6. (a) (i) Classify the following partial differential equation into elliptic, parabalié
or hyperbolic form :

r+2s+t=20

2 2 2
wherer=af,s=a",z=az. (3)

ox Ox Oy

(i) Eliminate the arbitrary function f to form the partial differential equation
from the following equation

> f[ﬂ} (3%4)
Z

P.T.O.
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4

(b) Find the general integral of .the linear partial differential equation
z(p=—yq) =y = x.
(c) Find the complete integral of the partial differential equation

p+q=pq.

(6%2)

(672)

(1500)
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1. Write your Roll No. on the top immediately on receipt of this question paper.

2. Attempt any two parts from each question.

1. (a) Find the area enclosed between the curves y =x%, y = Jx i x= % x=1.

(b) Evaluate :

I(———’fﬁdx

] dx

() If I = E 0 sin" @ df (n>1), show that

-1
Ir: = n__ Ir:—z + _15" :
n n

Deduce that 15 = s

educe that fs = 5o¢

2. (a) Show that
J‘m Sin"x dx = i _[m Sin"x dx
0 n 0

(n22)

(6)

(6)

(6)

£ 1.0.
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Use this result to derive Wallis Sine formulas :

IE Sin"x dx = & L3 (n—l) (n even and = 2)
0 202486 ... aram
Hels 2

(b) Find the volume of the solid that results when the region above x — axis and
below ellipse

2

2
%+%:1, (a>0,5>0)

is revolved about the x — axis. (6%%)

(¢) Find the circumference of a circle of radius a from the parametric equation

x=acost y=asint (0st<2m. (6'%)

3. (a) Evaluate:
%
(1) _[ log sin x dx
0

x+2

- dx 33
O i

(b) Solve:
(x*+y*+x)dx +xydy =0. (6)
(¢) Given that y = x is a solution of
d’y ., dy
X +1)—-2x—=+2y=0,
( )dxz dx 4

Find a linearly independent solution by reducing the order. (6)



199 3
4. (a) Solve:

:dly

d Y.
e

x——+ y =4 sin log x : 6
= g (6)

(b) Using the concept of Wronskian, show that ¢* and e are linearly independent

solution of
‘;xf 32 42y-0.
Find the solution y(x) satisfying the conditions y(0) = 0 and »'(0) = 1.
(6)
(c) Find the orthogonal trajectories of the family of circles
X+ y= e (©)
5. (a) Using method of variation of parameters, find the general solution of
Zy ;
d2+y-nco£x (6'2)
(b) Solve:
(vz + z})dx — xzdy + xydz = 0 (6'%%)
(c) Solve the system of equations :
E-&-d—y—y 2t +1
dt dt
dx .dy
el S LR 1
T &9
6. (a) (i) Form a partial differential equation by eliminating the constant a and

b from the following equation :

= (ax + y)° + b.

PT.O.
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(i1) Classify the following partial differential equation into hyperbolic,
parabolic or elliptic form :
z azz I 522 2n-1 é

= ny

(?’1—1) Q—V ayz ay-

(3+3%)

(b) Find the general integral of the following partial differential equation

y’p-xyq =x(z-2y) (6%2)
(c) Find the complete integral of the partial differential equation

(P*+q%)y = gz (6'2)

(2000)
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All questions are compulsory.
Attempt any fwo parts from each question.
1. (@) Identify and sketch the curve :
¥ - 3)* = 6(x - 2)
and also label the focus, vertex and directrix. 6
(b) Describe the graph of the curve :
| 42 + 2 + 8x — 10y = ~13. 6
(¢) Sketch the hyperbola :
16x2 — 32 - 32x — 6y = 57.
Also find the vertices, foci, asymptotes and the equation of directrices. 6

‘ PIEOD.
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(c)

(@)

()

(¢)

(@)

 Find the equation of the parabdla that has its focus at (0, —3) and directrix y = 3. Also

foci are 10 units apart. : 6

¢ 209 2319

state the reflection property of parabola. 3= 6

Find an equation for the ellipse with length of minor axis 8 and with vertices (2, 6) and

(2, —4) and also sketch it. 6

Find and sketch the curve of the hyperbola that has vertices at (2, 4) and (10, 4) and

Consider the equation :

352 + 2Bxy + y2 - 8x + 83y = 0.
Rotate the coordinate axes to remove the xy-term. Then identify the type of conic

represented by the equation and sketch its graph. : 6

Let an x’y/-coordinate system be obtained by rotating an xy-coordinate system through

an angle 0 = 45°.
(i) Find the x)’-coordinate of the point whose xy-coordinates are (ﬁ J2 )
(if) Find an equation of the curve x2 — xy + y* — 6 = 0 in x’y’-coordinates. 6

Find the equation of the sphere through the four points (4, -1, 2). (0, -2, 3),

(155, 219,025/, 1) 6

Letish =i — 3f + 2w ="1 + joand w =20% .2 — 4k Find the length of |
3u — 5v + 2w. Also find the volume of the parallelepiped with adjacent edges ‘g

u, v and w. - 6%



(b)

(¢)

(a)

(b)

(c)

(3 2319
Prove that :
wr =5l + v - - oFF) e
(/) Using vector, find the area of triangle with vertices A(2, 2, 0), B(-1, 0, 2)
and C(0, 4. 3).
(i) Sketch the surface z = cosx in 3-space. 3+3%

(i) Find the parametric equation of line that is tangent to the circle x>+ 32 =25

at the point (3, —4).
(i) Show that the lines L, and L, intersect and find their point of intersection :
L cy=1+4, y-3=8z-1=0
L, ox+13=12 y-1=662z-2=36 3+3%
Find the distance between the skew lines :

=] + 51 e < <o

I

1 +41, y=5-4,

(&
|

—
o
I

If
Il

k3

2+ 8, y=4 -3t

g

3

=
Il

Sid it —os < f < g, 3+3%
(/)  Find the equation of the plane through (-1, 4, 2) that contains the line of intersection
of the planes 4x -~y +z -2 =0and 2x + y - 2z - 3 = 0.

(i) Do the points (1, 0, -1). (0, 2, 3), (-2, 1, 1) and (4, 2, 3) lie in the same plane.

Justify your answer. 3+3%

P.T.O.



6 (a)
()
(c)

2319

(i) 2319I

Define a Latin square. Given an example ofa Latin square of order 3. Is it unique ? -
Justify. 6%
Three Pitcher of sizes 7L, 4L and 3L (L = litre) are given. Only 7L pitcher is full.
Find a minimum sequence of pouring to make the quantity in three pitchers as |
5 Bl Uage 03 6%

(i) In the following figure find all sets of two vertices whose removal disconnects

the graph :

s
®

A , a

B b
C C
D ® d .
3+3%
4 ; 1,000
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SET-C

1. (a) Identify and sketch the curve:
XxX= J/,2 _‘4y+2
and also label the focus, vertex and directrix. 6

(b) Describe the graph of the curve:
3(:::+2)2 +4(y+1) =12

‘Also find its centre and foci.

(c) Describe the graph of the hyperbola:
x*=y'—4x+8y-21=0
And sketch its graph. 6

2. (a) Find the equation of the parabola that has its vertex at (1,2) and focus at (4,2). Also
state the reflection property of parabola. 6

(b) Find the equation of the ellipse whose length of major axis is 26 and foci (£5,0) and
also sketch it. - 6

(c) Find and sketch the curve of the hyperhola whose foci are (6,4) and (—4.4) and

eccentricity is 2. 6

3. (a) Consider the equation:

3x? +2xy+3y° =19.

P T O:
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Rotate the coordinate axes to remove the xy-term. Then identify the type of conic

represented by the equation and sketch its graph.
(b) Let an x'y' - coordinate system be obtained by rotating an xy - coordinate system through
an angle 6 = 30°.
(i) Find the x'y' - coordinate of the point whose xy - coordinates are (2, 4).
(ii) Find an equation of the curve 2x* +2V3xy = 3 in X'y' - coordinates .
(c)Find the equation of two spheres that are centered at the origin and are tangent to the
sphere of radius 1 centered at (0,0,7).
4(a) (i) Find a vector of length 9 and oppositely directed to v == 5i + 4i + 8k.
3+31
(ii) Sketch the surface 2x +z =3 in 3-space. 2
(b) (i) Find the vector component of v = 2i — j + k orthogonal to b =i + 2j + 28k.
(ii) Find the area of triangle with vertices P( 2, 0,<3), Q( 1.4, 5), R(7, 2, 9). 3+32
(c) Prove that
lu+v?+ lu=vl*=2]ul*+2]v]*
and interpret the result geometrically. 6 %
5 (a) Let L, and L, be the lines whose parametric equations are
Ly :x=4t y=12t z=2+2t
L, :x=1+t y=1-t z=-1+41t
() Show that the lines L; and L; intersect at the point (2, 0, 3).
(ii) Find the parametric equation of line that is perpendicular to L, and L, and
passes through their point of intersection. 3+3 %
(b) (i) Determine whether the points P; (6, 9, 7). P2(9. 2. 0) and P3 (0, =5, —3) lie on the
same line.
(ii) Where does the line
x=2-t, y=3t, z=-1+2t
. intersect the plane 2y + 3z = 6. 3+ 3%

(c) (i) Find the equation of the plane through (1, 4, 3) that is perpendicular to the line

X=2+0 y+3=2f 2==¢



(11) Determine whether the planes
3x-2y+z=1,4x+y-2z=4
are parallel, perpendicular or neither. 3+ 3 %

6. (a) Given tﬁree containers 3, 7, and 10 liters respectively with the largest being full of water,
determine a minimum sequence of pouring method of dividing this quantity of water into two equal

. . . . . 1
amounts of 5 liters using the three containers and no other measuring devices. 6 =

(b) Is the following square a Latin square? Can it be a group with the multiplication operation

defined?
* 2 013 S R ES
| N g e TR T B
2 2 1 4 5 3
3 3 4 S 2 1
4 14 |8 | 12
o S (15, Y T2 S e K il 4
1
63

(c). (i) Given the influence model. Find the sets of minimum number of vertices which can
influence every other vertex in the graph.

b §
a - % ~
¢ g

(ii) Find a matching or explain why none exists for the following graph.

1
3+3 3

loceo
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1.  Fill in the blanks : 5x1=5
() In LaTeX, items can be listed using ...............ovvvevmenno.. environment.
(i) Line breaks in a LaTeX document are produced by ............ooooovoooionnn. command.
(i) .ciiviisiieinieinninee... command is used to give comments in a latex document.
L R R e command is used to draw a circle with center (x, y) and radius
r in pstricks.
578 o T OLEAR, v attribute of the img tag in HTML is used to specify the source
of the image.
2. Answer any eight parts from the following : 8x2142=20

. \ . . +b)3
(/) Give the command in LaTeX to obtain the expression (a z J :
X+y

P.T.O.
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(if) Write the differrence between the commands |vdots and \ddots. |
(iii) Write the output of the command :
S\frac{d} {dx}\left(\int_{0}*{x}f(t)\, dt\right) = f(x)S.

(iv) What is wrong with the following HTML construction :

<p> This is <strong> <em> bold and italics </p> </em> </strong>.
(v) Give any three attributes of the faht tag in HTML.
(vi) What is wrong with the following input :

<p> Also checkout the

<a href = http://www.du.ac.in/> University of Delhi </a> </p>

(vii) Write a code in LaTeX for typesetting lim (1 + l] =e.
n

n—ses

(viify Write a LaTeX code to produce $\mathbb R$ in the output.

X

(ix) Write the command in LaTeX to generate the expression x* .
(x) What is the output of the command \psarc(1, 1) {2} {0} {70} in pstricks.
Answer any five questions from the following : ' 5x5=25

(i) Write the code in LaTeX to plot the curves y = \f; and y = x? on the same

. coordinate. Show the square root function as a dotted curve and the square function

as a dashed curve.



3 2136

(i) Find the errors in the following LaTeX source, write a corrected version and write

its output :

: \Documentclﬁss{aa‘ticle}
\usepackage{amsmath}
\begin{document}

" We have following options
\begin{itemize}

\item $$x\ge y$
\item $x\le y$
\item X=y
\end{document}

(iif) Write a code in LaTeX for typesetting the following expression :

5 2 b ~2q

a?b__ab? Lo atht
A ; 4 3+4ab '
a’b®  ab a’b?

(iv) Write a code in LaTeX to typeset the following :

A system of linear equations in 3 variables x;, x, and x5 can be represented as :

~)
a a5 Gz i =
A5 %) Ay || X5 [=]|3
a3 Q35 433 J\ %3 4

P.T.O.



(v)

A

Write LaTeX code in beamer to prepare the following presentation :
Slide 1

‘My Presentation =

XYZ

November 2, 2016

Slide 2

Pythagoras Theorem e '

In a right angled triangle the square of the hypotenuse is equal
to the sum of the squares of the perpendicular and base.

My Presentation - [LINGVBmbeF 8;2016 552/4

213




Example
This is a right angled triangle in which 5° = 4% + 3°

Thank You

2136

RT.O.
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(vi) Write an HTML code to generate the following web page :

University of Delhi

Colleges of Delhi University offering BBA/BBE/BFIA programmes at the
undergraduate level

. North Campus
1. Shivaji College

(a) BMS

(b) BBA

2.  DDU College

(a) BBE

(b) BMS

. South Campus
1. Gargi College

(a) BFIA

(b) BBE

Keep the following in mind while writing the code :
(/) Font face for the text should be Arial.
(i) Text color of the main heading should be blue.

(#ii) Rest of the text should be in purple.

2136 6 2,200
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1. Fill in the blanks : 5x1=5
(@) In LaTeX, optional arguments are always ZIVEN I iecerenranasasseionneces brackets.
() The part of a LaTeX file preceding \begin {document} command is called Mol L
(¢) The html element is closed With ......coooveeivinncnens tag.

(d The LaTeX code to produce the mathematical expression e®® = cos § + i sin 0

I e :
(8) s s tag is used in HTML to create a list of items in specified order.
2. Answer any fen parts from the following : 10%x2=20

(1) Write any two different ways of including mathematical expressions in LaTeX document.

P.T.O.
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(2) Write the difference between the comrﬁands \Idots.and \cdots.
(3) What is the output of \i:scircle (3, 2){1} in pstricks ?
(4) Write the output of the command $\sqrt[n]{5}$.
(5) What is the command for writing the set {0, 1} in LaTeX ?
(6) Explain the difference in the outputs of the following two LaTeX source codes :
() \begin{document}
| Suppose that $ x = 25 §
\end {document}
(i) \begin{document}
Suppose that $% x = 25 $3
\end{document}
@) Write a set of commands to be put in the main document in LaTeX to produce :
sin x

lim——=1.
x—0 X

(8) Write the output of :
\documentclass {beamer}
\title {Skill Enhancement Course}
~ \author{ABC}

\institute {University of Delhi}



£33 2349
\begin{document}
\begin{frame}
\titlepage
\end{frame}
\énd{document}
(9) Write a code in LaTeX to produce the output :
=X X0

x| =
X x=20

(10) Write the following postfix expressions in the standard form :
x 1 add 2 exp 1 x sub div.

(11) What is the output of the command \psline (1, 1) (5, 1) (1, 4) (1, 1) in pstricks ?

Also, give a rough sketch of the same.
(12) What is wrong with the following input ? What is the right way to do it ?
If Stheta = piS then $sin theta = 08.
Answer any five parts from the following : 5x5=25

() Write a code in LaTeX to plot the function :

P.T.O.
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(i) Write the code for the following in LaTeX environment

Lot x = {xffno, S , X,,), where the x; are non-negative real numbers. Set :

and

(iii) Write a presentation in beamer with the following content : | i
Slide — 1 contains the title of the presentation, author’s name and affiliationi
Slide — 2 contains the list of subjects taught in B.A. (Prog.) course

Slide — 3 contains Thank You

(iv) Write an html code to generate the following web page :

[ 0 Mywebpage =\ a - "__j

« = C | fiesnC:sersiacer/Deskiop2016/SEC-1/web.himi GRS |

University of Delhi
Department of Mathematics
Course offered

* B.Sc.(H) Mathematics
» M.Sc. Mathematics

* M.Phil.

 Ph.D.

ucaeu

B 4 2 & § sev9nech’ O3 7
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(v)  Write a code in LaTeX to get the following matrix :

a c e

b d ¥
A=

g i k

LR R

(vi) Write the code in LaTeX to draw the following circle with shaded sector :

2349 ) 100



[This question paper contains 4 printed pages.]

Sr. No. of Question Paper : 238 G Your Roll No........cccc....

Unique Paper Code ;2335551

Name of the Paper . Analysis

Name of the Course : B.A. Programme — Mathematics

Semester B

Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

2

(sl

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

There are 3 sections.

Each section consists of 25 marks.

Attempt any two parts from each question in each section.

Marks are indicated against each question.

(a)

(b)

(©)

SECTION I

Define supremum and infimum of the set S ¢ R. Find the supremum and
infimum of the set

1 1. .. TR 1
S=<L1+—,1+—4+—, ccceeeeece A=+ —+ s

State the properties which make the set R of real umbers, a complete ordered

field. (6)
Define limit point of a set. Show that the set N of natural numbers has no
limit point. (6)

PTO.
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2.0 4R)
(b)
(c)

3. (a)
(b)
(©)

4. (a)

2

State Bolzano-Weierstrass theorem for sets. Prove that the set

n 1
{3 +3—n? “EN} has no limit point. How does it contradict Bolzano-

Weierstrass theorem ? (6.5)

Test the continuity of the function

I/x =1/x
E_.._—e._._, 5 e 0
f(x) =4V peV® at x=0- (6.5)
0, x=0

Define uniform continuity of a function f on an interval I. Show that the
function defined by f(x) = x* is uniformly continuous on [-3, 3]. (6.5)

ifa <b <c, forall nand (a“) and <c“) converge to / then <bn) also

converges to /. (6.5)

State Monotone convergence theorem for sequence and hence prove that

the sequence (an) defined as

(n2 2) is convergent. (6.5)

State Cauchy’s General Principle of convergence for sequence and show

Lol
that the sequence (an) where a, =1 +;+§+........+— 18 not convergent.
2 n

(6.5)

Let Zun and Zvn be two positive terms series such that u <kv,
1 |

V n, k being a fixed positive number then prove that

(i) Zun converges if ZVn is convergent
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(i1) Zv“ diverges if Zu“ is divergent

(b) Test the convergence of the following series :

ff\ffff

— s e —— ——

1 2 3

= i n+2
D (-1
(i) Z:( ) 7 +5

11-1 1
(iif) Z(

(6)

(6)

(c) State Cauchy’s General Principle of convergence for an infinite series ZU.\
1

1
and show that the series Z; does not converge.
1

(6)

5. (a) A bounded function f is integrable on [a, b] iff for every € = 0, there exists

partition P of [a, b] such that U(P, f) — L(P, ) <&.

(b) Show that I:e"‘: dx converges.

@ show o [[x¢(s-x")Tex = 58(3. 3.

6. (a) Find the Fourier series of the function f where

f(x) = {—1, for —m<x<0

1, forO<x=sm

(6.5)

(6.5)

(6.5)

(6)

PT.O.
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(b) State Cauchy’s uniform convergence criteria for a sequence of functions.

Test the sequence (f" (x)> for uniform convergence, where

sin nx
f'(x):_\/_n_, 0<x<2n (6)
(c) (1) Find the radius of convergence of the power series
1 I3 aeli3.5 4
— X+ — X"+ ——X" +inrrrren
e 2D 2.5.8
(i) If fis defined in [0, 1] by the condition

- 1 1

f(x) = (-1)"', when —<x<-, (r=12,3,....),
r+l r
(0)

£(0) = 0. Show that _[Olf(x) dx = log 4~1

(1500)
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There are 3 sections.

Each section consists of 25 marks.

Attempt any two parts from each question in each section.

Marks are indicated against each question.

SECTION 1

(a) Let A and B be non empty subsets of R and let
C={x+y:x€A, yeB}

If each of the sets A and B has a supremum, show that C has a supremum
and Sup C = Sup A + Sup B. (6)

(b) Give example of a set S < R which has
(1) Exactly one limit point
(i1) Infinite number of limit points

(iii) Two limit points (6)

PTO.
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2

(c)

(a)

(b)

(©)

(a)

(b)

(c)

L , X if X is irrational
Show that function defined as f(x) = = YeoEl
—x, 1f x is rational

is continuous only at x = 0. (6)

Define an open set S c R. Show that intersection of two open sets is again
an open set but the intersection of infinite number of open sets need not be

open. Justify your answer by an example (6.5)

n

Show that the function f(x) = lim o forallx 20,
b X
is continuous at all points except at x = 1. '(6.5)

Show that the function f defined by f(x) = x? is uniformly continuous on [~

2521 (6.5)

SECTION II

Show that lim (r)"" =1. (6.5)

N =ra3

If (a,) and (b,) be two sequences such that

lima, = a, lim b, = b, then show that

n—re ]

im (0,5) = (1m o, ) (1im 5, = a5 )

If lim @,=1, then show that lim & r =], (6.5)

N=px -y H
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4. (a) Stateand prove D’Alembert’s Ratio Test for a positive terms series Z”,; ;

1

(6)

(b) Test the convergence of the following series :

(c)

(b)

(©

2 X Iz .1'3
() —+—+-—<+

x4
——F eneenns fi £x.
13 24 35 4.6 or all values of x

L%

oo 1 =R
e
@ 3 )

& An+l=+n-1
(111) Z, :

(6)

Define absolute convergence and conditional convergence of an infinite
series. Show that every absolutely convergent series is convergent. With
the help of an example, show that the converse need. (6)

SECTION IIIL

Define Riemann integrability of a bounded function over [a, b]. Show that
every monotonic function on [a, b] is integrable on [a, b]. (6)

=
Discuss the convergence of the improper integral I: log sin x dx . (6)

(i) Define Beta and Gamma functions. What is the relation between Beta
and Gamma functions ?

(i) Show that \E= Jr (6)

P.T.0.
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6. (a) Find the Fourier series in [-x, ©t] for the function :

7 . if — <0
_f'(»c)={x s (6.5)

2%, HO<xs==n

(b) State Weierstrass’s M-test for the series of the functions f, defined on

. wasinax (
[a, b]. Show that the series Z -— is uniformly convergent for all real
i "

values of x if p> 1. (6.5)

(¢) (i) Find the radius of convergence of the power series

i (n+1) o
n+2 (f1+3)

0

(ii) Discuss the Riemann integrability of the function f on [0, 3] where
f(x) = [x], [x] is the greatest integer < X. (6.5)

(2000)
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3. Each question is for five marks.

SECTION I

1. Useg -8 definition tb show that

Iin}(3xi~7) =2

2. Find the equations of the asymptotes for the curve

3
f(x)=x +1 :

2
X

3. Find the Linearization of

f(x)=sinx at x=m.

4. Forf(x)=x3-3x +3

(1) Identify where the extrema of “f” occur.
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(i) Find where the graph is concave up and where it is concave down.

5. Use L’Hopital’s rule to find

l-sinx
im ——-
x=%52]4+cos2x

6. The region bounded by the curve y=x? + 1 and the liney =—x + 3 is revolved
about the x-axis to generate a solid. Find the volume of the solid.

7. Find the length of the astroid

x =cos’t, y=sirt, 0<t=<2n

SECTION II

8. State Limit comparison test. Using the limit comparison test, discuss the
convergence of

e

T odx
v

‘9. Identify the syrﬁmcttiés oflthe_cﬁr\?e and then sketch the graph of

r =sin 20.

10. Solve the initial value problem for T as a vector function of t

2 b
Differential equation : (jld :- =32k
t

Initial Conditions s }’(0) =100k

and : dt

t=0
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it

12.

13.

14.

15.

16.

Find the curvature for the helix

?(t)=(acost)§ + (asint)j +btk, 2,b=0 a®+b2#0

Write the acceleration vector a = a, T + a N at the given value of t

without finding T and N for the position vector given by

2(t) = (teost)i + (tsint)j+ £k, t=0

2xy
; ,y)#(0,0
Show that f(x,y)= x* +y? (x y) ( )

0 , (x,¥)=(0,0)]-

is continuous at every point except at the origin.

If f(x,y) = x—-y\-/l—fff{;%/;

(i) Find the domain of the given function f(x,y).

(i) Evaluate (155{13'0} f(x,y)-

SECTION III

Ifz=S5tan'x and x =¢* + In v,

oz
find — and — using chain rule, whenu=1In2, v=1.
ou ov

Find the directions in which the given function f increase and decrease most
rapidly at the given point p,. Then, find the derivative of the function in those

directions.

f(x,y,z) = %—yz, po(4,1,1)
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1%

18.

19.

20.

21.

Find parametric equations for the line tangent to the curve of intersection of the
given surfaces at the given point.

Surfaces: x +y*+2z=4, x=1

Point : (1, 1, 1).

Find equations for the
(a) Tangent plane and

(b) Normal line at the point p, on the given surface

72 = 2x2-2y? - 12 = 0; po(l,—l,4).

Find the absolute maxima and minima of the function f(x, y) = x* + y* on the
closed triangular plate bounded by the lines x =0,y =0,y + 2x = 2 in the first
quadrant.

o OF Of L Bf o'f
If f(x,y)=xoosy+ ye*, find o= Byox’ Oy and R

If f(x,y) = x—y and g(x,y) =3y -

‘Show that

() V(fg)=gVf+fVg

2

(i) V(EJ _gvf-fVg
g g

(4500)
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paper.

2

Attempt all questions by sclecting any two parts from each question.

I. (a) Find an integrating factor and solve the differential equation :

(e*“f—.y)dx +-(xc’“"='+1)dy-=o. (6.5)

-

(b) Solve the equation: y' + (x+ 1)y = ey, y(0)=0.5. (6.5)

(¢) Find the orthogonal trajectories of the family of parabolas

y = cc—-jxl (65)

2. (a) Show that ¢™ and xe* form a basis of the following differential equation
y" — 6y + 9y — 0. Find also the solution that satisfics the conditions
y(0) = —1.4, y'(0) = 4.6. (6)
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(b)

(c)

(b)

(¢)

(b)

Solve the initial value problem : (6)

X7y ot Ixy' b =00 y(l) =4, y'(1) =-2.

)2“1

0 _1 m
Find the radius of convergence of the series: Z ) (6)
m=2

Find a general solution of the following nonhomogencous differential

equation :
y" + 3y’ + 2y = 30e>
using variation of parameters. (6.5)

Use the method of undetermined coefficients to find the particular solution

of the differential equation: y" — 4y’ + 4y = 2¢”, (6.5)

Find a homogencous linear ordinary differential equation for which two
functions x3 and x? are solutions. Show also lincar independence by

considering their Wronskian. SR i (6.5)
Find the general solution of the partial differential equation
yzu, — xzu + xy(x? +y’)u = (0)

Find a general solution of the differential equation :

(x*D? + xD — 4I)y = 0, where Dz%. (6)
dx
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(c) Find the particular solution of the linear system that satisfies the stated

initial conditions :

9y _ —5y, + 2y, v,(0) =1

dt

d : '

——j’t’ =2y, - 2y,, ,(0) =-2 (6)

5. (a) Find a power series solution of the following differential equation, in powers

of x
y' +xy' -2y = 0. (6.5)
(b) Find the solution of the quasi-linear partial differential equation :
u(x +y)u +u[x —y)u =x*+y’
with the Cauchy data u=0 on y = 2x. (6.5)
(c) : Rcducg the equation : yu +u_=x

to canonical form, and obtain the general solution. (6.5)

6. (a) Solve the initial-value problem :
u +2u =0, (0, y) = 4e¥

using the method of separation of variables. (6)

(b) Obtain the canonical form of the equation : x> u_ + nyuw Syt B = 0, and

hence find the general solution. (6)
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(¢) Reduce the following partial differential equation with constant coefficients,
. +2u +ou +u =0
XX Xy ¥y x

into canonical form. 6)

(3700)
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Name of the Course : B.S¢. (Hons.) Computer Sciepce!B.Sc. (Mathematical Sciences)/

B.Sc. (Physical Sciences)
Semester o 1
Duration : 3 Hours ' Maximum Marks : 75
(Write your Roll No. on the top immediately on receipt of this question paper.)
Attempt any two questions from each section.
Section I
1. (@) Verify that the set {(1, -1), (1, 1)} is a basis of RZ,
(b)) Examine which of the following is a subspace of RZ :
. U= {(a, b*); a, b € R}
V = {(a, b); a > 0, a, b € R}.
(¢) Which of the following transformations are linear ? Also justify :
(1) T :R% > R? defined as T(x, y) = (1, 2)
@) T:R® — R2 defined as T(x, y, 2) = (& 4). 4.4.4
2. (a) Solve the following system of equations using elementary row operations :
2y + 3y +ig =19
x+2p+3z2=6
3x.ty 22058,
P.T.O.
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() Reduce the matrix : )
2.3 3
3 6 12
2 4 8

to a riangular form by elementary row operations and hence determine its rank.

(c) Find Eigen values and Eigen vectors corresponding to one of them for the
matrix :

4,44
aiiiss S
s 2
g Pl 1

(@) For what values of A and p do the following system of equationé :
X iz =6
Xk 2y 3z =10
x+2y+ Az = U
have an infinite number of solutions.

(b) Find the inverse of the matrix using E-row operations :

e A |
Lo
gl o

(¢) Find the value of ¢ for which the vectors {(1, 4), (c, —8)} are linearly dependent.

i

4,4.4



(b)

(©)

@

®)

©

(@)

(oasy) 15

Section Il

Use the definition to show that the sequence [2 - {—%J ] converges to 2.

Sketch the graph of y = sin(2x + 1). Mention the transformation used at each
step.

Find the nth derivative of :

x
“1+8x+982 , 6,6.6

5

Assume that the rate at \;vhich radioactive nuclei decay is proportional to the number
of nuclei present in a given sample. In a certain sample, 10% of the original ﬁumber
of radioactive nuclei has undergone disintegration in a period of 200 years. Find the percentage
of the original radioactive nuclei that will remain after 1000 years.

Show that :

w(x, t) = 4 cos(2x + 2ct) + e**
satisfies wave equation.

If u = fir), where

r=sixt syt

prove that : 6.6,6
u  u o il
ax—2+?—f (r)-i—;f(r)
If
y - em ms'lx,
show that :

= xz)ymz - (2n + Dy, ,; - (n® + mz)yn =_0.

P.T.O.
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(®)

(©)

(@)

(b)

(@)

(®)

(@)

®)

(i) 15
Find the Maclaurin’s series expansion for f{x) = sin x, assuming that :
lim,_,. R, (x)=0.

n—sen

Sketch the level curves of the function f(x, y) =10 - 2* - y* of height 1, 6
and 10. 6,6,6

Section III
Prove that for any two compleéc numbers z; and z, :
1z + 2| Sz +]2].
Let z,, 2, 23 be complex numbers such that :
2, +2, +2 -0 and lzl=l21=12]=1.
Prove that :
z +lz§ +-z§ =), 4,3%
Use De Moivre’s theorem to solve the equation :

-4+ -1=0.

Prove that :
'1+sin¢+£cos¢"= nm TR o ]
[1 T Ein o - eon :p} m( 2 "’q’J* g Sm[ 2 nq’}‘ 4,3%

i
Form an equation in the lowest degree with real coefficients which has 2 — 3/ and

3 +2i as two of its roots.

Find all the values of (J§ - i)m. 4,3%

= 1,400
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(Write your kal! No. on the top immediately on receipt of this question paper.)
Attempt Five questions in all.
Question No. 1 is compulsory.
Use of non-programmable calculator is allowed. ‘
. " () Explain the nature of O.R. and its limitgtions.
() What is shadolw price ? Write the dual of the following LPP :
Miqimize P L=y X3
Subject to :
X] =3y +4x;3=5
X —2x2+'7x3é3
2x; ~ x3 2 4
X1 2 0 x, and x, .unrestricted in sign

P.T.O.
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(1:i1') Consider the following LP with two varialéles -
Maximize : Z = 3x; + 2x,
Subject to :
Xpot XS4
X — X _<_ 2
Xis ke D

(@) Determine all the basic solutions of the problem. and claséify them as feasible and

infeasible.

(b) Verify optimal solution graphically. Show how infeasible basic solutions are

represented on graphical solution space.
(iv) Consider the following LPP : |
Maximize : Z = 5x; — 6x, + 3x3 — Sxg + 12x5
Subject to :
Xy + 3xy + 5x3 + 6x4 + 3xs < 30
Xi> X9, X3, X4, Xg > 0.

Solve the problem by inspection (do not use Gauss-Jordan row operations), and justify

the answers in terms of the basic solutions of the simplex method.
(v) What do you understand by the convex set. Show that the following set is convex :

€ =ity m)af +x2 €3, %20, %205
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(vi) A manufacturing company purchases 9000 paﬁs of @ machine for its annual requirements,
ordering one month usage at a time. Each part costs Rs. 20. The ordering cost per
order is Rs. 15 and the carrying charges are 15% of the average inventory per year.

You have been assigned to suggest a more economical purchasing policy for the company.

What advice would you offer and how much would it save the company per year ?
(vii) Explain ABC analysis. What are its advantages and limitations, if any ? 7x5=35

In the Ma-and-Pa grbssery store, shelf space is limited and must be used effectively to
increase profit. Two cereal items grano and wheat compete for a total shelf space of 60 sq.
feet. A box of grano occupies 0.2 sq. feet and a box of wheat needs 0.4 sq. feet.
The maximum daily demand of grano and wheat are 200 and 120 boxes respectively. A box
of grano nets $ 1 in profit and a box of wheat $ 1.35. Ma-and-Pa thinks that because
the unit profit of wheat is 35% higher than that of grano, wheat should be allocated 35%
more space than grano which amounts to allocating about 57% to wheat and 43% to grano.
What do you think ? Formulate the above problem as linear programming problem and solve
it graphically. ' : 10
Solve the following LPP using two-phase mEthbd :
Maximize : Z = 2x; + 2x, + 4x3
" Subject to :
2y toxp +oxy S0
3x; + 4xy + 2x3 28

X{s X9, X3 2 0

PTO.
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(@) Show that phase I will terminate with an artificial variable in the basis.

(b) Remove artificial variable prior to the start of phase II, then carry out phase II. 10

(@) The following table represents a simplex iteration. All variables are non-negative. The
table is not optimal for either a maximisation or minimization problem. Thus, when a non-

basic variable enters the solution it can either increase or decrease z or leave it unchanged.

depending on the parameters of the entering non-basic variable.

Basic Xy le X3 Xy Xs X¢ X~ Xg Solution
Xg 0 3 0 -2 -3 -1 5 1 12
X3 0 1 1 3 1 0 3 0 6
X | 1 -1 . 0 0 6 -4 0 0 0

Z-TOW 0 -5 0 4 -1 -10 0 Q= 620

Categorize the variables as basic and non-basic and provide the current values of all
the variables. Assuming that the problem is of the maximisation type. identify the ﬁon—
basic variables that have the potential to improve the value of z. If each such variable
enters the basic soiution, determine the associated leaving variable, if any, and the associated

change in z. Do not use the G;mss-lordap row operation.
(b) Consider thé following Linear Programming Problem :
Maximize : Z = 5x; + 2x, + 3x3
Subject to :
XpF Sxy + 2y = 30
X) = Sxp — 6x3 < 40

X'l-. xz, x3 >0
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Given that the artificial variable x4 and the slack variable x5 form the starting basic variables
and that M equals 100 when solving the prbblem, the optimal table is given in the following

table. Write the associated dual problem and determine its optimal solution. 2x5=](

Basic . X, X, X3 Xy Xg | Solution
X4 1 5 2 1 0 30
X5 0 ~10 -8 ~1 1 10

Z-TOW 0 23 7 105 Dk 150

Solve the following LPP using simplex algorithm and hence list out five optimal solutions using

altematixfe optimal solution : 10
Maximize : Z = 2xy + 4x
Subject to :
Xy + 2%, €78
X} txy<4
X1, X5 2 0.

(@) A company manufactures two products A and B. The unit revenues are $ 2 and § 3,
respectively. Two raw materials M1 and M2, used in the manufacture of the two products
have daily availability of 8 and 18 units, respectively. One unit of A uses 2 units of

M1 and 2 units of M2 and the respective values for B are 3 and 6.
(1)  Determine the dual prices of M1 and M2 and their feasibility ranges graphically.

(1) Is it advisable to arrange 2 additional units of M1 at the cost of 25 cents per

unit ?

(b) Write a short note on degeneracy of LPP, 73
' BETO.
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7. (a) Derive the expression for EOQ under the following assumptions :

17

(b)

() demand is known and uniform
(if) shortages are not allowed
(iii) lead time is zero.

Find the optimum order quantity for a product for which the price breaks are as

follows :
Quantity Unit Cost (in Rs.)
0 < Q, < 800 . _ Re. 1.00
800 < Q, Re. 0.98

The yearly demand for the product is 1600 units per year, cost of placing an order

is Rs. 5, the cost of storage is 10% per year. 2x5=10
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Attempt any two parts from each question.
All questions are compulsory.
Marks are indicated.
Unit I
1. (a) Show that :

is a group under matrix multiplication. _ 6

(b) Prove that the group G is abelian if and only if :
(ab)"' =a’'b”' VYa,beG. 6
(c) LetHbea non-erniaty finite subset of a group G. Then H is a subgroup of G if and

only if H is closed under the operation of G. 6

P.T.O.



(a)

(®)

©

(@)

()

©

(2)
2

6
: 5] in GL(2, Z,,).

Find the inverse of the element |:

Show that :
U@14) = (3) = (5).
Is U(4)=(11)?

Let

e i R e
o=
et Sy aodglh sl g

Write :
(/) o as a product of disjoint cycles.
() o as a product of 2-cycles.
(i) 'Detennine whether o is an even odd permutation.
State and prove Lagrange’s theorem for subgroups.
Prove that the center :
Z(G)={xeG:xg =gx.‘v’g € G}
of a group G is a normal subgroup of G.
Let H be a subgroup of G and a, 4 € G. Then show that :

laH | =|bH]|.



(@)

(®)
(©

(@)

(6)

()

(3 24
Unit 11

Let
Z[\E] = {a+b\f§ :a,be Z}

Prove that Z[\/ﬂ is ring under the ordinary addition and multiplication of real
numbers. 6%
Prove that a finite integral domain is a field. . 6%

Let M, (Z) be the rings of all 2 x 2 matrices over the integers and let -

a a-b
R = ca,beZ
a—-hb b :

Prove or disprove that R is a subring of M, (Z). . : 6%
Unit III

Determine whether or not the set :

{(29 g ls 0): (11 2: 5): (79 ot le 5)}
i$ linearly independent over R. - : 6'%

Let
V = R3 and W={@bc)ev:q +8 =%}
Is W a subspace of V 2 If 0, what is its dimension ? ‘ 6%

For the vector Space :

find a basis for V over Q. 6"

P.T.O.
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Which of the following functions T from R2 into R? are linear transformations :
(0 T(xx) = (14, X5)
G T(x, %) =Gk %) ) 6"
Let T be a function R2 to R? defined by o
T('xl= x,) = (% + Xy, X — %25 %) -

Find the range, rank, kernel and nullity of T. 6%
Let T be linear operator on C? defined by :

T(x,, x,) = (% 0)

Let B be the standard ordered basis for 2 and let B' = {0, @} be the ordered basis
defined by :

o = (1, 1), o =(i2),

What is the matrix of T relative to pair B B2 62
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(Write your Roll No. on the top immediately on receipt of this question paper.)
There are three sections in this question paper.
Attempt any two questions from each section.
Students are allowed to use simple calculator.
Section I

1.  (a) For what value of k is the function : : 5%

. Xt +5,x22
f(x)=
k-4an>2

continuous at x = 2 ?

(b)  Out of 300 people in an office, 140 drink coffee and 180 drink tea. If 45 drink neither.

find out how many drink both. Also illustrate this fact by a Venn diagram. 5%

(¢) Letx be a multiple of 3 (i.e. 0,3,6,9, 12 ......) and f{x) be the remainder obtained
on dividing x by 5. Is fix) a periodic function of x 2 If yes, what is the period ? Plot

the graph of the function. 5%
P.T.O.



(@)

b

(©)

(a)
(b)

©

(@)

(2)
Is the sequence

sin2 n
< >

n

convergent ? If yes, what is its limit ?

Find the sum of the infinite geometric series :

10 20 40

Al S o S

i e SR

------

() Differentiate log,(log,(x)) w.r.t. x.

Expand ¢ + ¢2* in ascending powers of x.

Write the first five terms of the sequence given by the recursion formula :

Ayl
iy 5 —2,ay=1, ay» = a,
Evaluate
10
vt
2(2x+7)@+7 :

Evaluate any fwo of the following :

P

1
@ J. X logxdx

e

63

5%

5%

5%

5%

5%

5%
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(©

(a)

()

£ i300) 63

(if) .cos\/; dx

(iii) e’ (xz + Zdex_

A = {x:x:_’S}andB={x;x<24},
then find
A UBC ANBand (AUBNA N B)
where BC denotes the complement of B. 5
Assume that a given population grows according to the rule
P(r) = 50000 + 50 12,

where the time / is measured in hours. Find the average growth rate during the time

interval t = 2 to ¢ = 8. 5%
Section 11
If
1 =i o O |
A= , B= = A2 2
ey e and (A + B)? = A2 + B2
determine the values of p and g. : 6
If
- 5 el |
gx) =x+ 5 -7 and A= 3
-1 =2
find g(A). ' 5

P.T.O.
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(&)

(@)

®)

(¢)

% o)

14 =1 -4 21 6
A=372 15and B=113. “4%=1L
0 8 14 25502

find matrix X such that
A+ B-2X = 0.

If

L2 5 S NS
A=|-4 1 6|and B=|0 -1 2|,
R B % el i |

compute AB and BA. Is it true that AB = BA ?

Find the image of the point (-2, 4) under rotation through an angle 45° in the counterclockwise

direction.

If

find k so that
kA2 = SA — 6l,.
Express the following as a set of linear equations :
1 -y 2|1 5
3 15 3xfi-1|=|11
- R RS B 2

@

63

6

3

3

«r'n
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(@)

{25 63

SR b,
el L]
: i e
@ 3 0 x 6 8
. 2Lag

Section III

In a botanical lab there are 16 plants. A carcinogen is sprayed uniformly. Find the probability
of getting half of the total plants mutated, assuming that the chances of mutation in each

plant is 50%. e

(b) Find the mean and standard (ieviation of the two obsetvations a + b and a — b. 5
(@) The mean of a certain number of observations is 40. If two more items with values 50
and 64 are added to this data, the mean rises to 42. Find the number of items in the
- original data. 5
(b) The marks of 5 students are given in Mathematics and Physics. Find the coelfﬁcient of
correlation between them : 5
Marks in Mathematics 2 8 5 4 6
Marks in Physics 1 7 6 2 -
(é) Fita straigﬁt line to the following data with x as independent variable and y as dependent
variables : _ 5
X 1 2 3 “ 5 6
y 2.4 3 36 | 4 5 6

P.T.O. é



11.

(p) In an intelligence test administered to 1000 children, the average score is 42 and S.D. é

(a)

®)

(.67) 63§

is 24. Assuming normal distribution, find the number of children whose scores lie between
20 and 40. \ i

The means of two samples of 1000 and 2000 members are 67.5 inches and 68.0 inche

respectively. Can the samples be regarded as drawn from the population of standar

deviation 2.5 inches ?

In a certain factory manufacturing razor blades, there is a small chance 1/500 for any

blade to be defective. The blades are in the packets of 10. Use Poisson distribution|

to find the probability that the packet contains : 5 ‘
(/) No defective blade . }
(i) At least one defective blade. . ;

|

6 2.000



