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1. (a) Prove that a lower bound v of a nonempty set S in R is
the Infimum of S if and only if for every € > 0, there exists
ans- € Ssuchthats, < v + €.

(b) Let S be a nonempty bounded above set in R. Let a > 0
and aS = {as: s € S}, then prove that Sup (aS) =a Sup S.

(c) If x and y are positive real numbers with x <y, then
prove that there exists a rational number r € Q such that x
<r< Y.

(d) Show that Sup {1~ >:n €N} =1. 5.5.5



2

2. (a) Define limit point of a set in R. Prove that a point ¢ ER
is a limit point of a set S if and only if every neighbourhoog
of ¢ contains infinitely many points of S.

(b) Let (x,) be a sequence of real numbers such thy
lim,_. X, = x > 0, then show that there exists a natyra|
number K such that '

§< Xp <2x  vVnz=K.

( ¢) Use the definition of limit to prove:
i, limp,, (Vn+1 —+/n)=0
i Mo () = 3

(d) Let (x,,) be a sequence of positive real numiaers such

that L= lim,_., (xzﬂ) exists. Show that if L < 1, then (Xn)

n

converges and limy_, X, = 0. - (5,5,9)

3. (a) Let (x,) and (y,) be sequences of real numbers s‘uch
- that lim,.,x, =x and lim,_,y, =y, then show that
limn—id‘n XnYn = Xy.

(b) State Squeeze Theorem and hence prove that

1/n
lim,_,,(a" + b") = Db
where 0 < a < b. '

(c) State and prove Monotone Convergence Theorem-

(d) Let (x,) be a sequence of real numbers defined by’

xl = 8) Xn+1 = EP' + 2 fOl‘ n E No
Show that (x.) ; 2 o (5.5,
at (xp) is convergent and find its limit. et



4. (a) Show that the following sequences are d

3

ivergent:

®  (-D™

(11) (sin (533)) ;

(b) Define a Cauchy sequence and show that every Cauchy
Sequence of real numbers is bounded.

(¢) Prove that the séquence (x,,), where

—1+1+1+ . EN
Xn = 7 3 ...+n, n

is not a Cauchy sequence.

(d) Let ¥=_. a,, and 2n=1 by be infinite series of positive
real numbers such that limp_, o (Z—“) = 0. Show that if

n
2in=1 by converges, then Y a_ converges. (3,5,5)

- (a) State and prove n-th R

oot Test to test the convergence
of an infinite serjes.

o h!
1 n=1_g
=1 (2n+1)2
1
(@ 0]
111 _
=2 hInn
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n+1_ 1
=i (=1 =

is conditionally convergent.

(d) Test the followmg series for Absolute convergence:

L (? |
Z( D" Gy ;
(5,5.5)

3100
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Section |
1. Attempt any rhree parts of the following: (5+5+53)
a. Solve the differential equation:

(2xe’y* + 297 “L.V)d*’“f(?f:‘?"y4 — Xy =3xdy=0.

b. Find the general solution of the differential equation:
w+(V)=w.

¢. Solve the differential equation: |
dy _x-y-l
dx  x+ y+3

d. Solve the initial value problem:

Z’: =dx’ +3x2y3._v(l)= ~1.

i

P Attempt any nyg parts of the following: (5+5)

4. A waler tank has the shape obtained by revolving the
parabola x* = py around the y axis. The water depth is 4 ft
at 12 noon, when a circular plug in the bottom of the tank is
removed. At | pm, the depth of the water is 1 ft. Find the

P.T.O.




2
depth y(r) of water remaining after  hours. Also, find whep
the tank will be empty. If the initial radius of the top

surface of the water is 2 ft, what is the radius of the circular
hole in the bottom?

A certain piece of dubious information about phenyl ethyl
amine in the drinking water began to spread one day in the
city with a population of 100,000. Within a week 10,000
people heard this rumour. Assume that the rate of increase
of the number who have heard the rumour is proportional to
the number who have not heard it. How long will it be until
half the population of the city has heard the rumour?

Consider a body that moves horizontally through a medium
whose resistance is proportional to the square of the

velocity v, so that dv/dt = —kv?. Show that :

o(t)=

1+ uokt
and that

x(t)=x, + %ln(l + u(,'kt)‘.

Section 1

3. Attempt any fwo parts of the following: (8+3)

a.

The following differential equation describes the level of
pollution in the lake:
dC' F
. —
dt ( n )

where V is the volume, F is the flow (in and out), C is
concentration of pollution at time r and Cin 1S th.
concentration of pollution entering the lake. U

V=28x10"m",F = 4x10°m® / month . If only frCSh wal
enters the lake,



1. How long would it take for the lake with pollution
concentration 10’ parts/m’ to drop below the safety

1i.

b. In view of the potentially disastrous effects of overfishing
causing a population to become extinct, some governments
impose quotas which vary depending on estimates of the
population at the current time. One harvesting model that

3.

threshold (4 x 10° parts/ m’ ) ?

How long will it take to reduce the pollution level (o

5% of its current leve]?

takes this into account is:

1.

ﬁX—:rX(l—i
K

dl J X -

Show that the only non-zero equilibrium population

IS :
]
r

At what critical harvesting rate can extinction
occur?

¢. Ina simple battle model, suppose that soldiers from the red
army are visible to the blue army, but soldiers from the blue
army are hid_cien. Thus, all the red army can do is fire
randomly into an area and hope they hit something. The
blue army uses aimed fire.

1.

ii.

1il,

Write down appropriate word equations describing
the rate of change of the number of soldiers in each
of the armies.

By making appropriate assumptions, obtain two
coupled differentijal equations  describing this
system.

Write down a formula for the probability of a single
bullet fired from a single red soldier wounding a
blue soldier in terms of the total area A and the area
€Xposed by a single blue soldier Az; ;

P. T. O.
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iv. Hence write the rate of wounding of both armies i
terms of the probability and the firing rate. |

Section III

Attempt any three parts of the following: (6+6+6)

a. Find the general solution of the differential equation:
x'y"+6x7y" +4xy' =0

b. Using the method of undetermined coefficients, solve the
differential equation :

y."" 2y' +y' =]+ xe",y(O) = y’(O):: y'(O): 1.

¢. Using the method of variation of parameters, solve the
differential equation :

y'+3y' +2y=4e".

d. Showthat y,=land y, = Jx are solutions of :

w+ () =0,
but the sum y = y, + y, is not a solution. Explain why.

Section IV
5. Attempt any fwo parts of the following: (8+8)

4 Consider a disease where all those infected remain .
contagious for life. A model describing this is given by the
differential equations

dS dl

= =—p8S1,— = pS!
dt p di p

where P is a positive constant.

i Use the chain rule to find a relation between S and
I.
i, Obtain and sketch the phase-plane curve”

: e ¢
Determine the direction of travel along th

trajectories. .
iii. Using this model, is it possible for all 1

AMl;J
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b. The predator-prey equations with additional deaths by DDT

are:
aX , dY
= = BX —c XY —p,X,;[— =-a,Y +¢,XY - p,Y

where all parameters are positive constants.

1. Find all the equilibrium points.

it. What effect does the DDT have on the non-zero
equilibrium populations compared with the case
when there is no DDT?

iii. Show that the predator fraction of the total average
prey population is given by:

/= 1
. ( ?J(?;i!’g.))
CZ(IBI - pl)

What happens to this proportion fas the DDT kil
rates, p; and p,. increase?

The pair of differential equations

4P dT
E ool p
dr T

where 7,y and g are positive constants, is a model for a

population of microorganisms P, which produces toxins T
which kill the microorganisms.

i. Given that initially there are no toxins and Do

microorganisms, obtain an expression relating the
population density and the amount of toxins.

. Hence, give a sketch of a typical phase-plane
trajectory.

iii. Using phase-plane trajectory, describe what
happens to the microorganisms over time.

31100
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Section A

i
i

(a) Give two reasons for including class/subclass
relationships and specialization in a data model? (2)

(b) “Primary key is a minimal super key”. Justify. (2)

P.T.O.
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(c) Draw the symbol used in ER diagram for following

(1) Weak entity

(1) Key Attribute

(iii) Total Participation of an entity in a relationsh

&
(d) What is the use of cascade in following SQL statemen

DROP TABLE DEPENDENT CASCADE.

(
(e) Mention the cardinality ratio in the following :
(1) Actors perform in movies
(if) An Instructor teaches at most one course
(i) Many musicians perform in an concert
(iv) A painter paints many paintings (4

(f) Given a relational schema R (A,B,C,D,E) with Function
dependencies (FDs)

F={A—>B, B->(C, AC—-D, AC—-BC}. Identify :

(i) a functional dependency in F that js
consequence of the augmentation rule

(i) a new functional dependency thatf"can I

obtained from FDs in F using the transitivity ru

(
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(o) A STUDENT table has following two attributes Rollno

and Course. Write an SQL statement to insert a new

attribute Grade to the STUDENT table. (1)
(h) What is meta data? (1)
(i) What are canned transactions? (1)

(j) What are the responsibilities of DBA and database

designers? (212)

(k) What is a transaction? List any two properties of a

transaction. (1+2)

Section B

(a) What is a ternary relationship? Illustrate with an
example. (1+3)

(b) Hlustrate the following constraints on specialization using

a diagram in each case.
(1) Disjoint, total
(ii) Overlapping, partial (2+2)

(c) We can convert any weak entity set to a strong entity

set by simply adding appropriate attributes. Why, then,
do we have weak entity sets? (2)

P.T.O.
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'8
3. (a) Draw the diagram of three-schema architectureQ
DBMS.

Q

(b) Identify multivalued and composite attributes from {

b
following complex attribute, If any

{Address_phone( { Phone(Area_code, Phone_number)h

Address (Street address (Number, Street, Apartmey
number), City, State, Zip) ) } (t

(c) How does a category differ from a re

gular share
subclass?

(dl """

\ M
*,

4. (a) Consider the two tables T1 and T2 as shown below

Tl
10 a 5
15 b 8
| 25 a 6 —
12
A B C
10 b 6
25 C 3
10 b 5

Show the results of the following operations :

(1) T1 Union T2
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(i) T1 Join T2

T1.Q=T2.B

(i) T1 Minus T2 (3)

(b) Consider the following ER Diagram

Map it into relations taking into account different entity
types, relationships and attributes. (7)

(a) For a relation R(A,B,C,D) with given dependency set
F={A—>BC, BCoD)
(i) Find the primary key for the relation R

(i) Identify the normal form in which given relation

eXists as of now. Justify your answer.
Pl O
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g6
Gii) Normalize R till 3NF, it not already in 3NF.
(1+2+

(b) For the given (able in its current state, write down |

cardinality and identify two candidate keys.
",’Eﬂiﬁ@]’;@d@_@_M,l&n.t_c_@#lﬁzt_&____'_mir_cl_emf
st ,@iﬂz_@,#,#ﬂ%,w
s —MayHelen | 12/04/1980 | 9999939988
TSy Brit Paul | 12/04/1980 8899999999
01/10/1976 | 9999999771 B
01/10/1977 9999999999

(14
(

(c) How are spurious tuples generated?

Refer the following COMPANY database for the Q

and Q7.

EMPLOYEE (Name, Ssn, Bdate, Address, Gend

l
Dnumber, MgrSsn, MgrStartDaﬁ
Bdal

Salary, Superssn, Dno)

DEPARTMENT (Dname,
DEPENDENT(Essn, DependentName, Gender,

Relationship)

PROJECT(Pname, Pnumber, Plocation, Dnum)
WORKS ON(Essn, Pno, Hours)

(a) Answer the following queries using relational alg@bE

(i) Retrieve the names and addresses of all *

employees who work for ¢ A dministrati’

department.
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(i) Retrieve the names of the employees who have

no dependents.

(111) Find the names of the employees who work on
all the projects controlled by department number

10.

(iv) Retrieve the social security numbers of
employees who either work in department No. 2
or directly supervise an employee who works in
department No. 2. (4%2)

(b) Illustrate the division operator of relational algebra by

taking a suitable example. 2)

Answer the following queries using SQL.
(i) Give a 10 percent raise in salary of all empolyees.

(i) Update the address of employees living in ‘Mumbai’
to ‘Delhi’.

(i) For each project on which more than two employees
work, retrieve the project number and the number of

employees who work on that project.

(iv) Retrieve the names of all employees who do not have

supervisors identified by SuperSsn.

2. T.0,
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6801 8
(v) For each department, retrieve the department numh

number of employees in the department and ty

average salary. (5x

§. Differentiate the following : N

(1) Entity and Referential Integrity {
(i1) Procedural and Nonprocedurai DML
(1i1) Logical and Physical Data Independence ;‘
(iv) Database State and Database Schema l

(v) Total and Partial Dependency (5>

(130
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(a) Let f be a function defined by

( Ux _ )
el/x 1, x#0
e +1
f(x) = r
0, x=0
L i

p.T.0.
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Show that f is discontinuous at x = 0. State the kind

discontinuity. (
(b) Use (e, 8) definition to show that (é

lim , x*=16. |

x—4

(¢c) Show that the function f defined by f(x)=\/; i

=

uniformly continuous in [0,1]. (

2. (a) Discuss the differentiability of the function f defined E
f(x) = |x| + |x—1| at x=0,1. (

(b) State Lagrange’s Mean Value Theorem. Verify té
theorem for the function f(x)=x(x-1)(x-2)

o1 |

(c) Find the asymptotes of the curve

X3+ x?y —xy?—y3-2x2+2y?+ x+y+ 1 =0. (§

3. (a) Find the open intervals on which f(x) = 3x*- 4%’

concave up and concave down. Also determine the pol
of inflexion, if any. (
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(b) Find the position and nature of multiple points of the
curve given by x*+y3-2x3+3y2=0. Also, find
tangent(s) at the origin, if any. (6)

(c) Trace the curve x =acos®0, y=asin0; 0<0<2x.
(6)
/2
(a) Obtain the reduction formula for _[Sinn xdx . Hence

0

/2

evaluate I sin® xdx - (7)
0

(b) Sketch the curve x2y? = x2 — g2, (7)

(c) Sketch the polar curve r =2+3cos0, 0<06<2m.
(7)

(a) Find the volume of the solid that results when the region
enclosed by y=x2, y=x3 is revolved about the x

axis. (6)
(b) Describe the graph of the equation

X+ 9y2 + 2x — 18y + 1 = 0. 6)

(¢) Find an equation for the parabola that has vertex at

(1,1) and directrix y = =2. Also, write the reflection
property of parabola, (6)

P.T.O.
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R (&) Sketeh the curve Xy = |

(6Y

M@ Find VAVXF) if Bx,y,2) =

e™i + 3xe’j - ek

xnxpwwe(th+G)adWF+dWG where F=F(x ,,

and G = G(x,y,2) are vector valued functiong
(6%
|
: : |
(¢) Sketch the graph of 2 =x3+y7. (6'4)

i
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on receipt of this question paper.

(b} Do any two parts from each question.

1. (a) (ij If x and y are vectors in R",then prove
that
[+l <[]+ v

Also, verify it for the vectors
x=1[-1,4,2,0,-8]and y = [2, 1, -4, ~1,0]

mnpR?’.

P.T.O.
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(ii) If x and y are non-zero vectors in o,
such that x.y > 0, then prove that angle
between x and y is acute. &

(b) (i) Define the projection vector of a vector,
onto a vector a (where a is a non-zer,
vector).

(i) For vectors a = [2, -3, 4] and b = [-6, 2, 7),
find proj b and verify that b- proj b is
orthogonal to a. 6

(c) Solve the following system of equations,
using Gauss Jordan Reduction method :
6

4x -2y —-6z=18
X+y—-3z=15
2x—-4z=16

2. (a) Determine whether the vector v = [2,2, -3]
is in the row space of the matrix.

6.5
4 -1 2]
A=|-2 3 5
6 1 9




3.

(b) Diagonalize the matrix

2 4 6]
A=|3 -3 6
3 -4 7

7594

6.5

(c) (i) Find the eigen space E, corresponding

to eigen value ) =¢ for the matrix

Y

12
2

=51
—-11

(11) Prove that the subset

a
W:{[a,b,E—ZbJ:a,beR}of R3is a

subspace of 3.

(a) Consider the matrix
1 2 —1]
A=|2 -1 3
|9 =4 3

6.5

Using rank of A, determine whether the

homogeneous system Ax

nontrivial solution or not.

3

O has a
6

P.T.O.

. T, peame oree

e
A



7594

(b) Use Simplified Span Method to fing q

|

simplified general form for all the vectorg |
in span (S), where S = {[1,~-1,1], [2,_3,3]’
[0,1,-1]} is a subset of R?. 6

(c) LetB ={[2,3,0,~-1], [-1,1,1,~-1]} and

S={1,4,1,-2],[-1,1,1,-1],(3,2,-1,0], [2,3,0 - |
1.

(1) Show that B is a maximal independent
subset of S.

(11) Calculate dim(span(S)).
(111) Does span (S) = R*? Why or why not ?
6 |
4. (a) (1) Show that the mapping f:R? — R? given
by f([x,y]) = [x+ky,y] is a linear operator. |

(i1) Let V be a vector space, and let x # O be

EE——

a fixed vector in V. Prove that the
translation function f : V — V given by |

f(v) = v + X is not linear. 6.5

4




(b)

(a)

7594

Let 5 = {[1,2], [0,1]} and T = {[1,1], [2,3]! be
bases for p?.
Let v =[1,5] and w = [5,4].

(1) Find the coordinate vectors of v and w
with respect to the basis T.

(i1) What is the transition matrix P__ from the
basis T to the basis S.

(111) Find the coordinate vectors of v and w
with respect to S using P__,.
6.5

Suppose [,: R* — R’is a linear operator and
L([1,0,0])) = [-3,2,4], L([0,1,0]) = [5, -1, 3]
and L[(0,0,1)] = [-4,0,-2]. Find L([x,y,z]), for
any [x,y,z] <Rand also find L([6,2,-7]).
6.5

For the linear transformation
L:R’ — R’given by :

x ) [5 1 -1x,
Li[x,[|=|-3 0 1 |x,

x]) [1 -1 1| x, |

Find a basis for ker(L) and a basis for range
(L). Also, verify the Dimension Theorem.

6
S P.T.0.
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(b) For the adj oining graphic, use hom
coordinates to find the new ve
scaling about (

Ogeneoyg
rtices after
8,4) with scale factors of

1
in the x-direction and 3 in the y-direction,

Also, sketch the final f1

gure that woulq
result from this moveme

nt.

o3 (8, 11)

Q 4 (5, 9) (8, 9)
8 = 0

(8, €)

(5, 4) (11, 4)
3 -

0 iéé&éé}éé'{o{né




(c) For W = span 11,-2,~-1]}

7594

» 13,-1,0]} in prand

v =[-1, 3, 2], decompose v into wotw

where w,eW and wW,e W'.

decomposition unique ?

Is the

§)

Let R’ 5 R*be a linear transformation

given by :

1
L(v)=Av,where A =|(
0

oS == O

3
3
1_4

Is L an isomorphism ? Justify your answer.

6.5

Find a basis for the orthogonal complement

W+ of the subspace

V\/:{[x,y,z]eJR3 :2x—2y+z=0} of

R*and

verify that dim(W) + dim (W‘L) = dim(H\”\‘X) :

7

6.5
P.T.O.
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(c) Find Least Squares Solution to the
Inconsistent linear system Ax = b, where

o [ I

5 2 12
A=|3 1| and B=|15 6.5
_4 3...1 4
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Attempt any two parts from each question.

1’ (a) Let R3 - {(all aZ; a3)- al, az, a3 € R} ShOW that Rg
is a vector space over the field R of real numbers with
pointwise addition and multiplication. (6)

(b) Prove that the intersection of two subSpaces of a vector
space V(F) is a subspace of V(F). Show by an example that
Wy UW, for any two subspaces W, and W, of V(F). may
not be a subspace of V (F). (0)

¢) Define basis of a vector space and show that the vectors -

(1,2,1),(2,1,0) and (1, -1, 2) form a basis of R3(R). (6)

. (a) Find the values of A and u for which the system of
*quations:

P.T.O.°
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X+y+:-=6
x+2y+3-=10

i
!
|
§
i
!
i
|

n

has (i) a unique solution, (ii) no solution, (iii) infinite]y ek
solutions.

X+3y+Ac =y

(68
(b) Reduce the following matrix to normal form and hen;@(b)
find its rank: :
0
1 -2 1 -] !
11 =2 3 ]

4 1 -5 $

5 -7 - |

2 ] o

(¢) Find the characteristic roots and the corresponding eigets

vectors of the followmg matrix: L

(b
g

= a : (6*&)

S O N
o N =
N - O

3. (a) Prove that:

_ 3 5
tan5¢9:5tan9 10tan” @ + tan 49. (

1-10tan” 6 +tan* &

(b) Sum the series:

" sin@ + xsin 2¢9+x2 sin30 +......... up to n terms
where x is a real number and x # 1. ("ﬁ
(c) State De Moivre’s Theorem for rational indices and "

it to solve the equation: . y

A
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7

z +z=0. (6)
4. (a) If one root of the equation

203 16X - 22x+7 =0

is 2++/3, find the other roots. (6.5)

(b) Solve the equation x> —9x* +23x-15=0, given that two
of its roots are in the ratio 3:5. (6.5)

(c) Form the cubic equation whose roots «, 3,y satisfy the
relations:

a+f+y=3a’+ 2+}/2=5,a3+,6’3+;/3=11. (6.5)
4

5. (a) Show that the set S = {1,5, 7,11} is an abelian group
with respect to multiplication modulo 12. (6)

(b) Show that a group G is abelian if and only if (a.b)? =

a?.b%foralla,b € G. o (6)
6(c) If:

_(t 23 4 (123 4
f=, 1 4 3)'9‘<4 3 2 -1)'2ln
123 4
h=(3 I 2~4)’
show that k™1 fh = g, (6)

6. (a) If H and K are subgroups of a group G, show that
H N K is a subgroup of G. Is the union of two subgroups also
a subgroup? Justify. (6-5)

p. T. O.
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(b) Describe the group of symmetries ofa square. (6

(c) Show that the set of all matrices of the form (8 ;

x,y € Ris a non-commutative ring with respect to mar ‘
addition and matrix multiplication. (6.
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Attempt any two paris from each question.

. (a) Prove that the set V of all polynomials over R defined
S:

V= {f(x) S apx" + @y x" 1+ + a;x + ay,

al-ElR{,n?_O}

Tm a vector space over R with respect to addition and
talar multiplication of polynomial function, (6)

») Define subspace of a vector space over the field F. Show
1at the set

W = (a1, a;, a5): a; +a;+az=0, al;a2'a3 € R}

' a subspace of R3. (6)
P. T. O.

¥ o

L
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(€) Show that the vectors (1,2,1), (1,0,~1) and (0,3 ,
{ J

form a basis for R3.

2. (a) Obtain complete solution of the system of equations:

2x-y+3z-5w=-7
~7y+3z-Tw=-13
—-3x+4y+2z=0

(b) Reduce the following matrix to normal form and hence

find out its rank:

] =4 77
38 2|
7 -8 26

B 4

(6)

(6.5)

(65)

1
{c) State Cayley Hamilton Theorem and use it to find the

inverse of the following matrix:

S O N
S N -

0
1
2

L .

3. (a) State and prove De Moivre’s T
indices.

(b) Show that if n is any integer, then:

(1 +i\/§)" +(1~i\/§)" = 2" cos(nz /3).

(¢) Sum the series:

heorem for integral

(6.5)!"

s i

6) |

© '
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cosfsecd +cos3fsec? @ + cos5@sec’ @ +

.........

P to n terms, where € is not an odd multiple of 7/2. (6)

. (a) Find the biquadratic equation with rational coefficients

aving, \/§ - \/g as one of its roots. (6.5)

b) Solve the equation x* —13x2 +15x+189 =0 , given that
me root exceeds another by 2. (6.5)

c)If «,f,y are the roots (not all zero) of the equation:

x> —npx2+qx—r=0,

ind the value of :
@) (BHrXy+a)a+B)
. (ii) Za,ﬁ,y a//B (6_5)

- (a) Show that the set S = {2, 4, 6,8} is an abelian group
ith respect to multiplication modulo 10. - (6)

) If a and b are elements of a group G such that ab = ba’é
‘rove that (ab)™ = a™b™ forevery n € N. (6)

' Find the order of the folleing permutations in Sg4:

1)(}1_ 2 3 4

2 4 3 |
(1 2 3 4 | (6)
RIS

P.T. O.
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g

4

a b): a,b,c,d € Z} be the grop ung

c d
matrix addition. Let H = {(g Z) €G:ia+b+c+d= 0}‘

6. (a) Let G = {(

Prove that H is a subgroup of G. | (6.5)

(b) Examine which of the following are groups. Justify yoyy
answer in each case.

(1) The set Z of integers with respect to *, where g * p =
a+b+1Vabey |

(i1) The set N of natura] numbers with respect to addition,
| (6.5)

(¢) Show that the set S ={0,1, 2, 3,4,5}is a commutative

ring with respect to addition modulo 6 apg multiplication
modulo 6, , (6.5)
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SECTION — |

Attempt any two parts out of the following.

(a) Obtain the general solution of the equation

(2% =2yz=y )p+x(y+2)g =x(y - 2).
Find the integral surfaces of this equation passing through (i)

. .o ¢ rLe 1 1
the x-axis, (ii) the y-axis, (1i1) the z-axis. (7’2‘)
(b) Solve the following initial value system:
u, +uu, =e"v,v,—av, =0
]
" with u(x,0)= x and v(x,0)=e". (72—]



2
(c) Apply the method of separation of varia}
u(x, y) = f(x)g(y) to solve
(7l¢
2

x*u, +9y°u=0 u(x,0)= exp(_l_)

X

SecTION — II

Attempt any one part out of the following.

2. (a) Show that the equation of motion of a one-dimensional w;

: : 2 2
equation is u, =c u where ¢ = T/p. |

(b) Derive the Laplace equation of motion.

. Attempt any two parts oul of the following.

3. (a) Find the characteristics, characteristic coordinates and red

the equation given below to the canonical form:
u_ +(sech’x)u,, =0.

(b) Transform the following equations to the form:

V., =CV,C —constant, u. —H4,, +3U, — 2u, +u=0

-

by introducing the new variable v = ue “s*"")  where.

are undetermined coefficients.

(c) Determine the general solution of the equation given bell

3u, +10u,, +3u, = 0 >

SecTiON — 111

Attempt any three parts oul of the following.

4. (a) Determine the solution of the equation:
Llul=u, +au, + bu, +cu = f(x,y)



3
where a,b,c and f are differentiable functions of (x,y)in

some domain D" | under the boundary conditions that » and
u are prescribed along the curve C in the xy plane. (7)

(b) Solve the Goursat problem
xyu, —x’yu, —yu +x’u, =0, x =0,
N(XJ’): f(r) on y'+x’ =16 for 0<x<4,
u(x,y)=g(y) on x=0 for 0sy<4,
where /(0)=g(4 ). (7)
(c) Find the solution of the initial boundary value problem:
-c'u, =0

U

/"

u(x.0)=sinx,  u,(x0)=x’ (7)

(d) Solve the Cauchy problem for the non-homogeneous wave

equation

un == czu.t\' + e“' "
with the initial conditions:
u(x,0)=5, u,(x,0) = x* - (7)
SECTION — [V

Attempt any three parts out bf the following.

(a) Solve using the method of separation of variables:
u =ku,,0<x<l,r>0.

u(0,)=0 . 120

u(l,t)=1 .120
u(x,O)-—-sin—Z—, 0<x</. (7)

P. T. O.
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(b) Using the method of separation of variables, discuss
problem of vibrating string:
u,—cu_=0, 0O<x<l. >0,
u(x.0)= f(x). u (x.0)=g(x), 0<x<lI,
u(0,¢)=ull.1)=0, r> 0.

(c) Determine the solution of Initial Boundary Value proble
u,=cu, +x, 0<x<l. 1>0.
u(x,0)= x, U, (x,()) =0, 0<x<1,
u(O,t)-——O, u(l,t)zl, t > 0.

(d) Find the solution of the plucked string of length / e
tion given by:

,
u —cu. =0

1" Ray

u(x,0)=0,
(3ﬁ, 0<x<a
_u,(x,0)=< “
vo(l-—x)’ a<x</
L (l_a)
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Q.1 (a) Prove that a bounded function f on [a, b] is integrable

ifand only if for each € > 0,3 a partition P of [a, b] such that
U P) - L(f, P) <. (6)

(b) Show that if f is integrable on [a, b], then | f| is
integrable on fa, b], and:

Lrl<iir.

Hence, show that :

167

H_z; x*Sin®(e")dx| <

(6)

(¢) Suppose f and g are continuous functions on [a, b],
ind gx)>0 vx € [a, b]. Prove that, 3 x ¢ [a, b] such that:

fo F©)g(t) dt =1(x) [ g(t) d . (6)

.2 (a) (i) The Dirichlet function f:[0, 1] >R is defined by :

f(x)={ L xe[0,1]nQ

0 xe[0,1]\Q P T.O

|

b
o e
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Is f Riemann Integrable?

Justify, |
(11) Show that a decreasing function on [a b] ,('
grable. S
B | (:
(b) (i) State Fundamenta] Theorem of Calculys-|.
Y ~ Y (2
(i) Let f pe an integrable function

- on [a, b]. Let p be
Partition of [a,b]

and P* bpe g refinement of P such th

at ps
PO {u}. Show that L(f, P) <L(f, p¥)

(¢
(¢) (i) For a bounded func

tion f op [a, b], defing
Riemann Sym associated with j partition P,

. Hence, g
Riemann's definition of integrability. (3
(ii) Calculate lim~]— 3+he’z dt (3

=0 h 3

3.(a) Show that:
|

B(x,y)= Jt*'(l-t)" df converges Sx>0,y>0. |
0 .

(b) (i) Define Improper Integral of Type-11. When doesv

converge? When is it said to diverge ? }

(ii) Determine if Ie*’ dx is a convergent integral. Justii,i
o !
(c) (i) Determine if the following integrals are Improff

Integrals. If so, what kind ? Justify.

s

i
Sinx dx
", | xin(x)
}[ Ux 0

Sinx es absolutely.
- hat | === dx converg |
(it) Prove tha T .

&
\
n

( /

. ¢l
9 3 e unlform :
(a) State and prove Cauchy’s criterion for ((
4. (a) Sta :
vergence for sequences of functions.

(b) (i) Is the sequence { f,} where :




3
I
f, = —sin(nx + n).
"

uniformly convergent on R ? Justify. (2)

(i) Suppose a sequence { 7, } converges uniformly to f
on a set A, and further suppose that each f, is bounded on A.
Show that the limit function f is bounded on A. (4)

(c) Show that if a>0, then the sequence { n?x%e~"* } con-
verges uniformly on the interval [a,0), but that it does not
converge uniformly on the interval [0, o). (6)

5. (a) If f, is continuous on D c R, for each » e N and if

2. [, converges to f uniformly on D, then f is continuous

on D. (6)

(b) Show that the series of functions ) - x>0,
(I+x")

converges uniformly on [0, a] for O0<a<l ., but is not

uniformly convergent on [0, 1). (6)

(c) A sequence { f,} converges uniformly to f on A,, if
for each £> (there is a natural number X (¢), depending only
on & such that if n> K(g), then:
f,(x)-f(x)<e forall x e 4,.

Hence state a necessary and sufficient condition for a
Stquence { f, } to fail to converge uniformly on A, to f .

Apply this condition on sequence j;(x)zf, for x e R to
n

€xamine for uniform convergence. , (6)




4

6. (a) (i) Suppose that f(x) :Zq a,x" has radius of Convey.

on

gence R > (. Then show that ]f(r)dt :Z—&- x™" for |x| <R

0 n=0 n+l
l
S ©)
(i1) State when is a power series differentiable tern by
term. (1.5)
(b) (i) Apply Abel’s Theorem to show -
1,01 1
loge2=1—-2-+§——;.... (35)
“ o
(11) Given 1~4— :Zx” for lxll < 1. Evaluate:
—X n=0
7 - nt(—1)" |
PRI WAL= g

n=| .5” n=i 3”
(c) (i) App/ly Ratio Test for series to show that radius of

convergence R of the power series Zanx” iIs given. by

a o
—“, whenever the limit exists. (3.5)
a

Iim

H—

n+l l

(11) Find radius of convergence for :

o <! | _"\J n
Z:;(ln(n))"‘x” ; ”Z:(;(’ZB)H)Y' (3)

300
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L. Fill in the blanks : 5x1=5

()  The rank of a matrix A in MATLAB is given by the
command......................

(i) InR,the.onvr.. function produces stem and leaf plot
of an array.

(iff)  The command for log,, 5 in Mathematics is............ccoce.....

. | T2 3]

(V) e, is the command to write the matrix ; in

)



(2)

| 684)
(v)  The built-in constant e is represented by.........
At e o L1 P I

Maple.
Write the output for the following : 55

@ i=1
While [/ <= 10, i =i+ l, Print[i]; i + +]
@) A=1{{1,0,2}, {230}, {1,2, 1}};
A2
(Zif)  prod(sqrt(¥), i, 1, 4);
()  fIx): = x"3 + sin (x);. |
diff (Ax), x); | | '
0 A=11,2,3;4,567,8, 9]
A2, 1)+ AGG, )

Attempt any EIGHT parts from the following :  8x2=ls

()  Define mesh() function in MATLAB/Octave with

example.

(if) ~ Write the commands for the following in Maple :

£

7
(a) Binomial coefficient [2}

(b)  Prime factorization of 654382 ! |

(iiiy  Define and differentiate a function fx) = x* + 3 sin X ”i
in Maple.
. ' : s
(i) Write a command in Maxima to plot the graph of

function h(x, y) = xty + cos (x, ), for 1 <x ¥ ="

o 31‘5
(v)  Write any rwo differences between Mathematicd

Maxima.

A



(vii)  Define pnorm() and gnorm() functions in R. If prnorm (~1.645)
= (.04998491 then what is the value of gnorm(0.04998491) ?
(viii) Write a command in MATLAB/Octave to find :
(@)  Eigenvalues and cigenvectors of a matrix A.
(h)  Lower and upper triangular parts of matrix A with
a permutation matrix P,
(x) For A=12,0,3:58,-1;6,7, 1]; write the output for
the following :
(@) A([1.3] 2. 1D
) AL 2] )= A2 1]
(v)  Write commands in R to simulate a random sainple of 15
items from a normally distributed data that has mean 30
and standard deviation 9.
Attempt any four parts from the following : 4x6=24
()  Write the commands in Maxima for the following :

(3) 6841

write the commands for the following in Maxima ;

/

: )
(@) sin |7 | T cos |

oA

(h)  Previous prime number of 2008

1 3
(@) Find M2 for M = L 0} .

()  Find x if x* + x = 1.
(¢)  Compute 7*%n0d 21,

(d)  Find prime factorization of 281.
P.T.O.



(4) 6841

x? cos (x) _ .
= Write the commands in Maple tq

(i)  Let fix) =

find f"(x), /"'(x), /"(~1) and f"'(0).

(7iify  Explain the following commands in Mathematica Wwith {
example :
(a)  For loop
(6) Do loop
() Print
(d) Module
(v)

Write a program to solve the following system of { '

equations in MATLAB/Qctave :
3u+v—-t =10
.u+4v—7w+2t =15

vt w6l =4

Tu —2v+w+ ¢t =8

(v) Write the commands in R for the following :

(a)

Put the following values into a variable ‘score’

30 45 63 72 21

21 45 22 8 61

10 36 20 46 55

2111 07 4 19
(b)  Create a box plot of score.

(¢)  Create a stem and leaf plot of score.

(@)

Create a normal probability plot of score.

6841 4

4,000
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Instructions for Candidates

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

2. Question No. 1 is compulsory.

3. Attempt any 5 of Question Nos. 2 to 8.

e’/

Parts of a question must be answered together.

(a) How many 128 words x 8 bits per word RAM chips are
needed to provide a memory capacity of 4096 words x
16 bits per word? (2)

P.T.O.
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(b) Differentiate between Combinational Circuit an:

Sequential Circuit. (A

{

(c) Convert the binary number 11011000111 in octa] an
hexadecimal. (2

(d) How many address lines and input-output data lines g
needed for 2K words x 16 bits per word? (2

|
(e) Write micro-operations for the following memorj
reference instructions :

(i) ADD to AC

(1) LDA: Load to AC (2x2=4)
(f) Convert the following numbers to the indicated base"

(i) (110110100), to ((PTETTIER. -

(i) (7562}, t0 (uisusonimm )s (2x2=4)

(g) Give characteristic tables of SR and JK flip-flop.
o).

(h) Simplify the following expressions using Boolean algebr?

(i) AB + A(CD+CD")

(i) A'BC + AC (2x3=6)




805 3

(a) A computer uses a memory unit with 256K words of 32
bits each. A binary instruction code is stored in one
word of memory. The instruction has 4 parts: an indirect
bit, an operation code, a register code part to specify

one of 64 registers and an address part.

(i) How many bits are there in the operation code,

the register code part and address part?

(ii) Draw the instruction word format and indicate

the number of bits in each part.

(iii) How many bits are there in the data and address

inputs of the memory. (3+2+2=T7)

(b) Write a short note on Input-Output interface. (3)

(a) Define half adder. Illustrate the same with the help of

its truth table and logic diagram. Also write Boolean

expressions for carry and sum. (6)
(b) The content of the registers are as follows -

" Register A (before operation) 1010

Register B (logic operand) 1100

P.T.O.
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Perform the following operations on the contents of |
using the contents of B-

(1) Selective Complement (

(i) Selective Clear

(4
4. (a) Write short notes on the following :—
(1) Addressing modes i

(ii)) Types of ROM (3+3=¢

(b) Explain Direct Memory Access (DMA) with the hel
of a block diagram. (4)

Dt

5. (a) Draw the block diagram of 3x8 decoder using 2x iy

4
decoders. Also explain its working. () ty

. iy
(b) Perform the arithmetic operations (+70) + (-80) and !

(=70) — (-80) in binary using signed 2’s complemen|

representation for negative numbers. (3+3=6)

: : ent i
6. (a) Write a program to evaluate the arithmetic statem

¢
X = (A+B) * (C+D) |




6805 g

using two and three address instructions. Use the
symbols ADD, SUB, MUL for arithmetic operations and
MOV for the transfer-type operation. Assume that
memory operands are in memory addresses A, B, C

and D and the result must be stored in memory address

X. (3+3=6)

(b) Represent the following conditional control statement
by two register transfer statements with two control

functions :

If (P=1) Then (R, - R,) Else if (Q=1) Then (R, « R))
(4)

7. (a) Differentiate between direct and indirect address
instructions with the help of an example? How

many references to memory are needed for each type

of instruction to bring an operand into a processor
register? (4+2=6)

(b) Show the value of all bits of a 12-bit register that holds

the number equivalent to decimal 215 in -
(i) Binary

(i) BCD (4)

P.T.O.
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8. (a) List phases of the instruction cycle. Draw flowchart of

the instruction cycle without interrupt. (%)

owing Boolean function F(x,y,2)

()

(b) Simplify the foll

3(3,5,6,7) using three-variable K-Map.
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Q3. Write the Output of any five from the following: (5x2=10)

i Sum[i*,{i,1,10}] -
Product[a[i],{i,1,n}]

. Plot[2-x",{x,-2,2},Filling - Axis]

1. Table[If]i <j,j-31,E],{1,-2,3},1},0,3}1//Grid

V. makelist(makelist(i+i,i,1,5),},1,5);
makelist (n"2, n, 1,10,2);

\2 Piecewise[{ {x,0 <x<1},{-x,-1<x<0}},1]

VI. Array[MaX;{B,S}]//MatrixForm
Array[Min,{3.3}]

vii,  f(x)=4*x+]; g(x)=-x+4 h(x):=9*x-8;

 wxplot2d([(x),g(x),h(x)),[x.0,2));
vill.  solve (x+y=3, [x,y]); solve (x+4, x); solve (x);
0O4. Attempt any four parts from the EOM&%XQ%—‘,\’ e

% TN N\
- Zz il Sl ==t A AN =, -
[ 19 1y D AXIOIY WY aosAed ASCSSNS Loy <
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Q3.

Write the Output of any five from the following:

il.

1l

V.

Sum[i®.{i,1,10}]
Productfali],{i,1,n}]
Plot[2-x7,{x,-2,2},Filling — Axis]
Table[11]i <j,j-31,E],{i.-2,3}.{j.0.3}]//Gnid
makelist(makelist(i+j,1,1,5),),1.5):
makelist (N2, n, 1.10.2);
Piccewise| { {X.0<x < 1} {-x,-1<x<0}}.1]
Array[Max,{3.3}|//Matnxtorm
m,a,l'\hn (331}
(0 A x 1 g(x):=-x+4; h(x):=9*x-8
plot2dHex) e (O hOO L [x.0.2])

i )
| |

o

3

2

=10)



Q4. Attempt any four parts from the following:(4x2.5—10)

S I o e s e o o " ‘

| z 5 —a - 8\
- -A=[1 Lz 3] cand bliel

"'-(iV) . erte commands to find the quotlent and remamder when the po\ynom\a\
| x*+ 3x°- 4 is.divided by x*- 9.
(v) Write a command to plot the function x3—9x-+5 in the domain [-3,3] and

superimpose the critical points as large dots.
(vi)  Write a command to find all the zeroes of the function Sin(x).



. CAS soﬁware gives an Additive constant for indehmite mtegra
v.  With the % ccmmand we can call any output. | _ |
v, The effect of the NSolve command-in. Mathematlca/Maxima isv-'Same.as-thé?sc')wef. i
o "vcommand followed by the ‘N’ ommand e | S i LR C
vi.  The block() function s used in soﬁware Mamma to prowde a new xamabl name space.
vii.  Maple is created under the trade name Maplesoft.”
viii  The in-built function N[exper] in Mathematlca/MaXIma stands for numerical integration.

()2. Write a short note on any four from the following: (4x2.5=10)

What are the rules for defining a functlon in any CAS?

Differentiate between “* > and “e” in respect of matrices in Maxima/Mathematica.
i1 What is the difference between the commands Factor and Factorlnteger.
Explain the commands Minors and LinearSolve. )

Explain the FindRoot command.

Describe “Computer Algebra Systems”.
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' erte Commands to fmd the quotlent and remamder when the polynomlal

| \Vrlte a Command to plot the functlon X —9\-rﬂ ‘in the domam [33

x +3x°-4 is dmded by X*-9. | .
] and'

superlmpose the critical points as large dots.. .
Write a command to find all the zeroes of the function Sin(x).
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CAS software gives an addltlve constant for indefinite mteg:rals

iv. With the % command, we can call any output. . o
v.  The effect of the ‘N%ol»e command . in’ Mathematlca/Maxlmd is same as the ‘Solve’

" command followed by the ‘N’ command. | fen |
vi. . The b]ock() functlon is used in software Maxlma to prowde a new variable name space.

vii.  Maple is created under the trade name Maplesoft.
viil.  The in-built function N[exper] in Mathematica/Maxima stands for numerical Integration.

Q2. Write a short note on any four from the fdllowing: (4x2.5=10)

1. What are the rules for defining a function in any CAS?

. Differentiate between “* > and “e” in respect of matrices in Maxima/Mathematica.
1. What is the difference between the commands Factor and FactorInteger.

iv. Explain the commands Minors and LinearSolve.

V. Explain the FindRoot command.

vi. Describe “Computer Algebra Systems”.
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Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

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

- 22, This question paper has six questions in all.

Attempt any two parts from each question.

(a) State and prove Archimedean property of real numbers.
(b) Find Supremum of the following sets :

(i) {x e R|1<x<2},

-

(ii) 41—% HEN

P.T.O.
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1 1
s ____‘_+,._.'-"’ n,mEN} .
(iii) {n .

. countable union of countable sets ;.
18

educe that the set N x N 1is countable
(6,6)

(c) Show that
countable. D

Bolzano Weierstrass theorem for sets. Show

5. (a) State the
not be relaxed,

that the hypotheses of the theorem can
Justify your answer.

(b) If (x,) is a sequence such that x_ =0 Y n and (x)

converges to x then show that x = 0.

(c) Show that limn'" =1.

n—»c0

3. (a) Sho n
w that the sequence (a, ), where a,= (14—*
n

co ;
nverges and lima_  lies between 2 and 3.

n—aow

(b) State C
au ’
ehys Convergence Criterion for sequence’

and hence
show that the sequence (S,) where

does not converge:



807 3

(c) Let Zu be a positive term series such that lim 2 Dot _ L,

n=| n—oo u

then show that Zu converges if L <1 and diverges

n=]

if L>1. What happens when L =19 (6%,6%)

(a) Test the convergence of the following series :

0 2
n=I

(i) Y cos()

1 1 1

«we + + + ......
(i) 75753734

(b) State Cauchy’s nth Root Test for an infinite positive

term series and hence test the convergence of the series

Z(I’Z"l"l) x"

n+l1 X > O

(¢) Define absolute convergence and conditional
convergence for an infinite series. Prove that absolute
convergence implies convergence but the converse is
not true. (6'2,6%2)

P.T.0O.
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6.

(a) State the Weierstrass M-test for the convergence of

series of functions and hence test the convergence of

o0
the series ZrnCOS(nX), 0 <r < 1 for every real x,.

n=l

(b) Show that the sequence (f)) of functions, whery
f (x) =x", is uniformly convergent on [0, k], k<1 an

only pointwise convergent on [0, 1].

(c) Define Exponential function E(x) and Cosine functio”
C(x) in terms of a power series. Find the domain ¢,

convergence of the respective power series.
(6%,6%

(a) Show that a constant function k is integrable ar
b )
[kdx =k (b-a).

a

(b) Show that if a function f defined on [a, b] is monotonitl |

then it is integrable on [a, b]. (

(c) Let f be a bounded real function defined on [a, b]. L¢ |
P be any partition of [a, b]. Define the upper and lows.
sum of f over P and show that

m (b-a) < L (P, ) < U(P,f) < M (b-a),

RN
\

4
(G'ME

| A\

where M and m are bounds of f over [a, b].

(320"



(his question Paper contains 3 printed pages]

Semester

Roll No.

5. No. of Question Paper : 6843

\Unique Paper Code 42343408 HC
" Name of the Paper : PHP Programming
Name of the Course : B.Sc. Mathematical Sciences/

B.Sc. (Prog.) : SEC

v

)(@Duration : 2 Hours Maximum Marks : 25

m'f\m’rire your Roll No. on the top immediately on receipt of this question paper.)

S - N—

f

(a)

|

Question No. 1 is compulsory.

Attempt any three questions from Questions 2-5.

Write a function to add two numbers passed as arguments

to it. 2
What is the difference between the following : 2
(i) n__n and ne—__n

(i) "&&" and "and" operators

What is the output of the following code : 2

SStr = "Hello! My name is Cameron Fox. Coffee?"
*find = array('/is/', "/coffee/');

Sreplace = array('/was/','/tea/');
;echopreg_replac_:e ($find, $replace, S$str);

2>

P.T.O.



(a)

(b)

()

(6)

-
(2) 68%

Explain POST method and list two advantages. )
Write PHP statements for the following : )
(/)  to send a query to the database.

(i) to retrieve the number of rows affected by an

INSERT, DELETE or UPDATE query.

Write a PHP program to read an array and sort it using |

built in functions. 3
. 1

What is the difference between "call by value" and "call
|

by reference"? 2

How are the variables and constants defined in a PHP

S

program ? Give one example for each.

Explain the use of foreach with example.

Write PHP code for reading two values from an HTML for™

and display it.



0.

each :

(a)

(¢)

(d)

(¢)

(a)

xpiain the following functions with a

6843
a suitable example for
5
trim()
ucfirst()
printf()
strnatemp()
explode()
Create a table Student with the following attributes : 3
(1) Name
(if)  Roll No.
(iify  Marks
(iv)  Address
Assume suitable datatypes for the attributes.

Insert two rows in the Student table using a single insert

command with appropriate values. 2

" 1,200

',
(&
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S‘Ng,onuestion paper : 7726
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Elements of Analysis

Generic Elective : Mathematics

v

Maximum Marks: 75

immediately on receip! of this question paper. )

All . questions are ‘compulsory.

Attempt any Iwo. parts from each question.

(a) Define a countable set. Show that the set N x N 1S

countable. 75 -

(x)'# (23.c‘2‘ +3x+1)
T (2x-1)

for 2<x<3. Find a constant M ~such that

| F(x)|<M for all x satisfying 2 < x <3 75

P.TO.




(@]

.

{ ) 726’
(') Ntate { .‘\Mss‘i‘\_‘h‘ﬂ&f.\ property of R. Fmd the Supremu.ﬂ_ |
and mbunum of the following sets : ]
i

{ \ W € R x <5}
6n+3 |
@) B ’ — neN}. 75

. n

(@) State Monotone Convergence theorem and use it t

show that the sequence <xn>, where

X, :£1+ !

n) , for evgry n e

is convergent and its limit lies between 2 and 3. 7.

(6) If lim x, =x, then show that lim |x, |=]x|, whert
n—yoo o n—eo

~ i

x # 0. Is the converse true ? Justify.

(¢j  State the Squeeze Theorem and use it to prove th

lim al/? =1, where a > 0. k

n—eo

y ‘ . : . W
(a)  State Cauchy’s convergence criterion for series. Sho

that the series 2 — diverges. ( |
n=1 N
| \ - T B 1. 6.
(b)  Show that the series Z o converges, il P~
n=1




—~~
98]
~—

7726

(¢) Test the convergence of the following series

2 | 6.5

ii =
O

(b)  State Leibnitz Test. Test the convergence and absolute

| (=11 1o (n)
- convergence of the- series 2 " e
: n=1

© If 2 Ay is a convergent series of positive terms, then
n=1

©o

show that 3 (g )2 also converges. 0
n=1

(a)

Dete.rmine radius of convergence of the power series
i nn
n=1 n

P.T.O.
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(h)  Derive the power. series expansion for e*. s

(c) Define co‘sine and sine function as sum of power series
and prove that : |

Cix) + S?2(x) = I, V x € R,

where S(x) and C(x) denote the sine and cosine

functions respectively. 5

(a)  Determine the iﬁterva_l of convergence of .the power series |

oo

n : ’
X . Also check the convergence at the end points
n .

_ n=1

of the interval. ' .5

(b)  Show- that if |x|<1, then

(¢)  State Cauchy-Hadamard theorem and verify it for the

. - x 5
power series Z .
ooy logn.
7726 | 4 2200
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This question paper has six questions in all.

Attempt any two parts from each question.

All questions are compulsory.

| Marks are indicated against each part of the questions.

®)If A and B are non-empty bounded above subsets of R and

C={x+y | x€A, yEB} then show that:

1 (6.5)

| Sup (C) = Sup (A) + Sup (B)
f) : _

| Define neighborhood of a point, an Open set and a closed set.
i

Gi

(i)ve an example of each of the following:
5 non-empty set which is a neighborh
points with the exception of one point.

ood of each of its
p. T. O.



2

A non-empty Open set which is not an imel'val,.
((”; A non-empty closed set which is not ap imerval |

iii o _ _ |
) _empty set which is neither ap 4 .
(1v) 'A non-empty pen Set -

|
closed set. ,

: . (64
(c) Define limit point of a set. Find the limit pointg of Z, the S'

of integers and Q, the set of rational numbers, 4

2.(a) Prove that the intersection of a finite number of open sets

an open set. [s the intersection of infinite family of open g,
an open set? Justify.

(1
(b) Show that every continuous function on a closed interval
bounded. - 6

(c) Show that the function f(x) = sin G) is not uniform
continuous on | 0, oof , (61

3.(2) When is a sequence < a,, > said to converge to a number?

Show that the Stquence a,, = n'/n ,¥n convergesto 1.

(61

(b) Prove that SYer

: . ' det
Y monotonically increasing and bo¥

above Sequence ¢

v (6.5).
Onverges. \

(c) Show that I (65}\'
*() Define a Cay f o

o
umbers i ¢, Y Sequence. Prove that a sequenc® = g
"VETgent if and only if it is Cauchy-

By j



3

b) ghow that the sequence < a,, > defined by
| 1 1 1
a, =14 — — o
n > + 3 g wen<fi o Vn

does not converge. (6)

c) Show that the sequence < a,, > defined by

3 1
al'—:-z—, an+1:2’—_"‘, Vn_>_1
n
is bounded and monotonic. Also find lim,,_,.(a,,) . (6)

2) State and prove Cauchy’s general principle for the
convergence of an infinite series. | (6)

b) Test for convergence the following series :

i Y (Vnt+1-vVnt-1)
.. - 1
. ne1€0S () (6)
) Test for convergence the series:
2 4 6

. x X
ztate

for all positive values of x. (6)

) Prove that an absolutely convergent series is convergent.
Give an example to show that the converse is not always true.

(6)
) Test the convergence of the following series:
(1) o (=1)" cos na by ]
i = , apeingrea
pP. T. O.
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(i) 2 ()

(c) Prove that CVery monotonic function
integrable on [a, b].

Jon [a, b] is Riemann )
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Name of the Paper Complex Analysis

Semester : VI

Time : 3 Hours Maximum Marks : 75

Instructions for Candidates :
(a) Write your Roll No. on the top immediately on
receipt of this question paper.
(b) All questions are compulsory.

(c) Question NO.1 has been divided in 5§ parts and
each part is of 3 marks.

(d) Each question from 2 to 6 has 3 parts and each
part is of 6 marks. Attempt any two parts from

each question.
(e) Please, read the instructions carefully.

1. (a) Consider the complex function f(z) = z%: Find images
of x-axis (real axis) and y-axis (imaginary axis).
(b) Show that the following functions are nowhere
differentiable.
Qfe=2+7,
i) f(z)= e’ cosx +ie’ sinx

B VR | el A T T S
i) ~Fird-aiizeros of thre Turrciion sin z




6635
(d)
()
2. (a)
()

Using Cauchy Integral formula, evaluate, whep

y=C(0:2)={zeC:z}=2},

3
IZ +jde
Y i1

Does there exist a function f:D — C such that

1 n -
fl = |=—_ B e g
(n] _yr for all neN,whereDlsunltchscgl

the complex_plane C.
Prove that :

—2

. Z
lim—=0
z—0 Z

Show thafc

: ]
lim > =—
e (2z-1) 4

Show that the given functions are continuous
everywhere on (.

(i) The conjugation map f(Z) =7,

(ii) The affine map f(zJaz + b; where a, b e C and
azx0.

Show that if 4 function f is continuous throughout &

closad and bounded region D, there exists 4
nonne.:gauve real number M such that | f(z) |< M for
allpoints z & D, wh

ere equality holds for at least one
such z:

2




(b)

(b)

Prove that { defined by

-
.
— i z#0
f(z)=1|z["
) ¢ if =0 “
satisfies the C-R equations at z = 0 but is not o
differentiable there. o

Suppose that fis an analytic function in a domain D
( non-empty open connected set). Show that f will be
a constant function if the following conditions are
satisfied in D:

() £'(z)=0 VzeD;

(ii) | f(z) |constant in D,

Find numbers z = x + iy such thatez=1 +1,
Without evaluating the integral, show that

dz T
| 153
cZ —

where C is the arc of the circle |z|=2 fromz=2to

z = 2i that lies in the ,first quadrant.

If C is positively oriented contour |z|=1 and f(z) =

eZ
¢, evaluate f ey
[

3 P.T.O.
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(c) Letz, and z, be two distinct complex ny,

: mbe
lie interior to the simple closed contgy, Crss
that : 5

j(z—— 21)—1 (z-2,) dz=0

C

thay
how

5. (a) Define an entire function. Show that if 5 functig
is entire and bounded in the complex plane, theg
J it is constant throughout the plane.

(b) Give two Laurent series expansions in powers of,

1
for the function (Z)= 777 and specit
or the functio 7z (1_2) pecity the
regions in which those expansions are valid.

(cj Find the Maclaurin series expansion of the function
sin z.

6. (a) Find the nature of the singularities of the following
functions

—sinz 1-¢°
0 E(@)="" @ f(z)=

7 1+¢”
(b) State Cauchy's Residue Theorem. Use it 0
| j 5z-2 dz
evaluate the integral ) z(z-—l)
‘ped
where C is the circle |z|= 2, descr!
KA counterclockwise.
Ea (c) Show that :
f:; [2n cos20d6 g B
YR o i e g W P . i e T B
4 V5 -4cos0 6 0700
bo 4
th
al
at
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Name of the Paper : Ring Theory and Linear
Algebra-II
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Instructions for Cand:dates

(a) Write your Roll No. on the top 1mmed1ately
on receipt of this question paper.

(b) Attempt any two parts from each of the
question.

L. (a) Stateand prove Division Algorithm for Fx]
where F is a field. |

(b) Let p be a prime and f&)ez,lkx] be
irreducible over Z, such that degftx)=n>

Zplxl . : , .
prove that f(x)::r is a field with p™

elements.
P.T.O.
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() In z[V-5], prove that L4ays
irreducible but not prime, 6. 6 168
2. (a) Prove that a polynomial of de
a field F has atmost n Zero
multiplicity. Give an example
the result does not hold if F js not a fielg
(b) Let F be a field and. P(X) e F[x] Then proy:
that <p(x)> is a maximal ideal in Flx] i

and only if p(x) be irreducible over F,
() Prove that the ring of Gaussian mntegers
7 (1) is a Euclidean domain. 6.5,6.5,65

gree o Ovey

to show thas

3. (a) Let V=P (1+R) and for p(x)eV, define,

f.feV by ﬁ(p(x)) =J.lp(t) dt  and

B(p()= [ p(t)at

Prove that f, { is a basis for V* and find ¢ |
basis for V for which it is the dual baSIE'
Prove that a linear operator T on a ﬁmi |
dimensiong] Vector space V *

(b)

: . : e exists |

diagonalizable if and only if there Cqun "
. ¢ ‘ € !

an ordered hasis B for V consisting of €18

vectors of T.

Ial
ol
!

A



4.

3.

0, 6, 6

(@) Let T be g linear operator on a finite
dimensiona] vVector space V and W be aT
invariant subspace of V. Prove that the
Characteristic polynomial of T,, divides the
characteristic polynomial of T,

(b) Let T be g linear operator on an
dimensional vector Space V such that V is
aT cyclic subspace of itself. Prove that f{y),
the characteristic polynomial of T and p(t)
the minimal polynomial of T have the same
degree.

(c) Let T be a linear operator P (R )on such
that T(g(x)) = g’ (x) + 28(x). Find minimal
polynomial of T. Hence, also determine if
T is diagonalizable.

6.5, 6.5, 6.5

(@) State and prove Cauchy Schwarz inequality
in an inner product space V over F and

T L EEe . i ma
use it to Prove triaiigie luequality in Vv,
e 4%

3 P.T.O.
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(b) Apply the Gram-Schmidt process to
given subset S of the inner product Space

V to obtain an orthonormal basis p f, ‘|""

span(S) and compute the Fourje, -
coefficients of the given  vector X relative

to 3.
V=RS= {(1,1,1)’(0,1,1),(0,0,1)} and x =(1,0,1)

(c)‘ Let V be a finite dimensional inner ,
oroduct space and let T be a linear
operator on V. Show that there exists a

unique linear operator T*:V — Vsuch that
-(T(x),Y> =(x,T*y)for all x,yeV.
6.5, 6.5, 6.9

I

6. (a) For the set of ’data{(—3,9),(—2,6),(0=z)a(lal)} ’

use the least squares approximation to find

the best fit with a linear function. Also
compute the error E.

(b) State and prove Schur Theorem.

(c) Let V. be an inner product space and let T
be a linear operator on V. Then prove that

Eis . OI‘tI}Ogonal projection if and only if T
as an adjoint T* and T2 = T = T*,

6’ 6" 6
4 2700
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Name of the Course : B.Sc.(Mathematical
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Name of the Paper : Numerical Methods
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Time : 3 Hours Maximum Marks : 75

Instructions for Candidates :

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

(b) Questions No. six are compulsory. Attempt
any two parts from each question.

(©) Use of non-programmable  scientific
calculator is allowed.

(@) Define the order of convergence of an
iterative method. Derjve the order  of

rovergence of the Newton Raphson method .
S

P.T.O.
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|

(b) Use Bisection method to determjp, th |
| tion: Crogy

of the equa ;

1

X*-3=0
on the interval (1,2) up to four iterati,
ns,

S
(c) Find a real root of the equation:

x3-5x+1=0

on the interval (0,1). Perform four 1terations |

using Secant Method. 5

|
2. (a) Apply Newton Raphson’s method to ‘3'{31
determine the root of the equation- !

X+x2-3x-3=0

on the interval (1,2). Perform three

iterations. 6.5 |
(b) Perform two iterations of Newton’s method
to solve the non-linear system of equations

X2+xy+y2=7
X3+y3=9

Take the initial approximations as
Xo= 1.5, yo =0.5.

2



(c]

6810-A

Solv'e the following system of linear
equations using Guass Seidel method
Ox + y+2z=10
-3x + 9y +4z=-14

X+ 2y-7z=-33

Perform three iterations taking initial

approximation X%=(0,0,0) . 6.5

Using Guass Jordan method find the

inverse of the matrix

32 =1 .
A= 11 1 2 .
2 =2 -1

following sSystem of

o

Hence solve the

equations :
3x—y+22=1
x+y+22=2
2x-2y-2z=3 6.9}
p.T.O.
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(b) Solve the system of linear equations

3x+y+Z=2
x+4y +2z=-5
X+ 2y + oz=

using Guass Jacobi method perform'mg
three iterations . Take the initial
approximation as

X'"'=(0,0,0). 6.5

(c) Using the cubic splines fit the following
data :

Estimate the value of f () ?

1 Xi f(xi)

1 3.0 2.9
2 4.5 1.0
3 7.0 2.9

6.5

4. (a) Use the Lagrange’s interpolation to find
a polynomial that passes

through the points (-2,4) , (0,2) and

(2,8). Hence approximate the function at
the point x = -1 (6.9
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(b) (1) Construct the divided difference
table for the following data :

—

x: 0.0 0.1 0.2 0.3 0.4 0.5 |
fix] - -1 -127  -0.98 0.63 ~0.22  0.25 B
3
(1)  Show that : 3.5

1, ,
A==0"+ |1+ l8‘
2 4
(c) Construct the forward difference table
for the following data :

X : 0.1 0.2 L3 0.4 0.5
f(x) : 1.4 1.56 1.76 2.0 2.28

Hence obtain the Gregory Newton
forward difference interpolating

polynomial. Interpolate the function at
x =0.25. 6.5

2

S. (a) Evaluatej dxzusing Simpson’s 3/8 rule

l1+x

for n=9 correct to 5 decimal places.

6.5
= P.T.O.
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« method find the approximate

(b) Using Buler’
=0.3

value of y when X~

dy
L =x+t 2
dx 4

(c) Apply finite difference method to solve the

given problem
dy _
dx’

y(0) =0,y4)=0 with h=1

i

6.5

6. (a) Using the central difference formula for f (x

evaluate f (3) for the following data
X: 1 2 3 4 5
flx): 3 5 9 17 33

Furt '
rther apply Richardson Extrapolation for

= 1 , 2
. and evaluate the value the vali

f
(3).Compare the two values.
6.9
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(b) Apply mid-point theorem (R.K. Second
order) to solve the initial value problem

d
__X_z yx3 - 1.5y
dx

from x=0 to 2 where y(0)=1 by using h=1
6.5

1.3

(c) Estimateije”“dx by 3-point Gauss
0.1

quadrature rule. 6.5

7 1800
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Your Roll No

...............

~r. No. of Question Paper : 6810RB HC
Unique Paper Code . 42357618
Name of the Paper : Numerical Methods

Name of the Course B.Sc. (Mathematical Sciences)/

B.Sc. (Prog.): DSE-3B

Semester o VI

Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

l. Write your Roll No. on the top immediately on receipt of

this question paper.

[

All the six question are compulsory
Attempt any two parts from each question.

Use of non-programmable Scientific Calculator is allowed.

(a) Use bisection method to determine the real root of the
equation

x? —5x+1 =290
lying in the interval (0,1). Perform three iterations.

(6.5)

P.T.0.
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(b) Perform three iterations of secant method tg fj, ‘

smal

x3-+—\(2—_3x—3:().

(c) Differentiate between iterative methods and dire,
methods. Give the geometric interpretation of Newtq

Raphson iterative method to find a root of an equatior

2

the result correct upto three decimal places.

(b) Solve the system of linear equations using Guas

lest positive root of the equation

elimination method by applying partial pivoting :

10x —y + 2z =4
x + 10y —z=23

2x + 3y + 20z = 7

(c) Solve the system of linear equations usin

iteration scheme by taking the initial

X (0) = (0,0,0)
X + Sy = 22 = —f

Perform three iterations.

g Guass -

(6‘."},)

(a) Apply Newton Raphson method to find JIg. Obui
(6.5

(h"“ )

appm,\'lm-l’-" ‘

1
4
L |

@a

(6.5

g
ol

)= %

Uiy

:‘{‘Q}:l

Na
"‘SIT"

facobl ;.
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(a) For what values of a does the Guass Seidel method

converge for the following system of linear equations?

HMEN

a being a real number. (6)

(b) Find a polynomial of degree 2 or less using Lagranges
interpolation for the following data f(0)=1, f(1)=3,
f(3) = 55. Is this polynomial unique? (6)

(¢c) Calculate the nth divided difference for the function

o X

(6)

f(x) = 1/x based on the POINLS X, X{p Xopurrrarrerses:

(a) Construct the forward difference table for the following

data :

x: 5 10 15 20 25 30

f(x): 9962 9848 9659 9397 9063 8660
(6.5)

Write down the values of A2f(10), A(5).

P.T.O.
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(b) Construct the backward difference table for the folloy,
7lng
data :
x: 1 2 3 4 5 6

f(x) : 1 8 27 64 125 216

Hence find the Gregory Newton backward differeyg, )

interpolating polynomial. (6.5)

(c) Find the Newton's divided difference polynomial for the

following data.

X : =2 -1 1 3
f(x) : -15 —-4 0 20
Hence approximate f£(0). (6.5)

5. (a) Approximate the integral j: logxdx in steps of h=02 !

by using
(i) Trapezoidal rule

(ii) Simpsons Rule



N

(b) Using Euler’s method to approximate the valueg of
y(0.1), y(0.2), y(0.3) for the initial value problem

dy :
2 =14+xy with y(0)=2,.
oy v y=2 (6

(c) Solve the differential equation SX =1+xy with y(0)=1.
X

Approximate y(0.2) using Range Kutta method of 4"

order. (6)

(a) Approximate the integral I—.f —— using 3-point
0 1+x

Guassian Quadrature rule. (6)

(b) Approximate f'(3) for the following data

X : 1 2 3 4 5

fx): 2 4 8 16 32

using (i) 3-point backward difference formula

(6)

(ii) 3-point forward difference formula.

(¢) Use the finite difference method to solve the boundary

value problem
p.T.O.
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E‘:_y::y'+x(x—4), 0<x<4
dx”

with y(0) =0, y(4)=0.
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Name of the Course : B.Sc. Programme:
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Instructions for Candidates :

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

(b) This question paper has FOUR questions
in all.

(c) All questions are compulsory.
1. MG Auto has three plants in Los Angeles,

Detroit, and New Orleans, and two major
Distribution centers in Denver and Miami.
The capacities of the three plants during the
NExt quarter are 1000, 1500, and 1200 cars.
The quarterly demands at the two
distribution centers are 2300 and 1400 cars.
The transportation cost per car on the
different routes rounded to the closest dollar
are given in the Table

P.T.O.
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——————

Table : Transportation

Cost per Cay

—

D.‘?EX.‘?}TH)*W Miamj()
Los Angeles EBO g
) $215
Detroit(2) $100 $108
I\:I))ew Orleans $102 68
3) A <

Formulate the Transportation Model.

2. Attempt any FIVE parts from the follow

ty

Ing
For the network given below, determine
(a) a path (b) a cycle (c) a tree

(d) a spanning tree

S

(€) the sets Nand A 6

Compare the initial basic feasibl¢

v ~t—
solutiong obtained by the NOrthw}CZd
Corner method AND Least-Cost me;l:'xﬁ
or the v tation prodit

following transpor 3+3=0

2
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P
B Destination  Supply
gource | 1 2 3 4 | 30
3 3 2 1 50
4 2 5 9 20
Demand 20 40 30 10

(i) Five different machines can do any of the
five required jobs and the associated cost
matrix is as follows. Find out minimum

cost possible through optimal
assignment of machine to jobs. 6
Machine
1 2 3 4 5
A 11 17 8 16 20
B 9 7 12 6 15
Jobs C 13 1 15 12 16
D 21 nogq 17 28 126
E 14 10 12 11 15
3 P.T.O.
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(iv) The network in the following figure give
the shipping routes from nodes 1 and 2 ts
nodes 5 and 6 by way of nodes 3 and 40
The unit shipping costs are shown on thé
respective arcs.

(a) Identify pure supply nodes, pure
demand nodes, transshipment nodes
and buffer amount.

(b) Only develop the corresponding
transshipment model table.

2+4=6

(v} Midwest TV Cable Company is in the
process of providing cable services to five
new housing development areas. The
adjoining figure depicts possible TV
linkages among the five areas. T he Cfi‘ble
miles are shown on each arc. Determi
the most economical cable network
starting at node 5. Z

4
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(vij A publisher has a contract with an
author to publish a textbook. The
activities associated with the production
of the textbook are given below. The
author is required to submit to the
publisher a hard copy and a computer
file of the manuscript.

2+1+3=6
- Duration
\@“ﬂty\ Predecessors (Week)
; M?nuscript proofre- 3
 2ding by editor
~ample ages
S P.T.O
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C: Book cover design

D- Artwork preparation
£ Author's approval of
edited
manuscript and
sample pages

F: Book formatting
G: Author's review of
formatted pages
H: Author's review of
artwork
I: Production of printing
plates
J: Book production and
binding

D
G,H

C,l

(a) Develop the associated network for the

project.

(b) Find the minimum time of completion of

the project.

(c) Determine the critical path and critical
activities for the project network.
3. Consider the transportation model in t

given table

he

(a) Use the Vogel Approximation Method

(VAM) to find a starting solution.

6
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(b) Use this starting solution to find the
optimal solution by the method of

multipliers. 5+5=10
X Y Z Supply
A 1 2 6|7
4. B |0 4 212
C |3 1 511

Demand 10 10 10
Attempt any ONE from the following

(i} The network in following figure gives the
distances in miles between pairs of cities.
Use Dijkstra’s algorithm to find the
shortest route between

(a) cities 1 and 8
(b) cities 4 and 7 7+3=10

7 P.T.O.
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(i) For the network given in the following
figure, the distances (in miles) are given
on the arcs. ArC (2, 4) is directional, so
that no traffic 18 allowed from node 4 to
hode 2. List of all the other arcs allow two
way traffic. Use Floyd’s algorithm to
determine the shortest route between

(a) node S to node 2
(b) node 1 to node 4
(c) node 2 to node 3
(d) node 3 to node S5

(¢) node 1 to node 5
5x2=10

400
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(a) Write your Roll No. on the top immediately
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(b) In all there are six questions.
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of which any five parts are be attemped .
[@) In Question No.2 to 6, attempt any two
barts . Each part carries 6 marks.
() Use of scientific calculator is allowed.
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M

() The distribution function of
a

1.
variable 1S fangq, |
0, X <2
x+4 .
F(x)= e if —2<x<?
X’ if x>2.

(vi}
Obtain P(X =-2),P(X =2) and P(0 < X <))

(11) Find the moment generating function (m
of a random variable X having t

probability density function (pdf): |
v

1 1
f(x)=5€—m, —00 < X <0,

(iii) A coin is tossed until a head appears. Wi
r of tos:

is the expectation of the numbe
\

|

required ?
(iv) If X is a random variable having pm!
1/8, x=-1
p(x)=46/8, X= 0
1/8, x=L

, in
Use Chebyshev’s inequality t© 0bt?

upper bound of Pl X 21l
2
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(v} If the joint distribution of X and Y is given
by

F(x,y)= J(l =) 1=e), x>0,y 0
L

0, elsewhere,
Find P(1< X <3,1<y <3).

(vi) If the probability is 0.75 that an applicant
for driver’s license will pass the road test
on any given try, what is the probability
that an applicant will finally pass the test
on the fourth try ?

(vii) If the joint mgf of two random variables

X, and X_is given by

L2 2 2 5
) Hly+ oty +5(t, Of 505 )+ pyty000,
— €

M(z,,1,
Where g, #,01,0,, p are constants, then

show that Cov(X, Y)=po,o,.

@) (i) Prove that for any random variable,
P =x)=Fx)- Fx -)

for all x ¢ g , where F (x-)= lim , F (z)

3 P.T.C.
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(ii) There are 5 red chips and 3 blue chipsg

in a bowl. The red chips are numbergd
1,2,3,4,5 respectively and the blue chips
are numbered 1,2,3 respectively. 1f{)
chips are to be drawn at random an(j
without replacement, find the
probability that these chips will hav
cither the same number or the sam
colour.

(b) Let X have the pdf

2

X
f(x)=—,-3<x<3,
(x) 3

= zero elsewhere.

(i) Find the cdf of X

(ii) Find P(X|<1)and (X* <9)
(c) (i) Find the characterstic function of Poissc

distribution with parameter i .
(ii) Find the median of the distribution wi

probality mass function

p(x)=1|x E—_—_& (_}J G) —X x=0,1,2,3,4

0 elsewhere

3. (a) Let X have the uniform continuo
distribution with parameters « and f -

Find the mgf, the mean, and the varia
of this distribution.

4
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(b) Let a random variable xy have the Poisson
distribution with parameter 4 Then show
that as 15w the moment gencrating

L, X-A
function of Z:—\—/—I— approaches the

moment generating function of standard
normal distribution.

(c) Prove that normal distribution is a
symmetrical distribution.

4. (a) Let (X,,X,) have the joint pmf as given

below :
(x,, x,) (0,0) (0,1) (0,2) (1,1) (1,2) (2,2)
b(x,, X,) 1/12 2/12 1/12 3/12 4712 1/12

Find E(X,)),E(X,),Var(X,) and Var(X,).
ISE(Xle):E(Xl)E(Xz)?

(b) Let (X,-,X)) have the joint cdf F(x,,x,)and
let X, and X, have the marginal cdfs F (x))
and F (x,) respectively. Prove that X, and
X, are independent if and only if

F(x],xz):F,(x,)Fz(xz)

for all (x,,x,)eR”’.

& P.T.O.



(c) Given the two random variables X and y
that have the joint density

24xy, x>0,y >0,x+y<1
f(x,y)=

0, elscwhere.

Find the regression equation of X on Y.
Also compute P (0 <X <1 /2 |Y=5/8 ).

(&) Let X and Y have the joint pdf

f(x,y)= e, 0<x<y<ow
S 0, elsewhere.

Find the joint mgf of X and Y and hence
compute the correlation coefficient .

(b) Let X and Y have the joint pdf

f(x y)- 3%, O<y<x<l
’ 0, elsewhere.

Find the conditional mean and variance of
XgivenY=y,0<y< 1.

(c) Define bivariate normal distribution for a

random vector (X,Y) and find marginal
density function of Y.

6
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6. (a) Let {X, } be a sequence of independent,
identically distributed random variables,

each with mean p and variance 5° . Then

X+ +X,
show that the mgf of n 1S

tz n
(H%}  when n is large. Hence prove the

central limit theorem.

(b) (i) The lifetime of a special type of battery
is a random variable with mean 40 hours
and standard deviation 20 hours. A
battery is used until it fails at which
point it is replaced by a new one.
Assuming a stockpile of 20 such
batteries, the lifetimes of which are
independent, approximate the
probability that over 1100 hours of use

can be obtained.

(Use ®(1)=0.8413)

7 P.T.O.
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ﬂu“‘w

(ii) Let the Markov chain consisting of the
states 0,1,2,3 have the transition

probability matrix

0

1
0
0

0
0
1
1

S O O N

1
2
0
0
0

Determine which states are transient and

which are recurrent.

(c) If the probability density of X is given by

f{x) = 630 x* (1-x)* forO<x <1
=0 elsewhere

find the probability that it will take on a
value within two standard deviations of t.he
mean and compare this probability with

the lower bound

Chebyshev's theorem.

provided

by

1500
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Your Roll No. 8 bsshrmmon vowa susmns v
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' Unique Paper Code 2 32357610 |
Name of the Course : B.Sc.(Hons.)

Mathematics : DSE-4

Name of the Paper : Number Theory
Semester : VI
Time : 3 Hours Maximum Marks : 75

Instructions for Candidates :
(a) Write your Roll No. on the top immediately

(b)

(b)

(c)

on receipt of this question paper.

Attempt all questions selecting eight parts
from section I, five parts each section II

and III.
Section -1

1
(Attempt any eight parts) 8x 25

Show that for any integer a, a®=0,1 or 6 (mod 7).
Use Gauss Lemma to compute Legendre

11
symbol [“2‘3‘) .
Use Quadratic Reciprocity law to compute

| (1234
Legendre symbol 4567 ) -
P.T.O.
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(d)

(h)

0)
(k)

()

summands such that one is divisible by 7

Use Fermat theorem to test if 17 divides 130

: L
Find the order of the integer 3 modyj, 19

Prove that if the integer n has r distinet odd
prime factors, then 27| ¢ (n).

For the Exponential cryptosystem (Pohling .
Hellman system), with the public key (41,7),
compute the deciphering exponent.

Encrypt the message I LOVE DOING
NUMBER THEORY using the linear cipher
C=2P+4 (mod 26).

Find the number of primitive root of 2029.

Write a short note on Gauss and his work.

Define a multiplicative function. Compute
1(12495).

Prove that ¢ (2™-1) is a multiple of n for any n>1.

Section - II

1
(Attempt any five parts) 3 XSE

. Using Euclidean algorithm and theory of line?”

. 1 O
Diophantine equation, divide 100 intO ;zd

other by 11.

State and prove Wilson's theorem.

2




8.
9.

9488-A

Prove that the congruences x = g (mod n) and
X = 3 (mod m) admit a simultaneous solution if
and only if ged (n,m) | (a-b); if a solution exists,
confirm that it is unique modulo lem (n,m)

Solve x = 5(mod 6), x = 4(mod 11), x = 3(mod
17).

Prove the threre are an infinite number of primes
of the form 4n + 3.

State Fermat's theorem and show, by means of
an example, that the converse is not true,

Define a complete set of residues modulo p.
Prove that if ged (a, n ) =1, then the integers ¢, ¢
t+a, c+t+ 2a, ¢+ 3a, ... .... , ¢ +(n-1) a form a

complete set of residues modulo n for any c.

Section - III

1
(Attempt any five questions) 5%5 2

State and prove Quadratic Reciprocity Law.

Encrypt the plaintext message GOLD using RSA
algorithm with key (2561,7).

10. Let p if be an odd prime and ged (a,p)=1, then

show that a is a quadratic residue of p if and
. -
only if agg— =1 (mod p).

3 P.T.O.




9488-A

11. Solve 3x* +9x + 7=0(mod 13).

12. If the integer a has the order k modulg n ang

. k
h>0, then show that a" has order W

b,

modulo n.

13. If p is an odd prime and ged (a, p)=1, then shoy
that the congruence x? = a (mod p"), where

a
n>1 has a solution if and only if (;) =1

14. Let r be a primitive root of the odd prime p.

Prove that if p = 3 (mod 4), then -r has order
p—1

5 modulo p.

15. Prove that if p is prime number and d| p -1

then congruence x?-1=0 (mod p) has exactly d
solutions.

16.1f p # 3 is an odd prime, then show that

(3) _ { L if p=+1(mod 12)

BJ =L if p=45(mod 12)

4 1500
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Instructions for Candidates ;

(a)

(b)

(c)

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

Attempt all questions selecting eight parts
from section I, five parts each section II
and III.

Section -1

p,

(Attempt any eight parts) 8x

l-J‘b—-t

Show that for any integer a, a*=0,1 or 6 (mod 7).
Use Gauss Lemma to compute Legendre
11 )

symbol [5; «
Use Quadratic Reciprocity law to compute
o L [1234)
lLegendare symbol k4567 ,:' .

P.T.0.
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(d) Use Fermat theorem to test if 17 djy; des 13
(e) Find the order of the integer 3 mq dulo 1 :

(fy Prove thatif the integer n has r distin
prime factors, then 27| ¢ (n).

|
3(1
)

Ct odd {

() For the Exponential cryptosystem (Pohling . :
Hellman system), with the public key @17

compute the deciphering exponent. 5.

(h) Encrypt the message I LOVE DOINg
NUMBER THEORY using the linear cipher 6
C=2P+4 (mod 26). |

(1) Find the number of primitive root of 2029. 37-
(j) Write a short note on Gauss and his work.

(k) Define a multiplicative function. Compute |
T(1245). "

(I) Prove that ¢ (2°-1) is a multiple of n for any n>1. |
~ Section - II

l
(Attempt any five parts) 5% 7 4

1. Using Euclidean algorithm and theory ok lintfﬂa;
Diophantine equation, divide 100 int0

: 7 arld
Summands such that one is divisible by
other by 11.

2. State and prove Wilson's theorem.

2
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9,
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Prove that the congruences x = g (mod n) and
X = 3 (mod m) admit a simultaneous solution if
and only if ged (n,m) | (a-b); if a solution exists,
confirm that it is unique modulio lcem (r1,m)

Solve x = 5(mod 6), x = 4(mod 11), x = 3(mod
17).

Prove the threre are an infinite number of primes
of the form 4n + 3,

State Fermat's theorem and show, by means of
an example, that the converse is not true,

Define a complete set of residues modulo p.
Prove that if ged (a, n ) =1, then the integers ¢, c
ta, ¢+ 2a, c+ 3q, ... ooy € H(n-1) a form a
complete set of residues modulo 7 for any c.

Section - IIT

1
(Attempt any five questions) S5x 55

State and prove Quadratic Reciprocity Law.

Encrypt the plaintext message GOLD using RSA
algorithm with key (2561,7).

10. Let p if be an odd prime and ged (a,p)=1, then

show that a is a quadratic residue of p if and

only if .5 _; (mod p).

3 P:T.O.



9488-A

11. Solve 3x*+9x+ 7=0(mod 13).

12. If the integer a has the order k modulo » ang

k

at a
h>0, then show that a" has order m

modulo n.

13. If p is an odd prime and ged (a, p)=1, then shoy
that the congruence x?> = a (mod p"), where

a
n>1 has a solution if and only if (;) =1,

14. Let r be a primitive root of the odd prime p.
Prove that if p = 3 (mod 4), then -r has order

p—1
N modulo p.

18. Prove that if p is prime number and d| p-1

then congruence x%1=0 (mod p) has exactly d
solutions.

16.If p + 3 is an odd prime, then show that

(i) _ { L if p=+1(mod 12)

p) |-, ifp= +5(mod 12)

0
4 150
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1
Sy

Ax
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where A is an m * n matrix with rank p, Let
x
be the extreme point of the feasible regjop Shou,

that x is also a basic feasible solutigp of the

system :

(b) Solve the following problem by simplex method :
Maximize z = x; - 2x) + X3
Subject to
x; + Zx2 + Xy < 12
2+ x, - x3 6
X + 3x, <9

xls x2, X3 2 O

(©)

i e?
Use simplex method to obtain the inverse of th |

following matrix -



(a)

(b)

9489A
Solve the following problem by two-phase method

Maximize : 5x; = 2x, + %

I

Subject to :
2x; + 4x, + x3 <6
2x, txy + 3xy 2 2

X, Xy 2 0

X3 IS unrestricted.

Solve the following problem by the big-M method :
Minimize z = 3x; + 2x, + 4x; + 8;4
Subject to '

X+ 2xy + S5xy + 6x, 2 .8

—2x; + 5x, + 3x3 — 5x, < 3

X1s X9, X3, X4 2 0.

P.T.O.
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94891

ind all the basic feasible solution of

Fin the equatiOnS
2 + bxy + 20y 4 xy =3
6x; + 4x, + 4xy + 6x, = 2.

Show that the objective function value for any fegsily

solution to the minimization problem is always greats

than or equal to the objective function value for »

feasible solution to the maximization problem.

Write the dual of the primal problem given below

Min z=xtx +ox
Subject to

. icted.
Xy X 2 0 x5 18 unrestri
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(¢)  Use the graphical method to solve the dual of the

following problem
Max =z = X+ 2x, + 6x
Subject to
3x; + xy + 2x3 £ 6
2x; + 3x, + x3 <6
X1 Xy, X3 2 0.

Further, use the complementary slackness theorem to
find an optimal solution to the given problem from

optimal solution of the dual problem.

4, (a)  Solve the following transportation problem :
D, D, D, D, Availability
S; 2 3 11 7 6
S, 1 0 6 1 1
S, 5 8 15 9 10
" Requirement 7 5 3 2

P.T.O.
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Solve the following assignment problem -

(b)

S | S || S A A

(3 8 2 10 3

(¢ () Find minimax and maximin for the following

game :

1 3 6
2 1 3
6 2 1

(i) Define for theory of Games :
(D Rectangular Game
() Pay off mairix

(1) Saddle Point.
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(4) ~ Solve the following game graphically :

Player B

2 2 3
Player A

4 3 2 4

()  Solve by principle of dominance, the following

game :

Give the linear programming formulation for player A

()

and player B for the following game :

Player B

Player A

7 1800
R9A
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(Write your Roll No. on the top immediately
on receipt of this question paper.)

VIl the six questions are compulsory. Attempt any twe paris from each
question. All questions carry equal marks. Use of Scientific
Calculator is allowed.

(a) Discuss the mode] describing drug concentration and

residual concentration at any time nip. tn which drug
decays according to equation 25 = Z¢) When dose is
3 o l,‘ . - ni T 4 LI
dministered regularly at time =0. &, 2t0. 3i0, ... With

Ssumption  that  each dose raises the drug
‘-\‘s Ertrats ~ e AN W . ) .
“heentration by fixed amount ¢p Find the maximum
noacgrk A N N ks . i o 4
POssible concentration and residue as » increases. O

h .
(b) Let Xand Y represent the population of predator and
gbgy Tespectively. In abs‘me, of pmjméon. X
)ecreases CX-DOHCntially and Y follows & lugisu’_c
UOWth.‘ The rate a which prey 18 Bhist
PTOpom‘ona] to the product of densities of X and Y.
®lermine the rest States jp this Volterra-Lotka

‘ p. T. O




2

Model of predator prey interaction. Also, finqg the Vhe(t'
appropriate rejgtion between the constants of \
proportionality ipyolved. 6

(c) State Law of Mass Action and derive the
mathematical model governed by intermediaries X g0

and Y in trimolecular reaction: a0
A->X
B+X=>Y+D
X +Y =2 3X
X=2E
where A, B, D, E are initial and final products and all rate b
constants are equal to 1. 6 8
I
2. i
(a) Discuss the nature of critical point and give the i
equations of trajectory for the given system
X =4x + 5y (C)E
y= x4y T
b
(b) State Existence Theorem-I and show that the
conditions of Existence Theorem-1 are sufficient but
not necessary by an example. - 6%
(c) Discuss the trajectories of ¥ — 4% + 40x = 0 in the
phase plane by substituting;: |
1
X=PcCos®,y=psin® 63 |
3

(a) Sketch and wverify the phase' po rtrait for the 10081
linearized model of the heartbeat given by:

dx__
€ o=~ ~x3) — (b — by)



3
db
dat (2~ 25

where x is the muscle fibre length, 5 is the electrical
control variable and ¢ is the time, (X, by) is the rest
state.

£
2
(b) Provide a full phase plané analysis for the heart beat
“equations
de_ S—Tx+b
7 ~(x* = Tx + b)
db

75 = (e x0) + (o — x)u
by appropriately defining u, the control variable
associated with the pacemaker, x is the muscle fibre
length, b is the electrical control variable and f is the
time. (X, bg) is the rest state and x; corresponds to

the systolic state. _ | 6 %

(c) Find the constraints on a, b and y assuming it has a
unique rest state, taking the solutions to the travelling
wave equations

du 0*u
—a-t-=-5-)-c—5+u(1——u)(u-a)-~w

9o _ bu — yw

ot Tt |

in the form u = @(x + ct), w = P(x + ct). 6
(3) Show that
% =x(y~1)
y=p—ylx+1)

has an equilibrium point, which is a stable node for

# <1, that becomes a saddle point as p passes
through the bifurcation point u = 1. Also show that
there is an additional equilibrium point when ¢ > 1,

~ P.T.O

P

e




4 y

which is a stable node. - i

(b) Define:
(1) Bifurcation 0
(11) Bifurcation point

(ili)  Bifurcation diagram.

Make the sketches for Pitchfork bifurcation, Saddle-

) (
node bifurcation and Hopf bifurcation. 6 i Gy

R

(c) For the iteration scheme fl“dla

| )W
Xn+1 = uxn(l - xn); n=1 jp)lacg
Xg = liMy 00 Xn |
show that there are bifurcations at 4 = 1 and p = 3.
6
S.

(a) Explain Jukes-Cantor model (JC model). Estimate the
proportion of the sites that will have a base A in the
ancestral sequence and base T in the descendant
sequence after one time step. 6—;-

| Al

(b) From the given distance table, construct a rooted tree ¢y
showing the relationship between S1, S2, S3 and §4

by UPGMA U Dy
_ | ™

S1]S2[S3(S4 !

S 1 451.27 | .53 UR,

S2 40 | .50 g

S3 62 |
: 1
) 65

s . ' 1 ” wn’ |
(¢) In mice, an allele A for agouti- Or gray b\r;\(/)hich

grizzled fur is dominant over the allele @ ™
determines a non-agouti color. If an AaxAa ©
produces 6 offsprings, then:

yOSS



5

() What is the probability that exactly 4 of ¢
offspring have agouti fur?

(i1) What is the probability that more ‘than half of 6
oftspring have agouti fur? | 5-2{

(a) Suppose Sp and S are the ancestral and descendent
40-base sequence. From the given frequency table,
find all the 16 conditiona] probabilities P(S,=i | Sy=
/), where i, j= A, G, C, T rounding off to 3 decimal
places and form a table of the same. |

Si\Sg AIG|C T
A 710 |1 |1
G L1912 |0
C 02 |7 [27]
T 1]0 |1 |6 |
Also write a short note on basic model of molecular
evolution. 6
' (b) Define phylogenetic  tree, bifurcating tree and

unrooted tree and give an ¢xample of each o

(©) Form a  Punnett square  for DdxDd  and
DdWwxddww.

6

200
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! the six questions are compulsory. Attempt any twe paris from each
question. All questions carry equal marks. Use of Scientific
Calculator is allowed.

(z) Discuss the model describing drug concentration and
residual concentration at any time nf,. in which drug

‘Crt> % § m *
— When dose is

P 3 < G
decays according to equation — =

administered reguiarly at time =0, 1p. 275, 34, ... with
assumption that each dose raises the drug
concentration by fixed amount ¢ Find the maximum

possible concentration and residue as » increases. O

»Let X and Y represent the population of predator and
prey respectively. In absence of predaton, X
decreases exponentially and Y follows a logistic
growth. The rate at which prey is eaten is
proportional to the product of densities of X and Y.
Determine the rest states in this Volterra-Lotka

P.T. O




2
Model of predator prey interaction. Also. find the
appropriate relation between the constants of

proportionality involved. 6

(c) State Law of Mass Action and derive the
mathematical model governed by intermediaries X
and Y in trimolecular reaction:

A > X
B+X=>Y+D
2X+Y 23X
X=2E

where A, B, D, E are initial and final products and all rate
constants are equal to 1. 6

2.
(a) Discuss the nature of critical point and give the
equations of trajectory for the given system

X =4x + 5y
1
y = =5x — 4y 6
(b) State Existence Theorem-I and show that the
conditions of Existence Theorem-I are sufficient blit
not necessary by an example. b
(c) Discuss the trajectories of ¥ — 4% + 40x = 0 in th?
phase plane by substituting: .
x=pcos ®,y=psin ® 63

3,

(a) S_ketCI_l and verify the phase portrait for the local
linearized model of the heartbeat given by:
dx

€ 35 = a0 = x0) = (b — bo)




3
db

'a—t°= (x"xo)

where x is the muscle fibre length, b is the electrical
control variable and ¢ is the time, (xg, by) is the rest

1
state. 6 =

('b) Provide a full phase plane analysis for the heart beat
equations

T (x = xg) + (%0 - x1)u
by appropriately defining u, the control variable

associated with the pacemaker, x is the muscle fibre
length, b is the electrical control variable and ¢ is the
time. (xg, bo) is the rest state and x, corresponds to

the systolic state. 651:

(¢) Find the constraints on a, b and y assuming it has a
unique rest state, taking the solutions to the travelling
wave equations

ou 0%*u
-é-%-r-a-;g-l-u(l—u)(u-a)-w
S dw
"5;-“: buu-yw |
~inthe form u = @(x + ct), w = P(x + ct). 6-;-
(&) Show that
x=x(y~-1)
y=u—-yx+1)

has an equilibrium point, which is a stable node for
<1, that becomes a saddle point as u passes
through the bifurcation point u = 1. Also show that
there is an additional equilibrium point when @ > 1,

~ P.T.O.

B o
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which is a stable node. :

(b) Define:
(1) Bifurcation
(ii)  Bifurcation point
(iti)  Bifurcation diagram.
Make the sketches for Pitchfork bifurcation, Saddle.
node bifurcation and Hopf bifurcation. 6

(¢) For the iteration scheme
Xna1 = Win(1 = Xp), nz1
Xg = 1My Xp

show that there are bifurcations at u = 1 and u = 3.
6

S, ‘
(a) Explain Jukes-Cantor model (JC model). Estimate the

proportion of the sites that will have a base A in the
ancestral sequence and base T in the descendan

: 1
sequence after one time step. 65

(b) From the given distance table, construct a rooted tree
showing the relationship between S1, 82, S3 and 54

by UPGMA
_[ST]s2]83]84)
S1) 145127 153"
S2) | 140150
1S3 .62 - 1
(¢) In mice, an allele A for agouti- of gray‘brown

_ ‘ hic!
grizzled fur is dominant over the allele 2 Véros,«'
determines a non-agouti color. If an Aa*A

produces 6 offsprings, then:




bility that €xactly 4 of ¢
offspring have agouti fur?

lity that more than half of ¢
offspring have agout; fur? 6%

ancestral and descendent

. € given frequency table,
find all the 16 conditiona] probabilitieg P(S)=i | So=
J)» where J= A, G

» G, C, T rounding off to 3 decima]
Places and form g table of the same

S\, AlG [C T
A 710 |1 [1
G 119 |2 0
< ——+19 12 [0 ]
C 012 [7 12
"“‘"-——“---_______-‘-_»-—_&___-—-..__ﬂ__-“___
r__ 1110 1 6]

(b) Define phylogenetic tree, bifurcating tree and

unrooted tree ang give an example of each. 6
©) Form 4 Punnett  square o, DdxDd  and
DdWWdeWw. | |

6

200
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Instructions for Candidates :
(a) Write your Roll No. on the top immediately
on receipt of this question paper.
(b) This question paper has FOUR questions
in all.
(c) All questions are compulsory.

1. Three electric power plants with capacities of
20, 35 and 20 million kWh supply electricity
to three cities. The maximum demands at
the three cities are estimated at 25, 30 and
20 million kWh. The price per million kWh at
the three cities is given in Table

P.T.0,
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City
1 2 3
1 [$500 $600 $300
Plant 2 | $220 $200 $250

3 | $400 $380 $350

The utility company wishes to determine the

most economical plan for the distribution.
Formulate the model as a transportation

model. 5
2. Attempt any FIVE parts from the following
(i) Compare the initial basic feasible

solutions obtained by the Northwest-
Corner method AND Least-Cost method
for the following transportation problem

3+3=6
Destination Supply

Source | 10 15 27 | 14 | 200

| 15 10 44 | 11 | 300

| 20 14 16 | 11 | 400

Demand 200 225 275 200

(i) Five men are available to do five different
jobs. From past records, the time (P
hours) that each man takes to do each

2
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job 1s known and given in the following

table. Find the assignment of men to jobs
that will minimize the total time taken.

6
Men

A B C D E
1 9 11 14 11 7

2 6 15 13 13 10
Jobs 3 12 13 6 8 8
4 1T 9 10 12 9

& 7 12 14 10 14 |

(ii1) The network in figure shows the routes
for shipping cars from three plants
(nodes 1, 2 and 3) to three
dealers (nodes 6 to 8) by way of two
distribution centers (nodes 4 and D).

The shipping costs per car (in $100) all
shown on the arcs.

900 ~{ 1 1 (6 1100
2
3
L4l a5
TN
1400 —»{ 5 7 1000
4.3 ’
/>
i6 1.9
1000 3 8 1206
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(a) Identify pure supply nodes, pure demand
nodes, transshipment nodes and buffer

amount.
(b) Only develop the corresponding
transshipment model table. Dbt

(iv) Draw the Network defined by
N ”(12,3456}

4= ((12),(13),(16),(23).(25).(45). (46),(56),
Also determine (a) a path (b) a cycle (c) a
tree (d) a spanning tree 6

(v) Midwest TV Cable Company is in the
process of providing cable service to five
new housing development areas. Figure
1 depicts possible TV linkages among the
five areas. The cable miles are shown on
each arc. Determine the most economical
cable network starting at node 2. 6

3 (amiles)

)
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(vij The activities associated with a certain
project are given below

2+1+3=6

| Duration
Activity Predecessors (Week)

A: == 2

B: -- B

= A B 4
. D A,B 7
| E: B 2
| F: C 3
‘. G: D 4
H: F,G 6
I: F,G S

J: E H 3

K: I,d 2z

(@) Develop the associated network for the
project.

5 P.T.O.
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(b) Find the minimum time of completion of

the project.
(c) Determine the critical path and critical

activities for the project network.

3. Consider the transportation model in the

oiven table

Destination Supply

$10 $4  $2 8
Source | $2 $3 $4 5

$1 $2 $0 6
Demand 7 6 6

(a) Use the Vogel Approximation Method
(VAM) to find a starting solution.

(b) Hence find the optimal solution by the
method of the multipliers.

5+5=10



4. Attempt any ONE from the following
() For the network given in the following

figure, the distances (in miles) are given
on the arcs. Arc (3, 4) is directional, so
that no traffic is allowed from node 4 to
node 3. List of all the other arcs allow two
way traffic. Use Floyd’s algorithm to
determine the shortest route between
5x2=10

(a) node 5 to node 2

(b) node 1 to node 4

(c) node 2 to node 3

(d) node 3 to node 5

(e) node 1 to node 5

s /7
ORI
\ s 6 I

(ii) Use Dijkstra’s algorithm to determine the
shortest path
(a) From node 1 to 5

7 P.T.O.
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(b) From node 2 to 7 of the network given
in the following figure : 6+4=10

80

90

700
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Name of the Course :  Mathematics (Generic Elective)
Semester Y

Duration : 3 Hours | | Maximum Marks : 75

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

Attempt al] questions as

per directed question wise.

Section - I
Attempt any five questions out of the following
(@  How and when did Cantor dje ?

(b)  Write a short summary on the life of an Indian

Mathematician.

(¢  Discuss the major, contributions of Hilbert.

(@ Why was Emmy Noether not allowed to Jjoin the faculty
at Gottingen University ?

(e) What were the co;ltributions of Hardy in the field of

Mathematics 9

Y Discuss the career of Hausdorff. 3%5
P.T.O.



(2) 959]

Section -1I

Attempt any SiX questions out of the following :

(@)

()

(0
(d)

(e)

@)

Define functions. Illustrate the location of point of
extrema and inflection with the help of the graphs.
What is a triangle ? Classify triangles on the basis of

its sides and anigles.

What is basic Tilings ? Discuss.

What is a perspective ? What role does it play in
buildings, monuments and paintings ?

What is a Konigsberg Bridge problem ? Explain how
this problem led to the discovery of Euler's formulg for
networks.

Discuss the significance of Golden ratio in nature. |
Find maxima and minima and saddle points of the

function in the following graph. Find the intervals in

which the function is increasing or decreasing.

|
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( 3 ) 9591

Verify which of the following are even or odd functions

using graphs :

(H Cos x
(i Sin x
(7iif) Tan x. 5%6

Section-I11

Attempt any five questions from the following :

(@)

®)

(©)

()

Use.Gauss Elimination method to solve the following
system of linear equations ;
4x, — 2x, + %, = 20,
Xy + %y + 2y = 5,
9x, + 3%, + x, = 25.

Without row reduction, find A™' and compute A3,

‘given A =[f 2}

Use the Gauss Jordan methbd to convert the matrix into
row reduced echelon form :

=5

A= 0
5

—_ =
==

" Find the inverse of the coefficient matrix and use it

to solve the following system of equations :

5x1 == x2 = 207

_7x1 + 2x2 =-31.
P.T.O.
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(&)

Find the rank of the following matrix :

2 -5 3
-1 -3 4
7 -12 5

Find the trivial or non-trivial solutions of the followin
homogeneous system :
Bx, — 2x, = 0,
-15x, - 16x, — 9x, = 0,
10x, + 12x, + 7x, = 0.
Determine whether the vector x = [-3, —6] is a linea

combination of a, =1, 4], a, = [-2, 3]. 5%
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Instructions for Candidates :

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

(b) All six questions are compulsory.

(c) Attempt any two parts from each question.

(d) Use of non-programmable scientific
calculator is allowed.

1. (a)

Perform three iterations of Secant method
to obtain a root of the equation 6

|

| x*=7=0

with initial approximation Xog =2, X% =3.

P.T.O.
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(b)

Perform four iterations of bisection methog(
to obtain the root of the equation

v —3x?—0.09x+0.27=0 6
in the interval [0,1].

If true value 1s 0.000310698 and
approximated value is 0.0049065 , then find
the absolute and the relative error.
Differentiate between round-off error and
truncation error. 6
Perform two iterations of Newton’s method

to solve the non-linear system of equations
6

x2y+y3 =10
xyz—x2 =3

with initial approximation (xo,yo) =(0.8,2.2).

(b) Perform three iterations of Regula Falsi

method to find the root of the equation
f(x)=x’-2=0 6

in the interval[l,Z].
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(c) Perform three iterations of Newton-
Raphson method to obtain the cube root
of 17 with initial approximation Xy =2,

6

3. (@) Find the inverse of the following matrix

using the Gauss Jordan method -

6.9

(b) Solve the tridiagonal system AX =p by
using Gauss- Thomas algorithm.

1 2 0 x 10
1 3 3 y| =[17
0 3 10) |z 22
6.5
3 P.T.O.
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(c) For the following system of equations:

6.5
10x+4y—2z=12
x—10y—z=-10
5x+2y—10z =-3

(i) Show that Jacobi iteration scheme

converges.

(ii) Perform three iterations of Jacobi iteration

scheme starting with initial vector

(x,y,z) =(0,0,0) .
4. (a) For the following data, obtain the Gregory -
Newton backward difference polynomial.
x 0.1 0.2 0.3 0.4 0.5
f(x) 1.40 156 1.76 2.00 2.28

Also find the approximate value of f at

x=0.25. 6
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(b) Prove the following :

| S
I+A=1l+—0"+5.1+-0

2 [
() The function f(x)=sin(x)is defined on
[1,3]. Find Lagrange interpolating linear
polynomial on intervals [1, 2] and [2,

3]. Hence find the approximate value of

f(1.5)and £(2.5).

6
S. (a) The following data for the function )=y
IS given (6.5)
X 0.4 0.6 0.8
%) 00256  0.1296 0.4096

Find /1(0.8) and 770.8) using quadratic

interpolation.

Ul

PoECr,
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2

(b) Find integral of /= J‘e_x dx using Simpson’s

0

rule and Trapezoidal rule. (6.5)
1 C& .
(c) Evaluate 14+, using composite
o 1+ x

Trapezoidal rule and Romberg integration

with 4 =1and ,=1/2 only. 6.5

6. (a) Employ the classical fourth order RK
method to integrate j'=4¢% 0.5y,

y(0)= 2 from ;= to 1 using a step size of 1.

6.5

(b) Apply Euler’s method to approximate the

solution of
y’:x+y, y(O)_.:z, 6.5

and calculate y(])by using h=0.5.

6
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() Apply finite difference method

(second
order) to solve the given problem :

6.5

y”:y—i-x, y(O):O, y(l):O,

with p=1/4.
»
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