(Part III) Examination, 2010
. (Three-year Degree Course )

MATHEMATICS
1 " FIRST PAPER
- Time : Three hours]

[Maximum Marks : 60

Note: Attempt all the questions. Marks are indicateg against each question.
1. Attempt all the parts : - - , -

(a) Give an example of a group G and examples of a normal and a non

normal subgroup of this group with brief justifications.

2
(b) Show that the alternating group An_i_s‘_ generated by the set of
3-cycles foralln>3. . | 2
(c) List the values of n(n),v1<n<li

5, where puis the Mobius function.2

(d) Prove that the eigenvalues of a skew Hermitian matrix have zero real

_parts: I :

(e) Prove that any set of pairwise ortho
space is linearly independent.

2. -(a) (i) Prove that

2

“—

gonal vectors in an inner product

he
commutator subgroup G' of G, is a normal subgroup of G. 2
(11) Give an example of a'group and a normal subgroup H of G for
which H has a normal subgroup-K which is not normal in G
Justify. ‘ - T 3
. o OR - |
(i) Givean example N of a normal subgroup of a non-abelian group
G having an index > 2 in G. | 2
(ii) Prove that Sn has a trivial centre for all n.> 3. 3
(b)

Iff: G——G'is a surjective group homomorphism, establish ¢
order preserving correspondence between the set of all subgroups
G'and the set of al] subgroups of G containing K =ker f, Also sh
that £~ [f [H]] = H holds forevery

OR -

sub
'~ contains a 3-cycle then iti

he
of

ow

subgroupHof G ~hthatK cH. 5
() Show that if a normal

r

group H of an alternating group An -
s equal-to An, n # 4,
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3.

:F..

(a) Provethat the groups (Z,+), (), +), S,and S, are indecomposable.5

- OR .
i i : tself by
i der the action A : G — T (G) of a group Goni
® E(?r:_]is:gation where T(G) is the group of all bijections of G. Prove
thatl Ac Ant (G) and ker A=Z(G) = centre of G.

What are the elements of lm A called ?
@i) Ifi_ A is cyclic, show that it must be singleton.
m

(b) If G is a finite group of order n and p is a prime dividing n, show that
G must have a cyclic subgroup of order p. 5

(SIS

OR
(i) Let O(a) denote the order of an element in a group G. If the subset

S={ae G10(a)=2} of Gisasingleton {g}, show thatg € Z(G).2

(ii) Let A be the diagonal relation {(g, g) | g € G)} in-a group G. Show

that it is a subgroup of the product GxG and A, is normal in GXG if

and only if G is abelian. 3
(@) If p(n) denotes the number of elements in the set {m € INIT<m<
n and god (m,n)=1} show that ¢ (m;m,) = ¢ (m,) (p‘.(mz) hplds
‘whenever m,, m, are relatively prime. Hence or otherwise derive a
formula for @(n) in terms of prime factorization of n. 5

OR .
Find the least positive integer which when divided by 4, 5and 9 leaves a
remainder of 3, 2 and 7 respectively. What is the set of all such integers ? 5

6 3 . L}
(b) (i) Evaluate the Legendre symbol (F) by the use pf Gauss
" lemma. ‘ 2

1009
(ii) Evaluate the Legendre sz/)r;bol 229

(i) Show that the set of all arithmetic functions with f(1)#0 forms an

abelion group under the operation of convolution product. 3
- u(d) _on . :
(ii) Prove that Z& = M where p is the Mobius function. 2
d/n d n ‘ ‘
@ IfAp, e A, are distinct eigenvalues of a linear operator on a

finite dimensional vector space V over F, and Wit= {v e vITv=X,
v} for 1 <i<r, show that dim (W, + ..... + W) = Zdim wi. 5

(a) Prove that the eigenvectors of a linear opellgzor T on a finite
dimensional vector space V span V if and only'if for each eigenvalue

A of T, multiplicity of A in the characteristic equation of T + rank '

(T-A1) = dim.V holds. _ 5

Time : Three hours]
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(b) Find on orthonormal basis of the subspace of R? spanned by the

vectors (1,2,3,4), (-1,4,5,2), (-1,3,-1,7)}. 5
OR

Prove that a linear operator T on a finite dimensional inner product

space V over C, preserves inner products if and only if it carries an
orthonormal basis of V to an orthonormal basis of V. Show that the
above property holds if and only if TT* =T~ T=I, where T is the
adjoint of T. '

6. (a) Prove that every real symmetric matrix is congruent to a diagonal

matrix with set of diagonal elements < {0, 1,~1}. What s the number

of nonzero terms on the fiiagonal ?Reduce L -1.2 to diagonal
form by congruent reduction. -1 -3 5
. OR . 2 35

Transform the equation 3x2+2y?+3zz—2x2+2=0 by an orthogonal
change of variables and show that it represents an ellipsoid revolution. 5

(b) (i) Prove that the eigenvectors corresponding to distinct eigenvalues
: of a unitary matrix are orthogonal. 3
(ii) If A is a 2x2 real symmetric matrix, show that either A has distinct
eigenvalues or it is a scalar times the identity matrix. 2

. OR
Find the matrix of the stahdard inner product form on IR? with respect
to the basis. {(1,2,3), (0,4,5), (0,0,6). 5

MATHEMATICS (SECOND PAPER)-2010

[Maximum Marks : 60

Note : Attempt all questions, symbols used have their usual meaning. _
1.

Prove or disprove :
(a) The series : 2
)

» Z(l —x)x"!

n=1
is uniformly convergent in [0, 1].

1 1 )
(b) J. dx is divergent. . 2
C0y1-x2 o
(c) Foralinearmap f: R?—— R*anda e R% f (a) =f.

(d) The origin is a saddle point for the function f(x, y) = xy.
(e) ClInt Q=IntCIQ.

v

B NN

P 2T,
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2. (a) Let Zu (x)bea series of continuous functions defined on an intervy)

I of ]R If it converges uniformly to s(x), then.show that s(x) is a

" continuous function. . 5
(b) Show that the series Zu (x) for which the n-| -th partlal sum S XD is ‘
nx
givenby S, (x)= TTAT

defined on [0, 1] is not uniformly convergent Further, show that, its

sum is a continuous function. . . 5
- OR
(a) State. Weierstrass M- test Use'it to show that fora IR Z, the.series
1 smx sin2x  sin3x )

+ ot
4 a2_1 a%-4 .a2—9

converges uniformly on every finite mterval of R. 5

(b) Define the map exp and prove that exp (x + y) =expx.expy. ‘5
Show that : J ——dx converges
(a) ow tha J_+ 2

(b)_ Show that j x™ e % dx Converges if and only if m > 0. 5
' - ~OR -
(a) Test the convergence of J cosxdx : 5
(b) Show that J. -——converges but not absolutely 5
(a) Show that f: R>—— R defined by
x2
5 if x#0
(X )’) x* +y

‘ 0 > if x=0

has all directional denvatlves at (O 0). Is f differentialble at (0,0) ?

Support your answer.. . 5

(b) Letf: R?— R be function possessing partial derivatives D f
and D_f with D, fcontinuous at (a,b) e]R2 Show that fis dlfferentlable
at (a,b). : ) 5

B ' OR - o

(@) LetF: R™— R"be differentiable at. a € R™  Prove that
||f'(a (M= Mlv|l, v R™,

Time : Three. hours]
Note: Answer all parts of the Q No.1 and any two parts of each of the

for some M > 0./ 5
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() Letf:S— 3R bea differentiable map,
R™ If for each X S, x. Vf(x)

homogeneous of degree p.
(a) State and prove the ‘Implicit function theorem. 6
®) Iff: R3®— R%be defined by f(x,y,z) = (x+y+z, X=y-xz), where
(x,y,z) €R?, then show that there is an open interval of R containing
0 and a C‘—map g:G— R? such that for x e G, f(x, g(x) = 0. 4

OR
(a): Appronma[c log (1+x+2y) by.a polynomial of degree one. 4
(b) Let f(x, y) = x3+y’ —3x—y-—1 Find critical points of f. Also, find
points of local minima and local maxima. 6
(a) Prove that an open ball in a metric space is-an open set. 3
(b) For sets A and B in a metric space X, prove that AUB = =AUB. 3
(c) Let f be a continuous map from a metric > space X to a metric space Y
and let A ¢ X. Then show that f( )c f(A). 4
. OR :

where S is an open set of
= pf (x), then show that f is

‘ 5

(a) Prove that aset A in a metric space is colsed if and only if it contains
all its limit points. 5

(b) Let X and Y be metric spaces Then show that a mapf: X ->Yis

continuous if and only if ! (G) is an open set of X for each cpen
-set G of Y. 5

MATHEMATICS (THIRD PAPER)- 2010

[Maximum Marks : 60

remamlng questions. Q. No. 1 carries 15 marks, while remaining
_ questions carry 9 marks each.

1.© (@) Two forces of magnitudes 5 and 10 units and a distance 4 units apart,

are acting along the lines having direction ratios 1, -1, 2 and 2, 1, 1
respectively. Find the second invariant of the system.

(b) Find the nul point of the plane x-+y+z=0 for the system (X,Y,Z; L,
M, N) at origin.

(c) Prove that the moment of inertia of a reclangular lamma of mass M

) 2a%b?
and sides 2a and 2b about a diagonal is — 3 ——b—_
d) Find an expression for the kinetic energy of a body rotatmg about a
fixed axis.
——

Y
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(e) Prove that the velocity potential of an incompressible fluid WhO_Se

velocity at the point (X, y, z) i given by
Sea 5 {a A1 L z
—l§[3xzi +3yzj+ (322 2 )k], will be;3—, where r2=x2+y2+Z?.
r
(a) Define central axis of asystem of forces. A given force acts along the

-axis of x and another given force along a generator of the cyli_nder
x2 +y* =a?. Prove that the central axes of the system lies on an

elliptic cylinder. v
(b) Define wrench of a given system of forces. Two wrenches of pitches

pand g, whose axes are at a distance 2a from each other, have aresultant -

wrench of pitch w, whose axes intersects the shortest distance between
the axes of the given wrenches at a distance n from its middle point
prove that the angle between the axes of the given wrenches is equal to

_1x(p—q)-a2w-p-q)
22+ (w=p)v—a)

x*-a :
(c) Define conjugate lines of a given system of forces. Find the mutual

moment of the conjugate lines (&.a) and-(€',2') with respect to the .

system (R,M)at origin.
(a) Prove that the moment of inertia of a rigkit circular cone about a line
passing through the vertex and perpendicular to the axis of the cone.is

371:)1( 2+ 4th?)

Where M, a and h are respectively mass, radius and height of the cone.

(b) Define momental ellipsord of a body at a point. Find the equation of
the momental ellipsoid at a corner of a cube with respect to the
principal axes. :

(c) What do you mean by a principal axis of a body at a point 7 Find the
condition that a line i, at a point of its length, a principal axis of a body.

(a) State D' Alembert's principle and derive the equations of motion .

with the help of this principle. i

(b) A rod of length 2a, is suspended by a string of length 1, attached to
one end. If the string and rod revolve about the vertical with uniform
angular velocity o, and their inclinations to the vertical be 30° and

6g
45° respectively, then show that ®> ——=—
spectively, then show tha YW, 7Y

(c) A thin uniform rod has one end attached to asmooth hinge-and is allowed
to fall from a horizontal position. Show that the horizontal strain on the
hinge is greatest when the rod is inclined atan angle of 45%to the vertical,
and then obtain the ratio of the vertical strain and weight of the rod.
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5." (a) Each particle of mass of liquid moves in a plane through-the axis of
Z, prove that the equation of continuity is
op pv.: op Ov,  Ov :
—+—Lv +—v,tp| =+ |=
ot rrazzp,ﬁr oz ) -
Where symbols have their usual meanings.

(b) Obtain the Bernoulli's equation for the steady motion of a fluid.

(c) Aninfinite fluid in which a spherical hollow of radius a is initially at
rest under the action of no forces. If a constant pressure p,, is applied
at infinity, show that the time of filling up the cavity.is !

. (. 3
7 =
nza[i)-26 In
Po 3.,
6. (a) Show that the rate per unit of time at which-work is done by the
internal pressure between the parts of a compressible fluid is

'[J.J.P B4, B W lixdy dz
ox oy oz

Where p is the pressure. and (u, v, w) the velocity at any point (x, y.
z) and the integration extends through the volume of the fluid.

(b) Using circle theorem prove that the image of a source in a cricle is
an equal source at the inverse point together with an equal sink at
the centre of the circle. .

(c) A source S and a sink T of equal strengths m are situated within the
space bounded by a circle whose centre is O. If S and T are at equal
distances from O on opposite sides of it and on the same diameter

 AOB, Show that the velocity of the liquid at'a point P is :
B 0S>+0A%  PA.PB :
0S * 'PS.PS.PT.PT' ,
Where S' and T' are the inverse points of S and T respectively with
respect to the circle.

MATHEMATICS (FOURTH PAPER)-2010
(NUMERICAL METHODS) -

Time : Three hours] [Maximum Marks : 45
Note: Attempt all parts of the Q. no. 1 and any two parts of each Q.no.2to
. 6. Q. 1 is of 10 marks and each of Q. 2t0 6 is of 7 marks.
1. (a) To find aroot of f(x)=0, which one out of the methods of the Newton
Raphson and Regula Falsi, will give a particular accuracy in lesser
number of interations and why ?
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(by Interpolate a function in (x,y) plane through three points (-1,1),(0,2)

and (2,3). 3 o i
(c) In w(hich) situation the solution of a system of three linear equ'atlons
in three variables, in non-homogenous form, can not be obtained ?
(d) Find f(0) 02f a function through'two points : (=1,2) & (0, 1).

N (e)- Evaluatej (1+ x)gé using Simpson's one-third rule.
' 1 X

2. (a) Findareal root of the equation x log,  x=1.2by Regula Fa}sx method:
(b) Discuss the Newton Raphson method to find a root of x’ =10.
(c) Performing three iterations find the interval in which a root of
tanx + tanhx = 0 lies. Use bisection method. : .
3. (a) If & and p are central difference and average difference operators
thén prove that = V1+ §%/4 .
(b) Derive Divided difference interpolation formula.
(c) Given the table : . ;
x 3 5 8 12
5 =5 . 3. -13 ; o
Find the value of x when y = 0 by inverse interpolation using
Lagrange formula.
4. (a) Find the second order derivative of {(x) at x= 1.0 using following

table

X : 05 " 0.7 1.0 b

fo : 103 T J'f(x)dx.
(b) Derive Trapezoidal rule of integration for J, .

(c) Using Simpson—one third rule integrate jo
the interval (0,1) into 4 equal sub-intervals. -

* 5. (a) Discuss Milne's predictor corrector formula to solve-an initial value

problem of first order.

(b) Solve %};Z = y2 » y(0)=1,x € (0,1),to find y (2.0) using steb-size:l .0
and Im-proved Euler method. ’

© Solve S£=2xy, y(1)=0; x & (1,2). to find y (2.0) by-using step
~size 1.0 and Runge-Kutta fourth order method. - . '
. (a) Solve the equations by using Gausselimination method :
X+2y-2=23x+6y+2=1&3Xx +3y +2%z=3:
(b) Using Cholesky method solvé the.equations :
X+2y+32=5; 2x+8y+222=6; 3x +22y + 82z=-10
(c) Using the.power method determine the numer:

4 5

and a corresponding eigenvector of unit length: 2.3 2
’ 3
3209

{1+ x-+x%)dx by dividing

(Three-year Degree Course )

MATHEMATICS
. (FIRST PAPER)

i T1 me : Three hours]

[Maximum Marks : 60

Note: Attempt all questions. Marks are indicated against each question.

1:

ical largest eigen value [

(a) Show thatanormal subgroup of order 2 of a group G is contained in

the centre of G. 2

(b) List all the elements of ZXIH, together with their respective orders,

where H = {[0], [4]}. 2
(c) Find the least positive incongruent solutions of 12x = 15 (mod g)..2
(d) Let A be a matrix such that A* =0, for some positive integer k. Find

all possiblé eigenvalues of A. 2

“(e) Let P be an n x n real matrix such that x > Py is alinear operatoern

R", where xeR" is being regarded as a column matrix. Show that
X1 = 1Pxll, vx e R iff < x, y>=<Py,Py> vx, yeR". 2
(2) (i) Explain how the normality of a subgroup H of a group G
guarantees that writing aH * bH = abH, V aH,bH € G/H, gives

: ' rise to a binary operation* on G/H. . ) 2
(ii) Fo_r a subgroup H of a group G, consider the subgroup N(H) =
{X EG/Hx%(_H} of 'G. Show that N(H) is the largest subgroup

of G in which H is normal. 3

; S OR ‘

(i) LetH be acyclic subgroup of a group G. Show that if H is normal
in G, then so is every subgi‘oup of H. ,2

(i) IfG= S3, then show that G’ =A3 where G' denotes the commu@or_
subgroup of G. 3

@

LR
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(b) LetH,, H, be normal subgroups
that (G /H,) / (H,/H)) = G/H,.
. OR S
" Let H be a normal subgroup of A, n 2 5. If H contains a 3-cycle,
then show that H=A . If H contains a product of two distinct
transpositions, then also show that H=A .
3. (a) Let G be any group with n elements and p is any positive pri
‘dividing n, show that G must have an element of orderp.
: OR f
If a is an element of a finite group G, then show that

of a group G, with H; &H,. Show
: 5

me
5

- o(d@)= —Oﬂ—, where c(a) and N(a) respectively de-note the

o(N()) _
conjugacy class of a and the normalizer of a. Derive from it the
socalled ‘class equation’ of G. '

3

(b) (i) Find Z(Sn) forn>3
(ii) Let a group G out on set X on the left. I
the set {ge G/ga=a}isa subgroup of G. By what name is this

group called ? 2

- OR :

LetS, outon theset X ={ 1,2, 3} ontheleft via the action ca=c(a),

V oeS, and a € X. Find all distinct orbits of S; and the isotropy
groups of 1, 2 and 3. ' 5

4. (a) Define o(n)and show that for any positive intéger n>1, o(n)isodd

iff n is either a perfect square or a multiple of 2 by a perfect square. 5

OR

Show that the quadr'atic‘residu'e x? =(-1) (mod pj, where p isa
5.

prime, has a solution iff p=1 (mod 4).

i (1) '
(b) (i) Forthe Legendrs: symbol (E) , find n (of the Gauss lemma)
such that (£)=(—l)n . o 3
: 23) \ ,
(ii) Evaluate the Legendre symbol (QJ : 2.
OR ‘ ' '

5

fa €X, then show that
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Ifpisaprime then prove that (p-1) ! =(-1) (mod p). Show also that
if a positive integer m divides (m-1)!+1, then m must be a prime. 5
5. (a) If }‘1’ xz, ...... , A are the distinct eigenvalues of a linear operator T
on a finite dimensional vector space V with V|, V,, ..., V| being’
their corresponding eigen vectors, then show that these eigen vectors
must be linearly independent. If in particular, dimV =n, then deduce
that the matrix of T must be similar to a diagonal matrix. - 5
OR : ’ :
Let A be a n X n unitery matrix. Show that all the eigenvalues of A
are unimodular and eigenvectors corresponding to distinct
. eigenvalués are mutually orthogonal. 5
(b) Let P, denote the vector space of all polynomials in x of degree

atmost ‘2, equipped with the inner product defined by
1 . )

<p.q>= Ip(x)q(x)dx.
0 .

Show that the basis {1, X, x%) of p,is not orthogonal. Conver* itto a
normal orthogonal basis using the Gram-Schmidt process. 5
L= .OR _

Let T be a linear operator on a finite dimensional inner product space
V over €. -Show that for each weV, there exists a unique w eV ,
such that< 'f(v), w>=<v,W>, for allveV. Show further that

defining S : V— V by S(w) = w, foreach w €V, produces a linear
5

transformation S.
32

2 3J‘

+yaey +Y3€3 in R3

6. (a) Diagonalize the quadratic form that arises from the matrix[
OR .

@ Let E=xjg +Xo€p + )'(3e3 and =Y
(e ey ,e3) being the standard basis of R3 -
For the bilinear form f given by
XY, + 2%,Y, + 6X,Y3- Xo¥p + 4x,¥3 - 3%33

find a symmetric matrix A such“that fE,m) = Y'AX.
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(ii) Transform the quadratic form associated with t
{ | to diagohal form by congruent reduction. - - ¥, 3
" (b) Show that for any real symmetric matrix A, there exists an orthogonal
matrix P such that both P! AP and P' AP are equal to the same
" diagonal matrix D, such that D has the eigen values of a along its

diagonal. 5

he above bilinear form

OR
Let fbe a symmetric bilinear form on a vector space V over IR. Show
that there exists a basis of V in which f is represented by a diagonal
- matrix and that every other diagonal representation of f has the same
numbpr of positive entries and the same number of negative entries. 5

MATHEMATICS (SECOND PAPER)-2011
(New Course). _ i

Time : Three hours] [Maximum Marks : 60

Note : ~ Attempt all questions, symbols used have their usual meanings.

1. Prove or disprove :
'

Y e .
(a) Zx“(l —x) is uniformly convergent in [0, 1]. 2
3 l'l=0 N
(b) The impro ef integral J.l—ﬂ—— erge t 2
, prop g J i is con.vergen . |
(c) The multiplication map fromRxRtoR isbdifferentiable. $IE2
(d) The Jacobign'matrix of f: R?— R? defined BY f (x, y) = (X+Y,
2x +ay) is invertible if and only if a = 2. vy 42
(¢) A bijection continuous map has continuous inverse. 2
2. (a) State and prove Abel's Test for uniform convergence. 'y

(b) ATest for the uniform convergence of the sequence of functions

X
n+Xx

\

Jin[O;oo]. ‘ L o ' 3
OR ) ‘

! f

:._(a
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" (a) Let Zu,(x) be uniformly convergent series of continuous functions

. 2 eb e[ &
- on [a, b]. Then show that Zj u, (x)dx = j (Zun(x)) &7
. . . n=1 a a el :
. . 11 1
_(b) ,Show that the ?enes Tt x2 ot xz + 31 x2 ...............
~ converges uniformly in [0,]. 3
“(a) State and prove the p-test. 5
e sinx ' '
_ (b) Show that J' 27 * dx converges but not absolutely. 5
o X
OR
; o ) .
) Show that J. -x™~1 (1= x)"ldx converges if and only if both mand
0 .
n are positive. 7
5 '.‘ ) ! ? dx ‘ )
(b) Examine for the convergence of 7 3

—0l+X

(a) Show thaf the function £ : R> — R defined by f(x, y) = Ixyl, where

(X, y) eR2, is continuous at the origin but not differentiable there. 5

: (b) Letf: R2 s R be a function possessing partial derivatives D]f and

sz at(ab) € RZIf le is céntinuous, then show that f iAsidifferventiable
at (a,b). 5
. OR

‘Let f : § > R be a differentiable map where ScR" is an open set.

-

(a
If for each x €, x.VE(x) = pf(x),

where p €N, then show-that f is a homogencous function of
degree p. 5

(b) State Taylor's Theorem and use it to approximate log (1+x+2y) by a
polynomial of degree one. 5



' 62/ SHILPI UNSOLVED PAPER

. m
's. (a) Let f : R™—R"be differentiable at 2 eR™. Then for

V eR™, show that “f'(a) (V)“ < M“V“ , for some M>0
- fin ) x-y-xz); Then

5

(b) Let f : R*-> R? be defined by f(x, ¥, 2) = (342, XY X2
open interval G containing the origin and a
"5

show that there is an

Cl-mapg: G- R? such that forx & G,

flg®)=0 »
. v OR g

5. (a) Let f: R*— R be a function. Suppo

differentiable at (0, 0), then show that D, D, £ (0, 0)=D,D, f(, 0).5

(b) By means of an example show that for a differentiable map f:R—>R?

and x, y eR, fy) - fx) = @ (y - X), where z eL(x,y)is not
' 5

se le and D2f exist and are

necessarily true. )
(a) Prove that a closed ball in a metric space is a closed set. 3

(b) Prove that the union of a family of open sets in-a mietric space is an
: 3

open set. |
continuous if and only if the inverse image of a closedsetinY isa
closed set in X. i ; -4
f | ' : OR

< §

6. (a) By meané of an example show that the.closure of an open ball with

and the same radius. : 5

(b) Let f:X—>Y bea mapping, and X and Y are metric spaces. Let

i \i - xg € X. Prove that f is continuous at X, if and only if whenever 2

i sequence (x;) converges to X in X, then the sequence ( f(x,))
, . n ¢ «,

{ converges to f(xp) inY. . o 5

-(c) Prove that a map f from a metric space X to a metric space Y is |

|
|
il centre x and radius r need not be the closed ball with the same centre i
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MATHEMATICS (THIRD PAPER)-2011

Time : Three hours] [Maximum Marks : 60
Note : Answer.all parts of the Questions no.1 and any two parts of each
of the remaining questions. Question No. 1 carries 15 marks, while

) remaining questions carry 9 marks each. .
1. (a) Ifanul line relative to a given system of forces intersects a given
. line, it also intersects its conjugate line with respect to the system;
Prove it. -

(b) Show that the axis of the resultant wrench.of two given wrenches
intersects the line of shortest distance between the wrenches at right

angle.
(c) ABCD is a uniform parallelogram, of mass M. At the middle points

of the four sides are placed particles each equal to -%I—, and at the

interséctioh of the diagonals a particle of mass —I;i Show that these

five particle and the parallelogram are kinetically equivalent.

(d) If arigid body swing under gravity from a fixed horizontal axis,
show that its centre of suspension and centre of oscillation are
convertible.

(e) Define velocity potential of a fluid motion. Show that the velocity
potential of a fluid motion exists, iff, it is irrotational.

2. (a) Show that the equation of conjugate line, to the line having line

coordinates (é, ) and passing through origin, with respect to the

system (f{_ M)atOis Tx R- R_I\i[ ¢l=M
. M.e
(b) Show that the minimum distance between the two forces which are

equivalent to a given system (wrench) (R, K) and which are inclined

at a given angle 2q, is gl(-com, and that the forces are then each
) R

equal to _g_sec -
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(c) Forces i- 3} +2k, -2+ 3— 3kand 3i- j+4k are acting at the

points whose position vectors arei.+ k,—i+] and j+2k

respectively. Find the equation of the nul plane of the point (1, 1, 1)

with respect to the system of given forces. ,

3. (é)- A uniform lamina i§ bounded bya paraboli_c arc, of latus rectum 4a
and a double ordinate at a distance b from the vertex.
Ifb= %(7 +447 ) show that two of the principal axes at t.h? enq of a
latus rectum are the tangent and normal there.

(b) A plank, of mass M, is initially at rest along a line of greatest slope

of a smooth plane, inclined at an angle . to the horizon, and a man

of mass M', starting from the upper end walks down the plank so "
that it does not move. Show that he gets to the other end in -

2M'a .
i Iy [Py i th of the plank.
time (M +M) gsino where a is the length.o p
(c) Two unequal masses M and M’ rest on two rough plang:s inclined at
angles o and B to the horizon; they are connected by a fine string

passing over a small pulley of mass m andrrad_iusb a which is placed

at the common vertex of.the two planes. Show thatthc acceleration -

‘8IM(sina — pcosar) — M'(sinf + p'cos Bl
(M+M'+m kZl '

of either mass is

where p, p' are the coefficients of friction, k is radius of gyration of -
the pulley about its axis and M is the mass which moves downwards. ).
4. (a). A bent lever, whose arms are of equal length a, the angle between

them being o makes small oscillations in its own plane about the
fulcrum. Show that the length of the corresponding simple
pendulum is i h i
- 242a

3\/1 +Ccosa
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€a can turn freely about a horizontal axis which passes

oint O of its circumference and is perpendicular to its
plane. If motion Commences when th

vertically above O, show that when the di

an angle 6, the components of the strain
to, this

(b) A circular ar
through a p

e diameter through O is
ameter has turned through
atOalong, and perpendicular

W ' W
diameter are respectively ?(70059 ~4)and ?sme.

(c

~

Show that the moment of inertia of a right solid cane, whose height

: _ . 3Ma®(6h? 452
is h and the radijus of whose base is a, is 20 | h2442 | about
a slant side.

(a) Prove that liquid motion is possible when velocity at x,y,

z) is
. 3x2 —t% 3xy 3xz
givenby u=——_ y= 2% Xz
5 5
r r
where r? = x2 + y? + 22 and the stream lines are intersection of the

surfaces (x? + y2 + 72)3
OX. ) .
(b) Obtain the equation of continuity for spherical symmetrical fluid
motion. Discuss it in case of incompressible fluid.
© Air, obeying Boyle's law, is in motion in a uniform tube of small
section. Prove that if p be the‘density and v the velocity at a distance

=c (y*+z%)? by the planes passing through

; a2p 62 2
x from a fixed point at the tim, t P —{(v" +Kk)p}

(@) A mass of liquid of density p whose external surface is a long circular
cylinder of radius a, which is subject to a constant pressure Py
surrounds a Coaxial long Circular Cylinder of radius b. The internal
cylinder is suddenly destroyed. Show that if v is the velacity at the
internal surface when the radius is r. then.

-2 2po(b®-r?)

v
2 [r2+a2—b2J
pr-logl ———>-

r
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66 /SH mage of a doublet of strength 1 at A, relatiye |
2
__bha -
is adoublet of strength (OA) atB (the e

(b) Prove that the i o

circle of radius a,

point of A) and the axis of doublet makes supplementary angle, 0j,

the centre of the circle. : ‘ . . |
(c) Inthe two-dimensional motion, find the stream lines due to Unifop,

sources of strength (+m) at the points A (-c, o)_, B(c,0)anda unifo
sink of strength (-2m) at the origin.

MATHEMATICS (FOURTH PAPER)-201;
(NUMERICAL METHODS) '

Time : Three hours] [Ma}umum Marks : 45
Note : Attempt all parts of the question no. 1 and any two parts of each o
the remaining questions. Question no. lcarries 10 ma;ks an(

l remaining questions carry 7 marks each.

1. (a) Explain rounding off rules with the help of suitable examples.

, X . . %
(b) Using Bisection method, find the interval of second interation, int

which a root of 3x? - 4x - 5 =0 lies.
(c) Prove that (1 + A) (1 = V) =1.

(d)*Find the polynomial which passes through the points (-2, 1)

" (-1.5, 2.5) and (0, 3).
(e) Describe Euler's method to solve y' = f(x, y) with initial cpndltwﬂ!

=Yy \

2. (a) Explain Newton-Raphson method to find the root of an equatio

f(x)=0. .
(b) Find a real root of the equation x*- log x-12 = 0, usin,
kegula—Falsi method. .
(c) Use fixed point iteration method to find the root of the equati®
2x =COs X + 3 correct to three decimal places. )

3.

i.
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(a) Estimate the population for the year 1945 from the following table :

Year + 1941 | 1951 | 1961 | 1971 1981
Population .

. 46 6
(in thousands) . ¢

81- | 93 101

(b) Using Lagrange's intérpo]ation formula, find the form of the function
¥(x) from the following table :

X 0 1+); 8 4
y 12| 0 |12 24

(c) Find the value of y when x = 1.22 from the following table :

X 1.0 | 1.1 | 12 ] 13 14
y 0.841]0.891 | 0.932

0.963 | 0.985
by using Stirling's formula. 'y
(a) Use Trapezoidal rule to evaluate -dx.
T o 1+x

(b) Evaluate J.z vcosx dx, using Simpson's 1/3-rule with h =T7;—'
0
(c) Derive Milne's formula for solution of first order ordinary differential
equation. '

(a) Solve y'=x -y?, y(0) =1 and find y (0.1) correct to four decimal
places, by using Taylor's series method.

(b) Given y'=1+y%y(0)=0, findy (0.2) and y(0:4), b~ "'sing Runge-

Kutta method.

: (c). Use Adams-Moulton method fo find y(0.8) from the differential

d
equation % =1+ y2, given that y(0) =0, -

¥ (0.2) = 0.2027, y (0.4) = 0.4228 and y(0.6) = 0.6841.
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6. (a) Solvet
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he equations by using Gauss-Seidel method :
ax+22=45y+22="3 5x+4y+10z =2,
(b) Decompose the matrix.
1 -1 2
A=|-15 4 »
24 14
in the form of LLT, where L is a lower triangular matrix
(c) Find the numencally Iargest eigen value and the corresp()ndm[
elgenvector of unit length of the matrix
161

120 by the power method. -
003

CThree-year Degree Cours@

' MATHEMATICS
(FIRST PAPER)

Time : Three hours] [Maximum Marks : 60
Note : Attempt all questions. They all carry equal marks. oo
1. (a) IfHand K are subgroups of a group G, prove that HK.= {hk | h e H,
k €K} is a subgroup of G if and only if HK = KH. Under this
condition, what is the subgroup generated by the set Hu K ? Justify

your answer. . . ’ : "6
a OR . .
(i) Prove that a finite semigroup with cancellation laws is a group. 3

~ (ii)Fora group G of order n, prove that a" =e foreverya€G. 3
(b) Prove that a cyclic group G is either isomorphic to (2,+), or to

(z,,+) for some integer n>1.
OR

Provethat G={g e z, | (a,n)=a}isa groilp under the operation
of multiplication of residue classes modulo n and

G=U={aez, | a.a=a.a=1 forsomea’ €z,}

12. . (a) Define the comimutator subgroup G' of a group G and pro;'e that

every subgroup H of G, for which G'cH, is normal in G. Find"
S'; and Q. .
: OR
State and prove the Second (Noether) 1somorphlsm Theorem
coricerning two subgroups H and K of a group G, at least one of
which in normal in G.
(b) Prove that the set A ofalleven permulations of the symmetric group
S » is a normal subgroup of S_. Describe the elements of A, and also

of a proper normal subgroup of A, as products of disjoint cycles
—

14
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OR
stablish a formula for the order of a permutation ¢ in S in terms o S OI_{
E:ngths of the cycles appearing in a d?smmt cycle decomposmon 0; ' (P;'ros./e that a polynomial f[x] of degree n over a field F has at most n
istinct roots in F. Give an example of a field F and a polynomial
o. Find an element p of order 6-in the group S. and describe the fIx] over F of degree n having at least one but less than n roots in
elements of the cyclic group generated by p. F(including multiplicities).

3. (a) State a necessary and sufficient condition for two elementscandg' 5. (a) If(a,m)=1 and {r,. 1, ... 1) is areduced residue system modulo m,
of S, which is conjugate to & = (1526) (34) and also find an element prove that {ar, .... ar ) is also a reduced residue system modulo m.
gof Ss for whichc'=go g .»Justlfy your answer. How are m-and n related? Prove that a%™ = 1(mod m). 4

; OR o | OR
Define an inner automorphism of a group G. Prove that the set of all State and prove Wilson's Theorem. Lo
inner automorphisms of a group G forms a normal subgroup of the (b) State Quadratic Reciprocity Theorem. Using this result calculate the
automorphism group A(G) of G. ’ values of the Legendre symbols

(b) Prove that the subgroup generated by all the cycles of length 3 in, 523 226
S, is the alternating group An. Also prove that all cycles of length| $ (227) and (F_{)
3in A, (whenn25)are conjugate in A . : | v . v OR _
OR A ; Define the convolution product of two arithmetical functions. Define

When is an action of a group G on a set S said to be (i) effectlve (ii) the functions 1,6, and p. Prove that . ) |

transitive ? Give an example of each -of the above type of actions. j
Describe the action of S_ on the set S = {1, 2,..n} by 6.i= o(i) for on)= ZW) T( ) forevery neN
every oeS . What are the orbits of this action ? ., o

4. (a) (i) Define the characteristic of an integral domain and show that 1t' MATHEMATICS (SECOND PAPER) -2012

is either O or a prime. 3 (New Course)
(ii) Show that z[i]= {m +in | m, nez} is a subring of the field C |

of all complex numbers. Is z[i] an mtegral domain ? If so, find ' Time : Three hours] [Maximum Marks : 60

its ficld of quotienss. OR I y { Note : Attempt all questions. Symbols used have their usual meanings.

J di : A bounded set t ace is totall
Foridcals I and J of a rmg R, descnbe the |dea]s I+J,InJand 1. | L@ E:)?]‘:;:dr isprove ounded set in a metric space is g
ForR=2,1=mz, J = nZ, describe the elements of '+ J, Im ) (b) Prove that an infinite'set in n a compact metric space has at least one
and 1J. 6 limit point. 5
' ' ) (c) Let f: X— Y be a continuous map from a metric space X to a
(b) Prove that every ideal I of the polynomial ring F[x] over a field F, is | metric space Y. If X is compaet, then show that f is uniformly
principal. Verify that I = {feR[x] | f(6) =0} is an ideal of R[x] and~ continuous, 5
find a generator of I. ’ OR

. (a) Prove or disprove : The inverse of a bijective continuous map from
; a metric space to a metric space is continuous. 2
| X

L e \J £ \J [ \J J )
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(b) Prove that the unit closed interval [0, 1] in the real line is a compagy

set. 5
(c) Prove that a sequentially compact metric space is totally bounded. 5

. (a) Prove or disprove : The map f : R?— R defined by f(x,y) = x

" (x,y) eR?, is differentiable. Z - 5
(b) Let f: R™— R" be differentiable.at a€R™, and g : R"— RP be
differentiable at f(a). Then prove that gof : R™ — RPis differentiable
ata, and ‘ ' \ 5
L (gof)(@=g'(f(@)aof (a). S ;
(c) Letf:R™— R"be a differentiable map. Let x,y e R™and a eR".
Then show that : o .
a.(f(y)-f(x)) = a.(f(2) (y-x)), y

 for some z= (1 - 0) x + Oy,

where 0 € (0,1). . e ]
g ‘ " OR i
(a) Prove or disprove : For'the multiplication m of real numbers . |
m'(3,2)(2,3)=13. ", : 2|
(b) Prove that the function f : R2 - R defined by :
2

= E ‘ﬂxr‘w') = x2+ 'YZ ’ (:x,y) ¢(O,0)1

: it 0 -, (x»=(00),
where (x,y) € R? ishot differentiable at the origin. Is it continuousi
at the origin ? Justify your answer. -5
. (c) Show that for the map f : R — R? defined by f(t) = (cos t, sin t),
teR, : LN co

fy)-fx)=f@) (y-x) . o ih i |

where z € L (x,y) is not necessarily true for x, y eR. 5/
3. (a) Proveordisprove : The origin is a saddle point of f: R> — R defined|

by. v ' T e ' 2

foy)=(y-x> (y-2x). (xy) eR% . ' 2|

(b) Let f:R"™ = Rbe a differentiable mép. If for each
x €R”,x.Vf(x)=pf(x) for some <, then show that f isf

homogeneous of degree p. - : e 5p°

{
|
i
i
{
f

—m
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(c) State the 'Inverse Function Theorem'.
Show that f : R? - R? defined by
f(x.y,2) = (x, sin y, &%),
‘Wwhere (x, y, z) e R3, is'locally invertible at the origin but f is not
one-one. . . 5
‘ OR _ :
4. (a) Prove or disprove : The map f : R?- R? defind by f(x,y)\: (x+y,
2x+ay), (x,y) € R%is invertible around (x,y) iffa = 2. . .2
{b) Describe the Taylor's formula and use it to approximate log (14x+2y)
by a polynomial of degree one. : 5
(c) State the Tmplicit Function Theorem'. Use it show that for f : R —-R
defined by f(x,y) = x* + y? - 1, (x.y) €R? there exists an open

‘ interval G contafning%and a unique map g : G — R satisfying

\

V3] _1 .
8~ |= 5 and f(x, g(x)) = 0, where x € G. 5

-~ is uniformly convergent

4. (a) P_rove‘ or disprove : The series Z sm”:lx
k n

"+ inR. . : 2

(b) Let Zu,(x)be aseries of continuous functions defined on an interval °

I of R. If it converges uniformly to s(x), then show that s(x) is a

continuous function. L 5
- (c) Define the map ‘exp' and prove that

exp (x +y) =exp X. expy,

where x, y eR. 5
OR
(a) “Prove or disprove : The series
+ i + x Forot x _—
X+t —F. —+....
2 32 ’12
2

is uniformly convergent in [0,1].

LA

.
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(b) State and prove the 'Dirichlet's Test' for the uniform convergence of MATH B.A./B.Sc. (PART-III) MATHEMATICS, 2012 / 75
a seres. v : 5 EMATICS (THIRD'PA_PER)-ZOlZ
(©) Let (5,(x)),eybe a sequence of functions defined on an interva| (Also for Ex-Students)

(ab) of R which converges to a function s(x) on (a,b). Suppose that | Tjme - Three hours]

. . i3, Maxi :
each s _(x) is differentiable and has conpnuous Q1fferent1a1 s (X). If  Note : [Maximum Marks : 60

Answer all questions. Marks allotted to each question are indicated
(s's (*)ey converges uniformly to t(x) on (a,b), then show"that_ against it -
(a) DEﬁne a wrench and mutual moment of two lines. Two wrenches

differential of s(x) exists at each x & (a,b), and for X, €(a,b), (P 3 p) and ((-2— q@) acting on a body have 0 1
v 4 . ’ ) axes whose mutua

, s'(xy) = t(x-(_l). ' i) » ‘ : 3 moment is M, and whose shortest distance apart is 2h. Show that
5. (a) Prove or dfsprf)ve : For‘ X,y €R, : _ : ; 5 the central axis of their resultant wrench intersects perpendicularly
x? + y? - 2ixy is analytic. R S S ) 2 [ the common perpendicular to their axes, ata distance from its middle -
(b) Suppose that f_and fy of a complex function f exist in a ‘ , point equal to_ : ‘
neighbourhood of L cIf f.x and fy are con¥1nuous atzandf = 1fg : 212 (P2 — 0%)- MPO(p— ) .
then show that f is differentible at z. T D) 24243

(c) Determine an analytic function f safisfying
o f(zl +2,)= f(zl) . f(zz),

(b) Find the line,ci)ordinates of the conjﬁgate line of the line having
2,2,€C, and

|
:
|
!
g’
! line coordinat s (i,j—k with respect to the system of forces
| ~ ~ A A ~ . .

1 (2[ =2j+3k, 3 ¥ 3j—4k)_ Also obtain the conjugate forces. 3+2
| ! -
' .
|
|
l
;

(ii) f(x) = €*, where x eR. ' : 5 | OR / .

(@) Prove or disprove :‘The fungilin (@) D.eﬁn_e central aXiS‘_Of a giv?n system of forc?s. Two wrenches have
=Tzl analytic at 70, , : > 2 pitches p, q'and their axes intersect perpendx.cularly. Prove that the :

(b) Suppose fis analytic in a region and Ifl is constant there. Then show} cezntrfl axis of the resultant wrench lines on the surface
that f is constant. £ - 5 , (x*+y%)z=(q- p)xy : : 1+4
g ! (b) Define a nul line relative to a given system of forces. Obtain the
- . AT : ‘ ' condition that the line (¢,) should be a nul line relative to the system
() Suppose ZC"Z is zero at all points of a nonzero sequence (7k)f © (R,M) atorigin. Also prove that, if a nul line of a given system of
' = -w ! ~forces intersects a given line, then it will intersect its conjugate line
which converges to zero. Then show the power 'series Zc.,,z" iSf with respect to the system. L  © Lided
s =0 { 2. (a) Find the moment of inertia of a solid right circular cone of mass M,
identically zero. 5| height h and radius of base a about a slant side of the cone. 5

(b) Define momental ellipsoid of a body at a point. Show that the -
momental ellipsoid at a point on the edge of the circ_u]ar-rbase of a
thin hemispherical shell is 2x2 +5(y?j +22)=3m= constant. 2+5
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moment of inertia of 2 triangul

through A is %(31;? +3c* —a”), where

(a) Provethatthe ar plate ABC about the

perpendicular to the plate

M is the mass of the plate and a, angle /
(b) Awireisinthe from of a semi-circle; show that atanend of its diameter,

the principal axes in its plane are inclined to the diameter at angles
! t -1 i ana £+—l—tan_l —4— : . : . 6
E an T 2 2 T

3. (a) State D'Alembert's p A ]
_of motion of arigid body and show that the motion of 'a body about

aiis the same as it would be if the centre of inertia

its centre of inerti
.were fixed and the same forces acted on thebody. -

(b) Ifarod of length 2a, revolves with uniform angular velocity o about
a vertical axis through a smoath joint at one extremity of the rod so

" that it describes a cone of semi-vertical angle 30", then show that
2a0% = ﬁg. Prove also that the direction of the reaction at the hinge

1-—3—.' "t 542,

makes with the vertical an angle tan”
(a) Arodof length 2a, is suspended by a string, of length £ , attached to
one end, if the string and rod revolve about the vertical with uniform
angular velocity, and their inclinations to the vertical
‘be 0 and ¢ respectively, show that
3¢ (4tan®-3tan). sin¢ ‘
a (tan¢ — tanB).sin6
(b) A solid homogeneous right circular cone,
‘semi-vertical angle o, oscillates about a diameter of its base;

" that the length of the simple equivalent pendulum is

7

i
i
;
. i

of height h and
show

%lz(Z +3tan? (x)._ S . ' 5;

4. (a) Prove that liquid motion is possible when velocity at (X, ¥, 2) it

2,_ 2 < . :
3x7—r ;+i’ﬂ‘ij+ix_z_k , where 2 = x2 + y? + 2%, and
5 5 ‘

i r r ; f
the stream lines are the intersection of the surfaces (x2+y2+22)° =

given by

c(y*+z?)? by the planes passing through x-axis.

b, ¢ are sides of the triangle ABC. 6.

rinciple. From this principle derive the equations’

14242,

24
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(b) An infinite mass of fluid is acted on by a force W‘_E per unit mass

directed to the origin. If initially the fluid in at rest and there is a
cavity to the form of the sphere r = c in it, show that the cavity will

. ; ; ~ 5
. A . 2. =
be filled after an interval of time 2 .c4. - 6
_ Su
‘ OR" R
(a) If the lines of motion are curves on the surfaces of cones having
their vertices at the origin and the axis of x for common axis, prove

that the equation of continuity is 6
op 0 2pg, cosech, 0 ’ '
—_—+— + =L — =0
o or ((pq,) r r 0 (Pgs)
(b) Derive the Bernoulli's equation for the unsteady irrotational motion
of afluid. -~ o .6

. (a) A velocity field is given by

g=—xi+@+0j g
Find the stream function and prove that the stream lines for this
field at t = 2 are rectangular hyperbolas. . 442
(b) What do you mean. by two dimensional doublet ? State circle

theorem and use it to obtain the image Qf'a doublet with regard to

a circle. 1+1+4

OR :

(a) Prove that for the complex potential tan"'z the stream lines and equi-
potentials are orthogonal systems of circles. : 5

(b) find the stream function of the two dimensional motion due to two
equal sources of strength m at distance 2a apart and sink of strength

2m between them. Also determine the stream line. If A and B be the
positions of sources and O is mid point of AB, then prove that fluid

2

d ; 'P b 2ma 34942
spee z.1t any»pomt wi g——JOP.AP.BP 342
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MATHEMATICS (FOURTH PAPER)-2012
(NUMERICAL METHODS) L 7 |
— — fx) | -3 3 11 27 57 107
Time : Three hours] : .[M.ax1‘mum Mz'a.rlgs £ 45 Hence, or otherwise, find f(1.5).
arks are indicated against each : o OR ' -

Find the interpolating polynomial by (i) Lagrange's formula, and
(ii) Newton's divided difference formula for the following data :

Note : Attempt all parts of the question. M :
" question. Symbols have their usual meamng.' .
1. (a) Explain the graphical method to find an initial approximation of a

root of the equation f(x)=0. 2 y(1)=-3,y(3) =9, y(4) = 30 and
. ’ OR y(6) = 132. :
Giving suitable examples, describe the rounding offrulesin numerical = 3. (a) Define a cubic spline interpolating function. 2
computation. ' i o OR b
" (b) Find the root of the equation )_(2-3_x+2=0 in the vicinity of x=0, using Write Simpson's 3 rule for numerical integration | f(x)dx. and
Newton-Raphson method. Do three iterations. . 3 explain its geometrical significance. b s
OR : - i (b) Derive trapezeoidal rule of integration for J f(x)dx. : 3
Find the negative root of the equation x2-4x-10=0, using bisection ‘ : . OR @ s
method. Do three iterations. i Find £(0,4) from the following table :
(c) Define the convergence of an iterative method and show that Newton- -

Raphson method converges quadratically. - ' 41 X 0.1 0.2 0.3 0.4

2 OR . f(x) [ 1.10517 1.22140 1.34986 1.49182

Give geometrical illustration of Regula-Falsi method and obtain a |
formula for the successive approximations to the root of the equation | -

f(x)=0 by the method.

(¢) Using the. néturql cubic spline interpolation, find the value of y

1
atx= Pk for the following data :

2. (a) Show that the operators p and E commute. :
1 OR - _ [: X 0 1 2° 3
Provethat g2 =), 1.§5/2. -1 : . ] 5 1 ) 9 28 ~
(b) Define the operator V and derive the Newton's backward differences |
interpolation formula. : 3 . - OR :
‘ OR Fit a clamped cubic spline curve, in the intervals [0, 1] and [2, 3],
Find the missing values in the following table : . 1 : that passes through the points (0, 0.0), (1, 0.5), €2, 2.0) and (3, 1.5)
i ' . with the end conditions S' (0) = 0.2 and S' (3) =-1.0.
[ X I 01 2 3 4 5 6 ; 4. (a) Describe Taylor series method to solve an IVP of first order. 2
; . . ; ) - OR _
[ y [ -4 -2 - - 220 546 1148 Describé Euler's method to solve an IVP of first order.

(c) Find Newton's forward differences interpolating bolynomial for the | (b) Given a_ x% +y,y(0)=1, find y (0.1) using modified Euler's
' ’ 4 | dx )

following data : ; ]
' . ‘ j method. (take h = 0.05) 3
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OR
. Solve L2 y-x y(O) 2to findy (0. 1) using Runge-Kutta foUnh
order method. (Take h =0. 1)

(c) Derive Milne's. predictor - correct
first order Also, explam how to use the method v : 4

OR

Given ¥
Runge-Kutta-Nystrom method. (Taking h=0.2).
5. (a) Explain the concept of prvotmg in the Gaussran Ehrrunatlon method 2
OR

- Describe the Gauss-Jacobl xteratlon mnhod to solve a system ‘of linear | .

algebraic equations.

(b) State Gerschgorin Theorem and fi nd the mterval Wthh contams the |
37573 3 p ek

-eigen values of the matrix ,
32°2]
=252
22 3]
- T OR :
Explain the concept of curve fitting by the method of least squares.

Discuss the fitting of parabola by this method to a given set of values.

(c) Describe Power method to find the Numerically largest eigen value
and a corresponding eigen vector of a square matrix A of order n.

- Using the method, find the largest eigenvalue of the matrix |. -

410
1. 201
00 4
. and a corresponding eigen vector after second lleratron startmg with
the initial vector {0 _[00 1. 4

OR .
Explain the method of decomposing a square matrix as the product |

or formulae for solving an IVP of |

=—(x+y +y '+2),y(0) = -0,y'(0) = 0 find Y(O 2) by using

of a lower and an upper triangular matrix. Usmg the method, solvc |

the system of equations.
2x+3y+z=9,x+2y+3z=6; 3x+y+2x 8

i 4. (a) Show that R-{[
c

Xamination, 2013 -

MATHEMATICS (FIRST PAPER)

Attempt all questlons They all carry equal marks.
=(0,)u (1 ) c IR and for
4. -

Note :

1. (a) Prove or disprove : (G,*), where G
.-~ a,€b G, axb=a'%’isa group

- (b) Prove that a finite subgroup of the multlphcatrve group (]: *of nonzero -
4

complex numbers in cyclic.
(c) Find the centre of the group of rigid mouons of aregular n-gon, where -

n=>3 . OR 4
1. (@) Proveor dlsprove The group of symmetrics of a rectangle of unequal
sides is isomorphic to the Klein's four group, .
(b) Compute Artz . -
. (c) Find the centre Of GL 2,R)
2. (a)" Prove or disprove : There are exactly eight 3- cyclesinA,.
(b) Prove that the orthogonal group 0O(2) is not a normal subgroup
GL, 2,IR). -
: (c) Prove that S, is generated by (1 2) and (1 2
; OR .
" (a) Prove or dlsprove Q/z is aninfinite group each of whose elements
4

has finite order.
(b) Is S'x zisomorphic of R, where St is the multiplicative group-of
4

: complex numbers with modulus 1 ? Justify your answer. =
() Let G, and G, be two non- abehan groups each of order 6. Then prove

that dl is 1somorph1c to G
3. {(a) Prove or disprove : Cycles ( 2 45 7and (3456)inS, are conjuﬂate.i

(b) State and establish the class formula for a finite group
{(c) Prove thata subgroup H of a group G is normal if and only if i itisa

union of conjugacy classes. OR -
3. Cla551fy groups of Order 8. y A

IS

B AaS

......... ). —~ -

)

o 'abcdezz} " . LE
d

forms aring with:the matrix addmon and multiplication modulo 2 Is

e Qe

an'ideal of R? Support your answer. ' '
(b) Prove or disprove : There are exactly two self-inverses in thefiled 7.

4" (c) Show that 4x>+6x + 3 is aunitin- z [x]




!
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o 4 l . X |
a, hen Show that R 1sa rll'lg WItll mat |
4 ( ) ],e[ { ¢ d I L . |

addition'and multiplication. Define @:R —. 4 by ‘ |
a b

* b a

Show that

=a-b. |
@ isaring homomorphism and R/ Ker ¢ is isomorphig ‘I
(b) g:ltze'ahd prove the 'Division Algorithm' for F [x], where Fisa field.6

i iti Itiplicative. 4
th .. function p and show that it is mu ve.
3 % LD:tﬂpn ge af] mg%ruisme and a be an integer such that p does not lelde

a. Then a is quaratic residue modulo p if and only if

p-1 : 4
- a?=I(mod p) g 22 : g
: : a)_(r s "
(c) For an odd prime p, show that ‘5 i 'I')' where is the remainder
" obtained when the integer a is divided by p. ; 4
.- OR . o
5. (a) State and prove the Chinese remainder theorem. ) e 2

“(b) For an odd prime, show that

e

MATHEMATICS (SECOND PAPER)-2013|

Note : Attempt all questions. Symbols iised have their usual fngan‘ings.
1. (a) Prove or disprove : For metric spaces (X.d,) and (Y,d,), 2 un_lformly
continuous function f: X — Y is continuous. 2

(b) Let X be a complete metric space and F be a subset of X. Prove that -

Fis closed iff F is complete. _ /3

(c) Prove that every open cover of a sequentially metric space has. 4

Lebesgue number. OR - |

1. (a) Prove or disprove : Every continuous function defined on a metri¢

~ space is uniformly continuous. ° , ' .2

(b) Prove that a closed set in a compact metric space X is a.compact set.§

(c) Prove that a compart metric space is complete. - _ 5

2. (a) Prove ordisprove : A constant map is differentiable everywhere an
its differential at each point is the zero map.

(b) If f:R% — R be defined by :

y 0, xy#0
y+1; otherwise

14

B.A.
“then Show that fis/fcf;:fgpART-m) o THEMATICS, 2015 / 83
i iferenti e

» Pva ©) exist only for ul’u2r°=“3av?}]eeﬁrl;(g,g)&ndud)xrcctlonal derivative

(¢) Provethatif S be an open set of R andf:§ —)I’Rzis.d"ff i .

f (g, )£ (x) = £(2) (y%) ifferentiable then
where Z € L(x,y) and L(x,y) =

= . N={1-)x +ty:t e
OR y [0,1]}. 5

(a) Proveor disprove, partial derivative D i i
€, 1 (x)is the directi ivati
. Ef falong. €,(unit coordinate vectorsj. ) eetional derlvanorzl
( ) étR\T/nhge pr: g - R"‘, where § = R™ be differentiable at x €S and
8 e a.lmgar map. Then prove that the map g f'(x). Also
PYO.YC that each f, is differentiable if f= {f,.f,...f }is diffé)rentiable.S
(c) Iff:S —R, where'open S < R", is differentiable at x, then partial
derivative Dif (x) exists foreachj, 1< j<n and f'(x)(v) = Vf(x).v
forevery y cr™. "5
(a) Pr'oye or disprove that (0,0) is neither a local maximum nor a local
minimum for the function f.R2 _, R defined by f(x,y) = y2 -x3.2 .
(b) If £;R? _y R has continuous second order derivatives and f t.t)=
_ tf (x,y) for all ¢ IR , where n is an integer s.t. then prove nxzi
then prove that
X2 azf"+ 2};)/——a2f +y? &t n( ‘ 1
—_— — n -_—
o2 Y 5y y o )+ (‘x,y) 5
(c) If x and y be open subsets of R" and f:x — y is an onto map such
that- || 6 +v)|| - £ (x)|[= k|}v] forall x, x +vinx and k >0, real number
then prove that f is a bijection and inverse map g = f_lzy —xis
continuous. OR . 5
(a) Prove or disprove that the function defined by f(x,y) = y*+x3y+x*
has a maximum at (0,0). : '

(b) State Taylor's expansion for a function and f.R™ _, R express
x2+ Xy + y? in powers of x-1 and y -2. .5
(c) Stateimplicit function theorem and use it to show that the equations .
Cx3+y423= 0, L + X2+ y*+22 = 0 ; X + y + z = 0 have solutions
around (t, X, y, z) = (0,-1,1,0). . 5
(@) Prove or disprove : the sequence {f } where f (x) = x is uniformly
convergent on [0,1]. . 2
(b) Ifaseries X f, converges uniformly to fon [a,b] and each term f, (x)
is integrable, then prove that f is integrable on [a,b] an the

X
series 2 [fndt ;converges uniformly to‘[fdt on [a,b] is
a ) . A
: \

——
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X X ; ) 3 i i

J'fdt:'f (j_fndt}oer €[a,b] 2 : -5
n=I\a 2

f ri I ch point x of the interval of

series Tapxt converges ateach poir \
b cl:giggrvg:;ce (-R,l% tﬁen prove that it is-umformaly convergent in the
closed interval [O,R]. OB X" B 5
(a) Prove or disprove : The power series ZF is absolutely convergent
forevery valueofx. -~ . e d R 2
(b) If b (x) is a positive, monotonic decreasing function of n for each
fixed value of x in the interval [a,b] and b (x)is b‘(»')unded_ forall n and
x concerned, and if the series D Up g X.) suniformly convergent
then show that the series Xbn(x)u},(x) is uniformly convergent
over [a,b]. \ . ) -5
(c) Show by using WeierstrassM -Test t A

convergence of the sequence {f } where f (x) =nxe™; x eR.
5. @) Proveordipove :thefincton -+ N ~ ) :
£ @) = G+ ¢,z + ¢,Z* +.....+ ¢ 2" Where ¢ C,.......C, are. complex
. constants is analytic in the entire complex plane. Y
(b) If f(z) is an analytic function of z, then prove that

az 62' : i o 9 {5 " R

(EF*%TZ) [fef* =4fr @) ‘ 5

(c) Show that the function f (z) = |(z)l2 is not analytic at any point
"z =zexceptatz=0 - OR. !

. 0 . p— —_ .
(a) Prove ordisprove : The function fz= 7 where 7 is conjugate of Z

{Complex number), is not analytic at any Z. ) . 2
(b) State Cauchy Riemann equations for function f (z) =u +iv and use
it to show that the derivative T'(z) exists every where f (z) = 75T S
(c) Prove that a power-series with non-zero radius of convergence R
represents an analyti¢ function over |z] <R and the derived series

" has the same radius of convergence as the original series. - 233

MATHEMATICS (THIRD PAPER)-2013
' ; (Also for Ex-Students) ‘ 75,

Note : Answer all questions. All the questions carry equal marks,

1. (a) Prove that any force system is equivalent to a single force passing .

tnrough a prescribed point and ‘a couple. A system of forces is
equivalent to a single force g _{" +7 +k and a single couple of
moment 37 {* _p§ +3{ atthe point (1,2,3). Find the symmetrical form
of equations of the cental axis. :

hat 'Q'is a point of non-uniform .

RN

——

5 e ;

|
i

E

B

|
|
|
i
|
i
[
i
|

B.
AJB.Se. (PART.117) 31,

%itgn‘s a wrench ang pitch of?h

A rfinches of pitches p he %
o er. If the resultant wren’qh is of
-trom the axes of the com Gl
them is P

THEMATICS, 2013 ) 35

T .
ench of a given system of force.

di§tancz_3 22’ from one
nd its axis is equidistant
W that the angle between

pitch

onent Wrenches, sv};,:

- tan! v -p-g)

o At~ (W pywa

(b) Define conj N :

ottt .Agily:f:)t;g%cc?fand conjugate lines of 4 given s ste< f
orce (R,M) at origin is reduce to z,wo?llog-

- ZEero Iinite lorces. ShOW that t]le lﬂleS of action of these two iOICCS (o]
[;- r . i

N 3’,‘ A A A A
o 4 =3) +2k,-24 +j —3; and 37
- LODLCL1,0), and (0,1,2) respect

plane of the point (1,1,1) with
vy B point (1,1, Tespect to the system of given fi
(a) ine the principal axes of a body at a point. Show ﬁ]at gngrggsthé

principal axes at the node of a half-loop of the curve 2= a2cos 20 is
~‘inclined to the initial line at an angle itan_l l) » |
OR 2

aA Ijmf(érm lamina is_ bounded by a parabolic arc, of latus rectum 4a
and a double ordinate at a djstance b from the vertex. 11;

: a
b=—(7+ 4.\/77)3 show that

A A :
~i +4k.are acting at the points
ively.Find the equation of the nul

1 (b) State the perpendicular axes theorem. Show that the moment of

inertia of an elliptic area of mass M and whose semiaxes and b about
e 1 Ma2b?
adiameter of length 2r is s Ma7 L
2
. : e 4 ) OR ] »
Fmd the €quation of the momental ellipsoid at a point on the rim of
. ahemisphere.

() Define the compound pendulum and find its time period. A solid

Por‘pogemeous» cube of side 2a oscillates about and edge which is
sorizontal ; determine the length of the simple equivalent pendulum,
. y OR

A fine string has two masses, M an M!, tied to its ends and passes
over arough pulley, of mass m, whose centre is fixed . If the string does
not slip over the pulley, show that M will descend with acceleration .
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86./3 M-Mg

o (e S
| k2
M+M!+ m;z— 5 |
i ; dius of gyration of the pulley.‘
he radius and k the radl e coth Hinge and is
show that the horizontal

is inclined at an angle of
s then 11/8 times the

where ais t

_(b) A thin uniform rod : oheg |
( )- allowed to fall from a horizontal position,

strain on the hinge is greatest when'the roq s i1
45°to the vertical, and that the vertical, strain1

weight of therod . i

D' Alembert's principle. Also, prove that the
centre of inertia of 2 body mOves as if all the mass of the Pody were
collected at it, and as if all the external forces were acting at it in
directions parallel to those in which they act. :

4. Prove that the Lagrangian an
continuty are equivalent. OR.

If the velocity g ata point (r,8,9) 0
a = (2Ar~3 cosG,Ar'3 sin6,0)
where A is a constant, then show that t

Find the velocity potential and the equations O

(b) Write the components of accelration of a movin, y
cylindrical polar coordiriates. Steam is rushing from a boiler through a

conical pipe, the diameters of the ends of which are D anc_l d; if V and v
be the corresponding veloeities of the steam, and if the motion be
supposed to be that of divergence from the vertex of the cone, show that

Vl—V:"
v D2 2

ars -
where k is the pressure divided by the 'densitj/ and being constant. ‘

“State and prove the

f a liquid is given by i

f the stream lines.

- MATHEMATICS (FOURTH

d the Eulerian forms of the equation of |

he liquid motion is jrrotational.

g fluid particle in the| .

] OR 2" b .

A sphere of radius a is surrounded by infinite liquid of density P , the
pressure at infinity being m The sphere is suddenly annihilated. Show thal
; g )

o T 1-—|

4

- the pressure at distance r from the centre immediately falls t

5.(a) What arrangement of sources and sinks will give rise to the comple? 3
potential function cot h'z ? Also, prove that the stream lines an¢

equipotentials are orthogonal system of circles in this case.

BA/B.Sc. (pa: :
c. (PA(I)?;‘-III) MATHEMATICS, 2013 /° 87

State the Mj ne-T nk of
ilne-Thomson circle theorem. A source an i
. d a si

equal strength are placed at the poings | +--a.0
S

bO [y y*=a“,
u“da X+ a SllOW tha[ the Stream lmeS are gl ven b)

15
r‘“-—— 2_ B
78 (r 497)-4a%y < ay2 _ 2y

(b) Defin P
(b) forr:lngfjhtg;rcclimensxoznal do_ublet. Within a rigid boundary in the
doublet of stren eﬂ(]x+a) +(y-42)’=8a?, there is liquid motion due to a
along the axis % H atthe point (0, 3a), with its axis along the axis
of y. Find the (\;%ocity potential of liquid motion.

within a fixed circular

" Show t e i
hat the image system for.a source outside a circle consists of an

equal source at the inverse point and an equal sink at the centre of the circle.
( PAPER)-2013
Note: Attempt all the(qll\f(:'l tm erll\?lal Methods) S
: ; stions. indi i i
e ‘(S;ymbols h?]VC i e me:l];rsx ge indicated agalnst each question.
G ompare the relatvie accuracies of the a imati
. 0 ”
i ??54 and 53 s g ok ppr x1mat10§s (13/19)
,01} f ncdrirrl]egtgod ?rt(; l;:ilys(e p(})lsuitgn é_regulafalsi), derive the iterative steps
fi a1 1TOM X When finding a root of an equation f (x)=
Irinsl:'St be the condmon3 on the function f for su:c‘:qess of thi(: ngt.l\l’gga‘g
S 1mate'a root of x3-3x +1=0 in the interval (0,1) by Newtoﬁ
, ) F'z;qzihson s method. OR » 5
1nd a positive root near 0 of the equation 5x3- 2 =
point iteration method. Justify yox?r procedure. 3= Dby fed

0

2. (a) State and prove Stirting's imterpolation formula. 4
(g') find the_ interpo(l)ation p(;l'yngnliizal and eastimate the valﬁe of f (2.4):

(b) ggt)e theli?nerpo%ati(jn foormulaé 310 b wi '
s T pplicable to the following data an5

X . -1 2 4 5

fx) 5 3 8 5

N . OR

()] Esnmatci the missing value of f(4) from the following data:
X 2 3 4

fx) 2 5 7 - 32
(a) Find the clamped cubic spline S(x) passing through the points (0,0.0),
1(1,0.5),(2,2.0),(3,1.5) and satisfying §'(0) = 0.2, §'3) =-1 4
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OR
(a) Estxmate the values of ' (0.4) and f" (O 4) from the data
0. 0.2 - 03 0.4 Xom

f(x) 1.105 1.221° 1350 1.492 J.f(x)dx
(b). State and prove Slmpson s 1/3 rule for evaluation of
%03

XX, ,=hforeach l<1<2m OR

ere

(b) Estimate the value of f f(X)dX by simpson's (3/8)-rule usmg the data;

1
x - 1.0 1.5 2.0 25 . 3.0 3.5 4.0
f(x) 0.00 0.41 069 092 ° 1.10 125 1.39f°
4. (a) Estimate the values of y (0.1) and y (0.2) and y (0. 2) by Improved
Euler's method for the‘initial value problem* ' . 4
yy'=x;y(0)=15 OR
@) Estimate the value of y (1.2) in one step for the mmal value problem
y'=y*+xy;y(1)=2byIV order Runge-Kutta method State clearly
the formulas being used. !
(b) State and prove Adams-Moulton corrector formula for estlmatmg

y(xM Ly(x), y(x ) (X, = Xo %5 nh) for the initial value problem
Y =1y y (X J =Y, 53
(b) Explainthe second orderTaylor series method forﬁndmg approxxmate
values of y(x ),(xn=x,+ nh)for the second order mmal value problem
Y =1yyY s yix) =y, Yioi
5. (a) Solve the system of equanons by LU - decomposmon of the
coefficient matrix with proper justifications :* ~ 4
X+y+z=3 2x-y+3z2=16 L g
OR

() Solve the following system by Gauss jacobi 1terat1on method,
justifying its use. Cany out three iterations starting with (1,1,1) :
Sx-2y+z=13 "x+20y-2z=38 3x+7y-llz Y

by power method for matrix - : /v

3210
1 2 2
: OR
01 1 i '

. (b') Find the Gerschgorin circles for estimating the eigen values of the matrlX -

1 2. -1 o £ L
11 1 :
113 -1

corrected estimate of y(x_ +1) from given approximations of|-

=Time ; Three hours]

Note

1.

" (b) Determine all homomorphisgd

(© Prove that 2 , hass

3x+y-z=-3 ;

1
(b) Estlmate an eigen value and a corresponding normalized eigen vectof

art I1T) Exammatlon,

Three-year Degree Course

MATHEMATICS
FIRST PAPER)

Attempt all quesnons Symbols used have usual meaning,

{(12) (1234)}

Q) to (Z4)
ups Hand K such that HAK =‘{f)} and
"H#K=12,, L 4

OR’

(a D'efine : orphism group of a group G. Determine all

Y
. . ' . . 4
(c) State and prove Lagrange's Theorem.
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PAPER
eorem. Use it to determine ’
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2. "(a) State the subgroup Correspondence Th
3. (a) Let
the ignbe of STOETE szz/l 82 (@) LetGbea group of order p?, where D is a prime . Prove that either

e commutator subgroup of D,

‘ G"Z 01‘G~Z XZ

® Determine th
(c) Find a permutation p- of S, such t.hatil p (1357)p’

Lt peapt=6D.
OR

2 @ Give examples oftwogrOUPsG G, and§ +H, A'G-such that - Char(R)=p > 0. Prove that \/a,b & R

G,/H, and G/H, are isomorphic but G ay § G, are non-lsomorphlc 4

such that £(x) = (x - Da(x)+

() Let G =

S =im
=10 | g

1
0
0

»fder 15 is cylic, prove that an intergral

p under the binary operation as the 4 (a) Assummg that a group ]
pl
§§ ‘

Prove that G is a
domain R consistifg 0116 elements is a field.

(b) LetRbea conun‘i)g;atlve integral domain of characteristic zero. Prove

“that there lsfé’fbmjectlve ring homomorphlsm

3",
4

(c) LetR a non-zero commutative integral domain with identity. Let

conjugates of the subgsoup. g l'OVé thﬂt | .
deg (£(x).g(x)=deg(f(x))+deg(8C)- 4

H= {1, (12),(13),(23),(123),(132)} of §,in S,
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IN. Prove that Y 4(d)=n, where ¢ is the Eulers v S
dim - b @ Prove or disproye . o bound
. . . ! : unded

i

| 5. (a) Let ne

{
;! phi- functlon »

(b) Determine the smallest positive integer n wh1ch when divi '37 «by 3

and .
and S leaves remamders 2and 3 respectlvel 3 4 ¥ s CharaCtenzauon oty
A . | ‘ - $ map 5
. g ‘ (c) Prove that
. Dete. " qqd : es, e (p a compact metric space 1s complete, 5
pet g m 2 2. (a) Prove or dispr. - |
s rmi | Prove : The multlpllcatlon map ;f%ggi XR 5 R 2

ithmetic funct1on : (b) vae an example of 3 functlon f:R*,

5. " (a) Provethat if fisamultiplicative function, thes

5 multll)llcatlve 4 (.0 0) but not differentiable there w;j

ae R Then show

that

G4

1. 2
commute.

ove that a closed set of a compact metric space is compact 5

“I(c) Stafe and p the Chain rule:
Let X be a complete metnc space and FcX Then show that Fis | - gc) State and prove

complete if and only 1f itis closed inXx. . S 5
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3. (a) Brove of disprove : The function f: R*— R?defined by - *

2

fx,y) = (e*+ €7 ,e*+ e¥,), (x,y) € R? is locally invertible at each

. point of R%. - - )
 (b)-Let both the partial derivatives D,f;md D,f of a fun (R*> R
exist and be differentiable, then show that for ( .R’-, |
, i .

Dlsz' x.y) =D2D1f (x.y)--

(c) Determine extrema of f(x,_y) =Xy subjecte

" OR.

"_y R defined by f(x) = is

differentiable.. * 2

x€R™,x. _Vftx) =
‘homogeneous fu ,. of degreep. . 5
a and minima of f(x,y) = x>+y>-3x+12y+20  §
R cosnx: '
ve : The series 22

) Investi gate

4. (a) Proved or

term by term differgntiable. ) FEIA ..

is uniformly convergent| - ' .
5. .(a) Prove o@‘@gﬁove : The series 2DZ  converges for |z|<1.
g, p & ] n=l .

b ‘ - ) " e 3 50

tate and establish the conditions under which the séries X u,; (x)is

4 @ Proveordisproy, The series 3
) _ : es Tx
in[0,1], =0

n
A=) 40
) is Uniformly convergent

(.
n x) be a Seﬂes Of Cont"luous IUllCthnS deﬁlled 0

LofR. Ifj
Ifit converges uniformly to g (x) on 1, then

a continuoys fucntion,

- (©). Introduce the function exp. Determine its rang
: 5 . (a') Prqve or disprove : If f : C - C is differe
analytic at z, ‘

(b) Show that
f@)=f(x,y)=

Xy(x +1iy)
g x2 + y2
0

is not differentiable at z=§ 3 though it satisfies the C-R equations.5

(c) Show that an analytigsfunCtion f: ¢ — ¢ which satisfies. 5.
W) fz4z) =1 ' :

(i) f(x) = &%,

) 22, € €, and
exists.
OR
di
(b) S_up 3 "?fi and fy existina neighlﬁourﬁood ofz,whe.. f:€C — Cis

iction . If .fx and f, are continuous and f, = if, at z, then show that
5

s constant there, then show that g

&) If  is analytic in region and if ]fl i
S o .

f is constant.
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" MATHEMATICS (THIRD PAPER)-2013

.(New Course)
" Time : Three hours] . [Maximum M : 6Q
- * Note: Attempt all questions. They carry equal ma;ks.-
1. (a) Agiven éystem of forces is reduced to a wrench. Show:that the pitch

ak The distance between the lines of action of tw

10and 15 units is given td be 24 units. If th¢ 'ectionvcosihe_s of the

- to their axes. If O
e/i%is of the wrench, which is'équivalent to the given

'bth respect to the above system of forces. B
If ¢ isany line through P, whal; can you say about the positid_n qf its

conjugate line ¢? Explain. .

T——E

BA/p.s
A/B.sc. (PART.py,

MATHE), ‘ .
OR ATICS, 2014/ o7

If a nul jj
: - Ine, relatiye : .
line, p; 0.2 given systers of forcec

» PTOve that 4 also TCes , intersects a given

. intersects its copj .
the given system. . . . conjugate line with Tespect to
* 7,

A syste i ]
K Y . m of forces jg equivalent tg 4 single force
2%

%
= A ALA
» T=tisqj+ok e{%ﬁml line relative to

)

t 1 i le f (&) th
Ogethe W]th a Coup [0) mom nt M_ {\ a ‘ i

' » . ‘e pomt
A(I,2,3). Show tllat tlle ll’ﬂe

the given system.

- , 2 @ Define momental ellibsoid of a'body atg‘?bnt -Also find the moment
' of inertia of a Igmiria of mass M pélgged by the curve y = sinx and
the x-axis, lying between k:d 4 %Z/

Show thg_t th_e sum of Lh"%oments of inertia of an elliptic lamina,

= , about the y-axis.

. &
about any two perg@fj‘dlcular tangents, is constant.

* (b) Define the principaliaxes of a body dt a point . Also find the equation

ipsoid at the corner of a solid cube of side 2a!, referred

of momental ¢

é%%@g Chby

¢ is in the form of a semi-circle-of radius ‘a' ; show that at an

OR

nid of its diameter, the prinéip’al axes in its plane are inclined to the

iameter at angles

4
114 'd£+ltan'l(—)-
Cime (ﬂ)an 272, z).
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3 (a) State D' Alembert's principle and using it write- the general equationg

of motion of a rigid body. A solid homogeneous cube of side '2g'

oscillates about a diagonal of one of its faces, which is hori ontal;

,(a) Wnte the Conditjop that the surface F(
X

determine the leogth of the simple equivalent pendulum e time’ o Y20=0, maybe o bty .
period. _ ace ofa mOVmg liquid, :
' OR Ift
. ‘ vy e N he velomy of anj Incompressiple f]
(b) A plank of mass M and length '2a’ is initially at rest along a line of S 2 uid at the P;;n
' by V -#X\)

greatest slope of a smooth plahe, inch'rfed angle-'30° to the | 2

horizon, and a man of mass M/, starting the upper end, walks

down the plank so that it does not mo &&8how that the man gets to

the other end in time,

(b) Derive the Bemoulli‘s equation &%@ﬁ unsteady irrotation:'ﬂ motion

(b) Find expressions for velocity And acceleration of a particle, moving € corresponding equation for the

on the surface of a sphe

a horizontal ‘axis, passmg through the centre of its base and
petpendlcularf Giits axis. It the cone starts from rest with its axis
horlzonta;%;?)v that when the axis is vertical, the ratio of the thrust :
" on the fixédixis to the welght of the coneis 3 : 2.
4. (a) The ve!%ty components of a hqmd in cylmdncal polar coordmates ;% 1 of radlus o' Show that if thi shell suddenly d1sappears

; A mass of gfavitat,gﬁ-gf\g?ﬂuid is at rest under its own attraction only; the

free surface b ihga sphere of radius 'b' and the inner surface a n'gid

(r gi, J4re given by 1
O A . :
v (l —;2—)00.3.9’\/0 = —(1 +f;—)sin 49,Yz =0,

here A is a constant . Show that the liquid motion is possible. Is

<24

d o . o ‘ , +tational ‘constant
the motion irrotational ? Explain. where 2 is a fluid density and is the gravitational ¢

Also obtain the equations of the stream lines. -




100 /SHILPI UNSOLVED PAPER

5 (n) Define the strength of a simple source and find th‘:a complex potentiy
due to a simple source of strength- m, placed atjthe origin. Whicy,
arrangement of sources and sinks will gi'ye rise to the comple,

2 1 »

potential function log ( = ;?) ‘

| OR .

. A velocity field of a iiquid is given by, V=xi

. Find the velocity potential and prove that th

- field at t = 4 are rectangular'hypenbolas. .

(b) What do you understand by two dimen$ignal doublet? 'Obtain the

¢ sing the circle theorem,

it ensional liquid motion, when thers
‘  within a circular cavity. ' '
(FOURTH PAPER}-2013
[ERICAL METHODS)

" is a.source and an.equal

g@a questio_ns. Marks are indicated against each question.

{bols have their usual meanings. '

g suitable examples, déscf'ibe the rounding off rules in numericd
alculations. - . v i

Prove that the equation x-cosx=0 has é ro_nt and estimate the root by

v graphical method.

" [Maximum Marks :45 |

4

NES . OR
Derive the N iterative fo) '
| eWton-.Raphson iterative forl%iﬁ%ﬁsing the Taylor series
‘€Xpansiori. Also, give the geometrical j

| . Raphson method. ~
v : ) : 1
2. »('ab) Define the operators V, 4,6 an@»Fand Prove that E2 —H+—
Also, éhnw that the qperafor and E commute. 4

C B
Define the tnrward d@g ence operator A and prove that the n®

forward differenc a polynomial of degree n are consfant_, when

. Co 4 }
the values of the independent variable are given at equal intervals.

+1)(x+2)].
Forward Interpolation formula, Also, write Bessel's
A 5

Also, find A
(b) Derive.Gag

" and t's interpolation formulae.

OR |

the interpolating polynomial by
ewton's divided difference forrnula, and.
for the following data:

(i1)- Lagrange's formula,
=124.

y(1j=0,y@)=7,y3) =265 O
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ZO d
( ) Explain the Concept Ofﬂumeﬂcal lntegra h trape 1 al
3. a tloll Dellvet (]
’ 1
fOlIllUla fOr t'he approxima[e evaluatlon Of -[f (x)dx A]SO Xp a]n

its geomeirical sig‘niﬁcancei .
OR
Using backward difference operator, derive thei tmula to compute

the second denvauve of a tabular functlond‘"g%lnts not found in

the table.

(b) Using cubic spline interpolation mietht d find Y(2 25) for the
v . ey N

following data : S
-2, with the bound_ary conditions

yO) =1,y(1)=4,y(2)=0,

Ne's

< y'(O) =2= y' (3)

A Fit a natural cubig S‘plme curve that passes through the pomts

R

(0,0.0),(1,0. 5;?%‘@@ 0) and (3,1.5).

dy o
4. (a) Applythei }gp ovedEuIersmethod tothe IVP R x*+y,y (0) L to
\ 4
Take h=0.05. , v 4

]

L
get y(0:

OR
d.the value of y(0.1) ih one step for the initial value problem
%2 y=xy0)=2, by- Runge-Kutta fourth order method. State

clearly the formulas being used.

5. (a) Solye the system-of equatlons :

B &\ 7

B4 J/B.Sc. (P
ART:I1y
(b) What do you y )MAT HEMATICS, 2014/ 103

nderstand by
an IVP of first order,

I
Predictor corrector methods to solved

Derive Mijpe: § predictor-

first ordef. Also, explain

differential equation,

Given'y"= O 5 (x+y+y'2), y(0)= 0, y'(0)z
by usmg the method. (Take h = 0, 2)“"

74

2K FR X 2%, =10

AX+2x,+X, =8
3x+2x +2x =
x+3x +2x X, =

using the Gau, ination method with partial pivotiﬁg. 4

: OR
N
Explglmhg% concept of curve ﬁttmg by the method of least squares.
O

Als@é&scuss fitting a parabola, by the method
= ax2+ bx + ¢ '
a given set of n observations

-(Xi' Y,),i = 1, 2 e , I
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el iterative method tO solve a s

ystem of linear

(b) Describe Gauss-Seid

: algebrzuc equations.
- Also, use the method to solved th

e equations.

6x+y+z=20
x+4y-z=6
x-y+5z=17
Do two itetétidns taking the initial approxi
| OR
Find the eigen\;zilue of largest‘ modul
of the matrix.
2 3.2
4 35
3 209

by power method after thidhiteration starting with the initial vector

O =it

as (0,0,0). = 5

d associated eigenvector

Three-year De ee Course

| MATHEMATICS
(FIRST PAPER) -
' : _J

—

Time : Three hours] [Maxi Marks : 6
imum Marks : 61

Not [+
e: Att mpt all questions. They all carry equal marks Symbols useJ

have their usual meaning.
(a) Define a homomorphism between‘two groups. Determine alt
~ homomorphisms from (2 ;1) to (2,5 +)-
= OR
; Let (G, .) be a finite abelian group and n =max {0(a) :ae G}.Provt:
that the'order of each element of G dividesn.
(b) LetHbe a subgroup of group generated by {a, b}.Ifa and b commute,
prov'e' that H is abelian . Is H also finite ? Justify your answer.
- o '
Prove thgt the group GL (2, 27) is non abelian. Determine the orde:
of this group and the number of lest cosets of the subgroup SLir.

(2.2,)inGLQ22,).

2 (a) State and prove second isomorphism theore
n] (m,n).

m for groups. Use it t¢

prove that if m, 0 .Em.: then m.n = [m,

OR
Define a normal subéroup of a group. Let G, and G, be groups
and H,A G, H, A G, Prove that H= H xH, A G G,xG, andthe
IHy (r/ H,.

group G/ is isomorphic t0 G,/
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(b) Define the commutator subgroup of a group .Determine the
commutator sub groups of S, and S;xS,.
OR )

Prove thatifn > 5, then any two 3-cycles in An are conjugate in Ap_

. Also prove that two disjoint cycles in Sn generate an abelian group,

3. (a) Let(G,.)be anon-abelian group of order p’, where p is aprime.Prove
that G/Z(G)~ z,x2,

OR

Establish the class formula for an action of a group on a finite set X

Write the class formula 4for the conjugation action of A, on itself

(b) Let G be a non-abelian group of order : 10. -
Determine the centralizer of an element of order 2in G aqd hance
find the nu'mber of elements of order 2 in G.
i . OR :
LetG bé ‘a non-abelian group of 6rder 8. Prove that either G ~ Qsor_
G=Dy . »
4.- (a) Define the characteristic of a non-zero integral domain. Let R be a
' " finite non-zero integral domain. Prove that it is a division ring and if
p = char (R), then R-contains a subring isomprphic to z,
' OR L
Let R be a finite integral domain of characteristic p. Leta ¢ R.
Prove that there exists a unique b ¢ R such that a = bP.
= éb) Define a maximal ideal in a ring . Determine all maximal ideals of:
== () R k
i) 2
(i) 24, i

Y

5. .(a) Find the set ¢

! fal] integers which

divided by s, leave remainge

7and 11 Tespectively,
- OR
Let a, b
it lii Zarag: MeN.Ifa%0 andifg= (2, m) divides b, prove
(b) Les ) b_e : ngruence ax=b (mod m) has d incongruent sol'utions.
‘ 2 st;c_h1 that p x a. Prove that x2o4

ifa 2 =1(modp),

1S 1,2 and 5 whep

N 0dd prime and ac

(mod p) is solvable if and only

. OR
Let p be an odd prime . Prove that

', .;,‘,_.._(5]5{1 if P = £1 (mods)
: PJ). (-1 if p = 3 (mod8)
Conclude that Z = gl

_ p)DE -
] MATHEMATICS (SECOND PAPER)-2015

(New Course)

‘Time : Three hours] [Maximum Marks : 60

~ Note : Attempt all questions. which carry equal marks. Symbols used have
~their usual meaning. - N
““1. (a) LetA bea subset of ametric space (x,d) and f, g: A — R™ be maps.

E‘l‘,pg(x) =b, then

If p is a limit point of A andﬁ‘l‘,pf(x)=a_and
lim

! N
show that 5, f(x).g(x)=2a.b

: Caatri is compact.
(b) Prove that continuous image of a compact metrn; P .
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: OR |

| (a) Prove that the map S:R" x IR" /lR def' ned by S (x,y) XY, X, y
eR® is continuous. - ' o

ontinuous map from.a metrtc space (X,

then show that f is unlformly

d ) toa metric

(b) Let fbeac

. space (Y,d,)- If Xis compact,

continuous. R
2. (a) Show that the map f: R? o R defined’
2 ) ¢ 00
— , xy) * O
byf(x,)')= x2+y2 o wlte R b
: 00 -, (xy) = 00
where (x y) IR?, is not differentiable at (O 0). .

(b) Let S be an open subset of

iy

show that f (y) - f (x) = f(2) (y-x) for some: . LS ._\ R

zeL(xy)cSa.nd L(x y) {(l—t)x+ty,t E[O 1]}
: OR

(2) Show that a map £ R® — RMis dlfferentrable ata € IR if and only ] :

if each component of f is ‘differentiable at a.

’kb) By means of an example show that for a dxfferentxable map'

£ R R?andxyeR -
f)L-f(x) =T (2) (yx), where z eL(x y), is not necessanly true. "

3. (a) State and prove Euler's theorem for h\o{nogeneous functions.
(b) State ‘the inverse function theorem. Let f: ]Rz——> R be defined by

f(x,y) = (¢*cos y,e* sin y). Then show that i is locally mertlble at each

pomt of IR but is not injective in IR“
OR -
~(a) State and prove the 1mphc1t functlon theorem
. (b) Let f:IR><> R be defined by : '
f(xy) =x°+y*3x-3y-1,(x,y) e R :
Find the critical points, points of local mlmma and pomts of loc:aI
maxxma of the function f '

IR™ If f:S— ]R]S dlﬁ'erentxable then

BA/B.Sc. (p
ART- III) M,
a) Show th ATHEMAT
4. @ at the sequence of funciions (%)~ gogine 1cs, 2:15/ 121
=1 onasubset S of

R, conver €S u"lfo“"l on S y 1()[ eVer € O,the[e
g y lfand Onl lf >

CXIStS a p()Siti ve Inte Cr f X) - f X €,
g K Su
> Ch that l n ( ) m ( )I <

b) Stat
( ) ¢ and prove Abel's limit theorem use it to show that

x 1 1
4 o esedee v 1

OR

(a) Show that ;
Sou at the sequence {fn }n=1 Where £ (x) = nxe ™2%n e N
erges pointwise, but not uniformly in [o, oo]
(b) Stateand prove that Abel's test for uniform convergence of an infinites seres.

n-1
5. (a) Fmd the region of convergence of the power series X —((Z+' ?)) P
n=1(n+

(b) State and prove a necessary condmon for dlﬁerentlabmty of a map

fD_>(]3 whereDc(B
OR

(a) Show that the map f(z) = lzl is not differentiable at each pomt in
; the complex plane, except at z= 0.
* (b) Define the complex exponential function exp(z). Prove that :-

(i) exp(z*z,)=exp (il). exp (z,).

(ii) exp (Z)is nowhere analytic.

MATHEMATICS (THIRD PAPER)-2015

(New Course)

)

Time : Three hours] [Maximum. Marks : 60

Note : Attempt all questions. All the questions carry equal marks.

of the conjugate liner to the line
em (R M) at origin where
4k - Also, find the magnitudes

(a) Find the vector equation
—t(l + J+k)w1th respect to the syst

R=2{-2j+3k and M= 3i+3j-
" of the conjugate forces.
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: OR

Define a nul line relative to a give;l system of forces. Al;o, Prove

that if a nulline relative to a given system.of force intersects a given

line, then it will intersect its conjugate line with respect to the system.

: (b) Show that pitch of the wrench is an invariant of tlie forAce fyste£ni If
. forces Fy =21+ 3] - 4k.Fy = —37+2] -3k and F; =1-j~2K are
acting at points (1,0,1), (-1,1,0) and (0,1,2), respectiyely, then find

the pitch of equivalent wrench and the equation of central axis. -
. OR - , e S
Two equal forces act one along each of the straight lines

xtacosf, y-bsind z,

asin® tbcos® ¢’ o e
show that their central axis must, for all values of 6 line on the surface _

X z a ¢
{2242
Z X c a

2. (@) Find the moment of inertia of a solid right circular cylinder of mass

M, height h and radius a, about a straight line through its centre of
gravity and perpendicular to its axis. , o
‘ OR s
Show that the moment of inertia of an ell iptic lamina of masé M and
' semi-axes a and b about a diameter of length 2r is Ma? b¥/dr 2.
(b) A gniform-lamina is bounded by a parabolic arc of latus rectum 4a
and a double ordinate at distance be from the vertex. If
b= 307+ 47), then show that two of the principal axes at an end
of the latus rectum are thc? tangent énd the normal there. '
OR .
Define the principal axes of a body atapoint. Find the cond"ivtion that’
aline is, at a point of its !ength, a principal axis of a boc‘iy.‘ 3

N

B.A/B.Sc. (pART.

3. (a) Derive €Xxpressions for velocity
in the cylindrica] polar co

111) MA THEMATICS, 2015/ 123

nd acceleration of moving particle
ordinates (r, g ), %

OR
Ifa rod of leangth 24, revolyes with uniform angular velocity w about

a i i . .
vertical axis through a smooth Joint at one extremity of the rod so

that it describgs a cone of semi-vertical aﬁgle 60°, then show that

2aw?=3g

(b) If arigid body swings under gravity from a fixed horizontal axis, then
.-~ showthatits centre of suspension and centreof oscillation are convertible.

' 3 " OR
oA ;:ircular area can turn freely about a horizontal axis which passes
through a poin? 0 of its circumference and is perpendicular 1o its
plane. If motion commences when the diarheter through 0 is vertically
above 0, then show that when the d_iafnéter has turn through an angle
60°, the c'o'fnponenfs of strain at 0 along, and pependicular to, this

diameter are w/6 and W/2[3 respectively.

4. (a) What physical significance is implied.in the equation of continuity?
Obtain the equation of continuity for.a homogeasous liquid. For
irrotational liquid motion, show gha_t velocity potentic] <atisfies the
Laplace equation.

' OR

Show that ,
: : 3
| : i face of a liquid. and fin

is a possible form for the bounding surface of a liquid.

5 :
tan? t+25-cot’ t =10

2

dan

expréssion for the normal velocity.
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(b) Steam is rushing from a boiler through a c_:oniéal pipe, the diameter,
* of the ends of which are D and d. If V and v are the corresponding

velocities of the steam, and if the motion is supposed to be that of'

divergence from the vertex of the cone, then prove that*
v D* [vi-V2
gl
where K is the pressure divided by the density and supposed to be
constant. ' - ;
: OR
An infinite mass of fluid is acted-on by a force p/ r‘?”'? per unit mass
directed to the origin. If initially the fluid is at rest and here is cavity
in the form of sphere r = a in it, then show that the cavity will be

' ; : W2 s
filled up after an interval of time (i) 2>
J "

5. (a)- What is the physical éign_iﬁcance of stream function for two
dimgnéional fluid motion ? Also, find the stream funétion of the two
dimensional motion due to two equal sources and an equal sink
midway betwgeﬁ them.

’ v - OR | . .

Find the comple;c potential due toa simple source of strength m,
placed ata point (1 ,2).,Which arrangement of sources and sinks will
give rise to the complex potential function cot h''(z) ? ‘.

(b) Within a rigid boundary in the form of the circle:

© (x+a) +(y - 4a)’ = 8a%,

there is liquid motion due to a doublet of strength . at the point

(0,3a), with its.axis along the axis of y. Find the velocity potential of |

the liquid motion. "

2m[(OS)Z'+ (0A)? J _ (PA)PB)
] 0S (PS).(PS").(PT).(PT"y

W U ] . .
'hf_:re S'and T' are the inverse points of S and T with respect to the
circle respectively.

MATHEMATICS (FOURTH PAPER)-2015
(NUMERICAL METHODS)

* Time : Three hours]

[Maximum Marks : 45

Note : Attempt all the questions. Marks are indicated agéihst each question.
Symbols have their usual meanings.

1. 2 (a) Explain, what do you understand by the convergence of an iterative
method . ' 4

OR

Explain bisection method to find a root of an equation f (x) = 0.
- (b) Derive the Newton-Raphson formula using theTaylor series
- expansion. Also, explain the method geometrically.. \5
‘ OR

d to find root of the equation X*x-2=01in

Use the Regula-Falsi metho

the range 1 <x<3.Do three iterations.
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. 3 Newton's back
tors Vy and E. Also, derive the Ne Warg 4. -(a) Describe Eyjep

lation formula .
OR : : o
o Pply Ru"ge-Kutta
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2. (a) Define the opera
difference interpo

Find the missing values in the following table : - -

o T 2]3 4] 5. 6 ,
a2 [ = =220 | 546 | 1148 S Giveny =1 o
L ‘ 1Y Syeyey 4,

(b) Using-Newton__'s_forward g_iifferencg formula, find the sum’

J

Sn= 13+ 254+ 3+ comseemimmtl, - IR
terpolation formula. Using

" Derive the Newton's divided differences in
Lagrange's interpolation formula, find the ‘fprm of the function
y (x): from the following table . -

x] 0 [1]3]4 : S e : differential equation. .

y [-12.[0[12 |24

solve an IVP of fifs ¢
N IVP of first order explaining how to apply the formula. 5

OR

DCSC”be tlle la (o) e‘ T1C €thod to ve b F of eC()lld ()]de
yl I'S series m th d t SOI an I S
T

~ Given, y" =0.5(xty+y+2),y'(0) = 0, y (0) =0
find y (0.2) and ¥'(0.2) by using the method . (Take h=0.2)

5. (a) Deseri . o
| (a) vescrlbcth.eGau331anE11m1nat10nmethodto§olveasystemof1inear

3. (é) Explain the concept of numerical integra_tic)ri. Derive the Trapezoidal

, rb
formula for the approximate evaluation of J’ f(x)dx Also, explain
‘ : : ot

it's geometrical significance. 4 R
- "OR , :  algebraic equations.
Fit a cubic spline curve that passes through the poir\lts (0,1 ), (1,4), Aslo, solve the systefn of equation :
(2,0) and (3,-2) with the boundary conditions S'(0) = 2 and S'(3)=2. . ’ S
. 7 2x1+X2+x3-2x4=_10

(b) Using backward difference operator, derive the formula to cempute

thglsqpopd derivative of a tabular function at points not found in the 4x, +2x, :Fx4 =8
table. e s L . . J
. R , 3x+2x,+2x, =7
- Derive Simpson's (3/8) - rule - | N . ' §l+ o TS
X3 3 AL ; 3 C : f ) - OR
f ydx=§h(yo +3yi+3ya+y3) ‘
i . ] | A Solve the equations :
using thi » ' - x=1
gI lj rule evalqate 5 sge . X Extx = 44
I=J;),l+-xd7\' _ oy SO . ; 4x]+3x2-?(3=6_
3x, +5x, +3x,= 4

With h = 1/6 . Evaluate the intergral by using Simpson's (1/3)-rule - .
compare the result . - ' . T R . by the LU decomposition method.
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128 / SHILPI UNSOLVE. method to solve a system of linear

: : ; Exam' T .
¢ & iterative "
Describe Gauss-Seidal itera NE—
v lZebraric equations. Also, use the method to solve the eq
a

10x, - 2%,- X,- X, =3
-2xl - IOXZ“ X;- X, =15

X%, Time : 3.00 Hoyrg
X, - X, + 10%,-2x, =27 o . Note : Attemp 5]

) v Uestions, ity | -~ [MM. 60
.- X, - 2x,- 10x, =+ iration as (0,0,0 (')) 2 . ,us)ed lll)ave thei;I usm]?&iﬁ% all carry equq) marks, Sympos
™ 2 s o it ati sV ) * a 3 .
i : itial approxim _ . J Define a : : :
Do two iterations taking th? (x)r; ; ; 0 all homoxphismomhlsm betwween two groups. Determine
vl ically largest eigen value " (@)  from (Q, No(Zi v '
: hod to find the numerica : ‘ e 8 671
Deses Power: e; efgen vector of a square matrix A of order n, ' ,(H) from Q Hto (Q+’O.l)£ .
and a correspondin » , L ' , p ! ' _ _
eigenvalue of the matrix : ToVe that ] subgroups of a cycli ic. Is
Using the method, find the largest eig f thefcoveﬁse true? Jusﬁ% your ar};:“l/gr.g..r(.mp .. Is
v i : _ - ( Cline the center of 5 group. Determine the i
41 0 _ . | b GL, (IR) (i) Qg S5, Hie center of (i)
i , : ' PR . OR. e
1 200 ; y oty (1)  State and prove Euler's Theorep_ - .
0 : : (i) Give an example of a finjte group in whj
N ; : , P In which the
: ding eigen vector after second iteration starting with the . converse of Lagrange Theorem is not true,
and a corresponding ‘ . o 2. (a) LetHbe a subgroup of a group G. Define g conjugate of
intial vector 3% = [0,0,1]7 b . Hin G If N is a normal subgroup of G contained in H,
0.1 : then prove that N is contained in-each ‘conjugate of H
inG e S :
OR

State Fundamental ‘Theorem of horhomorphisms for
groups. Use it to prove that (i) ifm,n €N and if n/m, then

"%z =Z% (i) if H is a finite subgroup of S!, then
S'/H=5" R X
(b) - Let fbe a non-identity permutation in Sn. Prove that f'is a
‘product of disjoint cycles in Sn. ¢
' . .~ OR ) G
' S Let G be a group of order 2n, where-n-ls_odd.Provg :a
' ; ‘has a subgroup of index 2. :




g
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2/ Shilpi Unsolved Paper
3 LetH b D 556, (Part- 1) gy
3. (@) t e a subgroup of a finite group G. Prove that the efine 3’ mllltlph ematics, 2016/ 3
i number of conjugates of Hin G i is the index [G : N, (H) ﬁlnctlon Hism ;«‘atlve fu Nctiop,
Determme the normahzer of {I, (12) (349} in S4 o ! u t‘PhCatIVe and for hthat the mobllls ~
: LetGbea non-abehan group of order 10. Wnte the clag |0 zf n>1
. equation for the con_]ugatlon action of G on itself. (b) Let neN,
() Let G be a grotp of order | p , where:p is a prime. Proy, i dIVIsofs n>1, Let pl, Pz, e be all disc ;
7 , ees P dist .
‘ that elther G Z 2 or G Z XZ, of : : ve pﬁi
it b ¢ ‘OR ° . (P(n)in(l—i](l_iJ .(I—L.
Kty Let G be a non-abelian. group of. order 8 Show thaltiis - ' R P p)
5 i ha . ; where ¢ s the Euler's phi-functi ’
L |Z(G)|=2 (G has two: non—1somorph1c subgroups of . OF on..
: . order4, then prove that G=Dg. Let °t p be an odd prime and ae 7, ‘such that pXa. Define
4. (@) Define a subrmg of a ring. Prove that : ,
' N S ' ‘the Legendra symbol ) Prove that
Sz{( b )a’bez e (a
T AR (—} 11fp 1 (mod4)
"' is a subring of Mz((C) Also, prove that each non-zer p
element of S i isa unit of S. ; ; { : f.- P ,
.OR : S ri_
Define -an integral domain. Prove that lf me N, m> IL (@) Il[ p) ¢
. r—
then the ring (Z,,,+,.) is an 1tegra1 domain if and only Sk M ATHEMATICS
m is a prime. Is an mtegral domam of order 32 a field!
~ Justify your answer. . L - Second Paper, 2016
(b) LetRbea commutatlve ring with 1dent1ty Prove that Rif : (Advanced Ana|y5|s) i
a field if and only if 1({) lllias no non—zero proper ideals. T1me 3 00 Hours] 1 x [ é"l 0
N 1 t hich carry equal marks. Symbols use
Let F be a field F [x] be the polynomial ring over Fif Note: hg}t;eﬂr?:;egs‘?;e;gﬁ% arry q
indeterminate x. Prove that every ideal of F[x] is generateg L (@ IfT:R'- IR™ is a linear map, then show that | Tx|| <
 byasingle polynomial inF[x]. Ifa e E.and Lis the ideal o M[x|xe - IR", where M is positive real number. Use it to
- F[x] generated by X-a, then prove thatI isa maxrmal 1dﬁaJ 5 s Jprove t’ha £ T is continuous: , d
- of F[x]. i bset of a metric space i close
s t a.compact suose
. (a) State and prove Chmese Remamder Theorem B Z;gvlfot\?r?d;i I ﬂp;e ¢ onverse true? ]ust[fy your answer.
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@
o
2. (a)

)

@

" arguments. ~

- ®

3. (a)
)
. '(a)
()

4, (a)

) OR C L. et N
Prove that a map f : IR" — IR™ is continuous if and-op,
if each of its component is continuous. - o
Prove that a compact metric space 18 complete. Is the

converse true? Justify your answer. v
Let f, g : IR® — IR™ be differentiable maps. Then proy,

that the map f, g : IR" — IR, defined by

(f'g) (X) = ﬂX).g(X), X€ IRn"

is also differentiable. . S
Let f : IR? — IR be a map possessing partial derivativeg

D, f and D,f with D;f continuous at (a,b) € IR, Show
that f is differentiable at C%b), |

Give an example of map f : IR IR which-_is donﬁnuom
at.(0,0) but not differentiable there, with complete

Let S be an open subset of IR, x, y €S and» :
Lx,p)={(-)x+ty:te[0,1]} S

X 5.
Iff: S*— IR™ is differentiable, then show that for each |

non-zero a in IR™, there is a zEL(x, y) such that
a (fy)yfx)=af(z) yx). - vl
State and prove Schwarz's theorem. - - .
Determine extrema of f{x,y) = Xy, subject to the constraint
x+y=5 . ' - ai f

' PR OR
Use Taylor's theorem to express X2y + 3y

- 2 in powers of
x-1 and y+2. ' '

State the Implicit Function Theorem Let f: IR3 — IRZ be | -

defined by flx,y.2) = (x +y +2,x - y - x2), (x,y,2) € IR
‘Then show that there is an open interval U containing the

origin and a C'-map g:1/ — R? such that for
x'€ U, f{x,g(x)) =0. o

w -~
Test the series Z 1" -2 for uniform covergence on
. n=1 +n°x )

(i) aninterval containing 0,

(if). an interval not containing 0.

)

.@) :

State ’E\ﬁd B (Part 1) Mthamgis 2016/5
e Prove Dirich]et' ‘ '
P et ; ,

of an infinte series, S test‘for uniform convergence

. OR ,

Let o ‘

s {fu}es bea S€quence of functiong defined on a set
c ; .
C IR, which converge uniformly on s, 1f each f, is

continug i
. ntinuous at 4 point ajof S, ‘then show that

®)
3 ) 0
 series. Prove that the series Z - -
n

(@

(b)

im Lm £,(¢)= lim 1
J@)= lim lim 7, ()

State Abel's test for uniform convergence of an’inﬁﬁite

1 ) converges
s n= i
uniformly in [0,1], but does not converge absolutely there.

Show. that .~

O % ,Z2=(x+iy)#0
f(Z)_: ' . ’}.).\ .
. ! 0 . : .=Z=0'

is ot differentiable-at z = 0, although it satisfies the

" Cauchy-Riemann equations there:

Introduce the complex exponential map exp (z).A Prove
that - . W LR
(). exp(ztz)=exp(z)exp (@),

(i) exp (z) is nowhere analytic.

’(a) ,

()

Iy OR -
Findananalyﬁcmapofwhichﬂxeralpﬁnsﬂlemap :
u(x, y) =y -3y x,yeR
Let f be an analytic map 1sa
DcC.If f(z)=0,Yz€D, then
show that f is a constant map-
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MATHEMATICS .
 Third Paper, 20016_

* (Advanced Mechanics)

1.

- "Time : 3.00 Hours ] _
Note : Attempt all questions. All the questions carry equal Markg |* -

.- Symbols used have their‘usual meaning.
(a) . Define mutual moments 0

®)

(a)

 where pj, p; are their pitches.. -

‘Show that the moment of inertia of a éblid'sphere of M2

' f two lines. Show that the tw,

" conjugate lines of a given system of forces do not intersec
each other. : e b

.OR

Two system ;)f forces are equivalent to. (EJ\_JZ) ang|”

“(R2.M32) respectively at origin. Show that the condition|*

*that the axes of the equivalent wrenches intersect is
E]ﬂz‘#ﬁzﬂl =(n 4‘p2)(§1.§z). iy '

The axes of two wrenches (P, pP) and (0,90) areu .,::
3. @

Prove that the axis of resultant wrench divides the lineoff - -

right angle and the shortest distance between them is 2,

shortest distance, B oy
() . Orthogonally~ ...+~ - . ‘.Y
(i)' Intheratio;. - - e RN

0(2aQ +(p~q)P}: P{2aP - (p - 9)C}
S CLOR AT EE
Define nul point and nul plane of a given syst

.nd H = f - 2kA . : iy .
M and radius a qb'out'_its diameter, when the mass dens/

e : em of forées. :
* Find the nul point of the plarie x + 2y - 3z =5 with respedf -
“to the system (R, M) at origin, where, R =37 +2] +}

L

BS ' |
55 Part- 1 Mathematiss, 2015, 7
from the centre, js iMa2 B

- -‘SrhOW1tt)hat_the‘sum of-th% m
~+area about any two muty - i
-Iiilway_s- constai,] N 0 mutually Iij’ierpendlcullar tangents, is
et a uniform rod of length i | |
1 of Ie 2a, turning about j :
;tgg frt(l)lm the Posttion in which it was vgierticalil;t:bzl\lg 8’ A
W at the vertical reaction of the fixed axis Vamshes

'.wthen.o =cos™! (—l L
top A bent,lever,,whgse arms are of lengths a and b the angie«
; between them being o, makes sméill Oscillations in its own
~plane about-the fulcrum. Show that the length of the
- Corre_sponding simple pendulum is L :
2 - &4 B

-3 \/a4 +b* +2a%b% cosa - | _ ,
Show that the acceleration of a moving particle in
Cylindrical Coordinate systeni (p,¢,z) is

o)

e LD g gy R

(-pPB = (PP
where "' denote the differentiation with respect to time. -
A plank of mass M is intially at rest along a line of greatest
- slope of smooth plane inclined at an angle o to the horizon,

1. of mass M starting from the upper end walks -
o tho ' s not move. Show that he

down the plank so that it doe:

. gets to the other end in time | /(Mil—M')gsma
Where a is the length of the-plank.

. *““



v

]

8/ Shilpi Z_Jnsolved Paper

(b) Define momental ellipsoid. Fmd the momenta
at a point on the rim of a hemisphere.
: - .. OR
* _ Find the time-of oscillation of a compound PendPIUm_
"~ Consisting of a rod, of mass m; and length a, carrying o
one end a spheré of mass my and dmmgter 2b, the othe,

I ellipso;q

Find the value of n show that the ellipsoid,
2 2 2)
s b c

" _is aprossible fr
time t.

»“4; : _(é)

coe s @R e : |
" If every particle moves on the surface of a sphere; prove |
that the equation of continuity is - et

g e ]
%cgse+£(pwcose)+55(6w cos0)=0 P being |-

the density, 6, @ the latitude and longitude respectively |-

_ ~of an element and w, w' the angular velocities of any
element in latitude and longitude respectively.

) A mass of liquid of density P whose external surface isa

long Circular Cylinder of radius a, which is subject toa | .-

" constant pressure II surrounds a coaxial long' circular
cylinder of radiiis b: The internal cylinder is .S.l‘lddt?n])’ &
annihilated. Show that if v is the velocity at the internal
surface when the radius is r, then L

AR (o o i ST LR

prllog(? +d2 -2t ]

_ = .. OR e s

If the external forces are conservative and density 15 2
function of pressure p only then . g h

i end of the rod being fixed. 5 '

om of boundary surface of a"liquid' atany | ."-,ﬁ,_l;-

@

=Curlg , the vorticity vector.

Between the fiy 5 boundaries 0=~
| ' 4

is a two. dj i iqui
‘S&entwoadlinensloqal liquid motion due to g surece of
gth a at the point (r=2,0=0)and an equal sink at

the point (r = =
the point (r b, 6 =0). Show that the stream function is

*":.;._l_.-m'tan—l{ '@ -b*)singg }

r~ri(a* +b*)c0s40 + a%p?

e OR
In the case of the two-dimensional fluid motion produced

by a source of strength m placed at point S outside a

3 'théf. fhe'lﬁagnitude_at these points is

0

rigid circ’:glat disc of radius a whose centre is O, show that
the velocity of Slip of the fluid in contact with the disc is

Ny greatest at_the‘;' poin_ts Wwhere the line joining the ends of -
‘_the ‘dlan_letr atright angles to OS. Cut the circle and prove

2m.0S
i | (08 -a*)’
Show ‘that.the image of a doublet of strength [, at a

- distance f, from the centre of a circle, relative to the circle

is a doublet of strength pa? / £, where a is radius of the
circle. ’ LW :
' -~ . OR
State and Lprove the Mione :
. Hence, find the image of a source Wi
of radius a. .

~Thomson Circle theorem.
th respect to a circle
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MATHEMATICS
Fourth Paper, 2016 -

_ (Numerical Methods) - .

Time : 3.00 Hours ]

Marks are indicated against each

“ Note : Attempt all questions. Mz re _
d have their usual meaning.

question. Symbols use

1. (@

_.(b)

2 @

- solving an equation

~Find a real roof of the equati +X -0
- using the. fixed "point iteration

Describe Newto

involving"one unknown. Discuss
briefly the g 4 s b Bk
(). Geometrical significance of:the method, and.
(i) Convergence of themethod. .. -
on x3-+x - 1= 0 correct to
three decimal places,
method. - < K i
Derive the formula EaErs]

VLt g R e
xn+1=-3—[2xn+1_2_J 1 :ﬁ te

for computing successive approximations for the cubeToot

of the number a by Newton-Raphson method and use it to

obtain 3/2 . Do three itératio_ns. :

Use Regula-Falsi method to finid the real root of the
equation - e v
X =x-1=0

which lies between 1 and 2. Déj three iterations. .

Define central-difference operator, shift operator and
. average operator. Also derive Newton's forward difference -
- interpolation formula, . e - 4

OR

10 15- 20 25

'Fix;dghe‘msissing v'al'ué,intheffc')llowi.ng table: =
y 6 10 - 17 - 310

ri-Raphson  method - for - numerically -

5

- ofyatx=1.91

e —

; B.Se. (Part . \
. : - /l) Ma[h
Use . ematics, 2
=S¢ Newton's giyigeq 2016/11

al ;
5 from the 8iven data ;

~ Interpolatin ced difference o,
X 7. sg‘polzno,ml ula to find the

Yy 3 1 .1
a§d hence evalyate ¥9.5).
State without et
> WIthout proof, Stirjingts” gy 1 4
int : 1 g's fo
erpolation. Fuuther, yse the formula gntl‘llﬁi 6{1(1rth:entlral'
g A : é)m thcla gata given below : e
g : . . 20 721 -
y=e' 54739 6.0496 6.6859 73891 8§ 1662 gfgzso

" In the interval [Xiixi'_f'll’ the cubic spline §;(x) may be

expressed as :

; S,(X) =a; + b]' (X-Xi) + ¢ (X-Xi)z.ﬂ' di (X-Xij3,

1=0,1,2,..... ,n-1,

© - . -Determine th i» Dy i
‘ rmine the constants a, b;,¢; gnd d; using the conditions

for a natural cubic spline.
OR -

, Evalua_te, o ; e ‘
. . -\ .

(®)

@)

6
oo byung

137 by wsing

@ '_Sim'psc')n‘s‘ one-third rule ‘
(ii) Trapezoidal rule

Ify=A+ Bx + Cx%.and Yo Y1, Yo are the values ofy
corresponding to x = a, at+h, a+2h respectively, prove that

a+2h h ST T
I ydx=‘—§(y0 +4y+y;)
a v :

OR '

i icspli cﬁr_ve that passes through the points (0,1),
o i sundary conditions S '(0)

(1,4), (2,0) and (3,-2) with the bo
=2and S'(3) =2.d' t‘
- Derive Milne's predictor-corre '
?lflg;lginary diﬂPerentual equation numencglly.
. OR :

5

corrector method for solution QZ }
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©®

5. (a)

(®

" matrix A of ordér n,

S‘olve,
gl}—)=3x+%y2 with y = 1, when X = 0, i
by Rungé-Kutta' forth-order method t0 find y(0.1) and

ingh=0.1. o .
gg;fze)’b;al’;‘{:ﬁcﬂ's series method the following differential

equation, . /
dy y_1 | :
= 4==—, A e %

dc x x°° d.f(l.l)arl_dy(l,2)y(rlthh;_

with y = 0 when x = 1, to fin

' ect to three decimal places.
0.1, corr e

Use Euler's modified method to solve

dy/dx=x 1Y, st _

;iv):{h initial c)c,mdition,xo Z) 0, yo =1 (in steps of 0.2) for
ining y(0.2) and y(0.4). )

Zl;)tgl;mggags(s-sgidal I}I;etho_d to slove the system, . 4
3x+y+z=3 . =

2X+y+5z=5
x+4y+z=2 2

OR

Sol‘\"e the system of equations :
1- 2 3|x 5
2 8 22|[x|=| 6
3 22 82 x| [-10

using Cholesky's method. . : :
Describe the Gauss Elimination method to solve a system

of linear algebraic equations. Also, discuss partial and full _

pivoting giving suitable examples.

S OR
Describe Power method to find the mimerically- largest
eigenvalue and a corresponding eigenvector of a square

—

Time : Three hours]

Note.:. Att ' T o Max '
. o empt all questions, They all carry equa] XImum Marks : 6
ave,t,he;vr‘usual Meaning, e G _marks, Symbols used

*1..'(a). Fora, bj : el ’
_ MR TR 5 R bedefinedby T Ty (X) =ax+b for

Define dihedral ¥
‘ ‘ group D, of order 2n for n > 3. Prove
- subgroup of D, of odd order is cyclic. B T tareeny
a3 (b). Peﬁne orderof an elL(_ement X ina group G. If the order of x in a grdup

1s n, show that the or@er O_f xkis -g'_é_d_(k, n) _fc‘)r.any integer k. Find

the number of generators of Zy. OR
Let H and K 'be finite subgroups.of a grg
. group G. Prove that
- |HKHH N K] = |HHK| Is HK a subgroup of G? Support your answer.
2. (a) Deﬁne‘an automorphism of a group. Determine Aut (7 )and Aut @S,)
. - . OR : A
Prove that A, has no subgroup of index 2. Does A, have sijbgroup of
. index 57 Support your answer. St o
(b) Define the commutator subgroup [G,G] of a group G. Prove that
[G,G] is a normal subgroup of G and find [Q,QJ OR
Prove that S, is generated by (12)and (123.. .n). [s S, generated by
(13) and (1 2 3 4)? Support your answer. S

: 3. (a) Establish the conjugacy class equation of a fiﬁite’ group. Write

' conjugacy class equation of S,xZ,. OR ,
Let G be a group of order p", where p is'a prime and n is a positive
integer. If N#{e}is a normal subgroup of G, prove that
NN Z(G) #{e} and deduce that Z(G), the center of G, is nontrivial.
(b) Prove that an action of a group G on a set X determines a permutation

representation of G on X. OR _ : -
how that there is a transitive

"Let H be a subgroyp of a group G. S : .
action of G ori G/H the set of left cosets of Hin G. Give an example
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xac
4. (a) I(;i?xieo;? ficeta;)g:: tn:g Lely [ be'an ideal-of @ eon;p}(u}ta;l;/: lr(;::lagl Rf
Showthat J={acR[a" €l forrsomf)%osmvem eg o
' gcfl‘ Sr]feajnqlifel)ggglrdg?nua;aaf;iln example. Prdv’e-that every non-zerg
(b) g?\:::ea: teexg;;l;(::)l? lanr;snz (\j;'rvtlhso?xrt] rl:ireﬁnty Prove that every ring can

be embedded in aring with xdentlty OR
Let F be a field. Define an irreducible polynomial over F. Prove. that

the ideal of F[x] generated by an irreducible polynomlal over Fis

maximal.
5. '(a) Let .f and

h(n) Zf ( ) for aIl posmve mteoers n. . Show that h is

s mumphcau ve and deduce that sum of drvrsor funcuon cns multIphcatrve
" Isa completely mulnphcatxve ? Support youranswer. OR =

g be . multxpllcanve arrthmetlc functlons and

Defi nethe Eulerph1 funcnond) Prove Lhat n ch (d) forall positive .’

; mtegers n and using Mobius inversion: formula ﬁnd an expression for ¢ n.:
(b) Let p be an odd prime, 2 and bbe integers not divisible by p. Prove that

(2@)_(2)1) ., - g
) .Is23a qudratxc resrdue modulo 53? Support your
answer - State Gauss Lemma Determme all odd primes p # 3 such

that x? = 3(mod p) has a solution.

MATHEMATICS (SECOND PAPER) 2017

(Advanced Analysis) -
[Maximum' Marks. : 60 -
Note : Attempt all questlons Symbols used have their usual meanings.

1. "(a) Define acontinuous map from a metric space to a metric space. State

and prove a characterxzatlon of a continluous map between métric

spaces. .
(b) Show that every open cover of a compact metric space has a Lebesgue

(n 1) n>2 Does

number Letx=(0, 1) w1th usual metric and U,

\.

3 (a) Let

"B.A./B, Sc (P .
ART-1) MAT.
HEMA TICS
a LebeSgue number “exist for the cover { s

u .:nzz} ofx? OR

(a) Let T IR“ -, ]R"‘ bea hnear map such that hm
T=0. ' ‘

)( b) Letx bea complete metric space and FcX. Sh
if and' only 1frt is closed in X,

” ” 0 - Show that

ow that F is complete

2 (a) Defme dlff

Y z > erent:abrhty of a map f. IR"‘—»IR“. Let a map
£ R R?be defined by f(x.y)=(x*+y%xy),(xy)e R?
Compute the total derivative of f at (1,2).

.(b) State and prove the chain ru]e of differentiation for functions of several

¢ varigbles. OR.-

_)' Sh_ow that- f:R*S R,

- f(x,y)= \/I—‘(—y[(x y)e ]R“ Jis not differentiable at the origin.

(b) By means of an. example show that for a differentiable map
“frR- R2abd VyelRf(y) f'(x)=1(z )(y x), where
ze{ 1— xl+ty te[O 1} s not necessarily trite.

f:R*<Rbe a differentiable -map. *If for each

. x€ R",xVf(x)=pf(x), where peN,then show that f is a

. homogeneous functxon of degree p. )

(b) ‘State the 1mpllclt function theorem. Let f: R® — I«* be defined by ~ -
f(x,y,2)= (x+y+2, X-y-2x2), (X.y.2) € R®. .

. Show that there is an open interval U containing the.origin and ac'-
mapg: U — IR®.such that for x€ U, f(\ g(x )) 0. OR

(a) State a set of sufficient conditions for areal valued map of two variables -

‘to have a local maximum or minimum value at a given pomt Examine

the map f(x,y)=2x"—xy =3y’ —3x+7y (x.y)€ R’ for local

- minima and maxima.
(b) State Taylor's theorem for a map f R" — R . Useitto approximate

1.
log(1+x+2y) by d polynomial of degree -
4.. (a) Show that the series whose n" partial sum is Iy converges
uniformly on any finite closed interval [a,b]. ,
(b) State and prove weierstrass' M-test for the uniform con

series. OR.

the  map. defined by

ergence of a
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< ,- L 1) MATHE 4 .
nx . i conver; : ' M Tics, 2
(a) Show that the sequence —’TT] is not uniformly genton with respect to the s RM Pl
( 1+0x* foa : : YA (R"M) atorigin. where § — ;_ 43 o
: : ' =2i-4j¥k
&

\ : Iglors : and Mz?‘ﬁi+2lz.AIso DLaIn conianr. ¢ .
: : =, 11? fy your answer. . 50 obtain conjy ;
[-1,1]. Is it uniformly convergent of [ 7 ' Define nul line and conjugate Jines f T oreeh O,
- PR : _ S s : . ; orasystem of fo
y ; , : ersence of an infin ¢ thatifanul line re] : res. Also, prove
- (b) State and prove Abel'e test for u'r'nform COMED . ilite . line, then it will ative to agiven system of forces intersects a given
S _ series. . - N tiability of a | 2. (a) Find the m e It conjugate line with respect to the system
'S, (a) State and prove a sufficient condition for differentiability of amap %o F - e soment of inertia of a lamina of mass M bounded by the
: f:D— ¢ Where DC ¢ _ . o LA rvey=sinx and the X-axis, lying between x=0 and x=r, about the x-
(b) If}’is an analytic map in adomain D CCand lfl is constant there, e ;X'Z h OR . : P . o
. then show that f is a constant map. OR N ) h;‘g;t l‘: m%megf Ofmerzla bf asolid right circular cylinder of mass M.
: y —11*is no analytic in the comple | E o and radius 'a' about 3 S
3 Slhow et EhCopEoe f.(z),— ’Z‘ 1510 where A prex (i) ' its axis, and ' .
ne. ; ; i : . .
pia _ ok (ll) a l‘me passing through its centre of gravity and perpendicular to its
x i b . axis. . -
= " onve 1z| < R. Show that '(z) exist 5 5 g e L
(b) Suppose f(z) _;,an% converges for I ’ @ $ (b) Define the principal axes. Show that the principal axes of a square at
. » ' : ’ - a ;ome’r,are the diagonal through the corner and a line parallel to the
: W ik Y : i other diagonal: - OR ) !
. g : z| <R. " A
and is equal to ?;n a,z throughout Il _ Hil - .Show that at an extremity of the bounding diamleter of a semi-circular
MATHEMATICS (THIRD PAP ER)-2017 ' : '. | lamina, ,the’ principal axis make§ an angle Etan“(S/ 37) {o the
(Advanced Mechanics) - - S diameter. e A, »
Time : Three hours] , ; [Maximum Marks : 60 3. (a) Obtain expressions for velocity and acceleration of aparticle, moving -
Note : Answer all questions. All the questions carry equal marks. Symbols . onthe surface of aright circular cylinder of radius b’ OR
have their usual meaning. - . - . ‘ Find the moment of the effective forces of aright body rotating about
1. (a) Three forces P, Qand R act along the straight lines x=a, y=b; y=b_, z=C - afixed axis. " R
and z=c, x=a, respectively. Show that they can be reduced to a single " (b) Obain the time period of acompound pendulum and show thatif the
. force. a ‘ axis of suspension of a compound pendulum elth'er passes .thtr_ogtgh
Defi;lé central axis of aogiven systerﬁ of forces. Forces the centre of inertia orbe atinﬁlr{lity; its time of oscillation is infinite.
: : ' (0) .
I ~ o L . ;s . U ooth hinge and is
Pi+Qj,Qj+ Rk and Rk + Pj areacting at the points whose position A thin uniform rod has one end a.tfachs’é(kl1 t?;v ?hzrtnwhen e fol-izontal
i I T T g e . : R allowed to fall from ahorizontal posiion.: -01 strain is then 11/8 times
vectors are —i + j+k,i—j+k and ‘i + j— k, respectively. Find the . strain on the hinge is a maximutm, the verticle ST ‘
vector equation of their central axis. ' - 4 ; d ‘ : i
. ! the weight of the roc. wiven in Eulerian
" two dimensional flow field gwen.l

. o ‘ - A A S S .
(b) Find the vector equation of conjugate line to the line T =1— j + t(i + _]) 4. (a) Consider the steady, tWO ¢ '
N ' " h : description by the expression:

T
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= xf+ y]
q= —’—"x Fy
Determine whether.the ﬂow is:

ompress:ble,

) Incompressnbleorc Py

(ii) [rrotational or rotationa

What physical significa
Derive the equation of continuity in the Lagrangian form. Also, \ Write

the equation of connnurty in the Eulerian form for a compressip),

d.
flui rrounded by infinite liquid of densxs.y P, the

here of radius 'a' is su
(b) Asp. The sphere is suddenly annihilated. Shoy,

pressure at infinity being .
that the pressure ata drstance r' from the centre lmmedlately fallstg

a
w{ 1- —]. - .OR
r »
Derive the Euler's equation.of motion in vector form for an inviscig

. fluid, and hence express it in the cylindrical polar co-ordinates.
5. (a)Define a two dimensional doublet. Obtain the image of a doublet with

regard to a circle by using circle theorem. OR
*'What do ycu understand by two dimensional source and sink 7 Fmd

the complex potential due to a si imple source of strength +m placedat, |”

the pomt 0,1).

" (b) Find the velocity potential of thehqurd motion when there is a source .

anid an equal sink inside a circular cavity of radius a'. OR
~ Find the stream function of the two dimensional ]1qu1d motron dueto
two equal sources and an equal sink midway between them. Also, find

the speed of the lquId at any pomt

MATHEMATICS (F OURTH PAPER)-2017
(Numerical Methods)
Time : Three hours] : [Maximum Marks 145
Note : Attempt all the questions. All question carry equal marks. Symbols
- have their usual ineaning.
- (a) Estimate a root of x*-3x+1=0 near x=0 by the fixed point jteration
method. Do three itérations. OR .

nce is implied in the equauon ofcontmuuy )

method Do three neranons

(b) Estlmate a root of x*-x-2=0
Y bisection meth
od. Do three j iter
ations,

(b)) Explain the method of Reg
. ~-9x+1-0

a) Prove th
b ( e Lagrange s interpolation formula for a function f satrsfymg

o f(x)=y, for i=0,1.2,3(x, <x 1<X,<x;). OR

(2) Find the polynomral interpolating the following data by Newton' dmded
 difference e Interpolation formula:

[0 T 13 13
Lf 112 [0 |12 | 2
- and estimate the value of y(-2).
£ (b‘) Prqve the stirling's interpolation formula. OR :
(b )~Est1‘mate_the missing value of f(4) from the following data :
x |1 |2 3 .41 5]
—f(x) | 2 5 7 | - 32
3. (a) Estimate the values (0,45 and f'(0.4) from the data ;
X 0.1 02 | 03 | 04 | S
f(x) | 1.105 | 1.221 | 1.350| 1.492 B

; ~OR
(a) Write and prove the Srmpson s (3/8) rule for numefical mtegranon of

a functions f.
(b) Usmg cubic splines, estimate the value of y(1.4)1... e data :

y(0)=1 y(1)=4, y(2)=0, y(3)= -2 with the end cona.tions :

y'(0)=2=y'(3). OR .
(b) Usmg natura] cubic splines estimate y(1.5) from thedata:

) & 0 R 1 .| 2 3
y 1 2 9 | 28 :
. ond order Taylor series mgthod

4 (a) Estimate y(0.2) in two steps buy sec

Where y'=x-y?, y(0)=2 OR

-,




100/ SHILPI UNSOLVED PA PER

dng step size 0.2 fo .
(a) Estimate y(0.2) and y(0.4) taking step size r the l~\/.]xv
;‘i)i=————yz —x with y(0)=1 by Runge-Kutta fourth order Methog
dx y +x ] ) :
(b) Use Adams-Bashforth predictor method to tind y(1 ,4) for the ]-V.P,:
x2y+xy=1. y(1)=1
where it is given that
y(1.1)=0.996, y(1.2)=0.986, y(l .3)=0.972.
OR o .
(b') Estimate y(0.2) in one step for the second order initial value proy,
y'=0.5(x+y+y'+2). Y(0)=0. y'(0)=0by R.unge-K_utta-Nystrom met
5. (a) Carry out three iterations towards sol\(lng the system :
5x-2y+z=9
x+20y-2z=4 . -
3x+7y-11z=3 ) » :
by Gauss-Jacobi iteration method starting from (0, 0, 0).
OR ‘ -
(@) Solve the system of linear equations by 'Choleshy's method.

-

lem,
hog

X, +2%, +3x;, =2
2%, +8x,+22x, =5
3%, +22x,+82x; =—6
(b) Estimate the numerically largest eigen value and a corresponding
eigenvector of unit length of the matrix : ’ ’

2 3
4 3
32

o N

OR

©(b') Using the method of least squares, fit a strai ght line to the followins
data: * : SRR

0.5

) Examinag

Three-Yeqy Depree Course

MATHEMATICS (First p
(ABSTRACTALGEBR,

Time : Three Hours]

on,2018

aper)
)

[Maximum Marks - g0
arry equal marks. Sympols used

Note : Attempt al| qQuestions, They all ¢
have their usyal Mmeaning,

1. (a) Define the subgroup of a group generated by a subset of it. Proye

that (Q, +) cannot be generated by a finit subset.
: OR

Let H and K be subgroups of a group (G .)- Prove that HK. is 2
subgroup of G if and only if HK=K.H
(b) State and prove Wilson's Theorem.
SRS OR
. Let(G.) bea group of order 2n, p e N. o
" Prove that the number of elements of order 2 in g is odd.

2. (a) State and prove first isomorphism theorem and give one application
of it..

; OR
" . LetH be a'subgroup of a group (G,) containing the commutator
- subgroup [G, G] of G. Prove that H A G Determiine the commutator
subgroup of GL (2,Z,).
" (b) ProvethatS_is generated by S={(12), (23),
: S OR _
Let feS.,f =1 Prove that f can be written as a product of disjoint
cyclesin'S . _ .
' i : txeX.
3. (2) Let® be an action of a group (G .) on a non-empty 505; X ;-i ;:OW
; ; i x of X.
Define the isotrophy subgroup Gx and the orbit GOx

....... (-1, m)}.

X L0 [ 15 [20 [25 30
YIS [T 119 {17 110

\ ' -1
that if g€G. then Gyor =8:0%8
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Let (G, .) be anon abelian grgup of
Prove that G/Z(G) ~Z, X Z,

(b) Prove that any two cycli
| OR.

ermine the number of conjugates of a subgrop of order 2 'ofz_1 “<')n

. Det on abelian group or order 14,

abelian group ororder 2 ofan

4. (a) Definea ring ho
from .

(i) Zg to Zy ‘ |

(ii) IR to the pol?'nomial rihg Z,[X].

OR ; : e
AL " : 5= LX) abeel i |
Define a subring of a ring. Prove that © = _p 5 |7 =4/ is

subring of M, ( &) whichisa pon—coﬁ1rhutati_v¢ divisi;}n ring,

(b) Prove that ideal I of IR [x] gqnerated By' xzfl € R [x] is maximal ang . .

‘R [x]/1 is a field isomorphic to;¢
' OR

* Let F be 4 finite of.cﬁaracteristic 3. Prove that.for each a e F ther| .

exists a unique pe F such that p*=g.

5. (2) Determine the set of all integers which leave remainders 1, 2 andf}

when divided by 6,7-and 11 respectively.
' OR

order p’, where p is 4 Primy,

¢ subgroups of order 4 of S, are conjugy,

momorphism. Determ.inev‘all ring h_qm()mmpmslns -

Déﬁne a multiplicative function. Prove that Mobius ‘function mis
. multiplicative and for each neN, ,Elu(d)l= 2
2 g NN
where r is the number of distinct prime divisors of n.

. (b) Letp bean odd prime. Prove that [;)= (—-I) 8

 Prove that there are infinitely many primes of the fonﬁ dntl (n€ N):

;\I}in:: : Tz:kht:ze HtOl]ﬁS] : [Maximum Mark
ote - Allempt all questions whic ’ m Marks : 60
their usual exaiig vlch carf) equal marks. Symbols used have

:] o (@) LetIR be the set of all real numbers, Definea ’converéent sequence'

. . . e

- Inametric space. Using definition, show that {—} is convergent
, . : . “n),
in (R,d)where d is the usual metric onR . Prove that every

convergent sequence in a metric space is boundéd but the converse
of it is not necessarily true.

! (b) Let(X;d)and (Y; p )be two metric spacesand f:(X,d)— (¥,p) be

a function. Prove that f is continuous on X into Y. if and only if
~f-U(F). is a closed subset of X for every closed subset F of Y.
‘ OR )
‘(@) Prove that every compact subset of a metric space is boundded as
- wellasclosed. t :
(b") Prove that the closed interval [a,b] in R , where a,b e IR and a<bis
a compact subset of R under usual metric on IR.

e (‘a) Let N be the set of all natural numbers and n, m € . Define

- directional derivative of a function f:S (g IR") - R" at a point
C e inthe direction ,, .

‘Define a function f:R* >R by .

' ol oxy? Lifx20
o) _x_z%yTifx=0 !
| 0 | ' . ) .
" Show that the directional derivative of fat (0,0) exists in
* but it is fot continuous at (00)-

all directions
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‘ . If tion £

LetS be an open connected subset of IR" Ifa fun§(1)0n IS Rn
b) Le -
(b . differentiable at a point e such that £ (9)=0 VCe Sthe,
i at C e S itis constant on S.
OR : =¥ o
RrR" If £S ___) R™ is a function such [hat
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prove that f is continuous

' @) LetS t;e'an open subset of I )

! D.f1<ksn exists anid continuous ina neighbourhood of Ces
(VAL A e ) ,

ve that fis diﬁ'erentlable f’it C.. ot - 5,

o) lghcel:;:go the ‘'partial” derivative ‘of a fuﬂnction
i f:S(CR")— R" With'réspegt tox, where x=(?<|«, g, Xpst)
€S, Déﬁne afunction f: R —R by : k

: e ,';f ,');(6,0) 3
. f(X,y)= J\.j/().' y) I (xy s

P+yt if(xy)=(0,0)
,O : ‘ r E
% :

Show t.hat w 0,0 #z 3ox (0, 0).

3. (a) Stateand prove 'Young's Theoreni' for reversing the.order of partial
derivatives- -~ - . - . :

" (b) Use Taylor's Theorem to express the following functions in powers

" of (x-1)and (y-2) : 4
M fxy) =x’+y +xy* v (xy)€R.
(W (y) =x2+Xy+y v (xy)eR -
: o OR : .
~ (2) State and prove 'Euler’s Theorem' for a homogeneous function of

degree m in n variables K Ko onhon X 5 4
(b) Explain ‘Lagrange's Multipliers Method" to.obtain the m&‘zmum or

‘ minimum_value ofa function . R3 R .Using -ihis method, find
- the maximum volume of a paral

lelopiped inscribed in the ellipsoid

2 2 '
X
LA
c

7|

4., (a) Sate and prove'
the series

, glu;(x)

defined in [, bj :
: »Where 0<a< .
the serjes, i “a<b <. Hence or otherwise, show that

e 2T Vxel0,1]

n=] 11 'f‘ nx

is uniformly convergeni in [0, 1].
.(b) St.ate and prove 'Abel's Test' for uniform ,‘com}erg‘ence of the seri

3 A es
g U (v, (%)in a closed ilnterva[ [a, b]. :
iy ~ OR.
e .(a')‘-‘Let f(x) = ianx".
e : n=l

- for x| <1 Iff(x) - sasx— land lim na =0, then prove that

Ean converges to the sum s.
n=0 , . .

NS : .4 . . .(__l)n ) [ : x)
- (b") Prove that th i —=sin| l+=|.
(b) Pr @ series 3, 1+~

converges  uniformly ~ Vxe[0,]] but the  series

i o (n=D)x )
= 1+n2x* " (n=1x")
is not uniformly convergent in [0, 1].
5. (a) Ifthe four partial derivatives _— o
3 exist, continuous and satisfy the Cauchy-Riemann equations in
domain Q, then prove that f(z) is continuous as well as analytic in

the domain Q, where f(2)=u (X, Y)+ v(x,y).
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(b) If u(x,y) = e* (x.s0sy — y siny), then find v(x.y) @ Yiic
u(x,y) = € (XA )
function f(z) = u(x)’}a,L iv (oxi%l)

a) if fiz) =u (xy) + v (%)
® and u-v = e*(cosy-siny) then fin

(b") Show that the function

d fz) i terms of z

flz)=3+2 ]xy] ,z=xtiy. . ti g
is not analytic at (0, 0), although the Cauchy- Riemann equations are.

© satisfied at (0,0). ) NN
MATHEMATICS (Third Paper ) - 2018
(Advanced Mechanics) P

[Maximum Marks : 60

—=1

ime : Three Hours] . ) ]
g::?: : Attcinpt all questions. All the questions carry equal marks. Symbols

‘have their usual meaning. ebF : ‘
i s ) at.origin is reduced to two non-

1. -(a) A given system of fotces (R ) i
® zergo finite forces. Show that the lines of action of these two forces

 do-not intersect.
OR-

Define nul plane ata poini with respeét to a system of forces. Two

forces { —3j+ 2k and 2{ +j—3k areactingatthe points (1,2,3) .

_and (- 1, 2, 1), respectively. Find the equation of the nul plane of
the point (1, 1, ‘1), with respect to the system of forces..

Forces 'Xf, Yj and-Zk act innon-intersecting ‘edges of arectangular

parallelopiped, none of them is along the_ co-ordinate-‘axes, .the
corresponding edges being of lengths a, b and c. F ind the equation
. of the central axis for the above system and the condition that the
system is reduced to a single force. '
| ~ OR |
Two forces P and (j act along non-intersecting lines. Prove that
their central axis intersects the common perpendicular to the two

lines, and divides it in the ratio,

®)

1 (4
angle Etan —=:

) inertia of: : 2018107
height 'h' apq Fadits of bagg 1y o ENCirculrcon Of mass :

’ t ba [N o
vg ttex and perpendig, S€ 2" about 3 Jine Passing through. ¢he

arto the axjs of the cone,

Show that the sum of the moments of inertj

~ about any two perper_zdicular langents, js constants,

Af WIre is in the fom of a semi-circle; show that at an end of its
diametera principal axisin jts plane s inclined to the diameter at an

T v
Obtain expressions for velocity and acceleration of a particle, moving
on the surface of a sphere of radius b.
' OR

A Plank, of mass M, isinitially at rest along a line of greatest slope

‘ofa smooth plane inclined at an angle 30°to the horizon, and a man,

of mass M), starting from the upper end walks down the plank so

* that it does not move. show that he gets to the other end in time

[ama | o
_ ( M+ M') g where 'a' is the length of the plank.

(b)

A'bgani lever, whose arms are of lengths a and b, the angle bétween
them being 90°, makes small oscillations in its own plane about the

 fulcrum. Show that the length of the corresponding simple pendulum

is T/
N
3 OR  : i :
A-uniform semi-circular arc, of mass‘M' and radius !, is fixed at its

ends to two points in the same vertical line, {md is rcﬁatir;g r‘lvtll’tl};
constant angular velocity w. Show that the horizontal thrust o

M(g+w'a)

upper end is
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- :(b) Define a twg dimens;
: onal d
_form of the circle (x +a)2 +(();bhza)‘yg gl

018 L
, OLVED PAPER 2 fluid i
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uity fo
(a) Detive the equation of contin Y ot .

n arigid boundary in the

cylindrical polar co- -ordinates.
OR ‘ . , due to 3 doublet of strength 1 4 i 2, there js liquid motjop-
' — int i ical polar co-ordinates jg along the € point (0, 3a), with s
- Ifthe velocity g at a point m‘ thiesperion 18 & the axis of y. Find the stream function of the Hquid'rr']bstiZh )
ivenby 7 = (2Ar™ cos6, Ar~sin®, 0), where 'A'is a constant, , R . .
g . ;
‘ iqui ion is irrotati Bet . T A
then prove or disprove that the hquxd motion is irrotational. Also, €tween the fixed boundanes 9 = g and 0= _61 there is a two
lines. di
find the equations of stream imensional liquig o, e
] Bl Bemou”lsequanon forthe unsteady, lrrotatlonal motion k. ( e 0 a source at the point -
(b) . _ s F=a, a) and a sink at the origin, absorbing water at the
of an inviscid compressible ﬂUld:
: ! orR 0 i - same'rate as the source produces it. Find the stream function of the
. , ? S - " motion.
A sphere is at rest in an ‘infinite mass of homogen‘eous liquid of .
ensity , the pressure at infinity being p,, If the radius R of the MATHEMATICS (Fourth Paper)-2018
sphere varies in any manner, then show that the prf’ssure % the AN (Numerical Methods) .
surface of the sphere at any time 't' will be : : ‘. :
B ¥ + Time : Three.Hours] o [Maximum Marks : 45
1 dr) ~Note : Attempt all questions. All the questlons carry equal marks. Symbols
Pty p ( )+ have their usual meanmg
1: A(a) Estlmate aroot of the equatlon - 3x +1=0 between 0 and 1 by
. .= 1 (x+a) +y S df |
. (a) Test whether the velocﬁy potential: SO + 4 (x a) + y : ‘ the metho 0 Regu a Falsi to two places of decimal. Justify the
' _ - applicability of the miethod. - '
is a possible motion of an incomkpreSSIble .ﬂmd.A If so, determme . S OR
the stream lines. ] : o R |- ‘ :
o BT e ’ ' (a') Flnd aroot of x*—3x+5=0by Newton Raphson S method near x
‘ T : g =2, convert to three places of decimal.
. Ifthere are Sour ces at (0 a) and © —a) and smks at (2 0) and e 5 (b) - State and establlsh a set of sufficient condmons for the success of
0), all of equal strengths, then show that the c1rc]e through these . .
j . the method of fixed point iteration for finding a root of an equation

four points is a stream line. : :
“of the form g(x) =%.




- 018
110/ SHILPI UNSOL VED PAPER 201

_—

2. (a)

2N "\'(a')

(b)

) E plain the method of estimating the value
") -EX]

OR L
of the positive n* root

er - 2 Also giv
WhC en is any mterg r> > <
Vi al number a, T

01 aposm Cre

an example for its 1llustratlon
Newton's Dlvrded Drfference Interpolatlon formu]a
and prove

State
OR

Estimate the value of f{4) from the data |
f-2) = - 15, -1 = 4 {1 =0, ) = 20, by Lagrang,an;

mterpolatron How many values of f{4) are given by this method‘? ‘

Estimate the missing value from the following data : -

Lowing data :

ox 01 Rk 1_562
52 80 104 124 ? 152
.ﬂX). ’ OR

(b)

Derive Gauss first interpolation formula.

Describe the method of cubic splines to estimate the value off(x)at

ahy pointd E[xo,xo +3h] if its values at points XX, +h, X+

2hand x, +3h and are specified and set up _eqi;ations for finding the

- cofficients of the respective cubic polynomials, if the second

@)

denvatrves of the whole function at the two end pomts X, and

X, + 3h are to be zero.
OR

Fit a cubic spline curve that passes through pomts 0, 1), (1,4), (2 0)

and (3,-2) with the given derrvatlve boundary conditions S' (0) =2
and ' (3)=2: '

L)

“the foHowmg data: ;
X 0.1 g2 03 - 04 5

Describ imy 1
' e the Simpson's 3 rule for numerrcal mtegranon and use jt

to estimate the area enclosed by x-ax i and the curve y=1f{x) and the

lines x = =0 and X=2.5, where f{x) is given by the data :

4 Q@)

@)

(b)

X050 05 1 15 20 a5 3

f(x) 5.Q 3.5 40 55 60 65 5.0 45

Find y(1) in two steps for the drfferentlal equatron y'=x-y? with

y (0) Oby 1mpr0ved Euler method.
State the Runge Kutta fourth order method for fmdmg y(ath) where

—f(x,y) and ¥(@)is gwen Estimate the value of y(2) for the initial

* value problem y'= Y -y?, y(l) =1 bythe abOVe method in one
x ' .

step. -
Estimate the value of y(0.4) by Milne's predictor corrector method

for the LV.P:y'=xy+y%y(0) =1 where it is given that yO0.)="

1.117, y(0.2) = 1.287, y(1.3) = 1.504 -
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OR

R VP y"—xy'+
"’ Find y(0.3) in three steps for the second order »I V. y y . 3xy
(b') Fin )’O). 0, y/(0) =3, by Second order Taylor series methoq,
=0, y(0) =0, y(%/ == T "-Seide].
State a sufficient condition for applicability of the Gauss'-Seide|. :

5 (@ st y equation ;
. ! ‘teration method for solving a system of n linear equation in a

SC. (Part- 1] Examination 2019
( Three-yearDegree Course)
MATHEMXHCS

FIRST pApgg
| (AbstractAlgeb'ra)

many unknowns. App]y this to solve the system :

3x=6y+2z=23
Ax+y-z=-15 v iy :
—3y+7z=16, . i : ;
: y Oluti(_)n (XO’ yo’ Zo) _(1’ I’ l)' . . 1. (a)

Starting from the initial s

@) Solve tﬁe system of linear equations by LU- factornzatlon méthOd'
x+y+z=3 e |
2x-y+3z=16
x+y-z of eigenvalues of

(b) State Gerschgorin's thegrem cqnceming posxtlo?s

amatrix. Find the ciréular regions containing the eigen values of

: - (b)
-33 —16 -72
24,10, 1357

8 4. 17

esponding.
" eigen vector by power method for the matrix -

- (b)) Estimate the nufnerically largest eigen value and find a corr

(@

(=N
=N e

0] -
1
1

Starting from the initial vector : using at IeaSt:fbu'r:-it,erétionS-

I Time : Three Hours] -

|Note : Attempt alj qQuestions. All are of equal marks, The symbois have
their usual meanings,

* Define order of an element of a group. Let a be an element of G

order of a" is

[Maximum Marks . 60

‘which is of order m. Show that <a” >=<a™" > Deduce that the

m
(m, r) ’

OR

Show that the group of automorphisms of Z, is isomorphic to the.

. group'U, of prime residue classes modulo .

Show that the order of a subgroup of 4 finite group divides the
order of the :group. Deduce that every group of prime order is
cyclic. i

’ " OR
Describe the group of symmetries of a regular pentagoh and find
its center.
State the ﬁrst.bisomorAphism theorem and use it to show that 5 is

. - .
. i i f unity.
isomorphic to %, where P is that grgup of roots o

. ' oR"
' Check if all subgroups of O xZ, are norral..
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; State and
5. (@ nd prove the Chinese remainder theorem, D
Euler phi function js ¢mulnphcat1ve B
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% is isomorp.-‘:ic‘ to S3

(b) Show that )
' OR

Fmd the number of elements of orde

Show that‘ n= d : : '
(é) Let G be a group of order P", where p is a prime and n> i Lety | . . ZH( )0 f where o s the sum of divisors

rI5mS

3.
be a finite set on which G acts. Show that : :
| X = X[ (modp), s ﬁmctwn and s the Mobius function,
whereXG is the fixed pomt set of the acnon .
R : (b) Deﬁne Legendre symb 28
0 [oviiie Legendre symbol. Compute 2/ I 28 quadratic residue
Show that any group of order p* is lsomoxphlc to Z. »? or else itis 05,7 i dul 299 _ e
1somorphxc to Z, x Z, where p is a prime number. - . N | : 9 : _
(b) LetGbeafi mte group, and H bea subgroup of G. Show that the | . ‘ OR
T N (H)]. Let Ghbea group of [ Suppose that X 47 is reducnble in Z,[x] for all but finitely
© . many prlmes p. Show that a is a perfect square

number of con_;ugates to'H is [G
order pq, where; pand g are distinct primes. Let / be a subgroup

of order y 2 Show that A is a normal subgroup or else (H) = H.
PO - OR: ' MATHEMATI
LetG be a group of order 7, where p is prime and n>1. Show T (Ad CS gss:onld Pf)ipel') 2019
3 Bt vance natysis ,

that G has a normal subgroup of order p forall r<n.
Let Rbearing contammg prlme number of elements: Show thatR —

Time : Three Hours]
Note : : Attempt all questions which carry equal marks. Symbols used have

[Mammum Marks 60

4. (a)
+ Isazeroring or else it is a field.
AR . .OR
. Determine the group of automorphlsms of the fi e]d IR of real theirusual meanmg ,
v numbers . g R E (@) Define a continous map from a metric space to a metric space
(b) Show that X+ X'+ Lis ir educible polynomxal in Z, [x] Deduce Prove that a linear map.T: R" — R" is coninuous
(b) Prove that a continuous image of a compact metric space is

that the xdeal I generated by X S+ X+1i is maxxmal ldeal of Z,[x].
compact. '
g "OR
| ('a)- Prove that a map f from a metric space X to a metric space Yis
continuous if and only if f(CI4)c Clf (4),VAc X. .

(b) State and prove the Lebesque coverivig enxi

- 'What is the order of the 1" eld Z, [x]
1
OR

~ LetF be afinite field of characteristic p. Show that every y elemert
(OF F has a p th root, Is this result true for jnfinite field of

characteristic P ? Justify your answer.
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| i example of a map /e R*-> R Sllcf-l tl}é{t the dmacuonal
o e t at a point of JR? inall directions but it jg not

derivatives of f€xis
i nts.
continuous there, with complete argume

(b) State and prove the chain rule of differentiat;on.
" OR :
f:R" = R" is differenti

2.

able if and only ;¢

(a) Prove that a map '
each of its component is differentiable. 3
fis— IR be dlffe‘rentiable i

(b) Letsbeanopen subset of [R" and ‘
If x and y are distinct points of s such that :

each point of s. :
L(x, y)={a-nx+p, tel0, i<,

then prove that
F)-f(x)=grad f(2).(y~%):.

for some ze L(x, y). - : i S
: hat the partial derivatives need not

3. (a) Bymeansofanexampleshowt
commute. : ) ‘
_(b) State and prove the Schwarz's theorem.
K OR - . 5 .
(@ Let f:RR"— R be a differentiable map. If for each

xe R",xVf(x)= pf(x), when pe IN, then show that fisa

homogeneous map of degree p. =
(b) State the inverse function theorem. Let I R* — IR® be defined by
flx, y)= (e" oSy, e"siny),V(x, y)e R:. ‘
Show that fis locally invertible at each point of JR? but it ‘is not
bijective.. Jv ‘ ' S o
OR

.

4. (3 Show that the sequence of functions {fn}w_l, where

. I’Lx . N .
)= Teni2> V1€ hasa continuous limit fuction on [0, 1}

but df)e_s not converge uniformly there, Does the above seqﬁeﬂCe
converge uniformly on [1, 2] ? Justify your answer.

T

B.Se, ; ‘ |
(Part.Izy) Mathemagics, 2019117

(b) State an . : ' i
| \prO (5 Abels hmlt theorem aﬂd use j
(l | \% " : r 14 to ShOW that '

11

—=l-=gl_

4 3 5 .....

c ‘ an ! ' ’ .
(c) Intrgduge the map ‘exp' and dete_nnine its range. Prove that : -

- eXp (x+y)=exp (x) eXp (»), Vx, ye R.

g .
7 (fi)_ Prove that a real-valued map of a complex variable ejther has

derivativ_e zero or -the dqrivative dpes.not exist. Is the map
ol f(2)=z], zea, differentiable at z = 0 ? justify your answer,
(b) Fiqd an analytic .mab of which the real part is the map .
u(x, V=4xy-x*+3% x, ye R. .
C . or
@ If f(2)=u(x, y)+iv(x, y) isdifferentiable at Zy=X,+iy, in @,
where z=x+iye,a th;n brove that Cauchy-Riemann equations
§:(0 30) =V, (%, 7,) and |
'uy (%95 Yo) ==V.(%;, ¥,) hold. Is the converse true ‘?‘Su;iport your

answer.’

S () If D42 hast

n=0

adius of convergence R > 0 then show that

f(2)= Za;,z” is analytic in the region || < R.

n=0
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MATHEMATICS (Third Paper) - 2019
' (Advanced Mechanics)

.
[Maximum Marks . 160

Time : Three Hours]

Noate : Attempt all questions. All questlons carry equal marks. Symbolg perpendicular ave, s 07 . It I
; S plane, and F pe the

r
product of j Inertia of the lamina about these lines, show that the
prmcxpal moments at 0 are equal to

[A+B+m]

35 ‘(a) . A uniform rod, of mass M and length 2a, can tum free]y about one
end which is fi xed If it is started with angular velocity @ from the

posttlon in which it hangs vertically, find its angular velocity at

have their usual meaning.
(2 Define Wrench of a system of forces. Forces P Q, R act along

three straight lines x = OA \ Y=z = a;y=0,z—x=aandz = 0,
x-y - a respectively. Find the pitch of the equivalent wrench_

L OR
. - Prove that any force system.is equi'valent to a single force passing
" through a prescribed pomt and a couple. If a system of forces is

equwalentto ¢ +/+k :—2_/ +3/c) atthepomt(l 2, 3), find the

wvector equation of the central axis of the system.
Obtain the vector equatlon of the null plane ofa pomt A(@) Wlth

respect to a system of forces ( R M) at origin. Also, find the null
point of the plane X + 2y — 3z = 4 with respect to a s;tem

e o e omere e

1.

any instant. .

© . OR ‘

A particle is moving onaspherer = a. Show that its velocity in the
0, @) is given by

-(b)

. spherieal polar coordinates (r;
v=a 0 6+(asind)p p.

(b). A solid homogeneous cone, of h'eight h and vertical angle 90°

R= 21 3]+4k andM 3i- 2]+5k at origin.

OR
Obtainthe vector' equation of conjugate ]inevto the line 7=1(/ - j +k) oscillates about a horizontal axis through its vertex. Find the length
' j ' with i‘espect W sys tem (22 743 37 +3 j"_ 4/2) at ong'ni. _of simple equivalent pend:x)l;m. ,

ugate forces. :
Fort o com i Find the moment of the effecuve forces of a rigid body rotating

Find the moment of inertia of a uniform tnangular lamina ABC of

mass M, about an axis perpendicular to its plane through A. about a fixed axis.

2. (a)
Explain the Lagrangian and the Eulerlan approaches for the

| R @
Find the moment of inerita of the arc 0f a circle of mass M, which : ‘ o ﬂuld rotion and show tht these approaches ae
subtends an angle 2z at the centre, about (i) the diameter ‘bisecting escrip
cular equivalent.

the arc, and (ii) an axis through its middle point and perpendi ok

to its plane. )
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®

- where r?

veloc1ty at the internal surface

Prove that for an incompressible, lrrotatlonal

@

functionS. .

Prove that the liquid motion is possrble when Velocrty at the point

- ) z) is given by .
_ ix_z 3yz 3z%-r?
q }‘5 9. )‘5 ’ 7‘5--'_“ |
=x’+y 24 72 Also, test whether the motlon is of

potential kind.
0mogeneous, inviscid

Derrve the Euler's equatlons o
fluid moving under forces arising

o7 = S :
| G =—grad| V += +=
gxeurl §=—gr4 ( zlql p)_

fmotion forah
from a potentral V in the form

OR

A mass of hqurd of density p whose external surface is a long
circular cylmder of radius a, which is subject to a constant
cyhnder of radius.b.

pressure 7, surrounds a coaxial long circular

The internal cylmder is suddenly d
when the radius is r, then prove that

e 27(6* —r?)
gia log( ,,;ILJ
r .
two ‘dimensional

flow, stream function ‘and velocity potential are harmomc
' OR
A velocity fi f eld ofa hqurd is given by

q= xi—( y+t Hj
Find the velocity potential and prove  that the stream lines for this

fieldatt = 2 are rectangular hyperbolas.

estroyed, and if v is. the’

B.
(6) Define w0 dimensions :c. (Part-III) Mathematics, 2019 /121
nal doubt
sy polnk Pl dus o dotbi etf Find the complex potential at
5 0 strength Mplaced at t
(-1, 1) and whose axis is perpendicular to X Zxrs sreret
- OR
; . .
. :-iothe velocrt)‘/ potential and stream function of the liquid
nodon .at any.pomt P(r, 6), when there is a source and an equal
srhk inside a circular cavity of radius a.

MATHEMATICS (Fourth Paper) - 2019

(Numerical Methods)

Time : Three Hours]
Note : Attempt all questrons All questions cafry equal marks. Symbols

(a) State and p

[Maximum Marks : 45

have their usual meaning.
(a) Find a real root of the equation x3 '3x — 5 = 0 correct to two
decimal places by fixed point iteration method.
" oR :
Find a real root of the equation 3x? +.5x — 40 = 0 correct to two

decimal places by Regula-Falsi method using the formula three

times.
(b) Developan algorrthm using Newton-
Kkt root of a positive number N and hence

Raphson method, to find the
evaluate 3«/2—4' correct

to four decimal places.
vergence of an iterative method. Show
ergence.

that

Define order of con
Newton-Raphson method has second order of conv
rove Lagranges Interpolation formula. Also, write

< divided difference interpolation formula.

Newton'
’ OR
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b) Prove that the n* forward differences of a polynomial of degree n

3. (a

®)

-

Find the missing values in the following table :

]x]45[50[55[60165J
p[3[-[2]-]=24]

is constant, when the values of the independent variable are given

atequal intervals.
OR

Find y’ (1 1) and y” (1.1) from the followmg data

[x] 10 ] 11]12]1&,1.44,_

|7 [7.989]8.403 [8.781]9.129 | 9.451 |

. Define cubic spiine function. Find a natural cubic spline function
" for the following data and estimate the value of /(0.5) :

[ = JoJi]2]3]
| f(x)]0.0]0.5[2.0]15]
. _7 OR- "~ .
Expl_ain-th‘e'cdncept of numerjcal integration. Derive the

Trapexoidal formula for the approximate evaluation of L Sf(x)dx. -

Also explam its geometrical significance.
Find the maximum and minimum value of the ﬁmctlon y=fx

which satisfies the following data :

[2] 3_[4[ 5 ]

xO,

|y ]oJo2s]0]225]16[56.25]

OR P b,
Derive the Sim’pson’s one;third formula for the approximate

evaluatlon of f f(x)dx and use it to evaluate f— by -
+x

dlvxdmg the interval into four equal subintervals.

1
3|
3
f
!

4.

@

(b)

(@)

B. ’
Se. (Parr-p1, D) Mathematics, 20197123

Derive the A
dams-Moulton predictor and correcter formulae for

the LV.P. :
y'=f(x, J’),,V(xa) =Yy to express
2%), y(x, ) ¥(%,) and y(x3)
. OR

Describe the Taylor's series method to solve an initial value

Y(x;) in terms of

-problem and second order differential equaﬁon :

= f(x, )’), Y(%) =Y y’(xo)?y'o

Using the method, find (0.2).and y* (0.2) for the LV.P. :
S yt= f(x+y+y+2)/2 »y'(0)=0, y(O) 0

by taking /1 =
Explam the 1mproved Euler's method for the first order L. VP

¥'=f(x, ), ¥(%,) = yy» and hence estimate the value of (0.1)

‘and y(0.2) for the LV.P.: y'=x?+ 32, y(0)=1.

'OR

. Estlmate the value of y(0.4) for the initial value problem.

=143, Y(0)=1.
by fourth order Runge-Kutta method in two steps

Describe Power method to find the numerically largest eigenvalue

and corresponding efgen vector of a square matrix A of order »
Using the method, estimate the largest eigenvalue and

, 41 0
Aco'rrelspondin'g eigenvecfor for the matrix |1 20 1/, starting
S o1 4
i tor : r, at the end of second

with the initial vector X =[100]

iteration. :
OR




(
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Explain the miethod of decomposmg a square matrix as a product

. ~fa lower and.an upper triangularm
‘the system of equations : '
xtxn+xn=1
4x,+ 3x,—x,= 6
3x, +5x,+ 3x, =
(b) State the Gerschgorm S thcorem concerning the nosmons of the
exgenvalues of a square matrix. Draw the Gerschgorm 01rcles for

‘Perform thrce lteratlons of the Gauss—Seldel 1tcratlon methodz

.startmg from the mmal solutlon (x, ) _xz, x3) (1 1 1) for the -

system of.cquatmns .
O 20x 4x-2x5=17 |
o 2m -3 4206 =25
: '3x,+20x2 “x,=-18
to obtam the values ofx X, andx P

»ne

_004

atrix. Using the method, ‘solve ¥

e e TP

e




