C.5.E-Mains 2412

MATHEMATICS I

Time Alfiowed: 3 howrs Maximium Marks: 300

Candidates should attempt Question Nos. | and 5 which are compulsory. and any three of the remaming
questions selecting at leas! one quesuon from each sechion.

PAPER -1
SECTION-A

I Attempt any five ol the following:
{a) Show that the mapping 7/ - R where T(a, b. ¢) =(a-b. b-¢, a+ c)is lingar and non
singular.
(12)
(b} A square matnx A is non singular if and only if the constant term in its charactenstic
polvnomial 15 different from zero.

(12)
(¢)  Show that h_“1 <gin ' h—sin la< b_ﬂ1 forb<a<b<|/
JT—H' -
(121
(d)  Show that I IE'{'rI"r}Miz x4
(12)
{¢) Sh?w that the equation
Ox" — 16v - 18x - 32v — 151 =1
represents a hy perbola. Obtain its eccentricity and loci.
(12)
(f) Find the co-ordinates of the cenire of the sphere inseribed in the tetrahedron formed by the
planes
s=yv=0.z=0andxtyv+z=a
(12)

2 (a) Letr Rr* - R be a linear mapping given by Tla, b.c.d. e)=(b-d, d+e b 2d+c h+e)
Obtain bases for 11s null space and range space
(13}
ih) Let A be a real 3 < 3 symmetnc matrix with eigen values (. {) and 5 If the corresponding
eigen vectors are (2. 0. 1), (2. 1. 1) and (1. 0. -2). then find the matrix A

(15}
(¢}  Solve the following svstem of linear equations:
X =25 -3 4y =-]
MBS SN -2x =0
W+ =T+ 3G —-4:=17
i15})

(d) Use Cavlev- Hamilton thearem 1o find the inverse of the following matnix

b

(15)




Pt y
(a) Let f{x)= ; HRL% .h-ﬂ Obtain condition on p such that (i) T is continuous at x - 0
y =

and (1) £is differcntiable at x = .

(15)
{h)  Consider the set of triangles having a given base and a given vertex angle. Show that the
triangle having the maximum arca will be isosceles.

(15)
ey il the roots of the equation
(=)' + (h=w)' = (a-w)' =0
in 4 are %, v, z, show that
Auvz)  2u—v)(r—w)w-u)
Alu,vw) (x- )y s)=—x)
(15)

(d)  Find the centre of gravity of the region bounded by the curve (x'a™ + (y/hi™= | and both
axes m the first quadrant, the density bemgn p = kxy, where k 15 constant.
(15)
},1

()  Tangents are drawn from any point on the ellipse f—srgzl to the circle .« = ' = ¢, Show
a

that the chords of contact are tangents to the ellipse o' x* + by =r".
(15)
(by  Consider s rectangular parallelepiped with edges a, by, ¢ Obtain the shortest distance between
one of its diagonals and an edge which does not intersect this diagonal.
(15)
te)  Show that the feed of the six normals drawn from any point (e . ¥) to the ellipsoid
r ¥ F
T
lie on the cone
o L | Al -4
o d)rqu‘{c a}ﬁ+ (a )}'=

x v =

(15)
() A variable plane parallel to the plane

?% Z — () meets the co-ordinate axes of A, B and €. Show that the circle ABC lies on the
7

cone
2 1 |.-
.-[-"'T—|""'.J:L',:' E['I'x_][—-l-a) 4]
a ¢ a,
(15
SECTION-B
Attempt any five of the following:

dy 5
Solve: s —+3v=x'»
i) \" d.':+ i ¥

(12
(h) Find the value of L for which all solution of
r"ﬂ+3r£—{}'=u
de® e
tend Lo zero as x — =,
(12)




(c)

(d)

i)

(n

ia)

(b)

ich

(d)

(i)

(h)

e

td)

(2)

(b}

(e)

A
x+-i,—]luwnrda (he origin. IF it starts from
]

rest at a distance a from the orgm, show that the time taken by it to reach the ongin s 74,
(12)

Obtain the equation of the curve in which a siring hangs under gravity from two fixed points

{nof lying i a vertical line), when line mass dengity at cach of 1ts points varies as the radius

of earvature of the curve,

A particle of mass m is acted upon by a foree m

(12)
Hall' of the ellipse s vertically immersed in water with minor axis just in the surface. Find the
position of centre of pressure.

(12)

) ’ \ = HE T ]
Let R be the unit vector along the vector F(r). Show that £ ?z—,-ﬁwhmr—l Fl
(12)

Find the value of constant & such that the following differential equation becomes exact
(2ex* + 3y Jady ! elx + (3% + 42" ) =00,
Furiher. for this value of 4, solve the equation,

™

(15)

Solve: L R
x—p—h

(15)
Lising the method of varation of parameters. find the solution of %—E% - y=x2" §iny
with ¥(0) = 0 and (dy/dx ) = 0.

(15)
Solve: (D-1) (D%2D+2)y = & where D « d/dx.

(15)
A heavy particle of mass m slides on a smoath arc of a cycloid in a medmum whose resistance
i mv 2¢, v being the velocity of the particle and ¢ being the distance of the starting point
from the vertex. If the axis is vertical and vertex upwards, find the velocity of the particle at
the cusp.

{13
A particle describes a curve with constant velocity and its angular velocity about a given
point O vanes mversely as 118 distance from O. Show that the curve is an equiangular spiral.

i15)
Five weightless rods of equal lengths arc jointed together so as to form a rhombus ABCD
with a diagonal BI. If a weight W be attached to C and the system be suspended from a point
A. show that the thrist BD is equal to W/ /3.

(15)
A solid cylinder floats in a hiquid with s axis vertical. L&t o be the ratio of the specific
wravity of the cylimder to that of the liquid, Prove that the equilibrium s stable if the ratio of

fhe radius of the hase to the height is greater than \[2a(1- ),

{15
Find the curvature k for the space curve:
x=acosO.y=asmb,.2=aftana

(15)
Show that curl (curl ¥) = grad (dv T ) - V%

(15)
Let 1) be a closed and bounded region having boundary 5. Further, let f be a scalar funclion
having  second  order  partial  dawvatives  delines om it Show  that




[(r grad r).inds=[[[[|&rad £+ /937 ]dV.  Hense or otharwise evaluate
5 P

jj[!glﬂdfjﬁ‘ﬁ fmf=2:c+:.r+b_wcrs;f+y1+f=¢_

(15)

(d) Findlhavn]mrnfumetmht,hmdem:hﬁ:tlhnmximmnvﬂunnfdimsﬁmﬂdmhm
of f=axy™ + byz + ex'x" at (1. -1. 1) is in the direction parallel to y-axis and has magnitude 6.
(15)
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MATHEMATICS |

Time Alfiowed: 3 howrs Maximaum Marks: 300

Candidates should attempt Question Nos. | and 5 which are compulsory, and any three of the remaming
questions selecting at least one question [rom each section.

SECTION A

I, Attempt any five ol the [ollowmg:
ta)  Show that a group of order 35 is cyclic.

. (12)
(b)  Show that polvnomial 25x" + 9x" + 3x + 3 is irreducible over the field of rational numbers,
(12)
(c)  Prove that the integral [x™'e " is convergent ifand only if m = 0.
(12)
= (ad
(d)  Find all the positive values of a for which the senes Z {“:] converges.
=l
(12)

el Suppose that Fand g are two analytic Tunctions on the sel ¢ of all complex numbers with
_!'[i]:g[%] forn=1.2. 3. Then show that fi 2} = giz) foreach # in ¢

(12}
('  Using Simplex method
Maximize 45x; + 8Ux
Subject to
Sxq o+ 20xs =400,
10y + 15%: = 450,
Xy, Nz =2 i
(12)
2 (a) ()  Show thata group of p° is abelian, where p is a prime number.
(10
(1) Prove that a group of order 42 has a normal subgroup of arder 7.
(1)

(b)  Prove that in the nng Fix| of polynonual over a field F, the ideal | = |p{x)| is maximal if and
only if the polynomial p{x) 1s imeducible over F

(2t
fcy (1) Show that every finite integral domain is a field
(10)
(i)  Let F be a field with q elements. Let E be a fimte extension of degree n over F. Show
that E has (" elements.
i1
3 {a)  Test uniform convergence of the senes

Al sin
Z n::'b: where p=10.

=l




(it

(by  Obtain t]mimmchm and mintma of
S T L T ST
subject to the condition
It L2 y 621 9=0,

(25)
(e} Asolid hermsphere H of radius “a" has density p depending on the distance R from the centre
and 15 given by:
p-K2a-R)
where k 18 a constant,
Fmnd the mass of the hemisphere. by the method of multiple integrals.
(15)
i) (i) Show that. when 0 < |2 - 1) =Z, then Hmetion [ x) = —————— has the Lament

’H =-3)
senies expansion in power of (2-1) as = I 321_ * ”
= l] b 73

w=d)

(15)
(i)  Establish, by contour mtegration, Iﬂd Ie “wherea =1,

(15)

by (1) Using Simplex method masimize

Z =S+ 3% Subject 1o
S|'K:“_~Zt j!ﬂ‘f‘zxw UJ
Fxy = Bxa =12 XXz

(15)
A company has 3 factories A B and C which supply units 1o warchouses X, Y and Z. Every month
the capacitics of the [actorics per month are 60. 70 and 80 units at A B and © € respectively. The
requirements of X. Y and Z per month are 30, 80 and 80 respectively. The necessary data in terms of
unit ransportation costs in rupees, factory capacities and warehouse requirements are given below:
X ¥ Z
A B 7 5 6l
B & b 9 T
e 9 6 3 80

50 80 Ll 210
Find the mmimum distribution cost,

(15
SECTION-B
Attempt any five of the following:
(a)  Find two complete integrals of the partial differential equation 1‘|:|‘ « gt - Al
(12)
ihy Find the solution of the equation z = 12 (p” q'} “(p—x)q-¥)
(12)
(¢)  Find a resl root of the equation fix) = & -~ 2% - 5= 0 by the method of false position.
{12)
fdy Qi) Convert (100.85) mto its binary equivalent.
4
(1) Multiply the hinary numbers (1111.01); and (1101.11); and check with its decimal
equivalent,
(8)

{e) Find the moment of inerhia of 2 circular wire aboul




0

(a)

(h)

te)

(n}

(h)

{a)

() o diameter, and
{4)

(i) a lme through the centre and perpendicular to its plane.

(12)
Show that the velocity potential § = 12 a(x? « v* 22°) satisfied the Laplacae equation, and
determme the stream lines,

(12)
Frame the partial differential equation by climinating the arbitrary constants a and b from
log(az - 1)=x+tay +h

(10
Find the characteristic strip of the ¢quation
Xp*y¥q-pq -0
and then find the equation of the integral surface through the curve 7 = /2. v =0,
(20
e |
Bojvee Mo FW 0l 30
o &
a0, 1y =wull, =0
uls, 0) = x{l=x)0=x=t
(300

(i) Find the cubic polynomial which takes the follow img values:
Y0y = Lv(1)y=0,v(2)= 1 and w(3) = 10,
Hence, or otherwise, oblain yid).

(10
(n) Given dydy = y=x where y(0) =2, using the Runge-Kutta fourth order method, find
w0, 1) and w0, 2). Compane the approximate solution with its exact solution.
(" = 110517, " = 1.2214),
{20
(i) A teacher conduets there tests TEST 1, TEST 2, and FINAL for S0 marks
gach. Out of the mirks scored in the two tests. TEST 1 and TEST 2. he takes the
betterone and adds to the marks scored m FINAL. so that the total marks scored will
he for a maxumum 1K),
The letter grades will be assigned depending on the marks s¢ored as per the
following norm:
-39 ;E
40 -49: 13
50-39:C
GO -T4:8B
751005 A
For each student data consisting of name. scores in TEST |, TEST 2 and
FINAL are given. Wnite a program i BASIC which will print out the names, total
marks scored and grade obtained for all 20 students in a class,
{20
()  Draw a flow chart lo examine whether a given number 1s a prime.
(10)
A thin creular disc of mass M and radius a can tum feely about a thin axis OA, which is
perpendicular to s plane and passes through a point O of its circumference. The axis OA is
compelled to move in a horizontal plane with angular velocity w about its end A
Show that the inclination 0 to the vertical of the radius of the dise through O is cos™ (g/aw?)
unless w @' and then 8 is zero,

(3




(h)

(i)

(1)

_zxv: (.xi-—_'l‘;:].ﬁ ¥
1 V= 1 . W= )
(#e) (Fef) ¥
are the velocity components of a possible liquid motion. |s this motion urigational?
a! A ||
Prove that: [1-‘?1 y i]'i”w s ik A
= 2(%y)

Where v is the kinematic viscosity of the fluid and w is the stream function for a two-
dimensional motion of a viscous fluid.

Show that u=

(15)




