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for the questions
(A) Logic and Combinatorics
( Marks : 35 )

1. (a) State True’ or False’ : 1x2=2
(i) ‘x-4=6"is a statement.

() ‘What is your name?’ is a
statement.

(b) (i) Write down the converse of(p —q). 1
(i) Find the dual of ~(pAg)Vv T. 2
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(c)

2. (a)

(b)

(c)

(@
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(2)

(i) Prove that P —>g=~ pvq.
(i) Prove that ‘the set {-, ~} is
functionally complete.
Or
Using arithmetical representation,

prove that Av(A©A) is a
tautology.

Define rules of inferences.

[llustrate the derivation
A—B, “[BNG)E-=A

Symbolize the following sentence using
predicates :

«“There are both lawyers and shysters
who admire John.”

If P, be xis prime’, O, be ‘x is odd’,
D,, be x divides ¥, then translate the
following into English :
() (Ox = (Y) (Py—~ D))
Or

Write the formal derivation of the
following sentence :

“No human beings are quadrupeds.
All women are human beings.
Therefore, no woman is quadruped.”

( Continued )



3. (a)
(b)
(c)
4. (a)

p7/179

(3)

State the rules of sum and product of
counting.

In how many Ways can we get a
total of six while rolling two dice
simultaneously?

Or

How many solutions does the equation
X + Xy +x3 =11 have, where x;, x, and
X3 are non-negative integers?

State Vandermonde’s identity. Prove
that
n+l LB
(++2)- 56
Jj=r

where n, r are non-negative integers

such that r <n. 1+3=4

Define Ramsey number. Show that
R(m, n)<C(m+n-2, m-1)
Where m, n are integers greater than 1.

1+3=4
Or
Show that
() R(4, 4)=18
(&) R(5,8)=14 2+2=4
( Turn Over )



(&)

(b) How many int-egeré between 1 and
500 are (i) diviSlble by 3 or 5 and
(ii) divisible by 3 but not by 5 or 6? 4

Or
Find a generatifg function for a, = the
number of NOn-negative integral

solutions to e; +€5 +--- +e, =r, where
0 <e; for each i 4

P7/179 ( Continued )



(5
(B) Analysis—III (Complex Analysis)
( Marks : 45 )

5. (a) Write down the conditions for any
complex function to be analytic. 1

(b) Derive Cauchy-Riemann equation for a
complex function f{z) in Cartesian

coordinates. 3

(c) Examine the nature of the function

2 -
x (x+1y)
F(z)=22 "= 220, £(0)=0
x +Y
in a region including the origin. 6
Or

Show that the function f(z)=2z> is
analytic in a domain D of a complex
plane C. 6
6. (a) Define rectifiable curve. 1
(b) Show that

2 2 2
iR a1y 19 2
ox? 9y 020z

P7/179 ( Turn Over )




(©)

(d)

7. (a)
(b)
P7/179

(6)

If u-v =(x+y){x2 +4xy+y?) and
f(2)=u+ivis an analytic function of z,

find f(z) in terms of z. 5
Or
State and prove Cauchy’s theorem. 5
Answer the following (any one) : 4
() Evaluate
J- dz
C2(z-1)

where C is the circle |z]|=3.

(i) Evaluate
‘[ z-1
C(z+1)? (z-2)

Where C is such that |z-i|=2.

Define singularities of an analytic

function, 2
EXpand
1
z(z? -3z+2)
for the region 0 <|z|< L. 3
( Continued )



§ T )

() Expand e? in a Taylor’s series about
z=0 and determine the region of

convergence. 3
Or
Z
Find Taylor’s expansion of f(2)=—
; z' 49
about z=0. 3
8. (a) Find the residues of the function
cotnz 3

f(2)=

(z-a)?

(b) Evaluate the following (any two) : 5x2=10
(1) I e~ 05 cos(nh +sin 0) dO

where n is a positive integer

(H } -[0 do

1+a? -2acos®
(iii) r cosxdx

- a>b>0

3

S ot th

fiv) [T %
— - dx
B (S A

Where residue is taken to be
positive
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GROUP—A
( Linear Algebra )
( Marks : 40 )

1. (@) Write which of the following statements
is ‘true’ and which is ‘false’ : 1x2=2
() “The set containing a linearly
independent set of vectors is itself
linearly independent.”

(i) “Intersection of two subspaces of a
vector space V is always a subspace
of V.7
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(c)

(d)

(e)

P7/180

P = )

Fosesisdne WwHsEHesF HHe yoopgg (= s =3
2 i =ObSpace OF B3 =oanned By
S L3 et

(3, =5 7). 3

T -
e veoTroL= (X 5 =) =

Show that the set

S=1{(1, 0), (3, 0), (0, 1), (o, i))
forms. a basis for the vector space V of
ordered pairs of complex Numberg
over the field of real Numbers R
ie, V =C2(R)-

Let V be a finite dimensional vector
space of dimension n. Then prove that
any set of n linearly independent vect ol
in V forms a basis for V. 3

Let V be any vector space. Prove that the
set { v, Vg, ..., U, } is linearly dependent
if and only if one of the v;’s is g linear
combination of the other y i’s where
v eV, 1sk<n. 5

Define subspace of a vector space. Proye
that the set W defined as

W={(a, b, 0):a, beR}
is a subspace of R3. 0+2=4
( Continued )




(2)

(b)) Examine Whether the vector (2, -5, 3)
is in the SUbspace of R3 spanned by
the vectors (1, -3, 2), (2’ =03 _1} and
()55, 7)) e 3

(c) Show that the set

S={( 9), (i, 0), (0, 1), (O, i)}
forms. a basis for the vector space V of
ordered Pairs of complex numbers
over the field of real numbers R,
ie., V= C2(IR) %

(d Let V be a finite dimensional vector
space of dimension n. Then prove that
any set of  linearly independent vectors
in V forms a basis for V. 3

(e) LetV be any vector space. Prove that the
' set {vy, Up, --., U, } is linearly dependent
if and only if one of the v;’s is a linear
combination of the other v;’s where

v, €V, 1sk<n.

() Define subspace of a vector space. Prove
that the set W defined as

W={(a, b, 0):a, be R}
is a subspace of R®. 2+2=4
P7/180 ( Continued )



(3)

2. (@) Let Il(p;d) and l(q;d) be two lines
passing through p and g respectively
having direction d. Show that
I(p; d)=1(q; d) if and only if (g-p)isa
multiple of d. 3

(b) Let T be a linear transformation from a
vector space U to a vector space V over
the field F. Prove that the range of T'is a
subspace of V. 3

(c) Show that a linear map T from a vector
space to another is one-one if and only
if ker T ={0}. 4

(d) Let V be the vector Space of all
polynomials in x with coefficients in R
of the form

f(x)=aox® +a;x! +q,x? +azx3

The differentiation operator D is a linear
transformation on V. Write the matrix
of D relative to the ordered basis

B={x% ., x2, xs}‘ i

() Show that the mapping T:R2  R3
defined as T(a, b) =(a+b, a-b, b) is a
linear transformation from R2 into R3.
Find the rank and nullity of 7. 2+2+2=6
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(4)

GROUP—B
( Number Theory )
( Marks : 40 )

3. When are two integers said to be relatively
prime? 1

4. Answer any two from the following : 3x2=6

(@) Use division algorithm to establish that
the square of any integer is either of the
form 3k or 3k +1.

(b) Prove that if a|bc with ged(a, b) =1,
then a|c.

() Use Euclidean algorithm to obtain
integers x and y satisfying the following :

gcd (56, 72) =56x+72y

S (@)  Show that if p is a prime and p|ab then
either pla or p|b. 3

(b) Prove that given any positive integer n,
there exist n consecutive composite

integers. 3

(© Find the highest power of 5 dividing100!. 2

RIS ( Continued )



(5)

6. (a) Write . a complete set of residues
modulo 7, 1

(b) If a=b (modn) and the integers a, b, n

are all divisible by d >0, then prove that

|'2

n

| o
N

8

o

o,
Bl

(%]

(c) If a is an odd integer, then prove that
a’ = 1(mod 8) 4

(d) Solve 18x+5y=48.
(e) Solve the following by using Chinese
remainder theorem :
x =5 (mod 4)
x =3 (mod 7)
x =2 (mod 9)

7. (a) Evaluate
(i) o(210)
(i) d(63)
(iit) $(100)
where the symbols have their usual
meanings. 2x3=6

() When is an arithmetic function said
to be multiplicative? Prove that ¢ is a
multiplicative function. 1+3=4
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(A) Hydrodynamics

( Marks : 35 )
1. (@) Define ideal fluid. 1
(b) State whether True or False : 1

. A path line is the curve along which a
Particular fluid particle travels during
its motion.
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(c)

(@

(2)

Find the equatmn of the streamlines
for the flow q =i (3y )-*J(Gx) at the
point (1, 1). 3
Determine the acceleration at the point

2 1,.8) at t= 051fu Uz Py =,
and w = xy. a

2. Deduce the equation of continuity in

cylindrical coordinates. 6
Or
Show that
20 472
__-—Qxyz 3 =—_—(x2 y2)2z and w=—3Y
(x +y ) (x= +y7) x2 +y2
are the velocity components of a possible
liquid motion. Is this motion irrotational? 6
3. (a) Choose the correct answer : 1

P7/181

Euler’s equation of motion in x direction
is

(i Du _ _lop
Dt p dx
Du 1dp
AL -1--—-—

i Dt p dx

_1lop

() at‘ T x

{I)__X+1ap

p ox
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(3)

(b) If the motion of an ideal fluid, for which
density is a function of pressure only, is
steady and the external forces are
conservative, then prove that there
exists a family of surfaces which contain
the streamlines and vortex lines. S

Or

For a steady motion of inviscid
incompressible fluid under conservative
forces, show that the vorticity ® and
velocity g satisfies

@ V)o=3-V)g 5

4. State ang prove Kelvin’s circulation theorem. 6

Or

A portion of homogeneous fluid is contained
between twy concentric spheres of radii A
and 4, and'is attracted towardsitheis Gentre
by a force varying inversely as the square of
the distance. The inner spherical surface is
suddenly annihilated, and when the radii of
"MNEr and outer surface of the fluid are r and
R, the fluid impinges on a solid ball
COHC.entric with these surfaces. Prove that
the impulsive pressure at any point of the
ball for different values of R and r varies as
1
{(a2 -r? -A2+R2)(1—_1-)}2 6
T
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5. (a)
(b)

P7/181

)

Define circulation-
Answer either (i) or [(i) and (@)
(i) Show that if the velocity potential of

(i)

(iii)

an irrotational motion is equal to

3
RIS, [
X

the lines of flow lie on the family of

surfaces
2

21yt +z2 = k%(x2 +y?)3
Or
Prove that there cannot be two
different forms of irrotational
motion for & given confined mass of
incompressible inviscid liquid
whose poundaries are€ subject tq
the given impulses.
If 2 is the solid boundary of g large
spherical surface of radiug R
containing fluid in motion anqg g1,

‘enclosing one or mOre clggeq

surfaces, then show that the mean
value of velocity potential Q on T is
of the form

M
Q= (—) +C
R
where M, C are constants, proyided

that the fluid extends to infinity
and is at rest there.

4

( Continued )



(b)

()

7. (a)

p7/181

(5)

(B) Hydrostatics
( Marks : 45)

Define specific gravity of a substance.

Prove that the densities at two points in
a fluid at rest under gravity and in the
same horizontal plane are equal.
Prove that the surfaces of equal
pressure are intersected orthogonally by
the lines of force.

A tube in the form of a parabola held"

with its vertex downwards and axis
vertical, is filled with different liquids of
densities.§ and &’. If the distance of the
free surface of the liquids from the focus

-be r and r’ respectively, show that the

distance of their common surface from
the focus is
ro—r’d’
§-0’
Or
If the components parallel to the axes of
the forces acting on an element of fluid
at (x, y, 2) be proportional to
Y? +2\yz+ 22, z% +2uzx + x2 and
x? +2vxy + y2
show that if equilibrium be possible,
then 28 =2u=2v =1.

6

( Turn Over )



( 6)

(b) Prove that the piéSsure at a depth z
below the surface of a homogeneous
liquid, at rest Wunder gravity is
p =wz+I1, where Il is the atmospheric
pressure and w 1S the weight of unit
volume of the liguid. 5

8. (a) Define centre of Pressure. 1
(b) Prove that the whole pressure of a heavy
homogeneous liquid on a plane area is
equal to the product of the area and the
pressure at its centre of gravity. 3

9. (a) Find the centr® of pressure of a

parallelogram immersed in a
homogeneous liquid with one side in the

free surface. 6
or

A triangle ABC is immersed in a liquid,

its plane being vertical and the side AB

in the surface; if O be the centre of the

circumscribed circle of ABC, prove that
Pressure on the AAOC sin2B
Pressure on the AOCB  sin2A 6

(b) A conical glass is filled with water and
placed in an inverted position upon a
table. Show that the resultant vertical
thrust of the water on the glass is
two-thirds that on the table. 6

P7/181 ( Continued )



10.

11.

p7—3500/181

(@) |

(b)

(c)

(7))

Or
Find the resultant horizontal thrust in
an assigned horizontal direction on a
curved surface immersed in a heavy
homogeneous liquid.

Fill in the blank :
If the coincides with centre of
gravity, the equilibrium is neutral.

A body floats partly immersed in one
liquid and partly in another. Find the
condition of equilibrium.

Define stable and unstable equilibrium.

Prove that the tangent at any point of surface
of buoyancy is parallel to the corresponding
Plane of floatation.

Or

A solid body consists of a right cone joined to
hemisphere on the same base and floats with
the spherical portion partly immersed. Prove
that the greatest height of the cone
consistent with stability is +/3 times the
radius of the base.

* % &
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GROUP—A
( Mechanics )
(a) : Statics
( Marks : 25 )

1. (a) Write to which a system of forces acting
at different points of a rigid body can be

reduced. 1
(b) Define wrench. 2
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(2)

() Find the necesSa&y and sufficient
conditions for equilibrium of a rigid body. 7
or
Find the equation of the central axis
of a system of forceés acting on a rigid

body.
2. (a) Define axis of catenary. 1
(b) Write the height of the centre of gravity
of a body for stable equilibrium. 1
(c) Establish the relation between x and s
in a common catenary. 2
(d) Show that the total virtual work done by
tensions of an inextensible string is zero. 5

or
Five weightless rods of equal length
are joined together to form a rhombus
ABCD with one diagonal BD. If a weight
w is attached to C and the system be
suspended from A, show that there is a

w
thrust in BD equal to i

(e) State and prove the principle of virtual
work for a system of coplanar forces
acting at different points of a rigid body. 6

Or

Derive the equation s=ctany for
common catenary.

P7/182 ( Continued )



(3)

(b) : Dynamics
( Marks : 25 )

3. (a) Let v=ft. Show that the acceleration
- f is constant. 2

(b) Find the components of velocity along
and perpendicular to the radius vector
of a particle moving in a plane curve. 6

Or

Let a particle move in a straight line
such that its acceleration is always
directed towards a fixed point in the line
and is proportional to the distance of
the particle from the fixed point. Find
the equation of the path of the particle.

4. (@) Write to which velocity of a particle at
any point in a central force varies. 1

(b) A particle moves in a plane with an
acceleration which is always directed to
a fixed point in the plane. Discuss the
motion. 6

Or

A particle is falling under gravity in a
medium whose resistance varies as the
velocity. Find the distance at any
instant of time.
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( 4 )

5. (@) Write the moment Of inertia of mass m
whose coordinatéS are (x, y, z) with
respect to x-axis. 1

(b) Define momental €llipsoid of a body. 2

(c) Write the effectivé forces on a particle
along the tangent éng normal. 2

(d) Find the moment ¢ jpertia of a

rectangular lamina ghout a line through

its centre and pargyle] to one of its
edges. S

Or

Prove the theorem Of perpendicular axes
of moment of inert;

la,

P7/182 ( Continued )



6. (a)
(b)
(©
7. (@)
(b)

P7/182

(5)

GROUP—R

( Integral Transform )

( Marks : 30 )

Write the value of the following : 1+1+1=3
(i) L{t?}

(1) L {cos2t}

(iij) L{sin®t}
Find L {cosh2x}. 2
Find L {t?cosat}. 3

Or
Find L {sinhatsinat}.
Write the value of L-l{ ! } 1
s?+9

Find : 2+2=4

sl
(i) {{3_4)2}

(ii) L‘l{-—-—”: ]
(s+4)° +4

( Turn Over )



(¢ FindL?l] _“——1 3
(32 +a”)

8. (a) If y=y(x t), then write the value

of L{QQ} 1
ox

(b) Solve any two of the following using
Laplace transform : 4x2=8

(i) (D? +25)y =10cos5t,

¥0) =2, y'0) =0, [D 2 _d_)
dt

(ii) (D? +9)y =6cos3t, Yy0) =2, y'(0)=0

(i) (D2 +2D +5)y = e ! sint,
y0) =3, y'(0)=1

P7/182 ( Continued )



(7))

2
(c) Solve %:Eﬁ, if Y(x, 0) =3sin2nx,
ot  9x?
y(0, =0, y(1, 1)=0
Or
Solve :
(D-2)x~(D+1)y=6e
(2D-3)x+(D-3)y =6e"
x(0)=3, y(0)=0

* %k
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