3 (Sem-6) MAT M 1

20109

MATHEMATICS
( Major )

Paper : 6.1
( Hydrostatics )

Full Marks : 60

Time : 3 hours

The figures in the margin indicate full marks

for the questions

1. Answer the following questions :

(@)
(b)
(c)
()

(e)
1)

(9)

A9/700

1x7=T7

Define surface of equal pressure.

State Boyle’s law.

Define absolute zero of temperature.

Define centre of pressure of a plane area

immersed in a fluid.

What is internal energy?

Define the term convective equilibrium

for a gas.

Define surface of floatation.
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2. Answer the following questions :

(2)

(a) Obtain the differential equations of the

(b)

(c)

(d)

3. Answer any three parts -

(@)

A9/700

lines of force at any point (x, y, 2).

Prove that the pressure at any point
varies as the depth of the point from the
surface when there is no atmospheric
pressure.

If py and p be the densities of a gas at 0°
and t° centigrade respectively, then
establish the relation pg=p(l+at)
where

1
o=—

273

Show that the positions of equilibrium
cif a body floating in a homogeneous
liquid are determined by drawing
normals from G, the centre of mass of
the body, to the surface of buoyancy.

If a: mass of fluid is at rest under the
action of gjven forces, obtain the

equation v?hich determines the pressure
at any point of the fluid.

( Continued )

2x4=8

5)(3:15

(b)

(d)

(e)

A9/700

(3)

A circular area of radius a is immersed
with its plane vertical and centre at a
depth h. Find the depth of the centre of
pressure.

If the absolute temperature T at a height
z is a function f(z) of the height, show
that the ratio of the pressures at two
heights z and 2z, is given by

P__gm dz

log
R R f(z)

R being the constant in the equation
p=RpT, where P, P, are the pressures
at heights z, and z, respectively.

Prove that a floating body is in stable or
unstable equilibrium as the metacentre
is above or below the centre of gravity of
the body.

Masses m, m’ of two gases in which the
ratios of the pressure to the density are
respectively k and k' are mixed at the
same temperature. Prove that the ratio
of the pressure to the density in the
compound is

mk +m’k’

T m+m’

( Turn Over )



(4 )

4. Answer either (a) or (b) :

(a)

(i) If a fluid is at rest under the action

of the forces X, Y, Z per unit mass,
find the differential equations of the

curves of equal pressure and
density.

(i) If the components parallel to the

axes of the forces acting on the
element of fluid at (6 y 2z) be

proportional to  y? +2Ayz+ z°,
z2 +2uzx + x2, x2 +2vxy+y2, show
that, if equilibrium is possible, we
must have 24 =2y =2y =1

(b) (i) A mass of fluid rests upon a plane

A9/700

subject to a centra] attractive force

L y
Y Situated at a distance ¢ from the

plane on the side Opposite to that
on which is the fluid. Show that the
Pressure on the plane ig

TPU(a~c)?
Zhig - e)s
a

a being the radiyg of the sphere of

which the fluid, on the plane in the
form of 4 cap is a part.

( Continued )

(1)

(S)

If X=yly+z), Y=z(z+x) and
Z =y(y—-x), prove that surfaces of
equal pressure are the hyperbolic
paraboloids y(x+2z)=c(y+2) and
the curves of equal pressure and
density are given by y(x+z)=
constant and y+ z = constant.

5. Answer either (a) or (b) :

(a)

A9/700

()

(@)

If an area is bounded by two
concentric semi-circles with their
common bounding diameter in the
free surface, prove that the depth of
the centre of pressure is

3n(a+b)(a? +b?)
16(a® +ab+b?)

where a and b are the radii of the
outer and inner circles respectively.

A semi-ellipse bounded by its minor
axis is just immersed in a liquid,
the density of which varies as the
depth. If the minor axis be in the
surface, find the eccentricity in
order that the focus may be the
centre of pressure.

( Turn Over )



(b)

(i)

(i)

2. ” ’ " ;
PoS =s") + p*(s”-s)+ p"2(s—s) =0

(6)

A hollow hemispherical shell has a
heavy particle fixed to its rim, and
floats in water with the particle just
above the surface and with the
plane of the rim inclined at an angle
45° to the surface. Show that the
weight of the hemisphere is to the
weight of the water which it would
contain 4+/2 -5 : 6./2.

A right cone is totally immersed in
water, the depth of the centre of its
base being given. Prove that o 70 o 18
p” being the resultant pressures in
its convex surface, when the sines
of the inclination of its axis to the
horizontal are s, s, 8" respectively

6. Answer either (@) or (b) :

(@) (i) Show that for a perfect

A9/700

gas Cp is
greaFer than Cy, where Cp is the
specific heat keeping pressure as
cons-tant and Cy is the specific heat
keeping volume gag constant.

( Continued )

(ii)

®) (1)

(@)

A9—5500/700

(7))

A gas satisfying Boyle’s law p=kp
is acted on by the forces

Xim s ® o Rdaw
x“+y x“+y

Show that the density varies as

e/k, where tan6 =¥,

X

e

Prove that a floating body is in
stable or unstable equilibrium as
the metacentre is above or below
the centre of gravity of the body.

A cone of given weight and volume
floats with its vertex downwards,
prove that the surface of the cone in
contact with the liquid is least when

its vertical angle is
-1 1
P

2

* Kk Kk
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MATHEMATICS
( Major )

Paper :'6.2
( Numerical Analysis )

Full Marks : 60
Time : 3 hours

The figures in the margin indicate full marks
for the questions

1. Answer the following questions : 1x7=7

(a) If x=2-536, find the absolute and
the relative errors if x is truncated to
two-decimal digits.

(b) Define ‘truncation’ error.

(c) Write the following numbers correct
up to four significant figures :

0-00408, 0-10254
A9/701 ( Turn Over )



(2) .

' 1 (d) Write a short note on numerical
(d) Evaluate A® (—J, taking h = 1. integration.
x f—
() Show that A-V=A-V,. 3. Answer the following questions : 5x3=15
(@) If Ax=0-005 Ay=0-001 be the
(f) State Lagrange’s interpolation absolute errors in x=2-11 and
formula for (n+1) unequally spaced y=4-15, find the relative error in
arguments. the computation of x+y.
(g) Write Simpson’s one-third rule in (b) Use the method of separation of
numerical integration. symbols to prove the following
identity :
2. Answer the following questions : 2x4=8 Up — Uittty = +-= %uo ‘%Auo +éA2u0 P
(@ Find the number of significant Or

figures in 1-8921 given its relative

err 0-1x102 Find the missing entry in the
or as - 1x = :

following table :
(b) Prove that £ pilyletal@si Bl

:| Yy 1 3 9 — | 81

Alog f(x) = log[:l.l_ _{\ﬂf_)
fx) (c) Find the cubic polynomial

corresponding to the following data

() Write  the Proper  numerical and hence evaluate f(2-4) :

differentiation formula to find the

first derivative of 4 function f(x) at a il Uit | 24y3 7| 4
point x near the middle of 4 given set flj]1]2]1}10]41
of tabulated values.

A9/701 ( Turn Over )
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(4)

Or

Prove that the nth order divided
differences of a polynomial of
degree n in x are constants.

4. Answer any one part :

(@) (i) Apply Gauss’s forward formula

to find the value of Uy, ifuy =14,

U = 40.

(i) From the following  data,

dy d?y
compute —= gnd =< =]
P o T2 forx=1

%
=
w
N

5 6

y| 1| 8 |27 64| 125 216

5+5=10
(b) (i) From the following table, find

the value of Y when x=1.62
using Stirling’s formula :

X

=3

y=f(x)

X

y=f(x

A9/701

( Continued )

-5 1-6
0-40547 | 0-47000

(5)

(it) Calculate the value of Ié 1_x_ dx
+x

correct up to three significant
figures taking six intervals,
using the trapezoidal rule. - 5+5=10

S. Answer any one part :

(@) (i) Arod is rotating in a plane about
one of its ends. If the following
table gives the angle 6 (in
radians) through which the rod
has turned for different values of
time t (in seconds), find its
angular velocity at t =7 sec :

t (in seconds) 00| 02| 04|06 |08 10
le(in radians) | 0-0 | 0-12 | 048 | 1-10 | 2-0 | 3-20

(i) Find the maximum and
minimum values of y from the
following data :

= P [ O o T
yl 2 [8.12 | 147

S+5=10

A9/701 ( Turn Over )



(b)

(1)

()

(6) (7))

The velocity v of a particle (b) () Find a negative root of
moving in a straight line the equation x®-sinx+1=0
covering a distance x in time 1 correct to three decimal places,
are given by the following table : using Newton-Raphson method.

x| 0|10]20]30 ﬂ (i) Derive the rate of convergence of

V| 4560 | 65|54 |42 Newton-Raphson method. 5+5=10

Find the time taken to traverse

the distance of 40 units. * % &

Find the value of _[g'Gexdx by

Simpson’s 3rd rule, dividing the 10
range into six equal parts. 5+

6. Answer any one part :

(@)

A9/701

1)

(1)

Give the geometrical interpret?®”
tion of Newton-Raphson method-

Fir.ld the root of tanx+ X =0,
using  bisection method, lying

between 2 and 2-1. (Perform ﬁvezlc
1terations) 5+04

. 4A9—5500/701 3 (Sem-6) MAT M 2
( Contin®



3 (Sem-6) MAT M 3

20109

MATHEMATICS
( Major )

Paper :'6.3
( Computer Programming in C )

Full Marks : 40

Time : 2 hours

The figures in the margin indicate full marks

for the questions

1. Answer any six of the following as directed :

(@)

(b)

(c)

()

\9/702

1x6=6

ROM is a permanent storage medium.

( State True or False )

Library functions are included in the
header,file .. __..

( Fill in the blank )
The output of (3 <2)H(4 >3)is .
( Fill in the blank )

Justify why 7 days is not an identifier.

( Turn Over )



(2)

(e} Write the form of scanf( ) function

a fourth-ges .
language. generation
( Write True or False )

(9) Which statement is used to exit f
a statement block )

in i
statement? e
(h) What is a compiler?
2. Answer the following questions : 2x2=4
. X 2= B

(a) What are an obij
ject pro
source program? program and a

(b) Draw the flow
- chart to fi
Siven fhoeh Ind the sum of

3. An
swer any two of the following questions

5x2=10
(a) Convert the following mathematical
ex ' i i
pressions into C expressions 152+2:5
) p=x vy +HJ;

(i) q=sinacosb—-|g_h| +ab
a

s +log (cos x)?
(fiQ) 7 =+/1+ 3 +10_§;',_<:_<)£2_;€
L+]yl

+e*

A9/702
( Continued )

(b)

(c)

(3)

Write a C program to find the value of y
using switch statement, where

1+x® ,whenn=1
y(x, n)={1+1/x", when n=2

l+nx ,whenn>2orn<l

Differentiate built-in functions and user-
defined functions. Distinguish between
local and global variables in C.

4. Answer any four of the following questions :

(@)

(b)

(o)

(@)

A9/702

5x4=20

Using two-dimensional array, write a
C program to subtract two matrices of
order 4 x3.

Write a note on conditional statement
and its various types.

Using recursive function, write a
C program to find
n C = l_ﬂ
Ir |ln-r
() What is a constant? Explain the
constants used in C.
(i) What is a variable? How are the
variables declared in C? B+=5
( Turn Over )



(4)

fe) Using while loop, write a C program to
generate and print Fibonacei series up
to the term n.

() What are the various storage classes
in C? Discuss thejr uses and scope.

* ok A
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3 (Sem-6) MAT M 4
2019

MATHEMATICS
( Major )

Paper : 6.4
( Discrete Mathematics )

Full Marks : 60

Time : 3 hours

The figures in the margin indicate full marks
for the questions

1. Answer the following questions : 1x7=7
(a) State division algorithm of integers.

() Write the least positive integer of the
form 172x +20y, X, Y€ Z.

(c) If pisaprime and a € Z, then show that
(@ p=1or pla

A9/703 ( Turn Over )



e (3)

(d) Ste?te the converse of Fermat’s theorem
Is it valid? ' 3. Answer the following questions : Ra
B SO N Eu(d) (@ Let aq beZ aor b#0, G =(a, b). Show
d|n that G = axg + by, for some Xxg, Yo € Z.
() State Chinese remainder theorem
j Or

(g9 Whatis th I
°gsometiical mterpretation of Show that every integer n>1 can be

a Diophantine equation il
(6 y=0?
Y expressed as a product of primes. Find
the prime factorization of 40! 3+2=5

2. Answer the followin :
g questions :
' 2x4=8
fa) Show th : . ' . )
il at there is no positive {etteqer s (b) Using Chinese remainder theorem, find
atO<n<l, the least positive integer which leaves
the remainders 1, 6, 2 when divided by

(b) Show that ¢(n) is even if n >9 7, 10, 11 respectively.

c) St
(c) th:;j and prove the converse of Wilson’ y
em. S
Let n= pflp;‘? ... pfr be the prime
(@ If x Y 2z are primitiv factorization of a positive integer n>1.
. e’ iti .o n AL
Pythagorean triple, then show f;:tltlve, Show that the positive divisors of n are
( Z-X z+x precisely the integers of the form
2 J-'—'—‘-)=1 d:pflpSQ pgr, Where OSG.I Skl,

where x is odd, i1 2T

A9/703
A9/703 { Turn OUeT‘)
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(4] (5 )

(c) The linear co =
B . ngr.'uence ax=b (mod m) (b) (i) Show that Euler’s function ¢ is a
§ a solution if and only if (a, m)|b.

multiplicative function. 7}
Prove it.
0 (i) Show that no prime of the form
4 4k +3 is a sum of two squares. 3
S :
ixow 4that2 the Diophantine equation
X +y =z“ h . . .
. as no solutions in positive 5. Answer either (a) or (b) : 10
integers.

(a) (i) Give an example of an infinite

4. Answer either (a) o b Boolean algebra. In a Boolean

10 algebra B, show that
(a) (1) Letpbeaprime and ged(q, p=1 a+a=a, a-(a+b =a, abeB
Then show that the congruence Bt
ax =y(mod p) has a solution Xg, Y
such that =y ) S =
(i) State and, prove the ‘principle of
0 duality’ in a Boolean algebra. Write
<|x9|<+/p, O<[y0|<\/5 . down the dual of the proposition
a+b=0oa=0,b=0. 4+1=5
i) If p, i : .
(1) hpn s the nth prime number, then (b) (i) Simplify the Boolean expression
show that the sum
1 (x+ylx+2(x'YY
1 1
— ...
P p, t +E— Draw a switching circuit which
. < realizes the Boolean expression
Is never an integer. . x+ylz+x'(t+2)). 3+2=5

A9/703
( Continued ) SN { Tum Over )



(7))

(6)
(iii) Define a truth function. Construct

(i) Construct the switching table the truth function generated by the
for the switching function ' e bleriient formla
represented by the Boolean ) 1+2=3

~(~pA
eXpression xyz+ x’(y + z). ¢ P
6. Answer either (a) or (b) : 10 * % K

(@) () Define logical equivalence’. Prove

thatifFAand=A — B, then =B,
1+4=5

() Construct the truth tables for
NOR{) and NAND(I). Show that
A =} is not an adequate system of
connectives, 2+3=b

(b) () Using Principle of substitution,
show that if 4, B be any two
statement formulae, then

A->B=~B_5.4 5

(i) Assuming the truth value of p — g

be T, construct the truth table for

(~pPrg e (pv q). 1 A9—5500/703 3 (Sem-6) MAT M 4

A9/703 ( Continued |



3 (Sem—6) MAT M 5

2019

MATHEMATICS
( Major )

Paper : 6.5
( Graph and Combinatories )

Full Marks : 60

Time : 3 hours

The figures in the margin indicate full marks
for the questions

1. Answer the following as directed : 1x7=7

(aq) Write  sum rule  principle  of
combinatories.

(b) A farmer buys 3 cows, 2 pigs and 4 hens
from a man who has 6 cows, 5 pigs and
8 hens. How many choices does the
farmer have?

A9/704 ( Turn Over |



(2)

(c) Sup}u{p;ose 6 people randomly arrive at a
arkroom to retrieve their hats. Find the

number of ways s
; uch that
picks his own hat, fi0 person

(d) A tree

0 i .
(1) is always a disconnected graph
(@) is always a connected graph

it
() may be connected or disconnected

fiv) None of the above

(Choose the correct answer)

(e) Define simple graph,

() How
. many degrees of each verte
€re in a circujt? -

entricit th
of the following grapi .Of ¢ Veilex @

b

A9/704

( Continued )

(3)

2. Answer the following questions : 2x4=8

(a) There are 9 students in a class. Find the
number of ways that the 9 students can
take 3 different tests, if 3 students are
to take each test.

(b) Represent the graph G(V, E), where the
vertex set V and edge set E are as

follows :
V{1,234, E={x1:|x-yl<L x yeV)
(c) Let vbe a pointofa connected graph G.
If there exist points u and w distinct

from v such that vis in every u-w path,

then show that v is a cut point of G.

(d) Prove that every non-trivial connected

graph has at least two points which are

not cut points.

3. Answer the following questions : 5x3=15

(@) Show that C(2n, 2)=2C(n, 2) +n2.

A9/704 ( Turn Over



(&)

(b) Prove that a simple graph with at least
two vertices has at least two vertices of
same degree.

Or

Prove that the sum of the degree of all

vertic i
es of a graph is an even integer

{fc) Let G be a simple graph with at most 2n
vertices. If the degree of each vertex is at
1eas§ n, then show that the graph is

connected.
Or

Pr

ove that every tree has a centre
consisting of either one point or
adjacent points. i

4. Answer either (a) or (b) :

(a) Pro

.ve that a graph with at least 2n
oints i

points is n-connected if and only if f

any two disioi yiles

- Jjoint sets ¥, and V, of n
oints

e each, there exists n disjoint path
n

Joming these two sets of points 10

A9/704
( Continued )

(5)

(i) Show that the vertex connectivity of

(b)
any graph G is always less than or

equal to edge connectivity of G. 6

(i) Find the edge connectivity and

vertex connectivity of the graph G

represented by

5. Answer either (a) or (b) :

(@) If Gis a simple graph with number of
vertices n(=3) and if deg(v) +deg(w) 2 n
for any pair of non-adjacent vertices

v and w, then show that G is
10

Hamiltonian.

A9/704 ( Turn Over



(7))
( 6)
(i) How many solutions does

() () If G is a simple graph with n Xy +Xg +x3 =13
are non-negative with

have where

vertices and e edges with n >3 and
X1, X9, X3

1 2
625(71 —-3n+6), then show that G x; £4, X5 <5 and x3 €67

is Hamiltonian.

() If G is a Hamiltonian graph, then b

show that any non-empty proper
subset S of V, w(G-9) <£|S|

4

6. Answer either (a) or (b) :

(@@ (i) If A and B are finite sets, then
show that |A-B|=|A|-]An B|and
|A-B|=|A|-|B|, if Bc A. 3+2=%

(i) How many solutions are there
to x; + X5 + X3 + X4 + X5 =16, where

each x; 2277

(b) (i) There are five different Hindi books,
six different English books and
eight different Sanskrit books. How
many ways are there to pick two’

books not both in the same ]
language? A9-—5500/704 3 (Sem-6) MAT M S
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