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MATHEMATICS - GENERAL
Third Paper
Full Marks : 100

Candidates are required to give their answers in their own words
as far as practicable.

Symbols have their usual meanings.

Module-V is compulsory and answer any one Group from Module-VI
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[English Version]

The figures in the margin indicate full marks.
Module - V
Marks : 50
Group - A
Marks : 20

Answers question no. 1 and any two from the rest.

Answer any two questions : 2%2

(a)

(b)

(c)

(d

(a)

(b)

(b)

Write down approximate representation of % correct upto four significant digits and find the
percentage error.

The values of a function f (x) for certain values of x are given in the following table :

X 0 1 2 3 4
f() |1 0 5 |2 |57

Construct the difference table.

A2 x3

Ex

Tanking step length h = 1, prove that =6

Find the relative error in computing x — y for x = 12:05 and y = 9-02 having absolute errors
6x=0-005and 6 y =0-001-

Using appropriate interpolation formula, find the value of £(0-16) from the following table :
3 0-1 0-2 03 | 04
£ (x)|1-005| 1-020 | 1-045 | 1-081 5

Show that A3 = E3 _3E2 4 3E—1, A, E, I have their usual meaning. 3

1
Find approximate value of f xile
0 14+x

sub-intervals of [0, 1]. 6

upto four decimal places by Simpson’s % rule taking 6 equal

Write Trapezoidal rule to compute fj’ f(x)dx for 5 ordinates. 2
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4.

5.

(a) State Lagrange’s interpolation formula. 3
(b) Find the polynomial f(x) which assumes the values given below : 5
B -2 1 2 4

)| 24 | -9 | -16 | 24

(a) Find a positive real root of the equation x> — x — 1 = 0 correct upto four decimal places by the
method of bisection. 6

(b) State the interative formula of Newton-Raphson method for computing a simple real root of the
equation f (x) = 0. 2
Group-B
Marks : 30

Answers question no. 6 and any two questions from the rest.

Answer any three questions : 2x3
(a) Draw the feasible region of the following inequalities :
2x+3y<6
x—-y<1, =xy20
(b) Determine K so that the vectors (1, 3, 1), (2, K, 0) and (0, 4, 1) are linearly dependent in E3,
(c) A hyperplane is given by the equation 2x; + 3x, + 4x3 + 5x4 = 7 . Find in which half spaces defined
by the hyperplane the points (1, 2. 3, 4) and (1, 2, 2, -4) lie.
(d) Show that x; =3, x; =5,x3 =0 is a basic solution of the system :
2x +xy +4x3 =11,
3x —x3 +5x3 =14,
(e) Find an IBFS by North-West corner method :
D, D, D3 Dy 3
o, |46 |9 |5 |16

0,126 (4|1 |
0| 5|7 (219|115
b, 12 14 9 8

(a) A factory produces two product A and B with the help of machines M, M,, M;. The production
time of one unit of A on the three machines are 2, 1, and 1 hour respectively and for one unit of B
are 3, 1 and 3 hours respectively. Machine M,, M, and M; can run 300, 300 and 240 hours
respectively in a month. The profit of the products A and B are Rs. 2 and Rs. 3 per unit respectively.
Formulate the given problem as an L.P.P. to maximize the profit. 7

(b) Define a convex set. Show that the set of all feasible solutions of an L.P.P is a convex set. 1+4
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(a) Solve the following L.P.P Graphically :

Maximize Z=5x; +7x,
Subject to 3x, + 8x, <12
i
2x, <3
X1, X5 20

(b) Solve the following transportation problem :

B 0, I §

o0 2 1]5
0,2 1 510
0512 4 3|5
b 5 5 10

(a) Find all basic feasible solutions of the following set of equations :
2x) +3x) —x3 +4x; =8
x— 2X2 + GX3 = 7)&74 =-3

X1, X2, X3, X4 >0

(b) Verify the statement “Dual of a dual is the primal” for the following L.P.P :

Maximize Z=3x; - 2x,

Subject to 2x+x3 <5
x+x< 3

X5, x20

(a) Solve the following L.P.P by simplex method :

Maximize Z=5x; +3x,

Subject to 3x; +5x,< 15
5%+ 2x, <10
X, %20

(b) Find the optimal assignment to find the minimum cost for the following cost matrix :

1 2 3 4
10 12 19 11
5 10 7 8
2 14 13 11
8§ 15 1 9

o n w >

6
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11,

12.

13.

14.

Module - VI
Group - A
(Analytical Dynamics)
Marks : 50

Answers question no. 11 and any five questions from the rest.

Answer any five questions : 2%5
(a) State the principle of conservation of linear momentum.

(b) The acceleration of a particle starting from rest and moving along a line is given by the relation
f=15 - 0-4 t2. Determine the velocity and distance described offer time ?.

(¢) A particle describes the curve r = ae” in such a manner that its acceleration has no radial component.
Prove that its angular velocity is constant.

(d) Explain the meaning of ‘impulse of force” and ‘impulsive force’.
(e) If time 7 be regarded as a function of velocity v, prove that the rate of decrease of acceleration
3 dt

av?

(f) A particle describes a curve r = ae® with constant angular velocity. Show that the radial acceleration
is zero.

fis f

(g) A particle describes a parabola p?2 = ar under a force which is always directed towards its focus.
Find the law of force.

(h) The velocities of a particle along and perpendicular to the radius vector from a fixed origin are Ar
and p0 respectively. Find the equation of path.

(i) Ifthe angular velocity of a moving point about a fixed origin be constant, show that the transverse
acceleration varies as the radial velocity.

A particle describes a plane curve under the action of a central attractive force F per unit mass. Prove

2
that in usual notations the differential equation to the path of the particle is h_ng_' =F. 8
p> dr
Find the expressions for tangential and normal components of velocity and acceleration of a particle
moving in a plane. 8

A particle of mass m moves in a straight line under an attractive force mn2x towards a fixed point on
the line when at a distance x from it. If it be projected with a velocity V towards the centre of force

from an initial distance a from it, then prove that it reaches the centre of force after a time 1 tan ™! [E’.]
n V

8
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A particle describes the path #* = a* cos 40 under a force which is always directed to the pole. Find
the law of force. : 8

A Cannon ball of mass m is projected from a Cannon of mass M by an explosion which generates

2ME

; 8
(M+m)m

kinetic energy E. Prove that the initial velocity of the Cannon ball is

5 ; X 0 5 s
A particle describes the catenary y = ccosh— under a force which is always parallel to the positive
C

direction of y-axis. Find the law of force. 8

Prove that the kinetic energy of two particles of mass m, and m, moving in a plane is

2 2 m1+m2

where u is the velocity of the centre of mass of the particles and v is the velocity of the either of them
relative to the other. 8

A particle moves with a central acceleration p x (distance )=2. It is projected with velocity V at a
distance R. Show that if the path is a rectangular hyperbola, then the angle of projection is

-1 B

sin 8
2 2np %
VR (V “ﬁ)
If ¥y, ¥, are the linear velocities of a planet when it is respectively nearest and farthest from the Sun,
prove that (1 — e)¥V; = (1 + e)¥,, where e is the eccentricity of the orbit of the planet. 8
Group - B
(Probability and Statistics)
Marks : 50

Answers question no. 21 and any five questions from the rest.

Answer any five questions : 2x5

(a) If4, B, C are three mutually exclusive and exhaustive events, state whether the following statement
regarding their probabilities are true :

1
4,

(b) Given that P(A)=§,P(B)=

oo | h

,P(A+B)=%, Find P (4 | B) and P (B | A).
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(©

(d)
(e)
(f
9]

(h)
()
22. (a)
(b)

23. (a)
(b)

24. (a)

(b)

25. (a)

The mean and variance of a Binomial (n, p) distribution are 20 and 16 respectively. Find the values
of n and p.

Let f(x)=ke ™ (0 <x<o0) be the probability density function of a continuous random variable x.
Find the constant k.
State Bayes’ theorem.
Show that for two independent variates, correlation coefficient is zero.
Find the mode of the following data :
3,9,2,8,7,1,1,4,5,6,6,2,9,7,8,4,6

Which index number satisfies both time and factor reversal test?
What are the different measures of seasonal variation?
If ANBNC=¢, then show that P(AUB|C)=P(4|C)+P(B|C). 4
Two urns contain respectively 3 white, 7 red, 15 black balls and 10 white, 6 red, 9 black balls. One
ball is drawn from each urn. Find the probability that both the balls are of same colour. 4
Define distribution function of a random variable X. 2
A continuous random variable X has the probability density function given by

f(x) =2¢%, x>0

=0, x<0

Find the (i) mean and (ii) standard deviation of the distribution. 3+3

Given that x = 4y + 5 and y = kx — 4 are the regression lines of x on y and of y on x, respectively.
Show that 0 < k < 0-25. 4

If X and Y have the joint probability density function
f(x,y]:% for x=-3,y=-5x=-1,y=-1;, x=lLy=landx=3,y=35
find Cov (X, Y). 4
Draw a Pie-diagram from the following data : 4
Revenue of the Central Government :
Heads Amount in Rs. cores
Customs 160
Excise 500
Income Tax 320
Corporation Tax 100
Other Sources 120

Total 1200




26.

27.

28.

29.

30.

(b)
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Prepare a frequency distribution table with class intervals 60-79, 80-99, 100-119 etc. from the
following data (Tally marks must be shown) : 4

96, 130, 63, 115, 145,99, 118, 104, 126, 72,
77,87, 151, 81, 142, 122, 110, 131, 98, 96
Also draw the histogram for this distribution.

(a) The expenditure of 1000 families is given below : 4
Expenditure (Rs.’000) : 40-59 60-79 80-99 100-119 120-139
Frequency : 50 ? 500 2 50
The median and mean for the distribution are both Rs. 87-50. Calculate the missing frequencies.
(b) Find the standard deviation from the following frequency distribution : 4
Wt. (Ibs) 1 120-124 125-129 130-134 135-139 140-144 145-149
No. of boys : 12 25 28 15 12 8
(a) Fit a straight line from the following data (by the method of least square) : 4
Year o201 2012 2013 2014 2015 2016 2017
Production : 76 87 95 81 91 9% 9%
(’000 tons)
(b) What is meant by Cost of Living Index Number? Name the methods used to construct it and
mention its uses. 2+2
(a) Calculate 5-yearly moving average of the number of students studying in college shown below :
4
Year 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
No. of Students | 1332 | 1317 | 1357 | 1392 | 1402 | 1405 | 1410 | 1427 | 1405 | 1431
(b) Discuss the merits and limitations of the moving average method for determining the trend on the
analysis of time series. 4
(a) Type I and Type II errors related to hypothesis testing. 2
(b) 171 out of 300 voters picked at random from a large electorate said that they were going to vote a
particular candidate. Find 95% confidence interval for the proportion of voters of the electorate
who would vote in favour of the candidate (Given that P (Z > 1-96) = 0-025, where Z is a random
variable having standard normal distribution). 6
(a) Calculate the range of the daily wages of the 10 persons : 2
Rs. 220, 228, 222, 217, 221, 227, 224, 218, 216, 225
(b) Karl Pearson’s co-efficient of correlation between two variables x and y is 0-52. Their covariance
is 7-8. If the variance of x be 16, find the standard deviation of y. 3
(c) If X and Y be independent random variables, prove that Var (X + Y) = Var (X )+ Var(Y) 3
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