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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.
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0.4286

h = 1   3 2(1 ) 1ax ax  

(difference table) Newton Backward formula
f (21)

0 5 10 15 20
( ) 1 0 1 6 3 8 8 2 15 4
x

f x     

15, 10, 7, 6, 7, 10

(equal intervals)
1

0

cos x dx integration

formula-

Simpson’s One-third Rule
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x3 – 4x – 9 = 0 2 3

x3 – 7x2 – 6x – 8 = 0

x3 – 8x + 4 = 0

×

x1 = 2, x2 = 3, x3 = 0
3x1 + 5x2 – 7x3 = 21
6x1 + 10x2 + 3x3 = 42

z = x1 + 3x2

x1 – x2  1
x1 + x2  3
x1, x2  0

 : 3S x x  E1

Transportation North-West corner

(i) (ii)

1 2 3 4

1

2

3

O 4 6 9 5 16
O 4 2 7 1 14
O 2 5 2 8 10

12 7 6 15
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A B A 4
2 B 2 5

2 3 40
60 A 3

B 4

x1 = 2, x2 = 3, x3 = 2

x1 + x2 + 2x3 = 9
3x1 + 2x2 + 5x3 = 22

z = 4x1 + 7x2

12x1 + 7x2  42
5x1 + 4x2  20
2x1 + 3x2  6
x1, x2  0.

Charnes’ M

z = x1 + x2

2x1 + x2  4
x1 + 7x2  7
x1, x2  0.

 2( , ) : 2, 1S x y E x y    (convex)
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1 2 3 4

1

2

3

4

O 6 4 2 7 8
O 5 1 4 6 14
O 6 5 2 5 19
O 4 3 2 1 11

7 13 12 10
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(Profit Matrix) (Optimal Assignments)

x1 = 1, x2 = 1, x3 = 1, x4 = 0
x1 + 2x2 + 4x3 + x4 = 7
2x1 – x2 + 3x3 – 2x4 = 4

VI

[Analytical Dynamics]

×

v2 = 2 – x – x2

y xy = a2 a

p2 = ar (focus)

h 

(Continuous force) (Impulsive force)

apse (Radius vector)

1 2 3 4 5

1

2

3

4

5

O 2 4 3 5 4
O 7 4 6 8 4
O 2 9 8 10 4
O 8 6 12 7 4
O 2 8 5 8 8
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m P V mkv

P U ( ) /( ) k U V gg kU g kV e   

O amplitude ‘a’ O 3
2

a

amplitude 7 a

F
2

3
h dp F

drp


(radial) (cross radial)

  4 2 2 53 2 ,m au a b u a b    a + b

apse
a b



r = a + b cos

 / 2 / 2

2

x xc e e
y


 y

4 4 cos4r a 

3m m
3m h m

3m
1
5

h

V1 V2 

1 2(1 ) (1 )e V e V   e
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[Probability and Statistics]

×

P(AB)  1 1( ) ,
3 2

B
AP A P 

A B ( ) ( ) ( ) 1P A B P A P B   

21, 1, 30, 91, 50, 80, 11, 61, 80, 12, 51, 80

A B  1 ( ) ( ) ( ) ,
1 ( )

A
B

P AB P A P B P
P B

  



P(B)  1

Baye’s

x y y x (Regression lines)
x = 4y + 5 y = 5x + 4 x y

Wholesale Price Index Number

(Null Hypothesis) (Alternative Hypothesis)

A, B, C    ( ) ( ) CB
A ABP ABC P A P P  

X Binomial (10, P) 4P(x = 4) = P(x = 3) P(x = 9)

X Y

23 25 35 30 20 27 28 24 32
33 35 45 40 30 37 38 34 42

X
Y

cotton thread breaking strength 100 (mean) 7·4 standard
deviation 1·2 gms Z.025 = 1·96 (mean) breaking strength- 95% confidence
limits
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Kolkata Trend

2014 2015 2016 2017 2018 2019
506 780 720 580 660 700

Paasche’s formula 

A 350 18 370 22
B 150 12 200 20

C 280 24 320 30

factor reversal test satisfy (chain index)

X p.d.f
(1 ) , 0 1

( ) 2021
0 ,

Cx x x
f x

    


C var (1 – 21x)

 0-35 36-75 76-125 126-200 201-250 251-350 350-450
130 150 120 110 80 70 50

(watt)

Baye’s-

A B- 5 7 6 6 Randomly
A 

15 
7, 11, 4, 4x yx y s s    r = 0·7

(x = 7, y = 11) r
r

SRSWOR Sample mean Standard error

Type I Type II error

20 12

X Y (Independent random variables)- cov(X, Y) = 0
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[English Version]

The figures in the margin indicate full marks.
Module – V
(Marks : 50)

Group – A
(Marks : 20)

Answer question no. 1 and any two questions from the rest.

1. Answer any two questions : 2×2

(a) Round-off the following numbers correct to five significant digits for the two numbers :

32.1795  &  0.009123450001

(b) If 3
7

 is represented by the approximate number 0.4286, compute the percentage error.

(c) Find  3 2(1 ) 1ax ax   , taking h = 1.

(d) State Newton’s backward interpolation formula.

2. (a) Given the following table :

0 5 10 15 20
( ) 1 0 1 6 3 8 8 2 15 4
x

f x     

Construct the difference table and compute f (21) by Newton’s Backward Formula.

(b) Find the first term of the series whose second and subsequent terms are 15, 10, 7, 6, 7, 10.
(2+3)+3

3. (a) Evaluate 
1

0

cos x dx  taking 5 equal intervals. Explain the reason behind your choice of the integration

formula used.

(b) Give the Geometrical significance of Simpson’s One-third Rule. (4+1)+3

4. (a) Using the method of bisection compute a root of x3 – 4x – 9 = 0 between 2 and 3, correct to
3 significant figures.

(b) Find an interval of length one in which a positive real root of the following equation lies :
x3 – 7x2 – 6x – 8 = 0. 6+2

5. Using Newton-Raphson method compute a real root of x3 – 8x + 4 = 0 correct to four decimal places.
Give the geometrical significance of this method. 6+2



( 9 ) T(II)-Mathematics-G-3

Group – B
(Marks : 30)

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

6. Answer any three questions : 2×3

(a) Examine whether the solution x1 = 2, x2 = 3, x3 = 0 of the following system of equations is basic :
3x1 + 5x2 – 7x3 = 21
6x1 + 10x2 + 3x3 = 42

(b) Represent graphically the feasible region of the following LPP :
Max z = x1 + 3x2
subject to x1 – x2  1

x1 + x2  3
x1, x2  0

(c) Show that the set  : 3S x x   is a convex set in the Euclidean space E1.

(d) Find the extreme points of the following convex sets (shaded region) :

(e) Find an initial basic feasible solution of the following Transportation Problem by North-West corner
rule :

7. (a) A manufacturer produces two types of models A and B. Each A model requires 4 hours of grinding
and 2 hours of polishing whereas each B model requires 2 hours of grinding and 5 hours of polishing.
The manufacturer has 2 grinders and 3 polishers. Each grinder works for 40 hours a week and each
polisher works for 60 hours a week. Profit on an A model is Rs. 3.00 and on a B model is Rs. 4.00.
Whatever is produced in a week is sold in the market. Formulate this problem as an LPP to determine
the production capacity of two types of models so that the company may make the maximum profit
in a week.

Please Turn Over

(i) (ii)

1 2 3 4

1

2

3

Total Supply
O 4 6 9 5 16

O 4 2 7 1 14
O 2 5 2 8 10

Total  Demand 12 7 6 15

D D D D



( 10 )T(II)-Mathematics-G-3

(b) Reduce the feasible solution x1 = 2, x2 = 3, x3 = 2 of the following system to a basic feasible
solution :

x1 + x2 + 2x3 = 9
3x1 + 2x2 + 5x3 = 22. 6+6

8. (a) Solve the following LPP graphically :
Max z = 4x1 + 7x2
subject to 12x1 + 7x2  42

5x1 + 4x2  20
2x1 + 3x2  6
x1, x2  0.

(b) Use Charnes’ M-technique to solve the following LPP :
Min z = x1 + x2
subject to 2x1 + x2  4

x1 + 7x2  7
x1, x2  0. 6+6

9. (a) Find the optimal solution and corresponding cost of transportation in the following Transportation
Problem :

(b) Prove  2( , ) : 2, 1S x y E x y     is a convex set. 7+5

10. (a) Find the optimal assignments from the following profit matrix :

(b) Show that x1 = 1, x2 = 1, x3 = 1, x4 = 0 is a feasible solution of the system of equations
x1 + 2x2 + 4x3 + x4 = 7
2x1 – x2 + 3x3 – 2x4 = 4

Reduce the Feasible Solution to a Basic Feasible Solution. 7+(3+2)

1 2 3 4

1

2

3

O 6 4 2 7 8
O 5 1 4 6 14
O 6 5 2 5 19
O4 4 3 2 1 11

7 13 12 10

D D D D

1 2 3 4 5

1

2

3

4

5

O 2 4 3 5 4
O 7 4 6 8 4
O 2 9 8 10 4
O 8 6 12 7 4
O 2 8 5 8 8

D D D D D
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Module – VI
(Answer either Group-A or Group-B)

Group – A
[Analytical Dynamics]

(Marks : 50)

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

11. Answer any five questions : 2×5

(a) If a particle moves in a straight line and its velocity v at a distance x from the origin is given by
v2 = 2 – x – x2, show that the motion is simple harmonic.

(b) State Newton’s 2nd law of motion.

(c) Find the law of force parallel to the axis of y under which a particle describes the plane curve
xy = a2, a is a constant.

(d) A particle describes the parabola p2 = ar under a force which is always directed towards its focus.
Find the law of force.

(e) At what height would the K.E. of a body falling from a height h be equal to half its potential
energy?

(f) State the principle of conservation of linear momentum.

(g) Define Impulse. What is the difference between a continuous force and an impulsive force?

(h) Show that at an apse of a central orbit, the particle moves perpendicular to the radius vector.

(i) Prove that a planet has only a radial acceleration towards the sun.

12. A particle P of mass m is thrown vertically upwards with initial speed V. If the air resistance is mkv,

show that P returns to its starting point with speed U given by, ( ) /( ) k U V gg kU g kV e    . 8

13. A particle is executing S.H.M. of amplitude a about a point O as the centre of oscillation and when at

a distance 3
2

 a from O, it receives a blow in the direction of motion, whereby its velocity is increased

five times. Show that the amplitude of the subsequent S.H.M. is 7 a. 8

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

that in usual notations the differential equation to the path of the particle is 
2

3 .h dp F
drp

 8

15. Find the expressions for the radial and cross-radial components of velocity and acceleration of a particle
moving in a plane. 8
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16. A particle moves under a force   4 2 2 53 2 ,m au a b u a b     and is projected from an apse at a

distance a + b with velocity ( )a b  ; Show that its orbit is r = a + b cos. 8

17. A particle describes the curve 
 / 2 / 2

2

x xc e e
y


  under a force which is always parallel to the direction

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

18. A particle describes the path 4 4 cos4r a   under a force which is always directed to the pole. Find the
law of force. 8

19. Two masses 3m and m are connected by a cord passing over a pulley and the whole is at rest with 3m
on the ground. A third mass m falls through a height h, strikes the second mass, adheres to it and sets

the whole in motion. Prove that the mass 3m will rise from the ground to a height 
1 .
5

h 8

20. If V1, V2 are the linear velocities of a planet when it is respectively nearest and farthest from the Sun,
prove that 1 2(1 ) (1 )e V e V   , where e is the eccentricity of the orbit of the planet. 8

Group – B
[Probability and Statistics]

(Marks : 50)
Answer question no. 11 and any five questions from the rest.

11. Answer any five questions : 2×5

(a) If  1 1( ) , ,
3 2

B
AP A P   then find P(AB).

(b) For any two events A and B, prove that ( ) ( ) ( ) 1.P A B P A P B   

(c) Find mean and median of the following numbers :
21, 1, 30, 91, 50, 80, 11, 61, 80, 12, 51, 80.

(d) For any two events A and B, show that  1 ( ) ( ) ( ) ,
1 ( )

A
B

P AB P A P B P
P B

  



 provided P(B)  1.

(e) State Baye’s theorem.

(f) Define a statistic and give an example.
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(g) If the regression lines of x on y and y on x are x = 4y + 5 and y = 5x + 4 respectively, then find the
correlation coefficient of x and y.

(h) What do you mean by wholesale price index number?

(i) Define Null Hypothesis and Alternative Hypothesis.

12. (a) For three events A, B, C prove that    ( ) ( ) .CB
A ABP ABC P A P P  

(b) In a family, there are two children. What is the probability that (i) they are both male, (ii) they have
same birthday? 4+(2+2)

13. (a) X is a Binomial (10, P) variate such that 4P(x = 4) = P(x = 3). Find P(x = 9).

(b) Find the correlation coefficient of X and Y from the following bivariate data :

23 25 35 30 20 27 28 24 32
33 35 45 40 30 37 38 34 42

X
Y 4+4

14. (a) A sample of 100 measurements at breaking strength of cotton thread gave a mean of 7·4 and a
standard deviation of 1·2 gms. Find 95% confidence limits for the mean breaking strength of the
cotton thread. (Given Z.025 = 1·96)

(b) Determine the trend of rainfall in Kolkata using 3 years moving average method :

2014 2015 2016 2017 2018 2019
506 780 720 580 660 700

Year
Rainfall(mm) 5+3

15. (a) Obtain Price Index number (using Paasche’s formula) from the following data :

Commodity Base Year Current year
Price(Rs.) Quantity Price(Rs.) Quantity

A 350 18 370 22
B 150 12 200 20
C 280 24 320 30

(b) Which formula for Price Index Number does satisfy the factor reversal test? Discuss two advantages
of chain index. 4+(2+2)

16. (a) A continuous random variable X has the p.d.f defined by (1 ) , 0 1
( ) 2021

, elsewhere0

Cx x x
f x

    


Find the constant C and value of var (1 – 21x).

(b) Draw a Histogram from the following distribution :

0-35 36-75 76-125 126-200 201-250 251-350 350-450
130 150 120 110 80 70 50

Electricity consumed (watt)
No. of consumers

5+3
Please Turn Over
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17. (a) Prove Baye’s theorem on conditional probability.

(b) Two boxes A and B contained 5 red balls, 7 white balls and 6 red balls, 6 white balls respectively.
A box was chosen at random and a ball was picked from that box randomly. If the ball picked
found to be red, then what is the probability that the box A was selected? 3+5

18. (a) A bivariate sample of size 15 gave the result 7, 11, 4, 4 and 0 7.x yx y s s r       It was later
found that one pair (x = 7, y = 11) was inaccurate and was rejected. How would the value of r be
affected by this rejection, where r stands for the correlation coefficient?

(b) Obtain the standard error of sample mean in case of simple random sampling without replacement
(SRSWOR). 4+4

19. (a) Define Type I and Type II error.

(b) Find the geometric mean of two observations of their arithmetic mean and harmonic mean are 20
and 12 respectively.

(c) If X and Y are two independent random variables, prove that cov(X, Y) = 0. 2+3+3


