
.Sc.lPart-IIIGen.IMTMG-IIII2017

WEST BENGAL STATE UNIVERSITY
B.Sc. General PART-II Examinations, 2017

MATHEMATICS-GENERAL

PAPER-MTMG-III

Time Allotted: 3 Hours Full Marks: 100

The figures in the margin indicate full marks.
Candidates should answer in their own words
and adhere to the word limit as practicable.

~~~~~~~<mrl
~ ~ ~ 1Ifl/I ~ .'~)jl'!l ~,
m~,

All Symbols are of usual significance:

Answer Group A and B compulsorily, and anyone group from Group C, D and E.

Group-A
~-Cfi

[Marks-20]
Answer Question No.1 and any two questions from the rest

~ ~ ~ ~~ ~ c<T-~ !IU~mlft'e
1. Answer any two questions from the following:

M~f61~ c<T-~ flU ~mlft'eg

~valuate ( ~ ]x3 , taking h =1.

h ~ 1~ (~)x' f.\<fu 'IiCllI1

2x2=4
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2'

(b) find f (x2 -4)dxusing Simpson's.!. rule, taking 2 sub-intervals.
~ 0 3

1 2
~'>1cei'S1-- m~<rol, ~'6I'&'S11Q1M f(x2 -4)dx ~~~I

3 0

(c) Calculate the value of J2 , correct up to 4 significant figures and hence find
the relative.error .

• ~~~~ J2 ~~~~~<ron~~\5t~~~~~
~~<ronl

(d) Prove that E-1 = 1- Y'. E, I, Y' have their usual meaning.

~'f<ron E-1=1-Y'. E,I, Y' ~~~~~I

2. (a) Using appropriate interpolation formula, find the value of f(1.1) from the 6
following data.

~~~:~~ '>11~C~H~M~~ ~ f(1.1)-~~~f.f~<ron1

J x 0 1 2 3 14 5
j{x) 0 3 8 15 124 35

(b) rove that V is a linear operator. . 2

~~Y'~~~~~I

->
1

3. (a) Evaluate f (1+ 2x - 3x2)dxtaking 11 subintervals by trapezoidal rule, correct 5
o

up to 4 decimal places.
1

V Trapezoidal ~ '>11~C~ 11$ ~9f-'6I'&'S11Q1m f (1+ 2x - 3x2)dx ~~ ~ ~
o

~,4~~~~~1

(b) If I(x) = «:',prove that f(O), ~f(O), and ~2 1(0) are in G.P. 3

~ I(x)=eax
-
b ~,~'f~ f(O) , ~f(O)'(3 !!.?f(O) ~'C~G!t~1

2100 2
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(b) Represent graphically the feasible region of the following LPP:
M~Iil~ LPP ~ ~ 011Cf~ )jl~C~ ~ <rott~

Maximize: z = 2xI + 4X2

Subject to: x-3y ~ 0
x ~5
x, y z O

(c) Write down the dual of the following LPP:
M~M~ LPP ~~ )j1l)j)1~~~

V Maximize: z = XI - X2

Subject to : 2xI +3x2 ~ 2

XI +X2 ~3
• XI ~ 0, x2 ~ 0 .

(d)' Give an example of a non-convex set.
I!l<i$ '6Ii'Gl'1 ~ ~'f lf1'6 I

(e) Find ~, ~, ~ such that: (-1, 0, 4) = ~(2, 0, 0)+ ~(1, 1,0) + ~(1, - 2, 4)

~ ~, ~, ~ ~<rottI!l~~9f~~

(-1, 0, 4) = ~(2, 0, 0)+ ~(1, 1,0)+ ~(1, - 2,4)

(t) Why are artificial variables used in Chame's Big-M method?
~Big-M9j~~~~"5'1~~~~?

~tate the Fundamental theorem of LPP.
LPP I!l~~~~~<rottl

7. (a) There are two warehouses and three stores. The availabilities of a certain 8+8
item to these warehouses are 200 and 800 units respectively and the
requirements of the same items to the stores are 250, 300 and 450 unit
respectively. The transportation cost matrix is given by

SI S2 S3

W; [13 18 8]
eij = Wz 18 23 10

Put this problem as an LPP to minimize the transportation cost.
42100
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~~~-e~~~1 ~~~~~~~~~200
~~ 800 ~~~~ ~~ ~~~~ 250, 300 ~~ 450 ~~
~1~~orom~1

s, S2 S3

W; [13 18 8]
cij = Wz 18 23 10

~~>1lp1JlttC~~~ LPP~'6l1~1C'l1~~~~~~~1

(b) Solve the following LPP graphically
~>11~C~ f.l~fgj~LPP~~~~1

Maximize: z = 4x +2y
Subject to : 3x + y ~ 27

-x-y~-21
x+2y~30
x, y ~ O.

G) Solve the following LPP by simplex method:V Simplex 9j~R>~ f.l~fgj~LPP~~~~:

Maximize: z = Xl - 3x2 + 2X3•
Subject to : 3xl - x2 + 2X3 ~ 7

-2Xl +4X2 ~12
- 4Xl +3x2 + 8X3 ~ 10

Xl' X2• X3 ~ 0 .

~ Solve the following transportation problem:
f.l~fgj~ ~ >1l1>1Jltt~~~:

8+8

19 30 50 10
70 30. 40 60
40 8 70 20

7
9
18

5 8 7 14

2100 TurnOver5



B.Sc./Part-lIIGen.IMTMG-llI/1017

..,...9. (~e Chame's Big-M method to maximize.7' ~m-M~~~maXimize~1

8+8

Maximize z = 2Xl + x2 + 3X3

Subject to Xl + x2. + 3X3 ~ 5

2Xl +3x2 +4X3 = 12

(b) Find.the optimal assignment and corresponding cost from the following cost
V matrix: I

M~fiI~ ~ ~ ~ ~ ~ ~~ f.f~~ ~~~ '6I"1~lm ~ f.f~
~g

a bed
1
2
3
4

19 18 13 12
20 16 12 17
26 22 18 12
17 15 12 12

1O.(a) Find the dual of the following LPP:

M~fiI~ LPP ~~ >lll>lJrtU ~g

8+8

Minimize: z = 2Xl - x2 + 4X3

Subject to : - Xl + 2X2 - X3 = 2

2Xl - 3x2 + X3 = 4

(b) If Xl. X2 be real show that the set S= {(Xl' x2): 2x: + xi ~ 6} is a convex set
. E2m .
~Xt.X2~~~~~ S={(xl, x2):2x:+xi ~6} ~~~~~
E2 ~I

2100 6
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Group-C
~-~

[Marks-40]

Answer Question No. 11 and two from the rest
f4~Mm(;<T-~~~m~

11. Answer any four questions from the following:
f4~M~(;<T-~$$~m~g

(a) The coordinates of a moving point at time t are given by
x = c(2t +sin 2t), and y = c(1- cos2t). Prove that acceleration is constant.

~~~~ t~~ x=c(2t+sin2t), ~~ y=c(1-cos2t) I ~

(;<T~ R"'l,1t'S1~'1 ~~ ~ I

(b) What is conservative force? Give an example.
~~~~~? ~~~'1ltt'e I

(c) A particle describes a curve s = c tan If' with uniform speed v, Find the
acceleration indicating its direction.
~~~'ttv~~ s=ctanlf' ~~I <I,@CI5"111t'S1~'1(~~
~I

(d) State the principle of conservation of energy.
~~~~~I

(e) A ball is dropped vertically on a fixed horizontal plane from a height 5 m. If
the coefficient of restitution be 0.5 then find the height to which the ball rise
after first rebound. /
~~ ~ 5 m ~ ~ ~~ ~ '6l~fil<p ~ ~~ '1'if'8~ ~l ~
~9f<fi~~0.5 ~~ft~'11MsC~~~~?

(t) If time t be regarded as a function of velocity v, prove that the rate of
.' d2t

decrease of accelerationf is r -2 .dv
~ ~ t, 'i1N>C<I'S1v-~~ ~~ ~ ~ ~ ~ (;<T~"1 f~~ ~~ ~~.

/3 d
2
t

dv2 •

2100 7
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(g) State the Kepler's laws of planetary motion.

~~~~~~~~I

12.(a) Find the loss ofK. E. due to direct impact of two perfectly inelastic balls.

~\5lAA~~~~~~~<nai~W~~9f~1

8+8

(b) An engine is pulling a train and works at a constant power doing H units of
work per second. If M be the mass of the whole train and F is the resistance
supposed to be constant, show that the time of generating the velocity v from

. [MH (H) MV]rest IS -2- log - - .
F H-Fv F

~~~ ~~~~~~ ()'1C~C<SH~~~~, ~~~~I

~~~~M~~~<n~F~~~~~~~a~t~~~v~'>t

l5~9fjf~~art~ [W: log ( H )_ MV].
. F H-~ F

13.(a) In a simple harmonic motion the distances of a particle from the middle 8
point of its path at three consecutive seconds are x, y, z respectively. Show

that its time period is 2tr/ cos' (x + z) .
2y

~ ~ ~ ~ ~~ ~'fm~~ ~ ~~ 3 (J1~C<5 ~ ~ x, Y

~"""H\n ~~~ / _,(x+z)~~ z '<.'<.1.••.11.'1"i1~ ~ \::I'<.I~ "l~'~~'I"I 2tr cos .
2y

(b) A particle describes the curve y ~ ~ (ei +e-i)under a force which IS 8

always parallel to the direction of y axis. Find the law of force.

~ ~'It y ~ ~ (ei ;,e-i) ~ ~ y "'It'l!'lI ~"fOI.t.,__ ~ I

~~f.f~~1

2100 . 8
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14.(a) Establish the differential equation of the path for the motion of a particle 8+8
describing a central orbit under an attractive force F per unit mass in the

form: d2~ + u = ~ 2 ' the symbols having their usual meanings.so h u

~ (f)'tBfI.!I~ ~ ~ F ~'1 ~ ~ ~l ~ (f)'t$ ~ ~~ m'1

. '0 d2u F
~~ ~~~~'1fij~C~\'{;O~t<ptC'!1 ~~o -2 +u=~.

dB h u
~~~~~l

(b) A particle of mass m moves under a central attractive force
mp(5r-3 + 8c2 r-5

) and is projected from an apse at a distance c with a

velocity 35. Prove that the equation of the orbit is r = c cos~B.
. c 3

m ~'tlMf4CIll.!I~ ~'tBf ~~ mp(5r-3 + 8c2 r-5) ~'1 c<partf\5~ ~ ~

<rnf I (f)'t$ ~ c ~ '6Icq~ apse ~ 35 ~'if ~~, ~ ~ <ffift c<T
c

2
(f)~~~~'1~ r = c cos-B.

3

15.(a) Prove that the path of a projectile in vacuum is a parabola. Also find the 8+8
length of its latus rectum.

~'1 <ffift c<T,~~ ~ ~ ~~ \!l~ ~~l ~ ~tf\5'1C~'tlM -R~
<ffift I

(b) Find the radial and cross radial component of velocity and acceleration of a
particle moving along a plane curve.

)j~~C'1 ~ ~ \!l~ (f)'tBf~ 'e ~~ ~ I.!I~ '1~t'6l~~ ~~~~
-R~<ffiftl

2100 9 Turn Over



B.Sc./Part-IIIGeo.IMTMG-IIII1017

Group-D
f.mst-~

[Marks-40]

Answer Question No. 16 and any two questions from the rest
~~-';~~'8~ClT-~~~m~

16. Answer any four questions from the following:
f.l~~mClT-~ orn1U ~ m ~g

(a) Define the terms 'Population' and 'Sample'.

~~'8~~~~1

(b) coin is tossed 3 times in succession. Find the probability of 2 consecutive
heads.

Ul~~~~3 ~~~~I ~~~~,_~~t~"l~~cmnl

~e A.M. and G.M. of two numbers are 25 and 15 respectively. Find H.M.

~~~ A.M. '8 G.M. ~25 Ul~ 151 H.M. ~~~I

(d) ~ distribution be symmetrical, what will be the relation between mean,
y median and mode? . .

2x4=

~~~~~~, ~~'8~~W~~~~~?

(e) Defme the term 'Correlation'. What is meant by negative correlation?

'6I"i.qC'fi~~~~ 1~~~~~ ~?

(f) Distinguish between primary and secondary data.

.~'8~'t~~~~~~cmnl

(~What do you mean by Null Hypothesis and Alternative Hypothesis?

V Null Hypothesis Ul~ Alternative Hypothesis ~~ ~?

2100 10
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17.(a) Defme conditional probability. For any two events A and B, prove that 8
P( A u B) = P( A) + PCB)- P( A n B) .

~~ >1\'SI1J~I~~~ ~I ClT-~ ~ ~ A '8 B I.!l~~ ~'f ~ ClT
P(AuB) = P(A)+P(B)-P(AnB).

(b) A bag contains 8 red balls and 5 white balls. Two successive draws of 3 8
balls are made without replacement. Find the probability that the first
drawing will give 3 white balls and the second 3 red balls.

I.!l<t$~'if 8 fij ~ ~ I.!l~ 51t~ ~ ~ I ~9f\5 ~ <rof ~~ ~ 31t ~
~~~m~1 ~~~31t~~1.!l~ ~~~<lI~~31t~G1M~Wl
~\'St<l~tW~ ~ I

18.(a) Find the correlation coefficient between X and Y from the following data. 8
Determine also the regression line of Y on X and then make an estimate of
the value of Y when X = 12.

~ ~ '6I"i~IC~X I.!l~ Y-I.!l~~~ ~~ ~ I Y-I.!l~X-I.!l~\;~ ~'f ~ I.!l~
X= 12 ~ Y-I.!l~~~~~1

X 1 3 4 6 8 9 11 14
Y12445789

(b) Show thatf(x)= };e-25X2
, -oo<x<oo is the probability density function 8

of a normal distribution with mean = 0 and variance =_1 .
50

5 2
~ ClT f(x) = ..r;e-25X

, = co c x c co I.!l<t$ normal f<l~IIS1C~~~ ~

\!ilC~ ~ ~ = 0 I.!l~ variance = _1 .
50

2100 11 TurnOver
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19.(a) A sample {2.3, - 0.2, - 0.4, -O.9} is taken from a normal population with
variance 9. Find a 95% confidence interval for the population mean.

[Given P(U > 1.960) = 0.025, U ~ N(0,1)]

9 ~ ~ ~ I£l~ normal ~~ ~ I£l~. {2.3, - 0.2, - 0.4, -O.9}
cr!'8m~1 ~~~~95%~-~~t.fu~1

[~~(U > 1.960).= 0.025, U ~ N(O,I)]

(b) (i) Find the mean and standard deviation of the first n natural numbers. 4+

~n~~1It\!5tM~~~~'8~~~t.fu<mn1

(ii) Find the mode of the following frequency distribution.

~ ~~ M\!5tiSfC~~~~~ffi~lIt~ ~t.fu~ I

Marks 10-19 20-29 30-39 40-49 50-59 60-69

Frequency 8 11 15 17 17 7

~

o.(a) P epare consumer price index number from the following data for 1998 and
99 taking 1997 as base year. It is given that weight of four groups are 4, 3,

2 and 1 respectively.

~~)Ojt~C4J 19981£l~ 1999~, 1997~~~~~~~t.fu
~I ~m~~~'iRf'8~~ 4, 3, 21£l~ 11

8

Group Price in Rupees

1997 1998 1999

A 30.00 34.00 31.00

B 11.25 11.50 11.00

C 15.00 18.00 18.00

D 12.00 12.25 12.50

2100 12
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(b) Define Type-I and Type-II errors relating to a statistical hypothesis testing. 2+6
In a random sample of size 100 taken from a population of size 1000, the
mean and s.d. of a sample characteristic are found to be 4.8 and 1.1
respectively. Find the 95% confidence interval for population mean. (Given
that P(Z > 1.96) = 0.025, where Z is a random variable having standard
normal distribution).

~~~~~~~~~'S~~~~vt~11000
'OI1<f$IC'tl'tlI!l~ ~~ ~ ~'f CRt 100 '6l1<f$IC'tl'tlI!l~ ~ ~ ~ ~~
~~~IC~'tl ~ ~~ ~ ~ ~ 4.8 ~~ 1.11 ~ ~~ ~ 95% ~-
~ ~~ ~ (orom ~, P(Z:> 1.96) = 0.025, ~ Z ~ bG1'tlIRIU'tl
MC<I~~~)I

Group-E

~-16

[Marks-40]

[Throughout the entire group, ~ stands for the difference operator, E stands

for the shift operator and y' (x) stands for dy ]
. dx

~~~'it A=~~~, E=~~~'8 y'(x) = :~]

Answer Question No. 21 and any two questions from the rest

~~~~~~~~~~~-~1J!U~~~

21. . Answer any four questions from the following:

M~I61~~-~ l>f1rlU ~~~g

(a) Find _1_ 5x , taking h = 1.
E+2

_1_Sx ~~~~~~, ~ h = 11
E+2 . .

2x4= 8

2100 13 Turn Over
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(b) Solve: (~~<ron~) Xn - 2xn_1 + xn_2 = 0.

1(c) Evaluate: ~~~<ron~) 2 x2 I
~ -3~+2

(d) Examine whether the following is a linear functional:

M~f6l~ functional1t~ ~ ~ <ronI

2 'I + (j/)2
V[Y(U)]= J" dx; y(l) =0, y(2)=1

I x

(e) State the necessary condition for an extremum of functional.

~~ functional ~~ extremum ~ ~~tISfOl)~ ~ ~ <ronI

(f) Showthat(~~) ~(UnJ= Vn ~un -un~vn
Vn Vn Vn+1

(g) What do you mean by the closeness in the sense of zero-order proximity of a
curve?

22.(a) (i) Prove that f( 4) = f(3) + ~ f(2) + ~2 f(1) + ~3 J(I).

~'1<ron f(4)=f(3)+~f(2)+~2f(I)+~f(1) I

(ii) Find un,· if U1 = 21, U2 = 1 and Un + 3un_1 - 4un_2 = 0, n ~ 3

u.; ~~<ron<l'N U1 = 21, U2 = 1 ~~ Un + 3un_1 - 4un_2 = 0, n ~ 3

• 2

(b) Show that the curves y( x) = sm n x, where n is sufficiently large and
n

YI (x) = ° on [0, 1l"] are close in the sense of zero-order proximity but not
close in the sense of first order proximity.

sin n2x ~~~~~ y(x) = ,~n ~H.'<l~<f'¥~~ YI(X)=O [0, 1l"] ~1'1J
n

~ C-"i<tS<'(;H~'6lf\5fif"l'rn ~ ~ ~ ~ C-"i<tS<.~~ '6lf\5fif-rrn ~ -.w I

2100 14
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(c) From among the curves connecting the points A(I, 3) and B(2, 5), find the 5
. curve on which an extremum of the functional

2

V[y(x)] = f y'(x){1 + x2y'(x)}dx can be attained.
I

2

V[y(x)] = f y'(x){1 + x2y'(x)}dx ~~ functional. -'It ~ ~ ~ ~ ~
I

~~~I

(b) Define Isoperimetric problem. Find the extremal of the isoperimetric 2+8
a

problem. V[y(x) = f y(x)d.x; given that y( -a) = yea) = o.
-0

Isoperimetric >1wUI'Sl ~~ ltt'<3 I Isoperimetric >1~p'1Jlfij'Sl extremal ~c;ffi ~ I
o

V[y(x) = f y(x)dx; orom~ y( -a) = yea) = o.
-0

24.(a) Show that the area of the surface of revolution of the curve y = y(x) from 6
X2

(~,y(~» to (X2,y(X2» about x axis is 2tr f y~1 + y,2 dx.
XI

Hence show that this surface will be minimum when the curve is catenary.

~~ y=y(x) ~x~bl~Mc<P (X1,y(X1» ~~ (X2,Y(X2» ~
• X2

~'i{~~\;~9ffl~N\!l~'1~ 2trf y~l+ y,2dx.

2100 15 TurnOver



(b) Find the distance between the curve Y = x and y = x2 on the interval [0, 1].

[0, 1] '6l~~lCa<jY = x \!l~ Y = x2
~ ~~ 'lT~ ~ ffl'~ ~ I

(c) Using the method of solving difference equation, fmd the nth term of the 5
Fibonacci sequence of numbers 1, 1,2,3,5,8, 13,21, .

~ ~'t ~~ ~ ~'it <mf Fibonacci '6li~~ 1, 1, 2, 3, 5, 8, 13,
21,.···· '\!l~ n ~ 9fof ffl'~ <mftl

B.Sc./Part-ll/Gen.IMTMG-llIl2017

5

2S.(a) A heavy chain is suspended from end points (xi' Yl) and (X2 Y2)' What 6
curve describes its equilibrium position, under a uniform gravitational field?

\!l~ ~ chain '!fU ~ ~ (xi' y,) \!l~ (X2 Y2) ~ ~I ~ '6lfib~~~
~~~~~\!l1t'it~l;q"aj~~?

(b) Solve the difference equation:

H~fQjm~~~~~~~
5

(c) Find the area that maximizes the area enclosed by a rectangle of fixed 5
perimeter.

m9jffi~~t~'@ '6lt~~NCJl~ Qf C~~a<j ~ b~~~~ ~ orn~ffl'~~ I

2100 16
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