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WEST BENGAL STATE UNIVERSITY
B.Sc. General PART-II Examinations, 2016

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.

~~~~~'1'f~~~1
~ ~ w<f f.tcrsrf! f5tIlm f,ifift )j14f~J(m

~1:fJ~~1

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

Group-A
~-<fi

[Full Marks-20]

Answer Question No. 1 and any two questions from the rest.

~~~~'6~~-~~~m~'
Answer any two questions from the following: 2x2=41.

H~f6j~ ~-c<fSf.l ~ ~mWr:
(a) If the value of e = 2.71828 is replaced by 2.71934 then what is the

percentage error?

~ e = 2.71828-~~~ 2.71934 ~ ?jHl:q~ ~\~Vp"1'\t<tS'!lr~~~?

(b) Prove that the operators E and L\ follow commutative law of multiplication.

~~E~~L\~~;;rn~~~~~~,
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B.Sc.IPart-WGenIMTMG-IIII2016

(c) If f(-2) =f(3) = 7 andf(O) = 1 tindf(lO).

~f(-2) =f(3) = 7 ~~f(O) = 1 ~~f(10)-~~~~'ffi~1

(d) Show that /14yo= Y4 -4Yl +6Y2 -4Yl +Yo'

2. (a) Find by suitable interpolation formula, the value of log 4.515 from the 6
following data:

\;~~g ~~ >1t~c~ PI~M~ ~ii1t~G4 ~ log 4.515-~~~~'ffi~:

log 4.51 = 0.6542, log 4.52 = 0.6551, log 4.53 = 0.6561, log 4.54 = 0.6571,
log 4.55 = 0.6580.

(b) State Newton's backward interpolation formula with its remainder term. 2

PI~tC~'Sl9f1'bt'1<1~~~~~~~~~I

3.
1

Evaluate the integral f (4x - 3x2
) dx taking 10 sub intervals by Trapezoidal

o
rule. Compute the exact value and find the relative error in your result.

6+1+1

1

10t'S \;~ ~~ ~ f (4x - 3x2
) dx >1~t~G4~tt Trapezoidal rule-~~ >1t~c~

o
~ ~I ~~t~G4~tt'll ~ ~ ~~ ~ ~~ ~ ~ ~~ ~ ~~

~I

4. Using Newton-Raphson method, fmd the real root of the equation
x3

- 8x - 4 = 0 correct up to four significant figures. Give a geometrical
significance of the method.

Newton-Raphson-cts ~ ~~ ~ x3
- 8x - 4 = 0 >1~~'llC~'ll ~ ~

~~mT~~~~~~1 9j~R>tt'Sl~utfilR>~~~9f(~1
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5. (a) Finda real root of the equation X3 - 4x - 9 = 0 between 2 and 3 eorrect up to 6
two significant figures by the method of bisection.

~~ 9l~f\b~ ~ ~ ~ ~ ~ ~ X3 - 4x - 9 = 0 )'j~<tl'tlC'Rf 2 '(3
3-\.!l~~~\.!l~~~~~~1

B.Sc.lPart-IIIGenIMTMG-IIII2016

(b) With usual meanings, show that E-I ==I - V . 2

~~~~E-I==I-vi

6.

Group-B

~-~
[Full Marks-40]

Answer Question No.6 and any two questions from the rest.

~"i{~~'6~Clf-~lJfU~m~1

Answer any four questions from the following:

M~M~~~-~ ~ ~m~:
(a) Define extreme point of a convex set.

\.!l~~~~~~~~1

(b) Find the basic feasible solutions of the system of equations.

~~~~~~m~~~~1

XI +2X3 = 1
x2 +X3 =4

(c) Show that the set S~{I~s 2} is a convex set.

C'i"It<l C'lS ~ {I:I< 2} ~ ~ c>ii; 1
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(d) A hyperplane is given by x + 2y +3z = 9. In which half space the points
(1,2,3) and (0, 1, -3) lie?

x + 2y + 3z = 9 ~<t$ Hyper plane I (1, 2, 3) ~~ (0, 1, -3) ~ ~ ~
~~('6l<t~?

(e) State the fundamental theorem of duality.

~ >1~>1Jt~~\S9f~~~1

(f) Find graphically the feasible space for the LPP.

~>1~~m~LPp-~~~~~~1

Maximize z = 2Xl +5x2

Subject to Xl + x2 s 6

and 0 ~ Xl s 4, 0 s X2 s3

(g) Find the initial basic feasible solution of the following transportation
problem given below by Matrix-Minima method.

Matrix-Minima~.2tCm~~~~>1~>1Jttt~~<fi1t~~~
~~~cofu~1

DJ D2 D3

OJr"4l20

02~15
10 15 10

7. (a) An agricultural fIrm has 180 tons of nitrogen fertilizers, 250 tons of 8
phosphate and 220 tons of potash. It sells 3:3:4 mixtures of these substances
at a profit ofRs. 15 per ton and 2:4:2 mixtures at a profit ofRs. 12 per ton
respectively. Formulate the problem as an L.P.P to obtain minimum profIt.

~~ ~ ~N50~ 180 ~ ~~c'ijtCiSt~,250 ~ ~>1C~t;'e 220 ~ 9@M ~ ~
~1~~~~WfI5~~~~~~3:3:4~~~
f.m!o~~I~~WfI2~~~~-M2:4:2 ~~~
f.m!o~ ~I ~<fi1t~ C.2lt$T~~~~ ~ ~~~cofu~
<fro I
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(b) Prove that the set of all feasible solutions to an L.P.P Ax = b, x ~ 0 is a 8
closed convex set.

~~ ~ Ax = b, x ~ 0 ~ C.tft~~ )jlpUl~~~~~ ~
~~~~~I

8. (a) Solve graphically the following L.P.P:

~~l~H~~~~C.tft~~)jlPUrn~~~:
Minimize z = 2xt + 3x2

Subject to, 2xt + 7x2 ~ 22

Xl +X2 ~6

5xt +X2 ~ 10

xt,X2~0.

@DSolve the following L.P.P by simplex method:
Simplex ~~l~C~ H~~~~C.tft~~)j1l>UMl~~~1

Maximize z = xt + 2X2

Subject to, xt - 5x2 :$; 10

2Xl -x2 ~2

Xl +X2 =10

Xl ~ 0, X2 ~ 0.

8

9 .(a) Write down the dual of the following primal problem.

H~~~L.P.P ~~ )jll>1Jtfij~1

8

Minimize z = .x:l + 3x2

Subject to, Xl + X2 s3

2xl-X2 ~-1

Xl +2X2 = 5,

Xl ~ 0, x2 Unrestricted in sign.
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~Fi~d the optimal solution and the corresponding cost of the transportation in
the following transportation problem.

f.l~M~~ )jwUltG~~~ ~ ~~ 1!1~ ~~ ~ ~

~c:fu~l

DI D2 D3 a·J
01 3 2 5

02 9 1 2

03 4 3 1

bj

10.(a) Find the optimal assignment and the corresponding optimal cost from the
following cost matrix.

~~~~~~9fI!1~ ~dm~~~c:fu~l
MI M2 M3 ~ Ms

3 8 2 10 3

8 7 2 9 7

6 4 2 7 5

8 4 2 3 5

9 10 6 9 10

(b) Solve the following L.P,P by Chames' Big M-method.

Chames' Big M ~ ~ f.l~f61~ C.2li.$f )j~>Olro~~~ ~ I

Maximize, Z = 2xI - 3x2

Subject to - XI + x2 ~-2

5.x; + 4X2 ~ 46

7.x; + 2X2 ~ 32
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'II.

Group-C

~-'5t

[Full Marks-4,O]

Answer Question No. 11 and any two questions from the rest.

~~~~~'{3~ClT-~1JW~mfrMl

Answer any four questions from the following:

H';fM~~-~ _ ~ffi~:

(a) A particle moving in a straight line has the following relation between the
velocity v and the distance x from the origin 0:

v = ~ It - x2, Jl> 0 . Show that the motion is S.H.M.

\!l<f$ ~'ft )j~a,C~~ ~ \!l~ ~~M"'i0 ~ x ~ v ~'if ~ ~

V=~Jl-X2, Jl>O ~I ~~, ~~~~@t~~(S.H.M.)1

(b) If a point P moves in a curve so that the tangential and normal accelerations
are equal, prove that the velocity varies as e"', when ip has usual meaning.

\!l~~P \!l~~15~ \!l~9f ~ ~~ '{3'6I~a,"5f ~~~~I
~ ~ ~ 'ijf\bC<l"iie"'-\!l~ ~ )j~a,C\gClk ~ ~ 'II ~ ~ ~
~~I

(c) State the principles of conservation of linear momentum.

~~~ H\!iJ\!it~~~~1

(d) Show that in a central orbit, the angular momentum is always conserved.

~~~~~~~~~~~I

(e) What is impulsive force? How is it measured?

, ~ ~~? Ms\gtc<l'~ ~9f~~?

(f) Show that the change in kinetic energy of a body is equal to the work done
by the forces acting on it.

~~-~~'{3~~~~~~~~~~$~~

~~I
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(g) From what height must a heavy elastic ball be dropped on the floor so that

rebounding once it will reach a height of 8 metre? (Let e = !)
2

~~~~~~~9f<fi~~~~~~~8~

~bb~rn~~?(~= ~~)

12.(a) A particle of mass m moves in a straight line under an attractive force mn'»
towards a fixed point on the line when at a distance x form it. If it be
projected with a velocity v towards the centre of force from an initial
distance a from it, prove that it reaches the centre of force after a time
1 -1 na- tan -.
n v

>1~c;<jC'!l~ ~ m ~ ~ ~~ ~"frn 'e~ ~ >1~c;<jC~~ \Q~ fuf ~ ~
~t<p(<tS <fG1 mn'», ~ fuf ~ ~ ~~ ~ x I ~ C<fltltM"'1~ a ~ ~'t$
v ~~ M"'lfG~ ~ ~~ ~ ~ ~ C<fltltM"'1C'!lC~ ~~ ~ '1l~
1 -1 na I-tan -
n v

(b) A particle moves with a central acceleration JL + (distancer'. It is projected
with velocity V at a distance R. Show that its path is rectangular hyperbola

if the angle of projection is Sin-tl'/{ VR(V' - 2:)1n
C<flf.1 ~'ItJL + (~)2 ~~ ~ ~'f ~ ~l ~~ R ~ ~ V ~~

~~~I ~9f~ Sin+/{VR(V'- 2:)1}] Wi~~~

~~\Q<I$~~~1
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13.(ayfnte down the equations of motion of a particle moving in a central orbit
~iinder a central force P and deduce the differential equation in the form

h: dp = P; symbols having usual meaning. .
p dr

~ ~ P-\!l~ ~m~ ~9fV<f ~ \!l~ ~'tm~ ~~ ~ \!l~

~~c:<T h: dp =P; ~~~~(~~I
p dr

(b) A particle moves under a central repulsive force mu -;-(distance)" and is 8
projected from an apse at a distance 'a' with a velocity v. Show that the
equation to the path is rcos pO = a and the angle described in time 'I' is

1 _ (PV/) a2v2 + II- tan l - where p2 = 2 2 r. .
p a av

8

\!l~ ~'tm '8~ \!l~ ~ ~ ~ mu -;-(~~~)3 Qf;~~ I ~~ a
~ '6l<1~ apse ~ v ffi~ ~9f;l ~ ~I ~~ ~ c:<T~'tm ~~
~~ ~ rcos pO = a \!l~ ~ ~'f$ 1 ~ ~ c:<T~ ~~9ffl ~ ~ ~

1.. -t(PV/),...,..1'I7= 2 = a2v2 + f.1 Itan , I.~"'ill.'" P 2 2
P a a v

14.(a) T, and T2 are periods of vertical oscillations of two different weights 8
suspended by an elastic storing. If Cl and C2 be the statical extensions due to
these weights and g the acceleration due to gravity, show that

.4;r2(cj - c
2

)

g = T,2 _r,2
j 2

\!l~ ~~ ~ ~ wu- ~ '8~ ~ t, \!l~ T2 wu- ~ Cl'ftG1Cil'l1
~~<15M 9f1\5m~1 ~ ~'8~~Wt~~ Cl \!l~ C2 ~~~

~c:<T g = 4;r2(cj -c2) ~g~~~<15(-sr~~1T,2 _ r,2 ' .
j 2

(b) Define escape velocity. Find an approximate expression for it.

~C<1C~ ~wt ~ I \!l~ \!l~ ~ ~~<1Jf@ f.f4'fu ~ I

8
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15.(a) If VI, V2 are the linear velocity of a planet when it is respectively nearest and
furthest from the sun, prove that (1- e)vJ = (1+ e)v2, when e is the
eccentricity of the orbit of the planet.

~Vl ~~ V2 ~<fifij~~~'i'f~~~~~~~f.ffi~~~,
~~~ (1-e)vJ =(1+e)v2, ~ e~~~~~~~l

(b) A particle describes the path r4 = a4 cos4B under a force which is always
directed to pole. Find the law of force.

~~'ft r4 =a4cos4B 9fV<r~~~~~~~~~~1 ~
~Rc:fu~l

Group-D

~-~
[Full Marks-40J

Answer Question No. 16 and any two questions from the rest.

~~ i{~~'(3~Cll-~ IfU ~m~l
16. Answer any four questions from the following:

f.l~fil~ ~-~ _ 2!00r~~:

(a) Define 'event space', 'random experiment' and hence give the definition of 2x4 = 8
probability of an event A in the event space S connected with the random
experiment E.

~ilM-t '(3 )!~~lfiSR;<l5~~ ~~ ~ I ~ ~ )!~~1 ~ ~Cf E-~
~~\ifGilM-tS-~~~~A-~~~~ilt'i!l~~~1

(b) A fair coin is tossed 5 times. What is the probability of getting at least one
'head'?

2100 10
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(c) If f(x) '= ke" (0 ~ x .~(0) be the probability density function of a continuous
random variable x, find k.

~ ~ ~ ~ Da; x-I.!l~ )j~~t ~ ~~ f(x)=ke-x(O~x~oo) ~
~ k-I.!l~~~"fu~l

(d) If A and B are two independent events then show that A and Ii are also
independent.

~A 'eB~~9f'll>~~~~'f~~ A 'e Ii ~~~l

(e) Given Cov(x, y) = 10, r = 0.4 and O"y = 5, then fmd O"x.

~Cov(x,y) = 10, r= 0.41.!l~ oy= 5, O"x-I.!l~~~"fu~l

(f) If the second and third central moments of a distribution are 4 and 10
respectively, fmd the skewness ofthe distribution.

~ ~~~ M~tiSiC~'!l ~ -s ~ ~ moment ~ 4 'e 10 I I.!l~
skewness ~"fu ~ I

(g) Defme 'Parameter' and 'Statistic'.

Parameter 'e Statistic-I.!l~~~~l

17.(a) State and prove Bayes' theorem. 8

Bayes' ~9f9fM ~~ I.!l~~'f~ I

(b) Find the probability of getting an even number on the first or a total of 8 in a 8
single throw of two dice.

~~I.!l~~~9f~~~~~~~8~"'t<l~t
~"fu~l

18.(a) Prove that the correlation coefficient r between two variables x and y lies 8
between -1 and +1.

~'f ~ ~ x 'e Y [)G1'!ltfi1~Q.:l'!l~ ~'if r, -1 'e +l-I.!l~~~ ~ I
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(b) A random sample of 100 articles taken from a batch of 2000 articles shows
that the average diameter of the articles = 0.354 with S.D = 0.048. Find 95%
confidence interval for the average diameter of this batch of 2000 articles.
(Assume normal distribution; given P[- 1.96 ~ z ~ 1.96] = 0.95 where z is
N (0, 1)).
2000 ~ ~ -!1~ ~ ~ '@C"ti"1J~"'l~~ 100~ ~ -!1~. c-wm ~I
-!1"OOf~ ~ 0.354 -!1~ S.D = 0.0481 -!1~ 2000~ ~ ~ ~ ~ 95%
confidence ~ Ff~ ~ I

(~~NORMAL f<j~1\Si"'l-!1~ P[- 1.96 ~ z ~ 1.96] = 0.95 -!1~ N (0, 1»)1

19.(a) The random variableXhas the distribution given by 8
P(X= k) = z", k= 1,2, .

Show that E(X) = Var(X) = 2.
~~ X--!1~ f<j~1\Si"'l~ orom~:

P(X= k) = Tk, k= 1,2, .
~~, E(X) = Var(X) = 21

(b) Determine the, trend using 4 year moving average method from the 8
following data:
~~C~~4m~~Ff~~:

Year 1990 1991 1992 1993 1994 1995 1996 1997
0~~
Yearly Sale 3.6 4.3 4.3 3.4 4.4 5.4 3.4 2.4
«tt~~~)
(Rs.OOOO)

20.(a) Find x from the following, given that the ratio between Laspeyre's and 8
Paasche's index number is 28:27.
x-l1l~ ~Ff~ ~ ~ Laspeyre's 11l~ Paasche's-ae ~ ~~ 28:271

Commodities Base year Current year
Price (Rs.) Quantity . Prince(Rs.) Quantity

A 1 10 2 5
B 1 • 5 x 2

2100 12
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(b) For what value of kthe function, 8

I(x) = kx(l- x2
) ,0 s x s1

= 0 ,elsewhere
will satisfy the condition of probability density function. Find the mean and
mode of this distribution.
k-~~ ~ ~ ~ H~M~ ~~ ~ ~ ~~ ~ ~ ~
~? ..

I(x) = kx(l - x2
), 0 ~ x ~ 1

=0 ,~

~~ H<tCX1~tt~~ 'e ~~~~'H'~~I

Group-E
~-q;

[Full Marks-40]

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

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

~~~'ifLl=~~9ftOOE=~~9ftOO'e y'(x) = dy ~I]
dx

Answer Question No. 21 and any two questions from the rest.
21 ~2I'IJt~~~~~~Ql~ f$~~~1

21. Answer any lour questions from the following:
H~M~ Ql-~ fflfC ~~~:

(a) Show that ,.,' (log x) ~ IOg[I - (x ~ IY J. taking difference interval unity.

~ "'IIiiI1"I "1- 'IffinC'i"W! l'! ,.,'(log x ) ~ IOg[1- (x ~ 1Y ] I

2100 13 Turn Over
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(b) Show that(!)sin 2x = 2cos(2x- h)sinh.

~('f (!}in2X= 2cos(2x-h)sinh I

(c) Obtain the difference equation from the relation

Ux = A3
x +B( - S! , when A and B are parameters.

(d) Examine if the curve y(x) = sin:x, when n is sufficiently large and
n

Yt (x) = ° and [0, :r] are close in the sense of first order proximity or not.

~ y(x) = sm:x ~ n ~ ~~ ~~ Yt(x)=O, [O,tr] ~~ '6I~~jC61n
~~9j"~~~~proximity~J'jffi~~~~1

(e) Write down the Euler's equation for an extremum ofa functional.

V[y(x)] = f F(x, y(x), y'(x))dx ;y(xo) = YO,y(Xl) = Yl.

~~functional1mr~~~ Euler-~~~'ffU~1
b

(f) Show that the functional V[y(x)]= f[y'(x)+ y(x)]dx is linear.
a

b

~c<T V[y(x)]= f[y'(x)+ y(x)]dx~~1
a

(g) If y = ex +c2
, show that y = x.1y + (.1yr .

~ y=ex+c2
; ~c<T y=x.1y+(.1yr I

2lO0 14
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22.(a) Solve: Ux+2 + Ux+\ -12ux = 5x
, x ~ 1. 6

(b) Find the extremal of the functional 5

b

V[y(x)]~ f )1+ y'2 dx ; y(a) = A, y(b) = B.
a

b

V[y(x)] = f )1 + y'2 dx ; y(a) = A, y(b) = B \!I~ functional ~ extremal -R~
a

~I

(c) Find u, if U1 = 8, u2 = 200 and u; = 63ux_2 - 2ux_1• 5

23.(a) State and prove the problem of Brachistochrone.

- Brachistochrone l1WU$ ~ ~ \!I~ ~ ~ I

(b) Find the solution of the equation Ux+4 +Ux = 0 .

2+8

6

'. '

24.(a) Solve the difference equation (E2 -lIE + 30 )ux = x3x
•

~~P!~l~'t~~~: (E2-11E+30)ux =x3x
•

(b) Find the extremal of the isoperimetric problem

5

6

1 \

v[y(x)]= f(y12 + x2)dx given that f y2dx = 2, y(O) = 0, y(l) = o.
o 0

Isoperimetric l1~>tJlfG?Iextremal-R~~:

\ \

v [y(x)]= f(y12 + x2)dx; orom~ f y2dx = 2, y(O) = 0, y(l) = 0 I
o 0

2100 15
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(c) Test for an expression of the functional

H~~mFunctional-era \.!l~ extremum-era w.u ~ ~ I

5

1

V[y(x)]= f(xy+ y2 -2y2y')dx, y(O)" = 2, y(1)=l.
o

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

~ 9jHl~~j~ ~Bl\!)NWI~~ Ci$pJl~'1~ b'il~\!)~~ ~\5tR~~1

(b) If Yn = n(n -1)(n - 2) (n - 3), then find /14yn.

<@t Yn =n(n-1)(n-2) (n-3) ~~ /14Yn -\.!l~~R~~1

6

5

,

a-cos(ax- -)
(c) Show that: (~~): /1-1 sinax = 2

2 . asm-
2

5

2100 16

,
jJ ~


