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West Bengal State University .
B.A./B.Sc./B.Com. ( Honours, Major, General) Examinations, 2012

PART - II
M.ATHEMATICS- GENERAL

Paper - III
Duration : 3 Hours 1 [ Full Marks

The figures in the margin indicate full marks.
~ Jf~~~fc1 ,~ ~ 1

Answer Group-A and B and anyone Group from Group-C, D and E.
~'5f-~ ~ ~ ~<f~ ~'5f-'5f, ~ -s ~-~~ ~(ff c<J~ ~~ ~~ ~ Wf 1

GROUP-A

~'5f-~

[ Full Marks : 20 1

[ '~:201
Answer Question No. 1 and any two from the rest.

'i~~ ~ ~<f~ \5RT c<J~ ~ ~ ~ Wf 1

l. Answer any two questions:

c<J~~2f~~Wf :
a) Approximate the numbers 0·02302 and 725·57 correct up to three signifi

digits'.

0·02302 ~<f~ 725·57 Jf~~ ~ ~o{ ~ Jf1~ \51~ ~ R~ ~ 1

b) If Y = 6x4 - 5x , find the percentage error in y at x = 1, when the error in
0·03.

Y = 6~4 - 5x~, x = 1-~ y-~~ ~ ~ Rc:-fu ~, c<J~ x-~~ ~ 0·031

Prove that: E-1 ~f(x) = t.E-1 f(x)

~9 ~ : E-1 ~f(x) = E-1 f(x)

Show that, t.4yo = Y4 - 4Y3 + 6Y2 - 4Y1 + Yo

~ c<J, t.4yo = Y4 - 4Y3 + 6Y2 - 4Y1 + Yo

Find the missing value in the following table:
~Jfrn9T(~~~~~~ :

c)

d)

2. a)

x

Y

2 x 2



2012

Marks: 100

2 x 2 = 4

significant 5.

error in x is

031

b)
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State Newton's backward interpolation formula with its remainder term. 3

3. a)
2

Compute f x3dx by Trapezoidal rule by taking n = 5 and calculate the absolute
o

error. 5
2

Trapezoidal ~ n = 5 ~c~ f x3dx -~~ ~~ Rc;fu ~""¥..r~<r~ ~~ ~1:f ~ Rc;fu ~ 1

o .

b) If fIx) = ea.x+b , prove that f (0), I).f (0) and /).2 f(O) are in G.P. 3

~ fIx) = ea.x+b ~,~ ~~ ~ f(O), I).f(O) ~<r~ /).2 f(O)~1:~ ~~I

Using appropriate interpolation formula, find the value of f ( 5 ) from the

followingdata: 6'

4. a)

6 8x 3 4
fIx) 13'2 43·7 56-44·5

b). If a real root of the equation x2 - x -1 = 0 lies in (1, 2), locate real root correct
up to two significant figures by tabular method. 2
~ x2 - x -1 = 0 >1~<P~C~ ~~ ~ ~ (1, 2) ~ Qffi<P, ~ Tabular ~ ~

~~ ~ 9f<Rg ~ ~ ~ ~ ~ Rc;fu ~ 1

a) Find the cube root of 10 correct up to 5 significant figures by Newton-Raphson
method. 6
Newton-Raphson-em ~ ~ ~Q.«P ~ 9f<Rg ~ 10-~~' ~ Rc;fu ~ 1

b) Prove that, E-1 is a linear operator. 2

~~~~, E-l~~~~1

GROUP-B

.~~-~
[ Full Marks: 40 ]

[ '1.~: 40]
Answer Question No.6 and any two from the rest.

~.,~ fIl!t ~<r~~ ~ C<P'R ~ ~ ~ NrII

6. Answerany four questions :
~c<llR~~~Nr1 :

a) State the fundamental theorem of L.P.P.
L.P.P.-~~ '@-9f~ fc1~ 1

4x2=8
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b) _ Draw graphically the feasible space given by the L.P.P.

~ L.P.P.~ ~14'<JS~01"1 CC1~ >jl~lC~1 2l<W'1 ~ :

Maximize Z = 2xI + x2

subject to xl s 2

x2 ~ 3

c) Define convex combination of a set of r vectors xl' X2" "xr from En .

d) Write down the dual of the following L.P.P. :

~ L.P.P. ~ ~ >j~>jl1fG ~"fl :
Minimize Z = 3xI - 2X2

subject to 2xl + x2 s 1

e) Find the initial basic feasible solution of the following transportation pro
by North-West corner method:

- .
North-West corner ~ ~ ~ >j~>jllfG~ l!l~ ~ ~ ~~ Wfu

1 2 1 4

3 3 2 1

4 2 5 9

30

50

20

40 30 1020

f) Show that X = {x: I X I:s; 2} is a-convex set.

~c<r X={x:lxl:s;2} l!l~~ml

g) Find a basic feasible solution of the given equations:



7. a)

rtion problem 8. a)
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A coin is to be minted containing 40% silver, 50% copper, 10% nickel. The mint
has available alloys A, B, C and D having the following compositions and costs.
Present the problem of getting the alloys with specific composition at minimal
cost in the form of an L.P.P. : 8

c<Wftl<tS"11tC1 ~ 40 '5Tt;f ~9fT, 50 '5Tt;f ~ '8 10 '5Tt;f ~ ~ ~ ~ ~ WI

~ ~ A, B, C ~<HD ~~ m ~ ~~~~ ~ ~ ~ '8 ~ ~ ~'8m ~ I

~~ ~ ~~~ ~~~ f<r5 ~~ ~ >j<!CbC~ ~ ~ ~ 9fT'8m ~ - ~~ >j~>jllfG

~~ L.P.P. ~ ~~9f\5 ~ :

% Silver % Copper % Nickel· Cost
(~9fT) (~) (~) (~)

A ... 30 60 10 Rs. 11·00
B 35 35 30 Rs. 12·00
C 50 50 0 Rs. 16·00
D 40 45 15 Rs. 14·00

b) 8Solve by Charnels Big-Mmethod :
CharnelsBig-M~~~~ :
Maximize Z = 2xI - 3x2
subject to Xl - x2 ::;;2

5xI + 4x2 ::;;46

7XI + 2x2 ~ 32

Xl' X2 ~ 0
Find the dual of the following L.P.P. :
~ L.P.P. ~ ~ >j~>jllfG ~~ :

Maximize Z = Xl + 4x2 + 3x3

subject to 2XI + 3x2 - 5x3 ::;;2

3xI - x2 + 6x3 ~ 1

Xl + x2 + x3 = 4

Xl' X2 ~ 0, x3 unrestricted (\5RT~) I

b) Obtain an optimum basic feasible solution to the following transportation
problem: 8
H~f¢1~ ~ >j~>jllfG'$I ~ ~ ~ ~~ R~ ~ :

8

19 30 50 10

70 30 40 60

40 8 70 20

7

9

18

5 8 147



MTMG(GEN)-03 98

9. .a) Solve graphically the following L.P.P. :

~ '11~IC~1H~f¢1~ L.P.P.~ ~~ ~ : .
Maximize Z = 3xI + 2x2

subject to - 2XI + x2 s 1

Xl::;; 2

Xl + X2 ::;;3

xl' X2 ~O
. b) Solve the following L.P.P. by simplex method:

Simplex ~ H~f¢1~ L.P.P. ~-~~ ~ :
Maximize Z = 4xI + 7x2

subject to 2xI + x2 s 10

Xl + x2 s 6

Xl + 2X2 s 10

Xl' X2~0

b)

i) Show that a hyper plane in En is a convex set.

~~ ~ QTEn ~ ~~ 9i~I'1~'b¢1~ ~ c$ ~ I

. ii] Show that the following L.P.P. has an unbounded solution:
~ QT,~ L.P.P. m- \5T-~~I<l~ ~~ ~ f.WM ~ :
Minimize Z = 3x - 2y
subject to X - Y ::;;1

3x-2y::;; 6

x, Y ~ 0
A company has five employees A, B, C, D, E and five fixed jobs U, V, X,Y,Z.
number of hours each employee would take to perform each job is given in
following table. How would the jobs be allocated to minimize the total time?

~~ ">j'~~ A, B, C, D, E ~ ~ ~<r~ U, V, X, Y, Z - ~ ~ ~I

~(bl~~ ~ ~ ~ ~ QT~ C'ffC~\51 ~ ">j'@~ ~ ~ I ~~~

~ ~ ~9f ~ ~ '1.{~~ ~ ~~ '<l'»l" ~~ ?

10. a)

A B c D E

u
V

X

Y

Z

3 5 10 15 .8
4 7 15 18 8
8 12 20 20 12
5 5 8 10 6.

10 10 15 25 10



~~~~--- ~-

I V, X, Y, Z. The
is given in the

totaltime?

~~I

~~M~~~

8
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8

•
GROUP-C

~~-~
[ Full Marks: 40 ]

[ '1~: 40]

( Analytical Dynamics )

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

1l. Answerany four questions :

4

4

4x2=8

a) A heavy ball is dropped from a height h on the horizontal floor. If e be the
coefficient of elasticity, find the loss of kinetic energy due to its first impact.

h ~ C~ ~~ ~ ~ \5Ii~~<r' ~ ~~ c<fC'fT ~ I e ~ ~9f<l5 ~'>j ~ '5c<r

~~ ~~'(P:['8TH\!)~ ~ ~'1 ~ ~ I

b) The velocity v of a particle moving in a straight line at any instant t, when its

distance from the origin is x, is given by x = ..!. 'v2; show that the a~celeration of
2

the particle is constant.

~~ ~ ~~ ~'1R:r ~C4f<1"1 c~x ~ c<1'SR ~ t C\!l \!lRf ~'>j v, ~

x = ..!. v2 ~ R~~, ~ ~ ~ <JS~ ~'1 ~ I2 .

c) Show that in a central orbit the angular momentum of the particle about the
origin is always constant.

d) State any two of Kepler's laws of Planetary motion.

e) From what height must a heavy elastic ball be dropped on the floor so that
rebouncing once it will reach a height of 8 metre? (Let e = ~ )

'<JS\!l~C~~~~~9f<l5~~~~~~~8~~

~~? (e=~~)
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A cricket ball moving with a velocity of 25 tii] s is struck by a bat which"

it to move in the same straight line but in opposite direction with a veloo

15 tti] s. If the impulse generated by the bat be 600 dyne-sec. find the ma
the ball.

25 fir/e>r cm~ ~ <!l'l$ ~ '-'1W> ~ _ ~ ~ 9f?I~ <!l~ ~

R~ fiffi> 15 fir/e>r C'WT~ '<!T I ""1'111,." 'PWf 'l1'f 600 ~~ 'lire<
~~~<re?

g)
A particle describes a parabola r = a sec2 ~ such that cross-radial veloo

2
d2rconstant. Show that -2 is constant.
dt

e
<!l'l$ ~ r = a sec

2
- ~ •• ~ <!l~""'Ic<fWI C'f r:>!1F" "f'f-"Rfu1 "'~ ~ I l'I'II'2

12. a)

d2~
c<T _ =~I

dt2

An engine draws a train of weight 200 tons along a level track at 60 m

against a resistance which may be taken as 12 lbs wt/ton. Find the h

pOwer necessary to draw the train at the same speed up an incline of

160 (sin a = _l_J .
160

200 R \S~ ~~ ~~ ~~ ~~ ~ ~~ 60 ~/~c8 c<n'>f 00 "~,_..•..

Wt ~~ WIll 'IFf .,-fu; i;('I 12 "iTiS<3-'I3nli> '<!T. ~ ,"~n;c.>~
(sin a = _l-J, ~~ c<n'>f ctrR Rnr <Tf\S?ffif ~ <re ~ ~~ ~ 'i51R~160

b) Find the tangential and normal components of velocity and acceleration
particle moving along a plarie curve.

~~\"'1h:T ~~ ~ ~~ "lS'lli/ C<r'>f \S ~C~ ~ ~9fT~"l \S ~N:,C1~ ~9fHXf RcBi13. a)
Write down the equations of motion of a particle moving in a central orbit u

a central force P and deduce the differential equation in the form h: dp

p drsymbols having usual meaning.

~ "'" P-<!ll! ~'" ~ -9fV<f ~ <!l'l$ '>'fIl! ~ ~ M'f' "i~~ 8>/'
h2 d

c<T -3 -.E = P ; ~~~ ~ 1!iI7.~~ ~ IP dr



hich causes

a velocity of

the mass of

al velocity is

at 60 m.p.h.

d the horse-

cline of 1 in

eleration of a
8

9fW'l Rc;fu ~ I

ral orbit under

h2 dpm --=p.
p3 dr' '

8

8

14. a)
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b) A particle moves under a central repulsive force mil (distance r3 and is

projected from an apse at a distance Ia I with a velocity v. Show that the
equation to the path is r cos pe = a, and the angle described in time 't' IS

1 (pvt) a2v2
+-tan-1 __ ,where p2 = Il . 8

p a a2v2

I.!l~ <RFCf@ '89@ l.!l~iU ~ ~.<M mll+( ~) 3 ~I <RF~ rz . ~

~<lm apse C~ v C<I"t'>f0"I'9fCf ~ ~ I ~Cf ~ ~ <RFCf@ ~~ ~Cf ~

rcos t» = a I.!l<r~~ <!Scorrf&- t ~ ~ ~ c<!STCf~~9fj'f ~ \5T ~ ~ tan-l ( p;t), ~~
a2v2 + IIp2 = r:......

a2v2

Tl and T2 are periods of vertical oscillations of two different weights suspended

by an elastic string. If c1 and c2 be the statical extensions due to these weights

. 411:2(c -c )
and 9 the acceleration due to gravity, show that 9 = 2 1 2 2 . 8
. ~-~

I.!l~ ~9f<!S ~ v.mn ~ ~ '8i9f01 ~

9fl'8m <:fT?-TI ~ ~ '8~ <:rFT ~ ~ ~

9 = 411:2~Cl - ~2 ) , ~~ 9 ~ ~N,<P~i8T ~Cf I ,
Tl - T2

b) A particle is acted on by a force parallel to the axis of y, whose acceleration,

always directed towards the axis of x, is lly-2 and when y = 2a, it is projected

with velocity if; parallel to the x-axis. Prove that the path is a cycloid. 8

C<PR 'W1 ~ I.!l~ <RFCf@ "@-9@I.!l~ <M lly-2~, ~ ~ y-~ >j~1~~1C1

I.!l"<l"~x-~ ~N,i?Ifu;-m ~ I ~ 2fT~ ~ <RF~ y = 2a CQ,fC<Px-~ ~

>j~1~~1C1 ~ Il C<l"tSf0"I'9fCf ~ ~, ~ ~Cf ~ ~ <RFCf@ ~9f~ ~ 1.!l<!SfG
a

cycloid I
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"15. a) "A particle is projected from the surface of the earth with a velocity V. Show
if the resistance of the air be neglected, the path is an ellipse of major

2ga2
---=----=-2 where a = radius of the earth, 9 = acceleration due to gravityon
2ag-V

surface of the earth and V2 < 2ag.

~~ ~91 V ~~ 9jf~~ C~ %e,~~ ~ I <11~iSTH\!) -nt:JT \5f~ ~ ~'1

~~ ~~ ~ 2ga
2

~ ~~ %~, Qr~ a = 9jf~ <nPfI~:f,9 =
2ag - V2

\5IN,~2{19l ~~ ~~~ V2 < 2ag I

b) Defme escape velocity. Find an approximate expression for it.

GROUP-D

~~-~
[ Full Marks: 40 J

[ "1~: 40]

( Probability and Statistics)

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

')~~~ 2f1!t ~~~ ~ Qr c<Wf ~ ~ ~ ~ I
16. Answer any four questions :

a) Defme 'event space' and 'random experiment'.

b) Two dice are thrown. Let A and B be the events that "the result is six inthe
dice" and "the result is six in the second dice" respectively. Show that these
events are independent but not mutually exclusive.

~~'iST1\!Pl ~ ~ ~~ ~ I A '8 B ~ ~ <m"5 ~~ "2f~ ~ <f'1 ~ ~[9"

"~~~~~"I ~Qr~~~~~~~~~~1

c) Show that P (AB ) ~ P (A) + P (B) - 1 , A and B are any two events.
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d) Justify the following:

The mean of a binomial distribution is 4 and the standard deviation is 3.,

I!l~ N9f'f f<l~Ii8Tt'i'!tl ~ \!l~~ >j~I<P~If\5<l"~ 4 \!l~~ 3 I .

e) If A, G, H be the Arithmetic mean, Geometric mean and Harmonic mean

respectively for two distinct observations, then show that AH = G2 .

~ A, G, H <l"~ >j~l~~~, ~~l\l3~~ -.s ~'!tIl~<P ~ ~ ~ ~ ~~ ~, ~

~~~~ AH=G2 I

If the regression equation' of y on x be y = 0, 57x + 6·93 and the regression
equation of x on y be x = 1·12y - 2·46, find the correlation coefficient r
between x and y.

~ bC1'!t11m ~ y-\!l~ x-\!l~ ~9fBf ~W~ Y = 0 .57x + 6 .93 \!l~~ x-\!l~ y-\!l~ %~

~~ x = 1·12y - 2· 46 ~, ~ x \!l~~ y-\!l~ ~ ~~ r-\!l~ ~ R~ ~I

g) Determine the value of k such that f (x) defined by

f(x) = { kx(l- x),o ,
0< x < 1
elsewhere

is a probability density function of a continuous variable.

f(x) = kx (1- x), 0 < x < 1

= 0 , x\!l~ ~9Rr~~,

I!l~ ~ ~ bC1'!t11m ~ \5fC9M'<P~ ~ I

, a) The expenditure of 100 families is given below :

Expenditure (in Rs.) : 0-10 10-20 20-30 30-40 40-50

No.of families : 14 - 27 - 15

Modeof the distribution is 24. Calculate missing frequencies.

100 fG' 9lKl<llt'5l'!tl~ 9fBp,~~ f<l~I'8T<i~. cq--.sm~ :

8

~ <tr<Prn) : 0-10 10-20 .20-30 30-40 40-50

91Kl<llt'5l'!tl~~~ : 14 - 27 - 15
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b) Prove that the correlation coefficient does not depends on the change of 0

or scale of the observation.

~'1 ~ ~ ~ m ~ ~~ \5fOOf 1C'jM~9lffi<l\bC'i'!l -S~ <rI ~ ~

H~'!l~~1

18. a) A sample of size x is drawn from the binominal distribution f(x, p) = pXq
X = 0, 1. Find the likelihood estimate of p.

l£l~ N~ M~II$T<i C~ x-"'~~ l£l~ ~ .,,~~ ~ ~ I

f (x, p) = p x q 1- x , X = 0, 1 I p-l£l~ likelihood ~9f<I'S %~ I

b) State and prove the theorem of total probability for any two events.

19. a) An integer is chosen at random from the first 100 positive integers. Whatis
probability that the integer is divisible by 6 or 8 ?

2f~ 100 m- '1.~~~ C~ ~ c<lSR l£l~ '1.~~~ ~ c;;r-S?-rf ~ I '1~~~ 6

8 ~ M~11$T1~-S~ >j~I<I<i1 ~ ?

b) Calculate the price-index number of Paasche's method for the year 2000
1990 as base year :

1990
Commodity Price Quantity Price

A 65 40 81
B 72 35 90
C 57 . 92 77

Paasche's-ers ~ >j1~IC~1 1990'~ ~ <r~~ ~ 2000 ~ IfN

~:

1990
R<rT
A
B
C

~
65
72
57

~'1
40
35
92

~
81
90
77



rge of origin
4+4

20. a)
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The random variable X has the distribution given by P(X = k) = 2-k , k = 1, 2, ".

Show that E(X) = Var (X) = 2 . 8

P(X = k) = 2-k , k: = 1, 2, _

~0l, E(X) = Var (X) = 2_

b) Determine the trend using 4~year moving average method from the following
d~a: 8

Year (<f~~) : 1990 1991 1992 1993 1994 1995 1996 1997

Yearly sale
(~~~~) : 3-6 4-3 4-3 3-4 4-4 5-4 3-4 2-4

(Rs. '0000)

GROUP-E

f<f5t~- ~

[ Full Marks: 40 1

[ "1~: 401

( Difference Equation and Calculus of Variation)

Throughoutthe entire group, ~ stands of the difference operator, E stands for the shift

peratorand y'(x) stands for dy )
dx2000

Quantity
46
54
72

2000

~'1
46
54
72

. dy
( ~~ ~'>t ~ = 9ff~ \5f~, E = ~ \5f~ '{3 y'(x) = dx ~ )

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

~~Of~ ~ ~<f~ ~ 0l c<JSR~ ~ ~ ~I

Answerany four questions : 4x2=8

a) Taking difference interval unity obtain the difference equation if'

U x = (C + Dx ) 3 x , C and D being a constant,

~ U x = (C + Dx )3X ~~9f!~~ 1 Fmr~~~~1 C~<f~ D~I
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b) If Y = ex + c2 , show that Y

106

x/1y + (/1y)2 .

<IN y=ex+c2, ~c<T, y = x/1y + (/1y)2.

c) If Yn = n(n -1)(n - 2)(n - 3}(n - 4), find /15yn.

<IN y n = n (n - 1)(n - 2)( n- 3)( n - 4), /15 Yn -\£l~ ~ R~ ~ I

d) Write down the Euler's equation for the following extremal problem:

~ Functional18:r ~ ~ ~ Euler ~~ ~~ :

2 ~1 ,2
V [ Y ( x ) ) = f + y dx; y ( 1) = 0, y ( 2 )= 1

x .
1

f) If Ux = ax - 3 where a is a constant, then obtain the corresponding diffe
equation.

g) Show that (~) sin 2x = 2 cos (2x - h) sin+, .

~'l ~ c<T (~ )sin2x = 2cos (2x - h)sin h

22. a) Solve : U 2 - 2u 1 + U = 3x3
x+ x+ x

~~ ~ : U 2 - 2u 2 + u = 3x3
x+ x+ x

b) Find u ,if u1 = 21, u2 = 1 and U + 3u 1 - 4u 2 =-= 0, n ~ 3 .n n n- n-

u \£l~ ~ R~ ~ c<T~ u + 3u 1 - 4u 2 = 0, n ~ 3 \£l~~ u
1

= 21, u
2

= 1n n n- n-

c) Find the extremal of the functional
b .

V [ y ( x ) ) = f y ~1+ y,2 dx; y ( a ) =- u, and y ( b ) = Y2 .
a

b

V [ Y ( X ) ) = f Y ~1 + y,2 dx; y ( a ) = s, \£l~~ Y ( b ) = Y2 \£l~ Functional-jk ex
a



1, u2 = 1 I
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623. a) Solve : u 2-7u 1+10u =12e3x+4x.x+ x+ x

~~rr~: u 2 -7u 1 +10u = 12e3x +4x.x+ x+ x

b) Find the extremal of the functional

m:

1T

. V [y ( x)] = J (4y COS x + y,2 - y2) dx; Y (0) = 0, y (1t ) = 0
o

5

1T

V [ Y ( x )]= J (4y cos x + y,2 - y2) dx ;
o

y (0 ) = 0 , y ( 1t ) = 0 ~ extremal ~

~I

c) Show that ~-1 cos ax = 1 sin (ax _ a) .
2sin~ 2

2

5

ding difference

-1· 1. ( a)~ cosax = SIn ax - - .
2 sin a 22 .

24. a) State and prove the problem of Brachistochrone.

Brachietochron.e >j~>j\lfG f<rr;5 ~ ~<l'~~q ~ I

2+8

b) Show that the so.lution of the equation

6 U 4 +u =0 is U =ACOS(~X+E)+Bcos(31t X+E').
x+ x x 4 4

6

~ Q:I'u 4 + U = 0 ~fi ~~ ~ u = A cos (~x + E) + B cos (31t X + E') .
x+ x x 4 4

25. a) Solve : u 2 + au 1 -I- ba = 0 .x+ x+ x
6

~~~:u 2+au l+bu =0.x+ x+ x

b) Find the extremal of the iEloperimetric problem:

Dna1-~ extrem

1

V[y(x)]= J [{y'(x)}2+X2 ]dx
o
1

given that J y2dx = 2, Y ( 0 ) =' 0, y ( 1) = 0 .
o

8
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Isoperimetric '>1~>jIIFG'!:Iextremal frjr1N ~ :

1

V r y ( x ) 1 = f [{ y' ( x ) f + x2 ]dx
o

I

(}f-em ~ f y2dx = 2, y (0 )= 0, y (1) =- 0 .
o

c) Show that ",,2 log x = log [1- -~J taking difference interval unity.
(x -1)

~ c<r ",,
2

logx = log [1 - -~J' 9ff~ \5I~'!:IIC'fC<f) \£l~ ~ I
. (x -1)


