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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. e T FeE Fe WS 2o 1T 0w 1
Candidates should answer in their own words AT T TG e ©rNF g o
and adhere to the word limit as practicable. ey ©6F PRI |

Answer Group A and B compulsorily and any one group from group C, D and E
Group-A
Ren-=
[Full Marks-20]
Answer Question No. 1 and any two questions from the rest.
SR & & ) (TG 715 erverm Tww fw
1. Answer any two questions from the following: 2x2=4
fsfeie - 75 aves Tez faa:

(a) If the value of e = 2.71828 is replaced by 2.71934 then what is the
percentage error?

Tt e = 2.71828-4 W 2.71934 7RI ARES 27 013 *rowal wf F© 2237
(b) Prove that the operators E and A follow commutative law of multiplication.

2 I E GR A S0 78 @09 R F@ee G 5T
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B.Sc./Part-11/Gen/MTMG-I11/2016

(©) If £(-2)=7(3)=7 and £(0) = 1 find /(10).
MW f(=2) =f(3) = 7 G £(0) = | TR £(10)-7 W= el )

(d) Show that A4y0 =Y, —4y3 +6y2 —4yl +Y,-

e @, A"y0 =y, —4y;+6y, —4y, +,.

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

Toige o Wi IER AR fEfaie weree S log 4.515-93 Wi+ A st

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

fATBTTR ~roIvIS! TS NI S ST 2rg Rige 32+ |

1
3. Evaluate the integral I (4x—3x2)dx taking 10 sub intervals by Trapezoidal 6+1+1
0

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

1
101 TR o @ I(4x - 3x2)dx FNeT(6 Trapezoidal rule-<3 R

Ay awa1 TTewte JRF N AT FFq a2 e TER weifEs @b [
FEA | »

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

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

Newton-Raphson-43 3@ &% I x°* —8x—4=0 FAPAAA VI Jeaoa
S W B NS o 1% e w1 wfelba enififes wiesd fum)
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5. (a) Find a real root of the equation x’ —4x—9 =0 between 2 and 3 eorrect up to
two significant figures by the method of bisection.

FEe AEere 7t MLE oF e 7T ARA x° —4x -9 =0 FANFAR 2 €
3-G7 TS GF 6 A e el Tz

(b) With usual meanings, show that E™' =1-V.
epfere s eI £ =1-V |

Group-B
et
[Full Marks-40]
Answer Question No. 6 and any rwo questions from the rest.
Y Ml 8 T (R-CFI Ko evew Ted fw
6. Answer any four questions from the following:
frfeie @-@m 5176 elvas Tes fa:
(a) Define extreme point of a convex set.
= T GTUha 2l R e e
(b) Find the basic feasible solutions of the system of equations.
v FRFaereTE e Fidwa el [ v
x +2x =1
x,+x,=4

(¢) Show that the set S = {ﬁ < 2} is a convex set.
X

W@S:{ﬁszlaﬁ@wmtl
5 e
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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 @3 Hyper planel (1, 2, 3) € (0, 1, -3) R™%w T27 &=
@ oE SRE?
(e) State the fundamental theorem of duality.
7S FPPR GHfes Soeimf [Rge 3%
(f) Find graphically the feasible space for the LPP.
TfbTas ARG TS @me LPP-a7 F1dea oo fed! 26w )
Maximize z=2x, +5x,
Subjectto x,+x,<6

and 0<x <4, 0<x,<3

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

Matrix-Minima *&{® &G S0 N6 2f7Z Tia @b e G sl
Y e Fgee)

D, D, D;
0,9 7 4 |20
0|2 9 8 |15

10 15 10

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

a6 P AfGDIH 180 TF MZLBITEH, 250 TF FAHE € 220 5 2B A7 TG
itz R AV &fS 5 15 DIl oS @ A e I 3:3:4 weies Ffbw
& Fa0e #It7) WRIF 2fS 5t 12 Bl #ire @ el 2:4:2 Sepeie fifias
Rfer 30 “Nm1 @36 @R cetats [fg 0t a5m T qice FE #re o
TR
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(b) Prove that the set of all feasible solutions to an LP.P Ax = b, x 2 0 is a 8
closed convex set.

o FFF (T Ax = b, x > 0 (ARS ey RfE Tpm 7o Frea T Giod
«3fb 3% TEe 6 |

8. (a) Solve graphically the following L.P.P: 8
Tibeas AR ARl talRe ety R Teme e F:
Minimize z=2x, +3x,
Subject to, 2x, +7x, =22
T3S x+x; 26

x5 +x 210
Xis Xsas

Solve the following L.P.P by simplex method:
Simplex *f&fod FRICY Fulee @R et [&fd sspmz s s

Maximize z=ux, +2x,

Subject to, x, —5x, <10

2%~ 22

x, +x, =10

x20%20,

» | ~ 9 .(a) Write down the dual of the following primal problem.
fafee L.p.p b7 tee wemifb g
Minimize z=x +3x,
Subjectto, x, +x,<3
2x, —x, 2~1
X, +2x, =5,

x, 20, x, Unrestricted in sign.
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Find the optimal solution and the corresponding cost of the transportation in

the following transportation problem.

RS Rz Tiba FACers! Sage TN G S e wAfEeE s

R Fzem)

D; D; Ds| g
b 2 .8
rey—1 2
014 3 1
b;

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

Ao T IS 2200 53 WA @R k3 579 Yoy e v

My M; M; My M;
I 13 =8 2. =108
hil -2 9]
LhiG %2 7T 298
i & 2 3 35
Jo |97 510 6 910

(b) Solve the following L.P.P by Charnes’ Big M-method.
Charnes’ Big M 213 7RIty fAsfafRs cetars smeiifba e 3

Maximize,

Subject to

2100
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Group-C
ettt
[Full Marks-40]
Answer Question No. 11 and any fwo questions from the rest.
SR e @ O (F-CFI %6 &fved Tea et
‘11.  Answer any four questions from the following: 2x4 =8

fsfeie @-@= 570 arig g fwa:

(a) A particle moving in a straight line has the following relation between the

e velocity v and the distance x from the origin O:

V=4 u- X , 4> O . Show that the motion is S.H.M.

G IGPN FAEEIR SR @R FR™ O [T x 7AWy v Ao awe =7
v=yJu—x*, >0 aah @2 @, oo 2 e ey oS (S.HM.) |

{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 y has usual meaning.

@35 9 P @b 7 To wzies! oifoMer (@ ~onfas @ ey 317 G 74 23|
eI FFA (@ MR ¥-9F T AR TR @A y S enfers e
[IXS AR

(c) State the principles of conservation of linear momentum.
R e ey sl Rye w1
~ (d) Show that in a central orbit, the angular momentum is always conserved.
A1 (T (e 37 #iTd (R SRt it e 2
(e) What is impulsive force? How is it measured?

U 37 Fp e o At st e

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

@Ale @-FI W 82 oY@ 9 BRl ffdE @ dw T T o oF sifexfen
AL 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 = % )

T Tt (AF T SN R I9E Nbre @ee ¢ v A § [FoR
T TITS 2ARE? (e = % SE))

12.(a) A particle of mass m moves in a straight line under an attractive force mn’x

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 _ ha

— tan
n %

SRR AN m o7 R G T 977 & ez b Fm /g wfox
A & mn’x, @A 37 7 (e 3907 wae x | @ F@RT R/ o w@wog 940
v @ R e afve 2e (e @ @aiRee fieaice 307 s e

1 _ ha
_...tanl_
n v

(b) A particle moves with a central acceleration u + (distance)’. It is projected
with velocity ¥ at a distance R. Show that its path is rectangular hyperbola

1
if the angle of projection is sin™| u/ VR(V2 - %)2

@mwp+(m)2 @R (PR T3¢ =AM | IO R w3Y =R Ve

1
BerHe T AR &TFA @ sin”| u/ VR(Vz——zRﬂ)z T (T @ AR

@iy @b TPRIgE T3 :
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2
13.(a) Write down the equations of motion of a particle moving in a central orbit
/_~under a central force P and deduce the differential equation in the form

(b)

14.(a)

K dp : :
—5 —— = P; symbols having usual meaning.

p’ dr
@R I P-F SR R FHAR AN 4 e ofew TR B @z

2
AN FEA @ e e P; e epfee sl 9ge TaR|

3

p dr

A particle moves under a central repulsive force mu + (distance)’ and is
projected from an apse at a distance ‘a’ with a velocity v. Show that the
equation to the path is rcos p@=a and the angle described in time ‘¢’ is

a2
- tan‘l(—p—l—)l) where p2=%. :
p a av
@b ITFNT €7 G FE R T mp + (W9)° &M I\ g
WACE SRAE® apse (ACF v @0 CFOAF A 2| &N T (T IGIN NG
TP A reos ph=a GR @ T ¢ TN @ @ @F T I@ ©f T3
22
itan“(p—‘”),cﬂ'em =t Lk

P a a*v?

T\ and T, are periods of vertical oscillations of two different weights
suspended by an elastic storing. If ¢; and c; be the statical extensions due to
these weights and g the acceleration due to gravity, show that

_4”2(01"02)

: B -7
93t e wa wmt 9 [{few eow Qe 1, «k 7, 1 Tom @eee
i s T & g6 euteR T I 7fEla g ¢ @Rk ¢, T W o)

2 —
A g=%,mgﬂwwm
1 2

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

2100
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15.(a) If vy, v, are the linear velocity of a planet when it is respectively nearest and
furthest from the sun, prove that (1—e)v, =(1+e)v,, when e is the
eccentricity of the orbit of the planet.

W vy GR v, 93 &t (aRF @51 2 I3 2B 77 (U 77w 7 7 @3 7w,
S AN A (1—e)v, = (1+¢)v, , R e 251 2267 T A2 TrFare! |

(b) A particle describes the path r* =a*cos46 under a force which is always
directed to pole. Find the law of force.

@AM 7+ = a* cos 46 A GTF I ST SN [ 7R (=F WSHA | I
it ffa s

Group-D
fert-v
[Full Marks-40]
Answer Question No. 16 and any fwo questions from the rest.
SY M e @ O (I-(FI 7P evaw Ted w1
16.  Answer any four questions from the following:

s @@ 5171 evam Tes fim:

(a) Define ‘event space’, ‘random experiment’ and hence give the definition of  2x4 =8
probability of an event 4 in the event space S connected with the random
experiment E.

WA @ FERASTEF 2 frmwren wewt ft )| T 280w o ofes «fw -7
RS & WA §-9 G GOt 4-3 AT TSR Feewt o

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

@ FreIRS TMICE 5 7 531 391 2397 | TWe: G (6 (TT AT 78I 99 !

2100 10
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(©) If f(x)=ke™*(0< x <o) be the probability density function of a continuous
random variable x, find %.

T @ TS TR 551 x-4F FERA TG WAFS f(x)=ke *(0<x<0)
O k-93 T [ %4

(d) If 4 and B are two independent events then show that 4 and B are also
independent.

3w 4 8 B 76 A% Bl WS@ AN FFA A 4 8 B awers 31
s m (e) Given Cov(x, y) =10, r= 0.4 and o, =5, then find ;.
&we Cov(x, y) = 10, 7= 0.4 9R ¢, =5, 0,~93 I e 31

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

@ ARy Reetas @O ¢ $oiF F@T moment INF 4 € 10| @7
skewness < e

(g) Define ‘Parameter’ and ‘Statistic’.
Parameter @ Statistic-43 & fa=|

17.(a) State and prove Bayes’ theorem.
Bayes’ {77 Rqe T%7 @R &wid $364

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

7 TR TR I T A0 2D (BT T SRR G § AT HSRA
faefn Fee)

18.(a) Prove that the correlation coefficient » between two variables x and y lies
between —1 and +1.

2 P (T x 8 y HEAIRRCIR S3® 72 7, —1 6 +1 -7 TS |

2100 11 Turn Over
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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 f 7R @3 7o @A S rRiaeid 1000 7@ @3 T @ent 2@
aRE 51 P 0.354 @R S.D = 0.048 | 9% 20001 G W= G TIOH 95%
confidence R ey vz |

(T T NORMAL Rores @ P[— 1.96 <z < 1.96] = 0.95 @& N (0, 1)) |

19.(a) The random variable X has the distribution given by
PX=R=Ff=123 "
Show that E(X) = Var(X) = 2.
ACN 551 X-«a7 Rore Fies (e 2=
P =T =il T
(M @, E(X) = Var(X) = 2|

(b) Determine the trend using 4 year moving average method from the
following data:

AqNET O (@ CFGT 4 I oifSMeT o1@ [efyy Feea:

Year 1990 [ 1991 [ 1992 [ 1993 [ 1994 | 1995 [ 1996 | 1997
(3F)
Yearly Sale 36 |43 |43 134 |44 "154" |34 |24
[T R
(Rs. 0000)

20.(a) Find x from the following, given that the ratio between Laspeyre’s and
Paasche’s index number is 28:27.

x-&3 N+ fRef T (T Laspeyre’s @3k Paasche’s-43 534 SAS 28:27 |

Commodities Base year Current year
Price (Rs.) | Quantity | Prince(Rs.) | Quantity
A 1 10 2 5
B 1 =) X 2
12

2100
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(b) For what value of k the function,
f(x)=kx(l1-x*) ,0<x<1
=0 , elsewhere

will satisfy the condition of probability density function. Find the mean and
mode of this distribution.

k-G3 (@I Nea Toy [AEfke Srorssi A 999 Serms 2339 =6 e
FRR?

f(x)=kx(1-%*), 0<sx<1
aAr =0 , S
@ foeeafba o1e @ S e Ao e

Group-E
Rett-e
[Full Marks-40]
[Throughout the entire group, A stands for the difference operator, E stands

for the shift operator and y’(x) stands for g}’_ %
x

[37el STt A = #14) SACEBA E = PreS wioiizte @ y'(x)=% RIE1]

| Answer Question No. 21 and any fwo questions from the rest.
21 R e G SRR emefE (T @ @I 75 elteR e fae)

21.  Answer any four questions from the following:

wfeie @-@W 57 ar Ted fwa:

(a) Show that A*(logx)= log|:1 - }, taking difference interval unity.

=2
(x-1y

AN S @33 47 T @ A% (log x) = log[l —#)2} |

(x-1

2100 13 b
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A
(b) Show that [EJ sin2x =2 cos(2x - h)sin h.

A
siofe (E)sin 2x =2cos(2x - h)sink |

(c) Obtain the difference equation from the relation

u, = A3" + B(~5)", when 4 and B are parameters.

u, = A3" + B(-5) @A 4 € B T ~AIfDR, 7 (e w7 e ffy
FEA |

(d) Examine if the curve y(x)=§m~2mc-, when » is sufficiently large and

N (x)=0 and [0, 7:] are close in the sense of first order proximity or not.

I y(x)_s“"”‘ R 7 T R @R y,(x) =0, [0, 7] @& s
G WWW 9% proximity St fafEw et o/ a7

(e) Write down the Euler’s equation for an extremum of a functional.
VIveol= [ F(x, y(x), /() d 5 yx0) = yo, yx1) = .
B functional 53 52 Miwa &) Euler—qa Heifl e

() Show that the functional ¥[y(x)]= }Lv'(x)+ ¥(x)]dx is linear.

o 1 Y [y(x)]= [T/ (e)+ (o)t B

(®) If y = cx +¢?, show that y=xAy+(ay).

zlﬁy=wc+c2,'C‘?‘ﬁ?{(.‘ﬂy=xAy+(Ay)2 I

2100 14
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22.(a) Solve: u,,, +u,,, —12u, =5, x>1. 6

TN A w0, +u,,, —12u, =5, x21]

(b) Find the extremal of the functional 5

vv(x)]= I\/1+y'2 dx; ya)=4, y(b)=B.

V[y(x)]= J',/1+y'2 dx; y(a)=4, y(b)=B 4% functional {4 extremal faefa

7 FEA |
(c) Find u, if u, =8, u, =200and u, =63u,_,—2u, ;. 5

u, =8, u, =2009R u, =63u,_, —2u, _, T u, IAFHV|

23.(a) State and prove the problem of Brachistochrone. 2+8
- Brachistochrone i i3® T @R 2N T |

(b) Find the solution of the equation u,,, +u, =0. 6

u,,+u, =0 e T ey T

24.(a) Solve the difference equation (E2 —-11E+ 30) u.=x¥, 5
= w3 TR TR F: (B> —11E +30)u, = x3*. .
(b) Find the extremal of the isoperimetric problem 6

1

V[y(x) =I +x° dx given that I yidx =2, y(0)=0, y(1)=0.

Isoperimetric FPTIBA extremal e wee:

V[y(x)]= jy +x° dx CW@’JTWTCQJ'yzdx 2, ¥(0)=0, y(1)=01

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

Ao Functional-93 @3 extremum-a3 &= #187%! 9%

PIvee)]= [ (o +y* - 2y%) dx, 9(0)=2, y(1)=1.

Sad

)
25.(a) Find the area that maximizes the area enclosed by a rectangle of fixed
perimeter.
g e SRR @ cFgTe it Sawew Wi (7 o e e
() If y, =n(n—1) (n—2) (n-3), then find A'y, . .
;M y, =n(n-1) (n-2) (n-3) WO A'y_ -7 T [ F2e1
- cos(ax — g)
(c) Show that: ( ware @): Al'sinax = B
2sin 2
2
)
*/
v =
2100 16
T — e ————




