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WEST BENGAL STATE UNIVERSITY
B.Sc. General Part-11 Examination, 2019

MATHEMATICS
PAPER: MTMG-I1
Time Allotted: 3 Hours Full Marks: 100
The figures in the margin indicate full marks. &% T T TG IR [ F)
Candidates should answer in their own words s@Eerdiar frers ©IT TR ST ARG WA
and adhere to the word limit as practicable. e PR/

All symbols are of usual significance.

GROUP-A
e
[Marks: 25]

Answer Question No. 1 and any ftwo from the rest

S R e @G3R ) (R-CHC 715 v Tea wis

1. (a) If A={l, 2, 3}, then find power set P(4) of 4. 2
Aw A =1{1, 2, 3} T, O 4-43 (FCE TG B P(4) gz
OR / 994t
Let S={1,2,3,4,5,6,7,8, 9,10} be a universal set. Let 4={l, 2, 3}, 2

B=1{6,7, 8,9, 10}.Find Ax B°, where B is the complement of B in S.
S={1,23 4,5 6 7,8 9,10} 1% «3f #e o = e 4={1, 2,3} ©
B=16.7, 8,9, 10} o0, O Ax B° NI B TN B-93 775 G0

(b) For any two subsets 4 and B of a universal set S, prove that 4° U B® = 4° N B, 3
where X° denotes the complement of X'in S.
S G 5-93 BB 4 @ B-97 &7 (Wl @&, A° U B = 4° N B
OR / =94t

Prove that the mapping f:R—R" defined by f(x)=|x| for all xeR is 3

surjective but not injective, where R and R" are set of real numbers and set of
positive real numbers respectively.

R @3 R* A% WY € AT AV YR 6 & @8 @ £ :R—R -l

Toifdfoas g -9 T

2. (a) For any three subsets 4, B, C of a universal set U, prove that 3
(AABYAC = AA(BAC), where AAB is the symmetric difference of two sets
A and B.

a3 e % U-a7 e T 4, B, C-97 Ty (MW @
(AAB)AC = AA(BAC), @RI AAB TS A @ B-47 & S8 (@IIT
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(b)

(c)

3. (a)

(b)

(c)

4. (a)

(b)

If the mapping f: 4 — B is bijective, then prove that the mapping /™ :8 — A4
is also a bijective mapping and (f ™)' = f

f:A— B I 93-93 9 ToAfdfbad Ly wigE (e @ 7B - 4 @I @F-9F
g Toffbgt e e @, () = f

Give an example of two mappings f:4—B, g:B—>C such that
go f:A-—C isinjective but g: B —> C neither injective nor surjective.

@3 4o a9 f: 4> B, g:B— C-97 Twizgd We W® gof:4 > C GF-GF
3% g: B> C «3-93 77 9 Toififoges 7w

Let R* =R\{1} (where R denotes the set of real numbers). Show that (R*,0) is
a group, where ‘o’ is defined by acb=a+b-ab, forall a, be R*.

R* = R\{l1} T *A8 @, gob=a+b—abd3 FMATF (g, be R*)-R&EO
‘o’ -qq T (R*, 0 )-9FH Wl

Prove or disprove: Union of two sub-groups of a group G is a sub-group of G.
Il A SR S Tl G-weer fb Soweera WAl @afh Teiwe (G-ag FE) 3|
A group (G, ) is commutative if and only if (a-b)* =a?b* forall a, beG.
w8 @, (G, -) wero Riawg q@isy I ¢ @emg I (a-b)? = a?h® W — @A
abeCG

Let (R, +, -) be aring such that x? = x for all x € R. Prove that
(i) x+x=0 forevery xe R and

(i) R is a commutative ring.

IR (R, +, ) 9T @I A WX x? =x (x € R), OHA (NS T,
(i) x+x=0 (xeR) @R

(ii) R-a3% Rt catsy goe)

Prove that intersection of two sub-rings of a ring (R, +,+) is a sub-ring of
(R’ +, )

TG (T (R, +, -) NTER 75 TANYTETR (K (R, +, ) 47 FCH 93 Toivee 1)

(c) Prove that in the ring M,(R) (the set of all 2x2 real matrices) with usual

operation, if 4 be a divisor of zero then | 4| =0
M, (R) T 78 2x2 I IR &6 27 uxk 2fieFat qreiiie gt u I 4-93h
HTOIes {F, CIRE A T | 4| =0

3 1
5. (@ If A=[ | o :!, then by Cayley-Hamilton’s theorem prove that

24° —34* + A2 1384 +3991, = O, where I, is 2x2 identity matrix and O is
the zero matrix of order 2.

bl ,«1=[_31 ;] W OE @A-gEta Toeowr AR mdle (@,

24° ~34% + 47 ~1384+3991, = 0; I,-% 2x2 939 WfEH @k O-T 2x2
-

2y

t N

~ )
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(b) Prove that eigen values of any matrix and its transpose are same. 5

e @, a3 e W3 32T A0S owte [{RE Foefs g 2@

GROUP-B
Reta-¢
[Marks: 20]

Answer Question No. 6 and any fwo from the rest

© R & @G3R O (I-CFA T et Tea mie

6. Answer any two questions from the following: 2x2=4
fasfefie - #f6 et Tea wes

(a) Examine whether it is possible for a straight line to make angles 60°, 120°, 135°
with three coordinate axes.

x, y 8 z-9% foafba T GFB FEFRF “TF 60°, 120° 8 135° (I Tesy T 78I
& o TR T

(b) Show that the straight lines whose direction cosines are given by 2/+2m-n=0
and mn+nl+Im =0 are at right angles.

el (¥ 7S e, WA @R el 2/ +2m—n=0 @R mn+nl+im=0
FRwe v w2, ot sievm )

(c) Find the equation of the plane passing through the point (-1, 2, 0) and the line of
intersection of the planes x+2y+3z+4=0 and 4x+3y+2z+1=0
a3 FAGH x+2y+3z+4=0 IR dx+3y+2z+1=0 TNGGLA (RAORH (line
of intersection) &R (-1, 2, 0) RaNM | Fwewba W= Fefy T

7. (a) Find the equation of the plane which passes through (2, 1, 4) and is 4
perpendicular to each of the planes 9x~7y+6z+18=0 and x+y—-z=0
%S ATEH (2, 1, 4) RN @R 9x 7y +62+18=0 @R x+y—z =0 ATSHHOA
T o791 TEE6d TR el el
(b) Find the distance between the planes 4x—-3y+12z+8 =0 and 4
4x-3y+12z=18.
4x-3y+12z+8=0 GR 4x -3y +12z =18 FACAYHA My GAg A S

x~-1_ y-2 2z-3
2 3 4

8. (a) Prove that the straight lines and 4

4x-3y+1=0=5x-3z+2 are coplanar.

s B @ x2"1=y;2=z;'3 G Ax—3y+1=0=5x—3z+2 FREEAD
I3 FANO(F SAES |

(b) Find the distance of the point (3, 2, 1) from the line x_3—_1 = % = 212 4
x=1 y z-2
= Al /eE (3, 2, 1) Rz e Afraaan
2099 3
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9. (@ Find the «centre and the radius of the vcircle given by
X +y*+2>-2y—4z-11=0 and x+2y+2z=15

43?422 -2y~4z-11=0 &R x+2y+2z =15 adl Teoly 767 @R €
e el et .

(b) Find the equation of the two tangent planes to the sphere
x*+y? +2%~2y—62+5=0 which are parallel to the plane 2x+2y—z=0.

2x42y-z=0 INOER ANEAA x2 43?422 -2y—6z+5=0 (ANAIA
~ofEsTaraa FRIF [T Fean

10.(a) A plane passing through a fixed point (a, b, ¢) cuts the coordinate axes at
A, B, C. Show that the locus of the centre of the sphere OABC is 2, é +—c- =2.
X y z
(a, b, ¢) T ReanSh aﬁ?wwﬁEWA B ¢ C ™s @ F1 mare @,
OABC (a3 (e weize <4 2 bty
X y z
(b) Find the equation of the right circular cone whose vertex is (1, 2, 3), axis is
x—=1 _y- 2 _Z- -3

1 2 2
@36 ¥ JeTE™ WA (right circular cone) MR™M (1, 2, 3) wH

xl“l _ y;2 - Z;3 G ‘semi-vertical” G T 60° | *Mafoa el fey Al

and the semi-vertical angle is 60°,

GROUP-C
fetal-at
[Marks: 25]
Answer Question No. 11 and any two from the rest

55 W& @R T (I~ 7f5 ova Tea e

11.(a) Answer any one question from the following:

frrmferire @-ceient @15 alvem Ten mes
(i)  Test the convergence of the series 1 + —2—+ i ------
1.3 35 57
1 2 3
— 2 B2 SfeHAT TAGIR Sl
1.3 35 57

(ii) Is Rolle’s theorem applicable to the function f(x)=x*-5x+6 in [1, 4].
Justify your answer.
[1, 4]-9 STHWF  f(x)=x* -5x+693 & Rolle’s Toviw &F ey o
IMHIE T
(ili) Evaluate: lim (1-sinx)tanx
%
W= e T lim (1 sinx)tan x

x—),,

2x] =
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(b) Answer any one question from the following:
RS @-@I 9310 eva Tex mes

(i) Test the applicability of Rolle’s Theorem for the function
F(x)=(x—-a)"(x-b)" in a<x<b where m and n are positive integers.

a<x<h RO@INTS f(x)=(x—a)"(x~b)", R m 8 n LT IS
Y, - 47 T Rolle’s o= ereyet Rom wet

1
(i) Show that the sequence {x,} where x,= 1+§+—312—+-----~+ 3:_1

converges. Find lim x,
n—w

@8 @ S@N {x,} NS, x,,=1+%+§1-2—+ ------ ool wREd

3"—1

S lim x,, -4% T ¥ e

n->®0

(iii) Let a function be defined as f(x)= (x—1)° then show that / has neither
maximum nor minimum at x =1 though f’(1) exists.

WTF, f(x)=(x—1)° | e (T x=1 RS f(x) -7 57 A ORA AW +R
e f(1)-43 G SR

3 53 a3 43
12.(a) Evaluate: lim{L+-2—-+§z-+f‘T+ ...... }

n—o n4 n4 n n

3 a3 a3 g3
lim{l—+—2——+§-—+—4—+ ------ }-aamﬁ@m.

4
n—o|n n4 n4 n4

@8 @, 1+—12-+—;—+%+ ------ A SR

3 5 7
(c) Examine whether the series x+ 1x + 13" + 135 x7 SRR is convergent or
23 245 2467

divergent.

3 5 7
xpiX  L3x 135x R SR 7t SR RoR 0
23 245 2467

13.(a) Evaluate: lim x>
n->0

lim x25"* -q7 3 T Tt

n—0

(b) Show that I—f——<log(1+x)<x if x>0
X

T8 (¥, —— <log(l+x)<x TF x>0
1+x

(c) State and prove Lagrange’s Mean Value Theorem.
‘Lagrange’s Mean Value’-&=9@{b R3® 32 et 30

3x1=3
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14.(a) Find the asymptote’s of the curve 3° +x*y +2xy* =y +1=0
3+ 2y +2x)% — y+1=0 IGERAHI »efaige e e s

(b) Find the envelope of the family of the straight lines f+—Z—=1 where the
a

parameters ‘a’ and ‘b’ are connected by the relation a” + b =c?

-’5+-Z—=1 AR (ifiE sfFeenie e s @it s e 2ve o @ b,
a

a’ +b? = P TR IS |
(c) Show that (0, 0) is a node, cusp or isolated point on the curve y* = ax® +bx’

accordingas a>0=0<0.

e @ y? =ax? +bx° @A B7-R (0, 0) @FH node, cusp WL isolated
&, M IUFH 0> 0=0<0

15.(a) Find a point on the plane x+2y+3z =13 nearest to the point (1, 1, 1) using
method of Lagrange’s Multiplier. Find the nearest distance also.

x+2y+3z=13 wweamd o (1, 1, 1) @ fwbow b ‘Lagrange’s
Multiplier’ #&{6re e SRl [ow aegha W9 [CEkacif
(b) Examine the existence of maxima or minima of the function
[ »)=x"+y* +(x+y+1)’
Flx, ) =x2+ Yy +(x+y+1)? oS 5AN 8 SR Wi+ ey F
(c) Test for a maximum or minimum at (0, 0) for the function
F(x, y)=3x> +4x*y -3xp* -4y
0, 0) RWTS f(x, y)=3x> +4x%y -3xy? —4y SH2a ba% ¢ S Tl 7HH

[SRERC

GROUP-D

ett-v
[Marks: 20]
Answer Question No. 16 and any fwo from the rest
S TR G T (R-(HIA 415 &vaw T wie
16.  Answer any two questions from the following: 2x2=4

PR (1-GPIT 718 elo T e

1
(2) Evaluate, if exists, J.
0

3

23

1
i[5 -.qm g e o O e
0

b -1
(b) Prove that J‘e"k"x"'1 dx= %1—)—', where k >0 and » is a positive integer.
0

2099 6
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< -1\
&N I I je"c‘x"—]dx=(—n]—c—;l—l—)—' @A k>0 AR 1 GO LA S R
0

(c) Prove that B(3, H)=7
oA TR A, B, D=7
(d) Prove that the area bounded by the parabola y? =4ax and x* =day is

16a° .
units.

16a?

2N TR A AT 2 = dax GR x° = dgy W TN A (FGF 4T

1
17.(a) Show that, J.—flzc-— diverges.
o 1—X
1
e j’i R
0 1—x
b
(b) Express .[ (x—a)™(b-x)" dx in terms of Beta function.

b
[(x=a)" (b~ x)" dx - Beta SAFCRA AT 00 FCA |

it

18.(a) Prove that [() T(Z) - r %6-7[4

e TR A, T TE) - r¢)=2%z*

2 .2
a Na Yy

(b) Evaluate: [ | ya’—x"-y® dxdy

0 0

2.2
a va -y

j _[ Jat-xt-y* dx dy -4 3w g I

0 0

19.(a) Find length of a quadrant of the circle » = 2a sin&
r = 2a sin 8 JaH7 ~ifAE7 @3 voIkeR e W fef e

(b) Find with the help of double integral, the area of a triangle whose vertices are
(1,3),(0,0) and (1, 0).
‘Double integral’-a% TR (1, 3), (0, 0) 9=k (1, 0) % R gwa cwawa
fRefa =z

20.(a) Find the volume of the solid obtained by revolving the cycloid x = a(6+sin 8),
y = a(l+cosé) about its base.
Cycloid x=a(8+sind), y = a(l+cos ) - OIF ‘base’-&7 ACATF WSS w271
@ = AR T oI e e et

2099 7
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(b) The circle x*+y* = a® revolves about its x-axis. Show that the surface area of 4
the sphere generated is 474>
NS @ x2+y?=a mwx—wmﬂww%@wmmm@wiﬂ
O PR (HATH 47 a’

GROUP-E
fett-v
[Marks: 10]

21.  Answer any one question from the following: 2x1=2

FafkRe @-@I 9o b orw Ted nies

2
(@ Solve: 92 48125520
d®  dv

2
A M8 d f+83’}—/—+25y=0
dx

(b) Solve: (D’ ~2D* -5D+6)y=0
IR @2 (D° 2D -5D+6)y =0

2

(¢) Find the particular integral of the differential equation %x—;—)— 30 y=xe**

dx

2
gxl— i+2y=xe3x el AN [ srweet fefa et

22.  Answer any two questions from the following;: 4x2 =8
ffeRs -t 1% 2ieas Tea mee

2
(a) Solve: d_y_ @ = 4+2y=>5cosx giventhat y=0 and D _ 0 when x=0
dx? dx dx

2
Wmmzﬂ dy+2y 5 cosx W& *¥3 p = 0 q® =074 x=0
dx? dx dx
2
(b) Solve: Zx—f+4y=sin2x

2

i s L

(c) Solve: (D*—1)y=2 given that Dy=3 when x=1 and y=-1 when x=2.

TNAA RS (D> -1)y=2 &ME@, Dy=3 WA x=1 @R y=-1 W x=2 |
2

(d) Solve: f:zx—;)—+a2y=secax

2

A AL

X

2099 8
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o e

WEST BENGAL STATE UNIVERSITY
B.Sc. General Part-II Examination, 2019

MATHEMATICS
PAPER: MTMG-III
Time Allotted: 3 Hours Full Marks: 100
The figures in the margin indicate full marks. eNfem T 7 YIS T e FeF!
Candidates should answer in their own words AT (e I TR G AFA A Ty
and adhere to the word limit as practicable. Bex P!

All symbols are of usual significance.

Answer GROUP-A and B compulsorily and any one GROUP from
GROUP-C,D and E

GROUP-A
Rem-=
(Numerical Analysis)

[Marks-20]

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

S TR &M 3R T (F-CRIA 7D erea Tew wie
1. Answer any twe questions from the following: 2x2 =4
fsfeifRe @-ieal 715 elvaw T wes
(a) Showthat A-V=A-V
RS T A-V=A-V

(b) Evaluate / (31 f3 3a1) (%Z_st

(c) If Ar=Ah=0.01 find the relative error up to 2 significant figures in v = %7[}‘2]’1
when =2 and h=3.
2 A o oS v = L 777 - Wi T Ref ST GRIGT Ar = AR =0.01 @
r=2, h=3,.

(d) Write one advantage and one disadvantage of Lagrange’s interpolation.
TSGR B -2 4B Rt @ 93 SR e

2100 1 Turn Over
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2. (a) Derive a polynomial f(x) relevant to the following data:
e wifer iz @l Ieom At £(x) Ffa s

x |0|1{2]3|4]s5s
Fx) 10[5]341111]260] 505

2
(b) Evaluate Ix3 dx using Trapezoidal rule taking »n =5 . Hence compute the absolute
0

error.

2
TSI IR [~ S0 FRefey e 79 =5 1 W3 o1 & ey
0

AN

3. (a) The table gives the distance in nautical miles of the visible horizon for the given
heights in feet above the earth’s surface. Find the value of d when x = 410 feet.

iR ©ifere (@ x = 410 I5 T 4-97 T4 e FEn

Height (x) | 100 | 150 | 200 { 250 | 300 | 350 | 400
Distance (d) | 10.66 | 13.06 | 15.07 | 16.84 | 18.45 | 19.93 | 21.30

(b) Evaluate (A-V)x* taking h = 1.
h=1TE (A-V)x? -3 2= fFefg I

4. (a) Using Newton-Raphson method find a real root of x’ +2x—6=0 correct to 4
decimal places.

51 Wi B 18 1 +2x -6 = 0 FTRFAH7 93 v s FEGA- TR Smfers
R 3m

(b) Give the geometrical interpretation of Newton-Raphson method.

RTE-T orafeq ST sl we)

5. (a) State Lagrange’s interpolation formula for »+1 non-equispaced arguments.
n+1 5 <7t Fared ReM3 CF0a Lagrange-«3 fAce safb Rge et

(b) Find the positive real root of the equation e” —4sinx =0 correct to 3 decimal
places by bisection method.

& il BT 7 o* —4sinx = 0-97 G0 LHIYF AV A= [T F@ bisection
S IR IR

2100

3+1
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GROUP-B
fetat-2
(Linear Programming Problem — L.P.P.)
[Marks-40] ‘
Answer Question No. 6 and any fwo questions from the rest

b R &P ORI I 77 eviw Tea we

6. Answer any four questions from the following: 2x4 =8

fosfeRs @-ital 51afp evas T wes
(a) Define basic solution and basic feasible solution of a system of m linear equations
with » unknowns(n >m) Ax=b.
Basic solution 8 basic feasible solution-4% e ®S |
(b) Show that the vectors (2, 2, 2), (0, 2, 2), (0, 0, 2) form a basis in E.
(e @ (2, 2,2),(0,2,2),(0,0,2) F @t a3l fofeted e
(¢c) If x;, x, be real, show that the set X ={(x;,x,)|3x, —x, <4} is a convex set
in E*.
A8 @ X = {(x,,%,)|3x, —x, <4} E* -0 @36 Teef (61
(d) Reduce the following L.P.P. in standard form and identify the used variables.
@RS L.P.P. (& &l SiFHT SIS |
Maximize Z =2x,-3x,, X;, X, 20
Subject to, —x;+x, 22,
5x;+4x, <46,
Tx, +2x, 232.

(e) Find the initial basic feasible solution of the following transportation problem by
matrix-minima method.

femfefe »faagm Tepiba et wea-r s fdf e

D; D, D3 Dy
0|5 |3 |6 |4 |30
0,13 |4 |7 |8 |15
0319 16 {5 (8 {15
10 25 18 7
(f) Give one example each of:
(i) convex hull in E°
(i) convex polyhedron in E?
Teet hull @ TEe IQSTIA GH I TRIZF WG |
(g) Draw the feasible region of the following L.P.P.
=S L.P.P. «3 sTiai sieea faoia st
Maximize Z =2x; —x,
Subjectto, x —x, <1
X <3, x,x,20.
2100 3 Turn Over
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7. (a) A hospital has the following requirements for nurses.

(b) Define a Hyperplane in E” and a convex set. Prove that a hyperplane is a convex

Period

(0 B S R

6

Nurses report to the hospital wards at the beginning of each period and work for 8
consecutive hours. The hospital wants to determine the minimum number of
nurses so that there may be sufficient number of nurses available for each period.

Time
6 AM. - 10 AM.
10 AM.-2PM.
2PM. -6 PM.
6PM.-10P.M.
10PM. -2 AM.
2AM. -6 AM.

Formulate this as an L.P.P.

95 TP Somre wiffm st Mk e effs i anf Fre Qe

Minimum number of
nurses required

60
70
60
50
40
35

b 951 B 1w AR | FITE L.P.P. WISItE & S

set.

wiEws a3 Te (3 FE W8 | (A8 (T a3To widws 3iett Tes (i |

8. (a) Solve by Simplex method.

Simplex &S T Tl

Minimize Z = x; ~3x, +2x;

Subject to,

—2x, +4x, <12

"'4x1 +3x2 +8.X3 S 10

Xy, Xy,%3 2 0.

(b) Write down the dual problem of the following L.P.P.
oo L.p.P. @377 A et

9. (a) Use Charnes Big-M method to solve the L.P.P. (Charnes Big-M *W&f$q Iy

2100

Minimize Z = x; +x, +X;

Subject to,

X; = X3+ Xy —Xg =—2

Xy =X3— X4+ X5 =1

Xy Xps X3, X4, X5 20

STl )

Minimize Z =4x,+3x,

Subject to,

X +2x, 28
3x, +2x, 212

X, X, 20.

2+6
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(b) Find the optimal assignments of the assignment problem whose cost matrix is

T3 cost matrix 93 SFe 36+ AT SR

I I mmivy

45 40 65 25 55
50 30 25 60 30
25 20 10 20 40
35 25 30 25 20
80 60 50 70 50

mgogaCw>

10.(a) Solve the following Transportation problem and find the minimum cost.

el siRes el s @t o3 Frew <35 Ry s

Di|D2iD3s | Dy|Ds|a;

O1{4 |1 |3 |4 {4 |60
012 |3 |2 {2 {3 |35
O;13 |5 (2 |4 {4 40
22 14512018 |30

(b) Solve graphically the following L.P.P. and mention the feasible region of
solution.

fACare L.P.P. 5 (eT4foeara Ricey St SCat @3k Fiate) oee fofze et
Minimize Z =20x; +10x,
Subject to, x; +2x, <40
3x, + x5 230
4x; +3x, 260

X, X, 20,

GROUP-C
faet-ot
(Analytical Dynamics)
[Marks-40}

Answer Question No. 11 and any two questions from the rest
5 W& 3R O (R-CHIT 75 @ved Tew we

11.  Answer any four questions from the following:

fnfelRe @-w! 5176 a7 eg wes

(a) The speed v of a particle moving along the axis of x is given by
v? = n?(8bx — x> —12b%). Show that the motion is S.H.M. with centre at x =4b.

x OCE SN g3 T ABE v = n? (8bx —x? —12b%) T, (w8 (@ el HawT
R ST I EE x = 4b (O SRES|

2100 ' 5

2x4 =8

Turn Over



(b) A particle describes an equiangular spiral whose pedal equation is p=rsina
under a force F to the pole. Find the law of force.

GFB TN p = rsin g RN AT AT F 1077 w3t | 3R ofor@ ezt

(c) A particle describes a circle of radius a with uniform speed v. Show that the
2

. .V
normal acceleration is —.
a

2 T R JeR WY v @ o3 e AR ordte (@ TR wioR w@RE

2

T

a

(d) For uniformly accelerated motion of a particle of unit mass, its velocities at two
instants are u, ft/sec and u, ft/sec. Find the work done by the force during the
interval of time.

g et @I e TrEa TR 12 TS @ u, fiisec @ u, fisec. @ FNGR
@A AFA W FODIY (el PRl

(e) A particle describes a curve r = ae’ with constant angular velocity. Show that its
transverse acceleration varies as the distance from the pole.

&3 T 7 = gef IFEY W FIF FAF @t sfeRen mmmﬁsﬁaw
TR (T R30S YRGS FNANEF |

(f) State Kepler’s laws of planetary motion.
(R ale-TEay fesaefs fRge s

(g) In a central orbit prove that pv = h where p, v, h are in usual meaning.

T AT CFE pv = h &N IR

12.(a) A particle moves from rest at a distance a from a fixed point O under the
repulsive force u + (distance)® per unit mass. Show that the time ¢ taken by the
particle to reach the distance x is proportional to

Jx(x—a) +alog(\/g+1f£—l).
a Va

@fS Pl G- TR @3l i R O i o 7o 2&ro % sy aia
GF A g + (TACFA ) el 3 wfiew ofofen) ordte (8 (F-CRIGARL x R S
FACS T ¢,

«/x(x—a)+alog(\/z+1’£—l} @3 A2 A |
a a

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

Wmﬁ%ﬁaaﬁmmmﬂewwemﬁmwﬁﬁm
FE@N
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13.(a) A particle is performing an S.H.M. of period T about a centre O and it passes
through a point P with a velocity v in the direction OP. If the particle returns to P

in time ¢, then show that the distance OP is given by OP = 2—; cotf—t
v

@ TN O R G 03 T HarIcet ¥ e o1t | Bt @ @ P Reqs OP
S v @09 o IR 1 FN T P RS Reta STee ¢ 9748 Mot 73 (rdve

(b) Obtain the differential equation of the path for the motion of a particle describing
a central orbit under an attractive force P per unit mass.

2fs 4% O P (T IR AR @I Felt oifoMe11 TR iR wast AR
Sto B |

14.(a) A particle of mass m, is falling under the influence of gravity through a medium
whose resistance is equal to 4 times the velocity. If the particle was released from

2 ¢
g 4

T
rest, show that the distance fallen through in time ¢ is =—-(e " -1
H

m STER Q3 TN SRSTE I vy x S gt REE @3 ez g ey siotz)
2 ut
i e P et 22re ol 2 o orete o1 ¢ S i £ (e H — 1440 v
Y7, m

O

U

(b) A particle subjected to the central acceleration is -+ f is projected from an
r

[z

apse at a distance a with velocity -“—. Prove that at any subsequent of time ¢,
a

I .,
r=aq——Jt
2f

@Ts P -y3—+f @@ﬂWW@GW;Wapm@NaWW{E £}
r

TH | (A8 (@, F-CHIT! ¢ AT r=a—%ft2

15.(a) An engine working at a constant rate H is draws a load M against a resistance R.
Show that the maximum speed is H_ and the time taken to attain half this speed is

R
MH(an—l)
2
R2
@3 e $3F H YW@ IS FRO0E @R R MR Rtz M o=@ @3 I8 biwerl

MH(lnz—%)
e 1 SR Al @t % @R T3 S (391 (TRIBCS 7o FE —
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(b) A particle is acted on by a force parallel to the axis of y whose acceleration is Ay 8
and is initially projected with a velocity aJa parallel to the axis of x at the point
where y = a. Prove that the equation of the path is y = acoshZ.
G0 Fell  SCH HAGRA IR S SNt I G744y @R 2 ST x wwa
G A y =g R 20 a1 @I @G 211 (edte (¥ B aifeoirea wese

= X
y=acoshi.

GROUP-D
Rett-1

(Probability and Statistics)
[Marks-40]

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

SY WM QIR G (F-CHT 715 eveia Tew whe
16.  Answer any four questions from the following;: 2x4 =8

Rfeis -t s ot Tea wies
(a) State Bayes’ Theorem.
Bayes’ &o#itwifb fige weat

(b) A die is thrown 5 times in succession. Find the probability of obtaining six at.
least once.

@3S TR #7517 ¢ AT (RO T 1 I > = i s ety Ftan
(c) Given P(4)=1 and P(B)=1.Show that 3<P(4B)<1.
P()=1, P(B)=] RF N @ < P(4B)< 4.

(d) Define mathematical expectation of a random variable .X.

AT et e " |

2

(e) Show that the S.D. of the first & natural numbers is

2—
e (@ 2T k YT FeifRE A7 S.D., k—l—z—l

(f) If two random variables X and Y are connected by the relation ¥ =aX +5 then
prove that Var(Y) = a® Var(X).
T X 8 ¥ 7 random GeRIME W FE Y=aX+b W OW@ MAE A
Var(Y)=a® Var(X).

(g) A random variable X has the following discrete distribution.
@%b random 5RIM X~ RS sjess 364 (remt 2@

xi|-3|-21-1]0 |1 |2(3 |4
fi |2 |k |2k |3k|2k| k|7 | K

Find kand P{X <0).

2100
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17.(a) Give the frequency definition of probability. If 4, 4,,...,4, be n pairwise

mutually exclusive events then using the frequency definition of probability prove
that

P(A + Ay +...+ A)= P(4)+ P(4,)+...+ P(4,).
AR AR YIS TR 761 TF 4, A4, ..., 4, , n TR *F>=12 Rifvey Bl Wer@
T& Rl QA I AN TR P(A4, + Ay +...+ A,) = P(4)+ P(4) +...+ P(4,) .

(b) Show that if p be the correlation coefficient of two variables x and y then prove
that —1< p<1.

x 6 y oAl ufba xSt e sl p BE e (@ ~1< p<l.

18.(2) The probability density function of a continuous random variable X is given by

(TS HBI bR TG SCAHD)
f(x) =ce ™D ifg<x<oo
= (, elsewhere

Where ¢, a, b(> 0) are constants
Show that (A @) (i) c=b

(ii) meanofX=a+717—

(iii) S.D.of X =-[}, b>0.

(b) The data below show the lengths (/) in cm attained by a coiled spring
corresponding to the various weights (w) in gm. Fit a straight line from the table
inthe form y=ax+5b.

f=fiRe St 2209 = ax + b HIE TR &0 S0

x(gm) | 100 | 200 | 300 | 400 | 500 | 600
y(cm) | 90.2 [ 92.3 | 94.2 | 96.3 | 98.2 | 100.3

19.(a) Determine the trend using 4 year moving average method from the following
data.

s o2 @ o5 4 3T RN o Fefa weam

Year 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Sales (Rs.’000) | 59 | 62 | 5.8 | 6.1 | 6.7 | 5.5 | 63 | 5.1

(b) Find the Fisher’s and Laspeyre’s price index number from the following data:
Fisher @ Laspeyre “&{o= ity frs o2 2300 7 353 fRefy sz

Base year Current year
Price | Quantity | Price | Quantity
45 52 51 50
50 35 58 49
55 37 57 38
35 58 39 53
40 63 48 60

Items

=R O
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20.(a) A random sample of 100 ball bearings selected from a shipment of 2000 ball 8
bearings has an average diameter of 0.354 inch with S.D. 0.048 inch. Find 95%
confidence interval for the average diameter of these 2000 ball bearings
(Assuming normal distribution; given P(-1.96<Z <1.96)=0.95 where Z is a

standard normal variate.)

20007 367 ©I7aRH (A SR 10053 T (TeTt & WA 1T AA 0.354 9K
T AT 0.048 | 2R T JITR 95% WG WS el s

(b) What is a random sample? Describe two methods of drawing such a sample from 2+3+3
a finite population.

o) WH! & 9 3 population (R T FREAZ FAR K2 oS 3 T

GROUP-E
Remt-¢
(Difference Equation and Calculus of Variation)
[Marks-40]
(Throughout the entire Group, A = difference operator,
E = shift operator, y’(x)=% )
Answer Question No. 21 and any fwo questions from the rest

3 TR M G O (- 475 etved Tew wie
21.  Answer any four questions from the following: 2x4=8
fasieiRe @-cot 51l elvsm Tea me:
(a) Show that A is a linear operator.
@418 (7 A 936 «F9S operator |

(b) Obtain the difference equation if u, = (a+ bx)5".
U, =(a+bx)5* A AL ANLAT o157 FCEl!

(c) State the necessary condition for an extremum of a functional.
@3f6 functional-93 extremum PR &G *$H @A

(d) Show that AE(x)=EA(x)
A @ AE(x)=EA(x) !

(e) Write down the Euler’s equation of

(ST AN @)

z

V@)= [0 =17 de; y(0)=0, y(§)=1
0

~ () Show that the following variational problem does not have a solution.

mAe @ RS variational Fmba = w121

3
V@)= [Gx-y)yde; y1)=1,y3)=3.
1

2100 10
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(g) Find the extremal of the functional
(07 functional-97 extremal fef FCaT)

Xi

J-(x+y')y’dx.

*o

22.(2) Find AN (5x+9)(7x+2) for h=1.
h=1 43 A (5x+9)(7x +2) 93 = g F@M

(b) If u, satisfies the difference equation u, —4u,_; +u, ,=0,2<r <n
when u, =0, u,= A, then show that if
a =log(2 ++/3), u, =—————————ASUTh(n—r)a .
sinhna

MRy, u,—4u,_ +u,_,=0 N AN FE @ GR w, =0, u,=4,

o =1og(2++3) , 2TE M8 ¥ u, =w.
sinhna

(c) Test the following functional for extrema.

=R functional-57 extrema 2% SR

2
@) = [y (1+x7y)dx 5 y(-D=p2)=1

-1

23.(a) Find the extremals of the isoperimetric problem

x Xy
v(y(x)) = j. y?dx given that I ydx = a where a is a constant.

X0 X0

TR isoperimetric FHIIBA extremal 1 TN

v(y(x) = [y

MeT MR jlydx=a,ﬂ’ﬂmaﬁ$ﬁml

Xo
(b) Solve (/Y FTA):
E*u, ~7Eu, +6u, =3x> +2x°
(c) Find a curve AB of given length / bounding together with a given curve
y = f(x), the maximum area cross-hatched.

y=f(x) IR SRS [ eha 9B AB I @R WS CFaTe a1 ¥F
el Fefy st

24.(a) Find a curve with specified boundary points whose rotation about the axis of
abscissas generates a surface of minimum area.

K8 ersfem R @l 3@ BT I T x-STF ACICF T KT CFaRee
[PEE 15 A
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(b) Using the method of separation of symbols prove that (JRFTI EIP HEHS
TR A &N F)

U, +(’1‘)A u, +(’2C)A2u2 to=u, +(’16)Aux_’, +(’2€)A2ux_2 +...

(c) Find the extremals of the functional
(fAT3 functional-«3 extremal T4 3¢a)

v(y(x)) = [(4ycosx -+ y” = y*)dx; (0) = y(x) =0.
0

25.(a) Show that / (@418 ()
-1 1 a . ( a)
A™ cosax = — cosec— sin| ax ——
2 2 2
(b) Assuming u, =an+b show that the particular solution of u, ~5u,_; +6u, ,=n
1
is —(2n+7).
7€ )

u, = an+b 4R N6 @A u, ~5u,_, +6u,_, = n ARG RO FYH %(2n+7).

Y2

b
(¢) Show that the general solution of Euler’s equation for the integral j
. 2 y

(x-a)+y*=p

b [ 12
e J'——!j—}—;—dx ~q3 (%Y Euler-STNSI0R YRS T (x — ) + 37 = 2.
S 4

X
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