f‘otal number of printed pdges—31 |
3 (Sem~3/CBCS) MAT HG 1/RC/HG 2
2022 a
MATHEMATICS'
(Honours Generic/ Regular)

' Answer the Questions from any one Option.

OPTION-A |
Paper : MAT-HG-3016 /MAT-RC-3016
( Differential Equations) |

OPTION-B'
Paper : MAT-HG- 3026

(Linear Programmihg )

Full Marks : 80
Time : Three hours

The figures in the margin indicate
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OPTION-A
Paper : MAT-HG- 3016 /MAT-RC-3016
( Differential Equations)

Answer either in English or in Assamese.

1. . Answer the following ciuestions : (any ten)

| | . - 1x10=10
weTe Al e S =t 2 (R w5

(a) Wnte down the order of the followmg
d1fferent1a1 equat10n :

WW AT ferat 8
'd‘+ d4 d3
ar® " a* || g@ |T*=t

What is meant by 1rnphc1t solution Of a
differential equation? -

B T R g
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(®)

<

() Form the differential equation of the

family of circles x2 +y? =.a2.

2+y’=a W’WWW%‘@T
o197 <=l | |
(d) Define van exact differential equation. -
<ot T SRR AR e |
(e) Evaluate the Wronskian of the
functions sinx and cosx.
sinx Si% cosx T Y8 Wronskian ey -

M|

() State Whether the following equatlon is
homogeneous or not: ‘

(x2 +3y2)dx—2xydy=0 '
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(9)

M

®)

0)

- UC function x“e*

- Check exactness of (ﬁ%ﬂf@ "@‘ﬂ ) 8

‘ (x2f2y2)dx+(4xy-y2)dy =0

When is a family of curves sa1d to be
self-orthogonal ?

1 AR Cofm T g o AR 2

Write the UC set corresponding to the

2

UC W x2e* AITE UC oot &l |

2% :
-If e* and e%* are two linearly

independent solutiohs of a 2nd order

linear differential equation, write down

the general solution.

™ W% 3 B! i SR A 51

RO T I L A A4
AN fovzt)
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(k)

)

(m)

The roots of the auxiliary equation
corresponding to a Sth order linear.

differential equation are 2, 2, 2, 3+4i.
Write the general solutlon of the
equation.

aﬁswhﬂaswwﬁw%w.
HRREGR T @2t 2, 2, 2, 3+4i E’m
wﬁaﬁmammqwmﬁw

Consider the equation ‘
(2x -5y) dx#(4x—y) dy=0

What transformation will reduice it to a
separable equation ? '

(2x-5y)dx +(4x-y)dy =0 FNTREDT

. RIS 95! RRr® (separable) FNw=eita

TS IR 2
Determine the integrating factor of: .
R oo Bfeedl

fl;y_+-3—y—=6x2
dx x
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(n) In the differential equation

‘ N(x: y)

M (x, y)dx+N (x, y)dy =0, if -

1 [GM {x, y) 6N (x, y)

N (x,y) ox ] depends

. upon x only, what will be the integrating

factor of the equation?. -
M (x, y)dx+ N (x, y)dy 0
SR TR trﬁzz

1 [aMa(;.’ y)-aNé’;’ y)].

R x 3 G 7 (ot ARReIBI S

ey

(o)

(p)

Solve (Y7 )
ydx + Xd'y =0

W
" rite down the general form of Cauchy-
Wier equation of order n.

"WW%W%WWMWBIW' |
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(@) Is the equation linear ?
AN @RT A ¢
&y, dy
dx2 ydx +x=0

(r) Write down the UC set correspondmg
to UC function sinx.

UC T sinx. ﬂmw uc W{rai%c“b‘t et

2.  Answer the followmg questlons (any five) 4~

2x5=10 -~

woT frml ST TeE U ¢ (ﬁmm o551
(@) Determine all values of constanf m for

which y=™ is a solution of -the

differential equation

d2y dy .. _

-4—=+3y=0
m TR W A =, WA
2 - v -

Y _ 49, 3,0 FNEABR y=e™

dx*  dx ~ N
@51 LN A |
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(b)

(c)

- (d)

What is meant by singular solution of
a differential equation ?

. aﬁwwﬁw«ww«ﬁmﬁsqm ?

Write down the complementary funcuon

of the differential equation

d2
dx?
TEC6! ol |

,Determine the most general functior}

M(x, y) such that the equation

' M(x,y)dx+(2xy +X y)dy 0

is.exact.
ORI T M (x, y) fersal TS,

M)t o gty o0
AR T2 2
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—‘Ii-y tan x WW‘@W ARAT

(e)

(9)

Show that the differential equatioh
(x - 3y?Jdx + 2xydy = 0

is homogeneous

(s @ (x -3y )dx+2xydy O
e AR D! e | -

Show that the ordered pair of functions

(3 et 2 e7.t) is .a solution of the linear

" system :

(9T @ TS T T (3¢7", 2¢7t) T
R UGN @O YA = 3

X _5x4+3
at XY
dy
—=4x+
at Y

Write down the form of particular

- solution for the differential equation :

(particular solution) I e f&7a1 8

2
d y 33i+2y=4x2
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- (1) Solve FIYN F) :
 xsinydx + (x2 + 1) cosydy =0
(i) Reduce the Bernoulli’s équation

‘ xﬂ +y =-2x%* i
dx Y tolinear equation by
applfopﬁate transformation.

' %ﬂ{@zﬁﬂmwmﬁﬁaﬁﬁq

xd—y+y——2x6 4 |

o Yy %Wﬁwﬁa
- MLISICE S TR

() Find the ‘general solution :

AR T Sfeve o

2

44Y _,4dy .
4d-x5-IZE+5y=O

3. An
swer the following Questions : (any four)

TS il et ey 3w ¢ (Riewizan 51361
(@) Show that the relation- ,2 , y?-25=0
is an implicit solution of the differential

€quation
x+ya =0 on the interval

I defined by ~5<x<5
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Sx4= 20

153

(b)

(©)

(d)

cﬁﬁ\‘@ﬂ -5<x<5 W
x+y 22 =0 SR FNPLCICBE
x2+y>-25=0 Bt SRS T 2 |

Write down the general form of a.
Bernoulli equation. Describe the
method of reducing this equatlon to a
linear equation. - 1+4=5

A TR AR woET B @]
HTRIE aﬁmﬂﬁmﬁawﬁﬁw ‘
AT AT I]A |

Solve (FILN ) :
(3x—y—6)dx+(x+y+2)dy50

Reduce to first order differential
equation and then solve: 1+4=5

4 G () ST TR TS IR
S 8 |

y" + yl =0 .
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o)

Solve the Ca.uchy—Euler equétion:

- FIo-2TENR FANTREICH! TN ) ¢

9

2
2dY dy 3
X —2-2xZL+2y=x> -
. dx? dx “Yy=x

Determinq the constant A such that
the following equation is exact :

AT W TG ACS O SRR ANFAC!
ERIRE . ;

(szy +2y> )dx + (xs + 4xy) dy=0

.Hence: solve the resulting exact

equation. _ 0+3=5
IS 71 T AN STl |

Shovy that x-¢41, y=-5t-2 is. a
Eartlcular solution of the non-
omogeneous linear system

dx .
E;=5x+2y+5t

dy :
a 3x+4y +17¢t

Write the genera] solution of the syétem'
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oredl } x=t+1, y=-5t-2 ool
SR (3R IR AR S s

ix—=5x+2-y-l—'5t
dt '

dy _ 3x+4y +17t
dt . .
NS SARTICOR et T
(h Solve the initial value problem: -

| wifie REE AT T T
d’y . dy . O -4
Ex—2+77§+10y=0"y(0) 4

y(0)=2

4. Answer the following questions: (any four)

- , 10%x4=40
. wee Tal emiERs ey w9t ¢ (R 5196

(a) Prove that the linear'differential
T4 ,
equation —d%+P(x)y=Q(x) has an

integraﬁﬁg factor of the form ol PR

and one-parameter family of solution

y,ejp'(x)d’c = jeIP(x)de(x)dx +C
7+3=10
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oI TR @ RS o TR :
. ‘Ex-_+P (x)y =Q(x) T ¢ [ P(x)dx BT S | o B (c) Solve the nutla% vglue pro‘plerfl
| O W A% FHFINBR G bei g TG - - W,y f(x)where
7l
| | : | S R (5, 0<x<l1l0 . - |
[P(x)dx [P(x)dx 9 .
- ye = o x)= . . =
.y _. Je Q(x)dx+C f(x) 1 %210 gpd y(0)=6
: ) \ o
(b) (i} Find the orthogonal trajectories of | wifre RS mﬂl
thevfamily éf; parabolas y = cx? . : . ,
S Y=o | dy+y £(x) PR TS
5 : ‘ dx
,‘.ycxwﬁquﬁﬂmﬁmmﬁ?s ' R
5, 0=<x<10
. et Refe 31 - ~(x)={,
. 1, x210
| (i) Find a family of oblique tra_]ectones ‘
that intersect the family of circles . . | o y(0)=6.
x*+y*=c? at an angle 45°. , ‘
' | 5 | (d) Solve by method of variation of
parameter :

Kyt=c W"fﬁW45°mﬂr

R 4 Bt o sigmotsia ARTE
Sfrear

afbet Roaet ofora e <=1 2

2
ﬂ+y tan xsec x
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: d2y dy

(e} Consider the differential equation

2 dx+y=0

(i) Show that e* and xe* are linearly

independent solutions of this

equation. on - the interval

—0<X<0. ‘ S
MYET (T -0 < x < 00 STFTS * A%

xe* ATTOR B ARToIE FOF
I 2 | -

(i) Write the gereral solution of the
equation. 2

TR At ST B

(i) Find the solution that satisfies the
condition y (0)=1, y' (0)=4.
Explain why this solution is

unique. 2+1=3
y(©0)=1, y' (0)=4 v&ieorrs
AR T SRreqy |

IR TR B < =, g e
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(9)

Find the general solution by the method

- of undetermined co-efficients :

SRR Tt SR M T St &

) .
i-g+ —diJ-+5y =6sin2x+7cos2x
dx® dx

Consider the linear system .

RT LN @O @R LA

e
— =5x+2
dt Y

dy v :
—~=3x+4
at Y

() Show that (Cr{&dl (T)

Tt
x=2e*, x=e

and (W)

_y=3e2t, y=e7t :

are solutions -of this system. 5

@3 RTICON T = |
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- (i) Show that the two solutions
 defined in part (i) are linearly
independent on every interval

ast<hb. . ‘ 3

63t (@ part (i) © SER W 751
a<t<b SRR (FRTOIE ToF W

(ii'i) Write the general solution of the
system. 2

 AIICBIR AR Il forn )

(h) Solve the following : (FNNF{ W)
5+5=10

(i) '2x (y+1_)dx—(x2 + l)dy =0, y()= -5

(ﬁ) (2xsin y+ yag'e" )dx + (x2 cosy +3y’e* )dy =0

(i) (i) Given tﬁat Y v=‘x+1 is ‘a solution
of (x+1)2%~3(x+l)d~y+3y=6.

Find a llnearly 1ndependent
solution by reducing the order.

7
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(@)

. 2. . S
(x+1)2%-3(x+1)%+3y =0

- WWW@WW Yy=x+1

| AR T 7S IR 51
Reei ToF WA St

Giventhat ¢™*, ¢3* and ** are
all solutions of

dy 6dy+5dy+12y 0.
dx® dx® dx

Show. that they are linearly
independent on the interval
—0<X<©. .- 3

ﬁﬂTW‘iC‘I e™*, e3* T p4x
SoBRREE

d’ ay 6d y+5§‘z+12y 0

ax®  dx?

- Wﬁwﬁﬁw«’zﬂl

el @ — w<x<w@@ﬁr.

IICIR AR, Fou |
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() Find the general solution:  5+5=10 N - OPTION-B “
Paper : MAT-HG-3026

AR AN Bt 3

. - . . (Linear Programming)
2 = . . ° '. ’

(i). % —2%—314 = 3x? 1. Answer any ten of the following :1 0 10.
. ‘ ] . | : 'x10=10.
, (i) Define feasible solution of a linear

g 9 : rogramming problem (LPP).

(ii) y—6d,y+11dy—6y.=0 P S o

3 . . , .
ax dx2 dx (i) If a given LPP has two feasible solutions,
‘then how many feasible solutions are

there for the LPP?

(iii) How many basic solutions are possible
in a system of m simultaneous linear

equations in n{>m) unknowns ?

(iv) When is a basic solution to the system
of equations Ax=b said to be.
degenerate ?

(v) Deﬁne_éUrplus variable. -

(vi) When is an LPP said to be in standard
format ? ' :

(vii) Define hyperplane.

(viii) “All boundary points of a convex set

"~ are necessarily extreme points.” Is it -
true? ’
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)

()

Does the LPP

Maximize 3x; —2x,

subject to X +x3 <1
2x,+2x, 24
X1, X3 20

‘have an optimal- solution ?-

Name two methods that can be employed

_ to solve LPP having artificial variables.

(d)

(xii)

Consider the primal problem glven as
Minimize x; - 3x2 2x3 '

subject to  3x; - X, +2x3 < 7
2x1 - 4X2 212
—4x1 'ij3.7C2 +4X3 =10 )

X1, X3 20 and x3 unrestricted.

Can the dual of this primal have
unrestricted variables ?

Write the relation between Z, and Z,,

where Z, is the. o'ptir_nal value of the

primal objective function and Zj, is the

optimal value of the dual Ob_]eCthC

function.
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(aii) A pnmal problem has 7 constramts in
3 variables. How many constraints are
there in 1ts dual ? '

(xiv)] Whenis a transportatlon problem said
to be unbalanced ?.

(xv) Write. the: full-form of VAM.
(xvi) What is a fair game ?

(wvii) Is it necessary that a game should
always pass a saddle ‘point ? .

(xvzu) Can a two-person zero-sum game in

normal form be solved as an LPP?

. ‘Answer any five Of tl'}C follqwing: Ix5=10 -

’(i) .Define basic feasible solution (B.F.S.)

of an LPP. When is a B.F.S. said to be
non-degenerate ? :

(ii) Explain the followmg terms in the

context of LPP:
(a) Objective function

(b) Decision variables

(iii) Show that a hyperplane is a convex
set. )
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(iv)

(v)

(vi)

- (vid)

(viti)

Solve the following LPP graphically :
Maximize Z =4x, +4x,
subject to x; +x, <5

.3x; +x, 9

What is meant by unbounded solutlon
in linear programmmg ? .

Write the dual of the followmg primal
problem :

Minimize Zp =15x; +12x,

subJect to X + 2x2 >3 .
2 4'JC2 <5
X1, Xo >0

State the fundamental theorem of |

duality.

‘Find an initial basic feasible solutlon
to the following transportation problem

by least cost method :

D D, D D, Supply
%9 [2 ]t ]3] 4] a0
% |3 ]2 1] 4] so
O3 S. |2 |3 1 8 20

Demand 20 40 30 10
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o

State the mathematical formulation of
an assignment problem.

In a two-person zero-sum game, the
pay-off matrix is given by :

B
I o I
1le| 8|6

A

m|4 |12 2

Find its saddle points.

3. Answer any four of the following: 5x4=2Q

()

(i)

(i)

Define convex set and show that the
intersection. of any finite number of
convex sets is a convex set.

Show that every basic feasible solution
of an LPP is an extreme point of the -
convex set of its fea31ble solutions.

Solve the followmg LPP by simplex -
method :
Maximize Z 3x; +2x,

subject to x; + X5 < 4
X; — Xo <2
X1, Xg 20
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Solve the followmg LPP by B1g-M
method :

Mammize Z=2x1+3x2

‘ Subject to x; +2x,<4

L@

(vi)

) X3 +x2 =3
AT“ l _‘-%xl: )Q >'0

. Find the dual of the followmg primal

problem
Mammlze. 2x, + x,

subject to x, +5x, <10
. X +3x26
X +x,<4

X, 20 and x; unrestricted

Use north-west corner method to find
an initial basic feasible solution to the

following transportatlon problem

by D, Dy D, b

_ Supply
2]11j10 (3 |7 ] 4
1] 4 2 |1 .
319 4 8 12 9
3 3 S 6
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P

(viij Find an optimal solution- to the

(vu

following ass1gnment problem

I n m I

12 [30 |21 {15

18 133 9 |31
44 |25 | 24 | 21
23 |30 | 28|14

O a W »

) The pay-off matrix of a two-person zero-
sum game is glven below :

B
[ I m IV V.
1 lofl3|1]|8]0
anl6ls|4]|6]7
m|2|4]|3(|3]|8
visle|2]2]1

Find the best strategy for each player
and the value of the game. :

o Contd.
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()

(i)

()

(iv)

4. Answer any four questions :

. 10%4=40
Show that the following system of linear

equations has a degenerate solution :

. 2x1»+x2—JC3 =2

3x1 +2JC2 '."xs =3
Reduce the feasible solution
=2 x=3, x3=1

of the following system of linear
€quations to a basic feasible solution :

©2x + Xy +4x3 =11
3%+ %5 +5x3 =14

Explain the simplex procedure to solve

-a linear programming problem (LPP).

Use two-phase method to solve the LPP:
Maximize Z =5x, - 4x, + 3,

subject to 2x; + x, ‘*6)63 =20
6x1 + SX2 + IOJC3 <76
8x; -3x, + 6x; <50

. xl’ xz: JC3'Z 0
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()

(v)

»

" (vil)
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Use Big-M method to solve the LPP:
Minimize Z =4x, + X3 .
subject to  3xj+ X3 = 3.
4x; +3x, ;6
Loy ¥2xp 54
Xy, X2 >0

(ﬁ) What is the significance of duality
- in linear programming ? 4

(5) Show that the dual of the dual is
the primal. 4

(c) - State the domplementary _
c) - A )
slackness theorem. - )

(@) Write the dual of the LPP: 5
" Minimize X, +%;+ X3
subject to x; —3x3 + 4x5 =5

2x; — 2% <3
2)C2 - X3 25

d x, unrestricted.
X]_} x2 2 0 an 3 .
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(b) Solve the dual of the followmg
primal problem :

-Maximize 3x; - 2x,

L "’s;'u'bjéét'to :

X <4

X5 <6

x1+_x2 <5

>x2 >1

vxl,JCgZO

S

Find and optimal solution to the

Supply
11
13

19

(viti)
. following transportation . problem :
D, D, D, D,
w, | 19|14 |23 |11
W, 15|16 | 12 21
W; | 302516 |39
Demand 6 10 12 15
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-} (x) Apply the Hungarian method to solve
the following assignment problem :

I o-.m IV

Alti2|10]| 8|9

o PRRCEI

Blsl{ ol 7

c 11| 14| 12|10}

plol ol 8] 9

) (@ What is game theory?. 2
Descnbe a two-person zero-sum.
o game. Also mention any two basic
. assumptions in it. 4
© llowing terms :
(c) Explam the fo . g et

' Pure strategy, Mixed strategy-

' 3000
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