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The figures in the margin indicate full marks.
Candidates are required to give their answers

in their own words as far as practicable.

[Mechanics]

Group - A

Answer any tenquestions : 2xL0:20

1. If a particle describes a circle of radius a about the pole
then rvhat will be its radial and tansversal velocities?

2. The greatest height attained by a projectile is f th of its
range. Find the angle of projection.

3. What do you understand by impulse of a force and an

impulsive force?

4. Find the resultant of forces equal to the weights 5 kg
and 3 kg respectively acting at an angle 60o.

P.T.O.
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5. Define stable ard *t1'Utt equilibrium'

6. If the tangentaii and normal accelerations of a particle
" 

;;ri"* iong a'piane curve are equal' then find an

expression for its velocitY'

T.Definestatisticalfrictionanddynamicalfriction.

8.Masses2,3,4,5andTlbareplacedatthefour
angular points and the centre of the square' Find the

cenffe of gravitY of the sYstem'

9. By what factor should the len$h of a simple pendulum

be changed if the period of vi-bration tripled?

10. A stone of mass 12 kg is dropped from the height of

60 meters' Find the potential energy and kinetic energy

of the stone when it tavelled a distance of 24 meters'

11. Prove that the change in kinetic energy is equal to the

work done bY anY acting force'

12. What do you mean by angle of friction and co-efficient

of ftiction?

13. State theorem of Pappus or Guidin' Use the theorem find

the C.G. of a semi-circular arc'

14. A simple pendulum of 50 cm long is making 100

oscillation in 2 minutes' Find the acceleration due to

gavity.

15. The velocities of a particle along and perpendicular to

radius vector from a fixed origin we 7'rz and p02 '

What are laws of motion?
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Group - B

Answeranyllazrquestions: 5x4:20

16. An elastic string without weight of which the unstretched

length is / and the modulus of elasticity is the weight of
n is suspended by one end and a mass of m is attaclred

to other. Show that the time of vertical oscillation is

17. A body of mass M is propelled in a straight line by an

engine producing energy at a constant rate P against a

resistance kvT where v is the velocity and ft is a

constant. Show that the space described from rest is

zn @.
\,s

siven bv 3sk - -rcn('M "\
, kv3
I -- P
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18. A particle is projected from the earth's surlace vertically

upwards with a velocity V.It h and 11 are the greatest

heights attained by the pa:ticle moving urider unifbrm and

variable accelerations respectively, show that

1- I =1. *here r? is the radius of the earth.
hHR

19. The moments of a system of forces about the points

(0, 0), (a, 0) and (0, a) are aw,2uw,3aw respectively.

Find the components o1'their resultant parallel to co-

orctinate a,xes and the equation of its line of action.

20. A gun ol tnass M fires a shell of mass //, irorizontally



( 4 )

and the energy of explosion is such as would be

sufficient to project the shell vertically to a height /z'

Show that the velocity of the recoil of the gun is

21. A hemispherical shell rests on a rough inclined plane

whose angle of friction is },. Show that the inclination

of the plane base of the rim to the horizon can not be

greater than sio-l (Zsln i").

22.

GrouP - C

AnsweranY/woquestions: l0x2:20

(, An elastic string whose natural length is equal to

that of a rod is attached to the rod at both ends

and suspended by its middle point. The rod is of

negligible weight and carries a weight W at its

middle point. The system starts from rest when the

string and the rod are horizontal. Show that ttre rod

will sink until the srings are inclined to the horizon

at an angle 0 given bY the equation

"ot'[9')-.ot(9'] =2w, where the modulus of
\2) \2)

elasticity of the *ljngis hW-

(ii) Prove that the work-done in raising a body up a

smooth inclined plane is the same as the work-done

in lifting the body through the vertical height of the

plane. 6+4

Y-6t223 -',100

I

f ,Ash
lM@;6



23

(5 )

() A thin straight smooth tube is made to revolve

upwards with a constant angular velocity or in a
vertical plane about one extremity 4 when it is in
a horizontal position, a particle is at rest in it at a

distance 'dr' from the fixed end O. Find the distance

of the particle from 0 after any time /.

Show further that if co is very small, the particle

v3

will reach () in time

G) A curve is described by a particle having a constant

acceleration in a direction inclined at a constant

angle to the tangent. Show that the curve is an

spiral. 7+3

G) A uniform ladder of weight W' rests on a rough

horizontal ground against a smooth vertical wall

inclined at an angle cr to the horizon. Prove that

a man of weight W can climb to the top of the

ladder without ladder sl ipping if

6a
g0)

24. (i) Explain force of friction and angle of friction.

Y-_: ,ztl-vt*I,), p being coefficient of frictionW 2trttana-l
3+7

25. Prove that the path of a projectile in vacuum is a

parabla Also find the length of its latus rectum. 10

v-6t223 - 700
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[Linear Programming]

Group - A

Answerany tenftomthefollowing : 2xl0:20

1. Find the extreme Point of the set

S={(r, l): x2+y'<tO}.

2. Define degenerate solution.

3. Write the standard form of L.P'P'

4. Write the fundamental theorem of L'P'P'

5.GiveanexampieofanL.P'P.u'hichhasnofeasible
regions of solutions.

6. Find a basis for E3 which contains the vectors (1,2.3)

and (2,1,0).

7. Find the value of fr for which the vectors (k'2'8)' (l '0'4)

and (1 ,k,4) are linearly depenrient'

8. Determine the set X is convex or not where

x: {(-''.nr)'','" 
< I,'r,'x, > o}'

9. Defure slack eurd surplus variable"

10. Discuss whether the set,4 ctrnsisti.ng ori ttre straight line

)) - tL-- + c is coffi/ex and *orrespnnding *r:nvex huil'

V-61223 - 1$t\



(7 )

11. A man rides his motorcycle at the speed of 50 km/hour.

He has to spend Rs. 2 per km on petrol. If he rides it
at a faster speed of 80 km/hour, the petrol cost increases

to Rs. 3 per km. He has atmost Rs. 120 to spend on

petrol and one hour's time. He wishes to find the

maximum distance that he can travel. Express this

problem as a linear prograrnming problem.

12. If the objective function of an LPP assumes its optimal

value at more than one extreme point, then prove that

every convex combination of these extreme points give

the optimal solution.

13. What do you mean by cycling in an LPP? How it can

be resolved?

14. Show that the intersection of two convex sets is also

convex.

15. Find a basic feasible solution of the system:

xt+2\:li xz*13 = 4; xr, xz, x3>-0.

Group - B

Answeranyfourfromthefollowing : 5x4:20

16. Prove that the dual of the dual is the primal.

17. Examine whether the following set S is convex:

S = {(x,y):2x+ y) 0, x+ 2y <80,.x+ y<50, x,y > 0}.

P.T.O.

v-61223 -',t00
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ls.Howmanybasicsolutionsarethereinthefollowingset

of equations?

Zxr- 5xr+ x3 + 3xo = 4,

3*r-10x, +2xr+6xo=12,

Find all basic solutions.

1g. show that the set of all feasible solutions of a linear

programming problem is a convex set'

20. Prove that if a constraint of a primal problem is an

equation then the corresponding dual variable is

unrestricted in sign.

21. Prove that dual of dual is primal'

GrouP - C

Answer any two from the following " l0x2:20

22. 0 Food X contains 6 units of vitamin A per gram and

7 units bf vitamin B per gram and cost 12 paise

per gram. Food )'contains 8 units of vitamin A per

gram and 12 units of vitamin B per gram and cost

20 parse per gram. The daily minimum requirement

of vitamin A and B are 100 units and 120 units

respectivd In finding the minimum cost of product

mix, formulate the problern as a linear progmmming

problem.

v-61223 - 700



Subject to 3r, +2xr+xr<3,

2xr+ xr*2xr <-2,

xl, x2, x, ) 0'

(iD Examine whether the set is convex or not

x = {(r,, *r), *r22, xr<3, xr,*, 
= 

o}.

(i) Solve graphically the following L.p.p. problem:

Subject to 3.r +2y<17

-2x +3y < 6

2xr-6xr+3x, < 1,

2xr+3xr-5xr) 4,

XrrXrrXr20.

P.T.O.
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25. Use Chame's Big M-method to solve the following LPP :

Mnimize Z:6xr+4xr+3x,

Subject to 4x, +5x, + 3xr2 40;

Zxr+ xr+ 6x, 2 50;

3xr+4xr+Zxr250;

I,"fr'I, 2 0 '
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OR

tNumerical Methodsl

Group - A

Answer any ten questions : 2xl0:20

1. Find the function l(r) rvhose first diffbrence is ei.

2. Find the value of (l+a)(f -V) on /(x) where the

symbols have usual meaning.

3. Write down the Newton-Raphson iteration fbrmula

relating the rth and (n + l)th approximation to a rcal
root of x2 - 5x + 2: 0.

4. How does the trapezoidal rule approximate the area

under the curve defined in an interval la, bl?

5. State central difference formulae mentioning the

assumptions involved.

6. Show that second difTerences are zero for the linear

function /'(x):2x + 5.

7. Find the value of y at x:2 by the Lagrange's

interpolation fbrmula fiom the table.

x I J

v t2

Y-61223 - 700
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8. Find the second approximation to the real root of

-f(x):x3 -4x- 1 :0 lying between 2 and 3 by the

Regula-Falsi method.

9. State the Newton's forward interpolation fbrmula

mentioning the assumptions involved'

10. Establish the relation between shift operator and

difference oPerator.

11. Examine whether Gauss-Seidal iteration method is

applicable to solve the following system of equations :

5x + 2! - z : l, x + 5y * 2z :3 and -Zx + y -r 6z : 5'

12. Construct a difference table upto second otder of y: *
for x = 1 ,3 ,4,5,7 ,9 .

13. If./(x):dx, show that (E-1 +o)f (*)=zf (*)'

14. Write the formula fbr fourth order Runge-Kutta method

to find the solution of IVP , *= f U, y), y(ro) = vo.

1 5 - Given./(- I ) : 1,./(0) : l, .f'Q) : -5, find /(l ) using the

I-agrange's interpolation formula.

Group - B

Answer anY four questions : 5x4:20

16. Find a real root of the equation sinx:5x- 2, using

Regula-Falsi method correct to three decimal places'

Y-61223 -'100
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17. Derive Simpson's r/3rd rure for numerical integration
rb

J,f Q)ax. State its geometrical significance.

18. Describe "Fixed point iteration method,,. Mention the
condition for the convergence. when does the method
frils?

19. Write down the quadratic polynomial by applying the
Lagrangian interpolation method, which takes some
values 6f(x) at x:-1,0, I and obtain the integration

rl
nrre J',/(x) d* =+[/(-1) + +f (o)* /(l)].

20. Given xt:xo+ h, xz:ro* 2h, xr:r,* 3h, h>0 and
ur(x) : (x - xeXx - xlXx - x)(x - x3), prove that

L3ur(x)= 41.h3 (r-r.).

21. Compute the value of /(3.S) by the Newton,s
Backward interpolation formura from the foilowing data:

22.

X 0 I 2 J

r (*) 1 1.5 2.2 3.1 4.2

Group - C

Answer any two questions : l0x2:20

(a) Find the third iterated solution of the following
system of equation by Gauss_Jacobis method :

x+2y+ z:0, 2x+2y*32:3, -x-3y:2.
P.T.O.
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(b) Given 4 = *' * y with y (0) : 1. By Euler's
dx

method determine y(0.02) with step length

h:0.0L 5+5

23. (a) Describe the Newton-Raphson's method to

determine approximately one simple real root of

f(x):0. Mention the condition of convergence.

Apply it to find the real root of the equation

xz + 4sinx: 0 correct to three decimal places.

(b) Evaluate J'i'..6o., dx by Weddle's Rule, correct

upto three significant figures taking 6-intervals.

6+4

24. (a) Using predictor corrector formula findy(z)if y(x)

is the solution of y': | (x+f) where y(0):2,
y(0.5) : 2.636,y (l) : 3.595,/(1.5) : 4.968.

(b) Show that Layo=!o-4!t+5y",-4yr+yo. 7+3

25. (a) Compute y(1.3) from y': *2 +y2 with y(l):0,
using fburth order Runge-Kutta method with step

size h:0.3.

(b) Find the fust and second derivatives of the funcfion

tabulated below at the point x: 1.1.

X 1.0 t.2 1.4 1.6 1.8 2.0

r(r) 0.000 0.128 0.544 1.296 2.432 4.000

v-6/223 - 700
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OR

[Integer Programming and Theory of Gamesl

Grnup - A

Answer any ten questions : 2xl0:20

1. What is mixed integer programming problem?

2. At every stage of branch and bound algorithm, we add
constraints. Does this increase the size of the Lp solved?

3. Define the mixed strategies in the case of rectangular
game.

4. Prove that the set of all optimal strategies of a player
form a convex set.

5. What are the differences between integer programming
problem and linear programming problem?

6. Defrne trvo-perSon.zero sum game.

7. For the following LPP

Maxirniiee Z * 7x, I 6x, * 4x,

Subject to ,r;, + .r, -*-;r, ( 5

2x,-r scr+3x. < l0

Jrtr#rr& > 0

frrd ths number.of basic solutions.

v-6/'j'23 ",'i1c
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8. Define analytical definition of saddle point.

9. Solve the game whose payoffmatrix is:

Player B

Iil

2x2 game l' b1 is non-strictly
[c d)

1b,a1c,d<bandd<c.

11. What is the principle behind the Gromory Cut?

12. What is the principle behind the branch and bound

algorithm of integer progmmming?
:

13. Explain ttre following terms:

@ Value of the game

(i) PayoFmatrix

14. What do you understand by Game Theory? Distinguish

between pure and mixed strategies for a game.

15. What do you mean by dominance in game theory?

9

v-6/223 - 700
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Answer any four questions :

16. Convert the following Game into an Lpp:

[ss 21

L::rl

)

B

4-263
7 374

5x4:20

lz
L3

18. Solve:

Azlaximize Z:3x, a 4xz

Subject to 3x, +2xrSB

xr+4xrSl0

xu xr} 0 and all are integers.

19. Use dominance to reduce the following game problem
to 2x2 game and hence find the optimal sfategies and
the value of the game.

v-6t223 - 700
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17. Solve the following game using graphical method.

B

J 1 4

1 4 2

2 2 6
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20. Find the range of x and y which will render the entry

(2,2) a saddle Point for the game.

Player B

Player A

21. Find the solution of the following game

Player B

Player A

Group - C

' Answer anY two questions : l0x2:20

22. IJse Gromory's cutting plane method to find the optimal

solution of the L.P.P.

fulaxirnize Z:Txr+9x,

Subject to -x, * 3x, < 6

7r +r (35ter t r\2-

x, xt Z 0 and all are integers'

2 1

Z

!'-6/223 " 700
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23. Use dominance property to reduce the pay-off matrix

given by

Phyer B

Player A

into a 2x2 matrix and find the mixed strategies for ,4

and B. Also find the value of the game.

24. Find the optimal solution to the L.P.P.

I\aaximize Z:xt-tx,

Subject to 3x, +2xr<5'

*r<2;

x, x2> 0 and all are integers.

25. If the pay-off matix for the Player A is given by

Player B

al atz

azl a22

Solve this game with its value in terms of ay, dtz, azt,

422'

Player A

a
J 1 1 2

,)
J 2 6

2 a
-L -1 1
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