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1 - Operations Research

~

A ;o (1) ol oy uetl sRA%Awd B,

(2) owell ougtl s 2AeiBid UL oL suld 8.

(3) oul 419 Geavt «dl Al AddL uAld ©.

(%) wsAusdl ealedl WAL % UesH Grradlil quil.

1 (a) cwval wdl
(1) olEyu 2w
(R) 4o usy (aeell) Gia
(3) aldut o old (BRibE).
(1) ol Sp ¥ YUl A AHRAIAL H wsA BEel-L 2B A
A Se @ dl WBd 5 3 SpoellRAm oL % Sl %S
(5) -l At 2wt wHRUA Gudu-Hl Ad B4l
UM S 1 Z = 3% +2%
oyl 2% X <1
X +X% <3
X <2

dal X, X =0

2y

9
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1 () Al AL
(1) [asd 4o Gsa
() Swedd G3d.
(o) Ala-dl A 2wt WA Reuaa ddel Gsdl
Yddd A Z =X~ Xp + Xg+ Xy + X5~ Xg
sl —8% —3Xy +12X3+ X4 =3
X1+ X4 +6X5=9

4X + Xy = X4 +2X5=5

dal % =0, 01i=12,...,6.

(5) -l av 2udlet A el Ml Rddl Gidl ¢

e U 1 Z=6X) +4%

FUL 2% +3%, <30
3X1 + 2X2 <24

X+ X023

dal X, %20

2 () UL A AR el UHRAGA MO €A3UHL B dU SR
s ? udl AL g8 AR 52U a0l Alsid 52U 5 geil

gg 2 YO AW B,

(o) gactirtl Ruglartl Gualol 530 (1Al Y 2l w Gdl :

YAdH S0 Z = 4xg + 3%y +6Xg

OA’Q{I, X1+X32 2

X2 +X325
addl Xl’ X2, X3 > O

2y
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3 (2) yals A s wuL Gl Hiedl dedasdl d

(Cutting plane method) uxdl.

¢ 2 N

geddrl Aadl 1Al yLils qv e xR Bl

o

et U 1 Z =4x% +3%
aul X +2X%, <4
2% +X,<6

dal Xg, % 20 U X3, Xo yals Avail 8,

AN A Gl gelsl vl
(1) uRaer (dentodadiR)-l uaxd oulllds 243w ealdl.
(2)

(3) wiuel—wzal Giaa-dl Ad-d asia s

A2l uRds wMRAAL Sedd G3a WAL

Dy | D, | D3 | yrasdl
o|2|7]4]| 5
o, | 3|3 8
O |54 | 7| 7
O, | 1] 6| 2] 14

weL | 7| 9 | 18| 34
2l

() %L (BHd usowisl 1AL SlesHl sl Hoiel €y, ddl
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5x5 Auel audl Yddd [Bud Gsa dadl :

YRAsA AHRUL A AUl —AHRUL QAL dslad dHondl.

10

19

10

19

19
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16 | 18| 20 | 17 | 19
18|20 22|19 | 22
17118 | 17 | 22 | 19
17 |17 | 16 | 17 | 16
2011819 | 17 | 20

m o 0| m| >

¥ () euvy wpdl 3
(1) 2" A0 M™d (zero — sum game)
() [Bd 2 (mixed strategy)

(3) AMd Wd (symmetric game)

() AlBid s2A 5 AMA W™t Hd Yu €y 9, ¢
(5) -l ula W™ AU AL AL AHRAL AU 9

yRadld s :
(G3a 2agus )

vl

B

B B B
A
vadl-A - A,
Ay

¥ ) wdd FPyYaqd min s 3 a e x oy YA o

0
6 -2
3

2P
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VX BN e an @ Boo) & By

—[bvg, 14, dl Abd sA 5
max min min max
(Bl x v By v (B

() Al 2x4 Wmd 2uavusdl Ad Gsdl :
wadl-B
Bs By

B B,
wadl-A &4 2 _3E
1

(5) W (Dominance) Rigidl @y «{lA<dl ™d G3al :
wadl-B
B B; B3 By
APyl 4 3
ANMIL 5 3
ARl 4 5
W oH d ARl el Quil 21

(1) HoAAL :
(1) olequ (@8 (Convex function)
(R) dawliwy [@8u (Lagrangian function)
(3) adlcis A%< usd  (Quadratic Programming
Problem)

() si—2s2 udued [ avil 2 A4l qoticns vl AHUL
U 51252 Al HAdl ¢

Mot S0 1 Z = 2%+ X = X
sl 2% +3X, <6
2X1 + X2 <4

dal X, %20
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(5) 2uncuil dd Al 2u 2udle dHAL Gsdl ¢
Ut SA 1 Z=2x% +3%,

i X2+ X3 <20

X X, <8

dal X1, %20
(8)  uHeAlL :
(1) Guis—w2 (Carrying cost)
() “itell wa (Ordering cost)

dal waldd sl

TIC*= [2DCLCy, drdl.

(6) S5 s Gawes UEl Al da-dl allls w3Ruld 112 9000 yoAil-l
ugl 28l wd RS el a3 52 9. g5 yaadl Bud 3. 20
8. t5 «liaglat Aiuel W 3. 15 i G vl L Aty AU
Seadw3dl 15% €.
Sredy Aiael ol Q*
A Yridd A 54 Swdwedl—aurl WA TIC* <l a@idil s3.

ENGLISH VERSION

1 - Operations Research

Instructions : (1) All questions are compulsory.
(2) Figures to the right indicate marks of the
corresponding question.
(3) Notations are usual, where not mentioned.
(4) Write the correct number of the question
in your answer book as shown in the
guestion paper.

1 (a) Define : 6
(1) Convex set
(2) Basic feasible solution
(3) Vertex of the convex set.
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(b) If Sg is the set of all feasible solutions of a 7
linear programming problem and if Sg # ¢, then prove
that S must be a convex set.

(c) Use the graphical method to solve the following L.P. 8
problem :

Maximize : Z=3x;+2x,

Subject to 2% *tXp <1

X X, <3

X <2

and X, X =0

OR
1 (a) Define : 4
(1) Degenerate basic solution
(2) Optimum solution.

(b) Use the simplex method to solve the following L. P. 8
problem :

Minimize :© Z=X —Xo+Xg3+X4+X5—Xg
Subject to —8X% —3X; +12X3+ X4 =3
X1+ X4 +6X5=9

4%+ Xy = X4 +2X%5=5

and x =0, 0i=12,....,6.
(c) Use the Big—M method to solve the following L.P. 9
Problem :

Maximize : Z =6x; +4Xy

Subject to 2x; +3x, <30
X +2X%, <24

X1+ X923

and X1, %9 20
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2 (a)

(b)
2 (@)
(b)
3 (@)
(b)
NE-603]

When a L.P. problem is said to be in a standard 10
primal form ? Define the dual of such a problem. Also
prove that the dual of the dual is the primal.
Use the principle of duality to solve the following 11
L.P. problem

Minimize : Z =4x; +3xy +6X3

Subjectto  X; +X53=2
X, + X325

and X{,%,X%X320

OR
Explain the cutting plane method for solving an 10
integer linear programming problem.
Solve the following integer linear programming 11

problem using the cutting plane method :
Maximize : Z =4x; +3x,

subject to X, +2X,<4
2X + % <6

X1, X 20 and are integers

Attempt any two : 10

(1) Give a mathematical representation of a
transportation problem.

(2) Explain the difference between a transportation
problem and an assignment problem.

(3) Describe the method for solving an assignment

problem.

Find the optimum solution of the following 11
transportation problem :

8 [Contd...



D; | Dy | D3 | Supply
o)) 2 | 7 | 4 5
O, 3] 3 8
O 514 |7 7
Oy 116 ]| 2 14
Demand| 7 | 9 | 18 34
OR

(b) Find the minimum cost solution for 5x5 assignment
problem whose cost coefficients are given as under :

16 | 18| 20 | 17 | 19
18|20 22| 19 | 22
17118 | 17 | 22 | 19
17 |17 | 16 | 17 | 16
2011819 | 17 | 20

m o O m >

4 (a) Define : 6
(1) Zero—sum game
(2) Mixed strategy
(3) Symmetric game.
(b) Prove that the symmetric game has value zero. 8

(c) Transform the following game into an equivalent 7
L.P. problem (solution is not required) :
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Player-B

B B B
A 0 4
Player-A A, 6 -2
A 3 -1
OR
4 (a) Let the function flﬁy\ be such that both 7

max min min max
x y f y\ and y X f&y\ exist. If I-ﬁ),yo\‘ is

a saddle point of fl.ﬂy\ then prove that

¢ &’ yo¥ m;x m)i/n ; yv m)i/n m)?x ‘ B y\

(b) Solve the following 2 x4 game graphically : 7
Player-B
B By By By
4 -2 -3
Player-A A
A 1 4 5Q
(c) Using principles of dominance solve the following 7
game :
Player-B
B, B, B3 By
A 1 4 3
A, 1 5 3
Player-A Ay 9 1 5
A, 5 4 5
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5 Attempt any three : 21

(a) Explain :
(1) Convex function
(2) Lagrangian function
(3) Quadratic Programming Problem.

(b) State the Kuhn-Tucker theorem and derive the
Kuhn-Tucker conditions for the following quadratic
programming problem :

Maximize : Z =2x;+ Xy — xlz
Subject to 2X; +3x, <6
2%+ X, <4

and Xy, % 20

(c) Solve the following nonlinear programming problem
graphically :
Maximize : Z =2x;+3x,

. 2.2
Subject to Xq X5 <20
XlD(Z <8

and X1, %20
(d) Explain :
(1) Carrying (Holding) cost
(2) Ordering cost.

And in usual notations derive

TIC* = /2D C,G,

(e) A manufacturing company purchases 9000 parts of a
machine for its annual requirements, ordering one
month's requirement at a time. Each part costs Rs. 20.
The ordering cost per order is Rs. 15 and the carrying
cost is 15% of the average inventory per year
Calculate :

(1) Optimal lot size Q*
(2) Minimum yearly total incremental inventory cost
TIC*.
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2 - Mechanics

(1) oL % uadlidl G Al
() uASs UsAAL AR R W,

(3) owell ougil vis 2Aoifd UL R Ul O,

P 2d Q demadl 6l ool 25 581 Gu isolln Wl B el 9
s 53 9. ddd wRall s R, P il o wal sl sd S
dl Al s2A 5

St _ Qsin®
R*=P?+Q%+2PQcosd > AN =5 508

CRET]
s AHAAHL 22 ueldl [ 2 QAR W uRaum 9
YAAd AsdHl, dw= X da+Ydb+ N3O du wbid 3.
AR o Bl oL AL : V¥

(1) & ool A A A5 52 ANGAML . AL ABL 6Ll
BaelactHl >Ud 6 dl usl S8 AHdAl W O, Wb A
5 % o8l 6ol g SAUML A dl UBL d AHAML

-~

239l

(2) 25 cuR Add 2b doudll 26 4 6L 3 Wy il Wy A%i-l
soll deslddl ©. %+l R &y W dal a Bl »14
sl £8 HsUHL UL ©, %l Wy, A%-tril 58 HiRsl 2
R W dl wbid s2A %

wa? = w, b2 —a?(

(3) =@ ol el s o ARARHL 9, 51298l 513 sl
6L 6lliMi s el ol o~ oy 8. Sl s Hid
10 WG~ &1t dl 6lsldl 6L ololidl Hid QUL

(¥) @V =2xz"-x*y € dl (2, -2, -1) Bigal Grad V
»A |GradV| sl
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T (M)
(1)
(o)
3 ()
(21)
(o)
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Uldirdl 4%l €500 Hsd d desdl AHIOL Soid 4l AdL dAs
sieaflust w{lsra Hqadl,

2y

YAlid A5AML saldl 3 WReR8 95 A WMAHL WA gadl

-~

0a-l deud T:Toe“e .
A9 Rl Gl G ML

(1) Wl 52 3 a Blosuidl Haddousik @Werll vs A godHiA

- . . 4a .
g 94 vidR — .
> 31
() dRil €lad i viRod Bl a2 s AqldA 2saml
a9, d AL U By R A8 9. dl Al qul d udal

d MR sedl Al wdl wasa ?

(3) vl GludL ol [Bigal azd 25 30 {le: wur des O,
a-fl Hedd Gl 3 H{lex 8. awrd awt 10 [Bdud d
-l doits GuR s Ay AdAAA . dl AUUML M dBlld
UL

s AHAGHL AU AL SCUL A2l A1 uAolL yeld A
lMdolly gest Hadl.
AYAL

5oL Agld H2, oUAuFaHl adRl, 6ol sl 51 GRIIR Sld 9
dd UG A, 2wl wlEd A&l [Hud dlrdl

N\ ~ o\ N\
oY, d 64l walel 2L

(1) o8 u AR, RAR RAlmidbl a3 s34, 280 Hle: diow,

1

wlalay 8 sine 10 ARl el wR, A ds usl

Ko

NN b N N . 1 A ~
29 B, A UBAIR VA 618 422, YuLlls E Sl dl &l-l

Al usAURAL BsU L.

1%

1¥
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¥

() s Rlad Geambigial ekal ulka Birudl Rwmi 24
dr dot el doidL qesl )2 1 g2 ©. s8Il HAdLHL
AU AL IR B2SIL T G gUHL w[MUsd K.

(3) s asHi ol scll s0Uel efld 2 2ilcolly uaoL desl

AL HUAL 9. % asel sl Sellu dor AN Y dl

d asd ulsaw kL

2

~ . . d<u P N
(1) walad Asdl —— +U=—— wlkd L 9
doe h7u
YAl

Ao A& o vell oi-iddl Mol U s saA v ot 9

S5UHL U B, sUAL -

(1) alr [[Rdr

() Gaud-l AMY dl

(3) weud GRSl Yol dadl.

AN A 6L UsAlAL B AL ¥

(1) s sadl M= e r2=a® cos28 B. A« ol 3w Ha
S, whid 53 3 ool Faw 1« ed uHeEl 2l 8.

() Audd AWl h Gludx »uddl »is 253 Gur s oigs
dlgdel 8, viesd AW B VR FLeAUML A A d-ll UEY
ALV & dl d HedH aly id s 9. wbid A 3

- gh ~ N ~
coec 6-2&?\7 (Salel dR1Y Ad2RUAAL)
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(3)

5 501 UEL AR ol 53 0. i Ald vidl slu © 5 sl
oL o€l el R M2 49 u A v dHe oL g i

B &ld 9. Al 5 5 2L oinl RALA a2l 2idR Ty

+B

9. Ay yel AWGA s 5 aladl suladiR

[&2 _ uz@zvz_ﬁzuzqf/z ;

B2 o2

V2 u2

Yo () m ogaMl A r Bl ge s, o wel AHdl el

NE-603]

N\ N\ N Y b N N\ 2 . \
Guz deld 9. A KA 5 ddl uadal 3 gsina ©.

2

My 2 My AUl 25 % YL Uy 2 U, oLl
oUlel $cll 61 FUESL HAUINA, 69, %L AMl UcAAULALS S1A dl ALSLHRL
Yedldl dd-l 9oL Hadl.

N A 6L UslAL waAleL dvil :

(1)

()

a Bl »id m gl ad dllds SIS s e
AUE WSAGUHS QAL

w5 oA, oflon RA UM dlds Al AAL AU 9. 2Eld

~N ~\ 1 ~\ . ~\ ~\ ~
YeglAl a¥AL QoL E‘“ ARIUTRML Sld dd AllGid SR
wul e, UARALS €.

M gUHld-Al 315 22Uelel ¢odl el s 9% olfdl ©.
gl e wue yRemel 530 A% dal a Bl Rl
BUsIRAL 584l AW 2L SRl dleial 9. Al A 5

g N N R ~N
Bl 26 Ueldd 1 uaoll Tl Gd 9. | d-l 2
1+ 5
Ma
@Ay R~ skl s5dd wscd s .

1%
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ENGLISH VERSION

2 - Mechanics

Instructions : (1) Attempt any five questions.
(2) Each question carries 21 marks.

(3) Figures to the right indicate full marks of the
corresponding question.

1 (a) If two forces P and Q act on a particle, at an 7
inclination g to each other and inclination between
their resultant R and force P is a then prove that

i _ QsinB
R® = P?+Q?+2PQcose and ANA =57/~ g

OR

(@) Prove in the usual notations that for an infinitesimal 7
displacement of a rigid body in a plane

ow=Xda+Ydb+Noab.

(b) Attempt any two : 14

(1) A particle is equilibrium under the action of six
forces. Three of these forces are reversed, the
particle remains in equilibrium. Prove that it will
remain in equilibrium if these three forces are
removed altogether.

(2) A light rods of length 2b, terminated by heavy
particles of weight w; and w, is placed inside a
smooth hemisphere bowl of radius a which is fixed
with its rim horizontal. If the particle of w, rests
just below the rim of bowl then prove that

W:]_a.2 =Wy 8b2 - 3.2 (
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2 (@
(a)
(b)

3 (3

NE-603]

(3) A particle is in equilibrium under three forces.
Two of the forces act at right angles to one
another, one being three times than the other. The
third force has a 10 pound weight. Find the
magnitude of the other two.

(4) Find grad V and |gradV| at a point

2, - 2, 1) if V =2xz2* - x®y.

Obtain the Cartesian equation of a curve formed by a 7
uniform cable hanging freely under its own weight.

OR

In usual notations show that the tension is T:Toe“e 7

if a light cable rests in contact with rough curve.
Attempt any two : 14

(1) Prove that the distance between centre and the
mass centre of a semicircular plat of radius a is

4a
3

(2) A ladder is supported on a smooth floor and leans
against a rough wall. How far, a man can climb
up the ladder, without slipping taking place ?

(3) A suspension cable with supports the same level
has a span of 30 meter and a maximum dip of
3 meter. The cable is loaded with a uniformly
distributed load of 10 kilogram throughout its
length. Find the maximum tension in the cable.

Find the tangential and normal components of velocity 7
and acceleration of the particle moving in a plane.

OR

17 [Contd...



(a)

(b)
4 (a)
(a)
NE-603]

For a system of particles, prove that the increase in
kinetic energy is equal to the work done by force. From
this deduce the principle of conservation of energy.

Attempt any two :
(1) A skier, starting from rest, descends a slope 280

.15
meter long and inclined at an angle of sin lﬁ

to the horizontal. If the coefficient of friction

) .1
between the skier and the snow is Nk find the

speed of the skier at the bottom of the slope.

(2) The components of velocity of a particle along the
direction of a radius vector drawn from a fixed

origin and perpendicular to it are respectively 2

and uez. Express radial and transverse components
of its acceleration in terms of r and g.

(3) The tangential and normal components of
acceleration of a particle moving along a curve are
equal in magnitude. If the angular velocity of the
tangent to the curve is constant then find the
equation of the curve.

. - d%u P
In usual notations, prove : —— +yu=——.
do h<u

OR

A particle is projected with velocity V, making an
angle o with the horizontal. Find the expressions for

(1) the horizontal range
(2) the time of flight and
(3) the maximum height attained by the particle.

7

14

7
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(b)

(a)

NE-603]

Attempt any two : 14

(1) A particle describes the central orbit r2 = 32 ¢os20,

the centre of force being the pole. Show that the

law of force varies inversely as r’.

(2) A gun is mounted on a will of height h above a
level plain. Show that the greatest horizontal
range for a given muzzle velocity V is obtained
by firing at an angle of elevation g such that

coed 0= Zﬁ\?—gl, (Neglecting resistance of air)

(3) A particle executes simple harmonic motion such
that in two of its positions the velocities are u and
v and corresponding accelerations are o and .

Show that the distance between the positions is

v2 -2
0B Also show that the amplitude of the
[&2 uz(hzvz_ﬁzuz(])yz
motion is
[32—0(2
A solid cylinder of radius r and mass m is rolling 7

down a plane inclined at an angle a, prove that its

.2 :
acceleration is 3 gsina.

OR

Two spheres of masses m; and m,, moving in a 7
straight line with velocities u; and u, collide with each
other. If e is the coefficient of restitution, obtain their
velocities after collision.
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(b) Attempt any two : 14

(1) Find the moment of inertia of a solid sphere of
mass m and radius a about its diameter.

(2) A sphere impinges directly on an equal sphere at
rest. If the coefficient of restitution is e, show that

their velocities after impact are in the ratio 1+e’

(3) A rigid body of mass M is fastened to one end
of a light thread, the thread is coiled round a
windless in the form of circular cylinder of radius
a which is left free to rotate about its axis. Prove
that the rigid body descends with acceleration

g

1+ | where I is the moment of inertia of the
Ma?

cylinder about its axis.

3 - Number Theory

adl (1) ualdd WA sl

(2) ool oumgHl »is »iq3uw Va-usd-l o sald 8.

1 () p, pt2 v p+4 R AREUSY Ao SlY ddl dHIH y
P sldl.
() 6l 9 <L G Adl yalsl a, b wudel 8. wbid 53 3 ¢
sl yailsl X 2 Y ilaca 81d © 5 %l ged(a, b) =ax+by,
(5)  isalldd yoeid uRA avil 20 WbBid 530 ¢

Al
NE-603] 20 [Contd...



1 ()

NE-603]

A N>4 [Qeuwrd Avdl ¢l dl AlBd sA 5 (n-1)! A n a3
(R el asi .
An+3 23Ul AlAcurd Aval vidd 9 dd eldidl. ¢

diF=eldq uHlsL 24X +138Y =181 dHH yals Gidl Aadl. ¢

L1+214+31+.......4991+100!1 12 o3 alatdl Hodl Aw wal. ¢
AUBA 53 5 Yol A1ANdL AHlsw ax=b(mod n)+ B¢ ¢
Sld dl 2 dl % d/b, %4l d=gcd(a, n).

~\ »Y

o d/b dl d d Fedl URU HAHAY HLYdl n Gsdl ©.

R 7Txa A dl WA s 3 aS+1 vl a3-13 7 R g
BRI REETR
Al

o p A q (Mt Aoy vl adl © 3 %l €
aP=a(modqg) 2+ a%9=a(modp) 2. Abid s3A 3

aP9=a(modpq).

o p Aoy AvUL ¢l dl odidl 5 : (p-)!=-Ymodp). ¢«

Yol uHaAN wlseL 9x=21(mod 30)+ Gl g
On) 21 a(n) AR sU. «
A n=ppe.. P B n>1d w@euwy Ald saudlse Gy

dl AL sA 5

r ki +1
p. -1 ~ - ~ AN A
C’w M I|q——1 ARl 3 O @A 0 wRefadla R & .
i=1
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(6) n>2 W2 oicidl 3 @(n) 3L AL Aval B,
(5) €% ud yals n w2 ol b

u() f(n+1) u(n+2) u(n+3) = 0.
SR

3 (2) A n A r oud yalil &, wdl 1<r<n dwlid s3A 3 )

! TN
[Bugl ueopats S:(Pn— wa s yals d.

(n=r)!r!
(o) olun p—ady araRd s3. 9

ABIA A 3 A w@la3Ra @iy o.

(5) ust yals n W2 oldidl 3 @scp(n)s n. 9

¥ () A yals adl seu k {dl n € A r>0 € dl wlbid ¢

A% a'dl sa ok Higd n o
ged(r, k) '

(61) A A 3 2 2 194 Hoeyd ofly & el 13+ -1, o
() sul vl R 641 ¥ FeAY ool wsid & Ax sididl.

Yl
¥ (o) Wl dval Mg 2iRciod vl § Ay oldidl. £
(o) A 2K-1(k>1) 3 tfQeuwry dval du d AbBid s3A 3 ¢

-~

n=2K"12K-1) 5 yelaivay B,

(5) k=3 =2 Wb s 3 244 4 yaeyd ol -, 9

uo () w3 p 2l A4l afdcuwn Avar © A ged(a, p)=1. )
Al A 3 a 21 pell Ay AN Sld dl 244 dl %

(p-D
a 7/2=1(mod p)-
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-~

() A p 2 A4 vRAMwE Aval U dl Wb s 3 AF=R Add ©
E}& . 9 p=1(mod 4)
1; A p=3(mod 4)

(5) A %, y, z2 wuloldud Ag Ad & 3 ¥l z-y=2 4 d @

ABA sA L OS5 t>1 W2 x=2t, y=t2 -1 z=t2+1,
T
uo () %A X Y Z 3 yaeid wuARiAEA g Gld dl eldidl 3 Xty 9
A X—Y Sidl 1 AL 7 AHAY HIYL 8 9.
() A P 3 34 2ldeurd dval dd A yalsl a >4 b 3 pA 9

e Qe Sl dl uBid s 3 A a=b(modp) dl

FiR R

(5) 2wl 532 3 3 3 234 wdoUlets vady 9, ual 31+ -l o

ENGLISH VERSION

3 - Number Theory

Instructions : (1) Follow the usual notations.
(2) Figures to the right indicate the marks of the

corresponding sub-question.

1 (@ Find all p for which p, p+2 and p+4 all are primes. 5

(b) Given integers a and b not both of which are zero. 8

Prove that there exist integers x and y such that

gcd(a, b) =ax+hy.
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©

State and prove the fundamental theorem of arithmetic.
OR

Prove that if n>4 is composite then n divides (n-1)!

Prove that there are infinite number of primes of the

form 4n+3.

Determine all solution in the integers of the Diophantine

equation 24X +138Y =18.

Find the remainder when 1!+2!1+3!+...... +99!1+100! is

divided by 12.

Show that the linear congruence ax=b(mod n) has a

solution iff d/b, where d=gcd(a, n).

If d/b, then show that it has d mutually incongruent

solution modulo n.

If 7xa, prove that a+1 or a-1 is divisible by 7.
OR

If p and g are distinct primes such that

aP=a(modq) and a9=a(modp). Prove that

aP%=a(mod pq).

If p is a prime then prove that (p-1)!=-1(mod p).

Solve the linear congruence 9x=21(mod 30).

Define 0(n), o(n).

If n=p2 ple.... p' is the prime power factorization

of n>1. Then prove that :

O(n) = [& +1Y]&, +1Y.... |8 +1) and

r ki +l_1
By
i1 AL

Deduce that [0 and 0 are multiplicative functions.
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(b) For n>2 prove that @(n) is an even number.
(c) For each positive integer n, show that

H(Mu(n+)p(n+2)u(n+3) =0.
OR
3 (@) If n and r are positive integers with 1<r <n, then
prove that the binomial coefficient

a(b(n—r)l is also an integer.

(b) Define the Mobius H—function. Show that it is
multiplicative function.

(c) For a positive integer n, show that @sw(n)sn.

4 (a) |If the integer a has order k modulo n and r>0.

k
Prove that a' has order ged(r, K modulo n.

cd(r, k)

(b) Show that 2 is a primitive root of 19, but not of 17.
(c) Show that the Fermat number Fy is divisible by 641.

OR
4  (a) Prove that the Mersenne number M;3 is a prime.
(b) If 2%-1is a prime (k>1), Then prove that
n=2%"1(2K-1) js a perfect number.
(c) For k=3 prove that the integer 2% has no primitive
roots.
5 (@) Let p be an odd prime and gcd(a, p)=1.
Prove that a is a quadratic residue of p iff

(p-D
2 =1(mod p)-
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(b) If p is an odd prime then prove that the Legendre 7

symbol

%& if p=1(mod 4)
1 if p=3(mod 4)

(c) Prove that if x, y, z is a primitive Pythagorean triples

\‘

in which the difference z—y=2, then x=2t, y=t%-1,

z=1t2 +1, for some t >1.
OR

5 (a) If X,Y,Zis a primitive Pythagorean triple, prove that 7

x+y and X-Yy are congrrent modulo 8 to either
1or7.
(b) Let P be an odd prime and a and b be integers which 7

are relatively prime to p. Prove that if a=b(mod p) then

FiR R

(c) Show that 3 is a quadratic residue of 23, but a non— 7

residue of 31.

4 - Pascal Programming

Instructions : (1) All questions are compulsory.
(2) Figures on the right indicate the marks of the
guestion.
(3) Write correct number of the question in your

answer book as shown in the question paper.
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Attempt any three :

(1) If a:=—17 div 4; b:=—17 mod 4 c¢:=17 mod(—4) then
what are the values of abs(trunc(a)),
round(abs(c-b)) and round(abs(trunc(a+2b+c)))?

(2) Determine which of the following are valid numbers
with proper reason. If a number is valid, specify
whether it is integer or real :

0.521, +93el2, -5.83e—67, 1., 42-55, 12e2,
131073, 1.31572e5.

For a given positive integer n, write a program to print
the following digit pyramid of order n as follows. Print
the output in the following manner : (assume that
n<=29).

1
1 2 1

1 2 2 1

3
1 2 3 4 3 21
1 2 3 45 4 3 21

A given positive integer n is said to be perfect if the
sum of all the positive divisors of n is equal to 2n.
e.g. 6 is a perfect number 2(6)=1+2+3+6. Write a
program that given positive integer is (i) prime (ii)
perfect or not.

Write a program (i) to exchange the values of the two
variables using only two variables. Write a program
(i) to accept three numbers a, b and c (iii) to change
the values of a, b and c (iv) to print the new values
of a, b and c.

18
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Write a program to evaluate the following series correct

to four decimal digits :

2 3 4
1) -+ XX,
o2t 3 4l
2y 1 1+ 1 + h 1
T TS T , where >1.
(2) 32T 3 I
2 Attempt any three : 18

(&) Write an algorithm and program to find an integer in
the range 50 to 100 having the maximum number of
divisors.

(b) Write a function subprogram to evaluate the factorial
of a given non-negative integer n. Using this function
subprogram write a program to evaluate the binomial
coefficient m for given non-negative integers n and
r with 0<r<n-

(c) What will be the output of the following program
segment ? (Select from the option with proper
explanation.)

Procedure swap(name X, Yy :integer);
var z: integer;
being
Z:=X; X:Z=Yy, Yy:=Z
end;
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with respect to the above procedure of some main

program what is the effect of the following ? a[l1]=2,
a[2]=5 and i=1 :

(1) What would be the effect of swap(a[i], i) ?

(2)

(3)

(4)

(i) a[l]=1, a[2]=5 and i=2.
(i) a[l]=2, a[2]=5 and i=1.
(iii) a[1]=1, a[2]=5 and i=1.
(iv) a[l]=2, a[2]=1 and i=2.
What would be the effect of swap(a[i], i) ?
(1) a[l]=2, a[2]=5 and i=1.
(i) a[l]=1, a[2]=1 and i=2.
(iii) a[l]=1, a[2]=5 and i=2.

(iv) a[l]=2, a[2]=1 and i=2.

What would be the effect of swap(a[i], i), if X, y in

swap are variable parameters ?
(1) a[l]=2, a[2]=5 and i=1.
(i) a[l]l=1, a[2]=5 and i=2.
(iii) a[1]=2, a[2]=1 and i=2.

(iv) a[l]=1, a[2]=2 and i=1.

What would be the effect of swap(a[i], i), if X, y in

swap are value parameters ?

(i) a[l]=2, a[2]=2 and i=5.
(i) a[l]l=1, a[2]=5 and i=1.
(iii) a[1]=2, a[2]=5 and i=1.

(iv) a[l]=1, a[2]=2 and i=1.

29
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(5) What would be the effect of swap(a[i], i), if x, y in

swap are value-result parameters ?
() a[1]=1, a[2]=5 and i=1.
(i) a[1]=1, a[2]=5 and i=2.
(iii) a[1]=2, a[2]=1 and i=2.
(iv) a[1]=2, a[2]=1 and i=1.

(d) Explain the control structures WHILE-DO, REPEAT-
UNTIL, FOR-TO, FOR-DOWNTO. Use the four
structures to find the summation of the first n positive

integers, where n is a given positive integer.
(e) Answer as true or false :
(i) Pascal does not allow the use of lower case letters.

(if) The ordinal numbers of the Boolean constants true

and false are identical.

(iii) Extremely small numbers cannot be written in the

exponent form.
(iv) Blanks are allowed in an identifier.

(v) Pascal does not allow the use of any other data

type except scalar.

(vi) Constant declaration may follow the variable

declaration.

3 Attempt any three : 18
(@ In the context of :

var b:array[l..n,1..n] of integer; i, j: integer;
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The following code segment;
for i:=1 to n do
for ;=1 to n do
bli, jl: =( div j)*( div i);
Is equivalent to :
(x) for i:=1 to n do
for j;=1 to n do
b[i, jl:=1;
(y) for i:=1 to n do
for ;=1 to n do
b[i, jI:=0;
for i:=1 to n do
for j;=1 to i do
bfi, jI:=1;
(z) for i:=1 to n do
for ;=1 to n do
b[i, jI:=0;

for =1 to n do

(w) for i:=1 to n do
for ;=1 to n do

b[i, jI:=0;
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(©
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Write an algorithm and a program to read array A and
B of integers and create a new array C such that

element of A and B are alternatively found in C.

Given a randomly ordered set of n numbers sort them

into descending order using an insertion method.

Write an algorithm or program to remove all duplicates
from an ordered array and contract the array

accordingly.

Design an algorithm to find the number of times the
maximum occurs in an array of n elements. Only one

pass through the array should be made.

Attempt any two :

Explain : Static variables, dynamic variables, advantages
and disadvantages of the pointer data type variables

with proper examples.

Design and implement a recursive algorithm to solve

the Towers of Hanoi problem for one or more disks.

Write an algorithm and program using recursive
approach to find the GCD for two positive integers and

to find the factorial of a positive integer.

Design and implement a recursive quicksort algorithm

to sort an array of integers.

Design and implement procedures that maintain a

gueue that can be subjected to insertion and deletions.

16
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