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Each question 1s printed both tn Hindi and
in English.

Answers must be written in the medium
spectfied in the Admission Certificate issued
to you, which musi he stated clearly on the
cover of the answer-book n the space
provided for the purpose. No marks will be
giwen for the answers written in a medium
other than that specificd in the Admission
Certificate.

Candidates should attempt Question Nos. 1
and & which are compulsory, and any three
of the rematning questions selecting at least
one question from each Section.

The number of marks carricd by cach
question s indicated at the end of the
question.

Assume suttable data if considered necessary
and indicate the same clearly.

Symbols/notations  curry  thewr  usual
meanings, unless otherivise indicated.
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Section—A

1. Attempt any five of the following :

fa) Find a Hermitian and a skew-Hermitian
matrix each whose sum is the matrix
2 3 -1
{' 1 2431 2
| i+ 4 St 12

(b) Prove that the set V of the vectors
(x), X5, X3, X4) In R* which satisfy the
equations  x; +x, +2x53 +x, =0 and
2Xy+3xy -x53+x, =0, 18 a subspace
of R*. What is the dimension of this
subspace? Find one of its bases. 12

c) Suppose that f” is continuous on [l, 2]
and that f has three zeroes in the
interval (1, 2). Show that f” has at least
onec zero in the interval (1, 2). 12

{d) If f is the derivative of some function
defined on {q b], prove that there exists
a number 1€ g bl, such that

[ rwdt = rmio - aj 12

¢/ A line is drawn through a variable point

2 2
on the ellipse = LY 1, z=0 to meet
2 2
a b
two fixed lines y = mx, z=c and y = -mx,
z = —¢. Find the locus of the line. 12
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1. Frmferfas 8 & Pl e % m Aifao

(%) & EH s v fown el amer A
Fifs, f am ffefaa smeg 2 12

C20 3 -1
1 2430 2
~i+1 4 5|

(7) fog fifew &5 R 9 wiau (X1, Xo, Xg, X4} F
@1 ﬁP V \-—'1:1 uqflf}ﬂ[]]\i Xy T Xq +QX3 T Xy —O
R“"Ef'ﬁ@aqawgolsﬂm : Fawa:ncﬂmﬁ
BY 3HFET UF IupE wg fifsn 12

(M) W U 1L, 2) WO HEa B s s
(1, 2) 9 [ F 4 a3 2| c:.m“sfq fon 2idT
(1, 2) § F£” & F9-0-F9 TF 7 2| 12

() 3 [(q b) W TN A T F HATmad [
2, @ @ifaa Fim o v dmm o e (g, b

[ ritat = rins-a 19

a” b
3" wE o @ fua s oy=mx. zsc
3 y=-my, z=-c H WA & fan =
ST 21 23 1A ok T W osd e 12
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(b)

(c)

3. (a)

Find the equation of the sphere having
its centre on the plane 4x-5y-z=3,
and passing through the circle

x? Tyz + 27 ~12x-3y+4z+8=0

3x+4y-5z+3=0

Let . 2={110),(,01,(0 1,1} and
A=2,L0,(L,2, 1, (-1, L)Y be the two
ordered bases of R*. Then find a matrix
representing the linear transformation
T:R% -»R* which transforms ./ into
22" Usc this matrix representation to
find T(x}, where x =(2, 3, 1).

If x=3+£0-01 and y=4+0.-01, with
approximately what accuracy can you
calculate the polar coordinates r and 8
of the point P(x,y)? Express your
estimates as percentage changes of
the values that r and 8 have at the
point (3, 4).

Find a 2 x2 real matrix A which is both
orthogonal and skew-symmetric. Can
therc exist a 3 x3 real matrix which is
both orthogonal and skew-symmetric?
Justify your answer.

Let L:R*Y -3 R¥ be a linear transfor-
mation defined by
Li{x), x5, x5, x4})

={X5 70y — X —xs X3 - X, X4 - X))
Then find the rank and nullity of L.

Also, determine null space and range
spacce of L.

C-DTN-J-NUA/44 <
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(=)

- =

TF UH Tl T FHE0 779 &, f9ms &g
Toadd 4x-Sy-z=3 W 8 #X A 94

x? +y*+2° -12x-3y+42+8=0
3x+4y—-5z+3=0

0 &/ T @ B 12
st 2 -11,1,0),101,0 1 1) =
2=12, 1,0, (L2, (-1, 1,1y & i
a2 RP ) T UF A F AW b,
Souw ta am owwmwm ToRT O RP @
T Fal o S .2 ® .57 0 FIaid #=3

3 egE e w1 T(R) ® T w % T
il A, wE X = (2, 3, 1 7 20
AR x=3+0-013M y=4+0-0172, d 579
fag Plx, y) & g Fdzmal r 2 g =1 @nam
ferdt afteggdl & Ty TiFeR # OFd 87 I

I TTHA ) I WA & gfdeaar TEd &

w5 1 = Fifse, 5t fag (3, 4) wr R o F

Al 20
Wk B 2 %3 didfad g A 1 UTel i,

3 x 3 AEdasd Ao H B wEal B, A ol

3 Fn-wAiEd 2A1 37 W9 I ko us A
geltel g9t i) 20
dife L RY » R? us twr gs w9 2,

il

Lilxy, xp, x5, x4))
={Xa F X4 Xy —Xg, X3 - Xg, Xy —X)
| qieaTiia @11 9d L 1 R 3 gar w1 e
Frfsra) my A L oy gnfe e gf gefe
&1 i Fruto Fifea 20
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4.

{b)

(c)

(@)

(b)

Let f:R* 5 R be defined as

! X )

—_— ay =, if (x4 #(00)
Sy =qyx® +y~

l 0, if {xy =0

Is [ continuous at {0, 0)? Compute
partial derivatives of f at any point (x, y),
if exist,

A space probe in the shape of the
ellipsoid 4x” +y2 +4z% =16 enters the
earth’s atmosphere and its surface
pbegins to hecat. After one hour, the
temperature at the point (x, y, z) on the
probe surface is given by

T(x, y, 2 = 8x% +dyz— 162 +600

Find the hottest point on the probe
surface.

Prove that the set V of all 3x3 real
symmetric matrices forms a linear
subspace of the space of all 3x3 real
matrices. What is the dimension of this
subspace? Find at least one of the bases
for V.

Evaluate

I= ”‘xdydzﬁwdzdx n'»-xzzdxdy
where S 1s the outer side of the part of
lhe sphere x” --i--y2 +2% =1 1in the first

octant.

C-DTN-J-NUA/44 6
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(@) @ifqm fR? >R fefafam + 9 q
qfrarfrg 2
Y aft (g y) =00

X,J] ]\/X + Y
0 ,vﬁ(xm=@m

F (0, O)Wféﬁﬁ'%?%fﬁ%ﬁ(x, Y o
Aty 8 20

SUBR-CERE 4x? vy +d4z% =16 1 IJTHA F
UF ARy AAT-TA Yl F oarEsa 0 yEw
Faa 2 & ZEew gy o B o &4 Uk HeF
HqrE, A=O-A1 % 98 W ag (x, y, 2 WA
Tix, y, 2) = 8x% +4yz-162+600

ZH1 BF 2| W=UT-4H % 78 T HEy el ™

4. (=) fog Ffw fs wsh 3 x 3 gFrafaF wafad gl
F 42 V, wfl 3 x3 aria® SR + ®AE F
eas el Iad 21 39 IUWEE H1OAHY F
2? v % U wH-0-FH TH SER 9@ K 20

() I:J‘J.xdydzfdzdx+xzzdxdy el e
S
e, SEl S e wmmE o dw

x? +y? +2z° =1 % W & AR G B 20
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{cj Prove that the normals {rom the point
. .

) ?
,oXTyT
(. . v) to the paraboloid = - I__ny

-

a- b~

lie on the cone

(1 S a- - h?
g s T

.-

X - 'y—[i Z—

= 20

Section—B
5. Attempt any juwe of the following

‘) A body 1s describing an  ellipse of
cocentricity e under the action of a
central force directed towards a focus
and when al the nearer apse, the centre
of force s transferred to the other focus.
Find the eccentrieity of the new orbit in
terms of the eccentricity of the original
orbit. 12

fh) Find the Wronskian of the set of
unciaons

on the mmterval -1, 1] and detcrmine
whether the set 1s linearly dependent on
-1, 1] 12

(c; A uniform rod AB 13 movable about a
hinge at 4 and rests with one end in
contact with a smooth vertical walll If
the rod is inciined al an angle of 30°
with the horizontal, find the reaction at
the hinge in magnmitude and direction. 1

S

C-DTN-J-NUA/44 8
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(M feg @it & g o fy) U WacEd

2 2
JX_ 1 . :
I =07 W SNAHA, TE

a: b

¢, £ +E12 —bﬂ_ -0
x—a y-[ Z-Y

g fesg 24 24 20

Gqug—d

5. frafafma 9 9 fFd 9 & 39 $fam

~ ~

() =12 fug fFedl afq 51 59 Bfom o #2450 53a
Tl T F a1t seReEal e oR1 R TR A
PRRCH Ll > o st e S S PSS B f e o T - B o
] FZ A A1TG 9 TqrAied A Ald 21 92 FA
£} IFEZAl BT TA FAT AL ICEIAT o = 4 T
ifen | 12

2

() W 1, 1] 0w weE E T 3x7 |30

FOOCEM G FAAT N gl S T oen
e, [-1, 1] w Herea: i 2 owemt 44 81 12

(M) wE vEEEE @z AB, fag A p e R
nfasfid 2 3 Zww uFk g vE foRd SR
dmp % wnrk ¥ S 2an 21 TR a2 fafim w
"I 30° F I @ shTad 71, T fea 7 ufafEm
Ralleize i SCE TR Tttt =l o el 12

C-DTN-J-NUA/44 9 [ P.T.O.




{d)

(¢)

(b)

{c)

A shot fired with a velocity V at an
elevation « strikes a point P in a
horizontal plane through the point of
projection. If the point P is receding
from the gun with velocity v, show that
the elevation must be changed to 8,
where

sin20 = sin 2 + 2£sir1 8
v 12

Show that

div(grad r") = n(n « Hr* 2

i -
where r =y x2 +y2 + 22
: y Yy . 12

Find the directional derivative of—

fif 4xz? -3x?y?z% at (2,-1,2) along
Z-axlis;

(i) x%yz-4xz> at (L -2,1) in the

direction of 2i - j‘—QI;. 6+6

Find the differential equation of the
family of circles in the xy-plane passing
through (-1, 1) and (1, 1). 20
Find the inverse Laplace transform of
rs 1 i
Fig)=ln 27|
LS+5 20

Solve 20

ct g (x -
Yo Y [_)__yl_% (o) = 1
cx 3xy”~ -x“y -4y

C-DTN-J-NUA/44 10




——7

() %V%mmaﬁmﬁawwﬂn‘éfﬂ—ﬁ,
yagy fog & o9 ¥ Al 3 afaw gnea |
mapmwmuwﬁ? PFEE E A v
F W e B |1 gl ', 1 sy TR 3war &
eam‘mﬁamw AETHE B, AEl

. . 2u .
sin?28 =sin2u + = sinB

12
(3) g %
div(grad r7) = njn + 4r" 2
?i?ﬁrz\fx2+g2+z?. 12
(=1) fyafafiges % S%-waFera o fAfae . 6+6
() z-¥&g * @E-g (2, -1, 2) W
dxz? - 3x7yz7 M
(i) 2i - j-2k # fewm d (1, -2, 1) ™
xZyz + dxz?
6. (F) (-1, 1) =T (1, 1) ¥ d THAd gL xy-HAdaA A
TA-Fe1 & FAHe HHEFEW B A KA 20
(@) Fl(s) -111" —1 1 wladm arers e
S+ O
ENiEy 20
() e Ffew 20
dy_ _uTey ey

dx  3xy? - xPy-4y”
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7.

(i)

fc)

One end of a light elastic string of
natural  length [ and modulus of
elasticity 2mg is attached to a fixed point
O and the other end to a particle of
mass m. The particle initially heid at
rest at O is let fall. Find the greatest
extension of the string during the
motion and show that the particle will
reach O again after a time

(2
(.’T. + 2 — 1arn 2] f—
Vg

A particle is projected with velocity V
from the cusp of a smooth inverted
cycloid down the are. Show that the
time of reaching the vertex is

. oy ’

Vo | 2yag

where a is the radius of the generating
cirele.

On i rigid body, the forces
10( +27~2K N,  3(2i- =2 N and
612 r2j' }:) N are acting at points with
POSITIoN vectors I—j 21 +5K and 1i - k
respectively. Reduce this system to a

"

single force R acting at the point (@34 -27)

together with a couple G whose axis
passes through this peint. Does the
point {H +2 /) lic on the central axis?

C-DTN-J-NUA/44 12
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7. (F) Whd AEER | I JSRYIAl JOiE 2mg JTdl UF
Todhl Y 31 & 1 150 f9Ea frg O WS
71 2 N @A U 2R mok U 0k T
q RN IE H O W fomEEee § w0 w0 A
firy 1 s @) nfa & 2em 2 @ srfiam
5]
(m+2-tan '2) 2!
Vg
@@, W " O W 9ga S 20
(@) U 991 UAas o & F01 4 T R Fl AT
V & @4 =919 & A4 R 31 waifaa B s 2)
)
oV
2 [@cor [V
Vg (2Jag
7, W@ a F9E 94 H Hem 2 10
(M) W oz g w | fEgw W a3
10(i +2j+2K}N.  5(-20 - J+2K} N =i
621 +27~k) N =rd &1 @ 2, fagd feafy
qiEm EE - g, 20+ 5k AT 4i -k 21 34
7Tl vd UHH ol R T WSS i,
-~ - —¥ -
g (@i +27) 9ty G F Wy R w1 A,
e w141 28 famg # Hra 3 A @) e fag
(4i +27) F=1E 318 W Ao 27 15
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{d) Find the length of an endless chain
which will hang over a circular pulley of
radius a so as to be in contact with
three-fourth of the circumference of the
pulley. 15

8. [(a) Find the work done in moving the

particle once round the ellipsc

22
A 1, z =0 under the hield of force
25> 16

given by

—

F = [&r—y*z)f
lx—y—#") j-Bx -2y -4zk

20
(b) Using divergence theorem, evaluate
. Y
f[ "'.1‘1 ) C]S
s
where A = x7i +y"j+ z7k and S is the
. n o 2 o)
surface of the sphere x= —y~ ~ 27 = a 20
(! Find the value of
e -k —r
j[ (V% F)-dS
0
taken over thc upper portion of the
- ]
surface x” -y- -2ax~az=0 and the
bounding curve lics in the plane 2=0,
when
F o= (y2 .2t —.w::}ff
§ T R ' -
iz? e xt -yt je e vyt -2k .
20
C-DIN-.} -NUA/44 14 |




(7)

()

TF U RRER M A i m fif, st
B q i wF geE At wosn wEn w2 e
o o o ) aftfy & d9-<ta F gegd 8 @

—*

F =(2x—y+z_]§

+(x+y—zz]:j+(3x—2y+4z)}€
. 22
T TeW -4 & e ddew .§.+.~Ll."_=1,
2
z=0 % 90 IR F & uHk T0 gHA ° fu
T wR ®) ATeE Ffe

Wuﬂwmmﬁwaﬂﬁ@ﬂs){-dgm

- 27, " b
o fefen, §'7 A = x50 +g"_}+2:3k B A
S med x° +yt 4 z? =a® = 7% #l1

98 x° +y° -2ax +az =0 % FE S W @1
T 21 HRF 9% & g9dd z =0 ¥ fOF 59w
[[. (VX F)-dS &1 7 7 A, s

)

—_

F =[y2 +z° —x("]f

+(z% +x* —yg)‘}f[xz +y2 -z k

20

20

20
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T -=—1I

t{vms - 300

A T f Wi 3 2 4 T 2

yel F I 39T Hiemm i e A w0RT fEE 389
HTTR JAN-9A 7 G par 2 67 3H UisAH % Y

3B I-PETE % Yg-98 W OSTEG [HiEE wEH W
fpr s =ifany wEw-uF W 3fETEA wean &%
STigfe st fRut myey 4 fam o 3w EIE 9w

gy w7 1 50§ wfard §oarE gea 9 @ 9edwE
HUZ B FH-4-HH Tk 9 4R e i guil @
T EN AT

T G U fIRA WE Ut F 3 T 40 T §

2% ATTEE ©l. A1 TR Sihsl #1 T R auT
IR 3158 Thife ]

i/ G TRl s 0 wges 8, sy e i

Note : FEnglish version of the Instructions 1s
printed on  the f{ront cover of this
question paper.
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SE$ION—A
1. Attempt any FIVE of the following : (12x5=60)

{a) If R is the set of real numbers and R, is the set
of positive real numbers, show that R under
addition (R, +) and IR under multiplication
(R_, *) are isomorphic. Similarly if Q is the set
of rational numbers and @, the set of positive rational
numbers, are (Q, +) and @ , -) isomorphic ? Justify
your answer, 4+8=12

(b) Determine the number of homomorphisms from
the additive group 215 to the additive group Z
(Zn 1s the cyclic group of order n). 12
(¢) State Rolle’s theorem. Use it to prove that between
two roots of €* cos x = 1 there will be a root of

e* sin x = 1. 2+10=12
\_x_} +1 if x<«<l
2
(d) Let f(x)=1 %: +1 i 1<x<?
—‘—ﬂﬁ-l if 2<x
2

What are the points of discontinuity of t, if any ?
What are the points where f is not differentiable,
if any ? Justify yours answers. 12

]

(Contd)




TE-—'F

Preafofaa & o g o & 37 AT . (12x5-60)
(%) FE R awdfas gamst & 42 81, 3R R ¥F9F

gredfas genal & d¢ 8, quned fh R O &
S (R, +) 3 R_ToH & dd9 (R,, ) el
gid €1 3 & gam, afe Q v gesi = @
Bl 3 Q, gareds ufidg gemslt &1 &7, @ ww
(Q.+-)3ﬁ?(®+,-)sﬂwﬁ% ?oHUR IO P

H gefiel Qe | 4+8=12

(@) I8 B £ o W L TR AT

ﬁa@rsﬁwﬁrmﬁﬁm(z wife n F1 THY
HE 2) 12

() i & gHT & F99 AT 78 Tfeg w33 & B

ff ecosx=1a @ Jgal & &9 d ¢ sinx = |
F UF HA BON, I YHT H TRA HINT |

2+10=12
x| +1 Ol x<t
2
@) dRT f(x)= ~§+1 o lex<?
——x;+1 qfe 2<x
. 2

f%amm%ﬁ?%ﬁg%;ﬁ{ﬁa‘r?
9 # wd g 8 9B (ywwwadw g & oafg
@éﬁﬁ?aﬁaﬁﬁéﬁwﬁﬁﬁw 12

(Contd.)




(e} Let f(z2)=

Assume that the zeroes of the denominator are
simple. Show that the sum of the residues of f(z)

at its poles is equal to a—l;“—‘—. 12
(f) A paint factory produces both interior and exterior
paint from two raw materials M, and M,. The basic
data is as follows :
Tons of raw material per ton of | Maximum
Exterior Interior daily
paint paint availability
Raw Material Ml 6 4 24
Raw Material M, 1 2 6
Profit per ton
(Rs. 1,000) 5 4

A market survey indicates that the daily demand
for interior paint cannot exceed that of exterior
paint by more than 1 ton. The maximum daily
demand of interior paint is 2 tons. The factory
wants to determine the optimum product mix of
interior and exterior paint that maximizes daily
profits. Formulate the LP problem for this situation.

12

4 (Contd.)
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(@) f(Z):ioﬁ+a*z-|- ........ T2y g

n n

mir B oex @ wrg wRa B Tl fF f(z) ®

FaOE & IS YAl 9T A Eé-i%am‘{@m

n

2 | 12

(®) Yz # UF FRAA W Fed me MM, §
giafies A I QAT Tl F JowsT HAl 2 |

wfy 77 W wey WA & A | Auwaw
1] FARF I
Uz IT IqsadT
&=l HA M 6 4 24
Fea] " M, | 2 6
gfd < gﬁ
(1.000 %) 5 4

ST GaeAT § war °on @ [ afafes ¥ & WA
g a2 & | ¢d & Ul A8 81 @wdl |
siafis Yo & wiead s 7 2 27 B | FREE
sfafrs 3T arm 9Tl & U Ssead Scure- e
F1 frgfo e aea & & e s g
aftrs & 3l 8 54 39 Rafa & foo LP ga&n
#1 T il 12

5 (Contd.)




2. (a) How many proper, non-zero ideals does the ring
le have ? Justify your answer. How many ideals

does the ring Z,® 7, have ? Why ?
2+3+4+6=15

(b) Show that the alternating group on four letters A 4
has no subgroup of order 6. 15

(c¢) Show that the series :

[1]2 (1.4]2
A + o, +
3 3-6
- - _7 2
[147 ........ (3n -)] N

converges. 15

(d) Show thatif f: [a, b] — R is a continuous function

then f({a, b]) = [c, d] for some real numbers

cand d, ¢ < d. 15

3. (a) Show that Z[X] is a unique factorization domain
that 1s not a principal ideal domain (Z is the ring
of integers). Is it possible to give an example of
principal ideal domain that is not a unique

factorization domain ? (Z [X] is the ring of

polynomials in the variable X with integer.) 15

6 (Contd.)
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2.

(m)aﬂuzlzﬁ»‘aﬁm,ﬁ'{—mmmﬁﬁﬁ%?

FTH IA P gH H de I | aauzlj@zlz%

frgd smeet B0 € ° w4 7 2+3+4+6=15
(W) @iy f o1 9 A, T UHET WE F FfE 6

F F3 IT-9HF ALl B 15
() Toiigw R AR .

()

()

(g {g)ﬂ .......... :

[1-4-7 ioeee (30— 2)]2 N

.........

smd g B 15

qoiisy & ARk f:[a, b] > R & @99 %7 81,
T FE TRaEE g@nRil M d,c<dF fu
f([a, b]) = [c, d] 15

qaisy & Z[X] o wE sl peesT i 2,
Sl Jew urerEe! 9fd 9dl 2 (2 el # aew
g)) W fSE U W [vaTEel utd #1308
AT HwE 2, S dfgdg puEEsd g T 8 v
(Z [X] it @fed =7 X agual &1 aom 2 )

15

7 {(Contd.)




(b)

(c)

(d)

(a)

(b)

How many elements does the quotient ring

_Z IX]
I have 7 Is 1t an integral domain ? Justify

YOUTS answers. 15
Show that :

I I .
\r] N n'1

n=| n +}\ n-1

Justify all steps of vour answer by quoting the
theorems you are using. 15

Show that a bounded 1nfinite subsct of R must have
a limit point. 15

\
If «. B, v arc real numbers such that o 3~ + Yz
show that :

In

j‘ da 27

a+pcosB+ysind \f& e
30

Maximize : 7 = 3}(I + 5){,) + 4x
subject to :

2x. + 3x, <8

X, > Q. 30

8 (Contd.)




71X

(@) qer (XEH)%WW%%‘?W
ug UH QUi T g 7 IwE I R ue § dw
2T | 15

(1) T &

un 1’12"{2 oG n
Lty = S e
x—1 n o+ x n +1

n=1 n=I

arg g T w7 A FY 8 B, T8 JH
T, AT IAC B G wCA! F et H T QI |

15
7y Tufze f& R & sRas sd Iqed=ad &1 U &
g g o8 B 2 15

~ 2

(@) afe o, B, y T aRaia® g B 6 oo > B2 + 2,

Fﬁm%:

j- o  _ In
: o +cosB+ysin0 \fa’-_w_n{-’
30

() 2 =3x, +5x, + 4, T HUFEHET I, FoTd
G
2xl + 3}-;2 < &,
3x f 2x2 +4x, = 15,
2x2 + 5.‘(} < 10:
X, 2 0. | 30
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SECTION—B

Answer any FIVE of the following : (12x5=60)

(a) Show that the differential equation of all cones

which have their vertex at the origin is px + qy = z.

Verify that this equation is satisfied by the surface

yz +zx + xy = 0, 12

(b) ()

(11)

(c) (1)

Form the partial differential equation by

eliminating the arbitrary function { given by :
f(x2 + yz, zZ - xy) = 0. 6

Find the integral surface of :
xX’p+y’q+ 27 =0

which passes through the curve :
Xy =x+tvy,z=1. 6

The equation x? + ax + b = 0 has two real
roots o and 3. Show that the iterative method
given by :

X, = ax + b)/xk, k=0,1,2,...

is convergent near x = a, if (o[> [B]. 6

10 (Contd.)
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T
5. Preafafag ¥ @ B2 o= @ I AT 0 (12x5=60)
(F) eosy fF 37w was &1 fes o 3gm W
2 &, FF GHIHTT px +qy =z BT 8 | HeUd
Py & 75 gfeFT g% yz +zx +xy =0 &
g0 §qee Bl 8 | 12
@) (i) fx*+y,z-xy)=0
F g o Q=5 waT f ) Rge #3 $
g, HfAR 3fddel HHIHO T3 | 6
(i) x’p+yq+z =0
F FAHA g AR[H FIAC, ST I%
Xy =x+y,z=1
¥ @ e 8| 6
M (i) FHF x> +ax +b=0F T IARE HA
o p T ol &
X, =—ax +byx . k=012, ..

P g/ o EAERes @Y x = o, ® FEe
yfrardr 2, Afe fo)> ]I 6
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(ii) Find the values of two valued boolean
variables A, B, C, D by solving the following

simultaneous equations :
A+AB=0
AB = AC
AB + AC + CD = CD
where X denotes the complement of x. 6

(d) (i) Realize the following expression by using
NAND gates only :
g=6+5+c)a(§+e_) )
where X denotes the complement of x. 6
(i) Find the decimal equivalent of (357-32)8.
6
(e) The flat surface of a hemisphere of radius r is
cemented to one flat surface of a ¢ylinder of the
same radius and of the same material. If the length
of the cylinder be / and the total mass be m. show

that the moment of tnertia of the combination about

the axis of the cylinder is given by !

mr- [; 45 ) U*j;]. 12
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(ii) Feafafaa gmog e
A+AB =0
AB = AC
AB + AC + CD =CD

1 BT F B g a1 ARG TG T A,
B,C,D® HEI &I WA HIMAQ, &80 x Al
FAT B x B PP F 6

(@) (i) Fad TA WRE R F AR HL G,
freaforfem ogos &1 g @i
g=@+b+cyd@+ef

gl x Tifed Fxa1 B x F QRS A 6
(i1) (357~32)ga€rwqaaa;mmqqaﬁﬁm
O
@) Broa r & adu & Tue g & 3 B s
I et @ T3 U fofeey @ e TUe gw @
aror feaemr g 20 afe faferst &1 ofard o4
T g m e, d geige B oEas 7 Eldse
& wer & gdfnd weeg amgm fyrafaie g 9

g
N
mrl(l—+—4-r)/(f+“r]. 12
> 15 )/ Uy
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(f)

(b)

(c)

Two sources, each of strength m are placed at the
points (-a, 0), (a, 0) and a sink of strength 2 m is
at the origin. Show that the stream lines are the

curves :
P
(¢ + %) = a%(x? — y2 + axy)
where A is a variable parameter.

Show also that the fluid speed at any point

1S (Emaz)/(rlr r,), where r, r_ and r. are the

? 2
distances of thze 3;Joints froml the source?s and the
sink. 12
Find the characteristics of :
yzr - x%t=0
where r and t have their usual meanings, 15
Solve :

(D’ -DD' - ZD‘Z)Z =(2x° + Xy — y?') Sin Xy ~ cos Xy

-
()

oy

15

where D and D' represent gc;_ and

A tightly stretched string has its ends fixed at
x =0and x =/ Attime t = 0, the string is given
a shape defined by fix) = ux(/ - x). where LS a
constant. and then released. Find the displacement
of any point x of the string at time t > 0. 30
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(®)

()

(¥)

(M)

21 At F gE m gt &1 {63 (—a, 0), (a, 0)
T T gl 2 3T w2 m w uw BE I
1 g 2 wwisy B oarg Y@ 9w @ o

(x* + yH? = a?(x? - ¥ + Axy)
w&l 3 t& afEdt urad 2

g off guifzy f et off Mg oT a3 TR
(2maz)/(rrr)%, T8l r],rzaﬂ'( r361\‘l?ﬁ' I &=+

afa'gaﬁ;ﬁ?;ﬁuf%u 12
yir—xt=0
%aﬁawwaﬁﬁmaﬁraﬁ'{t%mﬁw
ek 2 15
gl BINT

(D2 —DD' - 2D'2)z = (2)-:2 + Xy — yz) sin Xy — COS Xy

7 DA D Frefe w8 L L@ 15
ax Jy
ol & wy R gL uE T @ R x = 03T
x=1 T I3 gu 21 WA t=0 W, T F
f(x)=px(1#x)%§mqﬁﬂﬁﬁlﬂaﬂfﬁﬂwa
wEl y oF a2 R 39S G Tou], 1 Grell
SIST T B\ FAG t> 0 T oo ® fhel o 65
x &1 fazarga ATeH A | 30
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7. (a) Develop an algorithm for Regula-Falsi method to
find a root of f(x) = 0 starting with two initial
iterates X, and X, to the root such that sign
(f(xo)) # sign (f(xl)). Take n as the maximum
number of iterations allowed and eps be the

prescribed error. 30

(b) Using Lagrange interpolation formula, calculate the
value of f(3) from the following table of values
of x and f(x) :

X 0 1 2 4 5 6

fx) [ 1 |14 | 15| s 6| 19

15

(¢c) Find the value of y(1-2) using Runge-Kutta fourth
order method with step size h = 0-2 trom the initial

value problem ;

v(1) = 2. 15

8. (a) A perfectly rough sphere of mass m and radius b,
rests on the lowest point of a fixed spherical cavity
of radius a. To the highest point of the movable

sphere is attached a particle of mass m' and the

16 (Contd.)
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() Wwamgﬂm xoaﬁ'{xlﬁglgaﬂﬁ
CBQ, f(x) = 0F UF g AWH FI7 F fom, o

()

(M)

()

fafa (Wqer-wredl) fafy & foo, o el &
faepr BT, i |18 (f(x)) = 8157 ({(x,)) |
Aifou n srimen gAElET A1 sidwds g@n 3
eps Fratfia @F{l 30
TUTA HqAIA EHAT FOFIAT B B, x I

fx)® A = Frafafae ot &, () & 79
F1 e St

X 0 | 2 4 5 6

fix) | 1 | 14| 15y 5| 6] 19

15
FRfas 9= qHeE
y' = xy
y(1y =2
T I FER h=02F O -y aqenie &l #
T TG BY, y(1-2) &1 HIT "R SR 15

TR m AR S b F TH O FIE e,
fem a® s Brag masr fiex & e 6y
o fer gan 81 vhfia mes & 3=Fad fdg ™
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e

‘ system is disturbed. Show that the oscillations are

the same as those of a simple pendulum of length

7
4m'+—-m
(a—b) 5 . 30

m+m'(2—a]
b

(b) An infinite mass of fluid is acted on by a force

o7 per unit mass directed to the origin. If initially

the fluid is at rest and there is a cavity in the form
of the sphere r = C in it, show that the cavity will

22
be filled up after an interval of time [?—] -C*
i

30




TEHA m' B TF FO ST 8N B | oA FI B
AT &1 guiEe & oeee Fdr 8 S dard

4M+Zm

(a—b) S _ % g%a A g

m+m'2—El
b

FA B | 30
(@) a9 e iy g8l 9x, uia o 9l =«

Lo g 2, R Rem s @ ek 2

r_"u'l
gfe 3y o o faumEen § @) e IEd Maw
r=C® &7 § T& Hic 8l @ gonse & @w7g

532 3
(?}'C“%deﬂﬁqmﬁﬁqum@ﬂ
KL

30
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Tdidl 3T FRaAl F Tad Jd 2, 99
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gyl goal & H gHH 21

Note : English version of the Instructions is printed on the
front cover of this question paper.
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