
Sl. No. 127 
CS {MAIN) EXAM, 2010 

C-DTN-K-NUA 

MATHEMATICS 

Paper I 

I Time Allowed Three Hours I j Maximum Marks · 300 j· 

INSTRUCTIONS 

Each question is printed both in Hindi and 
in English. 

Answers must be written in the medium 
specified in the Admission Certificate issued 
to you, which must be stated clearly on the 
cover of the answer-book in the space 
provided for the purpose. No marks U>ill be 
given for the answers written in a m.edium 
other than that specified in the Admission 
Certificate. 

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

The number of m.arks carried by each 
question is indicated at the end of the 
question. 

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

·. 

Symbols/ notations carry their usual 
m.eanings, unless otherwise indicated. 

Wl'i ｾ＠ : ＳｬｾＧｬｦｬ＠ Cf>T f%-<1 <-<'4HR W "Sf'R-'ffl ｾ＠ f<it§<Jl '[lO 'R 
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Sect:ion-A 

1. Attempt any five of the follo.ring · 

(a} If A1 , A 2 , A 3 are the eigenvalues of the 
matrix 

[

26 

A= ｾ＠

show that 

-2 
21 

2 

JAr + ａｾ＠ + ａｾ＠ < .JI949 

(b) What is the null space of the 
differentiation transformation 

where Pn is the space of all polynomials 
of degree < n over the real numbers? 
What is the null space of the second 
derivative as a transformation of Pn? 
What is the null space of the kth 
derivative? 

(c) A twice-differentiable function f(x) is 
such that f(aj = 0 = f(b) and f{c} > 0 for 
a < c < b. Prove that there is at least one 

12 

12 

point l;, _a< I;< b, for which f"{l;) < 0. 12 

(d) Does the integral f
1 

1-1 

If so, find its value. 
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JS dx exist? 

12 



(Tf) 

(ti) 

A ］｛
Ｒ

ｾ＠ ＭＲｾ＠ ｾＩ＠
4 2 28 

ｾ＠ ｾｾｦｩｬｬ＼Ｇｨ＠ "JfR %, <iT ｾ€ＱＱＡ＼Ｑｻ＠ ｾ＠

.JAr + ａＮｾ＠ Ｋａｾ＠ < .J1949 

d 
-: Pn--? Pn 
dx 

ｾ＠ ｾ＠ ｾＧｬｦ･Ｌ＠ ｾ＠ ｾ＠ Pn Cllffif<il<'h B&llaTI 'R "£flO 

< n ｾ＠ ｾ＠ <ii§G<i'l ｾ＠ ｦｩｬＧｬｾ＠ t, qm ｾ＿＠ Pn ｾ＠ l>'4id{UI 

ｾ＠ ｾ＠ ii ｦｩｲＮｦｬ＼ｾ＠ 31 Cl<'h<:1"1 ｾ＠ ｾ＠ e'lm <P-IT ｾ＿＠ k ｾ＠

12 

31 <I <'h<:1"1 ＼ＣｦｴＮｾ＠ ｾＧｬｦ･＠ <P-IT ｾ＿＠ 12 

l1;<'h <?I om: 31Cl<'h<'1;;fi<! '6<'1;;; f(x) i1;m ｾ＠ fif; 
a< c < b ｾ＠ ｾ＠ f(a) = 0 = f[b} afu: f(c} > 0 

ｾﾷ＠ ｾ＠ ｣ｦｩｬｾｾ＠ ｾ＠ ＼ｐ＼ＭｾＭ＼ｐｬ＠ l1;<'h ｾ＠ 1;, 
a< I; < b, il;m ｾ＠ｾＨＱｾ＠ ｾ＠ f"(f,) < 0. 12 

<P-IT fil'll<'h<ii J1 ｾ＠ dx f<ii,;JtJI'l itffi ｾ＿＠ ｾ＠
ＭＱＭｶｾ＠

i1_m t, <fi !!fit <'hi "JfR m<r ｣ｦｩｬｾｶＬＺ＠ I 12 
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2. 

(e) Show that the plane x + y - 2z = 3 cuts 
the sphere x 2 + y 2 + z 2 - x + y = 2 1n a 
circle of radius 1 and find the equation 
of the sphere which has this circle as a 
great circle. 12 

(f) Show that the function 

(a) 

(b) 

(c) 

f(x) = [x 2 ) + lx- ll 
is Riemann integrable m the interval 
[0, 2), where [a.) denotes the greatest 
integer less than or equal to a.. Can you 
give an example of a function that is not 
Riemann integrable on [0, 2] ? Compute J: f(x) dx, where f(x) is as above. 12 

Let 
2 
1 

Find the un1que 

linear transformation T: lR 3 ｾ＠ lR 3 so 

that M is the matrix of T with respect 
to the basis 

13 = {v1 = (1, 0, 0). v 2 = (1, 1, 0), v 3 = (1, 1, 1)} 

of lR 3 and 

13' = { z.v1 = (1, 0), w 2 = (1, 1)} 

of lR2
. Also tmd T(x, y, z). 

Show that a box (rectangular 
parallelopiped) of maximum volume V 

20 

with prescribed surface area is a cube. 20 

5 
Show that the plane 3x + 4y + 7z+- = 0 

2 
touches the paraboloid 3x2 + 4y 2 = lOz 

and find the point of contact. 20 
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2. 

(s) ｒ｀ｾ＼［＠ 'fcl> w;oc-1 x + y-2z = 3 •i'l<1if> 

x 2 +y2 +z2 -x+y=2 <iT ｾＧｩＧ＼ｬｬ＠ 1 i\; VI if 
if>li!:dl ｾ＠ ｾ＠ <ffi >fi<'Jif> "if>T f<<flif>(Of ｾ＠ ＼ｦ＾ｬｾ＼［＠

ｾ･ｩｩ＠ <rc: VI 1l:'f> ｾｖｉ＠ ti'Rn t 1 12 

('f) R@;;<; Fl> 4i<'l"l 

(ct;) 

f(x) = [x 2
] + [x -11 

3HHI<'l (0, 2] if tl'"lH-El'llif><'l=ft'4 ｾＮ＠ ｾ＠ [a.J, a. ii 
Cf>Ji <n "eih «'ll'l 'li''d'l '!?'''*' f.'tf4e <Mdl ｾ＠ 1 <f!IT 3lN 
1l:if> i)jt 'li<'l'l CfiT 3<!1(<{01 ｾ＠ <i!if>" ｾ＠ ,.j't 'fcl> (0, 2) 'R 

tl'lH «'llif><'l=fl<l ｾ＠ ｾ＿＠ ｊｾ＠ f(x) dx "if>T 4P:<h<'l"l 

<hlRl<;, ｾ＠ f(x) aqirtdtm ｾ＠ 1 12 

+rR ｒｬｾ＼［＠ M = (
4 2 1

) ｾｉ＠ 31ilt<fl>t 'tfulqo; 
0 1 3 

'!.<'41d{uf T: lR3 ｾ＠ lR3 ｾ＠ ｣ｨｬｾｑ［Ｌ＠ ｾ･Ａｩｬ＠ 'fcl> M 

13' = {w1 = (1, 0), w 2 = (1, 1)} 

ｾｊｒＳ＠ * 
ｾ＠ = {v1 = (1, 0, OJ, v 2 = {1, 1, 0), v 3 = {1, 1, 1)} 

am:m: i\; Bm T CfiT 3110<(_<:1 ｾｉ＠ T(x, y, z) <iT oft ｾ＠
｣ｨｬｾｬｻｬ＠ 20 

("&) R@;;<; Fl> f.'t<la 'lBt<l ＼ｩｴＺＺｾＧｬｩ＼Ｇｬ＠ crr€J ｾ＠ 311<ld"l 

v CfiT 1l:if> .a 'i. <h < 311 "l a 'li<'l <hl (1 q i a<"' <<t><'l '*' > 1l:if> 
<:A tmn t I 20 

s· 
3x + 4y + 7z +- = 0 

2 

4W<'l"l'>l 3x2 + 4y2 = 10z <iT ｾ＠ <h(dl ｾ＠ ｾ＠

ｾＭｾ＠ ｾ＠ <filRi<;l 20 
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3. {a) 

(b) 

(c) 

Let A and B ben x n matrices over reals. 
Show that I- BA is invertible if I- AB is 
invertible. Deduce that AB and BA have 
the saJne eigenvalues. 

Let D be the region determined by the 
inequalities X >0, y > 0, Z<8 and 
z> x2 + y2. Compute 

Jff 2x dx dy dz 
D 

Show that every sphere through the 
circle 

x 2 +y 2 -2ax+r2 =0, z=O 

cuts orthogonally every sphere through 
the circle 

4. (a) (i) In the n-space lRn, determine 
whether or not the set 

is linearly independent. 

(ii) Let T be a linear transformation 
from a vector space V over reals into 
V such that T - T 2 = I. Show that 

Tis invertible. 

{b) If f(x, y) is a homogeneous function of 
degree n in x and y, and has continuous 
first- and second-order partial 
derivatives, then show that 

(i) x af +yaf = nf 
ax ay 
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20 

20 
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3. (<f>) >iRT f<l6 A 3fu: B <I lli<lfc! 6fi e@'lt3TI 'R n x n 
3110<[15 ｾｉ＠ ｋ＼ＹＱｾ＼［＠ f<l6 I- BA ｾｱｯｦｬ＼ｬ＠ t, ｾ＠
I- AB OI:J>df>40fl<l t 1 f.'t•l4'1 <t>lM!J> f<l6 AB 3fu: 
BA $ ｾｬｬｬｈ＠ ｾ･ＮＱｦＰＱＶｦｩ＠ "4R ｾｉ＠ 20 

(<9) -.:rR1 f<l6 D 3'1flm<t>I3TI x > 0, y > 0, Z < 8 
3fu: z > x 2 + y 2 IDU ｾ＠ ｾ＠ i I 

fff 2x dx dy dz "6fil qf{Cf>cl'l 4>\MIJ>I 20 
D 

(TI) ｋ€Ｑｬｾｉｊ＾＠ f<l6 V'! 

x 2 + y 2 - 2ax + r 2 = 0, z = 0 

ｾ＠ tmn -s.:m ｾ＠ •i\ci<t> V'! 

x2 +z2 =r2, y=O 

{e1 -e2 ,e2 -e3 ,···,en-l -en,. en -e1 } 

IJ>6fi"''l<1d' f<ld?l i <rr ＢＧｾＢｩｦｦ＠ I 

fiiJ -.:rR1 f<l6 r .. lli<IRI<t> « @1011311 'R v:<t> fl R'!l ft4fe 

v ｾ＠ v -ij v:<t> itm 'Utliifi ('<4id{01 i f<l6 

T - T 2 = I. ｋ€ＱＱｾＱｊ＾＠ f<l6 T OI:J>df>4ofl<l t I 20 

(<9) ｾ＠ f(x, y), x .3fu: y -it n ｾ＠ "6fil v:<t> fl4"'11<1 

<ficl'l i 3fu: ｾｦｬｩｴ＾＠ "ffirn ｾ＠ ｾ＠ firdl<l ct?IQ -if; 
3'1 i ｾ＠ 16fi 3'1 q <t>cl"l ｾ＠ , <IT f<l @I 'it!; f<l6 

(i) x iJf + y iJf = nf 
ax iJy 
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(ii) 

(c) Find the vertices of the skew 
quadrilateral formed by the four 
generators of the hyperboloid 

x 2 
2 2 -- +y - z =49 

4 

20 

passing through (1 0, 5, 1) and (14, 2, - 2). 20 

Section-B 

5. Attempt any five of the following · 

(a) Consider the differential equation 

y' =«X, X> 0 

where a. is a constant. Show that-

{i) if <P{x) is any solution and 
ljl(x) = <P{x) e- a.x, then 'lf(x) lS a 

constant; 

(ii) if a. < 0, then every solution tends to 
zero as x ｾ＠ oo. 

(b) Show that the differential equation 

(3y 2 
- x) + 2y(y 2 - 3x)y' = 0 

admits an integrating factor which 1s a 
function of (x + y 2

). Hence solve the 

12 

equation. 12 

C-DTN-K-NUA/46 8 



('T) {1 0, 5, 1} 3ffi (14, 2, - 2) -« ＺｘＧ＾ｾｻ､＠ ｾ＠

3l Rl q (q <"'1"1 "' 

x2 
- +y 2 -z2 =49 

4 

if> -..m: "'+t-.1 IDU oR ｾ＠ fEi "111 d <'.'fl;q ｾ＠ if> "l!M 

20 

W0 <f>l ｾｉｉ＾＠ I 20 

y' =ax, x>O 

ｾ＠ ex ｾ＠ 3'R!<: i, 'R ｆ｣ｬｾ＠ R ＼ｨｬｾ＠ 11> l R€1 liN ffi--

(i) «R- q,(x) ｾ＠ ｾ＠ !rcl i 3ffi 'lf(xl = <P{x) e- a.x, 

ci'l 'If( X) ｾ＠ 3'R!{ ｾ［＠

(ii} ｾ＠ ex < 0' ci'l ｾ＠ !r<"'1 ｾ＠ "<f>l 3ltt >lVI mor 
ｾｾｭ＠ ｸｾｾＭ 12 

("IS) R@t;<{-% 3!Cl<h<?l (i<ft<t>(OI 

(3y2 - x) + 2y(y2 - 3x)y' = 0 

Ｂ＼ｴｩｔｾ＠ fll41<hcl"i !!OI<fi zrtor t ｾＭＥＨｘ＠ + y 2 ) Ｂ＼ｴｩｔｾ＠

'h<?l'l ｾｉ＠ 3«f, fllfi<f>{UI Cfil !r<"'1 ＼ｦ＾ｬｾＡＨｬ＠ 12 
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(c) Find K fr for the curve 
-;Jo -j> ---+ ---7 

r (t} = a cost i + a sin t j + bt k 

{d) If v1 , v 2 , v 3 are the velocities at three 
points A, B, C of the path of a 
projectile, where the inclinations to the 
horizon are a, a -13, a - 21> and if t 1 , t 2 
are the times of describing the arcs AB, 
BC respectively, prove that 

12 

1 l 2cos 13 
v 3 t 1 = v 1 t 2 and - + -- = 12 

vl v3 v2 

(e) Find the directional derivative of 

f(x, y) = x2y3 + xy 

at the point (2, 1) in the direction of a 
unit vector which makes an angle of n/3 
with the x-axis. 12 

(/) Show that the vector field defined by the 
vector function 

----7- ---+ ｾ＠ -;Jo 

V = xyz (yzi + xzj + xyk) 

1s conservative. 

6. (a) Verify that 

1 1 
- (Mx + Ny)d(loge(xy}) +- (Mx- Ny) d(loge(x}j 
2 2 y 

=Mdx+Ndy 

Hence show that-

{i) if the differential equation 
M dx + N dy = 0 1s homogeneous, 
then (Mx + Ny) is an integrating 
factor unless Mx + Ny = 0; 
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--+ -+ --+ --+ 
r {t) = a cost i + a sin t j + bt k 

ｾ＠ ｾ＠ K/-r mn cbll'ilV>I 

("f) ｾ＠ v 1 , v 2 , v 3 v;<ii ＾Ｑｾ＠ ｾ＠ ｾ＠ ｾ＠ <IH ｾ｡ｮ＠
A, B, c 'R WI ｾＮ＠ ｾ＠ la.iRt"' it 3lHRt4i a:, 
a: - ｾＮ＠ a: - Ｒｾ＠ ｾ＠ 3fR ">fR t 1 , t 2 lii•i!tl: ...-rq AB, 
ｂｃｾ＠ f.\qful <fiG iJ; ｾｾＮ｡ｴｾ＠ cblMt!; ｾ＠

12 

_.....__ 1 1 2 cos (3 
v 3 t 1 = v1 t 2 ｾｾｾ＠ - +- = 12 

vl v3 v2 

(:s) v;<ii "ll::l'fi eRlll <fit, ｾ＠ ｸＭＳＱｾ＠ il; ｾ＠ n {3 cm 

ｾ＠ "'"li<H t, "Rlffi -q ｾ＠ {2, 1) 'R 

f(x, Yl = X
2 Y 3 + xy 

ｾ＠ ｾＭＳｬ＼ｬＧｦ＾＼ＺＱＢＱ＠ <ti't mn cbll'ilq; 1 

("f) ｒ€ＱＱｾＱＱ＾＠ f<f; eRlll 'hcl"l 
-+ -+ --+ --+ 
V = xyz (yzi + xzj + xyk) 

IDU ｾ＠ «R"!I l$ ｭｾ＠ "itm t I 

6. (q;) e<"'l!•H ｣｢ｬｍ＼ｾ［＠ f<f; 

12 

12 

1 1 
- (Mx + Ny}d(loge(xy}) +- (Mx- Ny) d(loge{xl) 
2 2 y 

= Mdx+ Ndy 

31<1: ｒ€ＱＱｾＢ＾＠ ｾ＠

(i) ">fR 3l<l<t>cl e>fl'f>(O! M dx + N dy = 0 

«"lElld t, "ffi (Mx + Ny} l!;'fi >A"ll<t>cl"' TJI<ti t 
'>!<if (ICf; Mx + Ny = 0 ｾ＠ t ; 
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7. 

(ii) if the differential equation 
M dx + N dy = 0 is not exact but is 
of the form 

fdx y) y dx + f 2 (x y) x dy = 0 

then (Mx- Ny)- 1 is an integrating 

factor unless Mx - Ny = 0. 

(b) A particle slides down the arc of a 
smooth cycloid whose axis is vertical 
and vertex lowest. Prove that the time 
occupied in falling down the first half of 
the vertical height is equal to the time of 

20 

falling down the second half. 20 

(c) Prove that 

(a) 

-> -> -> 
div (f V) = f(div V) + (grad f) · V 

where f is a scalar function. 

Show that the 
the homogeneous 
equation 

set of ·solutions of 
linear differential 

y' + p(x)y = 0 

on an interval I = [a. b) forms a vector 
subspace W of the real vector space of 
continuous functions on I. What is the 

20 

dimension of W ? 20 

(b) A particle moves with a central 
acceleration !-l{r 5 

- 9r), being projected 

from an apse at a distance .J3 with 
velocity 3-./(2!J.). Show that its path is 

the curve x 4 + y 4 = 9. 20 
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{ii) ...-R:- 31<1'fi<:1 eifl'fi:co1 M dx + N dy = o 
Pot '"'*<:1 <ft'fi "'l1ft ｾ＠ ｾ＠

f 1 (x y) y dx + f 2 (x y) x dy = 0 

it> ｾ＠ 1'i ｾＮ＠ <fl {Mx- Ny)-1 ｾ＠ etll'fi<:1"'1 

!!OI'fi ｾ＠ "1<f <fCI> Mx - Ny = 0 -:r@ t I 20 

ＨｾＩ＠ ｾ＠ <f;OT ｾ＠ Rl<ti'l ｾｓｦｩＧ＾ｬ＠ Ｍｩｦ［ｾｾ＠ 31'R -;fR <'t{<t><11 

t ｾ･Ｇｦｩｴ＠ ＳＱｾ＠ ｾｭ＠ ｾ＠ 3ltt :m<f ･ＰＱｾ＠ -;fR ｾ＠ 31'R 
ｾｉ＠ ｾ＠ ｣ｨｬｾ＼Ｚｴ＠ ｾ＠ £""lit« Ｓ＾ｾＱｻ＠ -if; "SI'lfli 3llit <IC!> 

-;fR ｾ＠ 1'i- WTT fl4<l, ｾ＠ 3llit <1C!> -;fR ｾ＠ l'i-
<.'{i'r <"14"1 if; 01{!01( %I 20 

-> -> -> 
div (f V) = f(div V) +(grad f)·· V 

ｾ＠ f ｾ＠ ＳＱｦｵｾｴ＠ 4><:1"'1 %I 

7. (q;) fu€!1!<1.!; ｾ＠ ｾ＠ 3ictU<:1 I= [a. b] 'tR <"14"lld 'tf@'h 
31Cl'fi<:1 eifl'fi:cot 

y' + p(x)y = 0 

Ｍｩｦ［ｾ＠ it> flt!O'iil'l, l"R 'riaa 'b<:'lofl -if; ＼ｭ•＼ｩｬＮｾＧｦｩ＠ eR'll 

･ＴｾＭＤｾ･ｒｾＱＳｱ･ｱｾ＠ w<i1 ｏｬＧｬｬ､ｬｾｬ＠ ｷｾｾ＠

20 

ｾｴ＿＠ 20 

(-.s) ｾ＠ ../3 "" ｾ＠ ｾ＠ ｾ＠ W! 3..j{2Jl.) -$ ｭｾ＠

［ｲｾ＠ ｾ＠ .,.,-A "" ｾ＠ <f;OT it>rs{l'l ｾＨＰＱ＠

J.l(r 5 - 9r) ｩｴ＾ｾ＠ ｾ＼ＺＱ､ｬ＠ ｾｉ＠ R@l$1.!; ｾ＠ ilfl'fil ｾ＠

<rsfi x4 + Y4 = 9% I 20 
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8. 

(c) Use the divergence theorem to evaluate 

(a} 

If v-ndA 
s 

--+ -+ --+ -+ 
Vllhere V = x 2 zi + yj- xz2 k and S is 

the boundary of the region bounded by 
the paraboloid z = x 2 + y 2 and the 

plane z =4y. 

Use the 
coefficients 
solution of 

method of 
to find 

undetermined 
the particular 

y" + y =sin x + {1 + x 2 )ex 

20 

and hence find its general solution. 20 

{b) A solid hemisphere is supported by a 
string fixed to a point on its rim and to a 
point on a smooth vertical VITali Vllith 
Vllhich the curved surface of the · 
hemisphere is in contact. If 6 and <!>are 
the inclinations of the string and the 
plane base of the hemisphere to the 
vertical, prove by using the principle of 
virtual Vllork that 

3 
tan <!> = - + tan e 20 

8 

(c) Verify Green's theorem for 

e-x sinydx+e-x cosydy 

the path of integration being the 
boundary of the square Vllhose vertices 
are (0, 0), (n /2, 0}, (1t /2, :n /2) and (0, 1t /2). 20 
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-- -- ---------------------, 

('T) fJ V · rt dA <FiT -.:rA f.l'f>l<"'<i if> ｾ＠ 3jqft{UI ｾ＠

s 
. ｾ＠ 2 ｾ＠ --+ 2-+ 

<FiT aq<il•l <h!Fi!l{, "ffli V = x zi + yj - xz k 

3i'tt S q{'l<"'<l"' z = x 2 + y 2 <NT <:14d<"' z = 4y 
il qft<ilO&: ｾ＠ -<hJ qft«'!q I ｾｉ＠ 20 

8. (q;) y" + y =sin x + (1 + x 2 }ex <1>r f4iJq t:<1 ｾ＠

Cfi8 if; ｾ＠ 3l f.l ｴｯｾｦｦｩＺ､＠ T' I jq; f4R:f <FiT 34<ll'l <hi fill( 
3i'tt m ｾ＼Ｚｬｩ｢＠ I Olllq<f; t:<"' ｾ＠ <h!Fill(l 20 

(<9) ｾ＠ im •ilatd, ｾ＠ 1.fi (tT<"' 'R ｾ＠ ｾ＠ il ｾ＠
ｾ＠ "i\ti il 3i'tt ｾ＠ Rl<b4l ｾ＠ <!l<m: 'R ｾ＠

ｾ＠ it fW:f 'R •n a1>t <FiT ＼ｾｓｦ＾＠ 'l!J e q <t it ｾＬ＠ ｾ＠
g"lf ｾｉ＠ ｾ＠ 6 3i'tt $ "it{} ｾ＠ •fl<11tl if> <:14d<"' 

＼＾ｬｬｴＺｾｒ＠ if> ｾ＠ il 3li'IRI ｾＮ＠ -ffi <bl<'<l<l ｾ＠ if> 
ｾＰＦＺＱＢ＼Ｑ＠ ＼ｾ＾ｲ＠ aq<il•l ｾ＠ ｾ＠ fuos: <hlfill!> -fu; 

3 
tan<j)= -+tan6 

8 

(TT) "'l7f, ｆｩｬｾ＼ｨ＠ ｾ＠ (0, OJ, (n 12, OJ, (n 12, n I 2) 
3i'tt (0, 1t 1 2) ｾＮ＠ -<hi qf1:«lqt <ffi ｾ＾ｩｬ＼｢＼ＢＧＢｬ＠ <FiT <N 

<¥1 ｾ＠ e-x siny dx +e-x cosy dy if> ｾ＠

20 

!fR-ｾ＠ <FiT t'l('lll q"l <fil fill!; I 2 0 

*** 
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MATHEMATICS 

Paper II 

I Time Allowed : Three Hours II Maximum Marks : 3001 
INSTRUCTIONS 

Each question is printed both in Hindi and in 
English. 

. 
Answers must be written in the medium 
specified in the Admission Certificate issued 
to· you, which must be stated clearlJ• on tire 
cover of the answer-book in the space 
provided for the purpose. No ·marks will be 
given for the answers written in a medium 
other than that specified in the Admission 
Certificate. 

Candidates should attempt Questions 1 and 
5 which are compulsory, and any three of the 
remaining questions selecting at least one 
question from each Section. 

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

Symbols and notations carry usual meaning, 
. unless otherwise indicated. 

All questions carry equal marks. 

Ullrt ｾＺ＠ ｡ｴＺｴｾｾｴｩｦ＠ C£>r F$r+::1 (j>qlifH ｾ＠ ｙｾｴｲｲＭｲｰｲ＠ i1> fil@il ｾ＠
Ｇｒｾｾｉ＠
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Section 'A' 

1. Attempt any five of the following : 

(a) Let G = lR- { -1} be the set of all real numbers 

omitting -1. Define the binary relation * on G 
by a* b =a+ b + ab. Show (G, *) is a group 
and it is abelian 12 

(b) 

(c) 

. . 

Show that a cyclic group of order 6 is 
isomorphic to the product of a cyclic group of 
order 2 and a cyclic group of order 3. Can you 
generalize •this? Justify. 12 

Discuss the convergence of the sequence {x,} 

where 
sin(';) 

x" = _ __:,_8__.:::__,;_ 12 

(d) Define {x11 } by x 1 = 5 and 

X 11+t = .J4 +·xn for 11 > 1. 12 

(1 + .Ji7) 
Show that the sequence converges to . 

2 . 

(e) Show that 

u(x, y) = 2x-A3 + 3Ay2 is a harmonic function . 

. Find a harmonic conjugate of u(x; y). Hence 
find the analytic function f for which u(x, y) is 
the real part. '12 
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. . 
(<i>) -I <fiT ｲｮｾ＼ｦｩ＾ＺＺ＠ ｾ＠ <H«!M<fi fi<t><llaiT ｾ＠ ･ｾ［ｱ＠

em G. lR- { -1} <'i'IMq; I G 'R i¢1" fiW * <iT 
a * b = a + b + ab GRT ｾ＠ <til Mll; ·1 Kl..'ll'till; 

. (G. *) ｾ＠ ｴｬＧｦｾ＠ ｾ｡ｩｒｾ＠ 3\liil<'i'l ｾｉ＠ 12 

(<..<J) R<..ilr'tiq; fci> q,')Q 6 q;r ｾ＠ "''shl4 ･Ｇｦｾ＠ q,'JQ 2 ｾ＠
ｾ＠ "'1 £l q e 'f\? aiR '*'I R: 3 ｾ＠ ｾ＼ｦｩＢＧＱ＠ sh1 q ｴｬＧｦｾ＠ ｾ＠

'JOI"''h<'f ｾ＠ <;f'<llCf,(Q ｾＮ＠ ｾ＠ I 9<IT 3!1'l 'tifl<fil 

a:r 14chl<fi>::Ul <n<:: fl<fid ｾ＠ ? ai'l Ml:ll ＼ｩｬ｣ｴｬＧｴｩｾ＠ 1 · 12 
. 

(<I} 31'j5fi'"l {x,.} cfu Ｍｾ＠ -cfu f44"'1'11 ＼ｬｩｬｍｾＬ＠

. (nn) . sm T 
Ｎｾ＠ Xn = .· 8 . I 

. ' 12 

(<I) {x,.} <fiT x 1 = 5 aiR 

n"> 1 ｾｾｸＬＫｬ＠ =.J4+xn ｾｾ｣ｨｬｍｱ［＠ I 

R<..ill ＢＧｾ＠ fci> 3l ＧＮＡＪＧＧＢｾ＠

<fi«tl ｾ＠ I 

2 
12 

( s-) ｒ•ｾｭＬｾ＠ fci; 

• • u(x, y) = 2x- Ｎ［ｾＮＳ＠ + 3.\.y2 ｾ＠ Ｙｴｩ＼ｷｾＱ＠ 'h<'i'i ｾ＠ I 

u(x, y) q;r ｾ＠ gfi<w;l B':f''il IDff <hiM<:( I am: 
"fcr.t(:jfqq; 'h<'l'i f mer ｣ｦ＾ｊｍｾ＠ M'9Cti ｾ＠ . u(x, y) 

<ma Pi q, "q[lf t- 1 12 
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(f) Construct the dual of the primal problem: . 

2. '(a) 

• 
Maximize z = 2x 1 + X:z + x3, subject to the 
constraints x 1 + x2 + x 3 :;:.: 6, 3x1 - 2x2 + 3x3-3, 
-4xr + 3x2 - 6x3 = 1, and xl' x2, x3 :;:.: 0. .12 

Let ( IR*, ·)be the multiplicative group of non-

zero reals and (GL (n, 1R), X) be the multi-

plicative group of 11 x n non-singUlitr· real 

matrices. Show that the _ quotient group 

GL (n, ｾＩＯｓｌ＠ (n, 1R) and ＨｉｒｾＺ＠ ·) are tso-
morphic where 

SL(n, 1R)={AEGL(n, IR)/detA=I}. 

What is the centre of GL (n, 1R) ? 15 

(b) Let C ={/:I= [0, l]- IRj/ is continuous}. 

Show C is a commutative ring with 1 under 
pointwise addition and rnu ltiplication. 

Determine whether -C is an integral 
Explain. 

(c)- Define the function 

2 . I "f f(x) = x sm x • 1 x * 0 

= 0, if X= 0 

domain. 
15 

Find f'(x)._ Is f'(x) continuous at x - 0? 
Justify your answer. 15 · 
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• 

• 

('f) 3fRI Ｊｉｬｬｾ＠ I : 

OlM<t>d>i'lif><:ur chlMl!; z = 2x1 +x2 +x3 <fiT 

ｾｩｬ［ｾｊｆｲ＠

x 1 + x2 + x 3 ｾ＠ 6, 3x1 - 2x2 + 3x3=3, 

-4x1 +3x2 -6x3 =l, aft<: x 1,x2 ,x3 ｾｯＺｾ＠

Yffiflllt=<ll ｾ＠ ("i!'il chlM(( I 12 

. . i " 

z. <"'*'> m'i' <'ill'ilo: (IR*. ·) >Q<ii<R crrfdf4<t> · e<i>l•um 
<hT <jOFll<ll<h fl"[l:i ｾ＠ aft<: ( GL (n, lR). X) 

n x n a;]O&illOflzt Ci1Rtf4<t> Ｓｬｬ･＾Ａｦﾷ＼ｾＧｩ＠ <fiT <JUI>ik'l<h 

*l"[l:i ｾ＠ I ｉｇ＼ｩｕｾＨＨ＠ fit 14">11'1 ｦｬＢ｛ｾ＠

GL (n, IR)/SL (n, IR) aft<: ( IR*, ·) <j<.«:!t<t>IU 

ｾｾ＠

SL(ri,lR)={AEGL{n, iR)/detA=l} ｾｉ＠

GL (n, JR) <hT ｾ＠ C!<IT ｾ＠ ? 15 . 

(«) <'i'lMq c = {f: I= [0, ｉ｝ｾ＠ IRIJ fi<ld ｾｽ＠

ｋ＼ｩｬｬｾ＠ ｾｔＺ＠ <i't7f aft<: <J>U1'1 il; 3!Ur.r c ｾ＠ I 

· *I ｾ｡＠ iii li 14 Pt il zt cr <1<1 ｾ＠ 1 f.ruRur <fil M q fit c 
ｾ＠ '{ozfchlzt ;ria ｾ＠ I *l"'lH ＱｾＲｬ＠ I 15 

('lf) '£<1"1 ｾ＠ 4ilN1q 
2 . I _c_ 

j(x) = x sm-. "'!G x * 0 . X 

= 0, zrR X= 0 

J'(x) ma chlMl!; I <fliT X= 0 tR j'(x) fidd ｾ＠ ? 
3!G<I. -d'<l< q;r af1Gw01 ii!dt\ttct I 15 
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(d) Consider the series 

Find the values of x for which it is convergent 
and also the sum function . 

. Is the convergence uniform ? Justify your 
answer. 15 

3. (a) Consider the polynomial ring Q[x]. Show 
p(ic) = .x3- 2 is irreducible over Q. Let I be the 
ideal in Q[x] generated by p(x). Then show 

that Q [x]/1 is a field and that each element of 
it is of the form a0 + a1t + ai2 with a0 , a 1• a2 
in Q and I= x + 1. 15 

(b) Show that the quotient ring z [i]/(1 + 3i) is 
isomorphic to the ring Z tlOZ where z (i] 
denotes the ring of Gaussian integers. 15 

(c) Let f,,(x) = ｾﾷ＠ on -l < x.;; 1 for 11 = 1, 2, .... 
Find the limit function. Is the convergence 
uniform '1 Justify your answer. 15 

(d) Find the maxima, minima and saddle points of 
. . ( . ) (-x2-y2)/2 

the surface Z = x 2 - y 2 e . 15 

4. (a) (i) Evaluate the line integral Jf(z) dz where 
c 

f(z) = z2, cis the boundary of the triangle 
with vertices A ＨＰｾ＠ 0), B (1. 0), C (1, 2} in 
that order. 

(ii) Find the image of the finite vertical strip 
R : x = 5 to x = 9, -1t ｾ＠ y ｾﾷ＠ 1t of z-plane 
under exponential function. 15 
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. oo x2 

(«) ｾ＠ 'L ( . 2 )" ｾ＠ ｦＴｾＱｒｬＡ＾＠ 1 
n=O l+x 

x * ｾ＠ +wr m ch\N1q; M'14> ｾ＠ ｾ＠ ｾ＠ ｾ＠
•· affi:: ｾ＠ 'fi<'i '1 m m chi N1 q; 1 C!<IT ｾ＠

l!;<fi'«+t 1 '1 ｾ＠ ? ｾ＠ 'd* q,r ail Rl ＼ＢＢｾ＠ "l a 1 '4l!> 1 15 

3. (<:K) "l§q<: <'h'l<l Q[x] +rR <"flMq; I K<.<ll'al!; Q 'R 

.p(x)=x3-2 <>l<'1¥''(Uflq ｾｾ＠ +wr <flNiq; I 

p(x) it '>!Ad Q[x] it "J"I'>II<t<·it ｾｌｉｄ＠ ｦｵ｀ｾ＠ Fs 
Q[x]/ I l:% l$r ｾ＠ affi:: Pcs '4'6"f>l ＾ｊｾ｣ｴ＾＠ <>t<l<l<i a0 , 

·a1, a2 Q ifaffi:: ｴ］ｸＫｬＴ＾Ｇｾ＠ a0 +a1t+a2 t2 

<'!"=f q,r ｾ＠ I 15 

(<a) ｋＧｩｬｬＧ｡ｾ＠ fcr; 14"'11•1 Cl<'l<l ;E [iJt(l + 3i) <l<'ill Z/lOZ 

it <j<'lllct>l(l ｾ＠ ｾ＠ z (iJ •ll&tflll fi<i'lllaiT 4;- <i<'ill 

<if ｾｒｬ､＠ Cf>(d I ｾ＠ I 15 

(>r) <'llMt:; n = 1, 2, .... 4->' ｾ＠ -I <x ｾ＠ 1 'R 

ｾｗ］ｾ＠ . . 
･ＱＦｾ＠ 1 'h<'i'1 m cfil N1 c; t ｃｾ＼ｉｔ＠ ｾ＠ ＢｬＡ＾ＢＢ＼ｴ＾ＢＢＧﾫｾＢｾｾＧ＠ ＧＱｾ＠ ｾ＠ ? 
ｾ＠ 'd'd'( q,r :mPl<'£1 "l<ll"al!; l 15 

2 2 2 
(«) 'rB' Z = (x2- yz) ｾＭｸ＠ -y )I 4;- ;afue, f.ifi:i1"6 

· affi:: q<'lliUt.f<ii"Sa?f <if m <h'lMt:; I 15 

· 4. ( <:K) (i) ｾ＠ fl"' lct><'i J f(z) dz <t>T +tT'1' Act> I R>l c; ｾ＠
c 

f(z) . z2, c lifl'm' A (0, 0), B (1, 0), C (1, 2), 

ｾｓｦｩＫｦｩｦＬ＠ ｾｾ＼ｦｩｴｱｦｷＱＧｬｲ＠ ｾ＠ 1 

(ii) '''R"'Idichl 'fi<'l'1 * anftrr z-'1.1+td<1 <fit qf.<fil<l 
＼ﾻ･Ｎｾ＠ ｱｾ｣ＺＮＧＩＮ＠

R : X = 5 it X = 9 O<t>, -:n ｾ＠ y ｾ＠ 1t CfiT 
gffif<ilkl m cfilf';]q; 1 15 
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(b) Find the Laurent series of the function 

f(z) = ･ｸｰ｛ｾＨ＠ z- ｾＩ＠ J as .n ｌｾｾ＠ z" 

for 0 <I<:!< oo 

where C, = .!._ J:>r·cos (n¢-A. sin ¢ )d¢, 
n o 

n = 0, + 1, + 2, ..... 

with A. a given complex number and taking the 

unit circle C given by z = ･ｩｾＨ＠ -n "i£ tiJ""" n) as 
contour in this region. 15 

(c) Determine an optimal transportation pro-
gramme so that the transportation cost of 
340 tons of a certain type of material from 
three factories F 1• F2, F 3 to five warehouses 
Wp W2, W3, W4, W5 is minimized. The five 
warehouses must receive 40 tons, 50 tons, 
70 tons, .90 tons and 90 tons respectively. The 
availability of the material .at F 1, F 2, F3 is 
100 tons, 120 tons, 120 tons respectively. The 
transportation costs per ton from factories to 
warehouses are given in the table below : 

WI Wz w3 w4 
. 

FJ 4 I 2 6 • 

Fz 6 4 3 5 

F3 5· 2 6· 4 

Use Vogel's approximation method to 
the initial basic feasible solution. 

I 

Ws 

9 

7 

8 

obtain 
30 
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ＨｾＩ＠ 0 < lzl < oo ｾ＠ ｾ＠ 'liM'i 

f(z) = ･ｸｰ｛ｾＨ＠ z- ｾＩ＠ J cfiT <>fl>J i?<uft , 1:=5· z" 

ｾｾｩｦ＠ m ch'1Nil!;;;@ ｾ＼ｦｴ＠ ｾ＠ ｦｬｦｩｩｬｾ［ｮｪｻ［ＮｱＬ＠ A. 

ｾ＠ m'<l aiR z = e i</J ( -:n: ｾ＠ ¢ ｾ＠ n) if ful: +Jir C!!'f'i Cfl 

<[U C CflT ｾ＠ &'t?r if qf<{<..<i I it; ｾｩｦ＠ ｾ＠ ｾ＠

C, ·_!_ J"' cos (n4>- A. sin q'>)d¢, 
n: 0 

n = 0, +I, + 2 ..... . 
15 

(or) ｾ＠ <:<<>c:a'"l qf<<it;rt !ll{ll'"l f.ialf<a ch'1Ml!; M'Hil 
fit f4ifl1 ｾ＠ 9CflR it> 340 C<l 1='fffi Cf>T cft'1 <h<tc:k<iY 
Fp F 2 , F 3 it t:(fq <fl<;i+\1 W 1• W2 , W3• W4• W5 

GCfl' i'l' ;;rf.f if q f<:<! \5'1 <WI C1 rq:_ <1 C1 '4 i?t I ｾ＠

<fl<;l•:fi if ｾｔＺ＠ 40 C<f, 50 C<f, 70 C<f, 90 C<f aiR 
90 C<1 1='fffi 4l:i'ii'11 -<ilf%1:!; I ｆｾＮ＠ F 2 , F 3 'R 1='fffi <fiT 
91'4C11 Sh"f1iT: 100 C<l, 120 C<f, 120 R t I 

'hifi!f.c41 it •fl<;l•i'f GCfl' cfiT 9fu C<f ｱｦ＼＼ｾ＼ｑｲｴ＠ <'ll'ld 

. H+"'i f!ROfl if <ft ｾ＠ t : 
. 

wl Wz w3 w 4 Ws 

F· 
I 4 1 2 6 9 

F2 6 4 3 5 7 

F3 5 2 6 4 8 

ｾ＠ am:rrU ｾｦｩ•Ｑ｡＠ '<F'f gn:r Cfl<:<l ｾ＠ ｾ＠ cf!•l<'l 

cfiT 'H 8r Cfl61 f4 fa CflT 'd'"! <ii. I ch1 M l1> I 30 

C-DTN-K-NUB 9 (Contd.) 



' . 

Section 'B• 
S. Attempt any five of the following : 

(a) Solve the PDE 

(D2 -D')(D-2D')Z=e2 x+y+xy. 12 

(b) Find the surface satisfying the PDE 

{ D 2 
- 2DD' + D'2 )z = 0 and the conditions. 

that bZ·= y2 when x = 0 and aZ = x2 when · 
y == 0. 12 

(c) Fincl the positive root of the equation 
2 

lOxe-x -1=0 
correct up to ·6 decimal places by using 
Newton-Raphsori method. Carry out compu-

ｾ＠ lations only for three iterations. 12 

(d) (i) Suppose a computer spends 60 per cent 
of its time handling a particular type of 
computation when running · a given 
program and its manufacturers make a 
change that improves its performance on 
that type of computation by a factor of 
10. If the program takes 100 sec to 
execute, what will its execution time be 
after the change ? 

(ii) If A67B=AB'+A'B, find the value of 
xEElyEElz. 6+6 

(e) A unifoim lamina is ｢ｯｵｮｾ､＠ by a parabolic 
arc of latus rectum 4a and a double ordinate at 
a distance b from the vertex. 

If b = ; ( 7 + 4-/7), show that two of the princi-

pal ,axes at the end of a latus rectum are the 
tangent and normal there. 12 
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........ < • @06 l!f 

s. M"""1RIR•l<1 i'i- "it Pct;'ifl' qj,. ｾ＠ '3'<1< ｾｉｒｴｴＺｴＬ＠
(<il) arif..il<f> 31<lCfi<'l H'ilCfi<'ll (PDE) 

( D 2
- D') (D- 2D')Z- e 2x+y + xy 

CfiT ｾ＠ MctilRIQ> 1 12 

(<9} arif..il<f> 31<\Cfi<'l HtflCfi(Ot (PDE) 

{ D 2 - 2DD' + D'2 )z = 0 

aft<: 9 RJ.,fUf Fn bZ = y2 ｾ＠ x = 0 aft<: aZ = x2 "!<if 

y = o ＼ｩｴｾ＠ cti<<i ｾ＠ '!'SO <it mer 4i'l M Q; 1 12 

(11') ＴＧＦＱＭｻｱ•ｾｈ＠ Mfil CfiT ;aq4l'l <f,(Ch esf!Cfi(UI 
. 2 . 
!Oxe-x -1=0 . 

ｾ＠ 6 ｇ＼ｾｬｩｬ＼Ｇｬ＼ｴ＠ ｾ＠ '<rq> ｾＮＡＧ｜ｕ＠ wr ｾ＠ <it mer 
4i'!RIQO 1 <i><l"'' ffi-r ＧｩＢｾ＼ＱＱｒｬＴＧｩ＠ <fq> ｾ＠ ｾ＠
4i1Ml!> 1 · 12 

ＨｾＩ＠ (i) l'fR 41RIQ> -Fcn ｾ＠ cti"'i.c:< ｾ＠ ｾ＠ f.m ｾ＠
si"Hlt"l <it ... <'11 (I ｾ＠ tJ>Cfi m)l;r 9 <iiI( ｾ＠
31MCfiWI <it Cf0l if arq;f fl"'l! CfiT 60 9Rll!Rr 

ｾ＠ *" Wild 1 ｾ＠ aft<: -.;e 4> f.1"' f<u ｾ＠ q f <4 J "l 
<ll<d ｾ＠ fiime ｾ＠ ｾ＠ ｾ＠ ｾ＠ <R 1;eih 
CfiTlf ?i 10 ｾｗｉｔ＼ｾ＠ "lid I ｾｉ＠ <rR Sl!ll"' 
ｈｴｓＴＱｾＢｬ＠ ｾｩｦ＠ 100 e&>6 i'Rrr ｾＮ＠ ffi" qf.<:Cld"l 
ｾ＠ <illG 1;e <til f.\ osq 1 ｾＢｬ＠ e "''ll ＼ｾ＼ｉｔ＠ ｾ＠ ? 

(ii) ｾ＠ AeB=AB'+A'B, ffi" 
X$ y $ z CfiT l'fR ffiO 4i'l f'>lt:t I 6+6 

• (s:} ｾ＠ t:t<iifl"''l"l q(!<'l ｾ＠ 4a ｾ＠ q'(Cl<'lf2i<ii 'Tfl'1 

aft<: .l!Wf il" <tt b <R ｾ＠ f@:cti1R: il" qf<il'{a ｾｉ＠

<rR b = ;(7+4-/7) ｾＮ＠ m ｒ＼ＺＮ＼ｾｉＧｎｆｮｬＺＥＢｾ＠
ｾ＠ rn< <R ｾ＠ arm if e- ..rr <:>=rl!f oo aft<: ｾ＠ <R 

ｾｾｾ＠ 12 
C-DTN-K-NUB 11 (Contd.) 



(f) In an incompressible fluid the vorticity at 
every point is constant in magnitude and direc-
tion; show that the components of velocity 
u, v, w are solutions of Laplace's equation.l2 

6- (a) Solve the following pru1ial differential equa-
tion 

zp+ yq =X 

x0 (s) = s, y0(s) = l, zt!(s) = 2s 
by the method of characteristics. 20 

(b) Reduce the following· 2nd order partial 
·differential equation into canonical fortn and 
find its general solution· 

ry 

·xu= +2x-uxy -ux = 0. 20 

(c) Solve. the following heat equation 
u1 -· uxx = 0, 0 < x < 2, t > 0 
u(O, t) = u(2, t) : 0, t > 0 
u(x, 0) = x(2- x), 0 ｾ＠ x ｾ＠ 2. 20 

1. (a) Given the system of ｾｱｵ｡ｴｩｯｮｳ＠
2x+ 3y= l 
2x+4y+ z=2 
2y + 6z + Aw = 4 \ 
4z+Bw= C 

State the solvability and uniqueness condi-
tions for the system. Give the solution when it 
exists. · 20 

(b) · Find the value of the integral 
5 
J log10 xdx 
1 

by using Simpson's t-rule correct up to 

4 decimal places. Take 8 subintervals in your 
computation. 20 
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' 

('f) fct>e1 Ｂｬｦｩ＼ｦｬ＼ｴ＼ｾ＠ d<<1 if 'l"!PlW11 ｾ＠ ,f.il>s 'R 

qf<liiur aiR furr if ｃＨｃｦｬｾｬｩｬＧｩ＠ ｾＮ＠ R<,ll\ii<J> f<h" im ｾ＠
"l<!Cfl u, v, w <11t<1H:i ｦｬｬｩｾｉｃｦｬＨｏｉ＠ ｾｾｾｉ＠ 12 

.<P+yq=x 

x0 (s) = s, y0 (s) = 1, z0(s) = 2s ＼Ａｩｔｾ＠ <hlMC( I · 
20 

( <R) Pt 1'41 Rt rna fuq, 1 R ari"f.il'f> 6l <l C!l<'t ｾｬｩｦｴ＠ Cil'<"l 

x U..x + 2x2
uxy-u, = 0 <!iT fc!R;a ｾｩｦ＠ ｾｬｩＱＧＱ＼ＱＧＱ＠

<hll\iio: aiR ｬｩｩｾ＼ｨ＠ "'li4C!l ｾ＼Ａｩｔ＠ ID<r <hlMC( 1 20 

(tr) f.il'i'IR!rna ﾷｾ＠ ｾＴＱｃｦｬ＼ｯｲ＠ ＼Ａｩｔｾ＠ <fll\iio: : 
u1 - uxx = 0, 0 < x < 2, · t > 0 
u(O, t) = u(2, t) = 0, t > 0 
u(x, 0) = x(2 -x), 0 :% x:% 2. 

7. (C!l") e..0Cfl<ur HC!llll ｒ＼ｾｲ＠ ｾ＠ ｾＺ＠

2x + 3y= 1 
2x +4y + z = 2 

. 2y +. 6z + Alv = 4 
4z+Bw=C 

20 

H Cfll <l ｾ＠ ｾ＠ mu='"ll'rfl <l""'d'"l am: 6l & dl<:m I 9 Rr iii m . 
cit iiidi'$.C( 1 ｾ＠ <flMC( ｾｾｾｾｉ＠ 20 

(<R) Hl&4fl'1 $' Rll'51{ Hllli !t '344'1•1 IDU flliiCfl<'l 

5 

J Jog!O X dx Cjl"f 4 ｾｬｬｩ＼Ｑｃｬ＠ ｾＧ＠ <fCjl" ｭｾ＠ JfFf 
I 

ID<r <hl 1\ii <J> 1 ｾ＠ aiT>!C!lct'i if 8 ;aq i a <r<>i'i <!iT 
<'111\iiq: I 20 
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(c) (i) Find the hexadecimal equivalent of the 
decimal. number (587632)10 

(ii) For the given set of data points 

(xl,f{x 1)), ＨｸｾＬＮｻＨｸＲＩＩＬ＠ ..... (x,.,f(:X,)) 

. write an algorithm to find the value of 
f(x) by using Lagrange's interpolation 
formula: 

(iii) . Using Boolean algebra, simplify the 
following expressions 

( '1) 'b 'b' 'b' 'd a +a + a c + a c + ...... 

{ii) x'y'z + yz + xz 

where x' represents the complement of x. 
5+10+5 

8. (a) A sphere of radius a and mass m rolls down a 
rough plane inclined at an angle· a to the 
horizontal. If x be the distance of the point of 
contact of the sphere from a fixed point on the 
plane, find · the acceleration by using 
Hamilton's equations. 30 

(b) When a pair of equal and opposite rectilinear 
vortices are situated in a long circular cylinder 
at equal distances from its axis, show that the 
path of each vortex is given by the equation 

. 2 
(r2sin2e-b2

) (r 2 -a2
) =4a2b2r2sin29. 

e being measured from the line through the 
centre perpendicular to the joint of the 
vortices. · 30 
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(1f) (i) ｾＱＧＴ＼Ｑｃｬ＠ ｴｩｾｬ＠ (587632)10 4; ｾｾ＠ .. ｾｾｾＧＱＱＧＱ＼ＱＢＴ＠

m-ff Ｔ＾ＱＱＧ＾Ｑｾ＠ I 

(ii) <rn ｉｇｉｾ＠ 4> ｾ＠ ｾ＠ e lj"illl 
{xl ,f(xl )), (xz,f(xz)), .. : .. (xn, f(x,.)) 

4> ｾ＠ <'1'!l i"' aid <f>!rrr- 'I:f 4> ;aq 41•r it f( x) 
q;r '4N m-ff <Mrt 4; ｾ＠ ｾＧ＠ ({<"40 Rut . 

ｒＱＱｚ＼ｾｃＨ＠ r 

(iii) "J,Jlll ;sfl"fl<l<'i't q;r ;aq<i'l•• Cli<4>, ｈｫＱｒＱｒ＼ｾ＼ｾ＠

a:i Ｂｾ＠ '*' 1 <iT e ＼＼Ｇｾ＠ 4il 1'>1 ｾ＠ :. 
( .). 'b 'b' 'b' 'd 1 a+a +a c+a c + ..... . 

(ii) x'y'z + yz + xz 

;;rQi" x' x 4>. '1'<Cfi <if ｮｾＫＮｍＢＧ､ＢＢ＠ Cfi<dl t" I 
5+10+5 

8. (<n) bt'Rif a aft<" 1::<4'41<1 m q;r ｾ＠ •i'l<11 ｾｒｴＢＧ＠ ｾ＠ <h\or 
a '4<: ｾ＠ ｾ＠ ｾ＠ ｾ＠ 6"1<1<1 '4<: <j<$Cfidf t" 1..-R· x 
ＶＢＱ＼ｾ＼Ｑ＠ <4<: ｾ＠ ｈ＼ｾ＼ｾ＠ ｾ＠ it ｾ＠ 4> ｾｦ＠ ｾ＠ cfiT 

. GUt-. m ｾｍ＼ＭｃＺ＼ｩ＠ emCfi(UI q;r ;aq4'l•r Cfi<4> ｾ＼ｏｊ＠... . . 

mo 4il 1'>1 tJ; r 30 

(<a) ｾ＠ e "'I '1 aft<" e "'J:€1 ｾｩＮｩｩｬＧＢＧ＠ 'tl M <'11 q;r ｾ＠ <;FT ｾ＠ · 
<>fit 1fflll iii wr if t.e 4> Ｓ｜ｾｗ＠ it e '"l H <m '4<: ｾ｡＠

. ... m. m ｒ€ＱＱＢＱｾ＠ Fcfi Ｙｾｃｦｩ＠ '!lM<1 CfiT <w ＢＶＢＢＧＢｾＱＢＧ＼ｴ＾ｾ＼ｯｾｲ＠

(r
2
sin

2e -,b2
) (r2

- a2t = 4a2b2 r 2sin2e 
it W:rr sm t-. e "'rqr "'rar t- ｾｩｴ＠ ｾＢｾ＼ｏｩ＠ <u<oft 
ｾｩｴｾ＠ Fcfi 'ilM<1'i iit ｾ＠ '4<: ｾ＠ t" 1 30 
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