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Instructions ( &) :
(i) This paper is divided into two Sections, Section—A and Section—B.
3} g & @ei ¥ fawifom 8, §s—A 3R @s—B |
(ii) Each Section contains eight questions.
T TE § S T 2
(iii) A candidate has to attempt twelve questions.
us qhEneli Fi awg vl & 3w o 7

(iv) Question Nos. 1 and 9 are compulsory and out of the remaining, any
ten are to be attempted choosing five from each Section.

U9 HEAT 1 31 o ITFEE # 3 S ywHi # & Rl gm w1 I fow 7, vew @S
Y gfg-ure 31 &l 8 BT 8

() Question Nos. 1 and 9 consist of five parts each. Each part will be of
6 marks. Word limit will be 150 (in relevant subjects only).

. T TEA 1 3R 9 F ulg-utg W B Yk Wi % fou 6 31 Fuifa 21 wreg wEn
150 7% it g (W gwg fasi #) |

(vij Remaining questions will be of 14 marks each.

Y T 14 371 F Ufd T4 B
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SECTION—A
TS—A

1. Answer the following questions :

Frfafed wei % IW G
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6x5=30

(a) Suppose the x and y-axes in the plane R? are rotated counterclockwise
45°, so that the new x" and y’-axes are along the line y = x and the line
Yy = —x respectively. Find the change-of-basis matrix P and the coordinates

(b)

(c)

of the point A(5,6) under the given rotation.

M & fob R2 THae # xUd y-& Sl IHad ¥ H 45° R T 8 arhl T¢ x7 3R
Y-8, y=x 3 y=—x F INFHA: e & I-36-E Ham puar w3

feu o i % o famg A(5,6) % Hrenféie wr =i

Evaluate the limit

lim 5 y+a
(xy)=>(2-4) X2y - xy+4x° - 4x
where y# -4 and x#x2.
Frafafaa =1 am e
y+4

lim 3 5
(xy)—=(2,-4) x“y - xy+4x“ -4x

GI%'T yx—-+4 Q’q" x#xQ%I

A force F=2i+ j-3k is applied to a spacecraft with velocity vector
v=3i—j. Express F as a sum of a vector parallel to v and a vector

orthogonal to v.

U FaikeaH, fae nfd 99 v=3i-j 8, WTE 9 F =2i+ j— 3k AT ATl
2l Fl v % THTR U g9 3 v A Th Jel b ANTHeT & €9 H oFeh il

dy

(d) If ax?+2hxy +by? +2gx+2fy+c=0, find —=.

dx

d A
afe ax? + 2hxy + by? +2gx +2fy+¢c =0 g Exy“ T
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(e) An object moves along a straight line in such a way that after t seconds,
its velocity is given by v(t)=10logst+ 3log, t ft/s. How long will it take for
the velocity to reach 20 ft/s?

@a@@w%@ﬁwmw%mtﬁ@mw@ﬂﬁmm
v(t)=10logst+3logyt Fe/8hs &I T 20 2 /Behe e g | feha &
A ? ‘

2. A Red Cross aircraft is dropping emergency food and medical supplies into a
disaster area. If the aircraft releases the supplies immediately above the
edge of an open field 700 ft long and if the cargo moves along the path
x=120t and y=-16 t2 4+ 500,t 20, does the cargo land in the field? The
coordinates x and y are measured in feet and the parameter t (time since release)
in seconds. Find a Cartesian equation for the path of the falling cargo and the cargo’s
rate of descent relative to its forward motion when it hits the ground. 14

e YeshTe T U 3 & ST @ TR 3 gasit i s fro @ ARk
3 fom sgfe =8 700 e e T get g 3 R o e R S B S e x =120t
3ft y=-1612+500,t20, g9 T e 2, A G feE # wel ® R 87 x 3 y
aﬁaﬂ%‘ﬁﬁﬁiﬁzﬁmm%aﬂxmt(ﬁnﬁ%aﬁﬁm)ﬁ@ﬁmm%ﬁﬂﬁ
@w%w%m@mmwﬁaﬂtwﬂﬁ%aﬁaﬁﬁ%ﬁma
a?r,aaiiwﬂ:mtﬁw%,umail

3. A particle moving with simple harmonic motion from an extremity of the
path towards the centre is observed to be at distances xj, Xp, X3 from the
centre at the end of three successive seconds. Show that the time of

.. 2m X+ X
oscillation is e where cosB = e B 14

a3
S 7Y R E ' S T S 7T U 1 R A S dehust Fe T F5 4

. , 5 )
x4, X, X3 B SR T ST T 2| e < o e E —é’f 3 el C059=x12;x3

2
2

4. The linear operation L(x) is defined by the cross-product L(x)=bx x, where

b=[01 o]T and x=[x; x xs]T are three-dimensional vectors. The 3x3
X1
matrix M of this operation satisfies L(x)= M| x5 |. Find the eigenvalues of M. 14
X3
wh Waw d=eH L(y B L(x)=bxx éﬁmwéqﬁﬂﬁaﬁﬁmmé,aﬁ
b=(0 10 3 x=[x x, x3|f I S Jed §1 3@ ®E W 3x 3 AW M,
X1
Lix) = M| x, | 1 §q¢ FW 8| M 1 T TE AT B
X3
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5. Using Laplace transformation solve the following initial value problem : 14
2
4y g+y= e %! sint,
dt

y(0)=0,y’(0)=0.
AT qREd ) SIEER I gU e SR W HEE e

2
g—g+y=e_
dt

y(0)=0,y’(0)=0.

2t sint,

6. Evaluate the integral I:: sec? x dx. 14

e [sec? x dx %1 A R

7. Solve the differential equation given by

(x+2y+3)dx+(2x+4y-1)dy=0 14

i fewiftme T St & i

(x+2y+3)dx+(2x+4y-1)dy=0
- d
8. Show that ¢> ot LR 27n, over any piecewise smooth Jordan curve c
x2 + y2

14

enclosing the origin (0,0).

SRS (0,0) 1 Searet fret firerarest wg WA 36 C % I 7@ qC, 1%

§ YA oy

x2 +y2
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SECTION—B
We—B

9. Answer the following questions : 6x5=30

frferfaa st & s o -

G
(@) Show that N is isomorphic to the multiplicative group W = {1,-1}, where

G = D,,, is the dihedral group and N ={y,y>,...... Yy lyt=e).

< G L L
e femd 2 TR W= {1,-1 W IFEMEF 8, F& G = Dy, SHagaA
H{G% I N= {y,yg, ...... ,yn_l,y" =e} |

(b) Show that the sequence < f,, >, where f,(x)=nx(l-x)" is not uniformly
convergent on [0,1].

7z femmd 6t fadm < £, >, FE £, (x) = nx(l - x)*, [0,1] W T9&T ¥ @G TE
2l

(c) Solve the initial value problem :
u =-2tu?, u(0)=1
with h =0-2 on the interval [0,0-4]. Use the fourth order classical Runge-
Kutta method and compare with the exact solution.

o= s 99 guEn 9 g W

u =-2tu?, u(0)=1
Td FA [0,0-4] W h = 0-2 2| B 3T FNRIFA FF-F31 TG I FGER M
3R T TETYH % WY A B

(d) State Cauchy integral formula and use it to calculate the following
integral :

n :
‘[0 et cos(a sint) dt

Wi 3T BIHET Bl A Bl AR 9 Fger 8 1 3feuar 1 7 i
_[:: e%°°S! cos(asint) dt

fe) Let R be a commutative ring with unity and A be a proper ideal in R.
Prove that the ideal A is a prime ideal if and only if R/A is an integral
domain.

T & R, 318 a1 Uh HREAT U1 B 3R A, RH % TR 3feae 2| g L &
Fsfeaet A U wTeH Tfeas 8 A R/A U st SR R
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1
10. (a) Integrate f(x)=—5 over [2, 3] by using the partition
%

3
P = {2, 2a,2a’, 2a3,...,2a" = 3}, where a is the nth-root of 5 7

aSH P = {2, 2a, 242, 2a°,...,2a" = 3} %1 SFIER A L f(x}=—1§ W [2, 3] W
X

shelle #, el a, 2 1l o R

a4

(b) If f(x)= «3 is defined on [0, a], show that f € Rla, 0] and L;lf(x)dx =— 7

4

af Flx)= x2, [0, o) W afenfya &, A fe@=d % f € Rla, 0] ﬁjgf(x)dpi:—
2

11. Define Euclidean domain and prove that for a, b be two non-zero elements of
a Euclidean domain R, if b is not a unit in R, then

d(a) < dlab)
Also show that an element x in a Euclidean domain is a unit if and only if
d(x)=d(1). 14

@Fﬁ%m@ﬁﬁqaﬁqﬁnﬁaaﬁﬁtmaﬁ%aﬁ a, b JFATEA S RS 8 -
uferieg & 3R af b, RH T 6 TR Al dla) < d(ab) |
Ty & fe@nd &% afe d(x)=d() 3 @ e SiF A T TRiE X T 3 2

12. Let xg, X1, X,.--»Xp b€ n+1 distinct points from the closed interval |[a, b],
and suppose that fis continuous on [a, b] and has n continuous derivatives

on the open interval (a,b), then there exists a &€ (a, b) such that

{n)
f[xO!xl’er---:xn]’:"f"_n!(Q 14

a5 % T (closed interval) 5 3T [a, b] & Xg, X1, X250, X T n+1 goreh fog
%ﬁnf,[a,b]mﬁqm%ﬁaﬁa%,w@m [a, b] & 39 n Ff=gFE ShEfca

(n)
% AT & e (a, b) TG BN AN f[x0,%1, X255 %n] = fm(&) e
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13. Find three different Laurent expansions involving powers of z for the function

3
flz)= 247 52 - Also show the residue of f having a pole of order k at Zg # oo is

1 dk-1

. k
mzli)ngo d_z‘ﬁ((z"zo) flz)
)= % fore 3wt i e R Freh w6 w e

6 1 srastw, e aitdt ko tie Zp# @

1 dk_l

= 2572, g (== 200 St

14, A company has three plants at locations A, B and C, which supply to
warehouses located at D, E, F, G and H. Monthly plant capacities are 800

are given below :

D E F G..H
A°|S 8 6 6 3
B |4 y 7 6 S
C |8 4 6 6 4

Determine an optimum distribution for the company in order to minimize the total
transportation cost.

A, B3R cmﬁmw*ﬁ%eﬁqa‘ﬁa%sﬁa E, F, G 3R H¥IH W e emi 5
Yfel e &1 ATy T e s soo,sooaﬂwooswéﬁ%lmrhmwmr&
A1 400, 400, 500, 400 3R 800 AT &) THIE iEE = Y fow o E,

D E F ¢ H
A 5 8 6 6 3
B |4 ’ 4 7 6 5
C |8 4 6 6 4

Wqﬁaﬁmaﬁwmégj@m%ﬂwwﬁ%ﬁ

14

14
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15. (a)

(b)

If Sis the boundary of a spherical surface lying wholly within the fluid,
then show that the mean value of the velocity potential is equal to its
value at the centre of the sphere.

af2 s, w7 § qUiA: T 7Y U TIerRTRR ST B i 2, @ e e 6 aeted
ﬁ%ﬁmwu@mrﬁaﬁ%%@ﬁmm%ﬁw%

A long pipe is of length I and has slowly tapering cross-section. It is
inclined at angle o to the horizontal and water flows steadily through it
from the upper to the lower end. The section at the upper end has twice
the radius of the lower end. At the lower end, the water is delivered at
atmospheric pressure. If the pressure at the upper end is twice atmospheric
pressure, find the velocity of delivery.

1 oS T U 7Y (Aett) 1 shra-de 2 1 7w &St & IO o TR EIT R 3
Tt TEE & TR IR & A1 % BR 1 A T8 W 2| I SR F I H rgermE, Tt
BR & mwm%lﬁ'@mwwﬁma@ﬁmmmm%m&
T BR T gaTE qEESEE g 1 AT A, fr i i we i)

16. Consider the following equation :

. - 2 _ y
Uyy — 281N X Uy — COS™ X Uyy, cosxu, =0

Find a coordinate system s=s(x,y),t=t(x,y) that transforms the equation
into its canonical form. Show that in this coordinate system, the equation
has the form vy =0, and find the general solution.

e fietor W foem =

g 2 ur
Uy — 281N X Uy = COS™ X Uyy —COSX Uy =0

TF HIFANAE =T s = s(x, y), t = t(x, y) Frerrel ST 36 THIEUT 1 FAIR €9 H Sge1
31 2| r framd 6 @ Pt o & w0 H €9 o, = 0 B & T $HH T
g ATt |

* kK
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