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weRial $ i fdar -

(a) Write your Roll No. on the top immediately
-on receipt of this question paper.
T F99-99 % 9I 8 9% g O 9% orer
et e forg |

(b) Answer may be written either in English
or in Hindi; but the same medium should
be used throughout the paper.
g9 999-95 H Ia AU 7 B e o
o | i, AfET @ oeR o & W §
B9 =fey |
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(c) Answer all questions. Choice is available
within each questions.

g¥fl d9fg gei & I Gt wsf g $
HIaY I Iq B |
(d) Use of simple calculator is permitted.

AR FHegeied TANT H H ST 8|

1. Attempt any four from the parts (a) to (e) in this

question.

6x4

TH 999 T 91 (a) T (e) H T B5dl I & Iwid ifora |

(a) (i)

Prove that any set of k vectors in R" is
linearly dependent if k > n.

R ifoT fop F k Afe=ii & @i i ag=aa
g : 731X (linearly dependent) &rar
g g% k > n.

Under what conditions is the lower
triangular matrix of order n x n invertible ?
Prove, for a lower triangular matrix of
order 3x3, that if the inverse exists, the
inverse is also a lower triangular matrix.

fopT el & o1 n x n %A FH UH
FErehIvTeHeh 2718 (lower triangular matrix)
AfdH1a (invertible) Brar 2 ? fores Fifa
% wh MET 3x3 1 Brepromerss Afgaa
% fom af gfad (inverse) = e1fE 2,
ar gg |t T BreproneTes e
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For what values of p does the system of
€quations :
px+y+4z=2;2x+y+p2z=2'x-3z=p

have a unique, none or infinitely many
solutions,

p%ﬁﬁmﬁ%@“ﬁzﬂqw .

(ii) Replace the vector of constants (2,2, p)

In part (i) above by (b, b,, b)) to state a
Necessary and sufficient condition for
the new system of equations to have

infinitely many solutions.

mﬁm(i)ﬁﬁaﬁa%%amr(z, 2,p) %

ST (b, by, by) T 7 387 17 apeepor
Mepra %a*:’:ﬁﬁ@%%gmswaqqfq
3ﬁ§%%ﬁ| !

3 P.T.O.
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(c) The 5000 consumers of a product are equally

divided between brand A and brand B this
year. However each year 10% of brand A
consumers of the previous year shift to brand
B whereas 20% of brand B consumers of the
previous year shift to brand A. The total

number of consumers remain fixed. Set out
the problem in matrix form to answer the
following : '

39 99 TH IO B 5000 IqAT HiE® A g
gis B # faaior 81 ofvad stz A & fMed o
& IgFFreT ¥ ¥ 10% =T B 9T = oy B
S g B & oe af $ sudearet § @
20% #fe A 9 =< ST € | ITreranait @t gt
der e T B ogw wwen & oneget &
Y H fafEe g ga qemar O i
994l ‘@ IET gl

(i) What is the proportion of brand A
consumers after 2 years ?
2 9t a1 #iE A F TR B ST T
BT ?
(i) What was the proportion of brand A
© consumers last year ?

ﬁ@ﬂﬁﬁi‘é’A%G@ﬁ?ﬁTﬁﬁaﬁme-

oF
4
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(d) (i) The plane P is perpendicular to the

(i)

(e) (i)

‘X2 y+4. -3
3 5 2

passes through (1, S, 7). Find the
equation of the plane P.

straight line and

x—2_y+4=z—3
3 5 2
@=Eg (perpendicular) ® =T (1, 5, 7) @
ST & | e Pl THIROT SIa iy |

If ¥ and y are vectors of unit length,

%

aHae (plane) P, ¥@r

_under what circumstances is the length

of their difference equal to 2 ?

R 3 Ty THE TS B &1 AT E, 9 fh
Rl H§ 377 o= & T 2 & S}
BRT ?

How many different matrices of order
3 x 3 can be formed that are both
diagonal and idempotent ?

9 3 x 3 % UW Fuae FATT-ATT STgE
AT A7 A & 1 1% faeporieres (diagonal)
4 8 7 aMgS™iee (idempotent) ¥t ?

5 P.T.O.



9118

(ii) -Describe the set of vectors spanned by

the set of vectors A, B and C, where :
afk=f A, B @ C, &R 9 T (spanned)

Tl & Tyg=era 1 ol Hfm 8
1)(4)(7 1Y(4)(7
A=3120LI50[9]¢ B=<[21,| 8 |17 [};
3)(6)(8 3)\12) |21

1) (0) (0
C= 01,/ 0
0)10) 1

2. Attempt any two from the parts (a) to (c) in this
question. 5x2

¥ U F 9T () F () F ¥ Rt @ B 3w difomm

(@) (i)

Specify the domain and provide a rough
sketch of it for the function
f(x, y)=ln(9—xz—-9y2). Also provide a
rough sketch of the level curve at the
height 4.

BAT f(x, y)=In(9—x2—9y2)Eﬁr qTya
RifaT & I@esT U Y@t aemEn | S 4

9T 39 WX a5 B 9 STRRET FHiftw |

6

(ii)

(b) (i)
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State three different necessary and
sufficient conditions for concavity of a
function f(x, y) that is continuously
differentiable of order 2 and is defined
on a convex domain.

Teh Iiel 94T (convex domain) 9T IR
g ®H9 2 B ad: (continuously
dlfferentxable) B f(x, y) @ oTadedr
(concavity) g 7 STET-ASTT SAETEH T
it ST %ﬁ}m |

For the surface defined by the

differentiable function z=F [x, 1] , show
X

that the tangent plane at (x,, y,)
intersects the Z axis at

Z=F(x]’h)_}‘:t‘( yl]xl
Xy x[

STIHAAT BT z = F[x—)mqﬁwﬁﬁ

e (surfae) 37 a3 5 a¥ wqaff @xaa

(tangent plane) 2z & HI

z= F(X.,i'] F'x[xp%]xl gz gfoesfed
1 1

(intersect) &HaT & |
7 P.T.O.
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(ii) Draw a sketch of the level curve(s)to
. 2y (yY
the function f(X,y)==>+|<| at the
X X

height 3 cm or m. Is the function

homothetic ?

2y fiite
BT f(X,Y)=Y+[-Z"] % 912 3 cm or

m 9T FX I (Thi) i STRIET Hifora | s/=m
ge %eT- sEEfess (homothetic) & 2

(c) The temperature at a point (%, y) on a metal

Xy
I+x*+y® °

X-Y g9 H 91g B 0% e B By (x, y) 9T

Xy
1+x2-i-y2 ®

plate in the X-Y plane is T(X,y)=

ages T(x,y)=
(i) Find the rate of change of temperature
at (1,1) in the direction (2,-1).

(1,1) 9x f&em (2,-1) & qroq & gfRadT =5
&Y S HifoTT |

vt
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(ii) An ant at (1,1) wishes to walk in the
direction in which the temperature drops
most rapidly. Write down the unit vector
in that direction.

(1,1) 9¥ fRer usp =it 39 Ram & Fa= amsdr
2 Prad aroa 9= T & Frear 8 1 39 Rar
# goprs afeer fifaw

3. Attempt any two from the parts (a) to (c) in this

question. 6x2
I 99T H 9 (a) ¥ (c) # O Bl & & I A

(a) Given that the function f (x, y) is homogenous

of (x, of (x,
of degree p, show that % and _(an_y)

are homogenous of degree p-1 . Using this,
or otherwise, prove that

x*f, +2xyf, +y’f, =p(p-1f(x,y)

e gt & o & f (%, y) i p T THEE B, &

v LB T

S oy
g s germar 4, I1 orgen U= FHiftra

x’f, +2xyf,, +y’f, =p(p-1)f(x,y)

9 508 gkt
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(b) (i)

(1i)

State the implicit function theorem.

IR el 98 (implicit function theorem)
I ferfga |
The function f(x, y, z, u, v) : ®° _ %2 is
defined by the systein of two equations :
u’yz + 2xv-u?v? - 2 = 0 ;and xy? + xzu
+yv?-3 =0 , has a solution at (x, y, z, u,
v)={1,1; lad; B Find the values of the
endogenous variables u and v when
x=102,y=0.99, andz=1 .
B f(x, v, 2, U, v) : )y )2 N BB A
BTN & Mo wlyz + 2xv -~ u?v2 -2 =
0 ;& xy?+ xzu +yv? -3 = 0, ¥ 9ftsiiva 2,
N (X,¥,24u,v)=(1,1,1,1, ])IXTH &q
2199 x=1.02,y=0.99, T z= 1 & a
=il =4 (endogenous variables) u @ v
% {9 S FHifoTT |

10
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(c) State the definition for a quasi-concave

function. Use the definition to test whether -
the following three functions are quasi-
concave :

(i) f(x) =x* (i) glx) =Jx (i) h(xy=xy
ush 378 STEAE (quasi-concave) BT B GFRATHT
ferdl | g qRToT & SEaETe | Rt @9 st
& e AT B T TLETOT e |

Mf (x) = x* (ii)g(x) Jx (i) h(x,y)=x*y

4, Attempt any three from the parts (a) to (d) in

this question. 7x3
9 599 ® |1 (@) & (d) 7 | B d9 & I St

(a) Derive the conditions on «,under which

the function f(x,y)=2x"y",a,p > Odefined

on the domain x20,y>0 is:

a,B 9T I @I B A Hiorg B T,
gyrd x20,y=20 9T gfxHqrfde wa+w

f(x,y)=2x%"0,B > 0.
(i) Strictly Concave
a&Era: efgad (Strictly Concave) &

11 P.TO.
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(b)

(ii) Conc;';we
37ad (Concave) &
(i1i) Quasi-_concave
3FE-37qd (Quasi-Concave) &
(iv) Convex
Iwid (Convex) B
State the sufficient conditions for a function

to possess both a global maxima and a global

minima in its domain.

Find the global extreme points for the
function f (x, y) = x?y®* defined on the set
y)[x21,y >2,x+y<10} .

Teh % & I 7 Af¥as 3 (global maxima)

7 Af%gs e (global minima) T 819 gg
STMEYFF 9Td] I fAfEy |

TI=A {(x,y) |x >1,y >2,x+y <10} 9 aRwifta
w £ (x, y) X%y & Afass a7 g (extreme
points) sTd FHifeTT |

12
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(c) Find all stationary points of the function

f(x,y)=x>+y*-2xy-2x*+x-y+4 classify
the stationary points as maxima, minima and
saddle points. .
FATf (X, y) =X +y2 2xy - 2x> + X -y + 4 B
it Ree g (stationary points) ST @I |
3+ frgail 1 Sfears (maxima), ™SS (minima)
a1 #1@! favg (saddle points) & TR 9T Fihd
FHfor |
A point moves on the curve x? + y*> = 100 . At
what point is its distance from the point
(%, y) = (10, ‘8) minimum ? If the constant
100 in the equation of the curve were to be
increased by one unit, what is the
instantaneous effect on the minimum
distance.
e férg @k x2 + y? = 100 9 7Iid HYar & | fhE
forg ot g (x, y) = (10, 8) & T §1 =T
Brft ? afE @6 B HERTOT B ¥ A9 100 i T
ZepTE § o7 a7 ST Y $6 A0 g4 I areiiors
(instantaneous) ST T B ?

13 il 2 A
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5. Attempt any two from the parts (a) to (c) in this
question. 4x2

FH 999 H A1 (a) A (c) F I B5E /1 B I G|

(a) Consider the differential equation

(b)

d y
d)t, = k(l—‘—Jy where k and m are positive

constants. Draw a phase line to determine
if the equation possesses a stable

equilibrium.

SAaHA THIHTOT (differential equation)

d
dst{—k(l-—}y 9 =R FItT 58 kg m

AT RaT®w € | = 39 g @ ey
TR H SR 8, g et s 'y
T ST @M (phase line) i g Hifvm |

Two sets A and B in ®?are defined as

A={xy)| xy > 10}and B={(x,y) 2x2+y <0} .

Draw a sketch of the sets to decide -
14

)
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g FATF=A A = {(x, )| xy >10}T B = {(x,

y) 2x2 +y < O} = aienfea ¥ | 71wyt 5

TG TR F I ARG i qerdr § Frfared

q9Hl % I AT

(i) whether the sets A and B are closed and
bounded.
o1 Gg=d A 9 B &= (closed) 9 IRE=
(bounded) |

(ii) whether the set A NB is convex.

o THeEd A N B Iee (convex) © |

3 .
(c) Show that x(t)= Ce" +'5* is a solution to the

dx

differential equation s ax-3

integral.curve when x(2) =

. Find tﬁe

5t 3
zerfza f x(t)=Ce ts , STEEd HIHTOT

dx

) 18, @
dt

=5x-3 up B 81 AT x(2) =

_ ke 9% (integral curve) ST 1T |

15 3500



