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(a) Write your Roll No. on the top immediately
on receipt of this question paper.

$9 9F-TF B WIS B 9% GRS o gt a1

el Hax /RrE |

(b) Answer may be written cither in English
or in Hindi; but the same medium should
be used throughout the paper. .
T 99-99 B I SN 1 R Rinf o ’
e H R, ST T S o & oy

BH =eq |
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11 quEStiDng_ Ch :
Answer a : OICe 1s availab]
(c) within each chStIDHE_ e

(d) Use of simple calculator jg permitted.
AT dhegeed TAT gy TR B
1. Attempt any four from the parts (a) to (e) in this
question. &xd
3 997 § 97 (a) T (e) ﬁﬁmﬁw%miﬁm

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

[0 HITT 5 & k wfsii @ a1 off ageEg
?@‘m’d : T (linearly dependent) @rar
¢ g k > n. |

(ii) Under what conditions is the lower
tnangular matrix of order n  n invertible ?
Prove, for a Jower triangular matrix of
order 3x3, that if the inverse cxists, the
inverse is also a lower triangular matrix.

Eﬁqﬂﬁ%a}eﬁq n x n &9 H T =
? e STeE (lower triangular matrix)

ATy (invertible) znfn% ? gz Fiem
= et 3x3 Bt P Afdea
? R i i (inverse) 3T AR 8,

T ey Froms e 91T



(b) (i) For what values of p does the system of

€quations :
_px+y+4z=2;gx+y+pﬂz=2;x-32=p

have a unique, none or infinitely many
s;ﬂlu;ions.
p & Ree T &g aeiiepeor P
px+y+4z=2;2x+y+p?z=2;x-32=p
o1 ITEA &SI, 1S &t A6l B AT ST~
& B |
(ii) Replace the vector of constants t2, 2,p)
' in part (i) above Iby (b, b,, b,) to state a
necessary and sufficient .ccmdir_ion for
. the new system of equations to have
infinitely many solutions.
Suren =T (i) 5 Rerd=l & afkwr (2, 2, p) B
I 9T (b,, by, by) TR T 577 7 Fpefrepser
frepra & ST 91 B 8 Y99 7 qaf
gt @y fAfad |

S . DT A
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consumers of a product are equally

& Eiﬁgfdo?:;etwecn brand A and brand B this

year. However cach year 10% qf brand A

consumers of the previous year shilt to brand

B whereas 20% of brand B consumers of the
previous year shift to brand A. The total .

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

=q a9 UF FUE b 5000 ITAEN AS A F

oz B # frafera &) oftad @is A & e

3 STieRTaT ¥ 10% =S B 9X I S &

safp @iz B & Med ad & IuwEded J 4

20% #E A 9T I A & | IAESAT H Fo
e R W € 30 9@ S ofel &

w1 H [ifEe 7 @l geaar 9 e

el & IwT ST | ~

(i) What is the proportion of brand A
consumers after 2 years ?
Qﬂﬁﬁ]ﬁﬂﬁﬂ%ﬂﬂ“ﬁ?ﬁraﬁeﬁraﬂqmw
BN ? '

(ii) ‘What was the proportion of brand A
consumers last year ?

ﬁﬁﬂ&ﬁah%mﬁ?ﬂaﬁﬂawqm
o1 ? *

4
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(d) (i) The plane P is pérpendicular to the

. x-2 3""4 E_J
straight line 3 =75 2

passes through (1, S5, 7). Find the
equation of the plane P.

and

X — 2 }"+4 z—3
e (plane) P, 3@l 5 > @

Ty [perpendmular)%ﬂm[l 5, 7) @r
T § | T P T @HI6T S i |

(ii) If ¥ and ¥ are vectors of unit length,

under what circumstances is the length

of their difference equal to 2 ?

i x Ty FHE AR @ &l AR 8, a1 6
qﬁﬁﬂﬁ\ﬁnﬁfﬁwzﬁrmzq}w
ey ?

(e) (i) How manyrdiﬂ"_erent matrices of urder-

3 x 3 can be formed that are both
diagonal and idempotent ?
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(1i) Describe the set of vectors spanned by

the set of vectors A, B and C, where :
[k A, B g C, 8RT 92 ¢ (spanned)

AN F AY==g I o Hfog T8

| (NN © D32

A‘.=.‘2'S,9;B= 2,8.1?#;
\3/\6)\8 | CIANYY u.zl)J
(1) (0) (0

C=<(0[,/0[l0]}
kD 0 kl_;J

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

@nwﬁm[a)ﬁ[c]ﬁﬁﬁnﬁﬁﬁ%ww|

(a) (i) _Specify the domain and provide a rough
sketch of it for the function
f(x,y):ln(g-xz—‘}y:). Also provide g
rough sketch of the level curve at the
height 4.

AT f(x,y)=In(9-x-9) &l q3rg

R & et oo eafert e | e 4
T I wx 75 77 oft o Hf |

. B
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r concavity of a
ontinuously
d is defined

- (ii) State three differen

sufficient conditions fo
function f(x, y) that 1S €
differentiable of order 2 an

on a convex domain.
in qx iR
Ueh ISl 9 (convex domain) timuously

T T 2 B e SpEehedd (ConLTo o
' differen_tiab% é@qamﬂ}f:aﬁr}gﬂ% q
[cnncz%tﬁ} | |

-(b) (i)l For the surface defined by the

' : y
differentiable function z = F(x,-{} show

' that the tangent plane at (x,, ¥,)
intersects the z axis . at

=

Z= F(x,,ﬁ}—-F'x [x,,h] X,
e, 3 s 1.

* ST B z=F{:~:,y},m afemfae

X
e (surfae) 87 FUET B 9% weff woe
.(tangent plﬂﬂﬂ] VA arar Eﬁ'\r

_F| x, 2 |-F | x,, 2 . '
Z"F(x”xl} [ "x,]"l T sfr=dfeg
 (intersect) Eh_{,'f?”'%l |

M ™~
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(i) Draw a sketch of the level curve(s)to

¥
-

X 2
the function f(x,}')=f-+[§J at the

height 3 cm or m. Is the function

homothetic ?

| 2 a8 |
Fer f(x,y)=—xz+({-J % Ha1s 3 cm or

M 9T & Th (1) Bl TRAET T | =y
. YT %O Beifes (homothetic) & ?
(c) The temperature at a point (x, y]' on a metal

plate in the X-y plane is Tf?‘h}’)= F:Y 5
I+x"4y? -

X—Ywaﬁu@q%qm%z%ﬁ@(x,y]w

Gl e T(x,y)--—lﬂ?wz g

(i) " Find the rate of change of temperatyre -
at (1,1) in the direction (2,-1).

(1,1) TR (2,-1) H AT & qftadsy o5
X SN Fifdrg .

., 8
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es to walk in the

(i) An ant at (1,1) wish
emperature drops -

direction in which the t
most rapidly. Write down the unit vector
in that direction.

(1, I}Wﬁﬂﬁqzﬁiﬁﬁwﬁﬂﬂﬂﬂmm el
% Prerit ey e A @ P 8 | 59 R

A ?Fﬁl'é afyr Rl 1 -
3. Attempt any two from'the parts [a] to (c) in this
question. 6x2

1sﬂmﬁﬂm{a}ﬁ(cjﬁﬁ%ﬁﬁ%wwl
(a) Given that the function f(x,y) 1s homogenous
af (x, of (x,
(x,y) and (x,y)
ox oy
are homogenous of degree p-1 . Using this,
or . otherwise, prove that

x’fy, +2xyf,, +y' £, =p(p-1)f(x,y)
Rear o & o6 et £ (x, y) S p =67 oerer &,

f(x,y Bf(x,y]
:uiszﬁiﬂ( ) dy oy I p-13wHm

¥ | e qeradl d, I ST Ry S Ry
x*f, +2xyE, + ¥ Ty =P(P=1)f(x, y)

Qs

.of degree p, show that
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{b] (i] State the impllCit funf_‘.tiun thﬂﬂrﬂm_

T e s (implicit function theorem)
i [T |

(ii) The function f(x, y, z, y, V)10 gt s
defined by the system of ty, equatmns
wlyz + 2xv-u?v¥-2 = 0 .4nd xy? + xzu
tyv?-3=0 , has a solution at (x,y, 2z,
vi=(1,1,1, 1, 1) . Find the values of the
endogenous variables y and v when

X = 1.02,}':0_99, and z= 1

T Y, 70, v) e o B
w%ﬁ?ﬁm:.uayz+2xv—u?v?—2=
ﬁiqu2+mu+ﬁ2_3=0 ﬁqﬁwﬁ’m%
%y, 20, v)=(1,1,1, 1, 1) T OF oo
'tﬁ"‘“lﬂz y=0.99, T 2= 1 & it
i R (endogenous vanables} udg v
%%mqaﬁrm
l'D.'

9
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(c) State the definition for a quasi-concave
function. Use the definition to test whether
the fﬂllnw:.ng three functions are quasi-
concave :

() () =x (i) g) =yx @) b6 =*Y

T T 3TEAe (quasi-concave) HEIT &l qreATeT
RIE 1 28 SR & saTe @ PrefeiRad At et
% 3T YA B I T K |

() (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
TH 9T | 91T (a) & (d) 7 9 [ §9 & Iwae o |
(a) Derive the conditions on a,Bunder which
the function f(x,y)=2x"y* o, B > Odefined
on the domain x20,y20 is:

UTTH. x20,y 2 0 qY qﬁqffhﬁl‘ S
f(x,y) =2x°y*, o,B > 0.

(i) Strictly Concave

-

1%L
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(i) Concave |
s (Concave) &

(iii) Quasi-concave
M*W (Quaﬂi—{:nnpavﬁ} %

(iv) Convex
It (Convex) 2 |

(b) State the sufficient conditions for a function
to possess both a global maxima and a global
minima in its domain.,

Find the globa] ¢Xtreme points for the

function f (%, y) = x*y? defined on the set

ﬂ"‘r}’”x?.l,y 22,x+y<10}.

WW%WE?%G&EIH [g;,lubal maxima)

T A Mt (global minima) &FT &M ?g

T 917 25 Rafaa |

Haamﬂx,y”x 21,y >2, x+y <10} X gftanfg
‘ I[x, y) X’y3 3 ANgF T Filﬁ (extreme

Pmnt?] STy I .

9
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(c) Find all stationary points of the function -
f(X, ) =x3+y2_oxy-2x?+x-y ¥ 4 classify
the stationary points as maxima, minima and

saddle points.

,Wflx.}"]ﬁx3+y*—2xy—2x2+x'}’+4%
T R Faﬁ (stationary points) ST I |
&1 (g3l %1 Sfe=r (maxima), s (minima)
a7 Fe famg (saddle points) & G IT T
T |

(d) 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.

wep foeg a6 x? + y? = 100 9T 71y wmvar ¥ 1 B
- g W g (%, ¥) = (10, 8) ﬁmzﬂw

Bl ﬂﬂﬁw%mq%ﬁurm 100 51 T

(mstantanﬂﬂusl ST T g 7

9
1
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the partg ( in thi
two from a) to (c) in this
. 5. Attempt any 450
question.

WHWﬁW[a)ﬁ,[C]ﬁﬁﬁﬁﬁgﬁ%W, t

(a) Consider the differentia] €quation

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

STaHT FHIHTOT (differential equation)

dy y . .
;[T=k[1‘;;Jy T AR b @t kg

b2 9T 3T (phase line) &I SAIRTET FHifona |

Two S€ls A and B in 9?are defined as

A.a{{x* N xy > 10}and B={[x,y) 2x*+y <0}.
Draw 5 Sketch of the sets to decide :
° 14 '

(b)
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9 & Fe A = (fx, y)| xy 2100 T BT
Y) 2x*+y < 0} mqﬁnﬁﬁflﬁﬂ'ﬂ?ﬂmzﬁ
AR TR 7 7 ot 1 TN A e
St & SR AP
(i) whether the sets A and B are closed and
| bounded.

T =T A @ B 9= (closed) T ITH

[Bnunded]%
(ii) whether the set A "B is convex.

T Y=g A N B S« (convex) € |

" :
(c) Show that ?&(l)=CEf t5isa solution to the

) 8 = .=
differential equation —-=3X-3 . Find the

integral curve when x(2) = 1.
'_C -1} 3
amfgﬂ._ fr x(1)=Ce"+< , oramar @eimor

dx
—5x—3% TF & &1 T x(2 2
dat @ =138

oL |G ] Eﬁ.ﬁ' (integral curve) Sy qﬁﬁm I

15
i 3500
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