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Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt of this question paper.
2. All questions are compulsory.

3. Use of simple calculator is allowed.
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Answers may be written either in English or Hindi; but the same medium should
be used throughout the paper.
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1.  Answer any four of the following:
(a) Prove:
e + VI + Nlu-v|? = 2l +2{vi?
where # and v are two non-zero vectors.

(b) Find the equation of the plane through (1, 1, -1) and perpendicular to the
line (x,x,x) = (4 — 342 + 1,6 + 5t).

(c) The adjoint of a 2x2 matrix A is C. Prove that
(i) CA=[det (A)]1]
PTO.
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(i) Adjoint of AT= CT

(d) Express the following matrix as a sum of a symmetric and a skew symmetric
matrix.

2 47
A=)3 1 ¢
g8 6 9

(¢) State and check the Cauchy-Schwarz inequality for the following vectors:
x=(4, -2, 3) and y = (-3, 2, 3). ‘ (3x4)
frafiag ¥ ¥ 9 WR & IwW aRw,
(=) =W, o+ | + v = 2l +20vIP
& ud v A g Wk

(@) (10,-1) ¥ TR g @ W B (x,0,0,) = (4-362+1,6+ 5t) B TG TS
T TS T HioTgI

() CUw 2x2 s A T AwAC ot w9d o,
(i) CA = [det (A)] I
(i) Adjoint of AT= C7
(7) frfiRm s = wfn W e wfa doE & 20 3 ¥ A @9 S,

2 4
A=|3 1
8 6
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() Freafafme sRW & R F-wr srema o foee ot i

x=(4,-2 3)andy = (-3, 2. ).
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2.

Answer any three of the following

(@)

(b)

(c)

(d)

A country is divided into three regions 1, 2, 3. The proportions of the
populations of these three regions that stay put or migrate to another region
are given in terms of the transition matrix P = {p;). The entry Po i J

= 1,2,3, denotes the proportion of the population of region j moving to
region i. Construct the transition matrix on the basis of the following : 80%
of the population of region 1 stays put, 10% goes to region 2, 10% goes to
region 3; 70% of the population of region 2 stays put, 15% goes to region
I, 15% goes to region 3; 90% of the population of region 3 stays put, 5%
goes to region 1, 5% goes to region 2.

Hence find the populations of these regions at the beginning of the next

period and after two period if the initial population vector is given by

5

Write the vector w = (1,1,1) as a linear combination of vectors in the set
S = {(1,2,3), {0,1,2), (-1,0,1)}.

Find the equation of the line formed at the intersection of the following

planes:
x+ty~z=4
x+ 2y +z=3

Computer the rank of the matrix:

7 -1 -1
10 -2 1
6 3 2

Hence solve the following system of equations, if possible:
x—y—-z=10
10x— 2y +z =28

6x + 3y —2z=17 ~(5%3)

PT.O.
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frfafa % @ 5 &9 & I akm

(%) o 3w A 8 1,2,3 A Fenule # 37 S9F O ¥ e & X A T S A W
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Py ij=123% ;¥ &% ¥ Reafe vween o S i w1 @ R
Prafafas TS0 & AUR W EH0T T o1 e i) 80 it sFaer
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(@) afRw w=(1,l,1)—3ﬁaﬁﬁ%‘ﬂ'§'ﬁus= {(1,2,3), (0,1,2), (-1,0,1)} & v @
T & w1 # TrRaet

(1) Pl Teal @ sieSeT ¥ 9 = @ & eE T S
x+y—-z=4
x+2y+z=3

(9) Fefafen EE &t =i @ Ak

{7 -1 -1
10 2 1
6 3 2

e wm ? @ iR e e« s SR
Ix-y-z=0.
[0x- 2y +z=38
6x+ 3y -2r=17
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3.

Answer any three of the following

(a) Find the domain of the following function: f{x,y) = \/g
Y

Hence sketch the domain in the xy- plane.

(b) Suppose D = fx*+3? is the length of the diagonal of a rectangle whose

sides are x and y that are allowed to vary. Find a formula for the rate of
change of D with respect to x if x varies with y constant. Use this formula
to find the rate of change of D with respect to x at the point (3, 4).

(¢) Find the slope of the surface x> + 2 + zZ = 1 in the y direction at the points
_ P

(242 21 A
A= 333 and B = 3’33 . Assume that z is implicitly defined.
Where are the two points A and B located on the given surface?
(d) The demand for goods 1 and 2 are given by
q] —_ pl—l.'? pEO.E and q2 —_ pIO.S p2—0.2

Calculate the cross-price elasticities of the demand. (3%3)

frafafea % @ 78 &7 & s O

(=) Wf(x,y)=\/gaﬂmﬁmﬁfﬁm Xy RIS T WE W @i o ST
y - :

(@) T D= Jx*+y v e @ R o v @ e qed xvd @ Wi
wRadEie 31 AR x WRadTiier wa pRer & A x D ae DH uRadT W HGR
T ARG T T E T T ) B (3,4) W xR aw D aRawT AR
A i
212 21 =2 . '
(n1) Rgsi 4= [EE,E)QH B= (Eg:?}ﬂ y@ T A W (T5) ¥ +y2 + 7

=1Wmmﬂﬁvlwﬁ#zﬁﬁm@fqﬁwﬁaélé}§ﬁmﬁmaﬁg AT
Boet W feua 27
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q, =p, " p,"*and q, = p %5 p, 02
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4. Answer any three of the following
(a) Sketch the level curves for the following functions
(i) fixy) = 2 — x — y at heights k = -2,2.
@) ftx,y) = y* — x? at height k£ = 0.

(b) Find the equation to the.tangent plane at the point (2,1,4) to the graph of

fx,y)= x*y. Also, find the equation of the normal line to the surface at this
-point.

(€) Mfu=ze™ wherezisa homogenous function in x and y of degree n, then

Su . Ju
xX— = |
prove that PR ¢ o (ax + by + n)u.

(d) For the function (x,y) = x%° — 4y, find the gradient at the point (2,-1).
Hence find the directional derivative in the direction of the unit vector

(2 s
(Jz—ng‘g) (4>3)
ﬁﬁ%ﬁﬁaiﬂfﬁﬁ?%ww:

(=) Pt vell & = aw e
@) fxy) = 2 — x — y at heights k = 2,2,
(W) ftx,y) = y? - x* at height k = 0.

(@) B (2)4) @ T fixy)=xy T W T TS TG T T A g
W g ® g = Rl vame W W w SR

('JT) e u=ze‘“+"yﬁ'§'?_z,_x§’?fy”}3?f% nWWWW%?ﬁHﬁ,

du  Ou

X.gx*+}"é;= {ax + by + nu.
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5.

(.E[) W(XSY)=x2yj_4y%ﬁaﬁT§ (2, —1)‘!(31?[?1‘[6351‘%{@337@11@3 v=

[*J%:%Jﬁﬁmﬁﬁmmmﬁmaﬁmu

Answer any three of the following
(@) Let f{x,y) = 4xy — x* - y*. Locate all extrema and saddle points.

(b) A firm produces its outputs x, and x, in two plants under the following cost

conditions:
c, = 10x,
¢, = 0.25x22

The demand for its total output is x, + x, = 200 - 2p.

Find the levels of outputs to be produced in the two plants that maximize the joint
profit. Also, find the price p at which profit is maximized and the value of the

maximum profit.

(¢} Determine the definiteness of the following quadratic forms:

D g(x,y) =4x* + 4xy + y2

(iii) q(u,v) = 2u’ — 4uv + ¥V’ sit. 3u+4v =20
(d) Check the concavity / convexity of the following functions:

) fxy) = xy

Gi) fix,y) = —3x + 2xy — y* + 3x —dy + 1 (5%3)
frfaa ¥ ¥ e &9 =1 I AR
(%) T fy) = 4y - x4 — y* B1 T T @ I (RaE) fargall o T
(@) Pt ame T & ST v T A w0 # T x, @1 FeEA A T

c, = 10x

1 1

c, = 0.25x}

xl+x2=200—2p3'€i?%a§<=[3?qﬁﬂ'aﬁ'ﬂﬁﬁ’l
Wmﬁmﬁ%mﬁﬁ%mﬁa%ﬁﬁa&mﬁm|
A SRR e e sftrmaw W e W T S
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() Freaffea o & @ fftaaar w1 99w DR,
W) g(x.y) =4x* + dxy + y2

() g(u,v} = 2u? — 4uv + v s.1. 3u+ 4v =0
(a) F=fRea werl 3 Smer/ sadaw 9 wtg DR

W fxy) =
() flx,y) = =3x2 + 2xy — )2 + 3x ~ 4y + 1

6. Answer any two of the following:
(2) Find the maximum and minimum values of the function
Soy) = x* = 2xy + 2y
on the closed bounded set D = {(x,3): 0 <x<3,0<y <2}
(b) Maximise f{x,y) = 100Inx+50In y, where x> 0, y > 0
subject to 3x + y = 10.

(c) An individual has a utility function ¥ = ¢ ,4, based on the two commodities
purchased g, and g¢,. The prices for these are p, and p, respectively, while
his total income is M. Construct an optimization problem by using the Lagrange
method. How much of each commodity should he purchase in order to attain
maximum utility? (6%2}

frefafas % @ 8 & @ 3= SR
(%) wiag WG D= {(xy): 0<x<3,0 <y <2}. R enRd B ffx,y) = =x*—2ay
+ 2y ol A & = A s A6
(|) s fix,) = 100Inx+50kn y, & x> 0,y > 0
afe 3x+y=J0 |

(1) v =fRE @ & gl g, v qzﬁﬁﬁﬂawmaﬂfﬁﬁlﬁlmu—qq%l
forehl &S @ p,@pzéwmmMﬁnﬁnﬁﬁmwmw%w
Wmmﬁﬁwaﬁfﬁua&waﬂﬁmwaﬂ%%ﬁwmm
it framit I |l Tl
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