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Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt
of this question paper.

2. This question paper is divided into three sections.
3. Use of simple calculator is allowed.

4. Answers may be written either in English or Hindi;
but the same medium should be used throughout the

paper.
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SECTION A

Attempt any five of the following questions.
(5%8-40)
frafafaa ¥ ¥ fedf dfa o & I f

1. (a) A firm sells 2 brands X and 7 of a soap. The
outputs and prices are denoted by x, y and p. q
respectively. The demand functions of the two
brands arec x - 100 - 2p + 5q and y -~ 80 + 4p —
3q. Suppose brand X sells for 157unit and Y for
12/unit. Calculate the total revenue of the firm.
Estimate thc approximate change in revenue if
the: prices are increased by l/unit for X and 1.5/
unit for Y and compare it with the actual change

In revenue.

(b) Find the domain and plot it for the following

function:

Z=\Jx+y—-x-3 (4+4)
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(@) 3 n B N-vwaeT Maw T W fAuw ¥ N B

T 2T+ T-1= 0, , (null matrix)

(i) SWaa wiEw @ W w®Y, wfe W fF

T! (T - 1y.

(i) Read &, R A=T& A=(T ! w©
s A & fow A

3. (a) By drawing diagrams (or by making precise
algebraic arguments), determine whether the

following set is convex.

Hx,y) y 2 ¢*}

{b) Solve the competitive firm’s profit maximizing use

of labour and capital for the case where,
Y = L%2K% p=100, w=10, and r=20.

Find the optimum values of K, L and n. Also,
show that the solution is true maximum.

(3+7)
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{b) Consider a non-singular matrix T of order n such

that

TP -2T2+ T - I = 0__(null matrix)

n=n

(i) Use the above equation, prove thal

T-1 = (T - ).

(i) Show that, if A> = T then A = (T - 7)"!

for some matrix A. | (5+5)

() v Il Parm i & ot W 2 R =
frwd @ R B o 9w = § @ 3x3 I
i Aaw v « fuar X e W-1=1 7
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(i) A?and A’ @ 3R RaEw 5 3 I Ranfa
AR=w W B
(i) w g REW & A ww IO Rt iREw

2 3 98 trace (A") = 32" (6T, 3@ @ famuy
wedl @l AR é)|
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Tl B S WH ® AT GEAT x = 100 - 2p + 5q ;W
y =80 + 4p — 3q ¥ W @l & @z 1.5 &
fw sk Y 127fe & fog S=e 81 o ® a1 e
& IR FW) T § FFEAT aRadT 1 FTIE Y
afz el ¥ v & v 1k s @ B 1Ly
gz & gfa B 2 I vo X aeeRe wRada @
qa g@E qoe W '

(@) ¥ A I D Pkl vaE @ e Wit W

Z=Jx+y—-vx-3

2. Suppose Firm X wishes to manufacture three SUVs
in its plants at A and B using its labour force of L
persons. Suppose the firm allocates the total labour
force in the proportion a and 1 — a (0 < @ < 1) to
the plants at A and that at B respectively and hence
produces the total outputs of the three products (as

measured in 100s of units) given by the vector

10 6
al 4 [+(1-a) 10
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Given the above information, answer the following

questions :

(a) Is 1t possible for the firm to produce either of the
following output vectors if outputs cannot be

thrown away?

8
M |7
9.
9
(i) {7
9

(b) How do your answers to part (a) change if outputs

can be thrown away?

(¢) What will be the revenue maximizing choice of
the fraction a and how will it depend upon the
selling prices (p, p, p,) of the three SUVs?
What condition must be put on the prices so that

both the plants are used by the firm?  (3+1+4)
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AT x =4, y=1,T=683H=-7 o & fdw
WA, AR H # 2 a9 Al W A q@
aqEA & A T F weTht 63 FET WES F| x IR y
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(@) = i = amda 27 af? =, & sweqar
WA F 27 aE N WY R o A eeiniRw )

2 2
X"+ vy
Xy

(i) f{xy)=
(1) g(x,y) = 2lnx - Iny

12, (a) An upper triangular matrix is a square matrix if
all the elements below the main diagonal are zcros.
Consider a 3 x 3 upper triangular matrix A whose

non-zero elements arc equal to a constant a.

(i) Find out A*and A* and show that they are

also upper triangular matrices.

(i) Show by induction that A" is an upper
triangular matrix and that trace (A") = 3a"
(where, trace is the sum of all the diagonal

elements).

P.T.O.
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T = x3 + xy!?

H = y2 - 4x!2

Currently x =4,y =1, T=68 and H=-7. Fearing
student protests, the principal wants to moderately
increase H to —2 and decrease T to 63. Determine
the values of x and y that will help the principal

achieve this objective.

(b) Are the following functions homogeneous? If yes,
what is the degree of homogeneity? Also check if

they are homothetic.

2,2
@ floy)="2
(i) g(x,y) = 2inx — Iny (5+5)

(@) vw wiw & fiRee &1 @ sw 2 fe aik o
T x U W WA A AW AN IRy W umww
TRATK R T o Py Ro 9w ?, @ 3= W
T 26 W fFeRn # AR H o ST @9 '/
B 2, S & Fefifea v@dl g R e 2

T =% + xy!?

H = y> — 4x!7
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(@) af? MITYT W dw W FHA 2 W@ W (T) B R
S I R qEAT #7

(1) W o T TR FfF FE F fAwer T e i
5 A vagdl @l iR e (p, p, p,) WA
AR wan? FEE W o T @ W ity @il
BN A WA w IJwEw R o wR e

Ptz
where

3. (a) Compute the expression for
¢

qu(yxp
z=e""Y(x +y)

(b) A production function is given by

Q(L.K)= A[a L +(1—a)KP]; .

Determine its degree of homogeneity and give the
conditions under which it will have increasing,
decreasing and constant returns to scale,

(4+4)

& o o o e R AE 2= e (x + ),
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11.

HAR f(x,y) = xe Xy’ - 4y) W fFER w1

(®) & a0 wEaEp gl o @9 i @ -agea=
TN H IERT Fh IR NG A

(@) Red @& o1 = o daw sftwow 2 3 9 A Waw

A

(M) WS - {(x,y):0<x <5 0<y <4} fag Fifg
& & S ¥ Aaw sfFaw ik gomw g ¥ sk
IR A il

SECTION C

Attempt any two of the following questions.
(2x10-20)

frefofad 3§ @ el @ v & I A

(a) The principal of a college correctly estimates that
if the students are instructed to attend x hours of
class and do y hours of extracurricular activities,
they get a test score of T and achieve student
happiness level of H as given by the following

relations :

P.T.O.
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() A & B W f(x,, x,) = x,x2 BRI oRofea fomr
T A x, W x, B T W B R a5 B
TFERAERT 7

(@) & orEl whifiehR w3 X aegsl A IR B
? foma i v ¥

p, =12 - x,, p, =36~ 5%,
ﬁﬁyxlﬁ?xzmﬁﬂaﬁﬁﬁﬂﬁw\"%@?pl
AR p, TAT Y &I TF TS A Ao 81 AE A
‘gqﬁ?mWC(xl,xz)=2xlxz+iS 2, W W™
e F & W W P W A x,x, A
pl,pziﬁﬁ'ﬁl

10. Consider the function f(x, y) = xe*(y? —4y)

(a) Find all critical points of f and classify them by

using the second-derivative test.

(b) Show that f has neither a global maximum nor a

global minimum.

(c)Let S={(x,y) : 0 <x <5, 0 <y <4}. Prove that
f has global maximum and minimum points in S
and find them. (4+2+4)

1327 7

4.

(@) v JeA W Q(LK)=Alalf +(1—a)Kp]§

7 2 W 1 e uwerw 9 R feifta w0 @k
IT T @ ¥ RS 989 78 9eq, Ued 3R e e
R Rt Fm

{a) Find out the values of p for which the following

set of vectors is linearly independent.

u=(3-1,3); v=1(2,1,0) and w = (2,0, p).

(b) For each value of p find out a vector z that is
orthogonal to each of the above three vectors u,

v and w. (4+4)
(®) p & 9 W A e oo ol = Feffe
ooy Herna: w@aa 3

u=(3,-1,3); v=(21,00 8 w=(2,0,p).

(®) p & 7% W9 & Fw vw Ry z 7 e A
IR AT ERA u, v IR w A ¥ vE@w & fw
R Bl
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5. Suppose that an economy has (wo sectors: Light
Industry (Sector 1) and Heavy Industry (Sector 2)

with the tollowing input requirements.

Light Industry requires (.20 units of its own output
and 0.70 units of Heavy Industry’s output while Heavy
Industry requires none of its own output and 0.50
units of Light Industry’s output in order to produce |
unit of output. The tinal demands for two industries

ar¢ 1500 and 4500 units respectively.
(1) Write down the Leontief system tor the economy.

(i) Find the level of output that must be produced
in each industry in order to meet the final

demands.

(il)  Suppose the prices of both goods are Re. | per
unit each. What are the unit cost requirements
for the two goods? Are the productions

economically viable? (2+4+42)

a7 Afse & vE sfemen & @ & F fealafes e
FFEEAH F WA Fodl I (A 1) I Wh F@W
(¥t 2)1
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(w) Frafafem Meam & cigenvalues 3 wEfem

eigenvectors @ -
=1 0
A={-1 2 -l

(@) = W Maw ey 27 of o 2, & &
IYFS JegE P A Sl

9. (a) The function f of two variables is defined by

f(x,,x,) = x x3. For what values of x, and X, 18

this function quasiconcave?

(b) A discriminating monopolistic firm produces two

goods whose demand f{unctions are :
p, =12 - x,, p,=36- 5x,

where, x, and x, are the quantities of the two
goods produced and p, and p, the prices of a unit
of each good. Knowing that the cost function is
C(x,.x,) = 2x,x, + 15, solve the corresponding
profit maximizing problem and find x, x,, p, and

p,. (5+5)

P.T.O.
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) 64 THEEAN IR HIS A F 27 FTHA F USHIR
¥/ A

(i) e Rw ¥ (vo @ IR & W ¥ =)

™ wEew aRe (x,y) aR 9% adaT R @
T8 AR A FIeYe wweEA A B

(i) =R wh sRRem TEw s A 15 T W@
g w AR R, W weM W I TR
FRIA 57 A RIS N FTAT A S IR
+ yaRafda @

8. (a) Find the ecigenvalues and the associated

eigenvectors of the following matrix :

1 -1 ©
A=l-1 2 -1
¢ -1 1

{(b) Is the above matrix diagonalizable? If so, find a

suitable matrix P. {5+5)
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TeTH IO F A WG B IAEA A 0.20 THEA AR W
IO @ TJENET N 070 THRA F FARHA T vl
MY IHT N JOX @E B IR F FaEEar A8 B
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@ sfw W W 1500 AW 4500 FET R

(i) srfeaem & fou fmmiRe women foiag
(i) sfm WA N W FH B B T&qF I A IR

T W W T S

(iii) # Mg R I FEgA f P T AR R
TR 3§ TERH B e T AN e w3 o
o Ao T v ¥ ol 27

6. (a) For the following function defined on R?, find the
critical points and classify them as maxima, minima
or saddle:

f(x,y) = x* + x> — 6xy + 3y?

(b) Determine the concavity or convexity of the
following function. Also check for the quasi-

concavity and quasi-convexity.

f(x,y,z) = x2+y*+3z  —xy+2xz+yz (4+4)

P.T.O.
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a3 IR A, AR @ e @ v ¥ g
W

fx, y) = x* 1 x7 - bxy + 3y?

(@) Fe=fofad waw & saaas a1 Swea T Hifw
HH - FaAAd AR - I A W A" e

fix.y.7zy = x" + y? 1 327 xy + 2xz t yz

SECTION B

Attempt any three of the following questions.
(3=10-30)

Freafafem ¥ & fedlt 9wl @ s @

7. (a)yFind the Tlevel curve for the function

2x -2y

5 at k = -1,0, 1, and plot them

fxy)= x*+y” o+

in the same graph.
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(b) A firm uses x hours of unskilled labour and y

hours of skilled labour each day to produce

21

Q(x,y):()()xjy-‘ units of output. It currently

cmploys 64 units ot unskilled and 27 units ot skilled

labour.

(1} In what direction (expressed as a unit
vector) should it change (x,y) if it wants to
change output most rapidly from the current

level.

(i) If the firm hires 1.5 units of extra skilled
labour, using calculus estimate the change
in unskiiled labour that will keep the output
unchanged. (515)

(%) wwT f-(x,y):éiﬂ-. Ffwa- 1,001 w
R aF A JR IR I@ WE ¥ @i w0
21
(®) vF ®F IERT B Q(x.y)=60x3y} THEA @

I HE F T wRE R x R smEme s ik
y A [ W H ITAN FH B 98 w0 A qwe
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