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2. qrxFq{fr"<us}+frffint t

I quRqfu6+.r+xqlr m rgqRl ,

4. ErrxFr-Ilitr6lsst #ff qrGfi ftfr qs, qtqtlAfrq, Afr-{

c$sfltElatq{qq'fiEt{qBq t

SECTION A

Attempt any five of the following questions.
(5x8=40)

ffifrc++Hdqc**sct{ftet

(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 are x = 100 - 2p + 5q and y: 36 * O, -
3q. Suppose brand X sells for l5/unit and Y for

l2lunit. Calculate the total revenue of the firm.

Estimate the 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

ln revenue

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

1327 t9

(rs) etfir n $ fr1-q6<a.{ tEw T qt R-qn of it ft'

T3 - 2T2 + T - I = O",,(null matrix)

(i) wtffi Tfto,lol zEI xq}rr 6i, <tkd 6t fr
T.'=(T_I)2.

(ii) M fr', qrn .*=r A A:(r-I)-1 EB

tffie*frsA''

13. (a) By drawing diagrams (or by making precise

' algebraic arguments), determine whether the

following set is convex.

{(x,y):y>e-}

(b) Solve the competitive firm's profit maximizing use

of labour and capital for the case where,

y : Lo.2Ko.6, 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)

2

function:

z='F+y-J'= (4+4)

P.T.O
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(b) Consider a non-singular matrix T of order n such

that

T3 - 2T2 + T - I = On,"(null matrix)

(i) Use the above equation, prove that

T_,:(T_rF.

(ii) Show that, if A2 = T then A : (T - 7)_t

for some matrix A. (5+5)

(o) r'o Eft ffiA{ tQS co' q't ffm B qE C@

R5'4 t ft+ + <lt i-€ {rr il go 3x3 3;qn

ffifrqtFfts q( fi-tR 6t ftmt ft-Ea re vo'

Rr<ro * ctrqt dr

(i) ,{ and A3 +il *i tcrs'fr t sqt ffifrc
tF*gr

(ii) k"rmrffi fr A".c6 EctffidtqfEn
I *t sr trace (A"):3a' (vEI, F vrfr M
re} m *rr l)r

(q) co' "o{ 
go' trg{ t e qrs x *( v ffi *r urstSe

ft *r& d x-qsr: x, y *{ p, q Em frffid frqr
arcr *r q] Er& * cFr rfiFt x : 100 - 2p + 5q fltr
y = 80 + 4p - 3q tr cFr ff&s fr rrs l.sqH-c +
frs *( v l24t + 69 tn-n il q{ * EiT rnrer

d rrunr 6tr rrss i $-flR-d qR{F{ q,r ir{cm drrrg

q6 frrit- i s< * frv r,qP6 *t sd * Rs r.sz

$e d gtr tft * ft nre t qr<k6 cREft +
qrq E(s1 ga-<r otr

(re) nh dd *t Et ffitur s-flr t frs da 6t

,:Jx+y-J-_3

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 I - o (0 < o ( l) to

the plants at A and that at B respectively and hence

produces the total outputs of the three products (as

measured in l00s of units) given by the vector

1327 3
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Given the above information, answer the following

questions :

(a) Is it possible for the firm to produce either of the

following output vectors if outputs cannot be

throwu away?

t7

qdqs{ 1=4,y= 1,T:68irt{H:-7 Erif +ffirr
+ sr +, vffirlr4 H 6] -2 ilfi {r{fr sq t {6ril
qru+ I rk T d qcrfi{ oe u'cqr slu} fi x *t y

* cmMRf, 6i u] vq'i'qr4 * r< ct{c q} nrq

qd i r<e qttr

(q) wr ffitua 614 {Brftq *? ce Cf, * qccrdr d
qr{r Hr i? q6 rft vri fr qr i **tEq ir

4 1327

(i)

(iD

8

7

9 (i) r(x,y) = 
x2 +v2

'xy

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

can be thrown away?

(ii) e(x, y) : 2lnx - lny

'12. (a) An upper triangular matrix is a square matrix if
all the elements below the main diagonal are zeros.

Consider a 3 x 3 upper triangular matrix A whose

non-zero elements are equal to a constant a.

(i) Find out A2 and A3 and show that they are

also upper triangular matrices.

(ii) Show by induction that A" is an upper

triangular matrix and that trace (An) : 3an

(where, trace is the sum of all the diagonal

elements).

9

7

9

P.T.O.

(c) What will be the revenue maximizing choice of

the fractioD 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+l+4)
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T=x3+xyl/2

H=y2-4xt/2

Currently x:4,y= I, T=68 andH:-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 obj ective.

(b) Are the following functions homogeneous? If yes,

what is the degree of homogeneity? Also check if
they are homothetic.

xz +y

rr{flfrsfrq'{ x qq+Lqffifr crcrRn6rw+rr
q,ct e *< B t qc+ i{t'i[ d fr-{ SUVs 16r ffir q.<<r

qrrft *r qr< flffrs fr qd sc{r, A rk B * *qrRil A
a qt( t -o (0 < o s l) + trdcrd t Eo nq trfr qrft-d

Tffi * *{ EgRc fl-{ sa{ret + Eil stsqle tnr sflrfi
o'cfr i (*tr ft' roo rqrr& i qrqr vro t) tm ar t<r
rEtt

1327 5

IO

ct 4 +(t-cr)
/6\
I 
'n 

I

[, o.JIt

(l) r (x, y)
xy

(ii) g(x, y) = 2lnx - lny (s+s)

(c-) vr ihTeq + ffRq.o qr <fi rtrm t ft' qR Br+

d x * fr q'm I qr.r A+ ilk y Q d q6+r<

rrREfrq} d q.A 6r frt$ Er vr<r *, il c} qr

sq, t€ di fi-d-dr t st{ H tnr 6H grt <t xr<

*dr t, +sr fr ffift-* q-d 6n Pqr rrq *:
T:xr+xyl,

H:Y2-4in

3ct-fr flqort d H Ev, ffifr( yri * var t:

(o) wr u{ * ftv ffitud orregr AEEr } t frrft v6'
i6r yflrq'r q,.rqr qqq t uR ers;cge d *or rff vr
{-om *?

2

,,[:]

(e\
....t1(u) I 7 I

lrl
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3. (a) Compute the exPression for

ts) qtr irrrcgc * *or vr t.+<r I i qrq (c) + frs

ilq+ vn( +t T{dt l?

1327 l5

q-trr f(x, y) : xe*(y2 - 4y) q( ft-fi 6i

(a) r * rrrft qE-nf4 R-Eq] d +d sfu (R-g-d-{
qtsq qr Bc+Ir qrrt sQ <ffi ott

(€) f{€r( fr f qr q t} nRqo. ir0-{-dc t $( { ff aR-c6

?Fli r

(.r) crcr S = {(x, y) : 0 s x S 5, 0 < y < 4} t fua dfrq
fr f + s { aF{n flk6-d{ *i qrcr frE * ofu

.4 a6 fr&vr

SECTION C

Attempt any two of the following questions.

(2x10:20)

ffikc++Htrn]*stt€frst

I l. (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:

6

AP+qz

fuqaxP
where

, = g,*r 1x + y).

(b) A production function is given by

O(r,r) = e[o rr + (r -c)ro]o

Determine its degree of homogeneity and give the

conditions under which it will have increasing,

decreasing and constant returns to scale.

(4+4)

(q) dp*q' ;; 6q' ai;ro fr rrsar of qd , = g*r 1x + y)
fuqaxP

P.T.O

(.r) u{r o tnr rtorFr qfu+-fi 6'i} ql fr6-fl wr *ru at<

q[ fi-{ Sstfr fr ffi ffi (P, P, Pr) qt d*
ftk otn? *qdt- c{ wr rrd rd ilff qfrT ift
.n{ anr <tfr {q+ 6r sq+{r frqr vI T+?
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(m) n at * c-err rd f(x,, xr): x,x] En qh{fu frqr
.rqr *r *, uk x, * fr;t {fl} *'fts qE 16?{T

wtffit?

(q) vo +qqn$ vsrEori w,[ n tq* qr rarcr qTft

+ ffi cF[ v-r< l,

Pt=12* x, P::36-5x,
vd x, *t x2 ireflfrtr n cqfl] d cnr{; qt{ pr

uk p, r*o sE +.vo Ftr{ fr ffi fi qr qnt
gV fr' arrra siFr C(x,, xr) :2xrxr+ 15 l, trr( Rrq

fl&m'fi m+ 6 vrrsr c] ro of att ,,,*, uk

p,,p, ara ttt

10. Consider the function f(x,y) = xe-*(y2 - 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 Sx S5, 0 <y <4}. Prove that

f has global maximum and minimum points in S

and find them. (4+2+4)

(<) w scniFr siFr O(r-,r;=a["rr+(r-o)xo]i

aqt frqr wdT tr wff vrqqar 6 €fr ffid qt qtr

ifi rrdfi d t frq* arr qu qa*, qc+ sk frtfl m
v< ftrd ?rnr

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

set of vectors is linearly independent.

u : (3, -1,3); v : (2, I ,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)

(q) p * wr flrd dfrq M ftq sffi 6r ffiRr
ttqq tkr-c:qr-e il

u = (3, -1, 3); v = (2,1 ,0) *t w = (2,0, p)

(q) p * r&c'crt * fts c6 ffirr z we dFds n
3ctffi fl-{ ffi u, v uk w { * !-eu, + fu
sHnt{d il

1327 7
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Suppose that an economy has two sectors: Light

Industry (Sector l; and Heavy Industry (Sector 2)

with the following input requirements.

Light Industry requires 0.20 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 I

unit of output. The final demands for two industries

are 1500 and 4500 units respectively.

(i) Write down the Leontief system for the economy.

(ii) Find the level of output that must be produced-

in each industry in order to meet the final

demands.

(iii) Suppose the prices of both goods are Re. 1 per

unit each. What are the unit cost requirements

for the two goods? Are the productions

economically viable? (2+4+2)

crcdfrqfrqs, t{6qs{ql+a a"l: ffikarqgc
srss6-dr* * (lq rrfir u+.r (*€( I) qt qrt vdFr

(irt z)t

13

(e,) ffikt +qR + eigenvalues *i trkd
eigenvectors di :

8 1327

5

2

I

Pr =.12-x,; Pz=36-5x,

I

-l
0

0

-1
I

9

(rs) Hr 3vt-ft fBR fr6dh *? qR t<r *, * qm'

3qgffi !firailt p an ffit

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

f(x, x2) : x,xl. For what values of x, and x, is

this function quasiconcave?

(b) A discriminating monopolistic firm produces two

goods whose demand functions are:

where, x, and x, are the quantities of the two

goods produced and p, and p2 the prices of a unit

of each good. Knowing that the cost function is

C(x,,xr) = 2xtx2 + 15, solve the corresponding

profit maximizing problem and find x,, x, p, and

pz. (5+5)

P.T.O.
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d a rqr*q) *t gv-o ryt d zz E6r6d d +mqR

tcr tr

(i) fr( tuI (* E+r{ +€( * w{ qR)

fi vctm uBv (x, v) qE ru qdqrr wt t
{s+ +fr t orr4z q{tr{ ltril *r

(ii) qR v,,{ sRtR E{rd ryc 6 l.s {6rt& q}

ft'qs Y{ +e *, + intFr 16r sc+q q<*

irgu-c m I vffi< 6r fftqrr d.ns dt ssrE<

c] sqRsfrtd r{hn r

(a) Find the eigenvalues and the associated

eigenvectors of the following matrix :

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

suitable matrix P. (5+5)

[orqr v*{ * ilc} R{ * serrq fr o.zo mrt* *t qrt

vslr * BHIrt fr o.uo rortfr qfr sr.rsmf,r *ft * dcfr
qtt s+q d aq+ Ec * rtqrrc fr irrqsm,flr;rff r}fi
* u1t uerct 6 r ror€ qiT 3tqrqq q.,A * frs rd iftr
* ssrct 6 o.so qorEq] d srsss-dr ffi *r * sffi
A ofrc qm rc$: rsoo *t 4soo {fre ll

(ii) ffi{ cri d W *<* + frs n-+6 3+rr t Tfl?T

* wt qr vin vrnqr

(iii) q{ Sfrs ft ffi sq* d frTd t Sr r rR 1frE
l-dm n eqs] + frq E6ri arrra srqrniilq qqr t?
wr ffi"r srffic w + q-qur{ t?

(a) For the following function defined on R2, find the

critical points and classify them as maxima, minima

or saddle:

f(x, y) : xr + x2 - 6xy + 3yz

(b) Determine the concavity or convexity of the

following function. Also check for the quasi-

concavity and quasi-convexity.

(4+4)

P.T.O.
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8

6
(t -l

o=l-, 2

Io -,

0

-l
I

(i) rfu{rur + frs ftrmq yun& frtusr

f(x, y, z) = x2 +y2+322 -xy +2xz*yz
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(c,) nz c( qturftt ffitud vw{ + frs, c6-€$ fig

{qtt st( s+ tkrr, fffrqr q *w * nq { qfrr(

cfr:

f(x. y) : x4 + x2 6xy + 3yz

(<) ffifre q-m * ffmtrar qr o-u* a16 dfuvr

rd-r+ra-<r *t fii-iffiddr d rft fr olt

f(x,y, z) = x2 + f + 3* xy * Zxz + yz

SECTION B

Attempt any three of the following questions.

(3x l0=30)

ffitud++fu**{cri*vatQfrst

7. (a) Find the level curve for the function

(b) A firm uses x hours of unskilled labour and y

hours of skilled labour each day to produce

2l
Q(x,y)=6gx:13 units of output. It currently

employs 64 units ofunskilled and 27 units of skilled

labour.

(i) 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.

(ii) If the firm hires l 5 units of extra skilled

labour, using calculus estimate the change

in unskilled labour that will keep the output

unchanged. (5+5)

1l

K{ sm rq}i dr 3-e v0 uro i d-e qt r

(q) c6 ,r{ ver<t t e(x,y)=ooxirl "** 
*

BHrfi 6.,* + frq r+6, Gr x € rErlt m *r
y Q qrre {c 5r sc+{r ocfr *r qr qfuT+ fidrrd

1327

(m) wrn r1,y\=4:?-+ frs + =-r,o, r tn
x'+y'+l

rt*.v) = jr:ll ar k = -r,0. t, and ptot them
x'+y'+l

in the same graph.

P.T.O.
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