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Instruction_s for Candidates

1. Write your Roll No. on the top immediately on receipt

of this question paper.

Thié question paper is divided into three sections.

'.3. " Use of simple calculator is allowed.

Answers may be written either in English or Hindi;
but the same m_édium should be used tthughout the
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SECTION A

-Attempt any five of the following questions : (5X8#40) |
Pl ¥ 3 B ofa v & oAb

L." (a) What is the derivative of f(x,y) = x2y5 at

P=(3,1)in the direction of the vector Q= (4,-3).

(b) Findvthe'equatibn of the tangent plane to

z = e + y2er! at (0,1). . (4+4)

(F) 39T Q=(4,-3) = Rwr ¥ p - 3,1) W

A y) = xS W e g 2

(&) éﬁ? o & wftewr ?ﬁ'z = e% + y2ey-1 ¢ (0,1)
R Q| ' -
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2. (a) When is a set of vectors a

to be linearly dependent?

' 2 1 3 7
(b) Prove that the vectors (-—1),(4>,<3> and (1
_ . ' 3 2 5 11

_are 1iheariy dependent. | (3+5)

| 0
{9 &peresines a_ e R" said

- (®) WW AT a, ay.nnd, € RO A WeH T
A PR w9 wEr S e v |

et (3 (3 ) e (3) e

m%ﬁ%ﬁt%l"

3. (a) Show that the following production function has
elasticity of substitution 1 everywhere.

Y = Ax%yP, A, a,B>0

(b) The amount X of some good demanded dep¢nds
on the price p of the good and the amount a the
producer spends on research and -development of
the product: x =f(p, a), with f'.(p,a) < 0 -and
f'-(p, a) > 0 for all (p, a). ' ‘

P.T.O.
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The price depends on the weather, measured by
the parameter w, and the tax rate t: p= g(w, t),
where g’y (w, t) >0 and g'(w,t) <0 for all (w, t).
The amount spent on R&D depends only on
t: a = h(t), with h'(t) > 0. |

If the tax rate increases does the demand for the

good necessamly increase or necessarlly decrease,

or neither? | ' (4+4)

() Rk B FrfaRa See wer § Fieedra T 1 &

SE A R '_ |
Y = Ax%P8, A, a, B>0 .

@ﬁﬁﬁmxa@ﬁmpwﬁ%&mﬁ
2 3in frfiar SWE @ SHEUH 3R fAwE T @ S

- 2x =f(p, a), f)(p,a) <0 & 9™ 3R ' (p, a)>0

wR (p,a) B R

-W.Wmﬁﬁrm%,ﬁuﬁawmmm

3 sk aR W Wt p=g(w,1), T g'y(w, ) >0
Sﬁig(wt)<0‘ﬂﬁ(wt)‘d\?ml |

R&unaéaﬁn—%ufsr%ﬂat a = h(t), h’(t)>O’
& g PR o 21 gl oK 8 W.9e Wt B |
a7 g5y W AT HEEE T ¥ q@A ¢ AT A T
¥ Heat 2, ;W e |
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4. (a) Define the rank of a matrix.

(b) Find the rank of the following matrix for various

values of p and q:

1 3 11 .
4 2 2 3/ ~

(F) & WRam & @ = e

(|) p IR q,%ﬁﬁ?‘@%ﬁqﬁﬁ%ﬁaﬁﬂ%ﬂ.ﬂ
’{mzér@r

5 (2) Find the ’equation of a hyperplane through the
origin in the direction of the vectors (1,2, 2) and
| (4, 1,-1). Where does the above plane intersect
the line givén by

'xl.—_-__t+2,x2=2t—,1.andx3=t-i-3.

P.T.O.
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(b) Let there €Xist a non-nuj] Vector x such that
3 0

A € R and compute A'% for each value of A and
the associated x. C (4+4)

Ax = xx = (1 2y '
AX, where A —'( 2 and A € R. Find

(%) 3‘?’&(1,2,2)331(4,-1,'-1)&%#@%%'

¥ U SR @ e @ sR@eT 9w g
< TE @@ ?ﬁ-xl='—t+2, x2=2t—1.3ﬁ'\’
X3 =t + 3 el wear 27 - |

(@) ﬂ?ﬁ@ﬁ?ﬂlﬂaﬁx-‘ﬁﬁjﬁﬁﬁﬁ?Ax=lx,
WﬁA='G g)%_&ﬁ?keRl A e R @& 3k
A IR x B W A @ R Al0x &) TuEr @

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

saddle:

1%, y) = 3x* + 3x%y - 33

(b) Let f(x,, Xz) = x>+ 2x} + 2x,x, + -zl-xz2 — 8x, —2x,-8.

Find the set of ordered pairs of (X, )&2) for which

'fi's convex, if any. (4+4)



5190 7

() IR R w wfwia Fefofer =t & foe, wwegt
ﬁgi&f@faﬂts%mmqaaw Fxd & w A

e

f(x,y) = 3x* + 3x2y —y?

(|) f(xl, 2)—x3+2x2+2xx2 >x2 — 8x,—2x,—8

(XI,X)%WWWWWWWW
f 39 8, trf%a?ra‘én ' -

_SECTION B
Attempt any three of the following questions. (3x10=30)

ﬁqﬁmﬁﬁﬁﬁf%ﬁ#ﬁ%wml

7.' (a) Consider the s;'stém of .eqﬁationé :
X + ‘2y +z=35
alyz=12

Show that the 3 variables can Be divided into two

sets {x and (y,z)} or {z and (x,y)} of 1 exogenous

and 2 endogenous variables in a neighbourhood of
x=2, y=1, z=1 so that the Implicit Function Theorem

P.T.0.
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is applicable. If the exogenous varlable lncreas

by 0.25, estimate the change in each of the

endogenous variables for either cage.

(b) An 1nsect is crawling on a hot Surface the
temperature of which at the point x units tq the
- right of the lower left corner and Y units up frop,

- the lower left corner is given by

T(x,y) a=‘.1'oo — x% = 3y3

- If the 1nsect is at the pornt (2,1), in what drrectlon
should it move to cool off the fastest? How fast
will the temperature drop.in this direction?

| | (5+5)
() W R R R
| X '+'_2y'+l»z = 5
3x%yz =12

ﬁﬁw’ﬁr3ﬁaﬁx—z y=1, z=1 % W& ¥ 1
H%Whaﬁrszam&ﬁéf{xaﬁr(w)} 4
(z 3 (x,y)} ¥ fawfm fear o v 2, WE
-Eﬁﬁzwmme\nuﬁa@ﬁamozsﬁ_

T 2, Rt W @ g I
%‘Tﬁaﬁwm HFAA TR
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() e e e o ) R, R e o
¢ W ® T AR BT x T ol P
‘%yWWT(X,Y) 100 - x2 - 3y3 mﬁm |
ST B

AR e By (2,1) WE, @ I T AW ¥ o W
i %Wﬁmﬁmimﬂﬁw?wﬁwﬁw
ﬁsa:?r%s%%ﬁim?

S 1 3 4 b -
8. ‘(a)-Le;t A=|—-4 2 —-6) and p={by | Is the
\-3 -2 -7 - \by |

equation Ax = b consistent for all possible values

of b, b, andw b,?

(b) Any square matrix is said to be lower triangular
if all the elements above the main diago’nal are
r any 3x3 lower triangular matrix, find

which it is

7zeros. Fo

a necessary condition ‘under
se is also lower

(5+5)

out
vertlble Show' that its inver

triangular.

p.T.O.
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1 '3 4 b1\
() ==t A=(—-4 2 ~6)ﬁ?b=’<b2>lw

-3 =2 -7/ b3
TR Ax = b, b,, b, 3R b, & wh @R W
%f?{?w%?

(@) Rt ot = A < Froen BT wor o @ g
ﬂ@ﬁmﬁ%m%wmqm%nm%ﬂ3x3
et freiiin Atew & fog, TR s Rafy 1 gop

Y R a8 a5 e 2 sy f& w
wf%ﬁhw L) ﬁw e 31
' 9.‘ (a) Determlne whether the functlon f(x, y) = yex

quas1concave for the regron in which x >.0 and
y 2 0. |

(b) A company produces two goods, butter ‘and JeHy
and sells them at prices Rs. 2 per kg for butter

and Rs:3 per kg for jelly. The cost of production
of x kgs of butter and y kgs ofJelly is

C(x y)—x2+3xy+y

How much butter and Jelly should the company

produce to get the maximum profit? (5+5)‘
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(=) ﬁu?ﬁaaﬁﬁ?Wf(x,yFye“*maa%ﬁq
dErag 8 Fd x > 0 IRy 20

() e R 2, T e 3 e
? o I o @ e 2 9 AR R ok
a}‘m‘swﬁ-mﬁaﬁwwéﬁ%l.x
WW@T y T et A ST ane 2

C(x,y) = x%2 + 3xy + y?
ST AN W T D Y F A R e
IR SR I O AR
10. Consider the function f(x,' ‘y) = ax%y + bxy + 2xy? e

(a) Determine values of the constants a, b and ¢

such that f has a local minimum at the point

(2/3, 1/3) with local minimum value of —%.

(b) With the values of a, b, and ¢ found in part (a)

find- the maximum and minimum values of f over

thesetS—{(xy) x 20, y>0,2x +y <4}
' (5+5)

P.T.O.
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SECTION C

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

11. (a) A matrix P is said to be orthogonal if P'P = L
Prove that a necessary condition for an orthogonal

- ' this
matrix is that any two different columns of

matrix are orthogonal.
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(b) Find the values of k for which the following system
of equations:
2x + ky +z=2
.4x+2ky+_kz=4.
x+ 2y +3z2=6

has a unique solution, no solution or infinitely many

solutions. (5+5)

(%) T Aww P W sidEw w@m o @A
P'P —I|Wﬁﬁﬁﬁ?3ﬂ2ﬁ1ﬁﬂaﬁﬁwa‘»mw
mﬁw%%sﬁﬁﬁw%‘ﬁm e
Wa&ﬂﬁ?{a%l

(@) k%ammwwmmﬁm

‘WUHE?Y:
2x + ky +z =2

4% + 2ky + kz = 4
xt 2y'+ 3z = 6
v i T 2, B e A S
T ¥ HE U B
| P.T.O.



14

A2, ' ucti '
() The production function of a firm i x*y®. Its currep

level of inputs is X=25 and y=100 and current]s
a=_b=0.5. The firm adopts a new fechnologi
that changes b to 0.504 with no change in ,
Estimate the input combination which will keey
~ the total output the same and the sum of inputs

the same. Use the following 'system of equations:
alnx + bln y = In z; Xx+ty =125 |

(b) Is the sum of two homogeneous functions
necessarily homogeneous? Is the product of two

. homogeneous functions necessarily homogenous?

- Prove or proVide,’a counter example. (Note: The

degree of homogeheity of the two functions is not

necessarily equal). o (5+5)

| (=) wmﬁwmmtxayb‘élma}www
R x=25 F y=100 & K T ¥ a=b=0.5
W T A TEAE B AR 2 W o2 A R B
T D b ¥ 0,504 ¥ wE W@ T G
T SIAT TG S [ FITYE R G R
TC W AN T @ FRE aﬁ'ﬁﬁﬁm.

alnx +blny=1Inz x+y= 12,5
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13. (a) Ina competltlve market, a f1rm produces good Q
' according to the functlon

_ 11
Q(K,L) = 8K2L3

where, K and L are capital and labour respectively.
Given the unitary prices of Rs.5 for pﬁtput and
Rs.2 and Rs.10 for inputs, find the optimal values
of K and L which maximise the profit n. Also,
calculate the maximum profit, m.

(b) By drawing diagrams (o’r_ by making precise -
algebraic arguments), determine whether the

following set is. convex.

{(x,y) xy 2 1}. - (7+3)

(& )wﬁwﬁfwi Wﬁmﬁ%maﬁrQw
IR W R

11
Q(K,L). = 8KzL*

P.T.O.
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