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Instructions for Candidates

1.

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

2. Attempt any six questions.

3. All questions carry equal marks.

4. Marks of individual parts of each question are specified with the question.

5. Use of calculators is permitted.

6. Answers may be written either in English or Hindi; but the same medium should
be used throughout the paper.
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(c)

(a)
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(c)

(a)

(b)

(1) Define the rank of a matrix.

(i1) Find the rank of the following matrix for various values of p and gq:

1 3 1 1
A=(2 p 7 q)
4 2 2 3

The equation g(x?y) = 10 implicitly represents y as a function of x. Calculate
the first and second derivatives of y with respect to x.

Let f(x,y) = 2 + 2x + 2y — x* — y? be defined on the domain D, a triangular
region in the first quadrant bounded by the linesx =0,y =0andy =9 —x.
(1) Draw the domain D of f (x, y).
(i1) Is the set closed, bounded, compact and convex? Give reasons for each.
(ii1) Find the absolute maximum and minimum values of the function f(x, y)
over the domain D.

[5. 5. 5 marks]

If P is an n X n matrix whose column vectors are all of length 1 and are mutually
orthogonal, then prove that P is an orthogonal matrix.

The function z = f(x,y) is homogeneous of degree k.
9z
oxdy

(1) Check if the functions Z—i and are homogeneous

dz
(i1) Find the degree of homogeneity for the function ‘3:’;
dy

1
Consider a competitive firm with the production function Q = f(K,L) = Lz +

K 2 where Q is output, L is labour, and K is capital. Suppose the price of the
product is p, the wage rate is w, and the rental rate of capital is ». Find the profit-
maximising labour and capital for the firm. Check the second-order sufficient
conditions.

[5. 5. 5 marks]

1 5 -3
Consider the three vectors a; = (—2),612 = (—13) and b = ( 8 ) Can b be

3 -3 1
expressed as a linear combination of the set{a,, a,}?

Demand functions for two commodities X and Y are:

X = px.py and y = 10 + 2p, — p,, where x and y are quantities and p, and p,,
are prices of the two goods.

(1) Calculate the partial elasticities of demand for the two commodities with

respect to the price of the other commodity.
(i1) Determine whether the two commodities are complementary goods.
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(c)

(a)

(b)

(©)

(a)

(b)

(c)

3

Classify the stationary points of the function f(x,y,z,u) = 20y +48z+6u +
8xy —4x?—122% —u* — 4y3
[5. 5. 5 marks]

x
Let A = {(y) such that xy > 0} denote the union of the first and third quadrants

in the xy-plane.
(1) If u is a vector in A and 2 is any scalar, is Auin A ?
(i1) Provide an example of two vectors u and v in A such that u 4+ v is not in A.

Consider the following system of two equations:
x2+y?+z2—16=0,and2x—y+z—4=0

What conditions are required so that y and z can be expressed as functions of x
near a point P = (xg, Vo, Zo) that satisfies the two equations?

Graph the following sets in the X-Y plane and comment whether they are convex.

MS={(xy):y <in(x —x;
i) S ={(x,y)x= 2,y< 4}
[5, 5, 5 marks]

For the following system of linear equations, answer the questions that follow:

(q—Dx+py=0
Q-q@x—py=0
x+y=1

If p and ¢ lie between 0 and 1, how many solutions does this system have, and
why?
Ignoring the condition that p and q lie between 0 and 1, find values of p and g

so that this system has no solution.

2
3 J:;y . Calculate the

A utility function is given by the function U = f(x,y) =

X
elasticity of substitution of y for x.

Let U be a function of many variables defined on a convex set S and let g be
a function of a single variable defined on a set that contains the range of U.
Suppose that U is quasi-concave and g is non-decreasing. Show that the

function f defined on S given by f (x) = g (U(x)) is quasi-concave.
[5. 5. 5 marks]

PT.O.
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6. (a) Leta3 X 3 matrix A has eigenvalues equal to 2,3 and 5. Is the matrix invertible?
Explain. If it is invertible, find the eigenvalues of A~

(b) Let the function g be given by: g(x1,x;) = (x; — 1)%x,e*1+3%2
(1) Find the level curves g(x,,x,) = 0. Where is g(x;,x,) > 07
(i1) Find and classify the stationary points.
(ii1) Discuss whether g(x, y) has global extreme points.

[5, 10 marks]

7. (a) (1) Find the eigenvalues and the associated eigenvectors of matrix A4.

1 -1 O
A=1-1 2 -1
0 -1 1

(i1) Show that matrix 4 is diagonalizable and find the matrix P so that P"1AP is a
diagonal matrix.

(b) Calculate the definiteness of the quadratic form f (x, y,z) = —5x% — 4y? —
3z% + 4xy + 2xz + 2yz.
[10, 5 marks]

1. (a)
(i) T Afea @I ¥ & uRuIid Fiforg|

(ii) p 3R q F faf=" 9t & fore fgfafaa afca a1 ¥ I I

13 1 1
A=(2 p 7 q)
4 2 2 3
b) THIBIT g(x2y) = 10 TIG EY Yy Bl x S HA-d b BT H [&Ud ATl x P
ATUE v & TYH 3R [ S[adbad J1d DI |

Q) AT fF(x,y) = 2 + 2% + 2y — x% — y? Bl ST D W URHING fearmar g, st
TyH Ui # FRUd U HYSTeR &9 8 iR X@M3T x=0, y=0 3R y=9-x GRIUNEG 8|
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(i) f(x,y) D1 SIH- D S|
(ii) 1 g T HaRkd, UReg, Ypiad 3R Idd 57 U & (A HRUI §d13U |
(iii) ST D R BaH f(x,y) & MRUE SHfIHaH 3R YAdH A 1 PITEI - [5, 5, 5 3]

2. (a) TS P U nxn AleRT g Forgeh il Wy e o ddlrg 1 § 3R d IRER dead g,
I g PO % P U diead Afcai g |

(b) BAH z=f(x.y) k UTd BT THEY AT 5|

(i) SITd DIFTT fob T BT az/0x 3R (822)/0x0y THET |
(i) B (52/0x)/(82/dy) o [T YT B! °Id J1d BT |

(c) T Ufaadff i R foaR P oIt Idrea Bad Q=f(K,L)= L2 + K1/2 g, S8T Q

JAET 8, L %9 & 3R K Yol 8§ | 71 < Iae o1 Hel p 8, ASigs) &% w g 3R Ooft &1
T r 5 1 o o 1T T 1 SfYehad SR alet 9 31R Yol J1d Bifod | fgcdia-pife ot
Tt dl ol S BIfou| 5.5, 5 3P|

1 5 -3
3. (a)?ﬂ:fmal = (—2),&2 = (—13) and b = ( 8 ) R [AAR & R b B

3 -3 1
U {a_1, a_2} B &P Ao &b =4 T ek [T 51 Fehdl 37

(b) &1 TG X 3R Y P foIT AT BoH ST USR §-

x=p_%.p_y GﬁTy= (10+2p) _x-p_y,Glg\Tyx @Tyﬂﬁ’lﬁ%ﬁﬁﬂp_x Gth_y Eﬁﬁ@f%
H gl

(i) GO o & Hed &b HIug ST gl b HiT D1 3HifRreh i B MU BT

(ii) Freffea R o o S ol IRep ot B

PT.O.
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c XV, Z,Uu) = y+48z+o6u+8xy—4x°—12z° —u*—4y
(c) 20 48 6 8 4 x2% —12z2° *— 4y3

& R fagst &1 affexu Sifou| 5.5, 5 3]

4. () AF AT A = {(;)}sﬂwr{ﬁ?xyzm Xy~ & UUH 3R g aqufsi Brag 3|

(i) TC u, A H TH TR 3R L BIS SIS, AT o, ATHB?

(i) A F S IR u 3R v BT TP IS8V SIVE, 5T UBR b uty, AHTE

(b) Frafafaa g griieon & 73 IR faaR &3

X2+yf+#-l6=0;ﬁR2x-y+z-4=O

T AT P = (x, o, 20) B [P y AR 2 Bl x F B b ¥U U I B3 o [o1T FT Tt
TATD g oIl 31 G-l THIDRON BT AP BTl 87

(c) FofaRad Tg=at &1 X-y T¢@ IR A1 §-14 3R Ja1d o 13 3 g |
1 S={(xy) y<In(x) -x}

(1) §' = {(xy): x= 2,y <4; [5. 5,5 3|

5. (a) FFferRaa Yoe aHiierul & o & fou, FHafafad udl & W dife:

(q-Dx+py=0
(1-q)x-py=0
x+y=1

p 3R q P 0 3R 1 & o FRUT G B 2 BT 3HGWT B U, p 3R q b T A 1A
HIFTT e o105 oF T Bl s 3l



1574 7

(b) T STAIRTA BET U=f(x.y)=(x"2+xy)/(x-y) GRICTT T G 1 x P R—IM Wy &H
UTORITIT B TARRIAT DI TUAT DI |

(c) T WOl U T I T S TR URHINT Th §g-aR el g 31R g T 0 JY=
TR URYTNT Uh TR Had o [SITH U T URBHUT & M g | /I ifort fob U 3rel-
A § 3R g I B g | Rig DI fb s TR aRUINT B £, Sl f(x) = g(Ux))
eI fea T g, sid-s@aa gl

[5,5.5 3P|

6. (a) HT TITOTT Udh 3x3 HTUG A & TSUHHN 2, 3 3R 58 | o1 T8 UG ehHUINY 87
R HIfoe | Al I8 HehHUTa B, A A~ & SMTSI-HI 1d BIToTg |

(b)]:”:[ Eillslq ngwm"mf% g(xb xz) = (xl — 1)2xzex1+3x2

() TR AP g(xy,x,) = 0. A DI g(xy,x,) > 07 Dol &7

(i) R fagaft ! 1 ST 3R 31 affar aifom|

(iii) =l P b FT g(x,y) F P RA GG B [5. 10 3(ch]

7. (a)
() ACRT A F I 3R T SR J1d BT |

1 -1 0
A=|-1 2 -1
0 -1 1

(ii) TRT3T fop AfcHT A fopuifa g IR ACH P I1d ifo A1fs P~1AP U faamf
BiER ]

PT.O.
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(b) fgard Y f(x,v,z) = —5x% — 4y? — 322 + 4xy + 2xz + ZyZ.ﬁﬁfSﬂﬂTWWI

[10, 5 3{h]

(6500)



