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All questions are compulsory.
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‘1. Answer any four of the following : R | 4X6=:24
Pt § ¥ T W B IR AR
(A) For what values of o and f3 doe.s the system of equations :
x+y+tz=6
| x+2y+32=10

x+2y+oz =0
P.T.O.



(2) 7048
have no solution, a unique solution and several solutions ? When the system has
solutions, find the solution (if unique) and describe the solution set (when not

unique).
0@ B P fF WA 3 W e

x+y+z=6

x+2+32=10

x+2 +az=P
T e T Y, T b E 2 A e A
smﬁﬁﬂﬁwﬁﬁéﬂmﬁémﬁmmmhﬁWGﬁa@hﬁ
NE

® O R&mbék"mwemm:
Ha+bH=Ha¥bH

if and only if @ and b are orthogonal. Interpret this result geometrically for

a,beR%.
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Let a and b be non-zero vectors in R”. Show that if a and b are orthogonal,
then for any number :

AeR, |la+rbll2|all.

Draw an illustrative diagram for g, be R? and interpret the result

geometrically.
a,beR" ¥ fos =T &
la+bll=lla-bl

AR F A AR o T b AEF §1 g, b e R® 3G T TOW F vl R
T AR HIT
mmaab,knﬁmvﬁrﬂ%lm@ﬁaﬁaabW%,
@ foret wem :.
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(C) () LetL be the line through (0, 1, 2) in the direction<given; by the vector (1, 1, 1):
What is the parametric equation of L ? At what point does it cross the XY

plane ?

(i) The parametric equations for the lines L; and L, are :
Ly:x=ty=3t-12z=4
Ly:x=3t,y=52=1-t

Do Llyl and L, intersect ?

(5 qﬁ‘eﬁmﬁL(o,Lzmwm(l,l,1)-ma°rfl'§ﬁsnﬁaﬁma°r
%@%anWWw%?%mﬁngYmaﬁmA
a»‘rcﬁ%'?

@) YEel L aL, % fou wefas s fE TR ¥
| L1:x=t,y=3t—1,'z=v4t

Ly:x=3,y=5z=1-t

ML, ° L, gfaeed wd ¥ ?
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D) LetDbeal x3 matrix in which x, y and z are all distinct and non-zero.

®

x 00
D={0 » O
0 0 z

Show that if any matrix A commutes with D, then A must also be a diagonal matrix.

What can be said if x =y # 2z ?

W R fR D T 3 x 3 oTegs ¥ R o p 9z Wt B ¥ 9 e

g
x 0 O
D={0 y O
0 0 z

Wﬁ?ﬁﬁéaﬂaﬁA,D@wawﬁﬁﬁﬁ%ﬁrA%ﬁWWm
W@lqﬁx=y¢zﬁww;_’ﬂm% ?

A matrix A is said to Be skew-symmetric in A = —A'. Show that for any matrix
A, the matrix A + A' is symmetric, and A — A' is skew—symmetric. Hence show
that any matrix can be written as the sum of a symmetric and a Skew-symmetﬁc
matrix.

P.T.O.



(A)

(B)

(6) 7048
EEFWﬁ@mﬁﬂ(skew-synnnetric)ﬁm%qﬁ*A=—A'lW‘Iﬁﬁo‘%ﬁ
SE AT A+ A TG BT ¥, 9 A - A Tt gufia A §1 39 TR TR
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ST HeRal ¥l
Draw the phase diagram and determine the nature of the possible equilibrium states of

the differential equation :
dy
2 wv=2
e Y02 | f}

Frefefar oroeret TS 1 TR SR SR 3 Y SgeH SRl e

frutfa =ifso .
dy
ol A )
_z y(y-2)
Show that

Y@= 6e™ +4

is the solution to the differential equation :

dy
— +3y=12
a7

Does y(f) converge to a steady state ? o 4



B)

(7))
Tise fon
y(t) =6e™ +4
STHT T
%+3y=12

wm%|Wy(t)_@wﬁTaﬁwﬁsmaﬁmﬁaam%?

Or
(zreram)
Show that :
)(t) = —v1~4e"” ‘o 24

is the solution to the differential equation :

Does y(f) converge to a steady state ?
ESUECED

y(f) = —14e™ + 24

7048
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Answer any two of the following :
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STIhRT, THIHI

2—dl+ly=12,
a2 _

F T B T () T TR SERY H R Afiid B ¥ ?

2x5=10

fafafeq 4 @ = @ & sw dfsT .

GV

B)

Find all the second-order partial derivatives of z for z = x2y%*?.

2=y ¥ 2 B w % wh e e @ )
Let
[ y)=-(1-x"-y")"*
for (x, y) such that x* + y* <1. Show thét the vector (%05 ¥o> f (%55 ¥,)) is normal

to the tangent plane to the surface z = f(x, y) at (%95 Y5 f (X4, ¥,)) - Interpret this

geometrically.

A wifee

fx, p) ==(1-x~ 2"
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S (x, ) T TR F 24yt <1) TR AR (30,30, S oo 20))
(%o Voo J (s ¥y)) T a'a'a'-z?f(x, y) Tl e & e T THH! SfHAT
3R W = R

Output z is a function of inputs x and y : z= f(x,y). Both marginal products
are strictly positive and strictly diminishing. Sftaté the conditions for this to be

true.
Input availabilities change over time,

x=0@) and y= u(()~
thaiﬁ epressions for dz/dt Jand a’zz'/a’t2 in terms of the derivatives of f, ¢ and p.
If x and y grow with time but at decélerating rates, 1S it possible to conclude the same
must be true of z ?
ﬁﬁa (SAR) z, x & y ST H Fed g1 AR z= f(x, y) T WM IR HE:
awmawa:gm%%:wmm%ﬁwzﬁa%mwmﬁwm

Eais

PTO.
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I T ITANE §HE % @Y qRakia ot

x=0@), y=p@) !

f,<paﬂwu;ﬂ%aqaa»—eﬁﬁa%qﬁﬁdz/dtad%/dt?%ﬁmsdwwﬁmn
A x Ty W G WY Ihg A ¥, W SEHA T B WY A R qe P

freprer o %ﬁ?ﬁmz$fm %ﬁ.w@‘—nm@.l
4. Answer any two of the fo.llowi.ng : | 2x6=12
: ﬁ'ﬂﬁ!‘f:@ﬁ | @ 12%"'_6:? H‘T % IW aﬁ?ﬂl :

(A) Output z i§ linear honogenous »fun'ctior_l F(x, y) of input quantities x and y. Show
that the a\}erage prodilct of each input' (z/x and zly) can be expressed as a function
only of the ra‘Fio x/y in which the inputs are used. Show further that if the average
product of an inplit increases as the quantity of that input is ‘increased while keeping

the 'quantity used of the other input fixed, the marginal product of the other input

must be negative.



(B)

@ f(x,y)=x+ 2x* = 3xy; (%95 Yo) = L1, d= (-5‘, ‘5‘)

(11 ) 7048

frfa (m)‘z.mﬁﬁwaﬁxayw%@amwélmﬁm
AT w1 S SR (x T zly) FAE I ITI (vh) F M F T H T
MWW%WAWWWWW% I guizy Ak @
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Compute the directional derivatives of the following functions at the indicated points in

the -given direction d.

3 4

| ' 2 1
) f(x,y)=log X +y5 (x> o) =(1,0); d = (_\E’—\EJ

FrfefEd werRt @ PR forgell ® @ T R ¢ F fewers steeherst Ol

ST

3 4
(@  f(x y)=x+2x2f3xy; (xo,yo)=(l, 1); d=[§,-5‘j

o (21
®  f(x, y)=log X'+ (x5 70) = (s O), d —(_g’ —\/?)

P.T.O.
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(C) When y 1s eliminated from the two equations

z=f(x,y) and g(x,y)=0,

the result can be expressed in the form z =h(x) . Express the derivative 4'(x) in terms

of the partial derivatives of fand g.
w2 el
z=f(x,y) 9 g(x,»)=0,
Yy R foea fen S & @ ROE R =) B w9 H Ed BEA S
| THA G| STHRAS 1'(x) F f T g F AR kel B @ F = FAT
Answer any three of the following : 3x7=21
ﬁﬂﬁfﬁaﬁ ﬁ q fogl 91 & 3w AfeT .

A @O | Consider the problem of maximising z = —(x* + . Find the strict maxima. What
is the problem in applying the condition that the Hessian matrix is negative

definite ?
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(@) Let
z=3x"—4x’y+y*.
Show that on every line y = mx, the function z has a minima at (0, 0).
@) z;_(x4+)4) F affiman @ # TEE R fGER T T 3
(strict maxima) Jd WI
ﬁuﬁﬁamwﬁﬁw e % for ¥ WG{eSSianmatrix)m
faf¥=d (negative definite) Gl ﬂﬁ‘ll
(i) T ST
z=3x"-4x’y+y’
zyifze fF g% @ y=mx W (0, 0) W HeW z H TS (minima)
4
(B) With the help of an example, show that a function
z=f(x, ),

that is strictly quasi concave need not be concave.

P.T.O.
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W WEW H GeRd § TRy R Ue ouvas T ¢ R @
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z=f(x, )

St f& 9&qq: SMN-37add (strictly quasi concave) ®, s1@ad (concave)

& e

Let

z=x+2xy—4x+8y
Find the extreme points of the function z defined over the area bounded by the rectangle
formed by the lines x =0,y =0, x =1 and y = 2.
M i fe

z=x"+2xy—4x +8y
%@aﬁx=o,y=o,x='1ay=2§mﬁrﬁﬁammvm & T it

Ted 2z & OXH 95 (extreme point) I I
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(D) Maximise the utility function :
U=/(x ) =In()+y
~ subject to the budget constraint p.x + p,y =M. Check the second order conditions.

What can you comment on the shape of the level curves ?
TR FERY px+ p,y=M & FHHA, SRR wIA
U=f(x, y)=In(x)+y
A s S e w9 # aRE # i A  aE w a
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