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I. Answer any four of the following : (4x6)

(a) (i) If the set of vectors (oc,,al,aj) is lincarly dependent, then prove that

the set of vectors (cx,,az,cx_,,%) is also linearly dependent.

(i) If the set of vectors (u, v, w) is linearly independent, then show that

the set of vectors (u+v,u- V, U —2v 4+ w) is also linearly

independent.

(®) () Find the rank of matrix A when x#y=z x =Y#2Z and x=y=g
(X, y and z # 0) where

(R S
A=l x y ZJ
X.2 yz ZZ

order is singular.

(c) (1) Determine whether the following pair of planes intersect :

x+2y~3z=6andx+3y—2z:6.

(ii) Find the equation of the line ‘[’ passing through the point P (1, -2, 4)
and perpendicular to the plane given by the equation 3x + 5y + 7z = 15.

(d) Consider an input-output model] with three industries A, B and C. Suppose
that the input requirements are given by the following table -

Industry A Industry B Industry C
Industry A a, = 0.0 2, F10.2 %= 0.1
Industry B B, = 0.3 a,,= 0.0 g =102
Industry C 8., =02 a,= 0.1 a,.= 0.0 o

s s,
e
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(85)

The final demand is given by the vector L%J :
20

(i) What is the economic interpretation of the condition a, = 0 for all i ?
(i) What is the economic interpretation (if any) of the sum a,, +a, +a,, ?
(iii) What is the economic interpretation (if any) of the sum a, +a,, + a,,?

(iv) What is the economic interpretation of the element 95 in the findl

demand vector ?

(v) Write the Leontief system for this model.

(e) Consider the following linear system of equations :

(q-Dx +py =20
(1-q)x -py =10

Xty = |

(i) If p and q lie between 0 and 1, how many solutions does this system
have ? Why ?

(ii) Ignoring the condition that p and q must lie between 0 and 1, find the
values of p and q so that this system has no solution.

- Prefufa ¥ ¥ fE AR @ 9w AR
(@) (i) af wRw @ g (o,0,,0,) W& ek 2 @ g St fF el @
e (o, 0,,00,0,) off W fl 2

(i) afz wfest = @ (u, v, w) T T & @ @uieg & afe o e

(u+v,u—v,u—2v+w) f W& @ed ® |

PT.O.
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(@) (i) = A R wife 79 AT @ x#y#2z x=y#z2 @@ x=y=z (xy
33(2#0)3‘[%?:

(ii) wwigw fo fordt wonen faem woifer st oy fowermeta i smegs
. fomeor 2

() (i) Fuifts K fF gt Fatiee w0 e et o 2

X +2y—32=6Wd x + 3y — 2z = 6.

(ii) T@m ‘L’ =t e A Fee S g P(1, -2, 4) F TR 8 T Ry ay
FATA FHERI 3x + Sy + 7z =15 & o=ad = |

(7) 9 SERT A, B vd C & @9 e - Fefa dea w ik 9w | e it i
fFefafaa arforen o s srawgEad & wE 2

IR A JaET B I C
I A a,, = 0.0 a; = 0.2 a,= 0.1
3T B a =03 i =100 .= 0.2
SEnT C a, = 0.2 a,= 0.1 a,, = 0.0
(85)
3T AT v wfRw qara fRar wn @ L%J.
20

(i) o a, =0 & i & v = snfdfer fademn o @ 7
(i) ¥ ART 2, +a, +a, W (AR A1) sl = 2 7
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(i) w1 AT 4 +a, +a, W (AR W) wf¥w = R 7

(iv) sifew s wfesr & wewy 05 &t sufden fodwmm @ 2 7

(v) =& ¥irea & forw Aife® (Leontief) = fafEg |

(z) Frffes Yba e & fem o T R

(@-Dx +py=0
(I-q)x —py =0

x+y='l

(i) af pwd q, 07 | & = @ 2 @ 3@ Fom & e sa e 2 8k
i ?

(i) Tl @t FoReT A T R p v g Fftew s @ 0 vE 1 &« 8 =Ry,
p Ud q @ e fa o & 1 e @ =8 ga =191 8l |

2. Answer any two of the following : (2x4)

. Find the differential eguation of the family of circles passine thropeh the

origin and having center on the x-axis.

(b) Solve the differential equation :

Find the solution to this equation that satisfies the initial condition y(0) = 2.

( A set S in R? is said to be convex if x €S, y €S, and A €[0,1] = (1-A)x +1y €S.
Using this definition, verify whether the following set is convex (A diagram

is not a sufficient answer).

P.T.0.
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Frfeiea ¥ & sl @t @ g dfg

wﬂﬁwwwmﬁmﬁﬁmmﬁ y(0) = 2 =t g =7 o |
(1) R ¥ v w0 S Y I her e @ A

x €S, yeS, W@ 4ef0,l] = (1-1)x+Ay eS.
m%wmm@mﬁm%mﬁﬁﬁ%ﬁwm%
(%aahmﬁamqﬁmﬁ%)l

S = {(x,y): Xy<2,x20, ySO}

3. Answer any two of the following : (2%5)

(a) Sketch the level curves for the following functions at heights specified by k :
() f(x,y) = x? — y, at the heights k = 0, 2.

1) g(x,y} = (y—2x)?, at the height k = 4.

(b) (1) If z= f(x,y) and fis differentiable, x =g+ and y=s—t, show that

CREES-
ox oy ds ot
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()

(1)

(1)

(i)

7

Decide which of the following functions are quasi-concave. Give

reasons.

(@) y=3x+T

@) z=ln(x, Ux,2) (where x; >0, %, >0, 2,0, a,>0)

The demand for good X, is given by :

N b

Xy =mblp1 P, (m>0, p1>0v pz>0)

The demand for good X, is given by :

%, = mepitp, (m >0,p,>0,p; > 0)

2
(where b, b,, a,, a,,, a,, a,, are positive constants, m is money
income, p, and p, are per unit prices of goods X, and X, respectively).
Find the direct as well as the cross partial price elasticities of demand
for both goods. Determine whether the goods are substitutes or

complements.

In a factory, the daily output is Q = 60K"*L” units, where K denotes
the capital investment (in units of Rs. 1,000) and L is the size of the
labour force (in worker-hours). The current capital investment is
Rs. 9,00,000 and 1,000 worker-hours of labour are used each day.
Using differential, estimate the change in output that will result when
capital investment is increased by Rs. 1,000 and labour decreased by

2 worker-hours.

e & @ sl &t & S Qg

(=) k aRT & W SAEdl @ e ¥ Fefaied weml @ W aw SR

(i) f(x,y) = x*—y, S k = 0, 2 R |

(i) g(x,y} = (y—2x)%, 39 k = 4 W

P.T.O.
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(@) (i)uﬁzzf(XaY)sﬁ?fW%,x:s+['~3*ﬁ?y=s~—t,?-ﬁ3‘~iﬁ§q%:
(1)(1}1 o
Ix o) 8s o

(ii)aﬁmaﬁﬁq%ﬁwﬁ%aﬁ#mwaﬁ-mﬁ%nmw:

(F) y=5x +7

(@) z:ln(x, "'xg‘“) (BT X,20, x,>0, a, >0, a,>0)

™) (i) X, g & o A wowr fear war 2 -

X, = m["pi p,P (m >0, p, >0, p, > 0)

X, T & fore i werr foar amay 2 -

X, =mUpPpE  (m>0,p 50, p, > 0)

(Wt bl,bz,a”,alz,au,a22 A iR 2 m‘?rl?:mana%, p, T3 p,
ERE X,wafxzai@&*faﬁuﬁwiaﬂﬁ%) | S et @ Ry e sk
wmmﬁﬁmﬁmlﬁﬁ%ﬁﬁq%mﬁw
et & a1 awe |

(ii) T wREm ¥ wffeT 7 g Q = 60K "1 THIATE | qeT K ot
(T9 1,oooﬁmﬁﬁ)wmm?gw (ST~ ¥t %) =t w2
T Gl FEw @ 9,00,000 2 T AAGA F 1,000 &8 - wer wRif
ST e TARTT B I Fd §¢ I ¥ qRar oy
ST T W §oht oy I,OOOW&WWW%WW 2
T - HET HerT Wi R |

4.  Answer any two of the following : (2x6)

(a) () Find for which (X, y) the following function is well-defined (domain):

f(x,y) = YXFY+I

X~
Hence, sketch the domain in the xy-plane.
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(i1) Consider the following system of equations :
zZ+wW =Xy
IW=X1Y

Find the differentials of z and w expressed in terms of dx and dy.

(b) (i) Find the directional derivative of the function :

X

f(x,y)= Cry

at P (1,0) in the direction from P to Q (-1, —1). In what direction does
f have the maximum rate of increase ? What is the maximum rate of
increase ?

(i) Find the equation for the plane that is tangent to the given surface

7= 11‘1(){2 +y2) at the point (1, 0, 0).

(c) Consider the following system of equations :
Xy —w=10
y—-w—-3z2=20

wr+ 2z —-2zw =0

1
The point P=(x,y,w;z)=| —, 4, I; 1| is a solution. Apply the implicit function
p 4 ply

theorem to prove that the system defines x, y and w as continuously

_ ox
differentiable functions of z in the neighbourhood of P. Find %

PrfeRag ¥ ¥ frdl & @ IR AR
(=) (i) == =i e e (xy) o oy FRafafeaa e o ofafia 2 (we) -

JX+y+1

x—1

f(x,y)=

T xy-AAdd WU 1 @I §EEY |

0.
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(ii)ﬁ“r%ﬁaaﬂﬁhmﬁ%ﬁmwﬁtaﬁﬁq:
z+w=xy

EW=X+y

zéﬁtwfﬁaﬁﬁﬁaﬁdxvﬁ‘dya}m#m%a

(@) () floy)= -
%ﬁvmmmma%ﬁvwhﬁrgpa,mwp% Q-
#%lﬁaﬁmﬁfﬁﬁaﬁams}vﬂ?%vﬂ&m
g7

L, —1) =t feay
& #t = =7

(ﬁ)m%h%mﬁﬁqrﬁﬁq@m z=In

(x2+y2) Eﬁ}ﬁ'(’
B g (1,0,0) = wrsf =y 5 |

() ﬁwﬁrﬁaaﬂﬁwvﬁaﬁﬁamwvﬁ?aﬁﬁv:
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(b) Find the maximum and minimum values that the function f(x, y) =Xy takes

on the constraint :

2 2
_){__'._..}’_:1 .
8 2

(¢) A consumer’s utility is a function of two goods x andy and is given by

U=oalnx+BIny (whére a, B are positive constants)

" The consumer’s budget constraint is given by

PX +qy = m (where p and q are per unit prices of goods x and y respectively,
and m is money income).

(1) Using the Lagrangean method, find the optimal Values of x andy as
functions of p, q and m.

(ii) Check the second order condition.

(iii) Find the optimal value function U* (p,q,m). Find oU*/om and give its

economic interpretation.

(d) Let f(x,y)=x"+y* +kxy where k takes values except 2 and —2.

Find the sfationary point of {(x,y). Determine the values of the constant k for
which this stationary point is

(1) alocal minimum point

(ii) a saddle point.

ffoias ¥ ¥ frdl 9 @ e SR
() S = wRafE fix,y) & v firg v o 5wl @ s S v -

f(x,y)=¢"; 8= {(x,y): X +3° Sl} :

P.T.O.
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(@) Wf(x,y)=xy%%vaﬁamqwm1ﬁaﬁmaﬁmﬁmwﬁw
—+y7=1%|
(1) T ITHFN & I @ awge x 3Ry & wer
U=alnx+Bny far gan & (57 o w@ B o e 2 1) _
SRS T AC WS px + qy = m fear gan 2 (ST p 3k q w x@yaﬁt
id FHE A T m i am )

(i) wrarsr fafer = SwmT @ ge x SR y & T (optimal) = =¥ p, q v
m ® WA D T F AT A0 |

(ii) <fodia w0 et & s i |

(iil) T AT HerT U"(p,q,m) <l ¥ FT | U™ /6m & 7 T o
Tl e faa=mr = ot sy |

(7) w7 SR f(x,y)= x> +y* + kxy WEl k T A 2 0d 2 & sfRam 21 f(xy)
é%ﬁmwﬁ$§~aﬁrﬁmﬁvaf@nﬁﬁ1gﬁ%ﬂsﬂ:ﬁ%ﬁ%ﬁﬁa“émﬁviﬁmﬁ%ﬁmzagfén
fame

=

(i) v v =gmaw fag
(i) v I forg 2

(2800)
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1. Answer any four of the following :

4x6

.%ﬁﬁ%m%wﬁﬁq

(a) (i)

(11)

(b) (i)

For an

t}l;two hon-zero vectors a and b
prove ’

B¢ = Ao AR a v b B R R

a b ?}“a 3 b”2 = i-”a = b”2

Show that if the set of vectors

Lo o o, ) is linearly independent

and (c,,c,,........,c, ) are any scalars,
then the set of vectors (g 176 A, O

e B A » &y =Cy @) is also Imearly
mdependent

gTsT f5 gfy afgel’ w1 agay
(0 0psennty) &g 'y 2 ofit
(B Coy) HIE SR T ag gt
ST 00 0, G » Qg
Cpp o) A X wEy B

A square matrix of zeros and ones in
whichi the sum of elements in each
row amd each column is exactly one is
called a Permutation matrix.

Show that any 2x2 Permutation matrix

2

8688

‘invertible and find its inverse.
(zeros) QT:T UF (ones) H HIE T
s o dfekT wd a@s @ i
]EBT@"TQ%(one)é’IﬁT%GQ
q A8 (Permutation matrix) &ar
T 8| q=MsT 5 B 2x2 ey oTege
giqeHm ® SR STl g s

‘Show that any positive odd integral
power of a skew-symmetric matrix is
» skew-symmetric.

.Fmd the equa‘mon of the line ‘L’ passing
ough the points P (1,3,2) and
2.5, —-6). Where does this line
itersect the xy-plane ?

> (1,3,2) o9 Q (2,5,-6) & R awht
‘L’% anw Eﬁr ST i | 78 T

= (6) 1:_'5)° .

A a=(1,-24) od b = (6,1,-5) F

S T it |
3 P.TO).
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(d) Consider an input-output model with three
industries A,B and C. Suppose that the

input requirements are given by the
following table :

99 IE AB WS C 3 @ SmE-Prk
mwﬁraﬂﬁthaﬁﬁqﬁaﬁmﬁr@a
mﬁﬁrmwmumé’rns‘%

Industry A Industry B Industry C

SENT A SENT B @EN C
Industry A 8, =0:0 a,.=0.2 a,,=0.3
T A : |
Industry B a, =04 a,,70.0 &, .= 0.5
‘SET B ’
IndustryC = a,,=0.1 a,,~0.3 a,,=0.0
=T C :

1800

~ The final demand is given by a vector 00
: 900

1800
200
900

8688

‘What is the economic interpretation of the
condition a,=0 for alli?

a,=0 & i & R i ol ke = & ?
at is the economic interpretation (if any)
of the sum an+am+a ?

W ArTa, ta, ta, A (!ﬁ ) RS RaerT © 7
i) What is the economic interpretation (if
. any) of the sum a, +a,+a, ?

AT a, ta,ta,, F (TR BE) otk e ¥ ?
)What is the economic interpretation of the
element 1800 in the final demand vector ?

. gifqw AT @Rer ¥ wew= 1800 G?Tﬁfiﬁ

&= R R 7

'Write the Leontief system for thlS model.

39 Aisd & [T Aifes (Leontief) o= faiftam |

[6) Show that the following system of
~ equations :

. Axty+z=1

X + Ay +z=A

R x +y+ Az = o

~ has a unique solution provided A #-2 and

L #1. Find the solution. Explain the nature

- of the solution when A = 1.

| ooirdm s P AR A#2 wF A#1. =W

S T S A = 1 %ﬁrwﬁﬁﬁreﬁr

ml

5 PA.O.
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2. Answer any two of the following : x4
Frafafes & & Bl @ % Sav dvm -
(a) Show that any function x = x (t) that

(b)

(c)

-(X2~y2)gl—2xy=0

8688

S,yeStud Le[0,1] =(1-A)x+ Ay €S
- ORETST F ST ®Id U AT
¢ Pp wafy Peafafes ag@a
2 (Bow @fEs @ IO A% e R) |

- {(xy):x +4y <1

any two of the followmg - 2x5

satisfies the equation (t-a)’+ x2= a2 g 4
solution of the following differentia]
equation : :

q9isy % #E w9 x = x{t) ST i
(t-a)? + x%= a? F HI= HIT o, O FrRREy
QTqHTT THIHLOT H TP & & | :

d : i |
thd—f"'tﬁ -x"=0 oot : cetch the level curves for the following

Show that the differential equation of the
family of circles passing through the origin
and having center on the y-axis is :

ET % g9 % FgE SN 9 g § govdt § B - = at the height k = 0.
Te y -3T81 UX TR B, IHH! STaher BT T i
frefafEa ® - };(ml=y~"—x,aa|€k=ow

# ot

X gxy)=y-Inx a8 k=02 |

A set S in R? is said to be convex if x € S,
y€S, and A€[0,1] =>(1 - 1) x + Ly € S.
Using this definition, verify whether the
following set is convex (A diagram is nota
sufficient answer). -

~ second-order partial derivatives with
1t s?and y = 2rs.

6 7 P.T.O.
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g o 96 fohe (x,g]% for e
:._ . ; .gf’[ﬁ-: q‘i‘ﬂliﬁﬁ ; (ERIIEI) |
- f(xy) =xIn (y*-%).

| SER xy ~AEEE R IO B @ aE |
‘_ } Consider the function f(x,y) = xe¥™*.In
. what direction should one move from
~ the point (2,1) to increase the value of
 the function most rapidly ? What is the

A A z = £ (X, y) SBI X = 12+ §2 a?g\-.f
y=2rs & e & W) Siweh e ¥

R
— o 1T |
P g e 5“«"7 |

I ; (ii) Letz=x?+3xy-y> Suppose x changes

|BE from 2 to 2.01 and y changes from 3 to
2.98. Find and compare the values of

Az and dz. . ; . 5
o SR 2 = X2+ 3 xy - 2 2 x T T & ;n_amm’urn rate of increase ?
2 ¥ 2.01 afakia aar%a?rw FH I AR IR f(x,y) = xe? ™. &I % T #

) Find the equation of the tangent plane
~and the normal line to the surface.

A

| - 3§ 2.98 uREiid 8T 8 @ Az AR dz
I , % g P AT TE TG B | ,
i _ (c) Consider the Cobb-Douglas production
a4 | function f (x,y) = x*y® (a,b are constants)
i defined for x > 0 and y > 0. Prove that fis
| \ concave if and only if it exhibits constant
| or decreasing returns to scale.
| AR FHiore &6 W—E;'IFEH é%o;bb»Dou_gla%mﬁg 2 ,
' % f(x,y) = x*y° (a 3T b s &) x> = 3 TH ;
| AR y > 0% R oRw ¥ | R o 6 1 L
|‘ STaa B aR oK @aw At g8 ReR ar gedl ; - '
i & Y o S S awi B | B S = <yt oY Terg (1, 0, 2) TX

4. (a) Answer any two of the following : 2%6

-_esc_ri_bed by the three equations.

ﬁﬁﬁf@ﬁﬁﬁﬁﬁﬁﬁ%wwi 4 = C+] +G
(i) Find for which (x,y) the following . et oa
a2 function is well-defined (domain): at B (Y-T) (>0,0<fB <1)
| f (x,y) = x In (Y>-X). oY (1>0,0< 8§ <1)
Hence, sketch the domain in the xy-plane: > Y is national income, C
2 ' P.T.O.

8
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2x2—4x + y2>~4y + 1 be defined
a bounded by the straight lines
.and y = 2x. Find and classify

consumption, I investment, G o Public
expenditure and T tax revenue. ‘

Find Z & e extreme points of this function.
o 5 find the extreme values of the
T o Afee & fasafve S Sicaen: on f (x,y).

flx,y) = 2x*-4x + y?°— 4y + 1 d@rh

Wﬁta%%rqasr‘!ugﬁqm C g
0 Ay 2x ET Hife &

S, 1, A9, G, WSt o=@ T 7

ao-{awm%r OREINT T 1 50 B B R sl =
Y=C+1 +G, %Taﬂﬁ%a@ﬁraaﬂﬁmtﬁaﬁﬂx,y)
C=a+B (Y-T)  (a>0,0<p <l T BT BT -

= Lagrangean method to find the
i + 8y

5 e 0N e values of f(x, y) = x2+ 2y? on the
e ) Y y?::]

EI—WEW l 'i"ﬂifwmgqgﬁx“ryz”l

=X+ 2y? % I ! B e |

the local extreme points and/or
ints for the following function.

() \ Which of the following functions are
I homogeneous/ homothet1c ? Give reasons
f for your answers.

f foeafafers & @ #ta-ur wag ggsg . b= i
( (homogeneous) a1 MRS (homothetic) & 7 f X%+ 8y? ~ 5 %2~ 2x - 9y.
() fxy) = ey, oo
(i (i) b (xy)=In (x"/y)), (x#0, y=0).
5. Answswer any three of the following : 3x7
Fefafafaa § O s 9N B IaT G -

10 214 PRO.



(d) A consumer faces the following utili@

maximization problem.
Max.U(x,y) = 100 —e*— ¢~ subject to PX+qy=p,
where x > 0, y > 0. Here, p and q are per unit
prices of goods x and y respectively, and m is
the consumer’s money income. .
THE . HHAT B T |

Max.U(x,y) =100 - e*—eYIfE px + qy = m,
SEEl x>0,y > 0. I& p 3% q FH: I x
SR y &t 9iY 56 #md ¥ @ m SuEE
H AEH T B

(i) Find the necessary conditions for the
solution of the problem and solve them
for the two demand functions x =
(p,9,m) and y = g (p,q,m) by using the
Lagrangean method. 1
Tt fafer @ SuAnT Y gux = f(p,g,m)
Ty = g (p,q,m) T B F fory @

o B & [0 sraseh o S adl
TS | _

(if) What happens to the optimal values of
x.and y if per unit prices of both goods
and consumer’s money income aré
doubled ?

X AR y FH g%=d9 (optimal) ’:ﬁﬁﬂm
Hi$ aftad= erm Rk S qwget @ A
ST & g

12 3800
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Attempt any four from the parts (a) to (e) in this question : 4x5 A

(@)

®)

(0

)

(@)

(i)

For any two vectors x and y in R", prove that
el = ] < = 5

Find the equation of the plane through the point
(-1, 2, —5) that is perpendicular to the planes

Q.xfy+z-'= 1 z;ndx+y—22=3.

Does the following set of vectors span R® ? Why
or why not ?

=4, 80), v, =(@2, 3 1) vy;=0, 4, 2),

=i(1,/0, D).

What is the minimum number of vectors required

o span R? ?

Prove that if a matrix A is orthogonal, then the
detenﬁinant of A is +1. Prove also that the converse

is not true.

(©)

(@)

(e)

(3) ' 4645

A system of linear simultaneous equations is given by :
x+ 2y =10; 3x + 6y = p; gx + 8y = 40.

(1) Find the conditions on p and g for the system to

be consistent.

(i)  In each case, specify the degrees of freedom of
‘ this system and how many of the equations are

superfluous ?

(1) Prove that if a linear system of equations has more
than one solution, then it has infinitely many

solutions.

(7))  An orthogonal matrix is a non-singular matrix A
such that AT = A~!. Show that the determinant of

an orthogonal matrix is +1.

()  Define the property of linear independence for a

set of vectors {x X5 e s X3

(i) Prove that the set of non-zero vectors {5 X5 %3}

is linearly independent if the three vectors are
. pair-wise orthogonal.

PTO.
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@

(b)

O

(i)

U

(if)

.(4) Py _ 4645

R gl <1 sl x 9 p 2 s =i

& el =] = ke - 51

fog (-1, 2, -5 & T I T
(plane) T THIHIOT. [@ HIFAT S FHaeA!
W —ytz=1dx+y - 2:=3H TEA]
(perpendicular) ®l

1 wewl w1 Frfafen e R i e
(span)% ? W | OAE ?

v, = (4, 8 0), v, =@ 3 1), v, = 3,4, 2),
v, = (1,0, 1).

R} I URA ¥ AETTE e H AH
& oY ?

fagy =it o Al @ @TE{GIAW
(orthogonal) %, WA FT QRO (determinant)
1 B e off ey i fF s faoda
T F& Bl

(@)

(S5 o dels

.- (@ %@memwﬁmﬁﬂw%

x + 2y =10; 3x + 6 = p; gx + 8y = 40.

0

pd g W A YW F TW Hifew = fF 3@

- fem @ 9 (consistent) ?:ﬁ %_gl, SIEFSEN

(i)

(i)

T
W’mﬁﬁwmﬁwﬁmﬁﬁtﬁ‘
IAEE § g8 ot wapY fF fea gdiew

STTEYIF  (superfluous) & 2

gy W 5 4R T e fEE S

TF @ e @ E A TR e W den
T R

'Q'_% I (orthogonal) 3:"3‘{&' (matrix) T 'QHT
srfarerero (non-singular) A A B ¥ '[\aﬁﬁ

I AT = A | SyifzT fF & eEq TR
& Grfors (determinant) ST |1F +1 Bral I

PJ.O.
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(i)

(6) ' 4645

2

Eiteea AT (linear indebendence} & 97 I
aRenfea wifem |

fos wifm fr smpr afewil @1 o g
{x],xz,xj}'if@%_d: = E’rm%zrﬁ??rﬁ?
wfewr THAR (pair-wise) NLSEGE =l

Attempt any rwo from the parts () to (c) in this question : 2x5

(@) .

(®)

0

(if)

Y

The equation xy + 2yz + 32 = ¢ implicitly defines
z as a function of x and y. Find the directional
derivative of the function in the direction (2, 5) at

the point (1, 1, 1).

Find the value of the second order direct partial

derivative of z with respect to y for the function

in (/) above at (k15 1)

Calculate the rate of change in z at t = 0 if
5% + 3xy
2w?y

w=¢g + |.

(i)

© O

(i)

(7) ; ‘ 4645
Show that the equation of the tangent plane at the
point (x,, y,, z,) on the surface z = \[x; is given

by yx + xy — 222 = 0.

Draw the level curve for the function

f(x y)=\}y2 — %2 passing through (3,5).

Find the unit vector perpendicular to the level

curve at this point.

State and sketch the domain for the ﬁ._mction

fx, y)=+y—xIn(y+x).

T U B YT (o) ¥ (o) 3 & fFl &8 & I

<ifs

(@)

.
.

U]

THIFT 2y + 2z + 322 = 6 TN &I  z F
xdy® HeM B wY F IR H T
T Her W g (1, 1, 1) W R @, 5 #
ey s/ @®eS (directional derivative) FTA

HIfTa |

P.T.O.
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(8) 4645
W () H feu mu wem =g fa 1, 1, 1) TA,
zwyéma'qﬁﬁumwmw

A Sifea |
52 + 3xp :
qﬁ:z:—z—wz—,xzf'ﬂ”l,y: I2+I1
»
w=¢€+ 18, TAr=0W ¥ yfady &1 =X
A Hife |
TIMET ﬁﬁ A% (surface) z = \/E % fag

G Vs 2, TR 30 A (tangent plane) <h1

THE yx +xy — 222 = 0 ¥

B f(x, ) =y =52 & (3,5 oA a7

L T (level curve) Ea| 3T|iﬁ§|?f hifeTg | L3

fog W ®R o & o=Eq e 9w 3@
HifeTa |

HeA S »)=yy—-xIn(y + x) %ﬂ ;Jomain
(W) = fafew s sMfEm st

3.

(9) 4645

Attempt any two from the parts (a) to (¢) in this question ; 2x6

(@)

(6)

@

@

An equilibrium model of labour demand and ‘
output pricing leads to the system of equations :
Pf(L) —w =0 and PAL) = wL + ¢, where /is
twice differentiable with £(L) > 0 and f*(L) < 0.
All the variables are positive. Regard w and ¢ as
exogenous so that P and L are endogenous
yariables‘_which are functions of w and ¢ around

the point A(w, ¢, P, L) = (Wos: € Py L) Find

oP 0P JL dL

Al e L st
ow de ow dc pd Aeplict

expressions for
differentiation.
For the function L(w, ¢) in (#), find an approximation

to L(w, ¢) at (w,, ¢,) close to W 253

State the definition of a homothetic function.

P.T.O.
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(7))  Are the functions f and g are homothetic. Give .,

reasons.
oy Xy v ) = A(S37 +825° + .t 8,5,°)
glx,, x,) = 2log x, + Slog x,.
(9. For the function z = flx, y). = [;‘i‘—

evaluate the elasticity of substitution and verify

" Euler’s theorem.

(i) Is the sum of two quasi-concave functions

necessarily quasi-concave ? Why or why not ?

T I H 9 o) @ (0 § 7 f&5=l 31 & I

IS L

(@

() FF F T F SOE FH HED B AUl S
TFH GrAEEd AISA (equilibrium model) &
frafafen wdiewm e gw €@ ©

Pf(L) —w=07d PAL) = wL + ¢, S8l /3 SR

(b)

(A7) 4645

FTFHAE (twice differentiable) &, Toras
FL)>0F L) <0l G =R e §
HH E’Ti:?l'q Fwa C'W (exogenous) &

foed & paL ool = T S fF fag
A(w, ¢, P, L) = (w;, ¢, Py, L)) & STHIH w

¢ ® HOA B UNE ATHAT (implicit

® P oL oL
ow’ dc’ ow’ dc

differentiation) E| Hergar 9
¥ =EF T@ HIC)

(i) T () § W L(w, ¢) T (w,, c,) B GHIT
v, ¢,) W Hf=THed F@ Hifw

()  BHIAEH HE (homothetic function) FT TIHTH
fafem | |

) Frafafe wem r3 o eEfes ¥ @1 74,
mﬁu&mmﬁ%gwﬂﬁm:

8(x,, x,) = 2log x, + Slogx,.




(@

(88 V1 o 4645

02 038

x -1 s
() Wz=ﬁx,y)=(—+—*] ?g Sfeere”

A
Ealii (elagticity of substitutioﬁ)'sﬁa_aﬂﬁrq 7
ST # W (Euler’s theorem) Sl wﬁﬂ
I |

(i) FM A TG-S (quasi-concave) THTH! T
Arre fafvea 4R W erE-ofaae BT § ?
@ =T ? |

Attempt any three from the parts (a) to (d) in this question : 3x7

(@)

)

Find the critical points and classify them as local
maxima, local minima and saddle point for the function
2 —(x% yz)
fy)=(x"+2y)-e s
Find the maxima and minima of the function
5 —x (y-2)7 :
glx,y)=QRx+4)e Ry -1e” defined on
the set S where S is rectangular region with vertices

(0? 0)3 (0’ l)a (‘2’ ]) and (2., 0).

g

(d)

(13) | 4645
x(a, Vb)=A\/cE is a production function for good
x using inputs @ and b. Use the Lagrangian method to
find the amount of the factors required to produ.ce'an
output ¥ at minimum cost, when prices of the inputs aré
p, and p,. Check the second order conditions and verify

the envelope theorem.

.Find the closest point to the origin on the curve given
by the equation x> + xy = 1, x > 0. Also calculate the
minimum di:'atanc;:.. What is the rate of change in this
distance as the constant 1 in the equation of the curve

increases marginally.

IR I S g T g e e
é"%’]l!: . ‘

(@)

BAT f(x, y) = (2 +2)) X 1Y) B wIS
forgall (critical points) 1 TG HIFTT qe 5 T
ST (local maxima), T ﬁﬁ?—ﬂaaocél minima) &
F1l g (saddle point) B AR W wfiha HIfSITI

‘PTO.




()

©

(@)

(14) 4645
gge==a § 0 0W gfesrfera FATN
g(r, )= Qx+ 4) " “F @y -2 g Sfeas
(maxima) 3 TS (minima) FHifwg ST s, T
farga (vertices) (0, 0), (0, 1), (2, 1) F (2, 0) T HAAIER

&3 (rectangular region) Tl

x(a, b) = AJab , ST a & b 1 T ¥ G x
T IEARA e B SR F AN A
AT 1# e F ¥ STEYAH HRHI (factors)
7w SifeE A (Lagrangian method) T HEFTI
A I i, afe ST W p, A p, 1 fEA

' wﬁwﬁﬁaﬁlaﬂﬁqa TS0 GHI (envelope

theorem) EDl Wﬁﬁ W‘

wﬁ'q'n‘rﬂthxy:i,womﬁafﬁﬂ‘wmng
ﬁ%(oﬁgin)a‘amﬁwwmﬁéﬁﬁﬁm
W?{ﬁﬂqqﬁaﬁ%ﬁaﬁaﬁﬁmﬁw%w
1ﬁur1§ﬁqﬁaé=rﬁ'{ﬂ=qaﬁﬂ§ﬁﬁqﬁaﬁ?aﬁ

RS ?

%

(15) . 4645

Attempt any two from the parts (a) to (¢) in this question : 2x4

‘ P .
(@)  Show that the function =+t [)— %— is a solution

to the differential equation Ey =¥ — x, which satisfies

2
the initial condition y(0) = = - Sketch the solution,
A J

d
(b)  For the differential equation ?':j =3 — y — 6, draw

the phase diagram and identify the equilibrium values.

Identify which of the equilibria are stable.

(¢)  Verify whether the sets A and B are convex :

A= {(x,y)lxz +y2 <16, x* +y?f 24}

2x+5
= > x>0
B {(x,y)ly ST g }

HUHH 9 () A (0 T fo5ll @ 3 o
difsa .

(@) TR % @ = (x + |)~‘;—x,aqamaaﬁmw

a
(differential equation) Er)i =y—x 7l Th BA %, S

o5 urfive ord (initial condition) y(0) = % Ea {2
FA T TH T B OSRAE (sketch) FITT

P.T.O.




(16) 4645

) STTHET GHEH —2% — 2y 6 ¥ TR @ Y

(c)

(phase diagram) SFTST TYT TR ﬁlv_ga% ARSI
SHITSTC | I TreRd e €, gg=m sy |

TH=T9 A 9 B &1 WA (convex) &, HeATHUd

HIFTT

A= {(x,y)[xz +y2 516,.x2'+ y2 24}

B

- 2x + 5
2 0
{(x,y)!y R s }

16 i 3,500
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(c) Answer all questions. Choice is available
within each questions.

3! g geei 3 I A @l geAt &
fgT gad Iqe B

(d) Use of simple calculator is permitted.
AT Hehered TarT HE # AFART B

1. Attempt any four from the parts (a) to (e) in this
question. 6x4

@ 99 § W (a) 4 (e) & T BF=) =X & It &foTT |

(a) (i)

(i1)

Prove that any set of k vectors in R" is
linearly dependent if k > n.

Forez T BF & k @it & 1 ot ag=a
YRgepa : X (linearly dependent) T
g gt k>n.

Under what conditions is the lower
triangular matrix of order n x n invertible ?
Prove, for a lower triangular matrix of
order 3x3, that if the inverse exists, the
inverse is also a lower triangular matrix.
fp grdf @ M n x n HA FH TH
BrpIoTeT =g (lower triangular matrix)
Sfaeim=14 (invertible) BT 8 ? fass Hifsg
fp um omET 3x3 o P A
3 B af g (inverse) @1 IR B,
a1 as off et R ST

2 -

9115

(b) (i) For what values of p does the system of

equationé:
px+y+4z=2;2x+y+p22=2;x_3Z:p

have a unique, none or infinitely many

solutions.
p % 31 A1 %@ g1 g
PX+y+4z=2,2x+y+p?z=2;x-3z=p

1 A& &1 8171, BTE &1 7T ST AT o
BT BT |

(ii) Replace the vector of constants (2,2, p)

in part (i) above by (b, b,, b,) to state a
necgssary and sufficient condition for
the new system of equations to have
infinitely many solutions.

ST 91T (i) F Reiept & @fder (2, 2, p) 3
9T (b,, b, b,) FFT T 37 9Q TIHToT

fFrepra & o= & B8 ¥Q ngsEE T gara

LTt ot fARag |

3 "~ P.T.O.
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(¢) The 5000 consumers of

a product are equally
divided between brand A and brand B this

year. However each year 10% of brand A
consumers of the previous year shift to brand
B whereas 20% of brand B consumers of the
previous year shift to brand A. The total
number of consumers remain fixed. Set out

the problem in matrix form to answer the
following :

wﬁwm%'sooomﬁwm;\a

mBﬁﬁwﬁa%nuﬁaﬁmA%mw
& IO ¥ ¥ 10% o

) What is the proportion of brand A
consumers after 2 years ?

zaﬁaﬁaigA%Gmﬁwaﬁwaﬁumw
BN ?

(i) What was the proportion of brand A

consumers last year ?

qro?
4

TﬁB%aéaisA%mﬁ?ﬁraﬁaﬂaﬁmﬁw‘

(d) (i)

(ii)

(e) (i)

9115
»

The plane P g perpendicular to the

5 5 and
passes through (1, 5, 7).
equation of the plane p,

-2 _y+d 4o
straight line % =¥re _z2-3

Find the

v X=2 y44 ;.3
HHT (plane) P, ¥zt

3 s T3 7
“PEET (perpendicular) ¥ qe (1,5, 7) A
TR B\ 657 P ooy @psiresTor s oo

If 3 and ¥ are vectors of unit length,

under what circumstances is the length
of their difference equal to 2 ?

WM x A5 g s B o At F o e
oRRefret & $7 orwrr %1 e 2 % ey
Brft 2

How many different matrices of order
3 x 3 can be formed that are both
diagonal and idempotent ?

FH3 % 3% A Fha srerT-arem aTTegE

ST ST @Hhel & A B Reporfegs (diagonal)

0N & T agree (idempotent) +t 2

S P.T.O.



(i) Describe the set of vectors spanned by
the set of vectors A, B and C, where :

GRsf A, B @ C, & 9 7T (spanned)
TR B FH=EG T IO HIAC ABT -

AREORE Y
C:‘i O ‘Oh 0:;
'\'\05 \01 \ll

2. Attempt anyv two from the parts (a) to (c) in this
quesuon. 5x2
TE HYH F W (a) T (c) F | el & & I« &g |
(a) (i) Specify the domain and provide a rough
sketch of it for the function
f(x,y)=In(9-x*-9y"). Also provide a
rough sketch of the level curve at the

height 4.

s f(x.y)=In(9-x"-9y*)&HT w1H
faifEu g I o TGS 9150 | SHars 4

qY 3% & 96 B T SIREa e |
6

(11)

(B (1)

State three different necessary and
sufficient ‘:o:‘"-‘;: X
differentiable

.—- ncaon '\ :-' tha: 1s C_---i.-.n
a7
~
on a convex dom

TE 3T <1 C\T‘.\t.\ug.‘.al.". EERTE RS
T F9 2 3 Goo: IEFTAT (conunuousky
3 1 = o ) —
differer '*_:.aa.e' == {Ix, v = F=o
\COHCL.\‘F\ 5’,. T F O kT Foyeaos ©
ATy 3 O Iiag
For the surfacs defined b the
C.ll‘f" - S Trrem At e - T I S
crenuadic luncuan z=r X.=— . Shiow
X
that the tangent plane at (X.. »
intersects the z ax:s at

X
A8 (surfae) 3 I9ET &F < =«

(tangent plane) z ITT =T
\ N
S . \
z=F N -F N X o st
M, TS

(intersect) T 2

u
-4
fJ
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(ii) Draw a sketch of the level curve(s)to

2 2
the function f(XsY)=%+(%) at the

height 3 cm or m. Is the function

homothetic ?

e (xy) =222 )%macmor

m 9% WX a6 (Fehi) I IMRET BT | T
g8 P SMafe® (homothetic) & ?

(c) The temperature at a point (x, y) on a metal

. __ X
plate in the X-Y plane is T(x,y)= T+ x4y’

X-Y TFe § O1g B T wie B Fg (x, y) T

Xy -

e T(06Y) =157

(i) Find the rate of change of temperature
at (1,1) in the direction (2,-1).
(1,1) 9 f&em (2,-1) F qramr & afae T @t
gY ST HITOT |

9115

(ii) An ant at (1,1) wishes to walk in the
direction in which the temperature drops

most rapidly. Write down the unit vector
in that direction.

(1,1) 97 ferq asp =T 370 B9 F ge=r =nzd
2 e araa= gad o0 g frear & ) 33 2o
T geprs Afger farfaa |

3. Attémpt any two from the parts (a) to (c) in this
question. 6x2

9 59T F |1 (a) | (c) F @ R &1 & I Fiforo

(a) Given that the function f (x, y) is homogenous

af (x,y) of (x.y)
of degree p, show that ——— and —

ox cy
are homogenous of degree p-1 . Using this,
or otherwise, prove that

x*f,, +2xyf,, +y'f, =p(p-1)f(x.y)
Fezm gem B 6 ot f (x, y) FIf p o7 AT &, a1

5f(x y) af(x,yl
gomge fF ——= oy

g sﬂﬁmﬁ,mmﬁrﬁ it f
x’fy, +2xyf, +y7f, =p(p—1f(x.y)

HifE p-1 F T

9 P.T.O.
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(b) ()

State the implicit function theorem.

ey w5 S (implicit function theorem)
= Rt |

The function {(x, y, 'z,.u, v): R s

defined by the system of two equations :

ulyz + 2xv-uvi-2=0 :and xy? + xzu

+yv?-3=0, has a solution at (x, y, z, U,

vi=(1,1,1,1, 1) . Find the values of the

endogenous variables u and v when
x=1.02,y=0.99, and z= 1 .

wEF f(x, ¥, Z, U, V) 0 o WP A o &
TeRTen & e ulyz + 2xv-ulvi-2=
0;d xyl+xzu+yv“—3=0,@fQﬁ‘1TfﬁﬁT%,
= (x,y,2 4u,V)=(1, 1,1, 1, 1)?(@536‘
$ o x=1.02,y=099, T z= 1
S EIRECR (endbgenous variables) ud v
& HIF A HIoT |

10

9115

(c) State the definition for a quasi-concave
function. Use the definition to test whether
the following three functions are quasi-
concave :

()1 =x> (i) gx) =yx (i) hxy)= x?y
e o7ef argAe (quasi-concave) BT 1 afarar

t%r@waqﬁmm%sﬁqmaﬁw%ﬁﬁmwﬁ
& 1ot oTadel AT 1 TLET Y |

(i)f (x) = x? (i)glx) Vx (i) h(x¥) = X'y

4. Attempt any three from the parts (a) to (d) in
this question. 7%3

mqwﬁum(apﬁ(d)ﬁﬁ%#ﬁﬁa%wéﬁml
(a) Derive the conditions on «,f3 under which

the function f(x.y)=2x"y".a.p > 0 defined

on the domain x>0,y =0 1s:

a.p UT I I B Feaw e w7,
qTrd x20,y20 97 gfywifer w@A
f(x,y)=2xy",a,p > 0.

(i) Strictly Concave

e erdd (Strictly Concave) &

11 P.T.O.
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(i) Concave

Fgas (Concave) &
(1ii) Quasi-concave

- ITIA (Quasi-Concave) &
(iv) Convex

I (Convex) B |

(b) State the sufficient conditions for a function

to possess both a global maxima and a global
minima in its domain.

Find the global extreme points for the
function f (x, y) = x?y® defined on the set
{xy)x>1,y 22, x+y<10}.

T e B UH T A9 SRTS (global maxima)
& afyass M= (global minima) T 89 ®g
AELTE STl faRay |

TI=E (%,y) | X 21,y 22, x+y < 10) ST GR™IRT

% { (%, y) x2y® & Afas a7 g (extreme
points) STd AT | -
12

(c)

- (d)

9115

Find all stationary points of the function
f(x,y)=x3+y?-2xy-2x? +x -y + 4 classify
the stationary points as maxima, minima and

saddle points.

T f (X, y) =x3+y? 2xy - 2x2 + X -y + 4 &
g+t Rerw &g (stationary points) ST i1 |
5 gt 31 3feere (maxima), A (minima)
1 et g (saddle points) & A 9T @i
EaiEd

A point moves on the curve x? + y* = 100 . At
what point is its distance from the point
(x, y) = (10, 8) minimum ? If the constant
100 in the equation of the curve were to be
increased by one unit, what is the
instantaneous effect on the minimum

distance.

T fag @k x2 + y2 = 100 9T IR H3ar 81 fha
forg T g (x, y) = (10, 8) & @bl gl =LA
Rl ? A a5k B THHTOT B R 719 100 i TF
IoRIE | FT f&ar AT a1 39 =AaH g0 97 qreeiforeh
(instantaneous) 9T &1 SR ?

13 P.T.O.
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S. Attempt any two from the parts (a) to (¢) in this
question.

sﬁqawﬁm(a)ﬁ(c)ﬁ%ﬁﬁﬁﬁ%wﬁﬁm :

(a)

(b)

4x2

Consider the differential equation

Y _ (1Y
ar m )Y where k and m are positive

constants. Draw a phase line to determine
if the equation possesses a stable

equilibrium.

ATHA FHIHIOT (differential equation)

dy y : )
d‘t‘k[l‘;)y X e @Y 9e kg m

gt Rt ¥ 1o 5w @i &y sy
meaﬁa%;mﬁwm%
T FT9E] I@T (phase line). 3 s i |

Two sets A and B in R?are defined as

A={xy)| xy > 10}and B = {(x, y) 2x*+y <0} .
Draw a sketch of the sets to decide :
14

(c)

9115

W T A AgEEd A = {(x, y)| xy 2107 B = {(x,
y) 2x*+y < O gmqﬁ'ﬂﬁﬁ%ls_'fﬂﬂfaﬁ%
ATE FETET T 39 ATET it gergar d Frefatad
94T & I ST

(i) whether the sets A and B are closed and
bounded.

FT @g==g A @ B T= (closed) g 9iT=
(bounded) &

(11) whether the set A "B is convex.

=T A N B W(convex]%l

5 3 .
Show that X(t) =Ce +§ is a solution to the

- : . odx .
differential equation HT=5X—3 . Find the

integral curve when x(2) = 1 .

50, 3 -
zerfgu 5 x(t)=Ce’ £, SAES AHwTer

dx

,dt=5x—3asrtr=aga%| g x(2) =12,

THShE I56 (integral curve) ST HITOTT |
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