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Test code: ME I/ME 11, 2004
Syllabus for ME I

Matrix Algebra: Matrices and Vectors, Matrix Operations, Determinants,

©
Nonsingularity, Inversion, Cramer’s rule. Q)%
©
Calculus: Limits, Continuity, Differentiation of functions of one o %
variables, Product rule, Partial and total derivatives,Derivatives ofN cit
functions, Unconstrained optimization (first and second ogder §onditions
for extrema of a single variable and several variab lor Series,
Definite and Indefinite Integrals: standard formulae, integ€ration by parts
and integration by substitution. Different] tions. Constrained

optimization of functions of a single Variab%

Theory of Sequence and Seriess~
@

Linear Programming: Fo

problems. Graphical W

Theory of P, 1al Equations (up to third degree)

tions, statements of Primal and Dual

ElegfeMary Statistics: Measures of central tendency; dispersion,

<orrela ion, Elementary probability theory.

Q’\,



Sample Questions for ME I (Mathematics), 2004

For each of the following questions four alternative answers are provided.
Choose the answer that you consider to be the most appropriate for a
question and write it in your answer book.

1. X ~ B(n, p). The maximum value of Var (X) is

@i ®ma ©f: - (b

2. P (x) is a quadratic polynomial such that P (1) = - P (2). Wt of

the equation is —1, the other root is Q

(A) ——; (B) s (C) < D) -2

3. f(x)=(x—a) +(x=b) +(x—¢), é?

The number of real roots of f %@
A) 33 (B) 2 (O LeW o

to $he three students A, B and C. Their

4. A problem of statistics is gi
probabilities of solving it ivd€pendently are %,% and%, respectively.
The probability th% problem will be solved is
3 1 4
A) —; — C) —; D) —.
(A) z ) ©) i (D) 5

5. Su@ elation coefficients between x and y are computed from

A

respectively.

Qx Then
< 2

y=243x and (ii)) 2y=5+8x. Call them p, andp,,
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A) pr>pys B) p,>p5 (C) py=p,; (D) either p, > p, or
P <P

. In the linear regression of y on x, the estimate of the slope parameter is

Covix.y) . Then the slope parameter for the linear regression

V(x) b
e

given by

of x on y is given by

V(x) Cov(x,y) Cov(x,y) b
; ———F—=; (D) none%

—: (B) —=; C 5
) Cov(x, ) ®) V(x) © V)V (y) f))

these.
Suppose f(x)=e" then Q/\

A f xl-;xz >f(x1)-;f(x2) for all x, and xzz%cl *X,;

2 2

®) £ L P I £ for a‘%%x2 and x, # x,;

X X f(xl)+f(x2
© f ke 5

X, # Xy (j
f[—xl + X M for some values ofx, and x,and
2 2

(D) @(ists at least one pair (x1 , X, ), X, # X, such that

& (xlzxzj:f(xl);f(xz)

/% Consider the series (i) and (ii) defined below:
2 3 4

1
— —+—+
2 2% 20 2f

some values ofx, and x,and

X

(i)
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and
(i1) 1 + Lz + % + L4 +
2 27 2 2
Then,
(A) the first series converges, but the second series does not converge; b
RS
(B) the second series converges, but the first series does not converge; b
(C) both converge;

(D) both diverge. xfb%

9. The function x| X | 1S

(A) discontinuous at x = 0; qq

(B) continuous but not differentiable at x = 0; :

(C) differentiable at x = 0; g
(D) continuous everywhere but not différ e anywhere.

10. The sequence (~1)""' has

(A) no limit; \Y’
(B) 1 as the limit; < )

(C) —1 as the limit;
(D) 1and -1 as tw

11. The series

. .—+...+l.
33 34 n n+l

%rges;
g converges to a number between 0 and 1;
x& (C) converges to a number greater than 2;
(D) none of these.

?‘ 12. Consider the function
Q 4

+...
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x' -1

(x>0)

x)=—
x' +1

The limit of the function as ¢ tends to infinity;

(A) does not exist; (B) exists and is everywhere continuous;

(C) exists and is discontinuous at exactly one point;

(D) exists and is discontinuous at exactly two points.

2 2
13.1f u = sin”| 22 , then xa—u+ya—u is equal to
xX+y ox ox

(A) sinucosu; (B) cotu; (C) tanu; (D) none of the

14. The deviative of tan‘l( cos:x jwith respect to x is Q

1+sinx
1 C)
(A) —— (B) ©) > D) -=

15. The sum of the infinite series 1+ — +~% 256 w1

(A) g; (B) g; ©) g; ( ne of these.

o
&
QS
R

16. Five boys and four girls a@ seated in a row for a photograph. It is

desired that no two Xirls/sit together. The number of ways in which

they can be so arr

(A) 6, x E 4 x [5; (C) 14 xL5; (D) none of these.
17. A poigt s so that the ratio of its distance from the points (-a, 0)

1s 2:3. The equation of its locus is

x*+y* +10ax+a’ =0;

x (B) 5x*> +5y° +26ax+5a° =0;

(C) 5x* +5y* —26ax+5a> =0,


Dell
Highlight

Dell
Highlight

Dell
Highlight

Dell
Highlight

Dell
Highlight

Dell
Highlight


(D) x*+y*>—10ax+a’ =0;

100
18. If the sum, Z | x, is divided by 36, the remainder is

x=1

(A) 3; (B) 6; (C)9; (D) none of these.

(A) A.P; (B) G.P.; (C)H.P.; (D) none of these.

19.If a, b, ¢, d are in G.P., then (a3 +b3)_1,(b3 +c3)_1,(c3 +a’3)_l are in b%b
20. The solution set of the inequality ‘ | X | -1 ‘< I-xis %b

A) (20); B) (o) (©) (0%); (D) (- 1,1).\'
21. The distance of the curve, y = x°, from the straight liEf/Z\— y=4is

minimum at the point

22. The dual to the following linear progra

maximise%x1 +x,

sulject =3x, +2x, <-1

(j X, —X, <2
V x,20,x,20
has Q

(A) auniqué optmal solution;

A) (-L1); B) 1L1): (©) (2.4); %@?

(B) adga solution, but no optimal solution;
tiple optimal solutions;
(By, no feasible solution.

. The number of real roots of the equation

\' x*=3|x][+2=0
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24.

25.

26.

27.

28. 1i

A 1; (B)2 (€3 (D)4

There are four letters and four directed envelopes. The number of ways

in which the letters can be put into the envelopes so that every letter is

in a wrong envelope is

(A) 95 (B) 12; (C) 16; (D) o64. b
If a’x® +2bx +c =0 has one root greater than unity and the other less Q)%

than unity, then

(A) a®>+2b+c=0; (B) a’+2b+c>0; /))%
(C) 2b+c¢<0; (D) 2b+c¢ > 0; /\

1
Given the two sequences a, = — and
n

b :L,thesum 299 (a _b

" on+1 } =1 is %@
Mot o n
A) I, B)1 R © 0 % one of these.

(1 —1} o0 dv
If A= then A is
2 -2 (:
0 ; (B) V ©) 5 2] (D) none of these.

(A) 0

sm X
lim
x—0

}2§ ® L © ¢ O e

& Th system of equations
x X+y+z= 6

x+ay—z=1

2x+2y+bz= 12
7
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has a unique solution if and only if
(A) a#1; B)b#2; (C) ab#2a+b+2;(D) none of these.
30. The number of times y = x” —3x+3 intersects the x — axis is

A o0, B L (©) 2 (D 3.

Syllabus for ME II (Economics) ng

Microeconomics: Theory of consumer behaviour, Theory of produ b
behaviour, Market forms and Welfare economics. %

Macroeconomics: National income accounting, Simple model cigfﬁt
determination and Multiplier, IS — LM model, Aggregate and
aggregate supply model, Money, Banking and Inflation. Q

Sample questions for ME 11 (Economics%%

Instruction for question numbers 1 (i)
For each of the following questions four al 1y¢ answers are provided.
Choose the answer that you consider @e most appropriate for a
question and write it in you answer boo

(1) A consumer consumes only

is U(x y)=x+y.Her E%/t

the price of good X.

ods x and y. Her utility function
onstraint is px + y = 10 where p is

then the (absolute) own — price

elasticity of g
(A) 0 ;5; © L (D) «

(11) A ;& consumes only two goods x and y. The price of good x

1 cal market is p and that in a distant market is q, where
%q . However, to go to the distant market, the consumer has to
& incur a fixed cost C. Suppose that the price of good y is unity in

both markets. The consumer’s income is /and / > C. Let x,be

Q the equilibrium consumption of good x. If the consumer has

smooth downward sloping and convex indiference curves, then
8
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(A) (p-q)x, = C always holds;
(B) (p - q)x0 = C never holds;
©) ( p- q)xO =C may or may not hold depending on the

consumer’s preferences;

(D) none of the above. ; %

(iii))  Consider the following production function Q = min (;,45 b
a

Let w and » be the wage and rental rate respectively. Tl(e'bs
function associated with this production function is /\

(A) 2 awQ;
(B) 4 brO:; &
©) (wa + 2br)Q;

(D) none of the above. %

(iv)  During a period net loan from %d f an economy is positive.
i

This necessarily implies that is period
(A) trade balance is posjfiye;
(B) net factor incomeé)j abroad is negative;

(C) current accoerlus is negative;

(D) changgd %gn exchange reserve is positive.
(v) Consideg asimple Keynesian economy in which the government
e (

ex@ G) exactly equals its total tax revenue: G = ¢Y where ¢
%@ tax rate and Y is the national income. Suppose that the

gdvernment raises ¢. Then
& (A) Y increases;
Qx (B) Y decreases;
(C) Y remains unchanged,

< 9



&

&

(D) Y may increase or decrease.

(vi)  Which one of the following statements is FALSE?

Interest on pubic debt is not a part of

(A) both personal income and national income;

(B) government consumption expenditure;

(C) national income;

(D) personal income.

Indicate whether the following statements are TRUE ogébi,

adding a few lines to justify your answer in each case:

(@)

(i)

(iii)

No. 3

A barrel of crude oil yields a fixed nu gallons of
gasoline. Therefore, the price per gallon soline divided

by the price per barrel of crude i€ 1hdependent of crude

oil production.

If there is no money ill%@lce you know all the price
elasticities of deman

its income elasQ& S

If two agent an Edgeworth box diagram have

homot tweferences then the contract curve is a straight
lir@ g the two origins.

commodity, you can calculate

nsiget a duopoly situation where the inverse market demand

funcpOgfis™ P(Q) = 10- Q (where O=¢q,+ qz). The cost function of firm

is 2q,) and that of firm 2 is (1+4q, ). The firms do not incur any

txed cost if they produce nothing. Calculate the Cournot equilibrium

output and profit of the two firms. If, ceteris paribus, the fixed cost of firm

2 is Rs. 2 (instead of Re. 1), what happens to the Cournot equilibrium?

10



No. 4 |A simple Keynesian model has two groups of income earners. The

income of group 1 (Yl) is fixed at Rs. 800. Both groups have proportional

consumption function; the average propensity to consume is 0.8 for group
1 and 0.5 for group 2. Group 2 consumes only domestically produced
goods. However, group 1 consumes both domestically produced as well as
imported goods, their marginal propensity to import being 0.4. investm: b
goods are produced domestically and Investment (I) is autono %
given at Rs. 600.

(1) Compute gross domestic product (Y) /\

(i1) Suppose group 2 makes an income tra Rs. 100 to

Rs. 250 (that is, import functi

group 1. However, imports are restrigted cannot exceed
@s to be operative at

this value). How does Y ch

(ii1)) How does your answer% (i1) change, if the upper

limit of imports 1s rai 400?

No. 5| A consumer COHSUQCCU‘ICH}’ )and other goods (X,).

The price of other go nlty To consume electricity the consumer has

to pay a rent and a per unit price p. However, p increases with
: 1

the quant ectr1c1ty consumed according to the function p = EX p-

Th@f nction of the consumer is U = X, + X ,and his income is
&> R.
(@)

Q (i1) IfR=0and /=1, find the optimum consumption bundle.

A n

Draw the budget line of the consumer.



(ii1))  Find the maximum R that the electricity company can

extract from the consumer.

No. 6 | A consumer has Rs. 25 to spend on two goods x and y. The price

of good x is Rs. 3 and that of good y is Rs. 4. The continuously
differentiable utility function of the consumer is U (x, y) = [2x + 16y —x’ %b

—y? where x>0and y>0. What happens to the optimum commodity

bundle if, instead of Rs. 25, the consumer has Rs. 50 or more to spend ?éb

the two goods? /))

No. 7 |Consider an IS — LM model with the following elemené\

s :s(y—t.H.y), 0<s'()<1 q
i=i(r), i'()<0 )
I=1(n,r), 1()>0, L,()<0 %/% 3)

where s is the desired private saVinE; c@t e real GNP, @ is the

(exogenously given) labour’s share j t is the proportionate tax rate

on labour earnings, i is the dagire

interest rate and / is the de(edjf

M
balance —, together,wi real government spending g and the tax —
5 g W g pending g

real physical investment, 7 is the

al money holdings. The real money

rate ¢, are €Xo

g Q«-
(1) §?Laffer curve plots equilibrium tax collections on the

ertical axis against ¢ on the horizontal axis. Laffer’s

& famous formula was that the curve slopes downwards.

Show analytically whether or not that can happen here.

§ (i1) Suppose ¢ is imposed on all factor payments, that is, on

&

GNP. Reformulate equation (1) for this case. Does your

answer to part (i) change?
12



Test code: ME I/ME 11, 2005

Syllabus for ME I, 2005

Matrix Algebra: Matrices and Vectors, Matrix Operations.
Permutation and Combination.

©
e

Calculus: Functions, Limits, Continuity, Differentiation of functi %
one or more variables, Unconstrained optimization, Definite a cfifiite

Integrals: integration by parts and integration by substituti nstrained
optimization of functions of a single variable, Theo quence and
Series.

Linear Programming: Formulations, s@ of Primal and Dual

problems. Graphical Solutions.

Theory of Polynomial Equa{orgjt: third degree).

Elementary Statist \(easures of central tendency; dispersion,

correlation, El

/@6
&
3
< 1

probability theory, Probability mass function,

nction and Distribution function.



Sample Questions for ME I (Mathematics), 2005

For each of the following questions four alternative answers are provided.
Choose the answer that you consider to be the most appropriate for a

question and write it in your answer book.

1. X ~ B(n, p). The maximum value of Var (X) is %b
n . n. 1
@ ®me ©%: o ’))

2. The function x| X | is q
(A) discontinuous at x = 0;
(B) continuous but not differentiable at x %@

(C) differentiable at x = 0;
(D) continuous everywhere but not%entiable anywhere.

3. If 4= then +A5 is
0 0 1 —1 —-11
(A) ; (D) none of these.
-22
4. e aximum and minimum values of the function

& f(x)= ‘x +2x— 3‘ + 1.5log, x, over the interval B 4},are
Q (A) (21+3 log,2,—1.5 log,2); (B) (21 + log,1.5,0);

Q ©) (21+3log,2,0); (D) (21 + log,1.5,-1.5 log,2).

©
e
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5. Letacand B be the roots of the equation x* — px+¢=0.

Define the sequence x, = a” +B". Then x,,, is given by

(A) px,—qx,,; (B) px,+gx,,;
(C) qxn - p'xn—l ’ (D) q'xn + p 'xn—l .

6. Let f: [— 1,1] — Rbe twice differentiable atx = 0, f(0)=f'(0)= (gbb
and f"(0) =4 . Then the value of Lt 2f(x) - 3f(22x) + fm”‘éb

x—0 X
(A) 11; B) 2; © 12; (D) &eé}ese.

log, x, .

7. Fore< x; <x, <00, ——=18 %
logexl

2
(A) less than X ; (B) greater th Z4/but less than (x—zj ;

Xy X

1
3 2
(C) greater than [x—zj ; greater than (X—QJ , but less than
X < } X
3
X2

[xl] . ?}/

1 1

*‘ 1
8. The value e expression + +ot————
30 V442 V24437 Y99 +4/100

@ational number lying in the interval (0,9) ;

(B an irrational number i lying in the interval (0,9) ;
& (C) a rational number lying in the interval (0,10) ;

Q (D) an irrational number lying in the interval (0,10).

< |

1S

©
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9. Consider a combination lock consisting of 3 buttons that can be
pressed in any combination (including multiple buttons at a time), but in
such a way that each number is pressed exactly once. Then the total
number of possible combination locks with 3 buttons is

(A)6; (B) 9; (C) 10; (D) 13. Q)%b

10.  Suppose the correlation coefficient between x and y is denoted by R, b

and that between x and (y + x), by R;. f))

Then, (A) R, > R; (B) Ri =R; /\

(C) Ry <R (D) none&.
11. The value ofJ‘_l1 (x+|x|)dx is %@
26

(A) 0; B) -1; O 1; these.

12. The values of x; = 0Oand x, thgt maximize I =45x, +55x,
subjectto  6x, +4x, <1 a
3x, +10x4, <180
arc

(A) (10,12)%'%' 8,5 ; (C) (12,11); (D) none of the above.
&
A
JY
:38 4
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Syllabus for ME II (Economics), 2005

Microeconomics: Theory of consumer behaviour, Theory of producer

behaviour, Market forms (Perfect competition, Monopoly, Price %b

Discrimination, Duopoly — Cournot and Bertrand) and Welfare economics.

Macroeconomics: National income accounting, Simple model of inc
determination and Multiplier, IS — LM model, Money, Banki

Inflation. x
Sample questions for ME 11 (Economlcs@'g:

. (a) A divisible cake of size 1 is to be d1 %ong n (>1) persons. It
is clalmed that the only allocatlon areto optimal allocation is

(— ,— —) Do you agree wit 1a1m ? Briefly justify your
nn n
answer.

(b) Which of the fq M transactions should be included in GDP?

Explain whet corresponding expenditure is a consumption

expenditS&aa investment expenditure.
&%Ar. Ramgopal , a private investment banker, hires Mr. Gopi to

do cooking and cleaning at home.

é (i)  Mr. Ramgopal buys a new Maruti Esteem.

(iii))  Mr. Ramgopal flies to Kolkata from Delhi to see Durga Puja

celebration.



(iv)  Mr. Ramgopal directly buys (through the internet) 100 stocks
of Satyam Ltd..
(v) Mr. Ramgopal builds a house.

2. Roses, once in full bloom, have to be picked up and sold on the same Q)Q)

day. On any day the market demand function for roses is given by

P=a-Q (Q is number of roses ; P is price of a rose). %
s

It is also given that the cost of growing roses, having been incurray/
0

owner of a rose garden long ago, is not a choice variable for

O

( a ) Suppose, there is only one seller in the ma et% he finds 1000

roses in full bloom on a day. How many rose he sell on that day

and at what price? C:

( b ) Suppose there are 10 sellers 1 market, and each finds in his
garden 100 roses in full bloo@ for sale on a day. What will be the
equilibrium price and the nu of roses sold on that day? (To answer

this part assume o > v\gv

(c) Nows he market is served by a large number of price taking

sellers. eyer, the total availability on a day remains unchanged at

10& s. Find the competitive price and the total number of roses sold
n tha

’{Q .

Q 3. Laxmi is a poor agricultural worker. Her consumption basket comprises

Q‘E three commodities: rice and two vegetables - cabbage and potato. But
6



there are occasionally very hard days when her income is so low that she
can afford to buy only rice and no vegetables. However, there never arises
a situation when she buys only vegetables and no rice. But when she can
afford to buy vegetables, she buys only one vegetable, namely the one that
has the lower price per kilogram on that day. Price of each vegetable

fluctuates day to day while the price of rice is constant.

preference pattern. Explain your answer. /))

4. Consider a simple Keynesian model for a closed eco Mhout
Government. Suppose, saving is proportional to inc ), marginal
propensity to invest with respect to y is 0.3 and the s is initially in
equilibrium. Now, following a parallel dow hift of the saving

function the equilibrium level of saving is fun®g# increase by 12 units.

Compute the change in the equilibrium

N8

5. Consider an IS-LM m In the commodity market let the
consumption function belgivgn by C=a + b Y, a>0, 0< b <I. Investment
and government sgerding are exogenous and given by Iy and Gy
respectively. @o'ney market, the real demand for money is given by
L = kY —gr,N™0, g >0. The nominal money supply and price level are
exog given at My and P respectively. In these relations C, Y and r
dehotg consumption, real GDP and interest rate respectively.

Set up the IS — LM equations.

&ii) Determine how an increase in the price level P;, where P; >

&

Py, would affect real GDP and the interest rate.

7

©
e

Write down a suitable utility function that would represent Laxmi’sb



Test code: ME I/ME 11, 2006

Syllabus for ME I, 2006

Matrix Algebra: Matrices and Vectors, Matrix Operations. b

Permutation and Combination. (b

Calculus: Functions, Limits, Continuity, Differentiation of functions of Q)

one or more variables, Unconstrained optimization, Definite and Indefi b

Integrals: integration by parts and integration by substitution, Cons{)ﬁ%

optimization of functions of not more than two variables.

Linear Programming: Formulations, statements of Py ﬂnd Dual

problems, Graphical solutions. QQ

Theory of Polynomial Equations (up to third degree).

Elementary Statistics: Measures of cer@deney; dispersion,

correlation, Elementary probability theo@r ability mass function,
u

Probability density function and Distri

Sample Questiow I (Mathematics), 2006

nction.

For each of the follo estlons four alternative answers are provided.
Choose the answgmth¥t you consider to be the most appropriate for a
question.
+x 2x
llff Q j, 0<x<1,thenf[ 2jequals
I+ x
f(x); (B) — (x) ; (O) (f(x))*; (D) none of these.

/g

Q 2. If u=¢(x—y,y—z,z—x), then 6—u+—+g—u equals

8 |
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(A)0; (B)1; ©) u; (D) none of these.

3. Let 4 and B be disjoint sets containing m and n elements, respectively,
and let C=AUB. The number of subsets S of C that contain k
elements and that also have the property that S()A4 contains i
elements is

m n m n m\ n %
ol @) o () @) (O
4. The number of disjoint intervals over which the function /))%

f(x) = ‘O.sz —|x” is decreasing is x
(A)one; (B)two; (C) three; (D) none of theseq/\
5. For a set of real numbers x,,x,,........ x,, the root square (RMS)

) e
defined as RMS = {%fo} is a me@ central tendency. If
i=1

AM denotes the arithmetic mean of, f numbers, then which of
the following statements is correct?

(A) RMS < AM always; RMS > AM always;
(C) RMS < AM when the s are not all equal;
(D) RMS > AM when nu are not all equal.

6. Let f(x) be a fu\?u of real variable and let Af be the function
f

Af () (x). For k>1, put A*f= A(A“"f). Then
A f(x) s&u

k [k
@1) ( }/(xﬂ) (B) Z(—l)’“(j}/(xﬁﬁ);
k (kK
x ©) Z( 1)’ ( (x+k=j); (D) Z(—l)’“[j)/(ﬁk—j)-

< 2
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7. Let I, = Ix”e"‘dx , where n is some positive integer. Then 7, equals
0

(Ayn!—nl,;. B)n!+nl,;. (C) nl,;. (D)none of these.

8. Ifx’ = 1, then
a b c

A=1|b c¢ a| equals

©
AP

(A) (cx* +bx+a) |x ¢ a|; (B) (cx* +bx+a)

b ¢
(C) (cx®> +bx+a) |x ¢ a; (D) (c@a) x> ¢ 4.
a b
9. Consider any integer I =m” + re m and n are any two odd
integers. Then
(A)Iis never divisible bygj

(B) I is never divisib]xl?y/él;

(C)Iis never divig 6;
(D)none of't

h
10. A box h :; balls and 5 black balls. A ball is selected from the
box. I%b 11 is red, it is returned to the box. If the ball is black, it

and ilonal black balls are added to the box. The probability that a
cefad Ball selected from the box will be red is

55 98

47 . 25 .
$ (A) 25 ® 2 © 53 ®) 155

< |
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<

&

log(l + xJ - log(l - XJ
1. Let f(x) = P 1

X
x =0, then the value of f(0) is

, x #0. If f is continuous at

(A) 1 l; B) p+q; (O o =+ l; (D) none of these. b
2 p b%

q

12. Consider four positive numbers x,, x,, »,, ¥, such that y, y,>x, x b
Consider the number S =(x,y, +x,y,)—2x,x,. The number S} %

(A)always a negative integer; 4x

(B) can be a negative fraction;
(C) always a positive number;

(D)none of these. q

13.Given x >y >z, and x + y + z = 12,t imum value of

x+3y+5z is %

(A)36;  (B)42; (038

14. The number of positive pairs of i | values of (X, y) that solves
2xy—4x* +12x -5y =11

(A) 4, B)1; () 2; (D)none of these.

15. Consider any &oms function f: [0, 1] — [0, 1]. Which one of

the followi ents is incorrect?
(4) faw as at least one maximum in the interval [0, 1];
(B) has at least one minimum in the interval [0, 1];

x'e [0, 1] such that f{x) = x;
the function f must always have the property that f(0) € {0, 1},
f(1) €{0, 1} and f(0) + f(1) =1.
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Syllabus for ME II (Economics), 2006

Microeconomics: Theory of consumer behaviour, Theory of production,
Market forms (Perfect competition, Monopoly, Price Discrimination,
Duopoly — Cournot and Bertrand (elementary problems)) and Welfare
economics.

Macroeconomics: National income accounting, Simple model of income
determination and Multiplier, IS — LM model (with comparative statics),
Harrod — Domar and Solow models, Money, Banking and Inflation.

Sample questions for ME II (Economics), 2006 CD

1.(a) There are two sectors producing the same commgdity. Labour is
perfectly mobile between these two sectors. Labour ma, %competitive
and the representative firm in each of the two sectors @m zes profit. If
there are 100 units of labour and the production#anctioff for sector i is:

F(L) = 15\/L_l. , i = 1,2, find the allocatio ur between the two
sectors.

(b) Suppose that prices of all variabl ors and output double. What
will be its effect on the short-run eq i{ffm output of a competitive firm?
Examine whether the shoﬂ-m@ f the firm will double.

(c) Suppose in year 1 economie activities in a country constitute only
production of wheat Ws. 750. Of this, wheat worth Rs. 150 is
exported and the res s unsold. Suppose further that in year 2 no
production takes e, ut the unsold wheat of year 1 is sold domestically
and residents country import shirts worth Rs. 250. Fill in, with
adequate ex fom, the following chart :

Year G = Consumption + Investment + Export - Import

1&

2

Q 2. A price-taking farmer produces a crop with labour L as the only input.

&

His production function is: F(L) = 10+/L —2L . He has 4 units of labour
5

QO



4’\,

&

in his family and he cannot hire labour from the wage labour market. He
does not face any cost of employing family labour.

(a) Find out his equilibrium level of output.

(b) Suppose that the government imposes an income tax at the rate of
10 per cent. How does this affect his equilibrium output?

(c) Suppose an alternative production technology given by:

alternative technology? Briefly justify your answer.

©
e

F(L)=1 WL —L—-15 is available. Will the farmer adopt ‘?é)&)

3. Suppose a monopolist faces two types of consumers. In ty e)%b is
only one person whose demand for the product is given by : 2& 100-P,
where P represents price of the good. In type /I there ar rsons, each
of whom has a demand for one unit of the good and ea: tifem wants to

pay a maximum of Rs. 5 for one unit. Mgpopoligf cannot price
discriminate between the two types. Assume that %s‘[ of production for

the good is zero. Does the equilibrium price %

for your answer.
4. The utility function of a consumer

n n ? Give reasons

n
X,y) =xy. Suppose income
of the consumer (M) is 100 and the i%k rices are P, =5, P, = 10. Now
suppose that P, goes up to 10, n remaining unchanged. Assuming
Slutsky compensation schemf, est¥nate price effect, income effect and

substitution effect.

5. Consider an ]S-L/\W for a closed economy. Private consumption
depends on dis 18 income. Income taxes (7) are lump-sum. Both
private investm pr;[%'speculative demand for money vary inversely with
interest rate owever, transaction demand for money depends not on
income @ on disposable income (y;). Argue how the equilibrium
Value% rivate investment, private saving, government saving,
digpQsaBle income and income will change, if the government raises 7.

«An individual enjoys bus ride. However, buses emit smoke which he

ditlikes. The individual’s utility function is: U =U(x,s), where x is the

distance (in km) traveled by bus and s is the amount of smoke consumed
from bus travel.



(a) What could be the plausible alternative shapes of indifference curve
between x and s?

(b) Suppose, smoke consumed from bus travel is proportional to the
distance traveled: s = @ x ( « is a positive parameter). Suppose further
that the bus fare per km is p and that the individual has money

income M to spend on bus travel. Show the budget set of the consumer (bb

in an (s, x) diagram.

(c) What can you say about an optimal choice of the individual? Will b
necessarily exhaust his entire income on bus travel?

7. (a) Suppose the labour supply (/) of a household is go@%y

maximization of its utility (u): u = c% h% , where c is th€ huschold’s
consumption and /4 is leisure enjoyed by the househo ithh +1/=
24). Real wage rate (w) is given and the hous nsumes the
entire labour income (w/). What is the housghold’s/labour supply?
Does it depend on w? 6

(b) Consider now a typical Keynesian Ac economy producing a
single good and having a single S . There are two types of

final expenditure — viz., investme onomously given at 36 units
and household consumption (\%Qualling the household’s labour

income (wl). It is given th =A. Firms produce aggregate output
(y) according to the pfigdugtion function: y = 24y/l. Find the

equilibrium level of gutput and employment. Is there any involuntary
W much?

unemployment? I?i
8. Suppose an %ﬁ c agent’s life is divided into two periods, the first
period consti%ﬂ youth and the second her old age. There is a single

d, C, available in both periods and the agent’s utility

consumptjon
functi%' n by
é% c -1 1 Cy7-1

, = + , 0<f<1,p>0,
/<(1 D70 T 120 o

wahere the first term represents utility from consumption during youth.
The second term represents discounted utility from consumption in old

Q~E age, 1/(1+ p) being the discount factor. During the period, the agent has a
7




unit of labour which she supplies inelastically for a wage rate w. Any
savings (i.e., income minus consumption during the first period) earns a
rate of interest 7, the proceeds from which are available in old age in units
of the only consumption good available in the economy. Denote savings
by s. The agent maximizes utility subjects to her budget constraint.

respect to consumption in each period.

1) Show that @ represents the elasticity of marginal utility with (bb

i1) Write down the agent’s optimization problem, i.e., her problem b
of maximizing utility subject to the budget constraint.

111) Find an expression for s as a function of w and r. CD
iv) How does s change in response to a change in » ? @{&cular,

show that this change depends on whether 6 e falls short
of unity. Q

V) Give an intuitive explanation of your fipdint€ i (iv)

her utility function is given by U (x,, x,

9. A consumer consumes only two com %s x, and x,. Suppose that
%ﬁn (2x,,x,).

(i) Draw a representative indiffegence curve of the consumer.

(i) Suppose the prices o e commodities are Rs.5 and Rs.10
respectively while the symer’s income is Rs. 100. What commodity
bundle will the cons rchase?

(iii) Suppose %rlce of commodity 1 now increases to Rs. 8.
Decompose ange in the amount of commodity 1 purchased into

inco suBstitution effects.
%takmg firm makes machine tools Y using labour and capital

ccor g to the production function Y = K**L**. Labour can be hired

the beginning of every week while capital can be hired only at the

beginning of every month. Let one month be considered as long run period

Q and one week as short run period. Further assume that one month equals
four weeks. The wage rate per week and the rental rate of capital per

Q~E month are both 10.

8



(1) Given the above information, find the short run and the long run
cost functions of the firm.

(i) At the beginning of the month of January, the firm is making long
run decisions given that the price of machine tools is 400. What is

the long run profit maximizing number of machine tools? How %b

many units of labour and capital should the firm hire at the
beginning of January?

11. Consider a neo-classical one-sector growth model with the produc%b

function Y =+ KL. If 30% of income is invested and capital%
depreciates at the rate of 7% and labour force grows at the rate 0%
out the level of per capita income in the steady-state equilibri

d



Test code: ME I/ME 11, 2007

Syllabus for ME I, 2007

Matrix Algebra: Matrices and Vectors, Matrix Operations. %b
Permutation and Combination. b
Calculus: Functions, Limits, Continuity, Differentiation of functions of on re
variables, Unconstrained optimization, Definite and Indefinite Integrals: j n by

parts and integration by substitution, Constrained optimization of funct%:fgnot more
than two variables.

Linear Programming: Formulations, statements of Pri % Dual problems,
Graphical solutions. Q

Theory of Polynomial Equations (up to third degreg. %

Elementary Statistics: Measures of central tenden€y; ersion, correlation, Elementary
probability theory, Probability mass func@ robability density function and

Distribution function.

Sample Question§folyME I (Mathematics), 2007

1. Let o and S be any %Wive real numbers. Then
1+ x) uals
1+

1 a-1
A QB atT o%. oL
/&\ Vo OG5 ®
/Quppose the number Xis odd. Then X?* —1 is
Q (A)odd; (B) not prime;
?5 (C) necessarily positive; (D) none of the above.

Lim

x—0
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3. The value of k for which the function f(x) = ke’ is a probability density function
on the interval [0, 1] is
(A) k=log2; (B) k=2log2; (C) k=3log3; (D) k=31og4. b
4. pand g are positive integers such that p*> —g” is a prime number. Then, p@%
is
(A) a prime number; (B) an even number greater than 2; /))%
f thes t\'

(C) an odd number greater than 1 but not prime; (D) none o

(A) is differentiable on (a, b);
(B) is continuous in [a,b] but not differentiable;

(C) has a continuous inverse;

(D) none of these. %@
x 3 4 %@
6. The equation I 2 1|=0 is satisfied b
1 8 1
(A)x=1; B)x=3; (C) x= 4,({5) none of these.

+..., ,then f'(x) is

5. Any non-decreasing function defined on the 1nterval a, b Q

7.1f f(x)=\/x+\/x+
1 1

NN 3O
( )21;(x<\—2\ 21w )Zf(x)+1

8. If%gx(xy) and Q =log  (xy), then P + Q equals

Q& ;. (B) P/O; (C) o/P; (D) (PQ)/2.
Q~E9. The solution to J. 2f3 *1 dx 1S

x" +2x

x* +2x

45 +2

+ constant; (B) logx* +log2x + constant;

(A)

2
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x*+2x

(©) % log‘x4 + 2x‘ + constant; (D) + constant.

4x” +2

10. The set of all values of x for which x> —=3x+2> 0 is Q %

(A) (=0,1); (B) (2, 20); (C) (=0,2) N (1, 0); (D) (=0,1) U (2, ).

11. Consider the functions f;(x) = x> and f,(x)=4x" +7 defined on the r%; Then

(A) f, is one-to-one and onto, but not f,; x
(B) f, is one-to-one and onto, but not £ ; Q/\

(C)both f, and f, are one-to-one and onto; q
(D)none of the above. %%

12.1f f(x) = (“* jmx,c»() b >0, then )equals
b+x
(A) (b ](— . ®
a) b*- V b? —a?
(©) 2log(g)+ ?YD)( j

13. The linea@n‘ung problem

a+b

max z=05x+1.5y

& subject to: x+y<6

Qx 3x+y<15
?\ x+3y <15
% x,y=20

has
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(A) no solution; (B) aunique non-degenerate solution;

(C) acorner solution; (D) infinitely many solutions.

14. Let f(x;0)=0f(x;1)+(1-60)f(x;0), where € is a constant satisfying 0 < & Cl%
Further, both f(x;1) and f(x;0) are probability density functions (p.d.f.). Then b

(A) f(x;60)1s a p.d.f. for all values of ; ’))%
. 1
(B) f(x:0)is a p.df: only for 0<0< /\\,

(C) f(x;0)is a p.d.f. only for %S 0<1;

(D) f(x;60)1s not a p.d.f. for any value of 4. %%

15. The correlation coefficient » for the followi 1vesairs of observations
x 5 1 4 3 2

V.

satisfies k}
(A)r>0;(B) r<-0.5; W<r<0;(D)r_0.

16. An n -coordinated fun§on f is called homothetic if it can be expressed as an

increasing transf(@o of a homogeneous function of degree one. Let f,(x) = in’ ,
i=l1

and f, (x)& »x;, +b,where x, >0 foralli, 0<r <1, a, >0 and b are constants.

Th

17.1f h(x) = IL then A(h(h(x)) equals

e
Q is not homothetic but £, is; (B) f, is not homothetic but f, is;
C) both f, and f, are homothetic; (D) none of the above.
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(A)%; ®=x: ©Y; Ol
— X X

18. The function x|x| (|x|] 1S
X

(A) continuous but not differentiable at x = 0;
(B) differentiable at x = 0;
(C) not continuous at x = 0;

(D) continuously differentiable at x = 0.

J-2—dx equals
(x—2)(x—Dx %
(A) 10g% + constant; %%
X — %

(B) log% + constant; 3.

x(x — ::
(C) log—"——— e 1)(x 2 + co ta
(D) 10g ( 2)1 %tant

x(x

20. Experi

WS that 20% of the people reserving tables at a certain restaurant never

showﬂlf the restaurant has 50 tables and takes 52 reservations, then the probability

Wi be able to accommodate everyone is
209

‘ — 4 52‘ 4 50‘ 1 50
. W 1-22; ®)1-14 (Sj : (C)[Sj : (D)(Sj |
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21. For any real number x, define [x] as the highest integer value not greater than x. For

%
example, [0.5]= 0, [1]= 1 and [1.5] = 1. Let / = [ {x]+[x]}dx. Then / equals
0

©
5-242 Q)%

2 3

©) 242 ; (D) none of these. /))%b
™y

(A) L (B)

22. Every integer of the form (n° —n)(n*> —4) (for n=3,4,...) is Q/\
(A) divisible by 6 but not always divisible by 12; q
(B) divisible by 12 but not always divisible by 24; %
(C) divisible by 24 but not always divisible by
(D) divisible by 120 but not always divisible*b

23. Two varieties of mango, A and B ayailable at prices Rs. p, and Rs. p, per kg,

respectively. One buyer buys 5 kg. and 10 kg. of B and another buyer spends Rs.

100 on A and Rs. 150 on We average expenditure per mango (irrespective of
variety) is the same for Q‘ o buyers, then which of the following statements is the

most appropriate? 1
(A) p; = Pos 0

3
(B) p2:ZP1§
i 3 3
Cyp, =» or p,="p; D> <2<l
4 4 p,

."For a given bivariate data set (x,,y;; i=1,2,...,n), the squared correlation

Q‘ coefficient (+*) between x” and y is found to be 1. Which of the following statements is

the most appropriate?
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(A)In the (x, y) scatter diagram, all points lie on a straight line.
(B) In the (x, y) scatter diagram, all points lie on the curve y = x°.
(C)In the (x, y) scatter diagram, all points lie on the curve y = a + bx’, a > 0, b > 0. b

(D)In the (x, y) scatter diagram, all points lie on the curve y = a + bx’, a, b any pea

numbers. ‘ o

25. The number of possible permutations of the integers 1 to 7 such that %e ers 1
d

and 2 always precede the number 3 and the numbers 6 and 7 always suc& number

3is 4
(A) 720; (B) 168;
‘OC)Q

(C) 84; (D) none of these.
26. Suppose the real valued continuous function f d€figg#on the set of non-negative real

numbers satisfies the condition f(x) = xf(x), the ) equals
@ L B \Y~
© 3 D) fD). (
27. Suppose a discrete ra ariable X takes on the values 0,1,2,...,n with

frequencies proportion IQTﬂomial coefficients [gj, (fj, ,(nj respectively. Then the
n

mean (4 ) anc@nce (c*) of the distribution are

(A) B dd o7 =2

A °

n , n

=—and o” =—;

@” 4 4

n , R

C) u=—and " =—;

% ©) u 5 4

(D) ,u:% and o2 =2,

\9)
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28. Consider a square that has sides of length 2 units. Five points are placed anywhere

(A) There cannot be any two points whose distance is more than 242 b

(B) The square can be partitioned into four squares of side 1 unit eac %hat at
least one unit square has two points that lies on or inside it. x

inside this square. Which of the following statements is incorrect?

(C) At least two points can be found whose distance is less thanq.

(D) Statements (A), (B) and (C) are all incorrect. q

29. Given that f'is a real-valued differentiable fup€ti ch that f(x)f'(x) <0 for all

real x, it follows that %
(A) f(x)is an increasing functi&

(B) f(x)is a decreasing fu@;
©) | f (x)| is an increasin?m tion;
(D) |f(x)| isa d@ g function.
30. Let ,\@s be four arbitrary positive numbers. Then the value of
N

(p2K rq+ D) (P +r+1) (st +s5+1)

&81;

(B) 91;

Q‘ (C) 101.

(D) None of these.

is at least as large as

pqrs
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Syllabus for ME II (Economics), 2007

Microeconomics: Theory of consumer behaviour, Theory of Production, Market
Structures under Perfect Competition, Monopoly, Price Discrimination, Duopoly with
Cournot and Bertrand Competition (elementary problems) and Welfare economics.

Macroeconomics: National Income Accounting, Simple Keynesian Model of
Determination and the Multiplier, IS-LM Model, Model of Aggregate D d
Aggregate Supply, Harrod-Domar and Solow Models of Growth, Money, %g and
Inflation.

Sample questions for ME II (Economics), ZQ/\

going to cut the cake into two pieces, but person 2 wjhl

1. (a) There is a cake of size 1 to be divided between tw persoDs, 1 and 2. Person 1 is
é@t one of the two pieces for

himself first. The remaining piece will go to S > What is the optimal cutting

decision for player 1? Justify your answer. %

(b) Kamal has been given a free ticke Wd a classical music concert. If Kamal had to
pay for the ticket, he would have paiﬁfto Rs. 300/- to attend the concert. On the same
evening, Kamal’s alternativ Mnment option is a film music and dance event for
which tickets are priced Z%/— each. Suppose also that Kamal is willing to pay up to
Rs. X to attend th %sic and dance event. What does Kamal do, i.e., does he

attend the classichl m¥sic concert, or does he attend the film music and dance show, or
does he dc@msﬁfy your answer.

2. @e market demand is described by the equation P = 300 — Q and competitive
OX)HS prevail. The short-run supply curve is P = -180 +5Q. Find the initial short-run
ilibrium price and quantity. Let the long-run supply curve be P = 60 + 2Q. Verify
whether the market is also in the long-run equilibrium at the initial short-run equilibrium

that you have worked out. Now suppose that the market demand at every price is

9



doubled. What is the new market demand curve? What happens to the equilibrium in the

very short-run? What is the new short-run equilibrium? What is the new long-run
equilibrium? If a price ceiling is imposed at the old equilibrium, estimate the perceived b
shortage. Show all your results in a diagram. Q)

3. (a) Suppose in year 1 economic activities in a country constitute only pr @of
wheat worth Rs. 750. Of this, wheat worth Rs. 150 is exported and he’?e} remains
unsold. Suppose further that in year 2 no production takes place, bu %ﬁld wheat of
year 1 is sold domestically and residents of the country import s M:Xyrth Rs. 250. Fill

in, with adequate explanation, the following chart : q

Year GDP = Consumption + Investment + l@@lmport
| - L C: )_ L
2 %

S

(b) Consider an IS-LM model for a @ economy with government where investment

(1) is a function of rate of intésgst {7 ) only. An increase in government expenditure is

found to crowd out 50 unq' o¥frivate investment. The government wants to prevent this
by a minimum cha g%n.; e supply of real money balance. It is given that % =-50,
r
slope of the rve, ﬂ(LM )= L, slope of the IS curve, ﬂ(lS) = —L, and all
dy 250 dy 125
relatigfs are linear. Compute the change in y from the initial to the final equilibrium

@l adjustments have been made.

Q~E4. (a) Consider a consumer with income W who consumes three goods, which we denote

as i=1, 2, 3. Let the amount of good i that the consumer consumes be x, and the price

10



of good i be p,. Suppose that the consumer’s preference is described by the utility

function U(x;,x,,X;) = X;4/X,X; .

(1) Set up the utility maximization problem and write down the Lagrangian. (bb

(i) Write down the first order necessary conditions for an interior maximum a
obtain the Marshallian (or uncompensated) demand functions.

(b) The production function, Y = F(K,L), satisfies the following propedﬁ CRS,
(i1) symmetric in terms of inputs and (iii) F'(1,1) =1. The price of eac}i{pﬁ;js s. 2/- per

unit and the price of the product is Rs. 3/- per unit. Without using ubus find the firm’s
optimal level of production. q

5.(a) A monopolist has contracted to sell as muc %output as he likes to the
government at Rs.100/- per unit. His sale to th ment is positive. He also sells to
private buyers at Rs 150/- per unit. What 1 price elasticity of demand for the
monopolist’s products in the private ma etz‘k

(b) Mrs. Pathak is very particular @ consumption of tea. She always takes 50

grams of sugar with 20 grams round tea. She has allocated Rs 55 for her spending on

tea and sugar per month. (AS% at she doesn’t offer tea to her guests or anybody else
and she doesn’t consu;ngm for any other purpose). Sugar and tea are sold at 2 paisa

per 10 grams and 1sa per 10 grams respectively. Determine how much of tea and
sugar she dema month.

(©) ConsidQl IS-LM model with government expenditure and taxation. A change in
the

Micome tax rate changes the equilibrium from (y=3000, r=4%) to

@DO, r= 6%), where y, r denote income and rate of interest, respectively. It is

wen that a unit increase in y increases demand for real money balance by 0.25 of a

% unit. Compute the change in real money demand that results from a 1% increase in the

rate of interest. (Assume that all relationships are linear.)

11



6. (a) An economy produces two goods, corn and machine, using for their production

only labor and some of the goods themselves. Production of one unit of corn requires 0.1

units of corn, 0.3 machines and 5 man-hours of labor. Similarly, production of one b
machine requires 0.4 units of corn, 0.6 machines and 20 man-hours of labor.

(1) If the economy requires 48 units of corn but no machine for final consumpti

much of each of the two commodities is to be produced? How much lab%l be
required? /))

(1) If the wage rate is Rs. 2/- per man-hour, what are the prices of cgfh an@machines, if

price of each commodity is equated to its average cost of producti%

(b) Consider two consumers 4 and B, each with income Wq]ey spend their entire

budget over the two commodities, X and Y. Compar demand curves of the two

consumers under the assumption that their u%%mctions are U,=x+y and

U, =x" +y’ respectively. %
7. Consider a Simple Keynesian Modz@ovemmmt for an open economy, where

both consumption and import are p ional functions of income (Y ). Suppose that
average propensities to consumeNgndyimport are 0.8 and 0.3, respectively. The investment
(1) function and the leve %&t (X )aregivenby I =100+0.4Y and X =100.
(1) Compute the aggr%& mand function if the maximum possible level

t

of imports is 430. Kak there be an equilibrium for this model? Show your result

graphically.&%

(i1) does your answer to part (i) change if the limit to import is raised to 615? What

cal} yOp say about the stability of equilibrium if it exists?

12



8. Suppose an economic agent’s life is divided into two periods, the first period

constitutes her youth and the second her old age. There is a single consumption good, C,

©
e

1-60 1-6
u(C,,C,) = Ci el+11 C12 91, 0<O<1,p>0, b

available in both periods and the agent’s utility function is given by

where the first term represents utility from consumption during youth. § e nd term
ein

represents discounted utility from consumption in old age, 1/(1+ p he discount

factor. During the period, the agent has a unit of labour which s pplles inelastically
for a wage rate w. Any savings (i.e., iIncome minus consump uring the first period)
earns a rate of interest 7, the proceeds from which are avaf@®le in old age in units of the
only consumption good available in the econom Qpﬁte savings by s. The agent
maximizes utility subjects to her budget constr %

1) Show that @ represents the elasticity of mgPewaf utility with

respect to consumption in each perﬁg\/

i1) Write down the agent’s optimizati oblem, i.e., her problem

i11) Find an expression fo% function of w and r.
(iv)How does s cha% onse to a change in » ? In particular,

show that thi

of unity %

(v)Givgan in 1t1ve explanation of your finding in (iv)

@er a neo-classical one-sector growth model with the production function

KL . 1f 30% of income is invested and capital stock depreciates at the rate of 7%
Ea

of maximizing utility subj i;t the budget constraint.

depends on whether 8 exceeds or falls short

Q~ nd labour force grows at the rate of 3%, find out the level of per capita income in the
steady-state equilibrium

13
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Syllabus for ME 1, 2008

Matrix Algebra: Matrices and Vectors, Matrix Operations. ng

Permutation and Combination. O)Q)

Calculus: Functions, Limits, Continuity, Differentiation of functiéng of“one or more
variables, Unconstrained optimization, Definite and Indefini%gals: integration by

parts and integration by substitution, Constrained optimizstion functions of not more

than two variables. Q/

Linear Programming: Formulations, state@ of Primal and Dual problems,

Graphical solutions. ?\

Theory of Polynomial Equations (u third degree).
Elementary Statistics: Meav&entral tendency; dispersion, correlation, Elementary
Yy

probability theory, Pr@. mass function, Probability density function and
Distribution functions

/Qgr\nple Questions for ME | (Mathematics), 2008

4’\,
Qﬁ?‘



5.

&

dx
[————— equals
X + xlog x

(a) log|x+xlog X+ constant

©
(b) log[L+xlog X+ constant
(O‘b

(c) log|logX +constant

(d) log[L+logX +constant. %b
>

. The inverse of the functiog—1+ x is

€) Jxl_—l (b) x* +1, (c) ¥x—1, (d) none of these. /\\'

The domain of continuity of the functioh(x) = Jx + X+f— 2:11 [
X

(@ [01), (b) (Le), (©)[01) O (1), (d) thhese

9

Consider the following linear progra :

minimisex — 2y
subject to X+3y=> (j
3xX+y 3
oV
An optimal solutio h§ above programme is gitagn

(a) x:§, y:§

4
(b) x=0, yg

(c) x= N8.

(d)n f(a), (b) and (c).

onsider two functions f:{a,a,,a} - {b,b,,b,b}and f,:{b,b,,b,b,} -
’c,,c;}. The function f, is defined by f,(a) =b, f,(a,) =b,, f,(a;) =b,and the
unction f,is defined by f,(b)=c,f,(b,)=c, f,(b)=f,(b)=c,. Then the

mapping f,- f;:{a,a,,a;} - {C,C,,Cjlis

(a) a composite and one — to — one function but natrdo function.
(b) a composite and onto function but not a one —doe-function.
(c) a composite, one — to — one and onto function.

(d) not a function.
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1 t
6. If x=tt"* and y=t'?,t>0, t #1 then the relation betweerandy is
1 1 1 1

(@ y*=x", (b) X’ =y, (c) X' = ¥*, (d) X’ = y*.

7. The maximum value of = 2xg +3Xg subject to the constrairf@0xg +15x§ @

wherexg 20 andxg = 0O is

(a) 150, (b) 180, (c) 200, (d) none of these. /\\,

8. The value oﬂz[x] f'(x)dx, where[x] stands for the mte@a rt mfn is a positive

integer andf ' is the derivative of the functior ,

(@ (+2')(f@-fO), (B b+2")(f @~ &}i(/

©2f@-2"-Hf@®-f (0), (d) non %

9. A surveyor found that in a society 00 aditdrates 21% completed college
education, 42% completed uni ity, ducatlon amdaining 37% completed only
school education. Of those @ to college @¥#ds newspapers regularly,
35% of those who went to thé™fniversity and 70%thafse who completed only

school education are re aders of newspapkes. the percentage of those who
read newspapers regul%( mpleted only schoalaten is

(a) 40%, (b) 524 35%, (d) none of these.

10.The fun &'{Nx) =xxXe™ defined on the real line is
0

(@c s but not differentiable at zero,
(h)differentiable only at zero,
C) (Nfferentiable everywhere,

% differentiable only at finitely many points.

%. Let X be the set of positive integers denoting nbenber of tries it takes the Indian
Qh cricket team to win the World Cup. The team hasaégdds for winning or losing
any match. What is the probability that they wiihvin odd number of matches?

(a) 1/4, (b) 1/2, (c) 2/3, (d) 3/4.
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12.Three persons X, Y, Z were asked to find the mean of 50@tbers, of which 500
are unities. Each one did his own simplification.

X'smethod: Divide the set of number into 5 equal partsutzike the mean for each

part and then take the meahedd.
Y's method: Divide the set into 2000 and 3000 numbers and ftitiew b

procedure of A.

Z'smethod: Calculate the mean of 4500 numbers (whick djeand then a @
Then {10

(a) all methods are correct, /))Q)

(b) X's method is correct, bt and Z'smethods are wrong,
(c)X's andY's methods are correct bidts methods is Wrong
(d) none is correct.

13.The number of ways in which six letters can be plan%wected envelopes such
that exactly four letters are placed in correct e@an exactly two letters are

placed in wrong envelopes is
(@) 1, (b) 15, (c) 135. (d) None of these.

14.The set of all values offor which the in 3+|x+ 2|<11 holds is
@ (-3,2),(b) (-5,2),(c) (—5 6) ne of these.

15. The function f (x) = x* - 48+ xhas

(a) a unique maximum o minimum,
(b) a unique m|n|m no maximum,
(c) a unique m and a unique minimum,

(d) neither a m nor a minimum.

16.Consid&\t§\numbeh( (n) =(n+3)(n*+6n+ 8)efined for integers. Which of the

f(ming statements is correct?
) R\(n) is always divisible by 4,

&K (n) is always divisible by 5,
) K (n) is always divisible by 6,
(d) Statements (a), (b) and(c) are incorrect.

% 17.25 books are placed at random on a shelf. The probabiéityattparticular pair of
books shall be always together is

2 1
(3)2—5, (b)2—5, ()ﬁ ()ﬁ
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18. P(x) is a quadratic polynomial such th&(l)=-P(2). If -1 is a root of the
eqguation, the other root is

4 8 6 3
@ . ® g @ @

19.The correlation coefficients between two variabfeand Y obtained from the two b

equations2x+3y-1=0and5x-2y+3= @re (b
(a) equal but have opposite signs, b
2 2

b) -—=—and=, b
e D

1 3
c) — and- —,
(©) 3205 O)

(d) Cannot say. /\
20.1f a, b, ¢, d are positive real numbers thgm Sty c.d |@/§S

a
(a) less thany/2,

(b) less than 2 but greater than or equa/l_ 29 Q/%

(c) less than 4 but greater than or equal 2,

(d) greater than or equal to 4. C
21.The range of value offor which the in ityog -,y (X =3) = -1 holds is
(@) 2<x<3, (b) x>3, (c) x Nno suckx exists.

22.The equatiorbx® — 5x* + 2x
(a) all roots between 1
(b) all negative roo

(c) aroot betwee
(d) all roots g &guhan 2.
\Sensny of a random varialsle i

23. The propa i i
( = ax” exp (k > 0,0< X< )
/% equals
k2
4\' 7, (b)? (0)7, (d)k

?& Let x— r be the mode of the distribution with probability ssa function
Q~ p(x) = p *(L- p)"™*. Then which of the following inequalities hold.
€)) (n+1)p 1<r<(n+)p,
(b) r<(n+l)p-1,
(c) r>(n+1)p,
(d) r<np.
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25.Let y=(y,,...,y,) be a set ofn observations withy <y,<...<y . Let

Y=Y Yoo ¥ 0,0, ¥ — 0,00 Y,)  Where y, —0>y,, >...>Yy,, >y, +0,
0 >0. Let o: standard deviation gfand ¢’ : standard deviation of' . Then
(@ o<d',(b) o'<o, (c) ¢ =0, (d) nothing can be said.

26.Let x be a r.v. with pdf f(x) and let F(x) be the distribution functior@

_ (logx— w?

2
r(x):l)_dé)(()) Then forx < ¢/ andf(x)— X\/ZT , the functlonrk)g)

(c) constant,

(d) none of the above. q

27.A square matrix of ordem is said to be a bistoch%mmatnx if all of éstries are
non-negative and each of its rows and colu tLet y.,, = P, X, Where

elements oy are some rearrangements of entsfien
(a) P is bistochastic with diagonal elem 1.

(b) P cannot be bistochastic, %1

(a) increasing irx, \'
(b) decreasing i, /\

(c) P is bistochastic with elements O

(d) P is a unit matrix. :‘\/

28.Let f (x) =——. Define f%Q/f 1(f,_.(X)),wheren= 2. Then f _(x) is

(@) decreasmg im creasmg inn, (c) initially decreasing im and then
increasing im, (d) l increasing im and then decreasinmg

29. lim equals
n- o 1+

(a),1, -1, (c) 0. (d) The limit does mist.

Q@ﬁsider the functionf (x,x,) =max{6-x,7-x,}. The solution (X,x, )to the
?b optimization problem minimizef (x, X, subject tox, +x, = 21is

(@)(X =105, X, =105),
(b)(x =11 x, =10),

(©) (% =10, x, =11),
(d) None of these.
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Syllabus for ME 11 (Economics), 2008

Microeconomics:  Theory of consumer behaviour, Theory of Production, Market
Structures under Perfect Competition, Monopoly, Price Discrimination, Duopoly WitQ>b
Cournot and Bertrand Competition (elementary problems) and Welfare economics. Q)

Macroeconomics: National Income Accounting, Simple Keynesian Mode %come
Determination and the Multiplier, 1S-LM Model, Model of Aggregate d and
Aggregate Supply, Harrod-Domar and Solow Models of Growth, MonA%' king and

Inflation. /\

Sample questions for ME 11 (Econom@ 2008



1. There are two individuals A and B and two gooddandY. The utility functions
of A and B are given by , = X, andU, = X? +YZrespectively whereX,,Y,
are consumption levels of the two goods by individuiaF A, B.

(a) Draw the indifference curves of A and B.

(b) Suppose A is endowed with 10 units of Y and B with 10 units
Indicate the endowment point in a box diagram.

(c) Draw the set of Pareto optimal allocation pointshim Ibox diagrarg. b

2. Suppose an economy’s aggregate outpuig given by the follo@duction

function: \'
Y=UN?, 0<a<1) /\

whereU, a random variable, represents supply shock%p yofdabour ()
is determined by equating its marginal producﬂo eW is nominal wage
andP is price level.

Use the notationsu = Ioga+llogu P :% M =logWandy = log .

a
(a) Obtain the aggregate supply functig §

(b) Add the following relations: ?b

Wages are indexedv =6 p, (
Aggregate demang.= m—p, logarithm of money, a policy variable)

ofp, w, andu.

Find the solution oy i \M’ofm andu.

(c) Does monetary Qyﬁﬁect output (i) if indexatis partial 0 <8< 1)
(i) indexatio 6= 1p
(d) Does th\eé&\%uock affect output more when indexas higher? Explain.

R

wo firms 1 and 2 sell a single, homogeneous, itefiy divisible good in a
Q market. Firm 1 has 40 units to sell and firm 2 8@sunits to sell. Neither firm can

produce any more units. There is a demand cupvea - g, whereq is the total
amount placed by the firms in the market. S, i§ the amount placed by firm

be i, q=q,+q,and p is the price that emergea. is positive and a measure of
market size. It is known thatis either 100 or 200. The value afs observed by
both firms. After they observe the valueapfeach firm decides whether or not to
destroy a part of its output. This decision is maslenultaneously and
independently by the firms. Each firm faces a camsper unit cost of destruction



equal to 10. Whatever number of units is left over aftetrdetton is sold by the
firm in the market.

Show that a firm’s choice about the amount it wisteedestroy is independent of
the amount chosen by the other firm. Show also tlea&ithount destroyed by firm
2 is always positive, while firm 1 destroys a part obitgput if and only if a =

100 Q
4. (a) Two commoditiesX andY, are produced with identical technolo ;re
sold in competitive markets. One unit of labour can produmee unit of
the two commodities. Labour is the only factor of prduur an
perfectly mobile between the two sectors. The reprateatco

utility function: U =+/ XY ; and his income is Rs. 100/-. If 1Qnnitg#of labour are
available, find out the equilibrium wage in the competitl r arket.

(b) Consider an economy producing a single good@oductioﬁdunc

Y = min{K, L} %
whereY is the output of the final goo#. and ut use of capital and labour
respectively. Suppose this economy %/ed WG units of capital and
labour supplyL, is given by the functj %

L, =50w
whereav is the wage rate.

Assuming that all markets(?&p:atmve find @wpiilibrium wage and rental

rate.
5. The f0||OWiE\£whOIS are used= output,N = employmentW = nominal wage,
p

P = price le expected price level.
The ply function is usually written as:

log Y= logY" +4 (logP -logP®)

ere Y is the natural level of output. Consider an econamyvhich labour
&upply depends positively on the expected real wage

\W

?b o N?, (g >0) (labour supply)

Firms demand labour up to the point where its nmaigoroduct equals the given

(actual) real Wagégj and firm’s production function is:

Y=N?, 0<a<l)



(a) Find the labour demand function.
(b) Equate labour demand with labour supply to elimindte You will get an

expression involving®, P®andN. Derive the Lucas supply function in the form
given above and find the expressions foandY .

(c) How is this type of model referred to in the literatuglain b

6. Consider an IS — LM model given by the following equations

C =200 + .5 Q)
AP

| =150 — 1000
T =200 \'
G = 250 /\
d
[Mj = 2Y - 4000 Q
P
[Mj =1600 %
P Q/
whereC is consumptiony, is dlspos me,is investmentr is real rate of
interest,i is nominal rate of int tax, G is government expenditure,
d
[%J and[ J are real m ﬁlnd and real money supply respectivgly a

and M °is the expected rate
rigid.

nflatlon The current pricel&remains always

(a) Assuming thatl'l , the price level is expected to remain ungédnn
future, determ@_ qumbrlum levels of income andr#tes of interest.
(b) Suppose th tamporaryincrease in nominal money supply by 2%. Find the

|ncome and the rates of interest.
that the 2% increase in nominal money supplrmanenteading

crease in the expected future price level. Watkhe new equilibrium

&ome and the rates of interest.

Q~EY. A firm is contemplating to hire a salesman who wdaddentrusted with the task of
selling a washing machine. The hired salesman is efficiettt pvobability 0.25 and

inefficient with probability 0.75 and there is no way éd, tby looking at the salesman, if
he is efficient or not. An efficient salesman can & washing machine with probability
0.8 and an inefficient salesman can sell the machirrepatbability 0.4. The firm makes

10



a profit of Rs. 1000 if the machine is sold and gets nothiitgsinot sold. In either case,
however, the salesman has to be paid a wage of Rs. 100.

(a) Calculate the expected profit of the firm.
(b) Suppose instead of a fixed payment, the firm pays a csiam oft % on its profit to Q

the salesman (i.e., if the good is sold the salegetsRs 1000><—and nothing |ft

|C|ent
ill

has an alternative option of working for Rs. 80. A salan knows whether
or not and cares only about the expected value of his gctma the valu
maximize the expected profit of the firm.

good remains unsold). A salesman, irrespective of whéitbds eff|C|ent or m%

builder can build up to 12 boats a year and each buil profit given the
market price. Lety denote the number of boats built per y a partitwigder, and

for eachi, from 1 to 100, boat builder has a cost fu@?y) =11+iy. Assume that

in the cost function the fixed cost, 11, is a quas%, hat is, it is only paid if the
firm produces a positive level of output. If th ' oat is 25, how many builders
will choose to produce a positive amount and many boats will be built per
year in total? O@

8. (a) On a tropical island there are 100 boat builderslgﬁﬁﬂrough 100. Each

(b) Consider the market for a p laf* good. Tlaeestwo types of customers: those
of type 1 are the low demand ers, each with a dkruanction of the form
p=10-q,, and those of type 2, o are the high demandomests, each with a

demand function of the %}yzao—qz .)The firm producing the product is a
ha

monopolist in this mar s a cost funct®fa) = 49°> whereq=q, +0,.
(0 Suppose the nable to prevent the custorners selling the good to one
another, s *ﬂhe monopolist cannot chargerdiftecustomers different prices.
What priegs et unit will the monopolist chargentaximize its total profit and
what W the equilibrium quantities to be supgl to the two groups in
ew m?
(i) uppose the firm realizes that by asking for IDsaih identify the types of the
stomers (for instance, type 1's are students edro be identified using their

Q tudent IDs). It can thus charge different per pnites to the two groups, if it is
optimal to do so. Find the profit maximizing pricés be charged to the two

be groups.

11



9. Consider the following box with 16 squares:

1 |2 |3 |4 b
5 6 |7 8 (b
9 10 | 11 | 12 Q:)
13 14 | 15 16 b
There are two players 1 and 2, and the game begins wjternlaség;a one of
the boxes marked 1 to 16. Following such a selectiorsaleetegd bax, as well as
all boxes in the square of which the selected box @ | thgfeftmost and
lowestcorner, will be deleted. For example, if he sele en all the boxes,

3, 4, 7 and 8 are deleted. Similarly, if he selects Il boxes 1 to 12 are
deleted. Next it is player 2's turn to select a bo% remaining boxes. The
same deletion rule applies in this case. It is th@ygyl 1°s turn again, and so on.
Whoever deletes the last box loses the 7 Whatwisirang strategy for
player 1 in this game?

10. (i) Mr. A’s yearly budget for his car is % ,000, which he spendsletatypon
petrol (P) and on all other expenses fog\| .(All other expenses for caM] is
measured in Rupees, so you can co simat prigei®Re. 1. When price of petrol is
Rs. 40 per liter, Mr. A buys 1,000 lter I year.

The petrol price rises to Rs. 50 peglitgr, and to offsetharm to Mr. A, the government
gives him a cash transfer of Rs. 10,000 per year.

s yearly budget equation under the ‘prigge rplus
transfer’
(b) What v
the sa
(c) e better or worse off after the price ridesptransfer than he was

[

en to his petrol consumption — increase, deereor remain

ore?
t refer to any utility function or indifferencerwes to answer (b) and (c)]

(i ,%1( B earns Rs. 500 today and Rs. 500 tomorrow. He can feavieiture by
&investing today in bonds that return tomorrow the princgdas the interest. He
can also borrow from his bank paying an interest. Whenmtierest rates on both
?‘ bank loans and bonds are 15% Mr. B chooses neither t;eave borrow.
Q~ (a) Suppose the interest rate on bank loans goes up to 30%eamtdrest
rate on bonds fall to 5%. Write down the equation of ibev budget
constraint and draw his budget line.

(b) Will he lend or borrow? By how much?

12
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Syllabus for ME I, 2009 ;
Permutation and Combination. fb%

Matrix Algebra: Matrices and Vectors, Matrix Operations.

Calculus: Functions, Limits, Continuity, Differentiation of fun %ﬁne or
more variables, Unconstrained optimization, Definite and I nite Integrals:
integration by parts and integration by substitution, Constr% optimization
of functions of not more than two variables.

Algebra: Binomial Theorem, AP, GP, HP, expg logarithmic series.

Theory of Polynomial Equations (up %r degree).

Elementary Statistics: Measures tendency; dispersion, correlation
and regression, Elementary probabilit§theory, Probability distributions.
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Sample Questions for ME I (Mathematics), 2009

1. An infinite geometric series has first term 1 and sum 4. Its common ratio is

A

=R =

B
; ©
g RS
2. A continuous random variable X has a probability density funct@ =

322 with 0 <z < 1. If P(X < a) = P(z > a), then a is: 4

D (3)* (9
3. If f(z) = \/ez +er + et + .8 (x) equals to

f(@)-1
A 2f(x)+1°
B f2@)~f@) O

f(@)—1

2f (2)+1 V
C Fara: ?\

W=

>
S

~—
Nl

W=

Q w

Nl=

f(z)
D 2f (2)+1

Q
N

D not well defined

5 If X =25 and Y =264 +263 1 4+ 21 4+ 20 then

AY =X 4264
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Q’\,
Q_?‘

BX=Y.
CY=X+1.
DY=X-1.

1 .z
fo Fyde =

A log(1+e).

7. There is a box with ten balls. Each ball has a numbg
10 written on it. No two balls have the same number. g
(simultaneously) at random from the box. What is the KoMbittty of choosing
two balls with odd numbers?

D 2log(1 + e). /\‘\,

N %,
C2 %
b}

8. A box contains 100 balls§ Som®&0f them are white and the remaining are
red. Let X and Y denote th er of white and red balls respectively. The
correlation between X d Y is

1. %
Qal number between —3 and 3.

C
D
&e t f, g and h be real valued functions defined as follows: f(z) = z(1 — z),
glx) =35 a nd h(x) = min{f(z),g(z)} with 0 <z < 1. Then h is

A0

A continuous and differentiable
B is differentiable but not continuous
C 1is continuous but not differentiable

D is neither continuous nor differentiable

B log2. %b
1+6 %
o €


Dell
Highlight

Dell
Highlight

Dell
Highlight

Dell
Highlight

Dell
Highlight


10. In how many ways can three persons, each throwing a single die once, make
a score of 87

A5
B 15
C 21
D 30

2f(z) + 3f(—x) =55 — Tx,

&

for every x € R, then f(3) equals 4

o O)

B 32 Q

C 26 %

D 10 %@
12. Two persons, A and B, make an_ap
between 4 P.M. and 5 P.M.. They a,

minutes for the other. Assumi
arrive at any point during t o}

ent to meet at the train station
at each is to wait not more than 15
tha§ each is independently equally likely to
nd the probability that they meet.

t

A

==

16
7
5
4
22
D 175 %'
13, 1N 3 are positive real numbers, then

1 T2 3
& a;2+w3+w1

is always
A <3
B <33
C >3
D 3

11. If f(z) is a real valued function such that ,b%
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14. ljm LH2%+..4n®
n— o0 n?

equals

AO

o= W=

B
C
D

—_

©
b‘b

15. Suppose b is an odd integer and the following two polynomial equat%
have a common root.

22 —Tr+12=0

2 —8x+b=0. 4&

The root of 22 — 8z 4+ b = 0 that is not a root of z% — 7%@ is

A2

. 2

¢ &

o 2
16. Suppose n > 9 is an integer. Lefd = n? 4+ nd +ni. Then, which of the
following relationships betwee ndp is correct?

A n=p.

B n>p V

Cn<p. v

D None o &a/e.
17. oBthe following functions f : ® — R satisfies the relation f(x+y) =
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18. For what value of a does the following equation have a unique solution?

=0

o ©
b‘b

2
0
1

NI R
=8 2

B1
C 2

19. Let x
f(@) g(x) h(x)
y= l m n
b
where [, m,n, a,b, c are non-zero numbers. Then Z—z @IS b

A

') g'(@) Nz
l—a m-b n—c
1 1 1

Q 20. If f(z) = |z — 1|+ | — 2| + |z — 3|, then f(z) is differentiable at

S
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C 2
D3

21. If (x — a)? + (y — b)? = 2, then 1 + [%}2 is independent of
Aa
B b

$ N

D Both b and c. /))

22. A student is browsing in a second-hand bookshop and ﬁ@ﬂ{s of
m

interest. The shop has m copies of each of these n books. kg he never
wants duplicate copies of any book, and that he selects at 1 e book, how
many ways can he make a selection? For example, if there e 0ok of interest
with two copies, then he can make a selection in 2 ways.

A (m+1)" -1 %
B nm %
c2mm—1 %

D —mm ]

(m!)(nm—m)!

ifx < -1
f( 202+ 3Az+ B if —1<a2<1
Q_' 4 ifr>1
_1
4
3
4
1
2

‘\‘& 24. The value of lim, .o (3% + 327)% is
QY

oo
% Ce


Dell
Highlight

Dell
Highlight

Dell
Highlight


D9

25. A computer while calculating correlation coefficient between two random

variables X and Y from 25 pairs of observations obtained the following results:

SX =125, 3. X2 =650, )Y = 100, Y% = 460, Y. XY = 508. It was b
later discovered that at the time of inputing, the pair (X = 8,Y = 12) had been Q)
wrongly input as (X = 6,Y = 14) and the pair (X = 6,Y = 8) had been wrongly

input as (X = 8,Y = 6) . Calculate the value of the correlation coefficient Withb

X
/\”’b
&

26. The point on the curve y = 2 — 1 which is nea%) the point (2,—0.5) is
A (1,0) %
B (2,3) %

C (0,-1) %

D None of the above

A

O o @
ey ous

[o][S4}

27. If a probability density flcﬁ}n of a random variable X is given by f(x) =
kx(2 —x),0 <z <2, then mean of X is

1

&

5

<,

23Suppose X is the set of all integers greater than or equal to 8. Let f : X — R.
and f(x +y) = f(ay) for all z,y > 4. If f(8) =9, then f(9) =

N2
QSS -

;UOU.‘JD>
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R
<

29. Let f: R — R be defined by f(z) = (z — 1)(z — 2)(x — 3). Which of the
following is true about f7

A Tt decreases on the interval [2 — 3722 + 37 2]

B It increases on the interval [2 — 372,24 372] ? b

C It decreases on the interval (—oc,2 — 372]

D Tt decreases on the interval [2, 3]

30. A box with no top is to be made from a rectangular sheet of ca %
measuring 8 metres by 5 metres by cutting squares of side x metres gut of egch
corner and folding up the sides. The largest possible volume in ¢ i%&es of
such a box is 4

O

o S
- &
(,)‘o
\/Q
‘e
<
S
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Syllabus for ME II (Economics), 2009

ket Structures under Perfect Competition, Monopoly, Price Discrimination,
Duopoly with Cournot and Bertrand Competition (elementary problems) and
Welfare economics.

Microeconomics: Theory of consumer behaviour, Theory of Production, Mar- Q)b

Macroeconomics: National Income Accounting, Simple Keynesian %
Income Determination and the Multiplier, IS-LM Model, Model of fAggregdte
Demand and Aggregate Supply, Harrod-Domar and Solow Modeg, &wth,
Money, Banking and Inflation. 4

10



Sample questions for ME II (Economics), 2009

1. Consider the following model of the economy:

C = c+aYp %b
T = to+tY <t)

Yp = Y-T.

C denotes consumption, ¢y > 0 denotes autonomous consumption, 0 < ¢y
is the marginal propensity to consume, Y, denotes income, T' denotes tage

denotes disposable income and ty > 0, t; > 0. Assume a closed econgmy where
government spending G, and investment I, are exogenously give b&ﬁnd I
respectively. q

e (i) Interpret t; in words. Is it greater or less than 17 1 your answer.
e (ii) Solve for equilibrium output, Y™*.

in autonomous spending (such as changes and, I) when t, is zero

e (iii) What is the multiplier ? Does the ec % regpond more to changes
or when t; is positive 7 Explain.

[5]+[5]+[10]

2. Consider an agent who values cont ion in periods 0 and 1 according to
the utility function

= logcy + dlogcy

can save any portio er to consume in period 1. If she saves Re. 1, she is

where 0 < § < 1. Suppo t the agent has wealth w in period 0 of which she
paid interest r §Eer budget constraint is

1+r =W
° @ve the agent’s demand for ¢y and ¢; as a function of r and w.

& 11®What happens to ¢y and ¢; as r increases? Interpret.
(

iii) For what relationship between w and r will she consume the same
& amount in both periods?
[8]+[6]+[6]

Q 3. Consider a firm with production function F(x1,z2) = min(2z1, 21 + 22)

Q Q where x1 and x5 are amounts of factors 1 and 2.

e (i) Draw an isoquant for output level 10.

11



e (ii) Show that the production function exhibits constant returns to scale.

e (iii) Suppose that the firm faces input prices wy = we = 1. What is the
firms’ cost function?

[8]-+(6]+[6]

4. Consider an exchange economy consisting of two individuals 1 and 2, and two
goods X and Y. The utility function of individual i, U; = X; +Y;. Individu

has 3 units of X and 7 units of Y to begin with. Similarly, individual 2 h%
units of X and 3 units of Y to begin with.

e (i) What is the set of Pareto optimal outcomes in this eco VN, stlfy
your answer.

e (ii) What is the set of perfectly competitive (Walras'a@tcomes? You
may use diagrams for parts (i) and (ii).

e (iii) Are the perfectly competitive outcomes areto optimal? Does this
result hold generally in all exchange econ

[8]+[8]+[4]
5. A monopoly sells its product in two markets. The inverse demand
function in market 1 is given by ¢; and the inverse demand function

in market 2 is given by ¢o = a — p2, Wllere 10 < a < 20. The monopolist’s cost

function is C'(¢) = 5q, where Q cate output.
e (i) Suppose the monopo ust set the same price in both markets. What

is its optimal priég? What is the reason behind the restriction that a <

207 ?\
o (ii Supp onopolist can charge different prices in the two markets.

Compu prices it will set in the two markets.

o (i 1) r what conditions does the monopolist benefit from the ability
0 agpe different prices?

iv) Compute consumers’ surplus in cases (i) and (ii). Who benefits from
ifferential pricing and who does not relative to the case where the same
price is charged in both markets?

W+W+W+W
6. Consider an industry with 3 firms, each having marginal cost equal to 0. The
inverse demand curve facing this industry is p = 120 — ¢, where q is aggregate

Q~E output.

12
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e (i) If each firm behaves as in the Cournot model, what is firm 1’s optimal
output choice as a function of its beliefs about other firms’ output choices?

e (ii) What output do the firms produce in equilibrium?

e (iii) Firms 2 and 3 decide to merge and form a single firm with marginal b
cost still equal to 0. What output do the two firms produce in equilibrium? %
Is firm 1 better off as a result? Are firms 2 and 3 better off post-merger?
Would it be better for all the firms to form a cartel instead? Explain in
each case. b

[3)+[5)+[12] /);29
7. Suppose the economy’s production function is given by
Y; = 0.5y K/ Ny 4 (1)

Y; denotes output, K; denotes the aggregate capital stoc egeconomy, and
N denotes the number of workers (which is fixed). The e jon of the capital
stock is given by,

Kiy1 = sYi + (1 — 8) ) (2)
where the savings rate of the economy is d ., s, and the depreciation

rate is given by, 4. %

e (i) Using equation (2), show tha change in the capital stock per
Kig1— Ky - . ..
worker, ===, is equal to s per worker minus depreciation per
worker.

e (ii) Derive the econom)gs?)dy state levels of & and % in terms of the

savings rate and the depr 1ation rate.

o (iii) Der1ve t on for the steady state level of consumption per
worker in e savings rate and the depreciation rate.

o (iv) Is savmgs rate that is optimal, i.e., maximizes steady state
per worker ? If so, derive an expression for the optimal
rate. Using words and graphs, discuss your answer.

&@Hﬁ

uppose there are 10 individuals in a society, 5 of whom are of high ability,

and 5 of low ability. Individuals know their own abilities. Suppose that each

individual lives for two periods and is deciding whether or not to go to college in

‘\‘ period 1. When individuals make decisions in period 1, they choose that option

Q which gives the highest lifetime payoff, i.e., the sum of earnings and expenses
in both periods.

Q~E Education can only be acquired in period 1. In the absence of schooling,

high and low ability individuals can earn yz and ¥y, respectively in each period.

13



With education, period 2 earning increases to (1 + a)yg for high ability types
and (1 + a)yr for low ability types. Earnings would equal 0 in period 1 if an
individual decided to go to college in that period. Tuition fee for any individual
is equal to T. Assume yy and yy, are both positive, as is T'.

e (i) Find the condition that determines whether each type of person will
go to college in period 1. What is the minimum that a can be if it is to
be feasible for any type of individual to acquire education?

ability person go to college? And a low ability person? Which ty

more likely to acquire education? fb
e (iii) Now assume the government chooses to subsidise educatio se

tuition equal to 60. What happens to educational attain 7

e (iv) Suppose now to pay for the education subsidy, the nt decides
to impose a % tax on earnings in any period gre 50. So if an
individual earns 80 in a period, he would pay a ta hat period equal
to % of 30.The government wants all indivigfials to acquire education,

1@1@1

and also wants to cover the cost of the subsidy in period 1

through tax revenues collected in both i#ds hat value of z should
the government set?

[5]+[5]+(2]+(8]

9. Consider the goods market wi genous (constant) investment I, ex-
ogenous government spending an@ constant taxes, T. The consumption

equation is given by,
—40 + C1 (Y — T),

where C' denotes coW’cion, co denotes autonomous consumption, and c¢;
t@yfonsume.

the marginal propev
e (i) Solve Q& ibrium output. What is the value of the multiplier ?
o (ii) Ni vestment depend on Y and the interest rate, i

I =bo+bY — by,

hére by and b; are parameters. Solve for equilibrium output. At a given
interest rate, is the effect of an increase in autonomous spending bigger

& than it was in part (i)? In answering this, assume that ¢; + b < 1.
[ ]

N
&

(iii) Now, introduce the financial market equilibrium condition

M
— =d Y — dai,
P 1 2
where % denotes the real money supply. Derive the multiplier. Assume

that investment is given by the equation in part (ii).

14

e (ii) Suppose yg = 50, yr, = 40, a = 3. For what values of T will a hi:hb
ng



e (iv) Is the multiplier you obtained in part (iii) smaller or larger than the
multiplier you obtained in part (i). Explain how your answer depends
on the behavioral equations for consumption, investment, and money de-
mand.

[5]+[5]+[5]+[5]

10 (i) A college is trying to fill one remaining seat in its Masters programme. It
judges the merit of any applicant by giving him an entrance test. It is known
that there are two interested applicants who will apply sequentially. If the
college admits the first applicant, it cannot admit the second. If it rejects%
first applicant, it must admit the second. It is not possible to delay a decifi

the first applicant till the second applicant is tested. At the time of adgnittingfor
rejecting the first applicant, the college thinks the second applica ’& will
be a continuous random variable drawn from the uniform distrib% between 0
B on¥(a, b] if the
gfcollege wants
b the lowest mark

and 100. (Recall that a random variable z is uniformly distib
density function of z is given by f(z) = ;2 for = € [a, b] ®
to maximize the expected mark of its admitted student, whe

for which it should admit the first applicant?
(ii) Now suppose there are three applicants wi% equentially. Before an

applicant is tested, it is known that his likely gs#ar 1 independent continuous
random variable drawn from the uniform i%' ion between 0 and 100. What
is the lowest mark for which the college mit the first student? What is
the lowest mark for which the colleggghould admit the second student in case
the first is rejected?

[8]+(12] :

15
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Test code: ME I/ME 11, 2010

Syllabus for ME I, 2010 ;
Permutation and Combination. fb%

Matrix Algebra: Matrices and Vectors, Matrix Operations.

Calculus: Functions, Limits, Continuity, Differentiation of fun %ﬁne or
more variables, Unconstrained optimization, Definite and I nite Integrals:
integration by parts and integration by substitution, Constr% optimization
of functions of not more than two variables.

Algebra: Binomial Theorem, AP, GP, HP, expg logarithmic series.

Theory of Polynomial Equations (up %r degree).

Elementary Statistics: Measures tendency; dispersion, correlation
and regression, Elementary probabilit§theory, Probability distributions.

@
&
&

R
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Sample Questions for ME I (Mathematics), 2010

1. The value of 100 ({5 + 35 + 35 + - - - + 5555

o ©
I, &

(
(b) is 100,
(c) is 101, b
. (100)2
(d) is Q002 %
2. The function f(z) = z(y/x +x +9) is x
(a) continuously differentiable at z = 0, 4
(b

) continuous but not differentiable at z = 0, g
(c) differentiable but the derivative is not continu@t =0,
(d) not differentiable at « = 0.

3. Consider a GP series whose first term i nd _#he common ratio is a
positive integer (> 1). Consider an legpwhose first term is 1 and
whose (7 +2)t" term coincides with t erm of the GP series. Then

the common difference of the AP gri

(a) r—= 13

(b) 7,

(0) r+1, @

(d) r+2.

4. The first thre Mf the binomial expansion (1 + x)" are 1, -9, %

respectivel m the value of n?

(a) 5

(b)

—

S

Given logpx = a and log,z = 3, the value of logrx equals
q

—
—_
[\

é @ 2
Q) ) 2.

?\ () =2,
&
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. Let P =1{1,2,3,4,5} and @ = {1,2}. The total number of subsets X of

P such that X N Q = {2} is
(a)
(b)
()
(d)

Z ©
9. &

tosses required is

. An unbiased coin is tossed until a head appears. The expected number éfb

(a) 1, ,))
o) 2. N
o A\

(d) oo. Q

Let X be a random variable with probability %‘cy function
< if
)= { @

Ox

Then the expectation of X is
(a) O,
(b

00,
( 1

‘” O
(d) %.
The number oﬁewtions of the equation x? — 5|z| +4 = 0 is

(a) two,
(b) thie,

(c)

o
NN =

(e}

ne of these.
& ange of the function f(z) = 1_3‘”_% is

N
&

a
b
¢

d

[0,1),
(07 1)v
[
(0,1

—_ S

0,1].
1.

— = D

—~
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11. If a,b, c are in AP, then the value of the determinant

r+2 x+3 x4+ 2a
r+3 xz+4 z+2b
r+4 x+5 x4+ 2c

| ©
IS &

a) b — 4ac,

" ©
(b) ab+ be+ ca,
(¢) 2b—a —c, %
(d) 3b+a+ec. fb

12. If a < b < ¢ < d, then the equation (z — a)(z — b) —|—2(x4 =

has Q
a) both the roots in the interval [a, b], q

(a)

(b) both the roots in the interval [c, d],

(¢) one root in the interval (a,b) and th 0 t in the interval (¢, d),

(d) one root in the interval [a,b] and { e root in the interval [c, d].
13. Let f and g be two dlfferentlable on (0,1) such that f) =

f(1) =6, g(0) =0 and ¢(1 ere ex1sts 6 € (0,1) such that
1'(6) equals

(a) 19'(0),
(b) 24'(6). Q
() 69'(0),
(@) 1g'(6)

14. The mlm%gue of logza + logax, for 1 < a < x, is
%;@
%e er than 2,

eater than 1 but less than 2.

& (d) Nomne of these.
9

& 15. The value of { mdx equals
QI

(b

Q?‘ ¢

(d

loge3 — loge2,
2loge2 — log.3,
2loge3 — 3loge2,

NN NN

3loge3 — 2loge2.
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16. The inverse of the function f(x) = x>0, is

1
14z

; ©
i bQ)

17. Let X;, i = 1,2,...,n be identically dlstrlbuted with variance o2. Let

cov(X;, X;) = p for all i # j. Define X,, = 1 3" X; and let a,, = Var( ;g

Then lim,, ., a,, equals

0

Ps x

i /\

18. Let X be a Normally distributed random variable ean 0 and vari-
ance 1. Let ®(.) be the cumulative distribut%mctlon of the variable

X. Then the expectation of ®(X) is %

loge( Y xk)
19. Consider any finite integglz 2. Then 111% — k=0 2 | equals
xr—

QO
N[ =

—~ o~
=

TN N
Q. o
R NI NSNS
= ooe O

5
—

'&%

—~ o~
=3
=

&/_\
o
o)
é
a
.[\'J

which the balls can be chosen such that by < by < by < by < by is

& Consider 5 boxes, each containing 6 balls labelled 1,2,3,4,5,6. Suppose
(a) 1
(b

one ball is drawn from each of the boxes. Denote by b;, the label of the
& ball drawn from the i-th box, ¢ = 1,2,3,4,5. Then the number of ways in

N &

(c)
(d)

¢]

)

(=2 BN
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21. The sum Y1, ("1") equals

T

ONWADE
(b) (n+m+ (L),

)
)
(©) ("), ©
@ (. Q)Q)
22. Consider the following 2-variable linear regression where the error ¢;’s areb
independently and identically distributed with mean 0 and variance

yi=a+ 0Bz, —%)+e, i=12,...,n. ,b
Let & and B be ordinary least squares estimates of o and &%ﬁively

Then the correlation coefficient between & and (3 is

9

a

b

N
O =

c
d

—1, ( :
23. Let f be a real valued continuous fu%%[o,?)]. Suppose that f(z)

takes only rational values and f(1ff= en f(2) equals

None of these.
V N

24. Consider @n flzy,m9) = [ e~ /@23 gy with the prop-
0) =

o~
— — — ~—

(SIS

(a)
(b)
()
(d)

2
4
8

0
0. Then the function f(z1,z2) is

erty th
%kgeneous of degree —1,
b

mogeneous of degree %,

% homogeneous of degree 1.
& (d) None of these.
N
(b) negative valued for all > 1,
Q (c) positive valued on (1,2) but negative valued on [2, 00).
)

(d) None of these.

25. If f(1) =0, f'(x) > f(x) for all z > 1, then f(z) is

a) positive valued for all x > 1,
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26. Consider the constrained optimization problem

b bject t dy) <1
wg’?(zo(ax+ y) subject to (cx + dy) < 100

where a, b, ¢, d are positive real numbers such that d > Egi(ég The unique

solution (z*,y*) to this constrained optimization problem is Q)

27. For any real number z, let [z] be the largest mteger not ex@& The
domain of definition of the function f(x) [z — Q
(a) [~6.6], q
(

) -
b) (—o0, =6) U (+6,00),
(¢) (o0, =6] U [+6,00),
(d) None of these.
28. Letf:%ﬂ%andgzgﬁﬁ%begg
Tz < —%

1 oif-l<a<0
2 —
sy 0 ifz=0
1 ifx>0.
and g(z) = 14« where [x]| is the largest integer not exceeding .
g g g

Then f(g

; \4\3*%

. ¥ f is a real valued function and a; f(z) + asf(—x) = by — box for all x
with a1 # as and by # 0. Then f(l;—;) equals

é (%) 0.
2a2b
Q ) = (F2ty).
?\ (© %
1 2
Q (d) More information is required to find the exact value of f (b—l)
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30. For all z,y € (0,00), a function f : (0,00) — R satisfies the inequality

[f(2) = f(y)] < |z =yl
Then f is

(a) an increasing function, Q>b>
(b) a decreasing function, b
(¢c) a constant function. b

| e

(d) None of these.
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Syllabus for ME II (Economics), 2010

ket Structures under Perfect Competition, Monopoly, Price Discrimination,
Duopoly with Cournot and Bertrand Competition (elementary problems) and
Welfare economics.

Microeconomics: Theory of consumer behaviour, Theory of Production, Mar- Q)b

Macroeconomics: National Income Accounting, Simple Keynesian %
Income Determination and the Multiplier, IS-LM Model, Model of fAggregdte
Demand and Aggregate Supply, Harrod-Domar and Solow Modeg, &wth,
Money, Banking and Inflation. 4



Sample questions for ME II (Economics), 2010

government spending (G) is required (by a balanced budget amendment
to the relevant law) to be equal to the tax revenue; thus G = tY, where t ;

(a) Imagine a closed economy in which tax is imposed only on income. The Q>b

is the tax rate and Y is income. Consumption expenditure (C') is propor-
tional to disposable income and investment (I) is exogenously given.

(i) Explain why government spending is endogenous in this mo@g
(ii) Is the multiplier in this model larger or smaller than i W in
which government spending is exogenous? &

(iii) When t increases, does Y decrease, increase or st me? Give

an answer with intuitive explanation.

(b) Consider the following macroeconomic model no ion having usual
meanings: C = 100 + 1.3Y ( Consumptlon = 500 (Invest-
ment function), MP = 150Y + 100 — 1500 d for money function)
and M*® = 2100 (Supply of money hlnk that there exists an
equilibrium? Justify your answer us -LM model.

[34+8+4]+[5] 6

2. Consider a market with twoNGrms$ Let the cost function of each firm be
C(q) = mq where ¢ > 0. Letffhe iW€rse demand functions of firms 1 and 2 be

Py (Q1aCI2) = a4 — g1 — $q2 an 1,q2) = a — ¢2 — Sq1, respectively. Assume
that 0 < s <1 and a >gn > 0.
(a) Find the Cour Mbrium quantities of the two firms.

demand functions P (g1, ¢2) and Ps(q1,¢2), derive direct
ions D1 (p1,p2) and Do (p1,p2) of firms 1 and 2.

(b) Using t
demagdffun

(c) U@h direct demand functions Dj(p1,p2) and Da(p1,p2), find the

% d equilibrium prices.
/(Q +[7

10
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(a) A monopolist can sell his output in two geographically separated markets
A and B. The total cost function is TC' = 5+ 3(Qa + Qp) where Q4
and @ p are quantities sold in markets A and B respectively. The demand
functions for the two markets are, respectively, P4 = 15 — Q4 and P =
25 — 2Q)p. Calculate the firm’s price, output, profit and the deadweight
loss to the society if it can get involved in price discrimination.

sells 1500 business-class tickets at Rs. 200 per ticket and 6000 econ

©
b‘b

(b) Suppose that you have the following information. Each month an airlE;eb

class tickets at Rs. 80 per ticket. The airline treats business c
economy class as two separate markets. The airline knows t% demghd
curves for the two markets and maximizes profit. It is alsgykn hat
the demand curve of each of the two markets is linear an rgifia
associated with each ticket is Rs. 50.

(i) Use the above information to construct the de@ grves for econ-

omy class and business class tickets.

1 cost

(ii) What would be the equilibrium quangi d prices if the airline
could not get involved in price discrinjpfatiofi?

%ods 1 and 2 using the following

production functions: X; = L% d X9 = L;T%, where X; and X5 are
the outputs of good 1 and 2¢#res vely, K is capital used in production of
good 1, T is land used in pigdugtion of good 2 and L, and L, are amounts
of labour used in prodiiction of good 1 and 2, respectively. Full employment

[12]+[4+4]

4. Consider an economy producin

of all factors is assuge ying the following: K = K, T =T,L1+ Lo =L
where K, T and L al amounts of capital, land and labour available to
the economy. ur §s assumed to be perfectly mobile between sectors 1 and

ly preference pattern of the economy generates the relative

2. The und
—2
demand Oll, g—; = (Z—;) , where Dy and D, are the demands and p;

and iced of good 1 and 2 respectively. All markets (both commodities and
re competitive.

fa
& erive the relationship between % and B,
2 b2

<

(b) Suppose that v goes up. What can you say about the new equilibrium
relative price?

[15]+5]

5. Consider the IS-LM representation of an economy with the following features:

11
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(i) The economy is engaged in export and import of goods and services, but not
in capital transactions with foreign countries.

(ii) Nominal exchange rate, that is, domestic currency per unit of foreign cur-
rency, e, is flexible.

(iii) Foreign price level (P*) and domestic price level (P) are given exogenously.
(iv) There is no capital mobility and e has to be adjusted to balance trade
in equilibrium. The trade balance (TB) equation (with an autonomous part
T > 0)is given by TB =T + ’811; —mY, where Y is GDP and 8 and m are
positive parameters, m being the marginal propensity to import.

(a)

(b)

(c)

(a)

[14]+

equilibrium, derive the relationship between Y and the interest

Taking into account trade balance equilibrium and commodity %
Is it the same as in the IS curve for the closed economy? Exp

also the LM curve on the (Y, r) plane ﬂn

Suppose that the government spending is increased. P e graphi-
cally the new equilibrium value of Y. How does t iPrium value of
e change?

Suppose that P* is increased. How does it he equilibrium values
of Y and e?

(9]+[6]+ [5] @

A firm can produce its proguct Wath two alternative technologies given by
Y = min{%, £} and V£ -, L}. The factor markets are competi-
tive and the marginal dgst gf production is Rs.20 with each of these two
technologies. Find the equation of the expansion path of the firm if it uses
a third produc ioWology given by Y = K 3L,

A utility ing consumer with a given money income consumes two
commodi nd Y. He is a price taker in the market for X. For Y
thereqrg twdalternatives: (A) He purchases Y from the market being a

pric r, (B) The government supplies a fixed quantity of it through
aWon $hops free of cost. Is the consumer necessarily better off in case

xplain your answer with respect to the following cases:

(i) Indifference curves are strictly convex to the origin.
(ii) X and Y are perfect substitutes.

(iii) X and Y are perfect complements.

+[24+2+2]

7. Indicate, with adequate explanations, whether each of the following state-
ments is TRUE or FALSE.

12
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(a) If an increase in the price of a good leads a consumer to buy more of it,
then an increase in his income will lead him to buy less of the good. By
the same argument, if an increase in the price of the good leads him to
buy less of it, then an increase in his income will lead him to buy more of
the good.

(b) Suppose that a farmer, who receives all his income from the sale of his
crop at a price beyond his control, consumes more of the crop as a result
of the price increase. Then the crop is a normal good.

(c) If the non-wage income of a person increases then he chooses to work%
at a given wage rate. Then he will choose to work more as his w
increases.

(d) The amount of stipends which Indian Statistical Institute w% stu-

dents is a part of GDP. Q
[8]-+[4]-+[4]-+[4] )
8. Consider a Solow model with the production function Y*=#K =2 Lz, where Y,
K and L are levels of output, capital and labour, refpegtively. Suppose, 20% of

income is saved and invested. Assume that the of growth of labour force,
darL
dt

that is, (—) —0.05.
(a) Find the capital-labour ratio, rat%j@h of output, rate of growth of
ay

savings and the wage rate, in state growth equilibrium.

(b) Suppose that the proportign of $1come saved goes up from 20% to 40%.
What will be the new SQ e growth rate of output?

(c) Is the rate of growth of ut in the new steady state equilibrium differ-
ent from that ob#gined just before attaining the new steady state (after
deviating fro steady state)? Explain.

(8]+[4]+[8) <%~
9.
(a) Con ekthe utility function U(z1,22) = (21 — $1)%° (22 — $2)%°, where
and sy > 0 represent subsistence consumption and z; > s; and
N> s2. Using the standard budget constraint, derive the budget share
& nctions and demand functions of the utility maximizing consumer. Are
they linear in prices? Justify your answer.

(b) Suppose that a consumer maximizes U(x1, z2) subject to the budget con-
x straint p(x1 + x3) < M where 7 > 0, 9 > 0, M > 0 and p > 0. More-
Q over, assume that the utility function is symmetric, that is U(z1,22) =
U(xa,x1) for all z; > 0 and @ > 0. If the solution («7, %) to the con-

Q Q sumer’s constrained optimization problem exists and is unique, then show

that x7 = z3.

13



[10]+[10]
10.

(a) Consider an economy with two persons (A and B) and two goods (1 and 2).
Utility functions of the two persons are given by Ua(z a1,z 42) = 2%, +2%, b
with 0 < a < 1; and Ug(xp1,2p2) = 1 + 2. Derive the equation of Q)

the contract curve and mention its properties.

(b) (i) A firm can produce a product at a constant average (marginal) cost
of Rs. 4. The demand for the good is given by z = 100—10p. Ass
that the firm owner requires a profit of Rs. 80. Determine the,l
of output and the price that yields maximum revenue if thi
constraint is to be fulfilled.

(ii) What will be the effects on price and output if the tﬁh&)ﬁt is

increased to Rs. 1007

(iii) Also find out the effects of the increase in mages t from Rs. 4

to Rs. 8 on price and output.
(8] [64-3-+3] Q/%

@
&
&

R
<
&
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SYLLABUS & SAMPLE QUESTIONSFOR MS (QE)

2011

Syllabusfor ME I, 2011 :eb
Matrix Algebra: Matrices and Vectors, Matrix Operations. Q)

Permutation and Combination. %Q)

Calculus: Functions, Limits, Continuity, Differentiation df@inctions of one
or more variables, Unconstrained optimization, Diefi and Indeflnlte
Integrals: integration by parts and integration dmpstitution, Constrgj
optimization of functions of not more than two \ednies. g

Algebra: Binomial Theorem, AP, GP, HP, exponential, lodnami

Theory of Polynomial Equations (up to third degree). %

Elementary Statisticss Measures of centr cy; dispersion,
correlation and regression, Elementary p ory, Probability
distributions.

Sample Questionsfor ME | (M atics), 2011

1. The expressior/13+ 3/3 +;;;13 3/23/3

(@) A natural nu R
(b) A rational ut not a natural number,

(c) Anirratj ber not exceeding 6,
(d) An ir atl number exceeding 6.
2. Th n of definition of the functioh(x) = V(x+3)

————— IS
(X* +5x + 4)

/s(g) (~o0, ) \ {~1,4},
x ) (-0, )\ {14}
QYO Lo

(d) None of these.

8 1
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3. The value of

log,2-log, 2+ l0og,s2—.......
(@) log.2, (b) 1-log,2, Q}b
(c) log,2-1, (d) None of these. b

4. The functionmax{],x, xz}, wherex is any real number, has ; b

(a) Discontinuity at one point only,
(b) Discontinuity at two points only,

(c) Discontinuity at three points only,
(d) No point of discontinuity. g
5. If x,y,z>0 are in HP, ther—Y equals q
y-z

@ X, ® ¥, © X, (d)None ofthes@
y z z

6. The function f (x) :ﬁ, where X is%eal number is,
X

(a) Everywhere differentiable Qut th€ derivative hamant of

discontinuity.
(b) Everywhere differentiablg extept at 0.

(c) Everywhere continyously differentiable.
(d) Everywhere diff l&@fe but the derivative hgmihts of
discontinuity. %‘

7. Letthe func%’ + - Ry be such thatf 1) =3 and

f'@=9 R, . is the positive part of the real line. Then

li % equals
3{ )
/Q) 3, (b) € () 2, (d)ée.

48. Let f,g :[0,00) - [0,00) be decreasing and increasing
respectively. Defind(x) = f(g(x)) . If h (0) = 0, thenh(x) = h(1)

QY
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(a) Nonpositive fox > 1, positive otherwise, (b) Always negative,
(c) Always positive, (d) Positive for> 1, nonpositive otherwise.

9. A committee consisting of 3 men and 2 women isg¢ddomed

out of 6 men and 4 women. In how many ways thiskeEadone if %

Mr. X and Mrs. Y are not to be included together?

10. The number of continuous functiohsatisfying
xf(y)+yf(x)=(x+y)f(x) f(y),wherexandy are any real

numbers, is /\

(@ 1, (b) 2, (o) 3,
(d) None of these.

11.1f the positive numbersy,...,X,are in AP, the%@
{5’“

(@) 120, (b) 140, (c) 90, (d) 60. %b
NG

\/Z+\/_ \/_\/_ ........ +

N r © e i
(b’f J_ (d)w

12.1f %, y, &S%freal numbers, then which of the followiag

alwaysy
} < max{x, vy, Z,
/( X, y > max{x, y, z }

X+y+[xX-y|

(c) max{x, y}= >

(d) None of these.

&
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4
13.If X1, X9, X3,X4 > Oand z X = 2, thenP = (Xl + X2) (X3 + X4) is
i=1
(a) Bounded between zero and one,
(b) Bounded between one and two, b
(c) Bounded between two and three, %

(d) Bounded between three and four.

number of handshakes is 91. Then the number obpsiig the
room is

14.Everybody in a room shakes hand with everybody. dlstal %Q)
(@ 11, (b) 12, (c) 13, /\\'

d) 14.

15.The number of ways in which 6 pencils can be djstég
between two boys such that each boy gets at I%mc' is

(@) 30, (b)60, (c)62, (d)64. Q/
h%erized by élgiation
number, is

17.The value of the fuw =X+ E (xy* +x%y) f(y)dy is
pX + qx2, Whereg.
(a) p=80, gg 180
(b) p=40, &
(c) p=8{0na 7 150,
(d)N ese.
&;’xnd y are real numbers such tha(?+y2 =1, then the

16.Number of continuous functions
x f(x)+2f(-x) =-1, wherex is an

@ 1, () 2, (o) 3

aximum value ofX +|y| is

1 1
> ® V2, © 5 @ 2

4 (@)
¥ 4
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19.The number of onto functions from={p,q,r,s} to B={p, r} is
(@ 16, (b) 2, (c) 8, (d)14.
20. If the coefficients of(2r +5) th and(r - 6) th terms in the

expansion of(l+ x)39 are equal, thefC,, equals

(@) 45, (b) 91, (c) 63, (d) None ofgbe

CcC 2 )
21.1f X {1 C} and‘x7‘ =128, then the value of C is

(@ =5, (b) +1, (c) +2,(d) None of these. Q/\

22.Let f(x) = Ax?> +Bx+C, where A, B, C re real n rs. If
f (x)is an integer wheneveris an integer, then %

(a) 2 AandA + B are integers, bu is not an |
(b) A+ B andC are integers, but & is not %

(c) 2A, A+BandC are all integers.
(d) None of these. %

building. The number of w which they leave ttt, such
that each of them gets down at different floors, is

23.Four persons board a lift Wround floor cfeaven-storey
(a) 360, (b) 60, O (d) 240.
24.The number of vestorex, xl,xz) wherex, X, xo >0, for which

ooz

+logx, | holds, is

/(@ One, (b) Two, (c) Three, (dpré of these.

Q .In a sample of households actually invaded by sp@t| 70% of
the inhabitants are attacked and 85% had beennated. The

Q ?‘ minimum percentage of households (among those vaiex) that

||09 (x (XX2)|

5

o
&
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must have been attacked [Numbers expressed asshéaaeger
value] is

(@ 55, (b) 65  (c) 30, (d})5.

were obtained.

Variance of X (0')%) =9, product of the regression coefficient of Y b
on X and X on Y is 0.36, and the regression coiefficfrom the
regression of Y on X,y) is 0.8.

The variance of Y is /\\::

(@ 16, (b) 4, (c) 1.69.,d) 3.

26.In an analysis of bivariate data (X and Y) the dwling results (b

27.For comparing the wear and tear quality of tw%ﬁmf
automobile tyres, two samples of 50 customer voctypes of
tyres under similar conditions were sele . er of
kilometers x and Xpuntil the tyres be %orn out, was
obtained from each of them for the_t used mmthThe
sample results were as followsq: =13 , X0 =13,650 km,

Sq= 300 km, S,, =400 km. W d you conclude about

the two brands of tyres (at 5%&Jevel of significanas far as the
wear and tear quality is co @‘ W

(a) The two brands aresglike ,

(b) The two brands he same,
(c) Nothing can jog c@ficluded,
(d) The given inadequate to perfornsta te

28.A contim ndom variable has the following probability
densit

jon:

XO a+l
f('k— =2 f , 1.
X xo(xj or Xx>x,, a>

x e distribution function and the mean:ofire given respectively
by

N
Qﬁv [Xoj

a

i)
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X - a-1
(b) 1—[%] aTXO,

-a

ereelc) 5% ©

(d) 1—(1Ja,ﬂ ng
X) a-1

29. Suppose a discrete random varialdetakes on the value\' )

0,1,2,...,n with frequencies proportional to binomial coemﬁ

(g] (:) [:] respectively. Then the meaml&e
variance(o?) of the distribution are %%

(A) ,u=g and o’ =2;

(B),uzgandaz=2; 39
(C),uzgandazzg; (}

©) u=y ’

ando? =—. ?}/
30.Let {X;} be a e%'mce of.d random variables such that
=1 with probabilityp
= 0 with probability 1 ¢
1 if X, =100
& efiney = ! ,221: '
& 0 otherwise
Q ThenE(y?) is
n =
?, (@), (b) ( Jploo(l— P, ©np, @ (hp)*.

100
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Syllabusfor ME Il (Economics), 2011 :
Microeconomics. Theory of consumer behaviour, Theory of Productidarket %Q)

Structures under Perfect Competition, Monopolyc®biscrimination, Duopoly
with Cournot and Bertrand Competition (elementargbfems) and Welfarex

economics.

M acroeconomics. National Income Accounting, Simple Keynesia
Income Determination and the Multiplier, IS-LM Mddb®lodel gredate
Demand and Aggregate Supply, Harrod-Domar and Sii rowth,

Money, Banking and Inflation. C:
Sample questions for ME 11 (E@};YQTZOll

1. A monopolist sells two Wctsx and Y. There are three
consumers with as;@' IC preferences. Each consbmes either

one unit of a product®Qr does not buy the productlla The per-unit
maximum willi s to pay of the consumers is giue the table
below.

C@No.x Y
é 1 4 0
Q 2 3 3
be 3 0 4 8




The monopolist who wants to maximize total paytf#s three alternative

marketing strategies: (i) sell each commodity safedy and so charge a (bb
uniform unit price for each commodity separatelymde monopoly b
pricing); (i) offer the two commodities for salenly in a package b
comprising of one unit of each, and hence chargeice for the whole %

bundle (pure bundling strategy), and (iii) offaick commodity separatel /))

as well as a package of both, that is, offer urnidepfor each commaedi
as well as charge a bundle price (mixed bundlingtesgy). Howe h
monopolist cannot price discriminate between thesomers. n the

above data, find out the monopolist’'s optimatr@ and the

corresponding prices of the products. ::
?9 [30]

2. Consider two consumers with i erNincoMeand utility function

U = xy wherex is the amaqunt of restaurant good consumed yans

the amount of any othe consumed. The unieprof the goods

are given. The ¢ s have two alternative ptanseet the
Bthhey eat together at #staurant and each pays

restaurant bill.
his own % B: they eat together at theaasint but each pays
th

one-hjg total restaurant bill. Find equiliom consumption
unger plam A.

a) Mnd equilibrium consumption under plan B.
(b¥Explain your answer if the equilibrium outcome ase (b) differs

from that in case (a).

Q-E [6+18+6=30]



3. Consider a community having a fixed stock of an exhaustible
resource (like oil) and choosing, over an infit&izon, how much of Q
this resource is to be used up each period. Whilegd so, the (b

community maximizes an intertemporal utility furocti

t=0

U= Zd‘InC where C,represents consumption or use of the %Q)

resource at periodand d (0< d <1) is the discount factor.

(a) Set up the utility maximization problem of the coomity aq
interpret the first order condition.

(b) Express the optimal consumptid® for any periodt in%s of

the parameters andX.
(c) If an unanticipated discovery of an additi % X"occurs at

the beginning of perio@ (0<T <o), be the new level

of consumption at each period fro‘ﬁ%
\/ [7+16+7=30]

4. A consumer, with a give\/oney inconM, consumesn goods

X,y X500, X, With given §r®l, Pyyeees Pp -
kt

(a) Suppose hi ity function i (X, X,,...,X,) = Max(x,, X,,...,X,) -
F|nd rshallian demand function for gogdand draw it in a
grap

éﬂppose his utility function i8 (X, X,,...,X,) = Min(x;, X,,...,X,) .
Q Find the income and the own price elasticitiesarhend for good



[15+15=30]

5. An economy, consisting ah individuals, is endowed with quantities

a,,4,,..a, of n goods. Theith individual has a utility function (bb

U(C,,C;,..C,) =C,C;..C,, where C} is consumption of googl of

individuali. b
S ,,)%

(a) Define anallocation, a Pareto inferior allocation and aPareto

optimal allocation for this economy.

(b) Find an allocation which iBareto inferior and an aIIocatlor@/lcx

is Pareto optimal. %
(c) Consider an allocation wheré:' =1 w, DJ, this

allocationPareto optimal ?

%Q/{ 6+18+6=30]

6. Suppose that a monopolist operates?ei: domestikem#acing a

demand curvep = 5—§qh , wh@e domestic price ang,, is

the quantity sold in the do market. This npmlist also has the
option of selling the EE in the foreign markéta constant price

of 3. The monopolfst

is the total m that the monopolist produddsw, answer the

S a cost function givenQy) = q°, whereq

foIIowing%
(@) HU@ h will the monopolist sell in the domestianket and
/Q)w much will it sell in the foreign market?

Q(b) Suppose, the home government imposes a restriaionthe
amount that the monopolist can sell in the foremgarket. In

Q~E particular, the monopolist is not allowed to setirmthan 1/6 units

11



of the good in the foreign market. Now find out t@ount the
monopolist sells in the domestic market and infteign market.

[6+24=30]

7. An economy produces two goods, fodd and manufacturingNl ). ; (b

1 1

Food is produced by the production functiom (L. )2(T)2,

whereL . is the labour employed;, is the amount of land used afd /))Q)

is the amount of food produced. Manufacturing iedpiced by the\'

1 1
production functioM =(L,,)?(K)2, whereL,,is the %u
employed,K is the amount of capital used aml is the of
manufacturing production. Labour is perfectly m%ﬂween the

sectors (i.e. food and manufacturing productio@
e factors of

al amount
of labour in this economy is denoted I
production are fully employed. Land is by thedlords and
capital is owned by the capitalists. re alsovigled with the
following data: K =36, T = 49,@ 100. Also assume that the

price of food and that of manufattlring are the esand is equal to

unity.
(a) Find out the eq@ig levels of labour empteent in the food
t

sector and the uring sector (Lg.andL,, respectively)

(b) Next, infoduce a small change in the desom of the
econo above. Assume, everything remainsséime except

for the Ta¢t that land is owned by none; land corfesfree! How

ﬁ labour would now be employed in the food ar t
Q ufacturing sectors?

(c) Suggest a measure of welfare for the econonayveisole.

A )



(d) Using the above given data and your measurewelfare,

determine whether the scenario given in problem \{i)ere land is
owned by none, better or worse for the economywbkae, compared
to the scenario given in problem (a), where landwned by the
landlords?

(e) What do you think is the source of the differeim welfare levels

(if any) under case (a) and case (b).

[6+10+4+6+4=30] \'

An economy produces a single homogeneous good pe
competitive set up, using the production functiyn= Al K),
whereY is the output of the good, and K are the t of labour

and capital respectively and\ is the tech ical productivity
and K . Labour and capital in this eco ains felgployed. It
has also been observed that the teqtal %ge eaohitigs economy is

a
equal to the total earnings of pM the ecopat all points in

parameter. Further, assume tlfais homog%wj f degree onelin

time.

Answer the following qu
(a) It is observed t a given period the lalfotoe grew by
4%, the capit k grew by 3%, and output grg@%. What

then v% rowth rate of the technological pectigity
er

par, ) over that period?

ver another period the wage rate of labour in #g®nomy

&exhibited a growth of 30% , rental rate of capgdw by 10% and

&

the price of the good over the same period greve%y Find out

13



9.

&

the growth rate of the technological productivitgrgmeter @)
over this period.

(c) Over yet another period, it was observed that tixxe no growth b
in the technological productivity, and the wagesvgiby 30% and c (b

rental rate grew by 10%. Infer from this, the growate of the

price of the good over the period. %Q)

[4+20+6330

/\’\r

An economy produces two goodsmn-andg. Capitalists e aotal

income,R (R, from sectom plus Ry from sectorg) consumes
only goodm, spending a fixed proportiorc)( of f jicome on it.

a of their income V) on goodg and thg.r n goaa. [However,
whatever wages are paid in sectpr&e spent entirely for the

consumption of good only so t tevv\énore wages in this sector for

Workers donot save. Workers in secton Q fixed proportion
t

computing both income g(m\er/zr[ion therein and theeediture made
of income and exfaral in the two

on its output.] The cate?&g
sectors are shown |IQE in the chart below.

<
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Sectom Sectorg

Income Expenditure on goorh {Income Expenditure
generated (net of wages)(net of that by

generated  |own workers) on

good g
« Capitalists’ Capitalists’ | « Consumption of
Capitalists' consumption Income (R,) workers of sector

i C=c.R :
income | ( c.R m(a W) //\\'

(Ry) |- Consumption of

. Wages workers qc }

w) of sector

m: ({1-a }.W) %
+ Investment: () Q\Q/

Further, investment expenditure I{, %g/exclusively orm-good, is

autonomous and income distribution ctoris exogenously given:

R, = 6.W (6 given). \/

(a) Equating aggreg '%ne with aggregate expeadfor the
economy, show th jfalists' inconfie)(is determined exclusively by

their own expep&iiurdC andl). Is there any multiplier effect dfonR ?
Give argu
(b) Show thaq, (along withc, o and @) also determina#.
[15 +15= 30]
%&nsider two countries — a domestic country (witbess capacity and
unlimited supply of labour) and a benevolent foreigpuntry. The

Q~E domestic country produces a single good at a fpéck of Re.1 per
15



<

&

unit and is in equilibrium initially (i.e. in yed) with income at Rs.

100 and consumption, investment and savings at ®s.each.

Investment expenditure is autonomous. Final experalin any yeat

shows up as income in yea(Y,), but consumption expenditure in %b
yeart (C, ) is given by:C,= 0.5Y,_,. The foreign country agrees to Q)

give a loan of Rs.100 to the domestic country iaryke atzero interest %b

rate, but on conditions that it be (i) used forastment only and (ii)

repaid in full at the beginning of the next yeaheTloan may e’\'
renewed every year, but on the same conditionsbasea Fingd, ou

income, consumption, investment and savings ofltiraestj ry

in year 1, year 2 and in final equilibrium in eawfhthe following two

alternative cases:
(a) The country takes the loan in year 1 only

(b) The country takes the loan in year 1 aéﬁ ity year.

(j \y~ [15 + 15330
Y
&
N
&R
<§
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SYLLABUS AND SAMPLE QUESTIONS FOR MS(QE)
2012
Syllabus for ME I (Mathematics), 2012 Q&

Algebra: Binomial Theorem, AP, GP, HP, Exponential, Logarithi
Series, Sequence, Permutations and Combinations, Theory of Pol%

Equations (up to third degree). ,bt

Matrix Algebra: Vectors and Matrices, Matrix Operati ermi-
nants.

Calculus: Functions, Limits, Continuity, Differenti /\f functions of
one or more variables. Unconstrained Optimization, e and Indefinite
Integrals: Integration by parts and integration by su tion, Constrained
optimization of functions of not more than two gasbles.

Elementary Statistics: Elementary aMflity theory, measures of
central tendency; dispersion, correlation ession, probability distribu-
tions, standard distributions—Binomialfa, ormal.

Sample Questions for (Mathematics), 2012
1. Kupamonduk, the frog,@ in a well 14 feet deep. One fine morning
she has an urge tozsee the world, and starts to climb out of her well.
Every day she c@p by 5 feet when there is light, but slides back
by 3 feet in@d. k. How many days will she take to climb out of the
well?

A
N
/%) %one of the above.
Qé (Th)e derivative of f(x) = |x]* at x = 0 is,
Y o
o

D 1/2

Non—ex1stent
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Let N ={1,2,3,...} be the set of natural numbers. For each n € N,
define A, = {(n+ 1)k : k € N'}. Then A; N A; equals

(A) A3?

B) Ay,

®) ©
(C) 4s, Q)
(D) Ag. b

Let S = {a, b, c} be a set such that a, b and ¢ are distinct real n%b

Then min{max{a, b}, max{b, c}, max{c,a}} is always f))

(A) the highest number in S,
B) the second highest number in .S, /\

(B)

(C) the lowest number in S,

(D) the arithmetic mean of the three numbers #fi™ .
The sequence < —4™" > n=1,2,---,1is %

(A) Unbounded and monotone increasi

(B) Unbounded and monotone decr

B)
(C) Bounded and convergent, %
D) .

(D) Bounded but not converg;
[ 7 dr equals :&

Th@@er of real roots of the equation

20z —1)?=(z =3+ (z +1)* -8
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10.

11.

. The three vectors [0, 1], [1,0] and [1000, 1000] are

(A) Dependent,

(B) Independent,

(C) Pairwise orthogonal,
)

(D) None of the above. Q>b

The function f(.) is increasing over [a,b]. Then [f(.)]", where n i
odd integer greater than 1, is necessarily

(A) Increasing over [a, b], %
(B) Decreasing over [a, b],

(C) Increasing over [a, b] if and only if f(.) is positiv%\»

(D)

D) None of the above. Q

1 2 3
The determinant of the matrix | 4 5 6
7 8

[\)

) 21,
) -16,
)
)

T Q@
— O
=

(
(
(
(

Minimize ax + by,

subject to
xa 4 ya — M,

and z,y > 0, where a > b > 0, M > 0 and o > 1. Then, the solution
is,
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(A) = =8,
(B) z* =0, y* = M,
(C)y* =0, 2* = Ma,
(D) None of t

he above. b
13. Three boys and two girls are to be seated in a row for a photograph. I@Q)

is desired that no two girls sit together. The number of ways in whj
they can be so arranged is

(A) 4p, x 3, /);29
(B) 3p, x 2! \/

(C) 21 x 3! /\

(D) None of the above. Q

14. The domain of x for which \/z + /3 — 2 + v/ IE!S— >a: is real is,
(A) 10,3],

L &
one of the above.
2

)
)
15. P (x) is a quadratic polynomi that P (1) = P (-1). Then
(A) The two roots sum
(B) The two roots sum

(C) One root is twige the other,
(D) None of the .

16. The expre SQ'V'M +6v2+ V11 — 62 is
(A) P '*‘Xnd an even integer,
(B) %«e and an odd integer,
itive and irrational,
&Q) one of the above.

&k?. What is the maximum value of a(1 — a)b(1 — b)e(1 — ¢), where a, b, ¢

Qx vary over all positive fractional values?

&

Al
B

)

el
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277

1
ma

18. There are four modes of transportation in Delhi: (A) Auto-rickshaw, b
(B) Bus, (C) Car, and (D) Delhi-Metro. The probability of usinc Q)

2 4 2

transports A, B, C', D by an individual is 9, 5» 97 5 respectively. Jh

probablhty that he arrives late at work if he uses transportatio
C,Dis 2 4 , and 8 = respectively. What is the probabll% he

7’ 77
used transport A if he reached office on time?

Al /\\"
B 1 Q
¢ O
3 9
%he expression a®+b% 4¢3 —

19. What is the least (strictly) positive %

3abe, where a, b, ¢ vary over all stff1 081t1ve integers? (You may use
the identity a®+b®+c® —3abc 4 (a=b)*+(b—c)?*+(c—a)?).)

A2 (
B 3,

20. If a® + *’ 1, then ab + be + ca is,
D,
%ongs to the interval [—1, —0.5],
&) elongs to the interval [0.5, 1],

(D) None of the above.

&21 Consider the following linear programming problem:

Maximize a 4 b subject to

Q~§ a—+ 2b <4,

a + 6b <6,
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a—2b<2,

a,b> 0.

An optimal solution is:
(A) a=4, b=0,

©
© amsb ng
(D)

D) None of the above.

22. The value of f:41 Ldz equals, f))%

(A) In 4,

(B) Undefined,
(C) In(—4) — In(=1), cg\
(D) None of the above.

23. Givenz >y >z, andx+y+2=09, ther@numvalueofx%—?)y—i—
57 1s

P &

24. A car with six sparkplu8g isknown to have two malfunctioning ones. If
two plugs are pull out at random, what is the probability of getting

at least one ma ning plug.
) 1/15, l?g

( 7/ 1 &k_

(C)

(D
2 up ose there is a multiple choice test which has 20 questions. Each
question has two possible responses - true or false. Moreover, only
x one of them is correct. Suppose a student answers each of them ran-

Q domly.Which one of the following statements is correct?
(A) The probability of getting 15 correct answers is less than the prob-

Q~; ability of getting 5 correct answers,

(B) The probability of getting 15 correct answers is more than the
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probability of getting 5 correct answers,

(C) The probability of getting 15 correct answers is equal to the prob-

ability of getting 5 correct answers,

(D) The answer depends on such things as the order of the questions. b

26. From a group of 6 men and 5 women, how many different committe
consisting of three men and two women can be formed when it is kn%
that 2 of the men do not want to be on the committee togeth

(A) 160,
(B) 80, ,))
(C) 120, /\\'
(D) 200.

27. Consider any two consecutive integers a and @t are both greater
than 1. The sum (a? + b?) is

(A) Always even, %@
(B) Always a prime number,

(C) Never a prime number, @

(D) None of the above state ts%orrect.

28. The number of real non-

roots of the equation

&
Q&t a” >and < 0" >, n=1,2,---, be two different sequences, where

& < a" > is convergent and < b > is divergent. Then the sequence
x < a4+ b > is,
Q (A) Convergent,
(B) Divergent,
Qgs (C) Undefined,
(D)

D) None of the above.
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30.

Consider the function

This function is,

(A) Increasing in  when x > 0, Q&
(B) Decreasing in z, b
(C) Increasing in z for all real z,
(D)

D) None of the above. %b

Syllabus for ME II (Economics), 2012 x

Microeconomics: Theory of consumer behaviour, t v $f production,

market structure under perfect competition, monopo% ¢ discrimination,

duopoly with Cournot and Bertrand competition (ele

ary problems) and

welfare economics.

Macroeconomics: National income acc@ ~ simple Keynesian Model

of income determination and the multi

-LM Model, models of ag-

gregate demand and aggregate suppl -Domar and Solow models of

growth, money, banking and inflati

1.

&
&

Sample Questiom{fj E II (Economics), 2012

A price taking ﬁeres machine tools Y using labour and capital

according to thevb

Lahowr cdn be hired at the beginning of every week, while capital can

ing production function

Y = LO.25K0.25‘

only at the beginning of every month. It is given that the wage

te%= rental rate of capital = 10. Show that the short run (week) cost

function is 10Y*/K* where the amount of capital is fixed at K* and
the long run (month) cost function is 20Y2.

Consider the following IS-LM model
C =200 + 0.25Yp,
I =150+ 0.25Y — 10004,
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. Suppose that a price-taking consumer A maximize%
0

G = 250,

T = 200,
(m/p)? = 2Y — 80004,
(m/p) = 1600,

where C' = aggregate consumption, I = investment, G = governme
expenditures, T = taxes, (m/p)? = money demand, (m/p) = mgne
supply, Yp = disposable income (Y — T'). Solve for the equili
values of all variables. How is the solution altered when %p—
ply is increased to (m/p) = 18407 Explain intuitively ghe “effect of
expansionary monetary policy on investment in the SW%

utility function
U(z,y) = z* + y* with a > 0 subject to a bud straint. Assume
prices of both goods, x and y, are equal. rive the demand function
for both goods. What would your ans@%

the price of = is twice
that of the price of y?

Assume the production function economy is given by

LO.BKO.B
where Y denotes outpu{-i denotes the capital stock and L denotes
labour. The evolqu the capital stock is given by

Kt+1 = (1 - (5>Kt + ]t

where %b'etween 0 and 1 and is the rate of depreciation of capital.

Ir efts investment, given by I; = sY;, where s is the savings rate.
v& the expression of steady state consumption and find out the
vings rate that maximizes steady state consumption.

. There are two goods x and y. Individual A has endowments of 25 units

of good x and 15 units of good y. Individual B has endowments of 15
units of good x and 30 units of good y. The price of good y is Re. 1,
no matter whether the individual buys or sells the good. The price of
good z is Re. 1 if the individual wishes to sell it. It is, however, Rs. 3 if



6. A monopolist has cost function c¢(y) = y so that its marginal co

the individual wishes to buy it. Let C; and C} denote the consumption
of these goods. Suppose that individual B chooses to consume 20 units
of good z and individual A does not buy or sell any of the goods and
chooses to consume her endowment. Could A and B have the same
preferences?

constant at Re. 1 per unit. It faces the following demand curv%

0,if  p>20 /))
D(p) =14 100 \,
—, if p < 20.
p
Find the profit maximizing level of output if the ment imposes a
per unit tax of Re. 1 per unit, and also the de ight loss from the

tax. 9
7. A library has to be located on th& [0,1]. There are three

consumers A, B and C located e}interval at locations 0.3, 0.4
and 0.6, respectively. If the libr% ocated at x, then A, B and C’s

utilities are given by —|x —0.3

x —0.4] and —|z — 0.6], respectively.
Define a Pareto-optima and examine whether the locations

r=0.1,2=0.3 and = are Pareto-optimal or not.

where there ig.o

8. Consider an ecogoWhere the agents live for only two periods and

N
&

e good. The life-time utility of an agent is given
by U = ugc (d), where u and v are the first and second period
utilitie d are the first and second period consumptions and [
is th%o nt factor. [ lies between 0 and 1. Assume that both u
a% e strictly increasing and concave functions. In the first period,
\icOme is w and in the second period, income is zero. The interest rate
or! savings carried from period 1 to period 2 is r. There is a government
that taxes first period income. A proportion 7 of income is taken away
by the government as taxes. This is then returned in the second period
to the agent as a lump sum transfer 7. The government’s budget is
balanced i.e., T' = 7w. Set up the agent’s optimization problem and
write the first order condition assuming an interior solution. For given

10



values of r, 3, w, show that increasing T" will reduce consumer utility
if the interest rate is strictly positive.

9. A monopolist sells two products, X and Y . There are three consumers b
with asymmetric preferences. Each consumer buys either one unit of %
a product or does not buy the product at all. The per-unit maximurb
willingness to pay of the consumers is given in the table below. b

Consumer No. X Y %
1 40 /))

2 3 3 \,

3 0 4.

The monopolist who wants to maximize total p as three alter-
native marketing strategies: (i) sell each com ity separately and
so charge a uniform unit price for each copfinodity separately (simple
monopoly pricing);(ii) offer the two co 1tjfs for sale only in a pack-
age comprising of one unit of each ce charge a price for the
whole bundle (pure bundling styate and (iii) offer each commod-
ity separately as well as a pa off both, that is, offer unit price for
each commodity as well as cha bundle price (mixed bundling strat-
egy). However, the mo is# cannot price discriminate between the
consumers. Given the & data, find out the monopolist’s optimal
strategy and the CQ@onding prices of the products.

10. Consider tw: mers with identical income M and utility function
U= uxy
is the
go

is the amount of restaurant good consumed and y
of any other good consumed. The unit prices of the

rd given. The consumers have two alternative plans to meet
taurant bill. Plan A: they eat together at the restaurant and
cl® pays his own bill. Plan B: they eat together at the restaurant

consumption under plan B.

& but each pays one-half of the total restaurant bill. Find equilibrium

A 11. Consider a community having a fixed stock X of an exhaustible re-
Q ?’ source (like oil) and choosing, over an infinite horizon, how much of

this resource is to be used up each period. While doing so, the com-

11



munity maximizes an intertemporal utility function U = Y §'In(C})
where C} represents consumption or use of the resource at period ¢ and
d(0 < § < 1) is the discount factor. Express the optimal consumption
C, for any period t in terms of the parameter ¢ and X.

12. A consumer, with a given money income M, consumes 2 goods x; aan)
xo with given prices p; and p,. Suppose that his utility functlﬁ
U(xy,x2) = Maz(xy,x2). Find the Marshallian demand func
goods x1, o and draw it in a graph. Further, suppose tha ity
function is U(xy,22) = Min(xy,25). Find the 1ncome own
price elasticities of demand for goods x; and x5. /\

13. An economy, consisting of m individuals, is e with quantities
W1, W, ..., wy of n goods. The ith individual a utility function

U(Ct,C3,...CL) = CiC5...C}, where C; i@sumption of good j of

1nd1v1dual i. %

(a) Define an allocation,a Pareto in% ocation and a Pareto opti-
mal allocation for this economy.

(b) Consider an allocation wh @ Nw; for all j ,>° A" = 1. Is this
allocation Pareto optimal?,

14. Suppose that a mono hs operates in a domestic market facing a

demand curve p (5)qn , where p is the domestic price and gy,
is the quantlty he domestic market. This monopolist also has
the optlon g the product in the foreign market at a constant

price of 3 onopohst has a cost function given by C(q) = ¢
e total quantity that the monopolist produces. Suppose

Where
@nonepohs’c is not allowed to sell more than 1/6 units of the
the foreign market. Now find out the amount the monopolist
&IS in the domestic market and in the foreign market.

x&. An economy produces two goods, food (F) and manufacturing (M).

A Food is produced by the production function F = (Lz)"?(T)"2, where

L is the labour employed, 7" is the amount of land used and F' is the
?‘ amount of food produced. Manufacturing is produced by the produc-
Q' tion function M = (Ly;)Y?(K)Y?, where Ly, is the labour employed,

12



K is the amount of capital used and M is the amount of manufacturing
production. Labour is perfectly mobile between the sectors (i.e. food
and manufacturing production) and the total amount of labour in this
economy is denoted by L. All the factors of production are fully em- b
ployed. Land is owned by the landlords and capital is owned by the cap- %
italists. You are also provided with the following data: K = 36,T = 4%
, and L = 100. Also assume that the price of food and that of @
facturing are the same and is equal to unity.

(a) Find the equilibrium levels of labour employment in the %ector

and the manufacturing sector (i.e. Ly and Ly respect]

(b)Next, we introduce a small change in the descripti the economy
given above. Assume that everything remains the except for the
fact that land is owned by none; land comes for ow much labour

would now be employed in the food and t anu acturlng sectors?
16. Consider two countries - a domestic ¢ Wlth excess capacity and
unlimited supply of labour) and % olent foreign country. The

domestic country produces a smg% at a fixed price of Re.1 per unit
and is in equilibrium initially n year 0) with income at Rs. 100

and consumption, invest

d savings at Rs. 50 each. Investment

expenditure is autono inal expenditure in any year ¢t shows up

as income in year ¢ (say, ¥¢) , but consumption expenditure in year ¢

(say, Cy) is glvew = 0.5Y;_1.

The foreign<zan y agrees to give a loan of Rs.100 to the domestic

country Jjng y 1 at zero interest rate, but on conditions that it be

(i) use investment only and (ii) repaid in full at the beginning of

the Qear. The loan may be renewed every year, but on the same

& ittons as above. Find the income, consumption, investment and
-

N
&

ings of the domestic country in year 1, year 2 and in final equilibrium
when the country takes the loan in year 1 only.

13



SYLLABUS AND SAMPLE QUESTIONS FOR MSQE
(Program Code: MQEK and MQED)

©
ng

Syllabus for PEA (Mathematics), 2013

Algebra: Binomial Theorem, AP, GP, HP, Exponential, Logaritk%%es,
Sequence, Permutations and Combinations, Theory of Polyno%
(up to third degree).

ations

Matrix Algebra: Vectors and Matrices, Matrix Op@g, Determinants.

Calculus: Functions, Limits, Continuity, Di@%ion of functions of one

or more variables. Unconstrained Optim% efinite and Indefinite In-
tegrals: Integration by parts and inte@ by substitution, Constrained

optimization of functions of not m two variables.

Elementary Statistics: Elefnent¥y probability theory, measures of central

tendency; dispersion, correlation and regression, probability distributions,

standard distribution mial and Normal.



1.

2.

3.

Sample Questions for PEA (Mathematics), 2013

Let f(z) = Hz,x # —1. Then f(f(1)),z #0and z # —1, is
(A) 1,

(B)
(©)
(D)

The limiting value of 1'2+2'3+T'L'§,+"("+1) as n — oo is, ’b%
(A) 0,

®) 1, /\

© 173 O
(D) 1/2. O

Suppose aq, as, . . ., a, are n positive rea, rs with ajas...a, = 1.
Then the minimum value of (1 + a; (1+ay,) is
(A) 27,

(B) 22n
o (\37“
(D)None of the above.

& K

7

Hl'—‘

4. Let the random vasable X follow a Binomial distribution with parame-

,g

ters n and p wh ) is an integer and 0 < p < 1. Suppose further
that the p of X =0 is the same as the probability of X = 1.
Ther% of p is

n+1 ’

n—l

Q 5. Let X be a random variable such that E(X?) = E(X) = 1. Then

&

XIOO) is
(A) 1,
(B) 21,


Dell
Highlight

Dell
Highlight

Dell
Highlight

Dell
Highlight

Dell
Highlight


6.

(€) 0,
(D) None of the above.

If a and 3 are the roots of the equation 22 — ax + b = 0, then the b
quadratic equation whose roots are o + 3+ a8 and af — o — 3 is

(A) 22 — 2ax + a®* — b* = 0,

2?2 — 2ax — a® + b* =0,

®) ©
EC;JJ—%J;—OL +b* =0, ,))%

D) 22 —2bx +a®> — 1% = 0.

7. Suppose f(z) =2(z? + &) — 3(z + 1) — 1 where z i@l and = # 0.

8.

9. The mr%jp
Whe@a d c are real, is

Then the solutions of f(x) = 0 are such that thej uct is
o O

(C) _1a %

(D) -2. %

Toss a fair coin 43 times. W %e number of cases where number
of ‘Head’> number of ‘Tai['?

(A) 2%,

(B) 243 — 43, \/(/
(C) 2%,

(D) None 0@6.

mber of real roots of f(z) = |z|> + a|z|* + b|z| + ¢,

AR

<\
&

(C) 3,
(D) 6.

Q 10. Suppose f(x,y) where x and y are real, is a differentiable function

satisfying the following properties:
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11.

12.

13.

(i) flz+ky) = flz,y) + ky;
(ii) f(x,y+ k)= f(x,y) + kz; and

EIl‘l}lll I;f icx(,x (?)y):i;ng,i\vza};ell;eym is a constant. %b
(A) m + xy, b

(B) ©

(C) may, o)

(D) o)

343
Let I = [ {z — [z]}*dz where [z] denotes the largest@%'less than
2

or equal to x. Then the value of I is
(A) 38

(B) %%, %
341
(D) None of the above. %
The coeflicients of three conse t@erms in the expression of (1+x)"
are 165, 330 and 462. The@ue of n is
(A) 10, ( )
(B) 11,
(C) 12, \/
(D) 13. Q?‘
If a® @«:02 =1, then ab + bc + ca lies in
]

2
_717

—~
vyg,

. Let the function f(z) be defined as f(z) = |z — 4|+ |z —5|. Then which

of the following statements is true?
(A) f(z) is differentiable at all points,

4
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15.

16.

17.

(B) f(z) is differentiable at = 4, but not at = = 5,
(C) f(x) is differentiable at 2z = 5 but not at x = 4,
(D) None of the above.

1z b
The value of the integral [ [ x?e™dxdy is %
; ©

5 ©
o X
(C) 3(e—1), \'

(D) L(e—2). /\

Let N = {1,2,...} be a set of natural numbers. h z € N, define
A, ={(n+1)k,k € N}. Then A; N Ay equals

(A) As, Q/

(B) Au, C(o

(C) A5a

(D) As.

111%{%(\/1 +x+ 23— 1)} is

&

= O

(A)
(B)
(C)

S
&%m—existent.

e value of (g) + 2(’;) + 3(3) +...+(n+1) (Z) equals
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19.

20.

21.

The rank of the matrix is

SO = O =
_ o O =
S = = O
—_ O = O

=

o
&
QS
A5

Suppose an odd positive integer 2n + 1 is written as @f two in-
tegers so that their product is maximum. Then th@e&ers are

(A) 2n and 1, q
(B) n+2and n — 1, %

(c) 2n — 1 and 2, %

(D) None of the above. %

If |a| < 1,|b| < 1, then the seri +b)+a?(a*+0%)+a® (a3 +b3)+. . . . ..
converges to C

a? b2
) 1—a? + 1-b27
a(a+b)

~~ Y~~~
O aw®

~— — — ~—r
B~ W N =

=

(&) f(x) has a maxima but no minima,

(B) f(x) has a minima but no maxima,

(C) f(z) has a maxima and a minima,

(D) f(x) has neither a maxima nor a minima.
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23. An urn contains 5 red balls, 4 black balls and 2 white balls. A player
draws 2 balls one after another with replacement. Then the probability

of getting at least one red ball or at least one white ball is

©
(a) 108 ng

121°

(B) 13 ,))%b
N
A\
O)OJ

24. If logix = ﬁ and logyy = ﬁ, wh stands for logarithm of x
to the base t. Then the relation e@x and y is

(©) &1

(D) None of the above.

(A) y* = 2/, &
(B) a'/v = y/*

(C) 2¥ =y (/

(D) 2% =y

25. Suppo %r: 1 for all z. Also, f(0) = €* and f(1) = €*. Then

26. The minimum value of the objective function z = 5x + Ty, where x > 0

and y > 0, subject to the constraints

7
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Q’\,
Qﬁ?‘

27.

28.

{%@

20+3y >6, 3r—y <15, —xr+y<4 , and 2x+ 5y <27

(A) b
(D) b
Suppose A is a 2 X 2 matrix given as ( ?)) o ) i ’b%

1
Then the matrix A2 — 3A — 131, where [ is the 2 x % matrix,

equals Q

- ( 8 : ) (OQ/(O
o) O
(D) None of the above.(/\y‘

The number of pemgutations of the letters a, b, ¢, and d such that b
does not follow % not follow b, and d does not follow c is
(A) 14,

(B) 13, \{..Qh

wen n observations zy, xs, ..., x,, which of the following statements
is true 7
(A) The mean deviation about arithmetic mean can exceed the stan-
dard deviation,
(B) The mean deviation about arithmetic mean cannot exceed the stan-
dard deviation,
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30.

(C) The root mean square deviation about a point A is least when A
is the median,

(D) The mean deviation about a point A is minimum when A is the
arithmetic mean. %b

Consider the following classical linear regression of y on =, b
yi=Pri+u,t=1,2,...,....n b

where FE(u;) = 0, V(u;) = o2 for all ¢, and uls are homo% ¢ and
non-autocorrelated. Now, let 4; be the ordinary leas#s§uar€ estimate
of u;. Then which of the following statements is tr%

s 2
(B) ©0, 4; = 0, and Y, z; = 0, Q/
(C) S, 40 = 0, and Y, zi0i; # o,%

(D) i; = 0.
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Syllabus for PEB (Economics), 2013

Microeconomics: Theory of consumer behaviour, theory of production,

market structure under perfect competition, monopoly, price discrimination,

duopoly with Cournot and Bertrand competition (elementary problems) ant %

welfare economics. Q

Macroeconomics: National income accounting, simple Keynesia of
income determination and the multiplier, IS-LM Model, modelgof aggregate
demand and aggregate supply, Harrod-Domar and Solow rﬂm

money, banking and inflation. Q

growth,

10



Sample Questions for PEB (Economics), 2013

1. An agent earns w units of wage while young, and earns nothing while

old. The agent lives for two periods and consumes in both the periods.

The utility function for the agent is given by u = log ¢; + log co, wher %
¢; is the consumption in period ¢ = 1,2. The agent faces a constant t%

of interest r (net interest rate) at which it can freely lend or b%

(a) Find out the level of saving of the agent while young. ,b
(b) What would be the consequence of a rise in thw& rate, r,

on the savings of the agent? Q

2. Consider a city that has a number of fast :éoogalls selling Masala

Dosa (MD). All vendors have a margina Rs. 15/- per MD, and
can sell at most 100 MD a day.
(a) If the price of an MD is RE %how much does each vendor
want to sell?

(b) If demand for MD = 4400 — 120p, where p denotes price
per MD, and each r sells exactly 100 units of MD, then how
many Vendong MD are there in the market?

(c¢) Suppos the city authorities decide to restrict the number of
nddrs 0. What would be the market price of MD in that

ve
"
d city authorities decide to issue permits to the vendors keep-
& ing the number unchanged at 20, what is the maximum that a

vendor will be willing to pay for obtaining such a permit?

Qé. A firm is deciding whether to hire a worker for a day at a daily wage

of Rs. 20/-. If hired, the worker can work for a maximum of 10 hours

?’ during the day. The worker can be used to produce two intermediate
Q' inputs, 1 and 2, which can then be combined to produce a final good. If

11



the worker produces only 1, then he can produce 10 units of input 1 in

an hour. However, if the worker produces only 2, then he can produce

20 units of input 2 in an hour. Denoting the levels of production of

the amount produced of the intermediate goods by k; and ks , the b
production function of the final good is given by v/kiko. Let the fin %
product be sold at the end of the day at a per unit price of Rs. %a—b

Solve for the firms optimal hiring, production and sale decisio

4. A monopolist has contracted with the government to sell %%mh of
its output as it likes to the government at Rs. 100/- p)Xjn Its sales
u

to the government are positive, and it also sells i ut to buyers

at Rs. 150/- per unit. What is the price elasti emand for the

monopolists services in the private market?

5. Consider the following production func%%x usual notations.
'@<a<1,6>0,6>0.

wlg statements.

Y = KoL — §K + 0L

Examine the validity of the fo

(a) Production functi es constant returns to scale.

(b) The demand %c/tion for labour is defined for all non-negative

wage rates:

(c) The de%d unction for capital is undefined when price of capital
ser@; €ro.

6. Su @m due to technological progress labour requirement per unit
& tput is halved in a Simple Keynesian model where output is pro-

portional to the level of employment. What happens to the equilibrium
x& level of output and the equilibrium level of employment in this case?

Q Consider a modified Keynesian model where consumption expenditure

is proportional to labour income and wage-rate is given. Does tech-
?' nological progress produce a different effect on the equilibrium level of
Q~ output in this case?

12



7. A positive investment multiplier does not exist in an open economy
simple Keynesian model when the entire amount of investment goods

is supplied from import. Examine the validity of this statement.

8. A consumer consumes two goods, x; and x5, with the following utility %:

function

U1, 25) = Ur(21) + Us(2). ,’?%Q)

Suppose that the income elasticity is positive. It is Cl%@& in the
th

claim.

above set-up all goods are normal. Prove or dispro&

9. A consumer derives his market demand, say x%t e product X as
r =10+ 5=, where m > 0 is his money i p. is the price per
unit of X Suppose that initially he h % income m = 120, and
the price of the product is p, = @he price of the product is
now changed to p/, = 2. Find t% effect. Then decompose price

effect into substitution effect me effect.

10. Consider an otherwise igeht olow model of economic growth where
the entire income is con d

(a) Analyse h yand rental rate on capital would change over

time.

6'%& onomy attain steady state equilibrium?

13



SYLLABUS AND SAMPLE QUESTIONS FOR MSQE
(Program Code: MQEK and MQED)
2014

Syllabus for PEA (Mathematics), 2014

Algebra: Binomial Theorem, AP, GP, HP, Exponential, Logarithmic Series,
Sequence, Permutations and Combinations, Theory of Polynomial Equatio%

(up to third degree). fh
Matrix Algebra: Vectors and Matrices, Matrix Operations, Deterﬁ?
Calculus: Functions, Limits, Continuity, Differentiation of funﬁs
or more variables. Unconstrained Optimization, Definite an%d
tegrals: Integration by parts and integration by substit\%,
optimization of functions of not more than two variables.

one
nite In-
onstrained

Elementary Statistics: Elementary probability t easures of central

tendency, dispersion, correlation and regression$ ility distributions,

standard distributions - Binomial and Norma@
Sample questions for PE @hematics), 2014
1. Let f(z) = 5%, = # -1, TC 1)), © # 0 and z # —1, is

a

(a) 1,

(b) . @/

(©) o Q.

(d) . %v

2. What 1 alue of the following definite integral?

& 2/2 e” cos(z)dz.
0

8 |=
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ii
(d) e3> + 1.

3. Let f: R — R be a function defined as follows:

f@) = o= 1]+ (z - 1). Q:Q)
Which of the following is not true for f?

©
(a) f(z)= f(2') for all z, 2" < 1. ,))%
(b) f(x)=2f(1) for all x > 1.
(c) f is not differentiable at 1. 4
(d) The derivative of f at x = 2 is 2 QQ

4. Population of a city is 40 % male and female. Suppose also that
50 % of males and 30 % of femaleKy#th#’city smoke. The probability
that a smoker in the city is malg 4 Sest to

(a) 0 3@
(b) 0.46.
(c) 0.53. Q

) 0

(d \/
5 A blu ed die are thrown simultaneously. We define three events
fo 0

vent E: the sum of the numbers on the two dice is 7.
& ° Event F: the number on the blue die equals 4.

e Event GG: the number on the red die equals 3.

Qx& Which of the following statements is true?

(a) E and F are disjoint events.

%E (b) E and F are independent events.
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(¢) E and F are not independent events.

(d) Probability of E' is more than the probability of F.

2 X 2 matrices of integers:

6. Let p > 2 be a prime number. Consider the following set containing Q)b
0 a b
T,=< A= ca,be{0,1,...,p—1} 5. %
- )
@y .

A matrix A € T, is p-special if determinant of A is not dly\

How many matrices in 7T}, are p-special? Q

(a) (p—1)? %
(b) 2p— 1
((dci 1]; -p+1 %%

7. A “good” word is any seven let
{A, B,C} (some letters may J§absent and some letter can be present
more than once), with the
B cannot be followed by C, aiff C' cannot be followed by A. How many

good words are thef?v

2

&Jet n be a positive integer and 0 < a < b < oo. The total number of
Qx eal roots of the equation (z — a)*** + (z — b)*"*! =0 is
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(c) 2n—1.
(d) 2n+1.

9. Consider the optimization problem below: Q)b

maxzx + y %b
Y
subject to 2z +y < 14 ’))
—r+2y <8 4\,

2z —y <10
)
The value of the objective function @timal solution of this opti-

mization problem: %

(a) does not exist.
(

)
b) is
(c) is 10. 3‘
(d) is unboundedo
10. A random ar b X is distributed in [0,1]. Mr. Fox believes that
ribution with cumulative density function (cdf) F' :
and Mr. Goat believes that X follows a distribution with
1] — [0,1]. Assume F' and G are differentiable, F' # G and

G(x) for all x € [0,1]. Let Ef[X] and E¢[X] be the expected

OF
@ es of X for Mr. Fox and Mr. Goat respectively. Which of the
& :

ollowing is true?

(a) Ep[X] < Ec[X].

Qé (b) E(X] > Ez[X].

?\ (¢) Ep[X] = Eg[X].
% (d) None of the above.
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11. Let f:[0,2] — [0,1] be a function defined as follows:

ifz<a

fm:{ if v € (v, 2).

where o € (0,2). Suppose X is a random variable distributed in [0, 2] Q Q)

with probability density function f. What is the probability that the Q

,,)%

o= 8

realized value of X is greater than 17

(a
(b
(c

(d oV

12. The value of the expression %
o

Ea 100 Q\Y

)
)
)
)

Bl = O

)

b) 55
(c) 1.
(d) o5-

13. Consider t @ ing system of inequalities.
1 — T2 S 3
& To — I3 S —2

$3—Z‘4§10

x& .%'4-.’[)2§(l/

Q gy — w3 < —4,
where « is a real number. A value of a for which this system has a

%E solution is
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a) —16.

b) —12.

(<dC; 1;;?6 of the above. b%b
)@ a

14. A fair coin is tossed infinite number of times. The probabilit
head turns up for the first time after even number of tosse

&
AY
o)o)

15. An entrance examination has 10 %” questions. A student an-
swers all the questions rando is probability of choosing the
correct answer is 0.5. Each g®rrecgfanswer fetches a score of 1 to the

(a)
(b)
()
()

Bl WIN N[= W=

student, while each incorgect®apfwer fetches a score of zero. What is
the probability that the s t gets the mean score?

16.% positive integer k, let Sy, denote the sum of the infinite geomet-
1

. . (k=1 ..
rogression whose first term is (k—,) and common ratio is % The

& value of the expression > ;- Sy is

(a) e.
Qx& (b) 1+e.
(c) 2+e.
Qg\ (d) 2.
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17.

18.

19.

\\"\,

&

vii

Let G(z) = foz teldt for all non-negative real number x. What is the
value of lim,_,o 1G’(x), where G'(z) is the derivative of G at z.

a
b

) ©
) &
() b
(d) None of the above. %

el

Let « € (0,1) and f(z) = 2* 4+ (1 — 2)* for all x € |
maximum value of f is

)—‘O

(
(

®

(a) 1. q 5

(b) greater than 2.

(¢) in (1,2). %9

(d) 2 %

Let n be a positive integer. Whate @alue of the expression

(n, k),

where C'(n, k) deno$s mber of ways to choose k out of n objects?

et \{g~

The first term of an arithmetic progression is ¢ and common difference
1s d € (0,1). Suppose the k-th term of this arithmetic progression
equals the sum of the infinite geometric progression whose first term is
a and common ratio is d. If a > 2 is a prime number, then which of
the following is a possible value of d?
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21. In period 1, a chicken gives birth to 2 chickens (so, there a

(a
(b
(c

)
)
)
(d)

Ol— Ull= Wi~ N

©
&

chickens after period 1). In period 2, each chicken born r%
either gives birth to 2 chickens or does not give birth icken.

If a chicken does not give birth to any chicken in a %&1, does not
give birth in any other subsequent periods. Conti@g ifl this manner,
in period (k + 1), a chicken born in period e gives birth to 2
chickens or does not give birth to any chickqh' process is repeated
for T' periods - assume no chicken diei; AfterdT" periods, there are in

total 31 chickens. The maximum a inimum possible values of
T are respectively
(a) 12 and 4. %@
(b) 15 and 4.
(c) 15 and 5. &
> @,

(d) 12 and 5.

22. Let a and Witive integers. Consider the following matrix

oo

11
P a
a 2

L
S

& determinant of A is 0, then a possible value of p is

<

(a) 1
(b) 2
(c) 4
(d) None of the above.
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23. For what value of a does the equation (z — 1)(z* — 72 + a) = 0 have
exactly two unique roots?

(@)

a

b
(c

(d) None of the above.

0.
12.

(
(

—_

)
)
)
)

f: (_?;_1 log, 3". Qﬂ
S
(a) log, 2. %
(b) log, 2log, 3. %
(c) log, 6. %
(d) log, 5. %
25. There are 20 persons at a p h person shakes hands with some

of the persons at the party. {et X be the number of persons who shook
hands with odd numbgr of persons. What is a possible value of K7

)

1
(c) 20.

K e above.

26, Two¥ndependent random variables X and Y are uniformly distributed
in the interval [0, 1]. For a z € [0, 1], we are told that probability that
max(X,Y) < z is equal to the probability that min(X,Y) < (1 — z).
What is the value of 27

Q.?\ (a) 1.

©
S

24. What is the value of the following infinite series? \,'b
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(b) .
(¢) any value in 3, 1].

(d) None of the above.

27. Let f: R — R be a function that satisfies for all x,y € R

©
S

%‘o

Fa+y)f—y) = (f@) + )" — 42 f(y).

Which of the following is not possible for f? ,b

(@) 1(0) =0 /\

(b) f(3) =9. Q

(c) f(5) =0. :b

(d) f(2)=2. g/%

28. Consider the following functio — Z, where R is the set of all
real numbers and 7Z is the S mtegers
=[],

where [z] is the s@? integer that is larger than x. Now, define a
fo

new functlon

|z| gives tk§~ te value of . What is the range of g?

c {—1,0,1}.
/&d) {-1,0}.

29. The value of lim,_,_; ﬁ is.

For any =z € R, g(z) = |f(x)| — f(|x|), where
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(d) None of the above.

30. Let f : R — R be a function such that f(z) =2 if + <2 and f(z) =

a’? — 3a if x > 2, where a is a positive integer. Which of the following ; b

is true?

a) f is continuous everywhere for some value of a.

(a)

(b) f is not continuous.
)
)

(c) f is differentiable at z = 2. )
(d) None of the above. «x
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Syllabus for PEB (Economics), 2014

Microeconomics: Theory of consumer behaviour, theory of production,
market structure under perfect competition, monopoly, price discrimination, b
duopoly with Cournot and Bertrand competition (elementary problems) and %
welfare economics. b
Macroeconomics: National income accounting, simple Keynesian Model of @
income determination and the multiplier, IS-LM Model, models of aggreg

demand and aggregate supply, Harrod-Domar and Solow models of g%,
money, banking and inflation.

Sample questions for PEB (Economics), 2(%4

1. Consider a firm that can sell in the domestic ma ere it 1s a

monopolist, and/or in the export market. dome§tic demand is

T
given by p = 10 — ¢, and export price is 5 se the firm has a
gs'ya

constant marginal cost of 4 and a capacit, int on output of 100.

(a) Solve for the optimal productio f the firm. [15 marks]
(b) Solve for the optimal produ an of the firm if its constant
marginal cost is 6. [5 s
2. (a) Consider a consumer can consume either A or B, with the

function of the

quantities bein noped by a and b respectively. If the utility
%umer is given by

—[(10 = a)* + (10 — b)?].

Suppos8 prices of both the goods are equal to 1.
. ®olve for the optimal consumption of the consumer when his
& income is 40. [10 marks]
& ii. What happens to his optimal consumption when his income
goes down to 10. [5 marks]

A (b) A monopolist faces the demand curve ¢ = 60 — p where p is mea-
sured in rupees per unit and ¢ in thousands of units. The monop-

Q.E olist’s total cost of production is given by C' = %qQ.



ii

3. (a)

i. What is the deadweight loss due to monopoly? [3 marks]

ii. Suppose a government could set a price ceiling (maximum
price) that the monopolist can charge. Find the price ceiling
that the government should set to minimize the deadweig b
loss. [2 marks| k%

A cinema hall has a capacity of 150 seats. The owner c er
students a discount on the price when they show thi ent
IDs. The demand for tickets from students is

Dy = 220 — 40P, /\x
where P; is the price of tickets for st after the discount.

d
The demand for tickets for non—studeQ

D, =1 Pna
where P, is the price of ti% non-students.
i. What is the maxi

ii. What is the m profit he could make if the demand
functions of qfudduts and non-students were interchanged? [4

t the owner can make? [8 marks]

marks]|

There age 11 traders and 6 identical (indivisible) chickens. Each
trade &V‘co consume at most one chicken. There is also a
(dimisife) good called “money”. Let D; equal to 1 indicate that
1%"2 consumes a chicken; 0 if he does not. Trader i's utility
tion is given by u;D; + m;, where u; is the value he attaches
to consuming a chicken, m; is the units of money that the trader
has. The valuations for the 11 traders are:
uy = 10; ug = 8 uz3 = 7; ug = 4; us = 3; ug = 1; uy = ug = 3;
Uy = 5; urp = 65 u1p = 8.
Initially each trader is endowed with 25 units of money. Traders
6,7,8,9,10,11 are endowed with one chicken each.

i. What is a possible equilibirum market price (units of money
per chicken) in a competitive market? [4 marks]



iii
ii. Is the equilibrium unique? [4 marks]

4. (a) Consider a monopolist who faces a market demand for his product:

p(g) =20 —q, Q)
S

where p is the price and ¢ is the quantity. He has a production Q

function given by
1 L K %
=mins —, —
q 27 3 9 %
{Ms

where L denotes labour and K denotes capital. There j ical
restriction on the availability of capital, that is, K .Jsgt bbth wage

rates (w) and rental rates (r) be equal to 1. Fi% onopoloy
24;

equilibrium quantity and price when (i) when (i1) K =
18. [12 marks]

(b) Define Samuelson’s Weak Axiom of Refgafled*Preference (WARP).
[2 marks|

(c¢) Prove that WARP implies non—@wty of the own-price substi-
tution effect and the deman em. [6 marks]

5. Consider two firms: 1 andﬁ, their output levels denoted by ¢
and ¢y. Suppose both have 1 ical and linear cost functions, C'(¢;) =
q;- Let the market deMang function be ¢ = 10 — p, where ¢ denotes

aggregate output an e market price.

(a) Supposﬁ Eheérms simultaneously decide on their output levels.
e

Defin quilibrium in this market. Solve for the reaction func-
ti the two fims. Using these, find the equilibrium. [10

& arks|

(b) Wuppose the firms still compete over quantities, but both have a
capacity constraint at an output level of 2. Find these reaction

x functions and the equilibrium in this case. [10 marks|

6. (a) Suppose the government subsidizes housing expenditures of low-

Q.E income families by providing them a rupee-for-rupee subsidy for



v

their expenditure. The Lal family qualifies for this subsidy. They
spend Rs. 250 on housing, and receive Rs. 250 as subsidy from
the government.

Recently, a new policy has been proposed to replace the earli b
policy. The new policy proposes to provide each low income ﬁn%

ily with a lump-sum transfer of Rs. 250, which can be ysge
housing or other goods.

i. Explain graphically if the Lal family would pr urrent
program over the proposed program. [6 magks|

ii. Can they be indifferent between the two afa&? [3 marks]

iii. Does the optimal consumption of h%g and other goods

change compared to the subsidy@ 7 If yes, how? [3
marks]

(b) A drug company company is a opbly supplier of Drug X which
is protected by a patent. % nd for the drug is

&

and the monopolist’s¥¢ost function is

C/ C =25+ X?

i. DeteWnige the profit maximizing price and quantity of the

pose the patent expires at a certain point in time, and
0%. fter that any new drug company can enter the market and

100 — X

produce Drug X, facing the same cost function. What will be
the competitive equilibrium industry output and price? How

& many firms will be there in the market? [6 marks]

& 7. Assume that an economy’s production function is given by

?\ where Y; is output at time ¢, K; is the capital stock at time ¢ and N
Q. is the fized level of employment (number of workers), a € (0, 1) is the

Y, = KfNFe



Q’\,

&

share of output paid to capital. The evolution of the capital stock is
given by
Kt+1 — (1 - 5) Kt + It

where [; is investment at time ¢ and § € [0, 1] is the depreciation rate.

(a) Derive an expression for X-. [5 marks]

(b) How large is the effect of an increase in the savings rate on t%b

steady state level of output per worker. [10 marks]

(¢c) What is the savings rate that would maximize steady
sumption per worker? [5 marks| d

8. In an IS-LM model, graphically compare the effect @ ans1onary
on

monetary policy with an expansionary fiscal poli m@estment (

(1) the short-run and (2) the medium run (w aggregate supply

and aggregate demand curves adjust). As t
59
where 7 is the interest rate and output. Also, % < 0 and

9L > 0. [15 marks]

Under which policy (exdgansjonary monetary or fiscal), is the investment
higher in the mediu 7 [5 marks|

9. Suppose the i%ﬁ is characterized by the following equations:

0 —CQ+01YD
\2\ Y=Y —T
& I =by+bY,

where C' is consumption, Y is the income, Y}, is the disposable income,
T is tax, I is investment, and cg, ¢q, by, by are positive constants with
c1 < 1,b; < 1. Government spending is constant.

(a) Solve for equilibrium output. [5 marks ]
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(b) What is the value of the multiplier? For the multiplier to be
positive, what condition must ¢; + by satisfy? [5 marks |

(c¢) How will equilibrium output be affected when by is changed? What b
will happen to saving? [5 marks |

(d) Instead of fixed T', suppose T" = to + t;Y, where ¢, > O@E
t1 € (0,1). What is the effect of increase in by on equilib (
Is it larger or smaller than the case where taxes are a us?

[5 marks | /))

10. Consider an economy where a representitive ageﬂges r three peri-
ods. In the first period, she is young - this is%i

education. In the second period, she is mi

e when she gets
and with the level
of education acquired in the first period, sh nerates income. More
specifically, if she has h units of educgtigm in the first period, she can
earn wh, in the second period, wh ¥ the exogenously given wage
rate.

The agent borrows funds education when she is young and

repays with interest whe s middle aged. If in the first period,
the agent borrows e e human capital h at the beginning of the

2
dh .

e), where % > 0 along with 9%

second period bec

In the third geriod of her life, she consumes out of her savings made
in the sec 10d, that is, when she was middle aged. Assume
that t x&¢enous rate of interest (gross) on saving or borrowing is

R. Fpr plicity, assume that an agent does not consume when she

% and, thus, the life time utility is u(c™) + Bu(c?), where ¢
d

E are the level of consumption when they are middle-aged and

& (a) Write down the utility maximization problem of the agent and the

respectively and 5 € (0,1) is the discount factor.

first order conditions. [10 marks|

(b) How does the optimal level of education vary with the wage rate

A and the rate of interest? [10 marks]

&



SYLLABUS AND SAMPLE QUESTIONS FOR MSQE
(Program Code: MQEK and MQED)
2015
Syllabus for PEA (Mathematics), 2015

Algebra: Binomial Theorem, AP, GP, HP, Exponential, Logarithmic Series, @ :
Sequence, Permutations and Combinations, Theory of Polynomial Equations;

(up to third degree). O)%

Matrix Algebra: Vectors and Matrices, Matrix Operations, Determinggs.
Calculus: Functions, Limits, Continuity, Differentiation of function, (ﬁne
or more variables. Unconstrained Optimization, Definite and Inde%l -
tegrals: Integration by parts and integration by substitution, Co néd
optimization of functions of not more than two variables.

%es of central

Elementary Statistics: Elementary probability theor
tendency, dispersion, correlation and regression, p J
standard distributions-Binomial and Normal.

distributions,

Sample questions for athematics), 2015

1. lim ﬁsin{ﬁ} where {x} = decirrgw\lo/f X, 18
’ x—0+ \/; ’ ’

(@0 \/ (c) non-existent (d)none of these

2. f:[O, 1]—>[O, l]i cdtinuous.Then it is true that

(a) Q%\ Jf (=1
(N isNifferentiable only at x =%
&) f'(x) is constant for all x € (0,1)
x ) f(x) = x for at least one x € [0,1]
. f(x)=|x—=2|+|x—4|.Then fis
Q' (a) continuously differentiable at x =2

(b) differentiable but not continuously differentiable at x = 2
(c) f has both left and right derivatives at x =2
(d) none of these
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4. In an examination of 100 students, 70 passed in Mathematics, 65 passed in Physics
and 55 passed in Chemistry. Out of these students, 35 passed in all the three subjects,
50 passed in Mathematics and Physics, 45 passed in Mathematics and Chemistry and
40 passed in Physics and Chemistry. Then the number of students who passed inQ)b

exactly one subject is Q

(a) 30 (b) 25 (©) 10 (d) none of these %
5. The square matrix of the matrix .

is a null matrix if and only if xi
c 0 4
@a=b=c=0 Q

(b) a = ¢ = 0, b is any non-zero real number
(¢) a=b=0, cis any non-zero real number :

(d) a=0andeitherb = Oorc= 0
6. If the positive numbers x, y, z are in harmonic p @n, then
log (x + z) + log (x — 2y + z) equals %
()4 log(x—12) %(b) 3log(x—2)
(©) 2 log (x-2) \Ys (@ log (x~2)
7. If f (x+2y, x-2y)= Xy, then f (x,y)ga{
2= yz e yz
a c
(@) : 1 (c) 1
8. The domain of ?&'n'ction £ =+x? =1 —log (VI—x) x> 0,is
( ,-1) (b) (— 1, O) (c) null set (d) none of these

9. K@% of the function y =log(l—2x+ x) intersects the x axis at

(@ 0,2 (b)0,-2 (c)2 @o

Is
2_y2

(d) none of these

\AThe sum of two positive integers is 100.The minimum value of the sum of their

Q ?‘ reciprocals is

3 6 1
a) — (b) — (¢) — (d) none of these
()25()25 ()25()
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11

12.

13.

14.

15

16.

N4

&

. The range of the function f(x)=4"+2"4+4"4+2"" +3, where x € (—0,00), is

3 3
(a) (Z’“J (b) {Z,ooj ©7, %)  (@D[7, )

The function f:R — Rsatisfies f(x+y)=f(x)+ f(y)Vx,yeR, where R is tie%

real line, and f (1) =7 .Then Z f(r) equals
n T(n+1)

@ 2 (b) © Tn(n+1) (d) Tn(n+1) /\\,?)

r=1

2 2 2

.Suppose that for all xe (0, 1), the equality f'(x) =2g'(x)

Let f and g be differentiable functions for 0 <x <1 an g(0=0,f1)=6
h . Then g(1) equals

@ 1 )3 %C) @-1

Consider the real valued function f(x) = +c¢ defined on [1, 2].Then it is

always possible to get a ke (1, 2) su@s
(@) k=2a+0b (b)k€ajk

2b (c)k =3a+ b (d)none of these

. In a sequence the first te — . The second term equals the first term divided by 1

3
more than the firsl %fhe third term equals the second term divided by 1 more

than the seco% nd so on. Then the 500" term is
1

& 503 (b) % (¢) % (d) none of these

ow many ways can three persons, each throwing a single die once, make a score

(@ 6 (b) 18 (c) 27 (d) 36
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17. Let a be a positive integer greater than 2.The number of values of x for which
f;(x + y)dy = 0 holds is

(a) 1 (b) 2 (c)a da+1

18. Let (x*,¥") be a solution to any optimization problem max, ,yeqzf (x,y) subject t0Q>b

g1(x,¥) <c;. Let (x,y)be a solution to the same optimization probl

max, ,yenzf (x,y) subject to g,(x,y) < ¢, with an added constraint that g
¢,.Then which one of the following statements is always true?

@ F( ) = F(,y) (b) O,y < £ Y) \’?)

© |f (¥ = 1f(x,y)] @ f &y < If(x,y

19. Let (x*,y*) be a real solution to: max(x'y)emz\/} + y subj t%x + y < m, where
m > 0,p > 0 and y* € (0, m).Then which one of the follo@

(a) x*depends only on p (b) x* depends only%
(c) x* depends on both p and m (d) x* is indepengdc

statements is true?

oth p and m.

20.Let 0 < a; < a, <1 andlet f(x;aq,a,)

all values of x for whichf (x; a,, a,) achigves i
a; 1+a,

@ X = {x|x € {2, =2} \/>x={x|xe{a1,a2}}
a142—a2 <

© X = {x|x € {0, ,1}} @) X = {x|x € [ay, ay]}.

a;| — |x — a,|.Let X be the set of
maximum. Then

21. Let A and B be two even?\(h/positive probability each, defined on the same sample
swer:

space. Find the corr@.
(a) P(A/B) > ) always (b) P(A/B) < P(A) always
(c) P(A/B) always (d) None of the above

22. Let A 3@ two mutually exclusive events with positive probability each, defined
on th&e sample space. Find the correct answer:

Q) A and B are necessarily independent
) A and B are necessarily dependent

A (d) A and B are necessarily equally likely

?‘ (e) None of the above

23. The salaries of 16 players of a football club are given below (units are in thousands of
rupees).
100, 100, 111, 114, 165, 210, 225, 225, 230,
575, 1200, 1900, 2100, 2100, 2650, 3300
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Now suppose each player received an extra Rs. 200,000 as bonus. Find the correct
answer:

(a) Mean will increase by Rs. 200,000 but the median will not change

(b) Both mean and median will be increased by Rs. 200,000

(c) Mean and standard deviation will both be changed

(d) Standard deviation will be increased but the median will be unchanged Q)b

24. Let Pr(X=2)= 1. Define p,, = E(X — u)?", u = E(X). Then: Q
(@) Up=2 (b) Un=0 (©) Un>0 (d) None of the above %

25. Consider a positively skewed distribution. Find the correct answer o@sition of

the mean and the median: 4

(a) Mean is greater than median (b) Mean is small edian
(c) Mean and median are same (d) None of the ab

26. Puja and Priya play a fair game (i.e. winni %ﬁbility is ¥2 for both players)
repeatedly for one rupee per game. If #Ori ly Puja has arupees and Priya
has b rupees (where a>b), what is Pujagg C es of winning all of Priya’s money,
assuming the play goes on until one era&%s lost all her money?

(@1 (b) OCj (c) b/(a+b) (d) a/(a+b)

27. An urn contains w whi M and b black balls (w>0) and (b>0).The balls are
thoroughly mixed t§o are drawn, one after the other, without replacement.
Let Wi denote thego e 'white on the i-th draw' for i=1,2.Which one of the

following is trug?

(a) P(W2) —%) = w/(w+b)

(b) P(W@ 1) = (w-1)/(w+b-1)

(c) P&— /(w+b), P(W2)= (w-1)/(w+b-1)

%(Wl = w/(w+b), P(W2) = {w(w-1)}/{(w-b)(w+b-1)}

) A-bag contains four pieces of paper, each labeled with one of the digits 1, 2, 3, 4, with
no repeats. Three of these pieces are drawn, one at a time without replacement, to
construct a three-digit number. What is the probability that the three-digit number is a

Q.E multiple of 3?

(a) % (b) V2 (c) Va (d) 924
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29. Consider two random variables X and Y where X takes values -2,-1,0,1,2 each with
probability 1/5 and Y=IXI. Which of the following is true?
(a) The variables X and Yare independent and Pearson's correlation coefficient
between X and Y is O.
(b) The variables X and Y are dependent and Pearson's correlation coefficient

between X and Y is O. Q)b

(c) The variables X and Y are independent and Pearson's correlation coefficient

between X and Y is 1. { Ao
(d) The variables X and Y are dependent and Pearson's correlation coefficient
between X and Y is 1. /'}:o

30. Two friends who take the metro to their jobs from the same station arrive to the
station uniformly randomly between 7 and 7:20 in the morning. They are willing to
wait for one another for 5 minutes, after which they take a train whgther together or
alone. What is the probability of their meeting at the station(-b

(a) 520 (b)25/400  (c) 10/20 - (d)7/16

N~
Syllabus for PEB (Ec S,/ZOIS

Microeconomics: Theory of consumer beh%a eory of production, market structure
c

under perfect competition, monopoly, pgice
Bertrand competition (elementary pr Mﬂd welfare economics.

rimination, duopoly with Cournot and

Macroeconomics: National inggme accounting, simple Keynesian Model of income
determination and the multip MM model, models of aggregate demand and
aggregate supply, Harro@’ ar and Solow models of growth, money, banking and

inflation. ]
Oa ple questions for PEB (Economics), 2015

1.  Consi aZent in an economy with two goods X; and X,.Suppose she has income
ZO.SI&G also that when she consumes amounts x; and x, of the two goods
ectively, she gets utility
x u(xy, x;) = 2x; + 32x, — 3x,2.
A (a) Suppose the prices of X; and X, are each 1.What is the agent's optimal
consumption bundle? [S marks]
Q~ (b) Suppose the price of X, increases to 4, all else remaining the same.Which
consumption bundle does the agent choose now? [S marks]
(c) How much extra income must the agent be given to compensate her for the
increase in price of X,? [10 marks]
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2. Suppose a government agency has a monopoly in the provision of internet
connections. The marginal cost of providing internet connections is %2, whereas the
inverse demand function is given by: p = 1 — q. The official charge per connection is
set at O; thus, the state provides a subsidy of Y2 per connection. However, the state can
only provide budgetary support for the supply of 0.4 units, which it raises through
taxes on consumers. Bureaucrats in charge of sanctioning internet connections are in b
a position to ask for bribes, and consumers are willing to pay them in order to %
connections. Bureaucrats cannot, however, increase supply beyond 0.4 units. %
(a) Find the equilibrium bribe rate per connection and the socia% .

deregulated; however, due large fixed costs of entry relag emand, the
privatized company continues to maintain its mon@Rolyy Find the new
equilibrium price, bribe rate and social su wspecifying  whether
privatization increases or reduces them. [10 marksr]%

[5 marks]
(b) Now suppose the government agency is privatized and tlQ?arket is
t:y

(c) Suppose now a technological innovation bec available to the privatized
monopoly, which reduces its margin sgfof providing an internet
connection to ¢, 0 < ¢ < V.Find e of values of ¢ for which

privatization increases consumers' spfplus S marks]

A\
g

/\K\O
S
s



3. Suppose the borders of a state, B, coincide with the circumference of a circle of
radius r > 0, and its population is distributed uniformly within its borders (so that the
proportion of the population living within some region of B is simply the proportion b
of the state's total land mass contained in that region), with total populati n%
normalized to 1.For any resident of B, the cost of travelling a distance d is kd, wj h%)
0.Every resident of B is endowed with an income of 10, and is willing to sp 0
this amount to consume one unit of a good, G, which is imported from e
state at zero transport cost. The Finance Minister of B has imposed an e%a at the
rate 100¢% on shipments of G brought into B. Thus, a unit of G COM t) inside
the borders of B, but can be purchased for just p outside; p( < 40.Individual
residents of B have to decide whether to travel beyond its t%;s to consume the
good or to purchase it inside the state. Individuals can trz@an here to shop and
consume, but have to return to their place of origin aftegwards

(a) Find the proportion of the population of B whi ill evade the entry tax by
shopping outside the state. [S marks]

(b) Find the social welfare-maximizing % > Also find the necessary and
sufficient conditions for it to be id%l the revenue-maximizing tax rate.
[5 marks]

(c) Assume that the revenue-maxim¥ing tax rate is initially positive. Find the
elasticity of tax revenue v ct to the external price of G, supposing that
the Finance Minister 2‘1@ chooses the revenue-maximizing tax rate.
[10 marks]

4.  Suppose there are t irfs, 1 and 2, each producing chocolate, at 0 marginal cost.
However, one fir uct is not identical to the product of the other. The inverse

S
demand functi s follows:
@fh — b11q1 — b12q2,02 = Az — ba1q1 — baaqy;

where 4 1 are respectively price obtained and quantity produced by firm 1 and
P2 & are respectively price obtained and quantity produced by firm
24A.,A,,011,b12, byy, byyare all positive.Assume the firms choose independently
&much to produce.

0
& (@) How much do the two firms produce, assuming both produce positive
quantities? [10 marks]

?‘ (b) What conditions on the parameters A4, A, by1, b12, by1, by, are together both
Qh necessary and sufficient to ensure that both firms produce positive quantities?
[5 marks]
(c) Under what set of conditions on these parameters does this model reduce to
the standard Cournot model? [5 marks]



5. Suppose a firm manufactures a good with labor as the only input. Its production
function is Q = L, where Q is output and L is total labor input employed. Suppose
further that the firm is a monopolist in the product market and a monopsonist in the
labor market. Workers may be male (M) or female (F); thus, L = Ly, + Lg.Let the b
inverse demand function for output and the supply functions for gender-specific laber
be respectively p = A — g; L; = w;%, & > 0; where p is the price received per ynit
the good and w; is the wage the firm pays to each unit of labor of ge €
{M, F}.Let eyyep = 1.Suppose, in equilibrium, the firm is observed to hi n(;%[ and
F workers, but pay M workers double the wage rate that it pays F wor e?)
(a) Derive the exact numerical value of the elasticity of suppl fgye
marks] «
(b) What happens to total male labor income as a propogt total labor income
when the output demand parameter A incre rove your claim.
[10 marks]

labor. [10

6. An economy comprises of a consolidated ho sector, a firm sector and the
government. The household supplies labou e firm.The firm produces a single
good (Y) by means of a production™fugctionY = F(L);F' > 0,F" <0, and
maximizes profitsII = PY —WL ,where e price of Y and W is the wage rate.The
household, besides earning waggs o entitled to the profits of the firm. The
household maximizes utility (U),giveh by:

\vllnc+llnﬂ—d(L);
?\ 2 2 P
where C is consu FQ-Q the good and % is real balance holding. The term d (L)

denotes the di%t¥y from supplying labour; withd’ > 0,d" > 0.The household's
budget consgratds given by:

with and T is the real taxes levied by the government. The government's demand

$ PC+M=WL+1I+M — PT;
wEere is the money holding the household begins with, M is the holding they end
&t e good is given by G.The government's budget constraint is given by:

M —M = PG — PT.
Goods market clearing implies: Y =C+G

q (@) Prove that Z—Z € (0,1), and that government expenditure crowds out private
consumption (i.e., z—g < 0). [15 marks]

(b) Show that everything else remaining the same, a rise in M leads to an equi-
proportionate rise in P. [S marks]



7.  Consider the Solow growth model in continuous time, where the exogenous rate of
technological progress, g, is zero. Consider an intensive form production function
given by:

f(k) = k* — 6k3 + 11k? — 6k; (1)
where k = % (the capital labour ratio). b

(a) Specify the assumptions made with regard to the underlying extensive fi %
production function F(K,L) in the Solow growth model, and explain
ones among these assumptions are violated by (1). [10 marks]

(b) Graphically show that, with a suitable value of (n+4), w the
population growth rate, and § € [0,1] is the depreciation rate rz?aal, there
exist three steady state equilibria. [S marks] ﬂ»

(c) Explain which of these steady state equilibria are localliunstable, and which
are locally stable. Also explain whether any of these, ria can be globally
stable. [S marks]

8. Consider a standard Solow model in discrete time g#ifl th€ law of motion of capital is
given by

Kit+1)=0—p)¥t)+1(t),
where I(t) is investment at time ¢ andK (1¢9he capital stock at time ¢; the capital
stock depreciates at the rate & € [0, pose output, Y(t), is augmented by
i¥d, and that the economy is closed; thus:
+I(t) + G(t),
agine that government spending is given by:

where C(t) is consumption at time 7.

ent spending (in the form of higher o) on the steady state

G(t) = aY(b),
where o € [0,1]. ?‘
(a) Suppose tiQ(t = (@ — Ao)Y(t); where A € [0,1].Derive the effect of
1

higher
equilabri 0 marks]
(b) Roe fCher o lead to a lower value of the capital stock in every period (i.e,

long the entire transition path)? Prove your claim. [10 marks]

N
X



SYLLABUS FOR MSQE
(Program Code: MQEK and MQED) 2016

Syllabus for PEA (Mathematics), 2016 Q?)

b
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PEA 2016 (Mathematics)

Answer all questions

P(10) = 5861, then the value of ¢ is

®
(a) 1. Q‘_)Q)

| Re)
(c) 6. O)
e AY

2. Let ACR, f: A— R be a twice continuously differen@e :unction, and z* € A be

such that g—i (z*) = 0. %
<

2
(a) % (x*) <0 is a sufficient condition @
x

1. Consider the polynomial P(z) = ax® + baz* + cx + d, where a,b,c,d € {1,2,...,9}. If

be a point of local maximum of f

on A;

(b) % (x*) < 01is a necessary @fm x* to be a point of local maximum of f
on A;
0*f

(c) Ere (z*) < 0is ne eMand sufficient for =* to be a point of local maximum of
x Q

fon A;
@ &1 (e SES"

922 neither necessary nor sufficient for x* to be a point of local
x

m@ fon A
3. You@i en five observations x1, xo, 3, T4, x5 on a variable x, ordered from lowest to

&es‘u. Suppose x5 is increased. Then,

Q a) The mean, median, and variance, all increase.
% (b) The median and the variance increase but the mean is unchanged.

(¢) The variance increases but the mean and the median are unchanged.

1
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(d) None of the above.

4. Suppose the sum of coefficients in the expansion (x+y)" is 4096. The largest coefficient

in the expansion is:

(a) 924.

©
o &

(c) 824.
(d) 724. O)%b

5. There are three cards. The first is green on both sides, the se %ed on both sides
and the third is green on one side and red on the other. ose a card with equal

probability, then a side of that card with equal probab@ If the side I choose of the
card is green, what is the probability that the %@e is green?

6. The value of Q_.VV
Ry
A

—~ - ~
o o 24
S~— SN— SN—
winN N[ L=

—
(oW
~—

oo

us
%
/ T sin zdr
0
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7. Let f: R — R be defined as follows:

ar+b ifz>0
f(z) =

sin2x ifz <0

For what values of a and b is f continuous but not differentiable?

©
. &
(b a=2b=1. %
~ ”)
(d) a=1,b=0. /\

8. A student wished to regress household food consump ahousehold income. By

mistake the student regressed household income sehold food consumption and

found R? to be 0.35. The R? in the correct r f@ of household food consumption

on household income is

(a) 0.65. \y~
(b) 0.35. Q
¢) 1—(.35)2

(d) None of the a Q'Q
9. Let f:R? &mﬁned by

& f(z,y) = 3we¥ — 2® — &%

Q hich of the following statements is true?
Q (a) (x = 0) is a local maximum of f.
(x =1,y = 0) is a local minimum of f.

3
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(¢) (z =1,y =0) is neither a local maximum nor a local minimum of f.

(d) (z =0,y =0) is a global maximum of f.

10. Let

ac+\/§
=1

for all = # \/ig What is the value of f(f(z))? b%b
(a) 2= ©

(b) &=f2pdets, /))%

© =5 ,\\.

(d) 2. Q

11. The continuous random variable X has probability, ensitb f(z) where

Wherea>b>0and0<k<]@ (X) is given by:

(a) 3y \/

(c) (é+2) : O%Q.v

A
set

12.& f values of = for which 2% — 3|z| +2 < 0 is given by:

Q ) {z e < =2} U{z: x> 1}

(b) {z: 2<z<-1}U{zr:1<z<2}

%?\ (¢) {z:x < -1} U{z:z> 2}

—
o
S~—
N =
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(d) None of the above.
13. The system of linear equations

(4d—1)z+y+z = 0

-y+z = 0

(4d—1)z = 0 Q Q)
has a non-zero solution if: %b

14. Suppose F' is a cumulative distribution f <@% random variable z distributed in

[0, 1] defined as follows:

+b ifx>a

2 —x+ 1 otherwise

where a € ( and b Wnumber. Which of the following is true?
) Fis contl%.k (0,1).

) F %@Uahle in (
i

(c)& ot continuous at z = a.
Q None of the above.

N
&
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15. The solution of the optimization problem

max 3zy — y°
:Ll7y
subject to

2x + by > 20

S

z,y > 0.

©
is given by: %
(g) bjg 7 /\ O)
a) =19,y ="T.
0)

(b) x =45,y = 20.

@) =15, m =29

(d) None of the above. %@

16. Let f : R — R be a strictly increasing @ Let g be the inverse of the function

fo I f(1)=g(1) =1, then g (1)@

(c) —1. < E?
o 0\{—
17. Con&%adratlc polynomial P(x). Suppose P(1) = =3, P(—1) = -9, P(-2) = 0.

Then

\\"\;a
X 0‘

—
o
SN—
DN [—=

ich of the following is true.

mlcn wl»—‘

Icn


Dell
Highlight

Dell
Highlight

Dell
Highlight


18. For any positive integers k,¢ with k > ¢, let C'(k,¢) denote the number of ways in
which ¢ distinct objects can be chosen from k objects. Consider n > 3 distinct points
on a circle and join every pair of points by a line segment. If we pick three of thes
line segments uniformly at random, what is the probability that we choose a trla%%

C(n2) b
(a) CC(n2)3)" b

(b) C(n,3)

C(C(n,2),3) ,b%

(©) 2
C(n,3)
(d) C(C(n,2),2)" «

19. Let X ={(z,y) e R?:24+y < 1,22+ 4 < 1,2 >0 E; Con51der the optimization

problem of maximizing a function f(x) = ax+b a, b are real numbers, subject

to the constraint that (z,y) € X. Which of ng is not an optimal value of f

for any value of a and b7 @
(a) 2 =0,y =1 &

A\Y
(@« %on-?\

20. Let F: [0, 1@ e a differentiable function such that its derivative F”(x) is increasing

—
=
S
Il
Wl
<
Il
ol

—
@)
S~—
8
|
=

<
Il
el

in z. £1%f the following is true for every z,y € [0, 1] with = > y?

KQ F(z) - F(y) = (x — y)F'(x).
Q‘\b) F(z) — F(y) > (z —y)F'(x).
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21. A bag contains N balls of which a (a < N) are red. Two balls are drawn from the bag
without replacement. Let p; denote the probability that the first ball is red and ps the
probability that the second ball is red. Which of the following statements is true?

(a) p1 > po.

(b) p1 < ]12_1 b%b

(c) p2= 7

2

P
22. Let t = z + Va2 + 2bx + ¢ where b?> > ¢. Which of the following &,ebjts e

(@) =5 Q/\

de __ t+42
(b) d_f o 2t+:l§'

(©) %= 5w %@Q

(d) None of the above. %
23. Let A be an n x n matrix whose en @ne i-th row and j-th column is min(z, ).

The determinant of A is:

(c) n!
(d) 0. ok
24. WhagiQs thg¢ number of non-negative integer solutions of the equation x; +x9+x3 = 107
'& 66.
R\
QY v

(c) 100.

(d) None of the above.
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25. The value of
/ % rdr
b 152 + b2 ’

b> 0 is:

(a) 5.

(b) In40?. Q)
(c) %ln(g) bb
(d) None of the above. ,J)%

26. Let f and g be functions on R? defined respectively by «x

flay) =32° = 3y° + ZxQ
and %
g9(z,y) = %

{(z,y) e R*: g (x,y) =0}, \y~

(a) f has a maximum at (z = 1), and a minimum at (z =2,y =

(b) f has a maximun W 1,y = 1), but does not have a minimum.

(¢) f has a minj (x =2,y = 2), but does not have a maximum.

(d) f has @ maximum nor a minimum.

27. A p@nen’s competition has an unlimited number of rounds. In each round,
¥ . - )

e ticipant has to complete a task. The probability of a participant completing

xt}l task in a round is p. If a participant fails to complete the task in a round, he is
1

minated from the competition. He participates in every round before being elimi-

nated. The competition begins with three participants. The probability that all three

Q participants are eliminated in the same round is:
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(d) None of the above.

28. Three married couples sit down at a round table at which there are six chairs.
the possible seating arrangements of the six people are equally likely. The Q ity

that each husband sits next to his wife is:

o)
o /\’\:b
(c) q

(d) None of the above. C

Wl

Gl

29. Let f: R? — R be a function. For every x,y#z . we know that f(z,y) + f(y,2) +
f(z,2) = 0. Then, for every z,y € R?, ffx f(z,0)+ f(y,0) =

(a) 0. \Y‘
o O
(c) —

(d) None of the Q-?}/

30. The mlmmu f the expression below for x > 0 is:

/«\ G

10
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SYLLABUS FOR MSQE
(Program Code: MQEK and MQED) 2016

Syllabus for PEA (Mathematics), 2016 Q?)

b

Algebra: Binomial Theorem, AP, GP, HP, Exponential, Logarithmic %
Sequence, Permutations and Combinations, Theory of Polynomial E&tlo

(up to third degree).

Matrix Algebra: Vectors and Matrices, Matrix Operationi %m«mants.

Calculus: Functions, Limits, Continuity, Differentjgfion of Tunctions of one
or more variables. Unconstrained Optimizati ,%nite and Indefinite
Integrals: Integration by parts and integrati %ﬂbstitution, Constrained
optimization of functions of not more tha \%iables.

Elementary Statistics: Elementary ility theory, measures of central
tendency, dispersion, correlati nd Sregression, probability distributions,
standard distributions-Binomi4 and, Normal.

Syllabus for PEB :Eéc%mics), 2016

Microecon ¢ Theory of consumer behaviour, theory of production,
market ’@e under perfect competition, monopoly, price discrimination,
duo Q%\t Cournot and Bertrand competition (elementary problems) and
W;Qre CONnomics.

&/Iacroeconomics: National income accounting, simple Keynesian Model of
come determination and the multiplier, IS-LM Model, models of aggregate

& demand and aggregate supply, Harrod-Domar and Solow models of growth,

?‘ money, banking and inflation.



PEB (2016)
Answer any 6 questions. All questions carry equal marks.

X and Y. The utility function of individual 1 is U; = X7 + Y7, and that of individual 2 is
min{Xs, Y2}, where X; (resp. Y;) is the amount of X (resp. Y') consumed by individual i,
where 7 = 1,2. Individual 1 has 4 units of X and 8 units of Y, and individual 2 has 6 uni
of X and 4 units of Y to begin with.

1. Consider an exchange economy consisting of two individuals 1 and 2, and two goods, %b

(i) What is the set of Pareto optimal outcomes in this economy? Justify your Aﬁ%

(ii) What is the competitive equilibrium in this economy? Justify your %

(iii) Are the perfectly competitive equilibria Pareto optimal? q
t4rom individual

(iv) Now consider another economy where everything is as before @
2’s preferences, which are as follows: (a) among any two any n51st1ng of X and
Y, individual 2 prefers the bundle which has a larger amount %modlty X irrespective
of the amount of commodity Y in the two bundles, and ( wg#h any two bundles with
the same amount of X, she prefers the one w1th a la nt of Y. Find the set of
Pareto optimal outcomes in this economy. 6]+ %

2. Consider a monopolist who can sell in the ic market, as well as in the export
market. In the domestic market she faces q de§and p; = 10 — g4, where py and ¢4 are
domestic price and demand respectivelf. I e export market she can sell unlimited

o, . . . . . 2
quantities at a price of 4. Suppose the m: list has a single plant with cost function Z-.

(a) Solve for total output, do Vle and exports of the monopolist.
d?o

(b) Solve for the domestj rld welfare at this equilibrium. [10]+[10]

unit price of B is nsume electricity the consumer has to pay a fixed charge R, and
a per unit pri consumption of £ < 5 then p = 1; otherwise p = 2. The utility
function of sumer is 3£ + B, and her i 1ncome is [ > R

3. A consumer c@%&eetmclty, denoted by F, and butter, denoted by B. The per

D w the consumer’s budget line.

:N‘ = (0 and / = 1, find the consumer’s optimal consumption of £ and B.

Consider a different pricing scheme where there is a rental charge of R and the price
is 1 for any X < 1/2, and every additional unit beyond is priced at p = 2. Find the

% ptimal consumption of B and E when R =1 and I = 3. [7] [7]+[6]
1



4. A monopoly publishing house publishes a magazine, earning revenue from selling the
magazine, as well as by publishing advertisements. Thus R = ¢.p(q) + A(q), where R is
total revenue, ¢ denotes quantity, p(q) is the inverse demand function, and A(q) is the
advertising revenue. Assume that p(q) is decreasing and A(q) is increasing in g. The cost b
of production ¢(q) is also increasing in the quantity sold. Assume all functions are twi%

differentiable in ¢ Q
(i) Derive the profit-maximising outcome. b
(ii) Is the marginal revenue curve necessarily negatively sloped? ,h%

(iii) Can the monopolist fix the price of the magazine below the m

duction?[7]+[7]+6] «

5. Consider a Solow style growth model where the produ ction is given by
Kt7 Ht
where Y; = output of the final good K, is the caplf; = the level of technology,

ost of pro-

and H; = the quantity of labor used in producti or force Assume technology
is equal to Ay = Ag(1+ ) where a > 0 is the ate of technology, Ap is the time 0
level of technology, and Hy11 = (1+n) Ht, 0 is the labour force growth rate. The
production function is homogenous of degr satlsﬁes the usual properties. (Assume

that inputs are essential and Inada cond . Assume that capital evolves according
to

P 1-0)K;+ I
where I; is the level of investme

(i) Define y; = Yt .Sh
% ye = A f (ki)
where f(k

Deﬁne nd iy = —*t Show that

k _ (A —=0)ki +i
& t+1 — 1+n

&lll Suppose the savings rate is given by s; = oy, where o € [0, 1]. Derive the condition
tINt determines the steady state capital stock when o = 0. How many non-zero steady
ates are there 7

t+1

(iv) Let v, = be the gross growth rate. Suppose o = 0. Derive an expression for ~;

%E and evaluate and dlscuss the sign for @



3

(v) Let f(k;) = k¢, Ag = 1, and a > 0. Along a balanced growth path show that %
and Y2t grow at the same rate. [2]+[3]4[5]+[5]+[5]

6. Consider the aggregate supply curve for an economy given by

P = P ) F () - Q;bb
©

where P, = actual price level at time period ¢, Pf = expected prices at time ¢, and the

function, F, given by,
Fu,z)=1—ou;+ 2

captures the effects of the unemployment rate (u;) at time ¢ and the level of une m

benefits (z) on the price level (through their effects on wages). Assume p > 0 e“r%he

monopoly markup. Assume p and z are constant. &

7 (the inflation rate) and the expected inflation rate, 7§, i.e. m = p z) — auy,

(i) Show that the aggregate supply curve can be transformed to be yajtter} in terms of
— Pt,1—Pt e — Pt+1 Pt . . .
where 7y 5 and 7y — 5 What is this equation called 1e;y interpret it.

(ii) Now assume that 7§ = 6m_1 where § > 0. What is thi e tion called 7 Re-write
the equation in the above bullet and interpret when 6 = 1

(iii) Let mf = m;—1 Derive the natura rate of unem , and express the change in
the inflation rate in terms of the natural rate. BI‘I% ret this equation.

(iv) How would you think about wage indexa his model ? Does wage indexation
increase the effect of unemployment on inflgtion Assume 7§ = w1 [8]+[3]+[6]+][6]

7. Consider an inter-temporal choice grobl

02)
o,
tt

in which a consumer maximises utility,

O

where ¢; is the consumption in
the consumer’s 1mpat1ence 0

Y,
%" 1+5 Vit =W

where Y; is the % ’s income in period ¢ = 1,2, and r is the rate of interest. Assume

,i=1,2, and § is the discount factor (measure of

¢ > 1Vi.

) Let 1& log(c;). Find a condition such that there is consumption smoothing.

the two cases where (a) the consumer biases its consumption towards the future,
where the consumer biases it consumption towards the present. Put c¢o on the
cerficaPaxis and ¢; on the horizontal axis.

%\(iii) Suppose there is consumption smoothing. Solve for ¢} = ¢;(r, Y7, Y2). Interpret this
quation.



(iv) Define Yp, the permanent income, as that constant stream of income (Yp, Yp) which
gives the same lifetime income as does the fluctuating income stream (Y7,Y>). What does
this imply about the optimal choice of ¢1,co, and Yp? Interpret your result graphically.
[5]+[6]+[4]+[5]

8. Consider a cake of size 1 which can be divided between two individuals, A and B %
« (resp. () be the amount allocated to A (resp. B), where a + 5 =1 and 0 < «
Agents A’s utility function is u4(«) = o and that of agent B is ug(f) = f.

(i) What is the set of Pareto optimal allocations in this economy? %

(ii) Suppose A is asked to cut the cake in two parts, after which B can chogbe which of
the two segments to pick for herself, leaving the other segment for a, ow should A
cut the cake?

(iii) Suppose A is altruistic, and his utility function puts wgi what B obtains, i.e.
ua(a, B) = o+ pf, where p is the weight on agent B’s util f0 < pu <1, does the

a
answer to either 8(i) or 8(ii) change? (b) What if p > 12 [5]+[#+[10]
9. A firm uses four inputs to produce an outputMifll aproduction function

fz1, z2, 23, £4) = min{xpry in{xs, x4}

(i) Suppose that 1 unit of output is t %uced and factor prices are 1, 2,3 and 4 for
x1,T9, x3 and x4 respectively. Solve for t¥€ optimal factor demands.

(ii) Derive the cost function <
(iii) What kind of retur s to scale does this technology exhibit? [6]+[8]+[6]

10. Consider an IS- L@ where the sectoral demand functions are given by
< E =90 + 0.75Y,
a l G = 30,1 = 300 — 50r,
M
d—025Y 62.57, (P)S:5OO.

Any di Q m in the 1nternat10nal money market is corrected instantaneously through
a chafigeN . However, any disequilibrium in the goods market, which is corrected through
a chan¥e in Y, takes much longer to be eliminated.

(a) Now consider an initial situation where Y = 2500, = 1/5. What is the change in
tNg level of I that must occur before there is any change in the level of Y7

\ (b) Draw a graph to explain your answer.
) Calculate the value of (r,Y) that puts both the money and goods market in equilib-

rlum What is the value of investment at this point compared to (r = 2,Y = 2500)7

Q_?‘ +[3]+09]



2017

SAMPLE QUESTIONS: PEA (MATHEMATICS)

e For each of the 30 questions, there are four suggested answers. Only one of 2 %
gested answers is correct. You will have to identify the correct answer foNget full
credit for that question. Indicate your choice of the correct answer by d%lng the
appropriate oval completely on the answer-sheet.

e You will get: 4\;

4 marks for each correctly answered question,
0 marks for each incorrectly answered question, @

1 mark for each unanswered question.



1. If f:R— Randg: R — R are two functions such that f(z) = ar+b and g(z) = cx+d,
then f(g(z)) = g(f(x)) holds if and only if

A fla)=g(c) B. f(b)=g(b) C. f(d)=g(b) D. f(c)=g(a)

2. A box contains 90 good and 10 defective screws. If 10 screws are drawn without replace-
ment, the probability that none of them is defective is

100, 10010 100 Py,

A Ge B 20 ¢ 2Po D None of the above b%

3. The number of ordered pairs of integers (z,y) satisfying the equation b

2246z +y* =4 /)§2>
i /\\"
A2 B4 C6 D 8 Q

4. The value of lim,_,_ 3#;57}:’2(5"”) q
A0 B.1 C.2 D 3

5. The smallest integer that produces remainde @6 and 1 when divided by 3,5,7
and 11 respectively is %

A. 104 B. 1154 C. 419 D. Non above

6. Given thirty people, the probahfty among the twelve months there are six con-
taining two birthdays each and § taining three each is

A 2 12 Cg x 12730 Co x* Crp C. 2% x12 0 x me  D. Nome of the
above

7. Let [x] denote redtest mteger less than or equal to x for any real number x. Then
the number 0 ions of |:c —[z]|=11is

% 2
8. Let& R, a?+b*+c*=1,and A = ab+ bc+ ca. Then

3 <A<l B.-1<A<1 C —3<A<1 D —3<A<I1

&WO dice are rolled. If the two faces are different, the probability that one is a six is

Q;e A3 B 2?2 Cl D

1
3
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2242

10. The minimum value of W)

(where z is a real number) is

A.1 B.2 C.+v2 D. None of the above

11 If fz) = (E£2)*+*2*, then f(0) equals

b
—b2;ba2) X (%)“H’ D. None of the above

)+ B2y x (24) Bl (2log(2) + B52) x ()7t C. (2@(@@

12. A bag contains 2 red, 3 green and 2 blue balls. Two balls are drawn at rand @ou‘u
replacement. Then the probability that none of the balls drawn is blue is %

A.10/21 B.11/21 C.2/7 D.5/7

13. The letters of the word COCHIN are permuted and all the per 3%6 are arranged
lexicographically (i.e., in alphabetical order as in an English digtiokary). The number
of words that appear before the word COCHIN is

A 96 B. 360 C.192 D. 48 q

14. The function f : [0,00) x [0,00) — R given by f(z 13172 is

A. convex and quasi-convex  B. convex but ugsl-convex  C. quasi-convex but
not convex D. neither quasi-convex nor cg

15. The function in the previous question i

A. homogeneous of degree 1 and homottic B. homogeneous of degree 1 but not ho-
mothetic  C. homothetic but ng#h eneous of degree 1~ D. Neither homogeneous
of degree 1 nor homothetic

16. Player 1 and Player 2 bothNarg with 100 rupees. Each round of a game consists of the
following:
Both players choos ugber randomly and independently from 1 to 5. If both players
choose the same %then Player 1 gives rupees 10 to Player 2. Otherwise, Player

2 gives rupees ayer 1. Then the expected amount of money Player 1 will be left
with after i 0 rounds of this game is
A. 120 a C. 50 D. 160

17. Let &, 1) — R be a function defined by

& z?, if 2 is rational;
2 —x*, otherwise.
Then f is continuous at

% A. no point in (0, 1)  B. exactly one point in (0, 1) C. exactly two points in (0, 1)

D. more than two points in (0, 1)

Page 3
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s&

Q.

18.

19.

20.

21.

22.

23.

The last digit of 43243567 ig
A.2 B.4 C.6 D.8

Two squares are chosen at random on a chessboard (with 64 squares). Then the proba-
bility that they have a side in common is

A.1/9 B.1/27 C. 1/18 D. None of the above

Let f:[0,1] — R be a function such that f(z) = -%5. Then f is ; %

A. one-one B. onto C. one-one and onto D. None of the above

Consider the functions f : R*> — R? and g : R? — R? defined by f(z,y) @
y,—2x + 3y) and g(z,y) = (r+ 1,y +2). A. Both f and g are linear t, ations
B. f is a linear transformation, but ¢ is not a linear transformation % is not a
linear transformation, but ¢ is a linear transformation D. Neit g are linear
transformations

The ratio of boys to girls at birth in Singapore is 1.09:1 T proportion of Singa-
porean families with exactly 6 children who will have at | bBoys is

A.0.696 B. 0.315 C. 0.521 D. 0.455

tf?j{/

Let

Then

4 -2 3
X1t=1/8{0 4 -6
0 0 4

X! does not exist

Suppose the probability of having a girl is 1/2 and so is the probability of having a boy.
Now consider a family with two children. Then the probability that both the children
are girls given that at least one of them is a girl is

A.1/4 B.2/3 C.1/3 D.1/2
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25.
26.

27.

28.

29.

30.

N
Qi?‘

Let U : Ry — R be a strictly increasing function such that U(x) # —1 for all x € R,

where R, = {# € R: z > 0}. Then the function V' : R, — R, defined by V(z) = HU[(Jm()m),
is

A. necessarily strictly increasing ~ B. necessarily strictly decreasing  C. necessarily
constant  D. None of the above

P(H) = 1). Bagha picks a coin at random and tosses it, and gets head. The

A box contains three coins: two regular coins and one fake two-headed coin %b
‘)

probability that it is the two-headed coin is ;

A. L+ B.2 C. % D. Noneof the above %

Let f : R — R be a differentiable function such that f(z) ) <0 f 9 Then
A. f(x) is an increasing function  B. |f(z)| is an 1ncreasmg f is a
decreasing function D. |f(x)| is a decreasing function

Let X and Y be two independent discrete random variabl %he CDFs F'x and Fy.
Then the CDF of W = min{X, Y} is

A. Fy(w) M B. Fy(w “@% Fy(w C. Fy(w) =

Fx(w)Fy(w) D. None of the above

Two dice are thrown simultaneously. Then@%ability of getting two numbers whose

product is even is

A.1/8 B.1/4 C.3/4 D. e offthe above

Let [z] denote the greatest inte s than or equal to z for any real number x. The
range of the function f : ]R o R, defined by f(z) = 220 g

A (-11) B, v; iy by
o*gh
&

K

Page 5


RAVIT THUKRAL
Highlight

RAVIT THUKRAL
Highlight

RAVIT THUKRAL
Highlight

RAVIT THUKRAL
Highlight

RAVIT THUKRAL
Highlight

RAVIT THUKRAL
Highlight


PEB (ECONOMICS) --- SAMPLE QUESTIONS 2017

For each of the thirty questions, there are four possible answers. You will get 4 marks for each
correctly answered question, 1 mark for each unanswered question, and 0 marks for each incorrectly
answered question.

Question 1: Under nominal wage rigidity, the short run aggregate supply schedule will be

(a) Vertical %
) b

(b) Horizontal

(c) Upward sloping b
) Q)

(d

Downward sloping
Question 2: Under rational expectations and no nominal rigidities, aggregate o tw:ensitive to
supply and demand shocks. 4
(a) Anticipated, anticipated b
(b) Anticipated, unanticipated
(c) Unanticipated, anticipated

’ (O
(d) Unanticipated, unanticipated Q/

Question 3: Keynes argued that monetary poIicy%ln ective during the Great Depression
because

(a) IS curve was vertical and stuck at a low le
(b) Both the IS and the LM curves wer,

(c) IS curve was continuously shiftingg whilg the LM curve was vertical.

(d) None of the above choices is correct:

Question 4: In the basic Solow m%ﬁf growth
(a) Anincrease in ate raises the steady-state growth rate

th
(b) Anincrease in rowth rate of population lowers the steady-state growth rate
(c) An increase®e rowth rate of population has no impact on the steady-state growth rate

(d) Anincrefge savings rate has no impact on the steady-state growth rate.

Question®:ghe thoney multiplier is in the reserve-deposit ratio and in the

cash_geposit ratio.
% creasing; Decreasing

Decreasing; Decreasing

(c) Decreasing; Increasing

v (d) Increasing; Increasing
E Question 6: If the IS curve is downward sloping and the LM curve is vertical, a unit increase in

government expenditure results in

(a) Crowding in and higher increase in equilibrium income
(b) No crowding out and equivalent increase in the equilibrium income
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(c) Partial crowding out and lower increase in equilibrium income
(d) Complete crowding out and no increase in equilibrium income

Question 7: Monetary policy is completely ineffective in raising output if

(a) The IS curve is horizontal and the LM curve is upward sloping b
(b) The IS curve is vertical and the LM curve is upward sloping %

(c) The IS curve is downward sloping and the LM curve is upward sloping

(d) The IS curve is downward sloping and the LM curve is vertical. bb

Question 8: Which of the following statements is correct? In a closed economy, fiscal% is more

effective
(a) The smaller the induced change in interest rates and smaller ﬁesponsiveness of
investment to these changes.
(b) The larger the induced change in interest rates and srr%t responsiveness of
investment to these changes.
(c) The smaller the induced change in interest rates and Iarg%responsiveness of investment
to these changes.
(d) The larger the induced change in interest rates the responsiveness of investment
to these changes.

Question 9: Which of the following spells the m%&ndamental difference between the standard
Solow model of growth and the standard iMal ggowth model?

(a) The rate of technology progress igendggenous in the former but exogenous in the latter

(b) The savings rate is exogenous in the former, but endogenous in the latter

(c) Capital utilization is exoinwthe former, but endogenous in the latter

(d) All of the above.

Question 10: Consid sintple Keynesian medel where equilibrium output is determined by
aggregate demand. InWgsWnent is autonomous and a constant proportion of the income is saved. In

this frameworl«% se in the savings propensity has the following effect:

(a) I¥les to higher level of output in the new equilibrium
weads to lower level of output in the new equilibrium
(c) e level of output in the new equilibrium remains unchanged
Q The level of output in the new equilibrium may increase or decrease depending on the
degree of increase in the savings propensity.

&he following pertains to Questions 11-14: Consider an agrarian economy consisting of two single
membered households. The households are engaged in own cultivation using their family land,
labour and capital. Each household is endowed with 1 acre of land and 1unit of labour. However the
two households differ in terms of their initial capital endowments (KRO and KOP), where R denotes
the relatively richer household and P denotes the poorer household. Assume that 2<K " (<4, and
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0<Ko'<1. The households have access to two technologies, which are specified by the following
production functions:

Technology A: Ye=(NeLo)¥? (Ky)?;
Technology B: Yi=(NeL)™? (K) 2.

Where N, represents land (in acres), L;represents labour, and K; represents capital in period t. b

The households choose the technology that gives them higher output(given their land, laboug a
capital stock) in any period t. In every period they consume half of their total income and sav@
invest the rest, which adds to the next period’s capital stock. Land and labour stock remai nt

over time. Existing capital stock depreciates fully upon production.

Question 11: Given their initial factor endowments, the technology choices o W household
and poor household respectively are as follows:

(A) Household R chooses technology A; household P chooses B q D

(B) Household R chooses technology B; household P chooses A
(C) Both households choose technology A

(D) Both households choose technology B Q/@
Question 12: In the short run, the average capital stc%@ conomy (K) evolves according to the

following dynamic path:

(A) dK/dt=1/4[(K")"*+(K)*-2(K*+K")]
(B) dK/dt=1/4[(K™)*+(KP)>-2(K*+K)] \/
(C) dK/dt=1/4[(K")"*+(KP)"*-2(K*+K"}

(D) dK/dt=1/4[(KRt)2+(K"t)”2-2(W
Question 13: In the long ru E

(A) Income of b holds grows perpetually
(B) Income ofNhousehold R grows perpetually while income of household P approaches a

constgnt

(€)1 %ousehold P grows perpetually while income of household R approaches a
constamt.
Income of household R grows perpetually while income of household P falls perpetually.

esfion 14: If at the end of the initial time period, the households were given a choice to spend
vheir savings in buying more land instead of investing in capital stock:

2 (A) Both households would have bought more land

(B) Both households would have still invested in capital
(C) Household R would have still invested in capital but household P would have bought
more land
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(D) Household P would have still invested in capital but household R would have bought
more land

Question 15: In the Mundell-Fleming model of a small open economy with flexible exchange rates
and perfect capital mobility, suppose the economy is initially in equilibrium. If lump sum taxes are
increased, what happens to the equilibrium levels of the country’s (i) GDP (ii) interest rate and (iii)

exchange rate? %b

(a) (i) falls, (ii) falls,(iii) appreciates
(b) (i) and (ii) remain unchanged; (iii) depreciates Q

(c) (i) falls,(ii) and (iii) remain unchanged

(d) All three remain unchanged. %
Question 16: Raju consumes goods 1 and 2. Raju thinks that 2 units of good 1 is alw)ébfect
substitute for 3 units of good 2. Which of the following utility functions is the ne #hat would

NOT represent Raju’s preferences?

(@) U(X1,X2)= 9X1°+12x;1 Xp+4x57. qg

(b) U(x1,%2)= min{3x4, 2x,}

(c) U(xy,x2)= 30x,+20x,-10,000.

(d) More than one of the above does NOT represent Rgj references.
Question 17: Riya has a demand function for mango jfii % by g=.02m-2p, where m is income
and p is price. Riya’s income is 6,000 and she initi a pay a price of 30 per bottle of mango
juice. The price of mango juice rose to 40. Th sul;%

(a) Reduced her demand by 20. (j
(b) Increasedher demand by 2
Reduced her demand b

(c)
(d) Reduced her dem@ .

tion effect of the price change

Question18: Ankita ha #ity function U(cl,c2)=c11/2+ 0.83c21/2, where c;is her consumption in
period 1 and c, is hgr cOgsOmption in period 2. Her income in period 1 is 2 times as large as her
income in perjod hat interest rate will she choose to consume the same amount in period 1 as
in period&

(a) 0.40

(b) 0

@2
%q Question 19: In a crowded city long ago, the civic authorities decided that rents were too high. The

long run supply function of two-room rental apartments was given by q=18+2p and the long-run
demand fuction was given by q=114-4p where p was the rental rate in rupees per week. The
authorities made it illegal torent an apartment for more than 10 rupees per week. To avoid a
housing shortage, the authorities agreed to pay landlords enough of a subsidy to make supply equal
to demand. How much would the weekly subsidy per apartment have to be to eliminate excess
demand at the ceiling price?
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(a) 9
(b) 15
(c) 18
(d) 36

(a) Decreasing returns to scale and diminishing marginal product for factor x.

Question 20: A firm has the production function f(x,y)=x""°y>*°. This firm has %

(b) Increasing returns to scale and decreasing marginal product of factor x. b
(c) Constant returns to scale.
(d) None of the other options are correct.
Question 21: The production function is f(x; ,x2)=x11/2x21/2. If the price of factor 1j S%me price of
factor 2 is 16, in what proportions should the firm use factors 1 and 2 if it w&st aximize profits?

(@) x1=xa,

(b) X1= 0.50 X2 b
(€) Xq=2x,, Q/@

(d) We can’t tell without knowing the price of output,

Question 22: The supply curve of any firmiin a comp%- ustry is Si(p) =p/2. If a firm produces 3

units of output, what are its total variable costs?
(a) 18

(b) 7 \/
(c) 9
)

(d) There is not enough informgtion given to determine total variable costs.

marginal cost. But befor s can be produced, the firm must undertake a fixed cost of 54.

Question 23: The demand % is given by the equation gq=14-p. Slops can be made at zero
Since the inventor h t on slops, it can be a monopolist in this new industry.
(a) The firm wgll p ce 7 units of Slops
(b) A Pareto ement could be achieved by having the government pay the firm a subsidy
of 59 afid Mgisting that the firm offer slops at zero price.
(c) FromMbe point of view of social efficiency, it is best that no slops be produced.

None of the other options are correct.

qﬁ}ﬁ)n 24: A price-discriminating monopolist sells in two separate markets such that goods sold in
0

market are never resold in the other. It charges a price of 4 in one market and a price of 8 in the

%; other market. At these prices, the price elasticity in the first market is -1.50 and price elasticity in the

second market is -0.10. Which of the following actions is sure to raise the monopolists profits?

(a) Raise p;

(b) Raise p; and Lower p,
(c) Raise both p; and p,
(d) Raise p, and lower p;.
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Question 25: Suppose that A and B go into the wine business in a small country where wine is
difficult to grow. The demand for wine is given by p=Rs 360-.02Q where p is the price and Q is the
total quantity sold. The industry consists of just the two Cournot duopolists, A and B. Imports are
prohibited. A has constant marginal costs of Rs 15 and B has marginal costs of Rs. 75. How much is
A’s output in equilibrium? b

(a) 675 (b

(b) 1,350

(c) 337.50 b

(d) 1012.50 %b
Question 26: On a certain island there are only two goods, wheat and milk.The onl s%esource
i &; Ik
s of't

is land. There are 1,000 acres of land. An acre of land will produce either 16 uni ilk'or 37 units
of wheat. Some citizens have lots of land, some have just a little bit. The ci% he island all
have utility functions of the form U(M,W)=MW. At every pareto-optimal a@o

(a) The number of units of milk produced equals the number of uan

(b) Total milk production is 8,000

(c) Every consumer’s marginal rate of substitution between %\d wheat -1.

(d) None of the above is true at every pareto optimal all (o}

Question 27: Kabir’s utility is U(c,d,h) = 2c+5d-d2-2h,%%s the number of hours per day that he
Y

spends driving around, h is the number of hours ger ent driving around by the other people in

2

at produced.

his home town and c is the amount of money he ft to spend on other stuff besides petrol and

auto repairs. Petrol and auto repairs cost s. hour of driving . All the people in Kabir's home
town have the same tastes. If each citizedgbeligves that his own driving will not affect the amount of
driving done by the others, they will all drive D1 hours per day. If they all drive the same amount,

they would all be best off if eac}-ﬁrw hours per day, where

(a) D1=2 and D2=1
(b) D1=D2=2 Q.
(c) D1=4and D2=

D1=5 and D2=

(d)
Question%&%ort is located next to a housing development. Where X is the number of planes

that landpelday’and Y is the number of houses in the housing development, profits of the airport

are&2 and profits of the developer are 32Y-Y?-XY. Let H1 be the number of houses built if a

sigggle fit-maximizing company owns the airport and the housing development. Let H2 be the

%r of houses built if the airport has to pay the developer the total “damages”XY done by the
es to the developer’s profits. Then

Q‘E (a) H1=H2=14
(b) H1=14 and H2=16

(c) H1=16 and H2=14
(d) H1=16 and H2=15
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Question 29: A town with a population of 500 has a single public good and a single private good.
Everyone’s utility function is Ui(Xi,Y)=Xi-64/Y, where Xi is the amount of private good consumed by i
and Y is the amount of the public good. The price of the private good is Re 1 per unit. The cost of the
public good to the city is Rs. 5 per unit. Everyone has an income of at least Rs. 5,000. What is the
Pareto-efficient amount of the public good for the town to provide?

(a) 80 square meters %b
(b) 200 square meters
(c) 100 square meters b
(d) None of the other options are correct. b
Question 30: Akash has the utility function U(b,w)= 6b+24w and Akshey has the @function
U(b,w)=bw. If we draw an Edgeworth Box with b on the horizontal axis and w ongh rtical axis and
if we measure Akash’s consumptions from the lower left corner of the box, tAhe ontract curve
contains
(@) A straight line running from the upper right corner of the box th r left.
(b) A curve that gets steeper as you move from left to right.

|
(c) A straight line with slope % passing through the upper i@ner of the box.
(d) A curve that gets flatter as you move from left to rig%


Dell
Highlight

Dell
Highlight


1IS| 2018 PEA

1. Suppose that the level of savings varies positively with the level of income and that

savings is identically equal to investment. Then the IS curve:

(a) slopes positively.
(b) slopes negatively.

)

)
(c) is vertical. b%b
(d) does not exist. %b

2. Consider the Solow growth model without technological progress. % that the
rate of growth of the labor force is 2%. Then, in the steady—stﬁw

a) per capita income grows at the rate of 2%. Q

)

b) per capita consumption grows at the rate of 2%,
)
)

(
(

(c) wage per unit of labor grows at the rate of Q@

(d) total income grows at the rate of 2%. %

3. Consider a Simple Keynesian Model fo ed economy with government. Suppose

there does not exist any public nterprise in the economy. Income earners
are divided into two groups, Gr and Group 2, such that the saving propensity
of the former is less than 4pat of the latter. Aggregate planned investment is an
increasing function of G y Start with an initial equilibrium situation. Now,
suppose the govern Qmposes and collects additional taxes from Group 1 and uses
the tax revenue 0%!:

ated to make transfer payments to Group 2. Following this:

(a) aggr %gaving in the economy remains unchanged.
(b) g@ate saving in the economy declines.
)&grega‘ce saving in the economy rises.
Ad) aggregate saving in the economy may change either way.

El. Suppose, in an economy, the level of consumption is fixed, while the level of investment

varies inversely with the rate of interest. Then the IS curve is:

(a) positively sloped.

(b) negatively sloped.
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(c) vertical.

(d) horizontal.
5. Suppose, in an economy, the demand function for labor is given by:
L% =100 — 5w, b
whereas the supply function for labor is given by: b%
L? = bw; b

where w denotes the real wage rate. Total labor endowment in this ec s 80 units.

Suppose further that the real wage rate is flexible. Then invc&‘@ nemployment,

in this economy is: Q
; o

(a) 3

(b) 50. @
(c) 70.

o 2%

6. Consider again the economy speciﬁ(@estion 5. Suppose now that the real wage
rate is mandated by the governrﬁtj e at least 11. Then total unemployment will

be:

A\
(a) 35.
o \&gf?‘
(c) 30.
FIRNS

7. C%@’nacro—economy defined by the following equations:
M = kPy + L(r),

JY ot
e

Y=Y,

% where M, P, y and r represent, respectively, money supply, the price level, output
and the interest rate, while k& and y are positive constants. Furthermore, S (r) is the
savings function, I (r) is the investment demand function and L(r) is the speculative
demand for money function, with , S"(r) > 0, I'(r) < 0 and L' (r) < 0. Then, an

increase in M must:
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(a) increase P proportionately.
(b

)

) reduce P.

(¢) increase P more than proportionately.
)

(d) increase P less than proportionately.

8. Two individuals, X and Y, have to share Rs. 100. The shares of X and Y are %
by z and y respectively, z,y > 0, x + y = 100. Their utility functions are L@ =
z+ (})y and Uy (z,y) = y + (3) 2. The social welfare function is JUy) =

min {Ux, Uy } . Then the social welfare maximizing allocation is:

(a) (44,56) .
(b) (48,52). q
(c) (50,50).
(d) (60,40).

9
(?<</

rivate good (X) and a public good

9. Consider two consumers. They consum

(G). Consumption of the public good d s on the sum of their simultaneously and

non-cooperatively chosen contribgz’f
ons, then the consumption of the public good is

owards the public good out of their incomes.
Thus, if g; and g5 are their contr
g = g1 + go. Let the utili ion of consumer i (i = 1,2) be U; (z;,9) = x;g. The
price of the private g %p\> 0 and the income of each consumer is M > 0. Then

the consumers’ equ:'Iib m contributions towards the public good will be:

N

%Consider two firms, 1 and 2, producing a homogeneous product and competing in
Q Cournot fashion. Both firms produce at constant marginal cost, but firm 1 has a lower

marginal cost than firm 2. Specifically, firm 1 requires one unit of labour and one unit
of raw material to produce one unit of output, while firm 2 requires two units of labour
and one unit of raw material to produce one unit of output. There is no fixed cost.

The prices of labour and material are given and the market demand for the product is

3


Dell
Highlight

Dell
Highlight

Dell
Highlight

Dell
Highlight


determined according to the function ¢ = A — bp, where ¢ is the quantity demanded
at price p and A,b > 0. Now, suppose the price of labour goes up, but that of raw

material remains the same. Then, the equilibrium profit of firm 1 will:

increase.

©
e

remain unchanged.

(a
(b
(c

(d) go up or down depending on the parameters. %::

)
)
)
)

11. Considered again the problem in Question 10. As before, suppow the price of

labour goes up, but that of raw material remains the same, en, the equilibrium

profit of firm 2 will: :Q

(a) increase.
(

| 2
b) decrease.

| o

)

(¢) remain unchanged.
(d) go up or down depending on the

12. Consider a firm which initially only in market A as a monopolist and faces

market demand ) = 20—p. Given 1tS cost function C' (Q) = }1@2, it charges a monopoly

price P, in this market. prose that, in addition to selling as a monopolist in
market A, the firm st@. ing its products in a competitive market, B, at price p = 6.
Under this situatiqu theédirm charges P in market A. Then:

&; _p.
Q iven the available information we cannot say whether Py > P, or P < P,,.

. Two consumers, A and B, have utility functions Uy = min{z4,ya} and U = x5 +
2 yp,respectively. Their endowments vectors are e4 = (100,100) and ez = (50,0).

Consider a competitive equilibrium price vector (Px, Py). Then,

) is the unique equilibrium price vector.

Y

gy on

) is one of the many possible equilibrium price vectors.

o
SN—
A/
Q= oY=

Y

4
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1 2\ - 1ol e .
(c) (5, 5) is never an equilibrium price vector.

(d) an equilibrium price vector does not exist.

14. Suppose a firm is a monopsonist in the labor market and faces separate labor supply
functions for male and female workers. The labor supply function for male workers ib
given by Iy = (wy)", where Iy is the amount of male labor available when th %
offered to male workers is wj;, and k is a positive constant. Analogously, h@or
supply function for female workers is given by [ = wp. Male and fema, rS are
perfect substitutes for one another. The firm produces one unit of om each
unit of labor it employs, and sells its output in a competitive mark@

unit. The firm can pay male and female workers differently if“t §hobses to. Suppose

rice of p per

the firm decides to pay male workers more than female w; hen it must be the
case that: @

(a) k< 3. %@

(b) 1 <k<1 %

&
kE>1. (j&

15. Consider the problem in Question 14, and assume that the firm pays male workers

more than female worker ose further that p > 2. Then the firm must:
(a) hire more mqli W% ers than female workers.
(b) hire mor@

)

(c hi& ti®al numbers of male and female workers.
11

workers than male workers.

(d)hire mbre females than males if 2 < p < 4, but more males than females if p > 4.

1@ ider the system of linear equations:

Q~?~ (da—1)z+y+2z = 0,

—y+Z = 07
(4da—1)z = 0.

The value of a for which this system has a non-trivial solution (i.e., a solution other
than (0,0,0)) is:
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(a
(b

[N (S TN o

(c

)
)
)
(d)

—_

17. Let f : R — R be a convex and differentiable function with f (0) = 1, where R %%
of

the set of real numbers. If the derivative of f at 2 is 2, then the maximu@
£(2) is: (b
) /\\'
S
(c) 10. q
. 9
18. Consider the equation 2z + 5y = 103. Then I@n ny pairs of positive integer values

can (x,y) take such that z > y? %
T \Y‘
o s C

)
b)
© 13 ?\/
) 14. Q_,
19. Let X be a diger Endom variable with probability mass function (PMF) f(x) such

(d
that
& f(z) >0 ifx=0,1,..,n, and

&7 f(z) =0 otherwise,
v%e is a finite integer. If Prob(X > m | X < m) = f(m), then the value of m is:
a) 0.

&
o

(d) none of the above.

3.
d.

(d

oo

—_

— 1.

S

20. Consider the function f (z) = 2azlog, v — az? where a # 0. Then

6
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(a) the function has a maximum at x = 1.
(b

the function has a minimum at z = 1.

)
)

(¢) the point =1 is a point of inflexion.
)

(d) none of the above. b

21. Let f : [0,10] — [10,20] be a continuous and twice differentiable function su
f(0) =10 and f(10) = 20. Suppose |f" (z)| <1 for all = € [0,10]. Then, tl@ e of

f7(5) is ,.’
e N
b) 1. é\
)L O
) cannot be determined from the given inforn%%

22. Consider the system of linear equations: %

T+ 2a = 0,
b bz = 0,
cy+cz = 0.
Suppose that this systemWon—zero solution. Then a, b, c

a) are in arith ¢ pyogression.

(a)

(b) are in O@ic progression.
(c) areg %onic progression.
(d)¢satisfy 2a + 3b + 4c = 0.

2& b, ¢ be real numbers. Consider the function f (z1,x2) = min{a — x1,b — x2} .Let
Ty, 75)

?5 1,25) be the solution to the maximization problem
2 max f (x1,2z3) subject to z1 + x9 = c.
Then x] — x5 equals

(a) C+C2L*b'
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24. Suppose that you have 10 different books, two identical bags and a box. The bags lb
each contain three books and the box can contain four books. The number of

which you can pack all the books is

©
(a) 2!3}!%!!4! : f))%
(b) s N
()

)

(d QQ

none of the above.

25. Real numbers aq, as, ..., agg form an arithmetic p @)n. Suppose that

as + as + ag +q@ = 205.
Then the value of 33", ay, is 3‘

(a) 612.
(b) 615.

)
) \Y%
(c) 618. ?\

26. A stone is% into a circular pond of radius 1 meter. Suppose the stone falls
uniforr&{t ndom on the area of the pond. The expected distance of the stone from

th&ter of the pond is
Q)

o) 3
Xl
(@ &
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27. Suppose that there are n stairs, where n is some positive integer. A person standing
at the bottom wants to reach the top. The person can climb either 1 stair or 2 stairs
at a time. Let T, be the total number of ways in which the person can reach the top.
For instance, T} = 1 and T3 = 2. Then, which one of the following statements is true

for every n > 27

©
) T, = n. b%
b) T, = 2T, .. b
(c; T,=T,1+ 7jn_2. f))%

28. Let Y1,Y5, ..., Y, be the income of n individuals with E(Y; %and Var(Y;) = o2 for
all i = 1,2,...n. These n individuals form m groups, ea@ size k. It is known that
individuals within the same group are correlated b té?’ndividuals in different groups
are always independent. Assume that when indiWdugls are correlated, the correlation
@ndom variable Y = L 3°" | V;. The

limiting variance of Y when m is large Qut™ j# finite is

coefficient is the same for all pairs. Consi%

(a) 0.

oL C
(c) 1. V

(@ %

29. A person ma@gt ed attempts to destroy a target. Attempts are made indepen-

dently of % r. The probability of destroying the target in any attempt is 0.8.
leen fails to destroy the target in the first five attempts, the probability that
get is destroyed in the 8-th attempt is

4& 032.

(b) 0.064.
Q'?‘ (c) 0.128.

(d) 0.160.

30. Let E and F be two events such that 0 < Prob(F) < 1and Prob(E | F)+Prob(E | F¢) =
1. Then
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a) I and F' are mutually exclusive.

(
(

)
b) Prob(E°| F)+ Prob(E° | F°) = 1.
(¢c) E and F are independent.

)

(d) Prob(E | F)+ Prob(E°| F¢) = 1.

10
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e There are 6 questions: 2 in Group A, 2 in Group B, and 2 in Group C.
e Answer 4 questions in total and at least 1 question from each Group.

e Fach question carries equal marks.

e The maximum possible score is 100. %b

{

Group A (%)

connections.

1. Suppose a government agency has a monopoly in the provision
The marginal cost of providing internet connections is %, wh Q’che inverse demand
function is given by: p = 1 — q. The official charge per tion is set at 0; thus,
the state provides a subsidy of % per connection. Howevel the state can only provide

budgetary support for the supply of 0.4 units, w i@raises through taxes on con-
éry@

sumers. Bureaucrats in charge of sanctioninggi t connections are in a position

to ask for bribes, and consumers are willi them in order to get connections.
Bureaucrats cannot, however, increase eyond 0.4 units.
(a) Find the equilibrium bribe y#fe connection and the social surplus.

(b) Now suppose the government agency is privatized and the market is deregulated;
however, due large ﬁ?%&fs of entry relative to demand, the privatized company
continues to maiithinits monopoly. Find the new equilibrium price, bribe rate

and social s s.$pecifying whether privatization increases or reduces them.

whi

(c) Supposz ?@technological innovation becomes available to the privatized monopoly,

es its marginal cost of providing an internet connection to ¢, 0 < ¢ < %

Find e range of values of ¢ for which privatization increases consumers’ surplus.

@er an exchange economy consisting of two individuals 1 and 2, and two goods,

and Y. The utility function of individual 1 is U; = X; 4 Y7, and that of individual

Q?‘Q is min{ Xy, Y2}, where X; (resp. Y;) is the amount of X (resp. Y ) consumed by

individual ¢, where ¢ = 1,2. Individual 1 has 4 units of X and 8 units of Y, and

individual 2 has 6 units of X and 4 units of Y to begin with.

(a) What is the set of Pareto optimal outcomes in this economy? Justify your answer.

(b) What is the competitive equilibrium in this economy? Justify your answer.

1



(c) Are the perfectly competitive equilibria Pareto optimal?

(d) Now consider another economy where everything is as before, apart from individ-
ual 2’s preferences, which are as follows: (a) among any two bundles consisting
of X and Y, individual 2 prefers the bundle which has a larger amount of com
modity X irrespective of the amount of commodity Y in the two bundles, an
between any two bundles with the same amount of X, she prefers the one d%

larger amount of Y. Find the set of Pareto optimal outcomes in this efo,
Group B /);23

1. An economy comprises of a consolidated household sector, a %f)r and the gov-
ernment. The household supplies labour (L) to the firm. produces a single
good (Y') by means of a production function Y = F' (L %’g; 0, F" (L) < 0, and
maximizes profits [l = PY — WL, where P is the and W is the wage rate.
The household, besides earning wages, is also e% o the profits of the firm. The
household maximizes utility (U), given by

lnC

where C' is consumption of the g{iz = is real balance holding. The term d (L) de-
ng

notes the disutility from supplyi our with d' (L) > 0, d” (L) > 0. The household’s

budget constraint is g1verv~
l C+M=WL+T1l+ M — PT,

ey holding the household begins with, M is the holding they end

i the real taxes levied by the government. The government’s demand

where M is

for the'godd is given by G. The government’s budget constraint is given by:
é M — 3 = PG — PT.
Qoods market clearing implies Y = C' + G.

2 (a) Prove that 4% € (O 1), and that government expenditure crowds out private

consumption (i.e., 4 < 0).

(b) Show that everything else remaining the same, a rise in M leads to an equipro-

portionate rise in P.



2. Consider an IS-LM model where the sectoral demand functions are given by

C = 90+0.75Y,
G = 30,
I = 300—50r,

©
(), = 0.25Y —62.5r,
S ®

M —

(%), = 500 Q;

Any disequilibrium in the international money market is corrected in% eously
through a change in r. However, any disequilibrium in the goods et, which is

corrected through a change in Y, takes much longer to be elimijate

(a) Consider an initial situation where Y = 2500, r = 1

t 1s the change in the
level of I that must occur before there is any changgthe level of Y 7

(b) Draw a graph to explain your answer.

(c) Calculate the value of (r,Y’) that puts e money and goods market in
equilibrium. What is the value of 1% nt at this point compared to (r =

0.2,Y = 2500)? 3
e ©

1. Answer the following questl

(a) Let f:R—Rb &stlon defined as

\k-. ‘x’v e R\ {0}.

Can % fined in a way such that f is continuous at 07 Justify your answer.

(b) ded the following optimization problem:

max z(l — z),
x z€[0,3] ( )
Q where 5 € [0, 1]. Let z* be an optimal solution of the above optimization problem.

For what values of g will we have x* = 37

be (¢) A firm is producing two products a and b. The market price (per unit) of @ and b
are respectively 3 and 2. The firm has resources to produce only 10 units of a and
b together. Also, the quantity of a produced cannot exceed double the quantity
of b produced. What is the revenue-maximizing production plan (i.e., how many

units of a and b) of the firm?



2. Answer the following questions.

(a) A slip of paper is given to person A, who marks it with either (+) or (—). The
probability of her writing (+) is % Then, the slip is passed sequentially to B, C,
and D. Each of them either changes the sign on the slip with probability % ob
leaves it as it is with probability % %

i. Compute the probability that the final sign is (+) if A wrote (+). b
ii. Compute the probability that the final sign is (+) if A wrote ( b
iii. Compute the probability that A wrote (+) if the final sign gb :

(b) There are n houses on a street numbered hq, ..., h,. Eap\hoxﬁ can either be

painted BLUE or RED.
i. How many ways can the houses hq, ..., h, be p%d?
ii. Suppose n > 4 and the houses are situ t% n points on a circle. There

is an additional constraint on painti efouses: exactly two houses need
to be painted BLUE and they ca eshext to each other. How many ways
can the houses hq, ..., h, be paintedfunder this new constraint?

iii. How will your answer to thqpre%ious question change if the houses are located

on n points on a line. Cj
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1. Robinson Crusoe will live this period (period 1) and the next

period (period 2) as the only inhabitant of his island completely
isolated from the rest of the world. His only income is a crop of
100 coconuts that he harvests at the beginning of each period.
Coconuts not consumed in the current period spoil at the rate of
20% per period. Crusoe’s preference over consumption in period
1 (¢1) and consumption in period 2 (cp) is given by the utility
function u (¢1,¢2) = min {5c¢y, 6¢2} . Crusoe’s utility maximizing

consumption choice is given by

__ 200x6 __ 200x5 x
(a) 1 = 11 , Co = 11 4

(b) C1 = 90, Co = 108. q
(c) 1 =100, ¢y = 100.
(d) none of the above. %%

. The domestic supply and demand equa@ a commodity
50 + ), Demand:

pees per kilogram and

in a country are as follows: Supply:
P =200 — 2@Q), where P is the pricg i
@ is the quantity in thousands ff kilSgrams. The country is a
small producer in the world market where the price (which will

not be affected by anyt e by this country) is Rs. 60 per

kilogram. The gove n® of this country introduces a “Permit
Policy” which w follows. The government issues a fixed
number of P@ ¥ each Permit allows its owner to sell exactly
100 kilo ol the commodity in this country’s market. An
expor&o a foreign country cannot sell this commodity in
t&(\)umry unless she purchases such a Permit. Suppose the
4 verfiment issues 300 Permits. What is the mazximum price an

xporter is willing to pay for a Permit?

(a) Rs. 3000.
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(b) Rs. 2000.
(c) Rs. 1500.
(d) Rs. 1000.

3. SeaTel provides cellular phone service in Delhi and has some %b
monopoly power in the sense that it has its captive customer base b
with each customer’s weekly demand being given by: () = 60— P, b
where () denotes hours of cell phone calls per week and P is the %
price per hour. SeaTel’s total cost of providing cell phone service ,))
is given by C' = 20Q), so that the marginal cost is MC = 2 x
Suppose SeaTel offers a “Call-As-Much-As-You- Wish” de %\
charges only a flat weekly access fee, and once a custon%\%
the flat access fee, he/she can call as much as he/she gwishes wWith-
out paying any extra usage fee per hour. The @cess fee

that SeaTel should charge to maximize its pr% en by

(a) 1800.

(b) 1200. 3‘
(c) 800. (/
(d) 40. \/
4. A bus stop has to b on the interval [0, 1] . There are three
individuals locate ints 0.2, 0.3 and 0.9 on the interval. If the
bus stop is tefl at point x, then the utility of an individual

located ™» — |y — x|, that is, the negative of the distance
betwe&e us stop and the individual’s location. A relocation
e bus stop is said to be Pareto improving if at least one

@Vidual is better off and no individual is worse off from the

location. A location of the bus stop is said to be Pareto efficient

Q~; if there does not exist any Pareto improving relocation. Then
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(a) 0.5 is the only Pareto efficient location.

(b) 22403409 g the only Pareto efficient location.

(c) Median of 0.2, 0.3 and 0.9 is the only Pareto efficient loca-

tion.

(d) none of the above.

5. Consider three goods: (a) cable television, (b) a fish in interna-
tional waters, and (c) a burger. Also consider four descriptions

of the goods: (A) non-rival and non-excludable, (B) rival and

excludable, (C) non-rival and excludable, and (D) rival and noﬂ

excludable. In what follows we match goods to possible des&
(d) (2)-(C), (b)-(D), (c)-(B). \?»
Consider an economy consistingCA

ree individuals — 1, 2 and

tions. Choose the correct match.

3, two goods — A and B EW single monopoly firm that can
produce both goods gt z ost. Each individual would like to
buy exactly 1 unit ¢f bods A and B, if at all. An individual’s
valuation of a 1S defined as the maximum amount she is
willing to p &ne unit of the good. Individual 1’s valuation
of gom&%& 10 and that of good B is Rs. 1. Individual
2’s yaluatden of good A is Rs. 1, and that of good B is Rs. 10.
&dual 3’s valuation is Rs. 7 for good A, and Rs. 7 good B.
& firm can charge a single price p4 for good A, a single price

p for good B, and a bundled price p4p such that if an individual

Q~E pays pap then she gets the bundle consisting of one unit each of
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goods A and B. If the monopolist sets p4, pg and p4p to maximize
its profit then

(a) pa =11, pp =11, pap = 11.
(b) pa =11, pp =11, pap = 14. b
(¢c) pa =10, pp = 10, pap = 11. b%

(d) none of the above. %b

7. Consider a Bertrand duopoly with two firms, 1 and 2. Both
firms produce the same good that has a market demand func
tion p = 10 — ¢q. The market is equally shared in case the ,\
charge the same price, otherwise the lower priced firm %
entire demand. A firm must satisfy all the demangscoming to
it. The cost function of firm 1 is 3¢, that of ﬁr%@g. Sup-

L

pose prices vary along the following grid, {0g®. "...}. The

Bertrand equilibrium is given by C
(a‘) p1:2)p2:2- &
() pr =3, ;=2 @

(c) pr =3, p2 =2.09.

an-snes ngf

8. Consider a mon, ith a market demand function p = 20—gq.

It is a multizdantymonopolist with two plants, plant 1 and plant

2, Wher&
2+4q1, if q; > 0,
& ci(q) = )
x 0, otherwise.

Qhe optimal monopoly profit is given by

Q~?~ (a) 60.

plant specific cost function of plant i , i = 1,2, is
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(b) 64.
(c) 68.
(d) 62.

9. Consider a closed economy in which an individual’s labour supply
(L) to firms is determined by the amount which maximizes her
utility function u (C, L) = C%(1—L)?, where o, 8 > 0, a4+ < 1, @
and C' is consumption expenditure which is taken to be equal to ,))%

wage income (wL). Then

(b) labour supply is directly proportional to the wage r

(a) labour supply does not depend on the wage rate w. /\x
w.

(c) labour supply is inversely proportional to the wage rat

(d) more information is needed to derive the la% ply.

10. In the scenario described in Question 9, as t the economy

is Keynesian, that is, investment expenditurg/ /) is autonomous
regqte demand, Y = C + I.
iven by Y = AL?, where
A > 0 is a productivity parameter and 0 < 6 < 1. [Note that the

firm’s employment of 1ab§1~ tained by equating the marginal
nt

product of labour to @
is a ‘
a+pB 0
o T'\z\
(b) 5
VQ«
Q&& ).
» Consider a Solow growth model (in continuous time) with a pro-
Q~ duction function with labour augmenting technological change,

and output (V') is determined by a

The aggregate production functipn i

he marginal propensity to consume

5
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Y, = F(Ky, AiL;), where Y; denotes output, K; denotes the capi-
tal stock, A; denotes the level of total factor productivity (TFP),
and L; denotes the stock of the labour force. Assume that L,
grows at the rate n > 0 and A; grows at the rate g > 0, that is,
% = n and é = ¢, and the capital accumulation equation is given
by K = sY; — 6K, where s € [0, 1] is the exogenous savings rate,
and ¢ € [0,1] is the depreciation rate of capital. [Note that for
any variable x, © denotes ‘Zl—f.] Define capital in efficiency units to

be Z = 4. Then the expression for % is given by

—

(a)
(b)
(c)
(d)

_ sfZ

G _(6+n+g)'
i 9

Z

A &

12. In the Solow growth model described in 8%11, the growth
rate of Y at the steady state is given

(a) n+g. (/

(b) 0 +n+g.

»

—

—

o

»

—

NIN- NN NN NN

(c) zero. ?\V
(d) n. %
13. Consider a -LM model where the IS curve is represented by

M

¥ =

tes government expenditure, ¢ denotes the interest rate, P is

% price level and e is the exponential. Suppose the government

ants to increase spending and therefore the central bank decides

0.25Y = G — i, and money demand function is given by
é he notations are standard: Y denotes output, G

th to change the money supply accordingly such that the interest

sf(Z x
—L_n .
f (n+g) /\
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rate remains the same in the short run. Then the change in
money supply satisfies the following condition:

(o) % =

(b) 4 =

(©) 3 =

(@) 4 =

< <<= 7

14. An agent lives for two periods. Her utility from consumption

in period 1 (¢;) and consumption in period 2 (c3) is given IA

u(cy, c2) = log(er) + Blog(ea), where 0 < § < 1 is the disc %

factor reflecting her time preference. The agent earns inc
in period 1 and wy in period 2. The rate of interegt is
The agent chooses ¢; and ¢y so as to maximize u( %bject to
her budget constraint. Consider a temporary in income
where w; increases but the agent does not %

about wsy. Then the marginal propensi

r expectations

nsume of present

dc,

(a)ﬁ(l—i—l—ir). C

(b) 148 V
© iﬁ " <Z~g?s
0 QF

15. In the 1 descrlbed in Question 14, consider a permanent

consumption with respect to wy

increase M income where w; increases and the agent expects that

dcl

ill also increase by the same amount. Then Z&- is given by

Q 1+ ).

Q-

B
(b) %a) ()
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© .
() 1.

16. For what values of a are the vectors (0,1,a), (a,1,0),(1,a,1) in

R3 linearly dependent? Qb

(a) 0.
(b) 1.

2
@ vz N
Q/\

17. Which of the following set of vectors form a basis of R2?q

(a) {(2,1)}.

(b) {(1.1).(2.2)}. (OQ/(O
(o) {(1,1),(1,2),(2, 1)} (O

(d) {(1,1),(2,3)}.

18. If a candidate is good he is seledged jn MSQE examination with
probability 0.9. If a candigate is bad he is selected in MSQE
examination with proba ‘VZ Suppose every candidate is

equally likely to be bad. If you meet a candidate who is

selected in the amination, what is the probability that

he will be %i?
(a)

(i
o

2
= ezl }\

—~
(o8

~—

ol

%
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19.

20.

21.

Let S1 = {2,3,4,...,9}. First, an integer s; is drawn uniformly
at random from S;. Then s; and all its factors are removed
from S;. Let the new set be S;. Next an integer s, is drawn
uniformly at random from S,. Then sy and all its factors are
removed from S;. Let the new set be S3. Finally, an integer s3
is drawn uniformly at random from S5. What is the probability

that S1 = 2,82 = 3,53 =57
(a) §
(b

(c
(d)

~— =
[=2]

1
3
1
4
L
16
L
72

Mr. A and B are independently tossing a coin. eW’cgins have
a probability 0.25 of coming HEAD. After eacl% tossed the

coin twice, we see a total of 2 HEADS. V% he probability
that Mr. A had exactly one HEAD?

&
(© A\Y
H\s

Consider th%llo ing function f: R — R.
A )
flz) =

(a)
(b)

W= = IR Wi

ifz<e

& z(logex) if x> e.

Q}ich of the following is true for f7

&

(a) f is not continuous at e.

8%
S\
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& o

(b) f is not differentiable at e.
(c) f is neither continuous nor differentiable at e.

(d) f is continuous and differentiable at e.

22. Let f:[—1,1] — R be a continuous and weakly increasing func-

tion such that fjl f(z)dx = 2f f(=x)dz. Suppose f(—1) =0,
then f(1) is

(a) 0.

(b)
(c)

(d) none of the above. q

—_

N [—=

23. Let ACR and f: A — R be a twice continuou ifgfentiable

function. Let z* € A be such that %(az*) onsider the

following two statements: (i) if %(x*) < x* is a point of

local maximum of f; (i7) if 2* is a poi cal maximum of f,

then 2 f( *) < 0. Which of the f ing¥is true?

(a) both (i) and (ii) are c rrect
(b) both (i) and (i) ar

(c) (7)is Correct 1s incorrect.

(d) (4) is cc@ is incorrect.

24. COHSld nction f(z) = €” for all x € R. Which of the

follgw true?
& is quasi-convex.
(b) f is quasi-concave.

f is neither quasi-convex nor quasi-concave.

10

8%
S\
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(d) f is both quasi-convex and quasi-concave.

25. Consider the following matrix A.

x 0 Kk b
A= r k-3 Q)
01 1 b

Suppose determinant of A is zero for two distinct real values of %

x. What is the least positive integer value of k7

(a) 1. \'
(b) 9. QQ/\
e &

26. Define the following function on the set offa, tive integers.
2X4x...X if n is odd
f(n) =
I1x3x...x if n is even.

@équence {Zn}n>0 is defined as follows. We set 2o = 1 and

n = Z?:_ol x; for each integer n > 1. Then the value of the

Q ?\ expression » 7 L is equal to
J

11
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28. For what values of p does the following quadratic equation have

more than two solutions (variable in this equation is x)? q b

(p* = 16)z” — (p* —4p)a + (p* —5p +4) = 0 \’
(a) No such value of p exists. /\
(b) —4 and 4. QQ
(c) 1 and 4.
(d) 4. (</9
%own in the fol-

re adjacent if they

29. Consider the square with vertices A, B, C

lowing figure. Call a pair of vertices in

are connected by an edge in the re.¥You have four colours:

) O

12
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(a) 84.
(b) 24.
(c) 72.
(d) 108.

30. Two players P; and P, are playing a game which involves filling

the entries of an n X n matrix, where n > 2 is an even integer. b
Starting with P;, each player takes turn to fill an unfilled entry of ,))%

the matrix with a real number. The game ends when all entries
are filled. Player P; wins if the determinant of the final matrixﬂ

non-zero. Else, player P, wins. A player i € {1,2} has a win
strategy if irrespective of what the other player does, ¢ b

following this strategy. Which of the following is tr%

(a) Player 1 has a winning strategy. c‘%

(b) Player 2 has a winning strategy.

(c) No player has a winning Strat@‘
(d) None of the above. <
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Group A

1. [25 marks: 6 + 7 + 12]

Ms. A earns Rs. 25,000 in period 1 and Rs. 15,000 in period 2.

Mr. B earns Rs. 15,000 in period 1 and Rs. 30,000 in period 2. b
They can borrow money at an interest rate of 200%, and can lend b%
money at a rate of 0%. They like both consumption in period 1 b

(C4) and consumption in period 2 (Cy), and their preferences are ,))%

such that their chosen consumption bundles will always lie on

their budget lines. 4&

(a) [6 marks]

Write down the equations of their budget congraintsdand

draw their budget lines in the same figure t#ing con-
sumption in period 1 (C;) (in thousan on x-axis

and consumption in period 2 (C5) (ipthoyghnd rupees) on

y-axis.
(b) [7 marks| 3‘
Given the income profile angﬂ{e market interest rates, Mr.

B chooses to borro RWOO in period 1.

Give an examp Eonsumption profile (that is, (Cy, Cs))
such that, i chooses this profile, we would know for
sure thay and Mr. B have different preferences for
con; jon in period 1 (C4) and consumption in period 2

(€3 ve a clear explanation for your answer.

&12 marks: 6 + 6]
& Suppose now that Ms. A and Mr. B have the same pref-

erences for C; and Cy, and, as in part (b), Mr. B borrows

Q~E Rs. 5,000 in period 1.



i. Suppose that Ms. A chooses to be a lender in period
1. Find out, with a clear explanation, the mazimum
amount that she will lend in period 1 consistent with
the fact that they have the same preferences for C'; and
Cs.

ii. Explain clearly whether Mr. B is better off than Ms. A.

2. [25 marks: 6 4+ 12 + 7]

Consider an exchange economy with two agents 1 and 2 and two

goods X and Y. There is one unit of both goods in the economy\x

An allocation is a pair {(Xi,Y1), (X2, Y2)} where X; +

1, Y1+ Y, = 1, and (X1,Y]) and (X5, Y3) are the COHSQI
bundles of agents 1 and 2 respectively. The utility fanctiod for
agent 1 is given by u; (X1,Y7) = X; - Y] and th %nt 2 by

us (Xo,Ys) = 2X5 4+ Y5. C

(a) [6 marks]

Describe the set of Pareto-eflitient ®llocations in the econ-

omny.

(b) [12 marks: 6 + 6] V
An allocation @;l) , (X2,Y2)} is envy-free if no agent
strictly prefgrith onsumption bundle of the other agent to
;s up (X1, Y1) 2> g (Xo,Ys) and g (Xo,Ys) >

&o sider each of the two statements below. Decide

whether they are true or false. Justify your answer with

Qx& a proof or a counter-example as appropriate.

A. All Pareto-efficient allocations are envy-free.

Q~E B. All envy-free allocations are Pareto-efficient.



3.

ii. Describe the set of envy-free allocations in the economy.

(c) [7 marks]

Suppose each agent has an endowment of half-unit of each
good. Prove without direct computation that the com-
petitive equilibrium allocation is both Pareto-efficient and

envy-free.

[25 marks: 7+ 3+ 3 + 12]

Two flat-mates, 1 and 2, rent a flat and play their own music
on the only CD player owned by the flat-owner. They both lih(\
their own music, but dislike the music played by the other pe
Given the timing constraints, each one must play her o

when the other person is also present. Let m; denot%amount

of music played by 7, and Y; denote her amount o

Individual #’s utility function is %
3 :

ui(ml,mQ,E)=8mi—2m?—§m§ J=121#].

holding

(a) [7 marks]
How much music Would ea(gh{iividual play? What is the
efficient amount of &\ each individual? Is the amount
a

of music actuall d more or less than the efficient level?
Explain the etn ic intuition for your answer.

(b) [3 markg

Su e that individual 2 is considering to gift a headphone
& flat-mate on her birthday. Assume that she does not

et any utility from just gift-giving. What is the maximum

A price she is willing to pay for the headphone?

&

(¢) [3 marks]

Suppose that the price of the headphone is Rs. 11. Does it

3

o
&
QS
R



make sense for the two flat-mates to jointly buy a headphone,
sharing the price equally, and making a binding commitment
that they would each listen to their own music only via the

headphone?

(d) [12 marks]

Now suppose that the CD player is owned by individual 1
so that she can prevent individual 2 from playing any music
at all. Suppose individual 1 can offer a take-it-or-leave-it

contract that looks like the following:

“I shall play music at a level m;, and you can play

the level ms in return for a sum of Rs. T.”

In case the offered contract is rejected, i ; 1 selects
my unilaterally, and individual 2 can any music of
her choice. Solve for the optima e@f my, Mo and T.

Discuss the economic intuition for ¥bur answer.

,\’»



Group B

1. [25 marks: 24 10 + 13]

Consider a country where there are only two provinces — A and
B. The production function to produce a single output Y is
given by Y = F(N“ + NP) where F is a concave function and
N represents employees from province 7, i = A, B. Wages paid to
the employees are given by W, i = A, B. Price of the final good
Y is denoted by P. The employers are price takers and take P,

W4 and WE as given. /\

(a) [2 marks]

Write down the expression for an employer’s pro%as ne-

tion of N* and NZ, 7 (N4, NP).
(b) [10 marks] %

An employer chooses N4 and NZ to%mize
U (NA,NB) =u (7T A B) ,NA,NB) ;

d
where 3% > ﬁ > 0 and™: < 0. The last two con-

ditions on u N 4 y that the employer prefers em-
% b

ployees from pr ut dislikes employees from province

B.

Write n the first order conditions for the employer’s max-

imizag roblem assuming an interior solution.
(c [Aarks]

x equilibrium do the employees from different provinces get
the same wage? If yes, explain your answer. If not, then

determine, with a clear explanation, which employees are

Q~ paid more and by how much.

o
&
QS
R



2.

&

[25 marks: 4 + 5+ 8 4 §]

Consider a concave utility function u(c, I) where ¢ represents con-
sumption good and [ represents labour supply (working hours, to
be precise). While utility increases with the level of consumption
good, increasing working hours reduces utility. Wage per hour
of labour is given by w, thus working for [ hours will ensure wl
amount of total wage which is denoted by y, that is, ¥y = wl.

Given this, the utility function can be written as u(c, £). The

price of the consumption good ¢ is given by p. Also L is a fixed x

number of hours representing total time available to an agent arﬁ\

L — [ represents leisure. [In all the figures you are asked to @

below, plot y on z-axis and ¢ on y-axis.|

(a) [4 marks]

Derive the slope of an indifference curve %%ﬁtility func-
tion u(c, £) on the y-c plane. %
(b) [5 marks|

Demonstrate the agent’s utifity imizing choice of y and ¢
in a figure by plotting her bu

for the utility functj W%)
(c) [8 marks] E

Experime ppose there is an increase in w. Demon-

strate gdnt’s new utility maximizing choice of y and ¢ in

th&e e Mgure as in part (b). [Show clearly how the agent’s
u

b

the increase in w.] Compare the old and new choices with a

line and indifference curves

t line and/or indifference curves change as a result of

Q brief economic explanation.
(d) [8 marks|

Experiment 2: Suppose, instead of an increase in w, there is

6



a tax imposed on income. That is, the after-tax income
of the agent is (1 — 7)y where 7 is the proportional tax
rate. In a new figure demonstrate the agent’s new as well
as old (as in part (b)) utility maximizing choices of y and c.
[Show clearly how the agent’s budget line and /or indifference
curves change as a result of this proportional tax.] Compare

the old and new choices with a brief economic explanation.

3. [25 marks: 4 +3 410 44 + 4]

Consider an agent who lives for three periods but consumes on

in periods two and three where the consumptions are denote

¢o and c3 respectively. Her utility is given by u (cs, ¢3) =1 %
flog(cs), where 0 < B < 1 is the discount factor reflec

time preference. She invests an amount e in educ @he first
period which she borrows from the market at terest rate
r > 0. Her income in the second period 1%’ where w is a

fixed wage rate per unit of human capi ) is the amount

of human capital that results from igvestnent in education (e) in

the first period. Assume that hfe) ig¥n increasing and concave
function of e. The agent re ays her education loan in the second
period. She has no inco e third period. But she can save
(s) in the second p 'Y’r{n her income on which she receives

the return s (1 + e thlrd period to meet her consumption

expenditure. 0
(a) | ]

Write down the agent’s period 2 and period 3 budget con-
raints separately.
@ b) [3 marks]
Q. Set up the agent’s utility maximization problem by showing



her choice variables clearly.

(c) [10 marks]

Write down the first order conditions for the agent’s utility

maximization problem.

(d) [4 marks| b%%

Derive the ratio of consumptions in period 2 and period 3,

i—j, in terms of the parameters of the model.

©
Re)
(e) [4 marks] \’,))

Explain how investment in education, e, depends on the %{\

erence parameter 3. q



Group C

1. [25 marks: 5+ 10 + 10]

Consider a street represented by the interval [0, 1]. Three agents,
{1,2,3}, live on this street. Agent i € {1,2,3} lives at x; € [0, 1], Q)b
and assume that z; < x5 < x3. Suppose we locate a hospital at b

a point p € [0, 1].

©
(a) [5 marks] /))%

We say p is square-optimal if it minimizes 2?21(% _ p)zﬂx

Derive the square optimal value of p. Q

(b) [10 marks]

We say p is absolute-optimal if it minimizes ¥ _sm|z; —p).

i. Argue that if p is absolute-optimal, %f [1, x3).
ii. Use this to derive an absolute—op@ 4

(c) [10 marks]

Now suppose that n agents > ...,n}, live on this street

where 11 < 29 < z3... < z,, all n is an odd number. Derive

an absolute-optima

2. [25 marks: 745 —i—E%"
D

Two random% s r1 and xo are uniformly drawn from [0, 1].

Define th%

) =p x Probability[ p > max(x1, z3)] vV pelo1].

(p
QN' marks|
?5 Derive, with a clear explanation, the expression for G(p).

g function:



(b) [5 marks|

Plot G(p).
(c) [5 marks]

Is G convex or concave in p? Give clear explanations for

your answer.

(d) [8 marks]

Find max,cp1 G(p).

Let X C R and f: X — X be a continuous function.

3. [25 marks: 7+ 9 + 9] /\

(a) [7 marks]

Suppose X = [0, 1]. By using the Intermedf ue Theo-
éa}

rem, show that there exists z* € X s f(z*) ="
(b) [9 marks|

In each of the cases below, e whether there exists
x* € X such that f(z*) =

providing a proof or a u er- example

contmuous
ii. X = 3] and f is continuous.

iii. X =0, ut f is not continuous.

© 19 »%s
& [0,1] — [0,1], 7 = 1,2,...,m, be a collection of m

&gontmuous functions. Prove that there exists z* € [0, 1] such

?gxthatzllfz ) = ma.
&

stify your claim by either

10

o
&
QS
R
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1. Consider the functions

$sin% ifx=#£0
f(x):{o 2 if 2 =0

and ) (1)
_ foatsin(y) ifx#0
9(@_{ 0 itz =0

Then %b
(a) f is differentiable at zero but g is not differentiable at zero b
(

)

b) g is differentiable at zero but f is not differentiable at zero
)
)

(¢) f and g are both differentiable at zero ’b%

(d) Neither f nor g is differentiable at zero

2. How many ordered pairs of numbers (x,y) are there, where x,{‘
{1,2,...,100}, such that |z —y| < 507

)
b) 5050 % l:
(c) 7550 Q/
) None of the other options are correct C
3. Let ABC be a right angled isosceles triangl% angle ZABC being

right-angled. Let D be the mid-point o be the foot of the
perpendicular drawn from D to the side A&, and F be the foot of the

perpendicular drawn from E to thegide . What is the value of %?

PN
N

one of the ot opsions are correct

Sl

(a)
(b)
()
(d)

4. Suppose that tﬁe 30 MCQ type questions where each question has

four optiong: #C,D. For each question, a student gets 4 marks
for a co&‘ swer, 0 marks for a wrong answer, and 1 mark for not

attemptingWhe question. Suppose in each question, the probability that
optl&él1 is correct is 0.5, option B is correct is 0.3, option C' is correct
9% d option D is correct is 0. Two students Gupi and Bagha have
cMe about the right answers. Gupi answers each question randomly,

t is, ticks any of the options with probability 0.25. Whereas Bagha
%ttempts each question with probability 0.5, but whenever he attempts a
% question, he randomly ticks an option. Which of the following is correct?
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(a) Both Gupi and Bagha have expected scores more than 30

(b) Gupi’s expected score is greater than or equal to 30 and Bagha’s
expected score is strictly less than 30

(c) Gupi’s expected score is less than or equal to 30 and Bagha’s ex-
pected score is strictly more than 30

(d) None of the other options are correct

8=

5. Evaluate: lim [63“’ - 5:1:]

©
e

T—00
o P
(b) 3 f))
(c) 1 N
(d) None of the other options are correct 4
6. Suppose f(z) = li:gl’ for z 73 Then, lim f(x) : E
- PUPP , for x =3 ) " 13 )

(a) is -1 %%
(b) is 0

(c¢) does not exist %

(d) is 1 %

7. Consider the following system of qu S x, Y,z

x4+ 2y — = a
20 +8y —, 11z = b
?ﬂg +72 = ¢
For what values of a, §, c¥does the above system have no solution?
(a) ¢+ 2b— baF
(b) ¢+ 2b = OIS
(c)

C +& =0
(d) None oPthe other options are correct

Q%'e ence x, is given by the formula: for every positive integer n
?\ xy =n> —9n® + 631.
E T

he largest value of n such that x, > z,11

Page 2
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(a) is 4

(b) is 5
(c) is 6
)

(d) None of the other options are correct

9. Suppose an unbiased coin is tossed 10 times. Let D be the random b
variable that denotes the number of heads minus the number of tails. %

What is the variance of D?
(a) 10 b
1 >
(c) 0 )
) None of the other options are correct ﬂx

(d
10. Suppose we are given a 4 x 4 square matrix A, which satisfies %

if ¢ < j. Suppose the each diagonal entry A;; is drawn ul at
random from {0, 1,...,9}. What is the probability that %as ulfrank?

(a) 1o Q/
(b) 2 (9
() 1— 1k (O

(@ ()"

11. Let a and b be two real numbers e #0and g : R - Ris a
continuous function which satisfies

g(g(x)) = agw bx VaeR.
‘Which of the followin @Ee

true?

(a) g is strictly igge e
(b) g is stric ecpeasing
(c) lim, aWis finite

12. F A{y positive integer n, let S(n) denote the sum of digits in n. For
& ce, S(387) =3+ 8+ 7= 18. The value of the sum

S(1)+ S(2) + ... + S(99)
Qﬁ?‘.

1S

Page 3
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13. Suppose five cards are randomly drawn without replacement from an b
ordinary deck of 52 playing cards, with four suits of 13 cards each, which %
has been well shuffled. Let a flush be the event that all five cards are of b
the same suit. What is the probability of getting a flush?

@ S %(o
(b) S \?3

4P 13C
(¢) —%p Q/\

4C 120
(d) S

14. Evaluate: [2"Inxzdz, where n > 1 %%

(a) lnx% — ﬁx”“ +c %
(b) lnx% — maz %

)

)

gntl _ 1 n+1
(¢) maf mrT e

None of the other options are gérre

15. The area of the region boundgd by the curve y = In(z), the Y — azis,
and the lines y = 1 and y =g 1

ise— Q :
None %&)
16. A price @minating monopolist finds that a person’s demand for its
pr(& depends on the person’s age. The inverse demand function of
€0

& of age y, can be written p = A(y)—q where A(y) is an increasing
&;c fon of y. The product cannot be resold from one buyer to another
the monopolist knows the ages of its consumers. (This is often the

?\éase with online subscriptions.) If the monopolist maximizes its profits,
% t

a) i
b
C

d

w0
N ol

is

—~ o~

=

—

®

—~
~— ~— ~— ~—

er options are correct

hen

Page 4
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(a) older people will pay higher prices and purchase more of this prod-
uct compared to younger people

(b) everyone pays the same price but older people consume more

(c) older people will pay higher prices compared to the younger people
but everyone will consume the same quantity of the product

(d) None of the other options are correct

17. Pam’s family consists of herself and her 3 sisters. They own a small farm

18.

in the agricultural sector in Agri-land. The value of their total output
is $4000 which is divided equally amongst the four. The urban sector
has two kinds of jobs: informal sector (which anyone can get) pays $500
and formal sector jobs give $1200. Pam would like to maximize her own

proportion of formal sector jobs to urban labor force that would

total income and calculates her own expected returns to migration. Tgex
t

her from migrating is: q
(a) Less than 2/3 q
(b) More than 5/6

)

| 9
(¢) More than } %

)

(d) Less than 5/7
i %al area of China. Hu

i sells low quality ones.

Hu and Li are two dealers of used tractor
sells high quality second hand tractors wh
tractor at $8000 while Lu

Hu would be willing to sell his hig i
would sell his low quality one for $§000p Consumers are willing to pay

up to $10,000 for a high quality tractor and $7000 for a low quality
one. They expect a 50% c
tractor. In order to signal

buying a high quality second-hand
uality of their tractors Hu and Li can
offer warranties. The arranty for a high quality tractor is 500Y
and 1000Y for a lo aly one (Y is the number of years of warranty).
What is the opti mber of years of warranty that Hu should offer

so that consumeng kifow his tractors are of good quality?

(a) Le& years
(b) .5 years

re than 1.5 years

%) years
Q ?\Suppose the capacity curve for each laborer is described as follows: for

all payments up to $100, capacity is zero and then begins to rise by 2

Page 5
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units for each additional $ paid. This happens until the payment rises
to $500. Thereafter, an additional $ payment increases work capacity by
only 1.1 units, until total income paid is $1000. At this point additional
payments have no effect on work capacity. Assume all income is spent
on nutrition. Suppose you are an employer faced by the above capacity
curve of your workers. You need 8000 units of work or capacity units.
How many workers would you hire and how much would you pay each
worker so that you get 8000 units of work at minimum cost?

(a) 5 workers; $1000 per worker
(b)

(c) 10 workers; $500 per worker
(d) 15 workers; $400 per worker

10 workers; $700 per worker

20. Suppose you were to believe that “money illusion” exists, th g

prices and income rise proportionally, then people buy more. clp of
the following statements about demand should not be true?

(a) Demand functions are downward sloping %
(b) Demand functions are homogenous of degre er%
(c) Demand has a positive vertical intercept, %

) %one

(d) Demand functions are homogenous o

21. Consider a Bertrand price competiti 1 between two profit maxi-
mizing widget producers, say A and B. #he marginal cost of producing
a widget is 4 for each producer. EaclWwidget producer has a capacity
constraint to produce only s. There are 8 identical individuals
who demand 1 widget only, alue each widget at 6. If the firms are
maximizing profits, llowing statement is true:

th
(a) Firm A and \&Tharge 4
(

b) Firm A ill charge 6
(c) F
)

(d) None 8 the other options are correct

ir B will charge greater than or equal to 5

22. @rnment estimates the market demand (Qp) and market supply
syfo

r turnips to be the following: Qp = 30 — 2P, Qg = 4; where P

he per unit price and @ is the quantity measured in kilograms. The
overnment aims to increase the market price of turnips to $8 per unit

Page 6
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to improve the welfare of domestic producers of turnips. Is is consider-
ing three possible choices: (i) a per unit subsidy; (ii) a price floor and
purchase of any surplus production, and (iii) a production quota. Which
of these policies should the government adopt if it wants to maximize
the producers’ welfare but minimize the loss of efficiency?

(a) A production quota b
(b) A price subsidy %
(c) Either a price subsidy or a price floor b

(d) Either a production quota or a price floor b

5 / b
. A monopolist faces a demand curve: ¢ = —. Her cost function is: C' (¢) =
p i x

3q. Suppose, in the same market, there are some competitive supp
ready to sell the good at the price p = 5. The monopolist’smro
maximizing price and output could be given by : Q

p .
— _ 5
_ _ 5
5 c‘}

w

[\
©

(d) p=4.99, ¢= 15

©

. The consumption function is given by B with 8 = 0.5 and
A = 0.3. The marginal propensity to saye is

(a) equal to 0.5
(b) increasing in income, Y V
(c) equal to 0.3 ?\

)

(d) equal to 0.7

. The production f
straint is give

A, B, and

cWon is given by Y = AL. The wage rigidity con-
> B. The labour endowment is given by C. Here
nite and positive constants. Assume that the entire
mant is supplied. If A > B, then in a labour market equi-

Page 7
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26. Consider the Mundell-Flemming model with perfect capital mobility and
a flexible exchange rate in the short run. A monetary expansion leads
toa/an _______ in output; a fiscal expansion leads to _____ in output.

(a) decrease; no change

(

)
b) increase; decrease Q
(c) increase; no change %
(d) increase; increase b

27. Mr. X has an exogenous income W and his utility from consumption ¢ q b

is u(c). Mr. X knows that an accident can occur with probability p and

if it occurs, the monetary equivalent to the damage is T. Mr. X can
however affect the accident probability p through the prevention eﬁ'orx
e. In particular, e can take two values - zero and a and an assump,

is that p(0) > p(a), that is by putting prevention effort, probahj

occurring an accident can be reduced. Let us also assume t, r.

X puts an effort e, the disutility from the effort is Ae? whe is the

per unit effort cost. What is the critical value of A, A# below which

the effort will be undertaken, and above which the@%ﬁll not be

undertaken, by Mr. X 7
(a) A* = O=pOOV=T)—uw) %

. _ Dbl -p(O)]a® ':9
(b) A" = Ew—r)—utmy]

p(a)

(C) A* = u(VXfEOT)")aQ
* a)p(0)a?
(d) A*= u(%zzfr()i(m \/

28. Labor supply in macro gad&f results from individual decision making.
Let ¢ denote an indi iq'bconsumption and L denote labor supply.
Assume that indivi@;; lve the following optimization problem

11
]\{{%m} U(e,L) =logc— §5L2

subject &—l— S = wL where U(-) is the utility function, b > 0 is a
congfant, S is a constant exogenous level of savings, and w is the real

w%;, person can earn in the labor market. Derive the optimal labor
@3 Tt is

(a) increasing in wj; increasing in ¢

%E (b) decreasing in w; decreasing in ¢

Page 8
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29.

30.

(c) increasing in w; decreasing in ¢

(d) decreasing in w; increasing in ¢

Consider a Solow economy that begins in steady state. Then a strong
earthquake destroys half the capital stock. The steady state level of
capital ______ , the level of output_____ on impact, and the growth rate of

the economy_____ as the economy approaches its steady state. %b

decreases; decreases; decreases

(a)

(b) remains the same; decreases; decreases
)
)

(c) remains the same; decreases; increases ’b%

(d) decreases; remains the same, decreases
Suppose the economy is characterized by the following equations 4
C = c¢+aYp q
Yp = Y -T
I = by+bY

where C' = Consumption, ¢g = Autonomous Co %n, c € [0,1],

Yp = Disposable Income, Y = Aggregate GDP & es, I = Investment, by =
Autonomous Investment, and by € [0, 1]. For ultiplier to be posi-
tive, what condition needs to be satisfied?

Page 9
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Group A
1. [30 marks: 5410 +15].
Let X3, ..., X;, be independent and identically distributed random variabl
with a uniform distribution on (0, ] where 6 > 0.
(a) [5 marks] Write down the joint probability density function of X¢, .
suppose the value of 6 is unknown. Find the value of § Tha#§ maximizes

the joint p.d.f. in part (a) given that xy, ..., z, have b rved. (This
is called the maximum likelihood estimate of 6.)

(b) [10 marks] Suppose z; is a realization of Xj, for each i ?%N And
s

(c) [15 marks] Consider the function: y? = 2x

(i) Find the maximum value of f over,t fon {(z,y) | 222 + 3y® —

22 < 100} %
(ii) Find the minimum value of e region {(z,y) | 222 + 3y —
22 > 100}

2. [30 marks: 3+5+10+6+@
A tournament consists of n PYayers and all possible C(n,2) = M pair-

wise matches between thWhere are no ties in a match: in any match one
of the two players win! e score of a player is the number of matches she
wins out of all he matches in the tournament. Denote the score vector

of the tourna s = (s1,...,5,) and assume without loss of generality
S1 > S9 > .
(a) ( For any 2 < k < n, show that s; + ...+ s > C(k,2), where

k(k—1
2) = AL,

b) (5 marks) Suppose n > 3 and players 1,2,3 win every match against
players in {4,...,n}. Find the value of s4 + ... + 5,7

Q (c¢) (10 marks) Suppose s, = Sp,Sn—1 = So + 1,Sp—2 = so + 2 for some
positive integer sg and n > 3. Show that

Qﬁ?‘ o < (n—22)7(ln—3)'

(d) (6 marks) A tournament generates a score vector s such that

sj—sj41=1forall je{l,...,n—1}.

©
e



What is the score vector of this tournament? For every Player j, who does
Player j beat in this tournament?

(e) (6 marks) Suppose there are six players, i.e., n = 6. There is a tourna- %b
ment such that each player has a score of at least two and difference i b

scores of any two players is not more than one. What is the score Ve%
tor of this tournament? Construct a tournament (describing who

who) which generates this score vector. fb
3. [30 marks: 6+6+6+4+8] x
Consider the following equation in z: qﬂ
(z—1)(x—2)---(x —n) =k, (1)

where n > 1 is a positive integer and k is a péa ber. Argue whether
the following statements are true or false by pWviging a proof or a counter
example.

(a) (6 marks) Suppose n = 2. Th %eal solution to Equation (1) for
every value of k.

(b) (6 marks) Suppose n =§3. Tl¥re is a real solution to Equation (1) for
every value of k.

(c) (6 marks) For aE%’V and for every positive integer n > 1, there is a
a

real solution ion (1).

(d) (4 markg)§ForN\all & < 0 and for every odd positive integer n > 1, there
is are tion to Equation (1)

(e) ( For all k < 0, there is some even positive integer n such that
& al solution to Equation (1) exists.

N
&
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Group B

1. Consider an economy inhabited by identical agents of size 1. A represen- %b

tative agent’s preference over consumption (¢) and labour supply (1) is
given by the utility function

wle, ) =c* (24—, 0<a<1. %b
Production of the consumption good c is given by the prod:/ictig:bnc—

tion ¢ = Al, where A > 0 is the productivity of labour. com-
modity market and labour market are perfectly competi% the buyers
and sellers take the price as given while taking dem nd supply de-
cisions. Let us denote the hourly wage rate by d price of the
consumption good by p > 0. “@

(a) [25 marks: 13 + 7 4 5] Competitive Egfiilibrj

A competitive equilibrium is given b cation of consumption and
labour, (CCE ,lCE), and the relat%' ratio, %, such that, given w

and p, a representative agent j her labour supply, ¥, and con-
sumption demand, ¢, to maxin¥ze her utility; a firm decides its labour
demand, [P, and supply gfco ption good, ¢, to maximize its profit;
and, finally, both the co ity market and labour market clear, that

is, P =19 and P —\05/
(i) [13 mar %\p the representative agent’s utility maximization
probl e down the first order conditions for this maximiza-
tio@ m and determine ¥ and ¢ as functions of w and p.
ks] Set up a firm’s profit maximization problem. Determine
d ¢ as functions of w and p.

« [5 marks] Determine the competitive equilibrium allocation, (c
and the relative price ratio

w

C’E7 ZCE) ’

7p'

é) [5 marks] Pareto efficient allocation:

?5 For this economy define the concept of a Pareto efficient allocation of
% consumption and labour. Find out a Pareto efficient allocation of consumption
and labour in this economy. Provide a clear explanation.



2. [30 marks = 12 + 18]

(a) [12 marks] Ms. A’s income consists of Rs.1,00,000 per year from pension b
plus the earnings from whatever she sells of the 2,000 kilograms of rice %

she harvests annually from her farm. She spends this income on rice (z
and on all other expenses (y). All other expenses (y) are measured i%
rupees, so that the price of y is Rs. 1. Last year rice was sold for

per kilogram, and Ms. A’s rice consumption was 2,000 kilogr
the amount produced on her farm. This year the price of rigg is 30
per kilogram. Ms. A has standard convex preferences o %@nd all
other expenses. Answer the following two questions wj ﬁr@f@rring to
any utility function or indifference curves.

e a clear explanation

(i) [7 marks] What will happen to her rice;consubption this year —

increase, decrease, or remain the same
for your answer. %
(ii) [5 marks| Will she be better or v@o this year compared to last

year? Explain clearly. %

(b) [18 marks] There are two goo nd y. Mr. B has standard convex
preferences over the two s. e has endowments of e, > 0 units of
good z and e, > 0 unit@ d y. He does not have any other source
of income. When the pric good y is Rs. 1 and the price of good =z is

Rs. pg, he decides Wr to buy nor to sell good =x.

(i) [8 markSN S¥ppose that, for good z, the prices have become Rs.
pr < %individual is a seller and Rs. py > p, if an individual
is . The price of good y remains Rs. 1 no matter whether

@dwidual buys or sells good y. Write down the equation of the
budget constraint and draw it labelling the important points
clearly.

& i) [10 marks] Will Mr. B buy or sell good z? By how much? Give

a clear explanation for your answer without referring to any utility

function or indifference curves.



3. [30 marks = 6+7+7+10]

Consider a moneylender who faces two types of potential borrowers: the
safe type and the risky type. Each type of borrower needs a loan of the same
size L to invest in some project. The borrower can repay only if the investment
produces sufficient returns to cover the repayment. Suppose that the safe ty
is always able to obtain a secure return of R from the investment, where R
On the other hand, the risky type is an uncertain prospect; he can a
higher return R’ (where R’ > R), but only with probability p. With probabjlity
1—p, his investment backfires and he gets a return of 0. The mo @er has
enough funds to lend to just one applicant, and there are tw/;%chem — one
risky, one safe. Each borrower knows his own type, but th eylender does
not know the borrower’s type. He just knows that one is a safe type
and the other one is a risky type. Since the mone len eras enough funds
to lend to just one applicant, when both the borr@apply for the loan, he
gives the loan randomly to one of them, say a coin. Assume that
the lender supplies the loan from his own r, and his opportunity cost

is zero

(a) [6 marks] What is the highes '%‘c rate, call it ig, for which the
safe borrower wants the loan? at is the highest interest rate, i,, for
which the risky borrower, e loan? Who is willing to pay a higher
interest rate, the risky royrer or the safe borrower?

(b) [7 marks] The len&’}objective is to maximize his expected profit.
Argue clearly th% lender’s effective choice is between two interest
rates, iz a . §lhat is, argue that the lender will not choose any
interest rafe Wrictly lower than min {i,,is}, any interest rate strictly
higher x {ir,is}, or any interest rate strictly in between i, and
N0

(c) atks| Argue that when the lender charges i,, his expected profit is
ivéh by p (1 +4,) L — L. Derive, with a clear argument, the expression

& ol lender’s expected profit when he charges ;.

O
&

(@) [10 marks] An equilibrium with credit rationing occurs when, at the
equilibrium interest rate, some borrowers who want to obtain loans are
unable to do so; however, lenders do not raise the interest rate to elimi-
nate the excess demand.

Explain clearly that we have an equilibrium with credit rationing when

R

P<sp—rm



Group C

1. [30 marks=348+2+10+4+3] %b

Consider an economy where identical agents (of mass 1) live for two peri-
ods: youth (period 1) and old age (period 2). The utility function of a repr%

sentative agent born at time ¢ is given by %
u(cr, ea41) = log (cre) + Blog (cae41)

where ¢; denotes consumption in youth, co denotes consumpt;j Wd age,
and 0 < 8 < 1 is the discount factor reflecting her time er@nce. In her
youth the representative agent supplies her endowment %mt of labour
inelastically and receives the market-determined wage r. o in her youth
the agent faces the budget constraint ci; + s; = g, whete s; denotes her
savings. When old, she just consumes her saving outh plus the interest
earning on her savings, s;ry+1, where 441 is @ et-determined interest
rate in period ¢ + 1. That is, when old, Wer get constraint is co 41 =

(1 +7re41) st c
(a) [3 marks| Set up the agent’s u§{¥ aximization problem by showing
her choice variables clearly.

(b) [8 marks] Write down te figst order conditions for this maximization
problem and derive the savings function. Explain how savings, sy, if it

does, depends oi tlwerest rate 1.

The producti urgtion of the economy is given by Y; = AK{’L%*O‘,
0 < a < 1, wHer and L denote the amounts of capital and labour in
the econom tively. Capital depreciates fully after use, that is, the
rate of e@tion of capital is one. Factor markets being competitive, the
equililyri tor prices are given by their respective marginal products.

(c marks] Derive the equilibrium wage rate (w;) of the economy in terms

& of K;. [Keep in mind that the mass of agents is 1 and each agent supplies
.\ her endowment of 1 unit of labour inelastically.]

The role of the financial sector (banks, stock market, and so on) is to mo-
?5 bilize the savings of households to bring it for effective use by the production
sector. But the financial sector does not work well and a fraction 0 < 6 < 1
of aggregate savings gets lost (vanishes in thin air) in the process of interme-
diation.

(d) [10 marks] Derive the law of motion of capital (that is, express capital
in period ¢t + 1, K41, in terms of capital in period ¢, K).



(e) [4 marks] Derive the steady state amount of capital of the economy.

(f) [3 marks] How does the steady state amount of capital depend on the
inefficiency of the financial sector 67

2. [30 marks = 5+5+10+10]

production function is of the form

Y, = K (ALy)'—° /\\'

where A is the level of technological progress and grows %ra’ce g>0,L
is the population with grows at the rate n > 0, K is t@ al stock, Y is

GDP, and « € [0,1]. Assume that

Consider a Solow-Swan model with learning by doing. Assume ;8%

—

Define Z = fL as the capital labor rati @wney units. Let output per
worker be given by Q = AZ*. The pa:%e 0,1] denotes the savings

rate. The parameter § € [0, 1] denot epreciation on capital.

(a) [5 marks| Derive an exp

(b) [5 marks] Instead of assuming that the rate of technological progress is
constant (g), no We that the instantaneous increase in A is pro-
portional to out&ber worker, i.e., there is learning by doing

i A =~Q.
Sho‘@ e law of motion of capital is given by

=(s—v2)Z%— (0 +n)Z

&c) [10 marks| Draw a diagram describing the dynamics of growth in the

N
&

model with learning by doing. Plot Z on the & — axis, and the appro-
priate functions on the y — axis

(d) [10 marks| In contrast to the model with no learning by doing, does an
increase in the investment rate raise the balanced-growth rate 7 What
does this tell you about the change in policy having level effects versus
growth effects in the model with learning by doing in contrast to the
model when there is no learning by doing 7 Show your answer using the
diagram in part (c).



3. [30 marks =10+10+3+3+4 |

Suppose households who live till T periods maximize ZZ:L» B n(cy,) b
where ¢, represents their income in period n = t,t + 1,t + 2,...T and [ is %
a parameter with 0 < 8 < 1. Suppose per period income and the savin b
of households are y, and s, respectively and the activity starts from t%
beginning of their life ¢. Further, the net interest rate on saving in be
any two periods is exogenously fixed at r and so the gross rate of %a

nggand

1 4+ r. Households have only two activities in every period - con;gi

saving. /x
(a) [10 marks] Write down the sequence of budget constr% (One for each
RO

period) and the aggregate budget constraint derivdd ] these periodic
budget constraints where on the left hand sidg, consfimption levels for
all the periods appear, and on the right ha c@ income in all periods
appears.

lution for the above problem yiel
period ?

Stant consumption, C| in every

(b) [10 marks] Under what condition E? ey [ and r, is the optimal so-

(c) Suppose the condition th

erive in (b) holds. Then answer the
following questions in (c{ang (d)

late the cha ¥ the constant level of consumption, C.
(ii) [3 m 1%:"& a transitory change in income in period ¢ + k only,
cal%‘g e change in the constant level of consumption, C.

(d) [4 spFor a permanent change in income (assume the same amount
@me change in all periods), calculate the change in the constant
ev

of consumption, C. Compare this value derived with part ¢ (i).

O
&

(i) [3 marks] Fir Wsitory change in income in period ¢ only, calcu-
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L. If the nth partial sum of the series ) >~ a, is s, =
> an 18
(A) 0
B
C
D

2n242
3n2+1°

then

E ; divergent Q)

B &
o

0?? 5

nd b

N WIN

Using data from a sample of size n, the intercept and slope ¢
from an ordinary least squares regression of y on x

/Q’%r
o)o)

respectively. Which of the following is false?

3. Consider a production f J%g + 3y. For what price ratio f)—“”,
Y
will a corner solution int?.

(x = 0) be possible, if the objective is
to minimize the co

of producing a given positive quantity zy of 2?7

(A) = =2/3 ?\ (B) 2= >2/3
(C) =< Q" (D) 2= < -2/3

4. A n Qis chosen randomly from the first billion natural numbers.
& robability that the product of the number with its two immedi-
at®successors

1

2

is divisible by 24 is closest to
(B) § ©) 3

1 : (D) 3

5. Each of the four entries of a 2 x 2 matrix is filled by independently
choosing either 1 or —1 uniformly at random. What is the probablity
that the matrix is singular?
(A)

% (B)
(©)

(D)

Wl =

1
2
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6. We need to fill a 3 x 3 matrix by either 0 or 1 such that each row
has exactly one 0 and each column has exactly one 0. The number of

ways we can do this is

©
(A) 8 (B) 6 QI)Q)

(C) 4 (D) 2

7. Let f:]0,1] — R be a convex function with f(0) = 0. W@ tEe

following is always true for f7

(A) f is differentiable

(B) f may not be differentiable but it is ¢ uous
(C) f(z) > xf'(x) for all z € [0, 1] 1 ifferentiable
(D) none of the above

8. If f: R — R is strictly ch;e then it follows that

(A) fis not stm&5

(B) fismno 2)

(C) nic

( @qu&dmtic, then the coefficient of 22 < 0

&ﬁ} rank of the matrix

Q’\. 2 1 0

1 2 -1
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10. Let V' be the vector space of polynomials p(z) of degree less than or
equal to 2 that have real coefficients. Then T is a linear transforma-
tion from V to V if T is defined by

©
b‘b

(A) T(p(x)) = o+ p(2) ©
(B) T(p(z)) = zp(x) %
() T(p(x)) = %2 Q)

(D) T(p(x)

— Tdz
= [ p(z)dx where the constant of integra@%ken to
11. X is a random variable that can %@ues only in [0, 10].

P(X >5)<2and P(X < 1) < 1.

12. Given 1,1),(0,0),(1,1) on (z,y), the standard deviations of

T a afyd the correlation coefficient of x and y are respectively

'S» =V2/V3, o,=v2/3, r=0

(
é (B) ax_2/3 o,=2/9, r=0
Q (C) 0, = o, =0, r is undefined
(D) None of the above

13. An island nation has two potential vaccine firms: denoted as 1 and
2. Both need to invest in R&D to manufacture vaccines. The cost of

R&D for firms 1 and 2 are f; and f, respectively. Once R&D is done,

the cost of per unit manufacturing of vaccine is drawn unformly from

3
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[0,1]. The firms know their (fixed) cost of R&D but only know that

the cost of per unit manufacturing is uniformly drawn from [0, 1].

€ [0, 1] units and has a per unit cost of ¢;, it incurs a manufacuring

Total demand of vaccine is 1 unit and if firm ¢ € {1,2} supplies Q>b

cost of ¢;q; (along with f;).

Suppose both firms invest in R&D but only the lowest per %ﬁ
firm is chosen to supply the entire one unit of vaccine. 'b the
total expected cost of vaccination (expected cost is tﬁ ed cost of

R&D and expected cost of manufacturing)?

(A) fitfats (B) f1+f2+Q

(C) fitfot? (D) f%fo%

14. India and China produce only sh% phones using only 2 factors

of production: either higher s our H or low skilled labour L.

Shirts are high skill labour § 1ve while phones are low skill labour
ion for each good is identical in both

countries. India and China*have equal amounts of lower skilled labour,

but India has a Mmount of higher skilled labour. Which good
will India i t ;:

(A) Shi &L'Q.

(B) s
CNBoth Shirts and Phones
& (D) Neither Shirts nor Phones

Q 15. Consider a duopoly with market demand p = 10—¢q. The cost function

Q~E of firm 1 is 7qy, and that of firm 2 is 2¢g,, where ¢; is the quantity
produced by firm ¢, ¢ = 1,2. In equilibrium, firm 2 charges a price of:

(A) 7 (B) 6

(C) 10 (D) 0
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16. Virat and Mithali eat rice and drink milk in exactly the same quan-
tities. The price of rice falls. In response, Virat increases the amount
of milk but decreases the amount of rice he consumes. Mithali, on the b
other hand, increases both rice and milk consumption. Both Virat Q)
and Mithali spend all their income on eating rice or drinking mi b
For Virat’s behaviour to be consistent with standard, well- be
indifference curves, his preferences over rice consumptlon i

for him, rice must be a:

(A) Inferior good (B) Giffen good /\
(C) Luxury good (D) Normal g%

17. If the short-run IS-LM equilibrium occu afevel of income above
%utput will return to the

the natural rate of output, in the logg r
natural rate via c
A) an increase in the price 1€

)

B) a decrease in the 1111(“4, e
)
)

(

(

(C) an increase in the supply

(D) a downwar }W the consumption function

18. If the short; egate supply curve is steep, the Phillips curve will
be: %
(A)

(D) unrelated to the slope of the short-run aggregate supply curve

teep
& (Y backward-bending

Q 19. There are no capital controls between the US and the UK. If the

Q~E interest rate is higher in the US than in the UK, then we can conclude
that

(A) The US dollar is expected to appreciate with respect to the pound
(the UK’s currency)

(B) The pound is expected to appreciate with respect to the US dollar

5
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(C) The interest rate in the US is expected to increase

(D) The interest rate in the US is expected to decrease

20. Suppose there are two countries, B and C', that have no trade and no %b
financial transactions with any countries except each other. B impor b
a total of goods worth 10 million bollars from C', where a boll %
unit of B’s currency. B has no exports. Which of the follow %%t

be true?

B has a capital account deficit /\

(A)

(B) C has a current account deficit q
(C) C is buying assets from B.

(D)

The exchange rate of collars per bg %gger than 1, where a
collar is a unit of C’s currency. C:

21. Inventory investment can b@k
(A) rise when the real (/ ate rises, other things being equal
(B) re
(©€)
(D)

not depend on the interest rate, other things being equal

fall when t terest rate rises, other things being equal

depend the change in real GDP

cake ze 1 is to be divided among two individuals 1 and 2.
he share of the cake going to individual 7, + = 1,2, where
& 1. The utility functions are u;(z1, x2) = x1, and us(x1, z2) =
To ¥ |x1 — x|, where |al is the absolute value of a. The Pareto optimal
x cake divisions include:
Q (B) (1/2,1/2)

?5 3/4 1/4) (D) None of the above

23. Rohit spends all his money on dosas and filter coffee. He stays in
Delhi where each dosa and filter coffee cost the same. He eats 15
dosas and drinks 35 filter coffees in a week. He gets a chance to move

to either Chennai or Bangalore. In Chennai, he can just afford to have

6
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24.

25.

Q’\,
QS?‘

40 dosas and 10 filter coffees in a week. Like in Delhi, each dosa and

filter coffee cost the same. In Bangalore, he can just afford to have

10 dosas and 20 filter coffees in a week. Here, 2 filter coffees costs the Qb

same as 1 dosa. Where will Rohit prefer to stay?

(A) Delhi (B) Chennai

(C) Bangalore (D) Indifferent between Delk%b
and Chennai ,))

Consider the IS-LM model with the real interest Qe/,N\ R, on the

vertical axis and output, Y, on the horizontalq. OW suppose
that the central bank chooses R for the eq@zy7 ased on its own
T

assessment, at R = R. In this case the %
A) not exist %

(A)

(B) will be horizontal at R = R

(C) upward sloping like the us M curve
(D)

D) None of the other @

Consider a supply—Wd diagram for the labor market with an up-

will

ward sloping lab pply curve (L*) and a downward sloping labor
demand . Let the wage be on the vertical axis, and the
level of ent ) be on the horizontal axis. Suppose the wage

b@ve the equlhbrlum wage at w, i.e., it fails to adjust to clear
%r market. Then a reduction in labor demand leads to

&& A larger reduction in employment compared to the case if wages

were flexible
) A smaller reduction in employment compared to the case if wages
were flexible

(C) The same reduction in employment compared to the case if wages
were flexible

(D) None of the other options.
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IS 20271 PEB

Group A

1. Let f: R — R be a continuously differentiable function which has at
least three distinct zeros. (We say z is a zero of f if f(z) = 0). Let %b

g: R — R be defined as follows: g(z) = ¢*/2f(z) for all x € R.

(i) Prove that g has at least three distinct zeros. %b

(ii) Prove that the function f + 2f’ has at least two distin
/\t 0=30)
2. (i) Consider the following two variable optimizati%ro lem:

max (2% + y?)
2y

subje %

X

%yzO

Find all solutions of this offimization problem.

(ii) In a kingdom far, f{mvvj , a King is in the habit of inviting 1000
senators to higannual party. As a tradition, each senator brings
the King a t?lg wine. One year, the Queen discovers that one
of the
bott isoned wine. Unfortunately, they do not know which

s@ * nor which bottle of wine is poisoned, and the poison
C

is trying to assassinate the King by giving him a

% mpletely indiscernible. However, the King has 10 prisoners
& e plans to execute. He decides to use them as taste testers to
& determine which bottle of wine contains the poison. The poison

x when taken has no effect on the prisoner until exactly 24 hours

A later when the infected prisoner suddenly dies. The King needs
?‘ to determine which bottle of wine is poisoned by tomorrow so
Q' that the festivities can continue as planned. Hence he only has
time for one round of testing. How can the King administer the

wine to the prisoners to ensure that 24 hours from now he is

guaranteed to have found the poisoned wine bottle?
(124-18=30)



3. (i) Let A and B be matrices for which the product AB is defined.
Show that if the columns of B are linearly dependent, then the

columns of AB are linearly dependent. b
(ii) Let e; denote the column vector with three elements, each of bQ)
which is zero, except for the i-th element, which is 1. Consid%
a linear transformation L : R — R* with L(e;) = ey, L(
e1 + ey, and L(es) = ey + e3. Does L map R? onto R¥?#Pyove

your answer.

N
Cb<®/\15+1530)
%,
‘oQ’



4.

Group B

This question pertains to a situation in which a particular commodity, b
like rice, is both available at a subsidised rate from a fair price shop

(ration shop) and at a higher price from the open market. Suppo b

a consumer can buy a certain (fixed) quantity of rice at a lower %

from the ration shop (that is, there is a ration quota). In %%

he can buy more of rice (assume a uniform quality of r1c§ the
open market at a higher price. (You may assume ﬁc sumers
g, smooth,

preferences are represented by standard downwarc%)i

convex indifference curves.)

(i) Graphically depict the consumer’s ;@um assuming he ex-

hausts the ration quota and in a uys from the open mar-
ket).

%’Vhat will happen to the quan-

m_dhe open market (over and above the

(ii) Suppose rice is a normal
tity of rice purchase
ration quota) in eq@libgium if there is a cut in the ration quota?

Briefly explai

(iii) Suppose rice ormal good. What will happen to the quantity

purchgs he open market (over and above the ration quota)
if idised price (price at which the ration quota rice could
bgught

) is increased (but is still lower than the open market

& price)? Will your conclusion change if rice is an inferior good?

N
&

Briefly explain.

(10+10+10=30)



D.

RS

N
&

There are plenty of fish in the Dull Lake. Boats can be hired by

fishermen to catch fish and sell it on the fish market. The revenue

earned each month from a total of x boats is given by the following Qb

expression: Rupees 10,000{4z — %ZE2} Each boat costs Rupees 20,000

each month.

(i) Derive the marginal and average revenue per boat /))%

(ii) The Dull municipality is considering giving out per, fof each
boat that fishes so they can track who is fishing ffony the lake. If
these permits are allocated freely, how man}a ill fish every

month?

(iii) If total profit is to be the maximu sible, how many boats

should fish every month?
(iv) Dull municipality decides t@% for the permits instead of

giving them out for free. should the per-boat charge for

the permit be if total, dgofifs are to be the maximum possible?

‘o
Q
S

(5+1045+10=30)



6. The Shoddy Theater screens movies every week and is located on a

university campus which has only students and faculty as residents.

It is the only source of watching movies for both faculty and students, Qb

and is large enough to accomodate all faculty and students. Faculty

demand for movie tickets is given by 500 —4Pr = Qr, where Pp ref%

to the price of the ticket paid by faculty and Qr refers to the n

of tickets purchased by faculty. Demand by students is desdf1 N

100 — 2Ps = )s, where Pg refers to the price of thx d by
ed

students and Qg refers to the number of tickets purchf y students.

The cost to service demand equals 500. q

(i) If the price charged is to be the same%faculty and students,
1

what price would Shoddy Theater. rder to maximize its

profits? @
(ii) Now imagine that Shodd %&er decides to charge different

prices for faculty and stu . What would these prices be, if
Shoddy Theater WBGS/ aximize profits?

A\
&
S
Q
<
&

(15+15=30)



Group C

to the production function:

7. Consider a Solow type economy, producing a single good, according :? b
Y(t) = K(t)* L) Q)Q)

Where, 0 < o < 1, and Y (), K(t) and L(t) are the oujicdo the
pr

good, input of capital, and input of labour used in uction

of the good, respectively, at time t. Capital and IQr re all fully
employed.

Labour force grows at the exogenous rate, , e,

1 dL(t) %
0 dt;@
Part of the output is consume part saved. Let 0 < s < 1 be the
fraction of output that @ and invested to build up the capital
stock. Also assume that

Then it follows tvy

e is no depreciation of capital stock.

dK (1)

\&-. sY (t) = —
O

Wh%d the time derivative.
ity this above given description of the economy, one can find out

& the steady state growth rate of Y, for this economy. Growth rate of
x 1 dY(t)

output is given by: Yo a =9
Q Assume, the economy begins at date 0, from a per capita capital stock,
Q k(0) = % < k*, where k* denotes the steady state per capita capital
Q stock.

(i) Demonstrate formally, whether the growth rate of output (gy),
at the beginning date 0, is greater, equal or less than the steady

state growth rate of output.

6



(ii) For the same economy, consider, two alternative beginning date
scenarios: with per capita capital stock, given by:
Case 1. k(0); Case 2. k'(0). Where, k(0) < £'(0) < k* Can you b
compare the beginning date growth rates of output in the two b%

cases?

(iii) Next, consider two Solow type economies, namely, A and B.

are isolated from each other and are working on their oWné h
the economies have absolutely the same descriptio %Nyen be-
fore, except for the fact that the fraction of 'é&e saved in
country A, denoted by s, is greater than t cpion of income
saved in country B, denoted by sp. Let A( e the initial date
per capita capital stock in country ), the initial date
per capita capital stock in cou 1Ch are both less than

@ Assume, K4(0) < KZ(0).

n1t1al date growth rate of out-

their respective steady state

Can you figure out whet

put in country A is than, equal or less than the initial

date growth rate t in country B? In case you find the

data provided to you ¥¥insufficient to make any comment on this,

please pomw
(204-5+5=30)

}%ﬂne money multiplier? What determines its size? What
relatlon between the monetary base, the money multiplier,
and the money supply? Which of these variables can the central

& bank change to change the money supply? What is the direction

of change in each case?
@ be decreasing functions of the rate of interest? How does an
Q. interest-sensitive money supply affect the LM curve? Illustrate

with a diagram, comparing this LM curve with the standard LM.

(ii) Why might the cash/deposit ratio and the reserve to asset ratio

How does this change the effectiveness of counter-cyclical fiscal

policy (in a closed economy)? Explain.

(15+15=30)



9.

(i)

What is the difference between the real and the nominal exchange
rate? Give an example to explain this to someone who has not
studied economics. Is an increase in the real cost of imports an

improvement or a deterioration in the terms of trade?

A small open economy has a government budget surplus an
trade deficit. Explain whether there is a private sector su ,
deficit or balance. Examine the consequences in the short or
output, the trade balance and the government bu mﬁnce of
a sudden fall in private consumption in this ec ﬁ (due to an
epidemic in the small country) under (a) change rates,
(b) flexible exchange rates. Use the Muggell-Fléming model with

perfect capital mobility. Explain thgea ment mechanisms.

(10+20=30)
(,)‘o

©
b‘b



IS 2022 PEA

1. The number of ways in which the word PANDEMIC can be

arranged such that the vowels appear together is

(A) 6x (3)(5) (B) 5 x (31)(5!) b%b

(C) 4% (3)(5) (D) 1 x (3)(5) b

2. Consider the functions f(z) = 2?2 —z — 1 and g(z) =
both defined for all real values of z. Let a; > 0 be t e
real root and oy < 0 be the negative real root of the{equation
f(z) =0. Let 81 > 0 be the posnzlve real root ®< 0 be the

negative real root of the equation f(g er identifying

the exact values of aq,as, 81 and (s, Q Wthh one of the
following four statements is incorre

(A) a=pi=ay— =1

B) a1 +fo=0ar+ 1 =0

(C) a1+ 1 = —(az

(D)

3. Let the f@ =1 —+/1— 22 be defined only over all x
0,1]

belongj Then f(1 — f(z)) equals

( (B) 1—=x
& T (D) 1—2a?

& 4. Suppose f(z) is increasing, concave and twice differentiable and
Qx is decreasing, convex and twice differentiable. Then the
?‘ functlon G(z) =g(f(x)) is
Q~ (A
(B
(C
(

increasing and convex
decreasing and convex

increasing and concave

)
)
)
D)

decreasing and concave

1
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5. Let A and B be two non-singular matrices of the same order
and let C' be a matrix such that C = BAB™!. Then for any

scalar A, the value of det(C' + AI) (where [ is the identity Q>b

matrix) is
(A) detd (B) detB b
(C) det(A+ AI) (D) det(B + AI) /);29

6. Suppose that f : R — R is a twice dlfferentlaﬂfunctlon
satisfying f”(x) > 0 for all z € R. Further sume that
f(1) =1 and f(2) = 2. Then,

gme e
7. The value of lim,_,, loicmiy,%
(A) Q (B) e

0
(Cc) 1 (D) None of these
8. Let f : % R be a function such that f(0) = 0 and
' (x) all z > 0. Then the function g : (0,00) — R,

_ 1)

n (0, 00)
decreasing in (0, 00)

(0,

0,

(B)
& (C) increasing i
Q‘\' (D) decreasmggl

Q~ 9. Let f : A — B be a function where A = {1,2,3,4,5} and

B ={1,2}. How many onto functions can one generate?

g(x)

increasing in
B
1] and decreasing in (1, 00)

1] and increasing in (1, c0)

(A) 52—1 (B) 52— 2
(C) 25-1 (D) 2-2
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10. Let f : R — R be a function defined by f(z) = % for all

14+
x € R. Then, b
(A) 1< 7)< B) —1< @) <12 o)
© —1/2< @) <1 0) -12< f@) < 12 bb

11. If a 3 x 3 matrix A has rank 3 and a 3 x 4 matrix B ha%t

3, then the rank of AB is

(A) 3
2 0
2 3
12. Let A= |3 1
1 2
2 1
A?
(A) 2

follo

tement is true?
= 0 has only a trivial solution
&%\Ax = 0 has 5 solutions
& (C) Ax = 0 has no solution
\’

Q (D) Ax = 0 has infinitely many solutions

Q.E 14. A family has two children. What is the probability that both

are boys given that at least one is a boy?

13. Let A ; 5t non—null singular matrix. Then which of the

(A) 3 B) 3 ©) 3 (D) i
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15.

16.

17.

18.

Consider two boxes, one containing one black ball and one
white ball, the other containing two white balls and one black
ball. A box is selected at random, and a ball is selected at
random from the selected box. What is the probability that the
ball is black?

A

(
(B) onto but not one-one
(
(

)

| 9
C) both one-one and onto %
D) neither one-one nor onto %@

one-one but not onto

The function f: R — R, defined by f(z JQ/&

Consider an economy tyo goods X and Y. Let the utility
function be given by¥u(zpy) = A/xy where A > 0, x > 0 is

the amount of %X consumed and y > 0 is the amount of
uppose that the budget constraint is given

good Y Consu?k
by Pxx ﬁ%& < M where M > 0 is the money income of
a

the co nd Py and Py are the prices of the goods X

a @espectively. Let Py = Py > 1 and let (z*,y*) be the
ibrium quantities of this consumer who maximizes utility

&su ject to the budget constraint. Then,

(A) it must always be that z* > y*
(B
(
(

) it must always be that z* = y*
C) it must always be that x* < y*
)

D) it must always be that x* + y* = M

Consider the utility function w(xi,z5) = 3z + 2z5 of a

consumer defined for all x1 > 0 and xo > 0. Let the price

4

©
b‘b

©
(A) B) 3 ©) 3 f’f))%
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of good 1 be p; > 0 and that of good 2 be p; > 0. Let M > 0 be

the money income of the consumer. Consider the optimization

problem max,, >0 4,>0 31 + 222 subject to 2z + 3zy < M. The %b
associated Lagrangian function for this maximization problem b

is L(x1,x9; \) = 3x1 + 229 + A\[M — 221 — 325]; where \ denotes

the non-negative Lagrangian multiplier. Then the equilibri

solution (x7, x5, \*) to this Lagrangian function maximizafi

problem is /\
(A) (a7 =F,25 =0, = Q

SRLs 3
(B) (@} = ¥,a5=0,} = ) Q
(C) (21 =0,23 =2\ =2 (O
(D) (s} = 0,25 = & ) = 9) Q/

19. Consider a two good econo %e the two goods are X and

Y and consider two congume¥s A and B. In a month when the

price of good X Wafs) and that of good Y was Rs. 3,

units of good X and 8 units of good Y

and consumer Mumed 6 units of both goods. In the next

month, w %T)rice of good X was Rs. 3 and that of good

Y W&S%' consumer A consumed 8 units of good X and 3
0

consumer A consumed

Q d Y and consumer B consumed 4 units of good X
a nits of good Y. Given this information which one of the

owing statements is correct?
& (A) Both consumers satisfy the weak axiom of revealed
preference

Q (B) Neither consumer satisfies the weak axiom of revealed

?‘ preference
2 (C) Consumer A satisfies the weak axiom of revealed preference
but not consumer B

(D) Consumer B satisfies the weak axiom of revealed preference

but not consumer A
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20. Let the production function be Y (L, K') = min{2L, K}, where

21.

L and K are the amounts of labor and capital, respectively.

Consider the cost function C(L, K) = wL + rK, where w > 0 Q)b
denotes the price of labor and r > 0 denotes the price of capital. b
Suppose that (L*, K*) is the combination of labor and capital at b

which cost is minimized subject to the constraint Y (L, K) >

Then,

(A) L* =Y and K* = Y /2 /\\'
(B) L*=Y and K* =Y Q
(C) L*=Y/2and K* =Y q

(D) None of the other options is co Q@

Suppose that there are two ﬁrl% 2 that produce the same
ti

good. Let the inverted dema ction be P(q1, q2) = 1—q1—¢q,
where firm 1 produc 0 and firm 2 produces ¢ > 0.
Suppose that the coiuction of firm ¢ € {1,2} is given by
¢i(qi) = Kiqi, whie K, € (O, %) Note that there is no fixed cost

for either firm3 en, the Cournot equilibrium profit of firm 2

(B) (1—ka+k1)?

9
(1—2K2+k1)?2
(D) =g

22. A non-transitive preference relation can be represented by a

utility function

(A) Always
(B
(
(

Only if preferences are complete

C
D

Only if preferences are complete and convex

)
)
)
)
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23. Which of the following statements is correct in a two-good
world?

(A) Diminishing marginal utility of both goods is sufficient for b :

diminishing marginal rate of substitution
(B) Diminishing marginal utility of both goods is necess@ﬁb
diminishing marginal rate of substitution /\x

(C) Diminishing marginal utility of at leas%e good is

necessary for diminishing marginal rate titution

(D) Diminishing marginal utility of at,] ne good is neither

necessary nor sufficient for djnNgishing marginal rate of

substitution :

24. Rahul consumes two goods, X and Y, in amounts x and v,
respectively. V utility function is U(x,y) = min{x,y}.
Rahul m %00; the price of X and price of Y are both

Rs 2. %u' boss is thinking of sending him to another town

price of X is Rs 2 and the price of Y is Rs 3. The boss
0 o raise in pay. Rahul, who understands compensating
&i equivalent variations perfectly, complains bitterly. He says

where

hat although he doesn’t mind moving for its own sake and the

\& town is just as pleasant as the old, having to move is as bad as

he would not mind moving if, when he moved, he got a raise of

Q&E Rs B. What are A and B equal to?

(A) A=30,B="70 (B) A=40, B=50
(C) A=50,B="T5 (D) A=60, B=060

a cut in pay of Rs A in his current location. He also says that
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25. Let U(z,y) = —[(10 — x)® + (10 — y)?] be a utility function of

some consumer. All prices are equal to 1, and income is 40.

Then the optimal values of z and y will be

(A)
(C)

26.

10, 10
9,9

(B)
(D)

productivity of labor is

27.

0,0

None of these

Consider a production function be F'(K, L) = min{
0 and a # b.

K
b!gz
For any given K = K > O,,j%\{n

O

Let e;(pg) be the plce

of consumer i (4

if L < ($)K and 0 otherwis %

if L < (2)K and 0if L {3

None of the above

o= ol= O

(B) Zz €z'(p0)

(D) None of these

©
P

arginal

asticity of demand for a good X

-, N) at price pg, given its demand

28. There are m identical competitive firms in an industry. Every

firm has the (total) cost function C(q) = ¢* + 1, where ¢ is the

level of its output, ¢ > 0. Industry demand for the product is
given by D(P) = a — bP, where P is price, and a,b > 0. Then

the short-run equilibrium output of each firm is

0 (B) wim
%kab (D) mi%
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29.

30.

Suppose the (total) cost function for a monopolist is
C = 3¢* + 800, where ¢ is its output.  The inverse

market demand function is p = 280 — 4¢q. What is the Q>b

price elasticity of demand at the profit maximizing price?

(A) —45 (B) —3.5 (C) —25 (D) 1.5(2?

Consider the Solow growth model with constant avwwmg

propensity s, rate of depreciation §, and labor pN growth
rate n. There is no technological progress. at steady
state, the capital-output ratio is :

(A) nj—é

©) & (;3)%
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IS 2022 PEB

Group A

1. Answer the following questions. bQ>
(a) Find all maxima and minima of the function f(x,y) =fb%

subject to the constraints x + 4y = 120 and x,y > 0. »
sest to

(b) Find the points on the circle x? + y? = 50 which ar@
and farthest from the point (1,1).

(¢c) For what values of a are the vectors (O,l,%a, 1,0) and
(1, a,1) in R3 linearly independent?

@
%%% [10+15+5]
\y‘
(./

2. Letf:R > Rbe v\\@fuous function.

(a) Let ¢ the set of rational numbers. Prove that, if
f&Q) ,2,3, ... }, then f is a constant function.
aMulate the value of f'(0) when f is differentiable and
|[f(x)| < x?forall x € R.
& [20+10]

Q’\,
QS?‘



Suppose a set of N = {1,2, ..., n} political parties participated in an
election; n > 2. Suppose further that there were a total of V
voters, each of whom voted for exactly one party. Each party
i € N received a total of V; votes, so that V = Y[, V;. Given the
vector (V1,V,, ..., V), whose elements are the total number of votes
received by the n different parties, define P, (V,V5,...,V;,) as the

probability that two voters drawn at random with replacemen%

voted for different parties and define P,(Vy,V5,...,V},) as
probability that two voters drawn at random without repla%
voted for different parties. Answer the following questi

. . P .
(a) Derive the ratio P—z as a function of V alone. Q
1

(b) Consider the special case where V; = z @ i € N. For this
case, find the probabilities P; and P,.

2
7

[25+5]

4. Consider an agent li@ T two periods, 1 and 2. The agent

Q\’
QS?‘

maximizes lifetime utility,“fven by:

1
(C) + T+ U (Cy),

where pi&O gptures the time preference, while C; and C, are the
u

agent’s mption in period 1 and period 2, respectively. The
age lies one unit of labor inelastically in period 1, earning a
e W. A portion of this wage is consumed in period 1 and rest is

&ed (denoted s). In period 2 the agent does not work, but receives

interest income on the savings. Principal plus the interest income on
savings goes to finance period 2 consumption. Thus, C; + s = w and
C, = (1 + r)s, where r is the rate of interest. Assume that the per
period utility function can be represented by (and only by) any

positive linear transformation of the form U(C) = %, where
0<o<1.

©
RS
©



(a) Demonstrate, deriving your claim, how optimal savings, s, would
respond to changes in 7 .

(b) Now suppose, initially, r = p. What happens to optimal savings,

s, if r and p increase by the same amount (so that the condition Q&
r = p continues to hold)? b
[20+10] < o

5. A profit maximizing monopolist produces a good with tké'%‘)s
function C(x) = cx,c > 0, where x is the level of outpu It
sells its entire output to a single consumer with the fﬂ&ng utility

function:
u(y) =6y = T(y); Q

where y is the amount of the good purch. he consumer and T’

is the payment made by the consume eMmonopolist to purchase
the output; 0 <y < x;6 > 0. Sup

T(y + t;
where p = 0,t > 0 if ﬁ nd T(0) =0. Thus, in order to

purchase any positive a of the good, the consumer may have to
pay a lump-sum anW, or a per unit price p, or both.

(a) Find the o%f the monopolist when it can choose any
Qmmbination of t and p.

non-ne
(b) Fin i profit of the monopolist when it can choose any
ative p, but is forced to set t = 0. Calculate how this

& rofit relates to the profit derived in part (a) and explain your
result.

(c) Calculate when social surplus is higher, explaining your result.

& (d) Calculate when consumer’s surplus is higher, explaining your
result.

Qj [10+10+5+5]



6. Answer the following questions.

(a) Let the input demand functions of a profit-maximizing
competitive firm operating at unit level of output be given by:

x, =1+ 3w1_(1/2)wg andx, =1+ bwl(l/Z)ch; %

where w; and w, are input prices. Find the values of the( :

parameters a, b and c. %

(b) Check whether the following data, summarizing the gbservgd

input-output choices of a competitive firm under th rent
output-input price situations, are consistent with t thesis of
profit maximization by that firm. q%
P w . X
Observation 1 50 20 %} 25
Observation 2 45 15€ jmy 36
Observation 3 40 ./ 16 16

Here p and w denote oytput¥price and input price, respectively,
ctively, the units of output supplied
¢ firm. Each of the three rows specifies

an observation the output-input price configuration and the

while g and x denot
and input demanded b

output-input fec¢ of the firm under that particular price
configu

(c) Syppdge\for the production function f(xq,x;), the cost function

ompetitive firm is c(q;w) = wlwi %q, where w =
& 1, W5) is the input price vector and q is the level of output;
a € (0,1). Derive the conditional input demand functions and the

x& production function of the firm.

&

[10+10+(5 +5)]



Group C

7. Consider a world economy consisting of Home (H) and Foreign (F). b
Each of these countries produces a single good that is both consumed %
domestically and exported. Let Foreign output be the numeraire and
let p be the relative price of the H produced good. Assume full
employment in both countries, so that A produces a fixed output
and F produces a fixed output Y*. Let E be the Home expendfttye
in terms of its own good and let E* be the Foreign axpchgiture
measured in terms of the foreign good. We wil /ex E as a
parameter of the model, while E* is endogenqus. ssume that
consumers have Cobb-Douglas utility func% with fixed
expenditure shares. Let @ be the share %oenditure of Home

consumers on the Foreign produced goo%lﬁ
expenditure of Foreign consumers ¢n

a” be the share of
ome produced good.
Assume further 1-a>a” (ie. penditure share of Home

consumers on the Home p good is greater than the
expenditure share of Foresgn dpnsumers on the Home produced
good). World income efuals, World expenditure, and goods markets
clear.

Now, suppose E ?}/

(a) Wh ppen to p?

(b ill happen to the trade balance of Home, denominated in
nits of the Foreign good (i.e., to p(Y — E))?

&§rove your claims.

&

[20+10]



8. Consider the Solow growth model with constant average propensity to
save s, labor supply growth rate n, no technological progress and
zero rate of depreciation. Let v denote the capital-output ratio.

(a) Prove that, at the steady state, % =n.

(b) Now suppose that, in some initial situation, % > n. Explain how

market forces will operate to restore, over time, the equa%

S
- =n. ,b
v

(c) In the process of adjustment in (b), in which directio ﬁy real
wage and real rental on capital change? Explain.

q [8+16+6]

9. Answer the following questions. :

(a) Using a simple Keynesian modgko¥ngome determination, derive
and explain the conditions un hich a rise in the marginal

propensity to save will red@gega‘[e savings in the economy.
(b) Using a model of aggg€gatdydemand and aggregate supply, explain
how an increase in rices would impact aggregate output,

employmz.wme level.
S

RS
<
&

[15+15]

©
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1. A consumer’s budgetary allocation for two commodities = and

y is given by m. Her demand for commodity z is given by:

b ©
z(Py, Py, m) = —. Suppose that her budget allocation (m) and %

5ps
the price of commodity y (p,) remains the same at (m = Rs.

1000, p, = Rs. 20) while the price of commodity z (p,) fa b
from Rs. 5 to Rs. 4. The substitution effect of this price ¢
is given by

(a
(b

) an increase in demand for x from 80 to 1OOQ/\
)

(c) an increase in demand for x from 8@9
) ‘@«

an increase in demand for z from 90 to

(d) an increase in demand for z f 0 90

2. You are given the following a% information about the pur-

chases of a consumer who co es only two goods: Good 1 and
Good 2. (:
Yeag 1 Year 2
y Price Quantity Price
Good 100 Good 1 120 100

Goa.éz, 00 100 Good 2 77 80

that the amount of Good 2 consumed in year 2 is de-

\zex by x. Think about the range of x over which you would

onclude that the consumer’s consumption bundle in year 1 is

revealed preferred to that in year 2. Also think about the range

& of & over which you would conclude that the consumer’s con-
?‘ sumption bundle in year 2 is revealed preferred to that in year 1.
Q~ Which of the following ranges of = ensures that the consumer’s
behaviour is inconsistent (that is, it contradicts the weak azxiom

of revealed preference)?

(a) z <75
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(b) = > 70
(c) 0 <x <75

(d) 75 <z <80 b%b

3. Consider a market demand function p = 100 — ¢, where p ;E b

market price and ¢ is aggregate demand. There are 23 firms

2
with cost function, ¢;(¢;) = %, i € 1,2,...,23. The Gourngt-

Nash equilibrium /\

a) involves each firm producing 3 units q
involves each firm producing 4 unit%

involves each firm producing 5

is not well defined %

4. Consider a market deman
market price and q is egdte demand. There are 10 firms,
each with cost functi@ q) = ¢, 1 € 1,2,...,10. The firms

compete in quan@ The total deadweight loss is

(a) % Qﬁ?‘

(b) &

N

5. Consider a market demand function p = 100 — g, where p is

on p = 100 — g, where p is

market price and ¢ is aggregate demand. There is a large number

of firms with identical cost functions

( ) 10 + 2¢;, if ¢; > 0
Ci\gi) =
4 0, otherwise.

(a) The competitive equilibrium price is 2

(b) The competitive equilibrium price is 10

2
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(¢) The competitive equilibrium price is 2.1
(d) The competitive equilibrium price is not well defined
6. Consider a market demand function p = 100 — ¢, where p is

market price and ¢ is aggregate demand. There are two firms,

firm 1 and firm 2, with identical cost functions
0,if ¢; <10 Q
oo, otherwise, /\

for + = 1,2. The firms simultaneously annour@ prices, py

and po. The demand coming to firm 7 is:

100 — @ Dj
D;(p1,p2) = %i i = pj
0,% otherwise.

cilq) =

The Bertrand-Nash equifi

» %00 Bonsumers (of health services) are distributed uniformly over

&he interval [0, 1]. The government can set up two hospitals any-

& where in the interval. The hospitals provide health services free

Qx of cost, but the consumers have to incur the expenses of travel-

ling to the hospital. The travel cost of a consumer who travels

?s a distance d is d. The fixed cost of setting up a hospital is 300,
Q~ and the marginal cost of servicing an individual is 2. The worth
of the health services to an individual is 4. The government can,

of course, decide to set up no hospital. The optimal hospital

location decision of a welfare maximizing government is:

3

©
b‘b
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set up no hospital

set up two hospitals — one at 1/4, the other at 3/4 Q Q)

)

b) set up two hospitals — both at 1/2
)
)

set up two hospitals — one at 1/3, the other at 2/3

8. There is a unit mass of consumers who buy either one Lga?%

a product or nothing. Consumer valuation, 6, i
according to the distribution function F' (6) defi ﬁ 0, 9
that is, for any 6 € [Q, 9} the proportion %%

valuation less than or equal to 6 is given b

mers Wlth
Suppose that
the inverse demand function for the p , where p is
market price and ¢ is aggregate de %®Fhen the slope of the

inverse demand function is c

(d) v/ (j '(9)
. Q@ s 9 and 10 share the following common infor-

&onsider an economy where output (income) is demand deter-

& mined. In this economy A proportion (0 < A < 1) of the total

Qx income is distributed to the workers, and (1 — \) proportion to

the capitalists. The capitalists save s, fraction (0 < s. < 1) of

?‘ their income and consume the rest; the workers save s,, frac-
Q~ tion (0 < s, < 1) of their income and consume the rest; also
Sw > Se. The aggregate demand consists of total consumption

demand and total investment demand. Investment demand is

autonomously given at T units.

4
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9. Suppose savings propensities of both the workers and capitalists

increase. Then, in the new equilibrium,

aggregate savings increases and income decreases bQ)

b) aggregate savings decreases and income increases

aggregate savings remains unchanged and income dec’@)?%
e

aggregate savings increases and income remains M d

total income distributed to the workers incre

new equilibrium, %
aggregate savings increases a@%ne decreases

aggregate savings decrgase® ajld income increases

10. Suppose savings propensities remain the sam %e share of
Then, in the

aggregate savings régnairy unchanged and income decreases

aggregate saving§\jngreases and income remains unchanged

e Questions 1 Md 13 are related and share a common

inform t. The complete set of information is revealed
grad ou move from one question to the next. Attempt
t %}uentiaﬂy starting from question 11.

« sider an economy where the aggregate output in the short

& run is given by Y = (K)“L'"®, 0 < a < 1, where L is the
& aggregate labour employment and K is the aggregate capital

?‘ aggregate price level and the nominal wage rate, respectively.
Q' The producers in the economy maximize profit in a perfectly

competitive market.

stock (which is fixed in the short run). Let P and W denote the

In this economy the demand for labour as a function of real wage

rate (%) is given by
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&

1
—Ka=at (%) ©
— 1 1
(c) L{=F (1—a)~ (%) QQ)
> ©
12. The above economy is characterized by a representatlve %%

hold which takes the aggregate price level and the no

rate as given and decides on its consumption and T supply
by maximizing its utility subject to its budge raint. The
household has a total endowment of L units bour time, of
which it supplies L® units to the mark enjoys the rest as
leisure. Its utility depends on its ¢ ion (C) and leisure
(L — L*) in the following way: + (f — Ls)ﬁ, 0<pB <l
The only source of income of t usehold is the wage income
and it spends its entire wa rning in buying consumption

goods at the price P

In thls economy ghe supply of labour as a function of real wage
rate (+5) is gl
LS
(%) =
s L
( (%)™
s _ T w 1%
/\/\@ el
D Lf=__L
AT

13. Given the labour demand and labour supply functions as derived
above, the aggregate supply curve (output (Y) supplied as a
function of the aggregate price level (P), with Y on x-axis and

P on y-axis) of this economy is

(a) upward sloping
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(b) downward sloping
(¢) horizontal

(d) vertical

14. Consider an economy with aggregate income Y and aggrega b
price level P. The goods market clearing condition is gi ?}}
ist

the savings-investment equality: S (Y,r) = I (r), where
interest rate and 0 < Sy < 1, 5, >0, I, <0. The ﬂy rket

clearing condition is given by the equahty of rea, supply
(%) and demand for real balances (L): % , where M
Fi

is the supply of money and Ly > 0, L, r any function
029

f(z,y), f. denotes the partial derivafg with respect to z.]

demanded as a function of the gate price level (P), with Y

The slope of the aggregate demag@ve (aggregate output (V)

on z-axis and P on y-axis) ¥s economy is

SYLT - (ST‘ - -[r LY

(a) i Q’
— XSy

SY-L'!‘ _ ( MLY

7"_[7‘)

\@ L, — (S, —I,) Ly
& i % (Sr - Ir)

&15 To test the prediction of the Solow growth model, you run the
Q following linear regression for all the countries in the world:

(b)

gi = a+ Bylogyio + Bilogn; + B2log s; +7X; + &,

2 where g; is the growth rate in per capita real GDP of country ¢

over a certain period, y; o is per capita real GDP of country 7 at
the beginning of the period under consideration, n; is population

growth rate of country i, s; is savings rate of country 7, X; stands

7

©
b‘b
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for a set of other control variables and &; is the error term.

The Solow growth model predicts that the expected sign of the b
) ©
b) negative /))%
(c) zero \,
(d) inconclusive Q/\
16. Consider the following matrix 5
1 01 %
A=10 1 1
110 @
The rank of A is 3‘
e @)
v \¥%
(c) 2 Q
(@) 3\{3
)

ontains two red coins; Bowl B contains two white coins;

17.
&?ﬂ%owl C contains a white and a red coin. A bowl is selected

niformly at random and a coin is chosen from it uniformly at

regression coefficient fy is

x& random. If the chosen coin is white, what is the probability that

3
Q_?\ Ea

the other coin in the bowl is red?

[ o T N T ]
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18. A girl chooses a number uniformly at random from
{1,2,3,4,5,6}. If she chooses n, then she chooses another num- q
ber uniformly at random from {1,...,n}. What is the probabil- Q)

ity that the second number is 57

(a) 15 Q)b
v 2 >

(c) § /\\'

@ & O

19. The cumulative distribution function F@ standard normal

distribution satisfies: %

F(1.4) = 0.92, F(0.14) = 0.557" 2) =042, F(—1.6) =0.055

A manufacturer does not@e mean and standard deviation
of the diameters of ba@ ifigs it produces. However, he knows
that the diameters foll

standard deviﬁiw It rejects 8% of bearings as too small if

the diametenis¥ess than 1.8 cm and 5.5% bearings as too large
if the di r is greater than 2.4 cm.

Wl@ he following is correct?
& ) =2

normal distribution with mean p and

20. Suppose f : R — R is a differentiable function such that f’(x)
is strictly increasing in x (f’(z) indicates the derivative of f(z)
with respect to ). Suppose f(3) = 1 and f(1) = 1. Then which

of the following is true ?
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(a) f'(3) <1< f(1)
(b) f'(3) < f(1)<
) 1<
)

© 1< f(2) < F) b‘bb
(d) None of the above b

21. For any non-negative real number z, define f(z) to be the ldr
integer not greater than z. For instance, f(1.2) = 1, %ﬂ’ e

the following integral /\

22. The cons@ m (i.e., the term not involving ) in the expan-
1

19
)" i

«‘%\f

(c) 171
Qé (d) none of the above

Q; 23. Arjun and Gukesh each toss three different fair coins (each coin

either lands heads or tails with equal probability and with each

sion o

outcome independent of each other). Arjun wins if strictly more
of his coins lands on heads than Gukesh, and we call the proba-

bility of this event p;. Which of the following is correct?

10
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(a) plZ%

(b) PlZ% b
(c) p1=% Q)
(d) p1=§—§ b

24. How many real solutions are there to the equation z|z| f‘b%

3|z|?
. 5
) 1
(©) 2 %,
)3 &
25. We are given n positive inte er@ .., kn (need not be distinct)

such that
Q—)..+kn:5n—4
1 1
'i V+...+—:1

What is ih ximum value of n?
é (d) 6

Q 26. A monkey starts at the origin (0,0) on R?. The monkey covers a

%E distance of 5 units in any direction in one jump. If the monkey
can only go to integer coordinates on R?, then the number of

possible locations after its first jump is equal to
(a) 2

11
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©
(d) 12 Q:)%

27. There is a strip made up of (n+2) squares, where n is a positive b
integer. The two end squares are coloured black and ot
squares are coloured white. A girl jumps to one of the %
squares uniformly at random and chooses one of its t
squares uniformly at random. What is the prob@ﬁthat the

chosen square is white?

(a) 1— 5 (O
(b) 1- 5
&
(d) 53—k

28. Let f: R — R be the@ ng function

= max(|z|,x V.

Which of @E wing is true?

f is decreasing

& IS 1ncrea81ng

Q 29. Let f: R — R be the following function

Q_‘?‘ [(@) = max(fe],2%), Ve

Define

ot continuous
%\ s continuous but not differentiable
& )

D :={(z,y) eR*:z € R,y > f(z)}.

Which of the following is true for D?

12
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(¢) R2\ D is convex
(d) None of the above

©
b‘b

30. Suppose [ : [—1,1] — R is a function such that fj)%

_2—a:2

flo) ==

G2) Y

Then, f(—1) is equal to Q b

13
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IS 2023 PEB

Group A (Microeconomics)
1. [30 marks: 4+ 20 + 6]

Consider a used car market with 600 buyers each willing to buy b%

exactly one used car, and 500 sellers each having exactly one b

used car. Out of the 500 used cars, 400 are of good qua

(peaches) and 100 are of bad quality (lemons). The mofle

valuation of owning a peach is Rs. 100 for a buyer an
a seller. On the other hand, the monetary valua; owning

a lemon is Rs. 10 for both a buyer and a sell %Her knows

whether the car she owns is a peach or a lemon ereas a buyer

only knows that there are 400 pead% 00 lemons. Both

0

the buyers and the sellers know th valuations.

(a) What outcome maximizes the e surplus of the economy?

Provide a clear explanation I answer.
(b) (i) Derive, with a lanation, the supply of used cars

as a function 0 . Draw this supply curve by plotting

number <i§ Wars on z-axis and price on y-axis. [You

the important points in the figure clearly.]

must e
(ii) Degve, ith a clear explanation, the demand for used cars
u

nction of price. Draw this demand curve in the same

&Jre as in part (i). [You must label all the important

points in the figure clearly.]

& (iii) Use the demand and supply functions above to find out
& all possible competitive equilibria in the used car market

2 (¢) Now suppose that buyers also know the identity of all cars, that

is, whether any given car is a peach or a lemon. Use a similar

mentioning clearly which types of car, lemon or peach, are

bought and sold in each equilibrium.

demand-supply analysis as above to solve for all possible com-

petitive equilibria in the used car market in this scenario.

1



2. [30 marks: 5+ 3+ 3+ 11+ §]

Consider an industry with 2 firms — a private firm (indexed by b
r) and a public firm (indexed by u) — producing a homogeneous

product and competing in quantities. The firms face an inverse b
demand function p = a — bQ, a > 0, b > 0, where QQ = ¢, + b

denotes aggregate output, and ¢, and g, denote the amo%
output produced by the private and public firms respggti

Each firm i faces the total cost of production cg;, 4 y 0 <

c<a.

(a) For any ¢, and g,, derive the expressm ;prlvate firm’s

profit, (i) public firm’s profit, (iii) surplus and (iv)
welfare (sum of consumer surplus % ducer surplus).

i %)axmlize its own profit. For

rm’s maximization problem and

(b) The private firm’s objectiv

a given q,, set up the privat
derive its optimal Chtce utput ¢,. [This exercise gives you
the reaction function oMthe private firm. |

(¢) The public i bJectlve is to maximize welfare. For a given

qr, set u blic firm’s maximization problem and derive its

opti e of output ¢,. [This exercise gives you the reaction

f% op of the public firm.]
&R call that the two firms compete in quantities.

x (i) Define the concept of equilibrium in this context and find
A out the amounts of output, ¢F and ¢}, the two firms produce

: ?‘ in equilibrium. Find out the expressions of price, profits of

the two firms, consumer surplus and welfare in the equilib-

rium.

(ii) Hlustrate this equilibrium by drawing the two reaction func-

tions you have derived in parts (b) and (c) (plot ¢, in z-axis

2



&

(e)

and ¢, in y-axis). [You must label the important points in

the figure clearly.]

Suppose that the marginal cost of the private firm falls to ¢, < ¢
while the marginal cost of the public firm remains the same at
c. Draw the new reaction functions and explain clearly how
following outcomes change in the new equilibrium (as cowga:?
to the old equilibrium): ¢,, q,, @, price, profits of the,t
consumer surplus and welfare. [There is no nee rive the

exact expressions; just qualitative answers ar ]

[30 marks: 6+ 4 + 20] q
There is a unit mass of consumers all m want to purchase

at most 1 unit of a good. Cons as a valuation v for this
good, where v € [0,1]. Assum t v is uniformly distributed
over interval [0, 1] so that th ber of consumers with valua-
tion in betweenaan e0<a<b<1,isb—a. Thereis
a monopoly firm Wlt cost of producing ¢ units of the good
given by =. The Woes not know the identity of any consumer

and hence q: arge a uniform price to all the consumers.

For a , derive, with a clear explanation, the demand

€ monopoly firm.

& rive, with a clear explanation, the monopoly price and profit
e

S

vel.

) Suppose that the firm can, for a cost, get to know whether a
consumer belongs to the interval [0, 2], or to the interval (3, 1].
What is the maximum amount the firm is willing to pay for this

information? Give a clear explanation for your answer.

©
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Group B (Macroeconomics)

Consider an aggregate demand and aggregate supply model

1. [30 marks: 446 + 10+ 5+ 5] Qb

where, in the short run, aggregate capital is fixed at the level K.

The aggregate demand curve, aggregate output (Y') dem
as a function of aggregate price level (P), is given by a ita}?)d

downward-sloping curve. The aggregate supply cur j&
output (V') supplied as a function of aggregate pig

not standard, and the question leads you to d@ aggregate

ate

supply curve
The aggregate production function is @:ﬂq capital and labour
(L): Y = AL+ K, A > 0. The lab 0

dictates the minimum aggrega

n is very powerful and
"nal wage rate as W. Each
worker is endowed with on of labour which they supply
inelastically if the pr offer the nominal wage W > W.
A worker does not suﬁ/ any labour if W < W. At W = W,
a worker is indiw between supplying and not supplying her
labour en%' » The number of workers available in the econ-

omy is fg :
(a) D% ith a clear explanation, the aggregate labour supply
%\ this economy as a function of the aggregate nominal
&W e rate, W.

x&(b) Note that the marginal product of labour is constant, A > 0.

A (i) Derive, with a clear explanation, the aggregate labour de-
?‘ mand (LP) in this economy as a function of the real wage
Q rate, %.

(ii) Using your answer to part (i) above, derive the aggregate
labour demand (L) in this economy as a function of the

aggregate nominal wage rate, W.

4



(¢) Choose an arbitrary aggregate price level, P, and draw the ag-

gregate labour supply (L°) and aggregate labour demand (L")
curves, as functions of W, by plotting labour (L) on z-axis and

nominal wage (W) on y-axis. Think about the labour market

equilibrium for the arbitrary aggregate price level P that you b

have chosen.

Note that the equilibrium employment (L*) in the ecor&?)&-

pends on the arbitrary price level P that you ch
with a clear explanation, the equilibrium emplo@t L*) as a

function of aggregate price level P.

rive,

(d) Derive, with a clear explanation, aggr @Wpu’c (Y') supplied

as a function of aggregate price ley€l ” Draw this aggregate
supply curve by plotting Y on@f nd P on y-axis.

(e) Recall that the aggregate deMand curve is given by a standard

downward-sloping cugfe. plain the effectiveness of the stan-

dard monetary and fisC®¥policies in this set up.

[30 marks:

4
Conside th 2 following version of the Solow growth model. The
output at time ¢, Y;, depends on the aggregate capital

ﬁt) and aggregate labour force (L;) in the following way:

N
&

Vi = (K)*(L)' ™ 0<a <1,

There is perfect competition in the factor market so that, in
equilibrium, each factor is paid its marginal product and the
total output is distributed to all the households in the form of
wage earnings and interest earnings. Households save a propor-
tion 0 < s < 1 of their disposable income in every period. All
household savings are invested which augment the capital stock

over time. There is no depreciation of capital. Population and

b}

©
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therefore the aggregate labour force grows at a constant rate
n > 0.

(a) The government taxes the interest earnings at the rate 0 < 7 < Q)b
1. Wage earnings are not taxed. The government uses the col- bb

lected taxes to fund government consumption; in particular, ‘%

tax collection is not used for investment at all. /))

(i) Derive, with clear explanations, the expressioffs >ﬁggre—
gate wage earning, aggregate interest earnin aggregate

savings (S;) of the economy in terms of

(ii) Define k; = IZ—:, the capital-labour, %n period t. Derive,
with a clear explanation, the 1 @ ion of capital-labour
ratio, that is, the equatio +1 on the left-hand side
and k; on the right-ha €

(iii) Derive, with a cleagexplanation, the steady-state level of
capital-labour rdgio i@ this economy, £*, and examine how

k* changes i%hchanges in the tax rate 7.

(b) As in par ove, the government continues taxing interest
earningsfat She rate 7 and wage earnings are not taxed. But
copsi ow that the tax revenue collected is used to fund in-
L t by the government so that the capital stock is further

&i mented by this public investment.

x& (i) Derive, with a clear explanation, the expression for aggre-

: ?‘ (ii) Derive, with a clear explanation, the new law of motion of

gate investment in this economy.

capital-labour ratio.

iii) Derive the new steady-state level of capital-labour ratio
y
in this economy, £**, and compare it with k*. Does the

comparison make economic sense?



(iv) How does k** change with changes in 77 Compare with the

response of k* and explain the economic reason behind the

differential impact. Q&

3. [30 marks: 9+ 54 6+ 4 + 6] Q

Consider an individual who lives for two periods. In the fi

period, she earns an wage income W and takes her consum -
savings decision once income is realized. In the sec iod,
she has no wage income but receives the return )I;;With her
principal amount of savings, s. The gross %interest is
R > 1. Suppose that there is a govern nt%ch collects an
amount 7" in the form of lumpsum t % the wage income
in the first period (this can be congs s mandatory savings
of the individual) and returns ghé*agfount 7" in the form of a
lumpsum transfer in the sec od. Suppose that the utility
derived by the individu

and ¢, in the second ferio

consumes ¢; in the first period
S given by u (c1) + fu (c2) , where 3

is a discount factor wi < f < 1 and the utility function w is

strictly increaw strictly concave.

(a) Set up t widual’s utility maximization problem by specify-
ing her t constraint clearly. Derive the first-order condition
of this Wtility maximization problem by showing your procedure

aNy. Provide a clear economic interpretation of the first-order
&ondition.

x (b) Note that § < 1 implies that the individual is myopic (short-
sighted), she puts less weight on future period. Explain intu-

itively whether a more myopic individual will save more or less

Q.E than a less myopic individual. Verify your intuition by deter-
ds
mining the sign of —.

g g a3

(c) Note also that the individual’s personal savings, s, depends

on the government mandated savings 7. Explain intuitively

7



whether the government mandated savings increases or decreases
personal savings. Verify your intuition by determining the sign
ds

T
ar

One rupee received in benefits in period 2 would require an in-

1
dividual to save an amount — (< 1 since R > 1) in perj
1. Explain intuitively whether the government mandate 2
ings make the individual cut back her personal savin te
1
higher or lower than 3 Verify your intuition.
hg expression

In the light of your answer to part (b) and f

ds
of a7 you expect that the rate of Cha@l personal savings
in response to a change in T' depend@

Prove that more myopic individual

discount factor .
e their personal savings

at a higher rate.

©
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Group C (Mathematics)

1. [30 marks: 20 + 10]

Consider the following feasible region C in R? for an optimization bQ)

program: b
C:={(z,y):0<2x<1,0<y<1ly<uz} /))%
(a) Suppose a # 0,b # 0. Show that an optimal soluth{\

( g;gé{c ax + by QQ

is either (0,0),(1,0),(1,1). Describe all %ble values of a and

b for which each of {(0,0), (1,0), (1, 1@

(b) Suppose a and b are mdepen% rawn from [—1,1] using

lative distribution function

optimal solution.

a probability distribution wij

(cdf) F. What is the prgbabfity that the unique optimal solu-

tion to the above opt@ i
2. [30 marks: 5+ 1V5]

Suppose a,b,c are real numbers and A # 0, a # 0.

n problem is (1,0)?

Supposeffo 1 real values of x, the following holds:

0 laz® + bz + ¢| < |Ax® + Bx + C.
@ose B? —4AC > 0.

& ) Argue that |A| > |al.
Qx Show that b* — 4ac > 0.
Qgs (c) Show that B> — 4AC > b — 4ac.
3. [30 marks: 5+ 5+ 15+ 5]

Let F be a class of functions from [0,00) to [0,00) with the

following properties:



— The functions fi(z) = €* — 1 and fo(z) = In(z + 1) are in

F. b
— If f(x) and g(z) (not necessarily distinct) are in F, then Q)
the functions f(x) + g(x) and f(g(x)) are in F.

— If f(z) and g(z) are in F and f(x) > g(z) for all z € [0, o%b
&

then f(z) — g(x) is in F.

(a) For any positive integer n, show that h(z) = nx is /Y\'

(b) If f(x) and g(x) are in F, show that the funt&(f(x) +1)
and In(g(z) + 1) are in F.

(c) If f(z) and g(z) are in F, show tha@nc‘cion f(x)g(z) +
f(z) 4+ g(x) is in F. %

(d) If f(z) and g(x) are in ]& the function f(z)g(z) is in
F.
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