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SECTION A

1. (a) Suppose there are two consumers A and B who

consume 2 goods X and Y in a pure exchange

economy' rft"ti' utility functions are Uo = 2ao+ Yo'

and Uu = XsYs' respectlvely' If the initial

. endowments o?'t'" two goods are [(Xn = 2' {o = 10)

(X, = 8' Yu = 10)]

(i) PIot the initial endowment point in an

Edgeworth box'

(ii) Derive the consumption contract curve and

Plot it'

x
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(iii) I,rind the competitive equilibrium allocation

a.nd price ratio.

(iv) Verify if the competitive equilibrium
allocation is fair or not. (9.5)

A housing developer wants to build houses on a

piece oll land located next to an airport. However,

thernoise pollution from the planes that land at the

airport reduces the value of houses and hence the

profits of the developer. If X denotes the number

of planes that fly per day and Y be the number of
hous.es thc devel.oper builds. Tlie profit functions

of the airport and the developer are as follows :

no=56X=X2
''rD=70Y-Y2-XY

(i) lf no bargains can be struck between the

airport and the developer and each can

tiecide its own level of activity, how many
: planes (X*) will fly to maximise the profits

uf the airport? Find the maximum profits?

(ii) Given that X* planes fly, how many houses

will be built to maximise profits of the

cleveloper? Find the maximum profits of
' rthe house developer.

P.T;O.

(b)

I

i
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(iii) Suppose that a local ordinitnce makes it

illegal to land planes at the airport because

they impose an externality on the developer'

Find the gptimum number of houses built

such a rule'
1

(iv) Suppose there is no ban on planes landing

at the airport' If a single fiim buys the

developer's land and the .airporl' how many

planes will be flown and houses built to

(e)

(sr) qrr frfrTq fr d:EqqffiT A ork B i u] ga FBqq

afoq-eiqT t z <qfr x *r Y tnr:q*rr q-<il ir

Yq+ 3q*FrdT 6I{ uA :Zxo+ YA, *t uu: X" Y"

*r *rrsn qR a aq* + YRft-+. q*sft i 11xo: z'

YA = 1o) (Xe = 8, Ys : 1o)l
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(iii) cRHtff vga- rTm.{ :ir 1e ;r3cTil s.r ynr
Frrnq'l

wr yR*ttff s-Sdr Br,-qrcq tsfud *?

7rA:56X _X2

xr-70Y-Y2_xY

(i) q.P E-sr-$ rqt sh tq-dqr + fi_s sif d}qidt
Tfr +1 ui vm-ft * eilr s_+o iTq_fr ffifrfi) *
H{ T{ foiq i vqrr *, n} rqd rqt + q_{*
q+ riftfs-dq e-r* + ftq BH+ fura_ 1x_;ygm s+i7 sDq-dq Hrrr HrH +tfrq?

(iu)

(a) q-fi olqr€ ffi V+ rqr$ JT} + erra fr eia qfr
* v* €* c{ ER qqnr srdflT *r Eriilfr., Esr€il_S
qr ua-r* Er& frqF+ t eefr quvr vt * 1e qi wq
o-cor * Bft EHfrq tq-dqr + q_{r+ +} e_q qr*r *r
zrB s ufrtr{ vsrr rd er} ftqrq} sft Tsr q} erff,i
* ,:ftt v frsrft-d Ero- Eft vtel e-drdr *r aqr$ rqt ril.
iq-dqr * anr s-r{. 8{ y_q.n *

P.T.o.

F
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(o) qa ffi gv fr ax ft-q-a l-st B' tdrf,q{ * mq

q} BTEr6-f,{ 61} 6 frq friat s{ sqls uKt?

.IE 1ffi qr erk+-a-q dIaI alit fr&qr

(io) qr< frfrq fr qs'e{ffiq 3ftarerT rsrftrc't c{

M' q1 3Hr.{I eriq ffirdr t dfr t t+aqt

qt q-6tar arnt ir E{ ('d * q-6 Fzrq * il6(

q-{q .rq qt m Eqdq s(qr d{ t-ffict ERT frq

rrq 1-iTti; 
qiT qf,I er{flgl

(iu) qr, Afuq fr' 6sr-{ sr} qr fri{* A s-o-it qr

*iq qRffr =r& Br qR 6t{ 1'+-a w{ t{dw fr

uffi ;rk E-{r$ 3I-s-'$ {dffi t' tr sgffi dlq

A 3Tk-irq *+ * ftq B-d+ aqn Tsrq qrqt

dr sr Eqq qrs+?

(a) The output of commodities X ancl Y' as a function

of homogeneous inputs (L ancl K) is expressed in

terms of the following frocluction functions :

x=26Kx v=+r-rf, rl/3

2.
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where L 'is labour-hours and K is capital-hours
devoted irr production of X and y. Initial
endowrrrent of labour and capital (in hundreds of
hours) are as follows:

,

(L*: 50, K,: 50); (L": 50, K": 50)

(i) Find the equation of the production contract

curve for the commodities X and y.

(ii) Find the market equilibrium allocation of L
an<l K used in production of X and y, and

the equilibrium price ratio (prlp*).

(iii) At the equilibrium level of production, find
the ratio K/L (factor intensity) used in the

production of X and y.
:

(iv) It is given that the production possibility
frontier (PPF) tcorresponding to the
production contract curve derived in part
(i) above exhibits increasing rate of product

transformation (RPT*,y), i.e., the ppF is

strictly concave to the origin. Identify the

possrble source ol' increasing RpT,...x,y

(3+5+2+2=t2)

P.T.O.

I
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(b) Moral hazardand adverse selection arc problems

of imperfect information in insurance markets'

Olstinguiltr between t"*,:1L reference to the

problems' faced by companies offeri+e healtli

,nrrrur". policies' Also'. in the 
:11i"1"1:.t)1.,,

litigaJing the P1ob1e"' ":.t:l. n. (6.5)
moral hazard and (ii) adverse selcctttr

(w) {frrftq F{ge (L efu r) + rq -ra-q t tq t S€fr 
,

++T<{
x 3*t Y 6I vflr{{ ffift{d *qF;t wo 

:i

+'qffi Fqr mar t:

y = qll x?l'

(Lv -':50, KY : 50)

x=zrf(
(,x*t'Y*Tflrflfrffiwaf, ryq-* B *t I 

1+o,s oa
T$.. * *r *rq $t 1ft fr YrGr+, qaE(ft

q) *Y-+nt'

(Lx:50, Kx= 50);

(i) aqit x 3iR Y t frq -1"1 3t-{su, qn 6T

sfu+iq aro frfirgr

(ii) x ofrr Y t gsrea i'rg6 I-' 3tt r * srmn

q-ga-< 3Trffi 3ii Fg-d-{ T-fl 3€crd (P'/P*)
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(iii) irf,nfir + n.-a-c-+ K{ q{, x att y * yerrm !-

i s-{ffi K/l- (qn-+. fiqdl) 6-r Btqtd flir
' frf;rqr

(ir) rra ft-qr .rqr ? fu 3ct-fti .Tr.r (i) t =5oa
irflnd;r ilTqu qm * sttq c-srd-{ qq-+qr frqr

(PPF) 3eT? qfrq-fr{ fr E-d-& <t (RRr-,) d
raffif, ffifr e, wttd, PPF 1a rw t 1a w
t er+a-o dt RPT,,, q} Eoi + taTrEa std fr
qrqm qtr

(e) ifr6 dft{q iir qFa-d q++ frqr smril n i1,i

Erq-*lt si'wqrq dr qreq fr{r mRM- qt ivrqn

6-{+ srfr qqffi Eru q'l-q={I m qr+ erfr (ql]Tr3il *
rrEd n'3q+ a-s :rm qtr qrq fr Eql q;q"'f n (i)
ifro. n_m-c artr (ii) vFq-d q++ fr q+tqr q1 mq

6{+ qT scrq Esr{qr l

3. (a) An individual's inverse demand function for

commodity X is given by: P*: 10 - Q*, where the

per unit market price P* captures his marginal

willingness to pary for commodity'X. Assume there

are l0 iirdividuals with the same demand curve.

P.T.O.
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Find and plot the market ciemand curve for

X if it is a Private good'

(ii) Find and plot the market demand curve for

X if it is a public good' If the marginal

cost of providing the public good X is

Rs. 10, find the efficient quantity of public

good Provided'

(iii) State the condition for Pareto efficient

allocation of

(a) two private goods (X and Y) between

two individuals (A and B)' and

(i)

(b) one Public good (G)

good (Y) between A

the two conditions'

and one Private

and B. ComPare

(2+4+3.5=9.5)

(b) In a market, two 'types' of sleeping ma:tresses"

aresold-thoseofhighquality(H)andthoseof
low quality (L)' Buyers with limited information

on quality are unable to identify one type from

another unless they have purchased one and used

itforS0metime.Ifqualitywaspcrfectly
identifiable, buyers would be willing to pay

Rs.25,000 for an H type and Rs' 18'000 for an L



Itype of mattress. In the presence of asymmetric

informatjori, bry".s are willing to pay an average

price, Mantrfacturers of mattresses can also offer

product warranty, which is relatively che4per for

the H typc manufacturers. Suppose offering

a product warranty entails net costs of Rs' 5,000

and Rs. 9,000 to H type and L type manufacturers

rcspectively. The product warranty itself does not

enhance quality of the mattress produced. It is

merely usctl as a signal of quality.

Will offering a warranty serve as an

eff'ective signal for separating equilibrium

in thc market for mattresses? Explain.

If the proportion of H-type mattresses in

the market is q, (0 < n.< 1), what values

of 7:7 achieve a pooling equilibrium?

(e)

Eifs& X + ftq \q. qk 6T €m-q qm sa;r fi\,.qffi

: lq. 11t* ar frqr r;q1 fi, war YR et ErqR {Fq

ffqffi 6qlBA \r.ffi + ftq T{rdH q.d of irffi1 fu{
rwr qi qE6-siIT *r qrt fr fr' n-qrr qm.qm q-il to

qfrt gl

P.T.O.

(i)

(ir)

( or)

t
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,e
iJ
i_e

" rffi'6S ft. "dr 
qt qR

x * frIq ErqK qn-t q

q6 q"6 frA e€ ir
(i)

(ii)

(iii) ffi E{la

a qmm (q $t'fi) + ffq a fi-fr

(s) eetus*ffq*F'd'Trytc)
3iR g* ffi s< (Y) A {rtr m EE-I

(er)

dr

(e)
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a.

t-s-fr A, A rdftdn H er6r + frq 2s,ooo Fct $r
L n-m-R + zTt + frq e,ooo wt 6r Errnt'r q-{+ q}

*qn *ir irs{Rd vrrr+.rt d JcR{R +, Tdfi-dt Bil{H

*q-d 3-qrr+ q} iur{ *r .rt + trar verq eRA rft

? rr+-fr t, "il H y-on * fr{fdr$ + frq orte{ro-f, T{ilr

*r qrr fiftq fr v;qrs fr sr& tt .ri H rrgc o+{

L ur{c * fiiqi-dreir- d m-qvr, s,ooo nq} *t s,ooo

Ec+ * {a Errrd ffi *r yarrc ErrE Rq''rmBd G

=ft gurq-f,r + EE rff q-cft *r rtrm-r uq+rr +s-d

1vrs-f,r * Gd * sq i Arqr vrar *r

(i) wr qn& at tvrfir G + frq ErmR f q-E-d-{

el srrrr q..{+ + ftq v+. yqre t+H * nq I
q.rq qtrfti rq.en{+r

(r) qR qrsR * H-]rfiR * G * Bqcrn r,
(o < n < a) i, A * si-{ i qrr Xtrrr n--d-d-{

crq 6-it i?

ia) Consider a.pure exchange economy consisting of
3 individuals A, B and C with identical endowments

of 2 good X and y, i.e., each has an endowment

P.T.O.
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vector (4,10). Their utility functions are Uu: XuYu'

Un : XoYo and U. : (X.)1rz * Yg'

(i) Define a 'fair' allocation' Does the initial

endowment o1' A, B and C rePresent a

'fair' allocation? ExPIain'

(ii) Will perfectly competitive trading between

A, B and C result in a 'fair' allocation?

Explain. '' (4.5+2=6.5)

(b) A perfectly competitive market exists for wheat'

The inverse demand is P : 200 - Q rvhere P is"

the price of wheat and Q is the total quantity of

wheat. The private total cost for the unregulated

market is C : 50 + 80Q + 0'5Q2' The production

of wheat creates an externality where the total

external cost is EC : 0'5Q''

(i) Solve for the unregulated competitive

equilibrium of wheat and the socially

optimal level of whqat'

(ii) Derive the Pigouvian tax (per unit of output

of wheat) that results in the social

optimum. (6)
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, (c) Spppose the production possibility cufve (ppC) for
conrmodities X and y is given by 2Xz + y2: 1900.

(i) If consumers always prefer consumption
: 'bundles in which X = 3y, what will be the

optirhum production levels of X and y?

(ii)r'What commodity price ratio (p*/pr) will
result in the optimum level of pioduction

of X and Y? (6)

q-d' Ud Afu- iltq<er q( G-{R 6I ftfirt- 2 Eq x
sfu v*rrqr.rrqM*srq s qk A,B eilr c
YnR-d *, qFft, ]r++. + 1'+. <et+ffi irct (a,ro) *t
u+* 'ocdfirtr 6Td Uu : Xuy", Uo = X;yb sfrr

U. : (X.)r/2 + Y. ir

(i) c+. 'ftcq.s1' srrq-a{ o1 cfr{rR-d qtr qqr A, B

e}t C fr yRftm. {ffi qq. 'ffqqT, Brrq-{

qr nHk€ m-ffi +? Rqril
,.

(ii) Fn A, B ofu C + frs 1ft .rca t qfrffifi

qrqR qr qfonq 'gBfr, 3Tr{C{ *rn? grgmr

P:T.O.

I

( er)

..t J
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(c) q + frq v6 $ aia t qRwf qrlrn frqr er €T{

qr{r p:2oo -tcai PiEmdmt* 3i{ atE

fr Ea qrar *r 3{Aqfiq *t" + ftq Frfr {d arrrd

C:50+80Q+0.5Q2i'E6Iffilrd;r\rc6qr6t-dl

tsr 6-rdr i wdi Enl Er6ft arrro C = 0'5Q2 ir

(i) E+ affidqfrutfrt--dd-'r ${U+nrutR6

w t Eq<-q <t * frg F-a qbtr

d

(ii) frlilRq-;r ?R at( t vsrr+ m YR {k'{
+1e-n-q at ft-{+.R'*t"}- TY 

Ee-dq

*m lr
,.

qn frRq fu x sfu Y sqet * ftq T* 
qsr+qt

\,2: lgoo anr frqFrqr ?r{fi (PPC) 7x) -

(i) qfr 3qlnffir 6iun 3qtin ffi 61 'r€-{ 4{A d

Ast x:3Y-d,.fr x ott Y q.rEq{qrYfll-fi

({)

r<{ qcr -*m?

(ii) fr-{ T< {fl 3r$rd 1P./Pr) * qRqnqesr x

ft v * uqrr+ 6I ggf,r{ wt Yra -*rn?

.

'ila:t::;IJi:ti..
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SECTION B

(a) Consider the following lobbying game between two

firms. Each firm may lobby the governmcnt in

hopes of persuading it to make a decision that is

favourable to the firm. The two firms, F1 and F2.

independently and simultaneously decrcie rvhether

to lobby (L) or not (N). Lobbying entails a cost of

15. Not lobbying costs nothing. If hoth finns lobby

or neither firm lobbies, then the government takes

a neutral decision, which yields 10 to both firms.

If firm F2 lobbies and Fl does not lobby, then the

government makes a decision that favours firm

F2, yielding zero to firm F1 and 30 to finn F2.

Finally, if firm Fl lobbies and F2 does not, the

government makes decision in favour of FI which

yields x to firm F1 and zero to firm F2. Assume

that x > 25. The normal form of this game is:

(i) Determine the

equilibriunr of this

pure-strategy Nash

game.

P.T.O.

L

5.

F2

L N

rl L -5 -S 15. 0.r-
N 0, 15 I0. l0
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(ii) Compute the mixed-.strategy Nash

equilibrium of this game.

(iii) Given the mixed-strategy Nash equilibrium

computed in part (ii), what is the probability

that the government makes a decision that

favours firm F1?

(iv) As x rises, does the probability that the

government makes a decision favouring

firm F1 rise or fall? (l+6+2+l:10)

(b) An electric utility company provides electricity

to a small town. The demand for electricity is

p(q): 10 - 0.1q, and the company's costs are

C(q):t+0.5q.

(i) Does the electric utility company exhibit

the properties to be a "natural monopoly"?

(ii) Find the unregulated monopolist's profit-

maximizing price, output, and profit'

(iii) The government passes a law that requires

utility to practice Marginal Cost pricing (i'e',

p = MC). What is the regulated monopolist's

output and profit?
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(iv) What is the lump-sum subsidy that the
' regulator must provide the electric utility

company to practice MC pricing without
operating at a Ioss?

(v) Compute the consumer surplus from the

pricing strategies in parts (ii) and (iii).

;

H'{ tt-o,R d .F{ * sEEil froiq t+ + ftq ffift q,*
+ Yt- t won d H 5i Tmfr *r d cd, rr
Bii F2,'ffi{ 6c t ft \tn qreT m 6-rt * fr ifrfi
(L) qr rr& (N)r ?fHrr t rs a1ur.,u 

".n 
il dfrrr..'

fr d1rm Eo rft;r& *r qR ffi.n* d& mft * qr

+q m* ufA rA ffi:ft + + {r*T{ * ** prt+

eft +, tt ffi .Ffr 61 ro yRq-f, ?-ft *r qfr q-{ F,z

ifft Bth Fl dft qft tmfr *, * e-ffiR w fidq fre
+ til q{ rz * cH i *, .6-{ Fl sil u-ra tr qd pz

q} so,yfrqia tn tr Bfil +-, zrR q,,,{ Fl d-& ak rz

: c.fi 6,-{& l, 'dt rr(s,R Ft + qeT + ftotq A-e + ftffit
'. : ., 

. 
, .,'., 

I

cd F| dr * sfrt: .n{ rz +i qq ,fr,*ot er< *f,r

.P.T.O.

I
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lr qm fr fr x > 25' E{ ta qr {rqr-q te B:

F2
L N

F1
L -5. -5 x- 15, Q

N 0. 15 10. l0

y{ 1+d fr ga-ruffi frT t-gc-< or frqkur(i)

(ii) E{ 1tf, fr fiRrd wrftft t{r (gmJr fr rrwrr

qtr

qtr

(r) qrrr (t) { rrunr dit rr{ frkd-wdlfr t$

"g". 
* iqt Eg, rrrdrn 'gnrrd Fl * cer

(ir) it-St x {.d-f,I i, eur tqr<-{r + th tt-+.R q'{'

F1 + qeT q ffz{ +e-+ rxl 6trt Si-fr B?

v+ Egn BqAfrdI qtrfi \6 &t n ryut d RqS

y-qrr.q-tft *r ffi qT ql-{r p(q): 10 - 0'1q *, 3tt

ffi * orrra C(q): 1 + 0.5q *r

(i) wr EilEq-o {PfrA 6l-{ {fr m} 'urgfrm

(s)
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(u) J{ffic qmftr+R * nm- Jiftrm-dr {s, sflre=r

olr ar"r sT crlr d{ngl

s.sR ym qlar wfu 6-.fr + ffi Aq mqrd

Hr{ril rer ftihrT (p: MC) 6r ,:nqrq {T+ +
frq rq+Fi-dT qfr orrqrq_s-ilr *fr *r ffi,rRd
q+-rffi Hr :-qr*r orrz arq wr *:

q-sfr-d (R'fr eqr *,.il fiqrq-fi +} fA"rfi
3c+frnT sffi 6) Tf,€rc w vqrf,T + Rn
Vq-fr rer s1 srcr€ 6-{+ + frq e-d,-

6-rq qftg';

(") qrr (ii) oft (iii) i 1u fitlho'r iuTfiM.+
3rnnffiT J{Br*s fi rrq-a a1,

(a) The bicycle rnarket is populated by two firms, Atlas
cycles (A) antl Hero cycles (H), facing total
demand p - 14 _ q, where p is the price and q
denotes total quantitl,. On the costs side, firrns
are perfectly symntetric, with TC : 2q,, i = A, H.
(aJl nronetar.y values are in thousands of rupees).

P.T.O.

(,ji)

(rv)

6.
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)uslY choose(i) Assume that firms simultanec

their outputs' ComPute the market

equilibrium (prices' quantities and profits

of A and H)'

(ii) If A enters the market first' chooses lts

output and in the next rime period' H enters

the market and chooses its output' Compute

the market equilibrium of this sequential

game (prices' quantities and nrofits cf- 
|

(5+5= 1 0)
and H).

(b) Each of N people chooses whether or not to follow

the protocol of wearing masks' washing hands and

maintaining social distancing to avoid the spread

of a viral infection' Following the protocols costs

each a fixed amount (: c > 0) The protocols are

effective in protecting people from the spread of

theviralinfectionifandonlyifatleastHpeople
follow them. where 2 < H < N; if the protocols

are not effective, each faces a higher risk of

catching the infection which gives each one a

disutility (= d > c > 0)' Each person ranks

outcomes from best to worst as follows: (a) any
*{l
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outcolne in. which the protocols are. pffective and
she does not follow them; (b) any outcome in which
t4" prlrtocor is effective and she also followecr
them; (c) anv outcome in which the protocols are
nor efl'ective and she did not follow them; (d) any
ourcontc in which the protocols are not .ffective
anC she followed them.

Find the pure strategy Nash equilibrium of this
strategic gamc. Clearly explain how you establish
that a profile is a Nash equilibrium profile. (9)

(sr) ?rrgBrr il,,rR A q.ff, \rffiq ff{fu-m (A) 3r1T fi}
. ff5fu-d (H) ERr B{rqre *, ga ffrr p = 14 _ q 6.r

"TT 
i6T{r Ts Tfl +, s6r p qit{d * sfu q Ee qr{r

61 Eqfcn *r ur.ra qqt .rr, H{ Eft r.6 t TqR_il *,
TC, :29i, i: A, E (ffi r}tr*- 1e run) wi t *)r

(l) ,n''+ A fr u.',f q-s.Hrrr ervt wo-rgc sT qq{

wff dr Ermrr rrgil{ (frqdf, qrzreil ah _ ei(
qr + mT+) +t rroq *1,

(ii) qA A qr& er$ri il ya{r si(il *, fr siq-{r

JrlJ-cgr g{flr i sft onmA,T{qrE& d, H Erwr

P.T.O.

,
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t vart q.i-f,l t efu 3{c{r

s1sfto Af, + EtuR

(ffi^, qr* et< A *i

3{]-s-c5e flfrr Bt gs

___.}

S--d-d-{ 6l rM-ir ch(

H * "rw)t

(e) r&o N qR m T{-dI e fr qrq-co .q"T * 
T

n q-q+ + Rq qrq+' qra*' arq *t alr unrna $
Eflq rc+ + ffia 6I qrir< q-tar i qr q&r ffia

or crf,{ ql* qI Y-&q, m \1+. fiR-fi nftr r+{ ffi

* (: q > o;r ffi ffi' 6\ arwa 1*ru * vqn

t E-{fi q ,"{re ft i qR 31k +:s-n fffr * * 
:

6-Ir H fr{r u{6r qrer< q-<t t, Hdi 2 < H 
:}{ T

ffia ,"1-a <e i, fr n-&n d qfiT-q 
1 

q_+$}r'

ql y.n c=q frRd{ 6I srrff 6-GTr q'df,I * * v-&ti

Eil r'+. BItflflr tdr * (: d > t ' o)l Tf* *ry,

qMi A {-fr-flq t {-dt r<n *ft i nraT i: (w)

qit€ fi cRsnq 6"q ffin 'qA 
*t t ft eE 3{*l

qre-< <fr qrfr i; (e) 6t$ fi qRon-q frrrt ffia

,q6 t 3ii 3s+ 3frfl'r ql-f,{ fi ftqrq (rr) et{ tft

qfurm 6.q ffia ca{re Tfi t 3tk ttrt :ror qra-l

q& frqr, ('n) *{ q qfurm Rtt m*<i-d vqrfr {e

'
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re {urfrfr-m +m st ga wrfrR frr rge-+ 6r sdi

Ernqr rqq sc t {aR B- suq *d *qrn.o q.it i fr
Vo imrgo qfi irr qEaa iqrfo i.r

7. (a) A firm sells goods in two markets, market I

and market 2. The inverse demand in market I is
pr:200 - Q,. and the inverse demand in market
2 is p, - 100 - 2gz. The marginal cosr oIproduction
is constant and. equal to Rs. 40.

(i) If the firm beh,aves as a price taker
(perfect competition.). what would the
equilibrium prices and quantities be in each
market? What is the consumer, producer
and total surpius?

(ii) ff the firm acts Iike a monopoly and
charges different prices in each marke t,
how rnrrch would it charge in the two
markets? What is the consumer, producer

. and total surplus now?

(iii) ff the government does not let the
monopolist charge different prices. what
prrce will the monopolist charge? Find the
coltsunter, producer and total surplus.

P.T. O.
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(iv) Compare the total surpltts in parts (i)' (ii)

and (iii)' (4+6-t4+1-15)

(b) There are N peopte sitting in a room' Each one is

asked to guess an integer between 1 and 100 and

writeitconfidentiallyonapaper.Theaverageof

all the numbers written on the paper is taken and

the person(s) whose gtless is closest to 213 of the

average is/are the wtnner(s)' Find the Nash

equilibrium action profile of this game' How will

your answer change if the winner(s) will be the

player(s) whose guess ts closest to 2 times the

mean of the guesses? (4)

(er) 1'+. u{ A Erfit' qrmn I 3fu <mn z i s<q atrfr

tr qMR 1 i EGrt m P' = 200 - Q' t' efu crmn

2 t E_tr{ lt-rl P' = 100 - 2q' lr 3flrfl fr ffi{

itrrl-f, RR t 3fu 40 dcA * qtrm tr

(i) qR m-{ qn 1a aE r6-di (1d cRrmFrdT) + tv

i qq-ar q-{fr e, 6 q-&6 qrf,R t t-E-d-{ T@

*r qrar qqT frfr? 3cttfir, """T 
srk gf,

sTErAs wr i ?
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(ii)

(it;

(tl

27

cR H"{ qsThor fi rcu ql{ 6-.ft i Jrh

efmm + Brrrr-.itFrrr {il AqA mr& *, d
m *i Ersrt t frrdir 1tm tfi? ffir 3cr+frn,

* efu go rTErfrq wr ti
qR rc+'n E_dM e) err{r-Jrtr{r fi{-d rfi
.W+ tfr H) r_sRER frffi !ffq-d rr s{il otmi
y**r,Ef,n+fi ;ir 1-o JTelq *o O*,u,

mt (i), (ii) Bft-.(iii) t 1a iTtuils +t gm*
qtr

(e) q-or q.R i N *q *& ir u-+n 61 r sfu roo * fi-q
F W,t* 6'r rgqm iln+ + ftq 6_6r qrcn t $h s+
\rm' H'rrm qr rlqfiq ac t m + ftg q_a qmr *r
*rt q-t ffi rr$ eS Hi6qr3} qr attrd fuqr wn i
etr fus ark mr rucr+ sie-( + z tt d t-st m.fl_q

*f,r B, E-6 fr-+aT *n *r E€ i+il fr iar r_gdr frqr\ym.f,* 6r q.rr ilrwr i{rq-+-r ya_r *t qEfur qR ffidr

_ (W) a-e ffi *{n fre-sT r5qrq r3qr* * qrua
,t z f+ * m.fl-s e?

I

../

P.T.O.

,. t,
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the demand (as a function of

Pr) for the two stores'

Assume that production costs are zero and

that the stores aim at maximising revenue

from sale of water cans' If thC two stores

compete in prices, find' the pr:ioes charged

at Nash equilibrium

(iii) Suppose a new governm0llt regulation

restricts the stores from chaiging difl'crent

prices for water cans' Instcad' the.store 
'

owners are given a chanbe to choose their

locations on the highway simultaneously'

If they choose the same location' they split

the business evenly' Wheru will S, and S'

8. rr,r C,,:,s!iier Hoteili-r!':. 3irod::' i'{ a s':'l:git.: 'r'g;1 " "
of length : 100 kiiornetres' where consLmers ari

uniformlydistributedalongthehighway'Suppose

theri are only two stores (S1' S2) that sell water

' cans on this highway, located at a distance of 30

kmsand65kmsfromthebeginningo.fthctiighway.

'n to't equal to
Each consumer has a transPortatio

0.03d2, where d is the distance travelled to the

nearest store.

(i) Calcutate

Prices P,,

(ii)
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iocalc ar \ash cquilibrr;nr I Is

equilibrium locarion choice of
socially optimum? Explain.

the Nasir

S, and S,

(iv) If a third store (Sr) also decides to locate
on the same highway and the 3 store
owners choose their locations on the
highway simuitaneously, flnd the Nash
equi.librium of this game (3+A+4, ,_rO,

(b) Suppose a shopping arcade has only 2 stores seilins
tablet PCs. One sells I enovo tabler pC. ut I
price = P, whire the other seils iBalr tabret pcs
at a price: pu. Both tablets are produced at a
marginal producrion cosrs of Rs. 10,000. For rhe
consumers, both tablet pCs are perf.ect substitutcs.
Each store,s set of actions is the set of possrUI"
prices P, (nonnegative numbers). The low_pr.ice
selier gets the entire market; if thev charge the
same price, they split the market,

(i) What is the Nash equilibrium of this pnce
game? Explain.

(ii) Suppose both

more element

stores decide to include one
in their set of actions :

P.T.o.

L
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P =' 20,000 or Free;

i.e.. charge a price licr tablct PC -'

Rs. 20,000 and a<lvertise that if the product

is available cheaper at the other store' the

customer can have it for free' Find the

Nash equilibriurn oI rhis game' Explain'

(5)

h fr-sa'n
roo frfrfr.t EA fi* ffiqTf * *cfrq a

frqR 61, ta1 3q*omr3il d {-qqTti * er'T E'qr< 6q

t ffif, frqr qmr *r qrq frfrq fr- +qa a At

(s1. s2) I * gs rrsqFt rn crft + H iqt e' fr

irmqr{ fr $orm t go ffi *t os Grfr Ei $ w

Rra tr v+*^ 3q$-fiT fr qtrd6-{ anra 0 03d2 *

c<r-c{ *fr l, sdr d ft-+-ril{ dt ao di rTt Et i'

(i) a g-6rn * ftq {-{r (qkfr Pl' P2 * qH

*-a-+ * 5c t) fr rrur<r otr

(ii) {F{ e fr sereq arrro r-rq e 31k Ezk qT aeq

cffi + E& fr Gfr t rrsrs d ilB'-+-aq c-tcr

tr qR mi dt qilrfr t cRfl'ui 6-it t' fr

Art t-g-d-{ q{ qrrq nq 1u ara dr

( sr)
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, t-*, *r sff+ qqrq, r*t aifrft1 o1 q_q mq
n-sqFf .rr s{q+ ieTrr gq+ 6I +sir frqT uTilT *l' 

, vs.fien+g+}i,daanqmeilt-tm

"'5"' r\ Jr ul\

52 erd ftm dli wr Sl elt sz or lpr q_Ad_{ .

rr+r+ sFilfufi sc * EE{q +? y{Hrg}; i

!"*+ qrr frufq &fl: + ofu s r*t qrfu*^ t'm.Bi.r .

(q) qFT mfdq fu q-n rffur rTrfr t 2q6"_ 02 q=;- .qd ' 
.l

q( +rrfrr +, u-qB. ({ir itT{frFT Hc_ pc fr} qftrf,
: pu R *trtr *r +it ffic 6.1 3erd;r to,ooo tqt
st rT1fr rflrET Hr.kr vt fr_qr unn *r uqrftq61 6 

. .r

frq, ffi Hc pc Te ft_s_tr g, pg+. r& Bt
tfrqmil- or.te qrTrtrd ffqril +.r fu t pi (ir_xrnmo

P.T.O.
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wcqr)l s-q *{f, srt .l*frf,r ai 1o Er'mt fratn *; srrn

t q-6 fi *{d ctlae t, A a ErwR d frq6o *

frBt

(i) E( {€ rta qi irT vg-d-{ er B? {+rETr'rIl

,i

(ii) qr.r fiHq fr'ffi €tt 3{c+ eld * t-c fr vo

*t ra rnfuo m* qiT ffq *t * 
'

P : 20,000 ur fr:lEt4.;

. zm, qR t{ilc PC fr fr{d = t zo'ooo *t

ftan-{? frqR3-fll" Eft * qt (RTBq?reI

t, * u.o-* 5t IwT il clcf,' 6t c*fl *r gs

r*a qr iu rgd{ ara 'frfur sfu qTsrga r

(4000)
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2.

S€ q-fi-c=r + frd fi eqr ftq .rq ftritr{ +err;r q_1 yr1_41
n:Eqrfi frfi'qq | "

v$ft yri * va.r fiH r y-&o yr+ * ft_6 ; rnm* * rn_rfifuq r , v\r\

q:fl rv;ir'q1 qq-n 816 3. r

F€ rr+-* sluflT sr*fiqr tre G.fr \'fi silsi i ftfhq, Afrqqafr 3Hi 6r qrsz-q q-m fr *+r qrBq r 
' \ ' 'rr'i-'

(a) (i) Suppose there is a one- time increase in theproductivity of research represctrte,J by anincrease in 6 where A ,"p."r.;,;',;;
productivity of research. E*pfrln' ;; ;;;
context of the Romer model, wlrirt ltal.lpens

. to growth rate and Ievel of t..h,,r.,tngy or,.,
time?'(Explain with ,Jiagrams) 

-.or vvLr

(ii) Consider the level of per capita incornc alongthe balanced growth path given,,r,i.
following equation *

y*(t) . (s*/n+gn+d)o,r o ( l-S*) tis,,rg, L(t r

The notations have their usual me rrnings lsin the Romer.model of endogenori s gr"owth.

1.

P.

I

t:

3.

4.

Eri * fr(, fr+sr

t
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(b)

3

irind the value of s,. that maximizcs outpul

per w,orkcr along the baianced growth path

ie, y*(t) . What happens to the econorny rvhcn

it exceecls the l'aluc'.'
tl

(3.5+ 4)

(i) In the contexi of the Sololv rnodel rvith no

technical change, what is the saving rate thal

rnaxirnizes steady-state consumplion per

worker? (Assume that consumption is eqr-ra1

to output minus investment). What is tire

marginal product of caprtal in tliis sleacly-

state?

Examine in the context of the Solor.v rnode i

the short and long- run efitcts of a onc-lrme

permancnt increase in the stock o1' labour.

Assume that g (growth ol- technology):0 and

n (population grorvtir rate) > 0. (4+3.s)

Assume that tl-re marginal cost for il

rnonopolist is a constant i.e., c. The dcmancl

curvc is linear and has the fornr Q - a-bP

(whcre a, b are posrtive constants). Q, P have

their usual meanings and a-bc > 0. Find the

profit maximizing equilibrium (both price and

cprantity), level of profi ts and consurner

P.'t'.o

(tr)

(i)(c)



"{

-1.{ 5I -i

surplus i{' the good

cost.

were pricccl at niarginal

(ii) Classify the lollowing goods as rir,'alrous ancl

non-rivalro"ls and by the extent to 
"vhich 

they

are excluilable - tracle secre-t for Coca Cola'

music front a compact disc' a lighthouse that

guicles ships' Exptain thc roie o[' tllc ttlarkel

ancl, tirc government in providing cach of the

goods in the prevrous qutstitrtl' (4 5 '3)

(sr) (i) qr+ Aftq f+ w-+euia dl senr*-* i ('+i dR

q1 gk E{ l, fr s i gk an <rfiqr {qr I

wa alaur< fr sere-om qlT qRftfiI€ ffint

?r i-qr m-sd + R-elI n rlrq etfinq fq sqq d

{T'?{ R-f,'rs' <r *l ffiFi# * mt m' et *ai

ti (3{R{e * er,I crnrq)

(r) {+qfr.k( qid-+auT ERl frq uq qda=c {tqls c'l

t qTq qR qB-d 3ilr A H{ q{ fr.-qrc 
-fii -

t,

.v*(t) : (s*/n1-g,r+d)"ir " (1-So) 5s,.i go I-(t)

erada fi-s-fii{ e} tqr qra + ;q i eArti ti;r

y1a -ar+r;{ ild i'
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sR 6r qFr HriT mkq c] sgFd( fre;r< 'r{ *
{rr{ cR mrd-set .rf,nfir q} srEr+aq q'c.n i
rqta, y"(t) r .Iq t 0{816 A+ q{ it-?tdmerT 6r

ei *rn t?

(e) (i) 6n ftffi nq-ffi qftq-&{ + ffi frsa -* sad

+, cf{ {,{rni't Rn-rrw r+ra q} srftrraq qr}
qr-fr q.rd dr ryi ii (qm fr fr rsq:d err$.-Td

qa frirr th qtrfl t), ru Rlt-r+er i TS
qT ffia :-eqrE -er I i

(ii) dd m-s-d * €<ri n' "rq * d*. + q-+'sR fr
endt Efa * ere-mrfun sfu A*mrk*. yqrfr qr

qfteror qt-.r qr+ A fr ft (eMffi m gk) =

o efu w (w+cc<r Ek o) , o"

(s) ' (i) qra "& fr q**. q-oTDrff a frq fua arrra

Rrt A qrft ftr qr{r e-fi tfrc-s t tfu qffiT 6c

p * oiq+ sFn;q ir-d I e*t a-bc > o. ug;6
q1 B{Bm-crq 5q} qkil HF{ (dq-d ofu qi-:r

ffi') 'nm dfrqr frrar qT mt etr :q-).i-qdi

iimq qE .{iE * aSqo ffa arn i,,: .i l

.:' l, .r

l
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FqRRq-d q<fr e illffi lrh r\r cRrre +

* U *O* 6t Sfrr tus ra itm i T*
t - *6r.dtn * ftq **t '**t' * tY

frffi t tfta, \'+' rffirdrfi d q-sr'it ot

qrffiq q-<ar *r R-oi Yrc t q+6 aq a}

3{tl-er 6tI} t qr*T{, *i wcsn =ft T** O

qrqr frRqr

( ii)

z, (a) Explain why' following a monetary expansiou' the

exchange rate always ovcrshoots i1s trr;w long-run

";;;;"- 
value 

(7 s)

i (b) Under the extended asset rnarket approach to

exchange rate determination' how does the

increased risk of foreign bonds irnpact the valirc

of the domestic currency relativc to t::tl't"

currency (the initial impact)? ILru would this

impact further affect the lixpected Appreciation

(EA) of the foreign currency (asstrlning.:1i:i::

expected exchange rate in the spot matket rclnalns

unchanged) ancl the Risk Premitirtr'/ (41'3'5)
I



734 58

(c) (i)

tl

(ii)

'lly running large delicits, the governtncrlt

can attract funds from abroad, whicir call tileil

bc used to stimulate private dotucslit

investrnent. Holvever, such actiotl rvould bc

unwise, since the foreign countries arc htlutrcl

to resporld unkrndly to this beggar-thy-

neighbour policv.' Is this true or false'l

Comment.

What do you mean by stabr lizing and

destabilizing stabilization? 1j+2 5)

grflTq f+' d, +86 CFr< * qrd, {afi{q 4{ 6trTr

srqi 'Tq fttiflfrH sqa-{ {€ n ;rn ft-f,f, qrfi +r

BF-qq qr Fiukur + ftq ffid cRffi erwn Ekd"t
* n-ra, fttfr qrs 4T {dI E;n *kc-{ ffi TcT

(vRfirn qqq) * qrEeT Ei(5iT * aea 41 +t cqrfqa

e,TdT e? qa vqrq fr*ft 5.{r ql 3{tfBrf, wrel (tv) +i

3fu +,4 qrrTB-d trTr (q6 qTct -gs k; ilfui Ennn q

B{tld-d ffi'qq et orqffia .6-Sr e) ;p 6}fiEa frRqr I

(i) 'at s-A uil qaror, er+rr Rgit t uq ':n*fie

Eir {{ifr t, fr{sr 3q+IT FrSi tRq fia{ A

(ei)

("r )

(s)

P.I"O.

1
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ffia q-{* * frq ffiqr GI q{ilT *r ardB'

gg ({6 ef qlffi rTffifi ffi' qq}ltr fr}fi trr

Eq Fn{rt-?Rr-{.*ft ffi qr fttzrar t "rqn

?t A frq qrt:r it' qt qa r1'l * qt riait I

ftqfi I

(r) erfl-o'<vr d ftqr d{ 3Ttr'l.< 6{'{ fr 3{Frfir fll

uto6 *?

:

Consider an economY where :

'Ihe official budget deficit ts +pl" ol tiDP

Debt to GDP ratio is 100%

The nominal interest rate is 1070

The inflation rate ts'loh

(i) What is primary deficit/surplus r3lr'' t,.-'

GDP?

(ii) What is inflation - adjusted deficrt/surplus

to GDP?

(a)J.
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(iii) Suppose instead that cutput begtrt': a1 ri'
natural levei and output grolvth i'etnait's

cottsl.ant at the trormal rate of 2%. Wili the

debt-to-GDP ratio go up or ciolvlt o"'er
/ | lirrr."'

(ir,) Explain cyclically adiusted deficit.
(1r2+2+ 1.5)

I'x1;lain how each of thc following u'ould alfeci

thc clematttl ior Ml and M2:

(N'I I repre serlts currency and checkable deposits.

N42 represents Iv{ I plus mortey market, tnarket

accoullts and short term time deposits)

(i) Banks reduce penalties on early withdrarval

l'rom time deposits.

(ii) 'l-he government forbids the use of mone,v

market funds for check u'riting purposcs.

(iii) The government iegislates a tax on all ATlt{

tran sact ions.

(iv) The governmcril decides to inrposc a ta::

ou all transactions invoiving arly short terr::

l;ovt: rnment se curities (: .5 r2+2+2'i

ir.T.o.

(b)



3458

(c)

l0
(i) "Wars typically bring about large budget

deficits". Expiain this statemenr

(ii) Explain tax distorrir)n as a cosr o1.inflation.

(4+3.s)

(ei) \-6 Qal Tr frnrR qt q_ar,

$TEl+rl-f, E-sa srar r+-,a qiq ricrq ql a% dt

"rnT 
t ;ilffi s-qqrfr too% i

.1-I+r{EI qTE dt logo d

qE-ITB d{ 7oo

(i) E,a +{ 3;qee a f.q\ xrqFr+ F[.r./3{ft.r*q

sEqTd @T i

(ii) tcrehlf+ F{r e - .r+F{ std r-alre n wpy6.
qrfl,/3r&riq?

(lrl) qm frfuq fu ER-+ Eqpi rflrd{ sr.r} qrupqi

T{ {6 +dT * e,ilr re+re_+ gk z% et
mqr< er .n Rn cr$[ dr *rtr_q_fi.ftqi
Btcr{ {qq t RreI s.T( qr fis ,.flK,{ir?
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(iu) q*iq w t rqrdftrd qA Eft qrcqr eit r

E-drq ft FrqRfa{d } t c-++. \'{ r eilt q{ z fr qrn

6l +t wirka qtm:

(ur gqr sfu im o-i+ fr{q m+rl qr cRR{iI€ s{in

r1, tr,tz Ml 'an l-fr qr+c a1-6r-i-(s Bfo {fC r{ rrgq

t.Ffrft-{ qr vRFiEr.s e;rf,r i)

,

(i) q* qr<B rnqr t E-d Frorft qi {s qq o-{t

ilr

cc+n *+ frRqt + uhq "i Tfr qr+c .Fs +

, Jqfrrr qt i-o orn-& ?r

11i6R {aft VA\rq * r1r 6{ a.nft tr

T{fiR ffi fi Brerqrkfi rrc*-rt yRT.RA t
G {$ iqtil rR qr arn} ffi frutq i-& *r

'qa snq +t qt et qwc qrt d drt +i gq

q'q;r 6't qr{dtT 6'{l

(a)

('i)

P.T.O.

:'

(u)

(iu)

(1') (i)

I

I
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(ii) tnFftR
efrfrsr

t2

q1 arra*wi rr @ fr qqql

(a) (i) Distinguish between credir. drivcn bubbles

and optimistic expecrations rlriren buhblcs.

(ii) What are the various practrucs comnrercial

. banks use to solve asymmetric infor'uration
problems? (3.5+{)

(b) (i) Distinguish between Friednurn'i,rnd l,he Ips's

versions of the fooling morle l?

(ii) What is a macroecono nl ic c xternality'?
How do long-term agreqntcnts inrposc a

macroeconomic exterrrality on the cconomv?

1+:r: S1

(i) What are the common elenrcnts ol'the ori,ginal

and the New Keynesian approuches?

(ii) Explain using the New Keynesian rnodel

why small nominal rigidities have iarge

rnacroeconomic effects. (2.-s+5;

4.

(c)
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(sr) (i) ;6q-;nfr-a ET -+a vir 3lr{rr<ffi Ts{B n }Ra

q-cma * fi-s Brd{ otr

1rt) ,irsqfta qu-+ sqFlfr eil 6f, 6{'{ + {i{
qrfurftqm +f, ti;T {a$1q c"lr,3t ,.51 .:qrihi 

=;r}
*?

(e) (i) qfan rr.<o + ffic vtr'*"'+ * rrcsi{'rii *
Sf.I 3|{{ 6{ I

(ii) rrqftr 'ilrffio.ot-ilfl wT ?i afi ir+ft; 'i ,l,sr'r

iiriq{er q{ qlq{ '3il,FI6 qrdA-ir dtt arni i I

(q) (i) 1r oir;q fr*Rq-+ gMM * mq-,'q riq Hr

e?

(i,) Y dt*frq-c qt{f, 6T 3c+tr q,G gq rqor ei
ft Ca imqrf, r.1 qairadT 6T alr6 "slr-lcr;

3Trfttq. qqrq Ri *ar ir

-5. (a) (i) 'We scc convergence among somc sels oI

countries but a lack of convergence alrollE

P.T.O



3458 t4

the countries as a u,holc,show l,".ith the help
of a diagram how the neo classical growth
mode I cxpiains this phe,onl.,na. wrrai other
prediciions does tiris nrode I rnake,.)

(ii) Does this prcdiction of tlie neoclassical model
exprain the differences in growth rates across
the countries of the worlcl? I)iscrrss.

(4.-s i3;

(b) (i) What are the deterurinanrs ol.cxpectecl
profi rability of investrncnt ?

(ti) Explain the relationslrip b.i:tu,cen social
infrastructurc and elrclr ol. tlrr. li,lio*;,;g-
investrrrcnt share ol^ (jl)p. evcritg(. ycars ol.
schooi i ng.

liii) What are rhe cleterrninanrs of.social
infrastructure.., (3+3+ i .5)

(c) (i) If the pr:sitive interest .u," j,?f.rential 
rn

favour of a foreign monetary centre ts 4o/"
per vear and rlre forcign currcncy ls at a
forward discount of 2ok per year, roughly horv
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much would an interest arbitrageur earn from
the purchase of foreign three-month treasury
trills if she covered'the foreign exchange risk?

(ii) Write a short note on 'Crawling Peg System'.

(4+3. s)

(sr) (i) 'E{ m'* qp s{fr * fi-q B{ft-ffi"r H e

aEra qt m'q- oTFnRoT ffi 6-fr' !-qi erR-rq q,,t

{.ar.rdr t ft-csrq fr q-E-yRfu-d G-+rq rf-$f, E(
qa{r fr qrcdrr tt qrar tr qg ?Ttrrf, 3+r eFar

qfrEqqrFrcfi E,T{r *

qr a-e-yft&rd rft-d fr m qM 
SfrqT +.....^tst { ft-{,r( e< i ora-r d qnqr q.i-& e? qqt

otr

(i,)

I

"I

(e) ftasr +1 r{+fird Rrrnr<flT + fuii-q. eoTr e i(i)

(u)

.

(u)

.Ttr*sm
+ A-s ("rq ffi
q-r fr*w Ewr,

.rt*a; Sffi

ef+ oi{ ffiRe-d t t s-+{
qrqr qt - q-6-d dq vsra

qfr frreil * *ffi s.dr

eii + ftrft-+' eqr er

P.T.O.

i.

I

.

I

!d
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(n) (i)

16

rri? qq; frifi fn ti" * qer i E-+l1rsq -"q'a

ir{ .rffii qfr qS 4% I ink fa?* 5dT qfa Ei

29,; fr qr qi i], ir ;lP ali -r (f, .d]lln

.mltla €iie t fua-+ E;rnqrT B*t {i{ q-ft-} 
r

* Srt fr-A q* t qfi 3{r+ fr?fr 5dT frfr+q e'}

.nqr kqr *?

'frififrr trr ftr..q' rn yfi d}rq ffi fdfieqt

(3000)

(ii)
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2. qrd i t ffi ciq Yrfr d rmt fifrq r

q!ftrri+ irfisqqi r

2

trs nrt-* + ffi fr sct fre trq fuiiRtr RII-{ {t wrir

-T"*frftsq t

5.

l

4. rrqrgri{-frflq+q*a-{tc{43q*rrm Sr{qft* r enr*

ve{ * ftrq qffiq sRM roI{g r mft rrorar* + ftrq A

qsrqaq p11-fr rrr t'tqr* d frf, frqr vr vqm i r

w niFr-q? q'tvt-t a+fr cr Eft ffi qo rwr t @, afr-{

qtTr vmt Hl qftgq q+. A er<r qntg r

state whethef the following statements are True or False. Justifu yorir answer.

(i) In linear regression models, I value is invariant tq changes in the unit of

measurement, as it is dimensionless.

(ii) An addition ofa variable in a regression model with 30 observations and 4

variables, would always lead to a rise in the R2 and adjusted R2, given that the

additional variable is statisticaily significantly different from zero at a=20oh.

(iii) In the regression involvlng standardized variables, the intercept term is

always zero.

(iv) The correlation coefftcient between U : 3X+2 and V: -4Y+5 is the same as

between X and Y.
(v) In a multiple regression model Y; = P, * p2X21 * FzXzt * ui, testing a joint

restriction Hs: Fz = Fz = 0 is same as testing for Ho | 9z = 0 and Hol B, = 6'
(5x3:l 5)
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1. Emrd'fu fiffifrfua arerfr

fiEi$t

3

t qr Ertrdt 3rqt sarq *r:itffeq wfea

P.T.O.

stI

(i) tB+. qft-rrffi drd *, R2 ara erv ffi e' vft{da *. frr.
$cffirq 6, wrio 116 J{r{nfi rrCa ar

(ii) 30 3r+dtfiai gk + q$ t mq cft-rrurfr frsd fr n+' rr *'
jrfrft-ra, 6frm R' s{t{ srrdlfta R'? fr T6fr'61 3iF d urqrTr,

qe ffi g fa rfrfu+a EFI c = 20Yo w e5q t sifua-fi-q 6q

treqotwttuati
(iii)ara-fr{a q-{ ErS cfr?Frd d, 3rdttrq lrcs 6$en lgu rFn tr
(iv)U = 3X+2 3lk V:4y+5 * drE s6i'-du {uIE a-fr t d x :itr

YtdrEtr
(v) !'fiTB+. sfr"rfia e#ra v, = Br * BzXzi * lsxzt + ur fr', w' +i3+a

vfuiU Ho:Fz=Ft=0fiI qtf&1o1 Ho:Fz=0$1-t Ho:Br=6fr
ctaiq *'s*mr tt (5x3:15)

2. (a) Consider the model

Yi=pr*lzXzr*p3K3i+u.
where,

Y1 is the long term consumption measured in Rs thousands

X2; is the income measured in Rs thousands

X31 is the age measured in years

.(i) How will the estimated intercept and slope coefficients change if the unit of
measurement of income is changed to Rs lakhs.

(ii) Suppose the researcher thinks that usually consumption increases with income

but at a decreasing rate and consumption increases with age. How would he

modiff the model to see whetier the data supports his hlpothesis?
(iii) Suppose the researcher wants to assess the relative importance of age and

income on long term consumption, what model should he estimate? Explain,

(3+2+2)

(b) Let Xz be the hours spent on Mathematics coaching during a week, X: be the time
spent on studying other subjects and Y be the scores obtained in the mathematics final
exam. The following summations for 23 students were obtained as below:
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Iz = L},Xs = 5,7 = 72 n:23

2rZ = tz,\xzxt= t,I* = tz,Zx,v = to,I',v = 8,I !2 = Lo

xz, r and y are variables measured in deviation form.
(0 Estimate the following regression Yi = p1* BzXzi * p3X3i I ui
(iD Estimate the standard errors ofthe slope coefficients
(iii) Obtail R2 of the regression.

(iv) Interpret the slope coef{icients and comment on their statistical

significance.
(2+3+1+2)

2. (O drfi qt F+qr{ frffi:
Yi= fr* FzXzt* B3X3i*u;

w6r tr{,

Yi 6frRl sqn f qlm ?rS iid rrqtr #r wa t

Xzi 6frnl tqi fr'tTIfi rf $rq t

Xsi aqT d'?Trfi rS 3tq t
(i) qE 3fiq SI am fr {firg'+,} arq dct fr qca frqr ff(r d %{qrFrd

ar+ttrfr sik afrrdT tr"n-r ad rq*nr

(ii) ara frffi(r f6 riqq,-dt Sq-dr t B :nq d-t w 3ir{r + €I1I EIq?r

a-6fr t dfrm tr6il fi T{ 3fu lgqa 5s t snr a-qA tt ra:ra tsi
* frq dri{ a} &fr:i'st}fud strn fr leT 3s€r qft+Fqfrr q.r sflffr
arar t qT a-fl?

(iii) xlid ftfrqfr eitnidr iidl :rdft fi 3qtt4 w rE 3lk:nq t s.ItEt

:r5a sT 3iFFiFr fr-{al Srffir t, a r$ E;s xrrfl 6l'qEla il4r41'

srfr:q? EqRsqr 6rffil (3+7+2)

(u) firfr fiffi Xz ezfi' {c'dr6 +' Et{ta 4Fla dlr +1Ffrr c-{ RE o m tit

t, x. srq ffi 5 3IeTfiI fr A6ql aEII sff{I t 3lk Y.rrFrd 61 3ifr'fi'

4
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qtfqTr fr eTqI3is tt ZS 6rtr t ft(r fud wilr frsaqun wrua

r+q rRr q:

Xz = 70,R2 = 5,Y = LZ n=23

l.l = 1.z,lxzxt= a,I,i = n,Z,,y- ro,I,"y = s,Zy, = ro

x2, x3 3ik y GAfa SC d'qrq'rnr irt tl

1iy ff2aftfu-a cftrrffi 61 3rffrTrfr rrrrnr ri = h * Fzxzi * B3xsi * u;

(ii) adra frun+'*r arr*'effi 61 3rr#{rT Eamrt

(iii)cfrdrq-f, *- R2 cFiil fiffit
(iv)aara ar"rk a eqrqr 4tfrt Jlk rd*, eiffirq Fffir rr{ frEqst

frrffit (2+3+t+z)

3. a) An individual is hired to detemine the best location for the next branch of a

famous family restaurant chain 'Foodies'. The individual decides to build a
regression model to explain the gross sales volume at each ofthe restaurants in the
chain as a function ofvarious descriptors ofthe location ofthat branch. He considers
the following regression (original):

?i = l02,7gZ - gO75N, + 0.35474 + 1.288 1,

sq: (2053) (0.072't) (0.543)
n = 22 R2 = 0.57i RSS = 384.27

where Y = gross sales volume, N = the number of competitive restaurants nearby, p :
the population nearby, and I : the average household income nearby.

(i) Interpret the slope coefficients ofthe regression and R2.
(ii) Suppose we add another variable A to the regression above where A: address
ofthe restaurant. Consider the modified regression given below:

?i = 98,125 - 8975 Ni + 0.360 4 + 1.301 Ii + SB.0Z Ai' se= (2082) (0.074) (0.550) (es.2l)
' n:22 R?-0.695

Do you think adding a new variable A has improved the fit of the equation? WhyAVhy
not?

{iii) Do you suspect a problem in part (ii) above? What is the problem and what
could be the consequences of the problem? How will you correct for the problem?
(iv) I{ow do you conduct Ramsey RESET test to check for the likelihood of
speoification error in the model?

P.T.O.

5
i
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(") fuppose the average household income (I) is not measured correctly' What are

the consequences ofthis on the properties ofthe OLS estimators? (2+2+3+3+2)

b) The following regression is run on 240 observations'

Yi= fu* FzXzi* BJsil'PaX4i*u;

The residuals obtained have respective skewness and kunosis values - 0.097 and 2'56.

on the basis of the given information, how would you test the Normality assumption

ofresiduals. State the Null and Alternative hypotheses. Do you think that the test is

6

valid if the regression is run on I 0 observations? (2+1)

3.6) qq.vfra-tr crfiHrfr-fi t€frri s5c-dr qfi.+ fI rrrs enqr t frq'Fdtff;'

Frra frtt'tfiH 6,{fr * fr's E-s'eqRa 6i 6rfi q{ {€r araT tt eqFa g€'

ensr +. €q?T t fdtrnt B{{vr6l't' 6,rS fi 5c fr' {sfiI fi q-cffi tFtrti

C'€?F'a MI Sr finr'#T ar-@l*.{*'* fr\'l'+'cft-rrfl-a F!fta dare sT

ffiq Aar tt a-o ffi@a cft-rrq"d ({d)'lr BqR a{-dT t:

?i = 102,192 - 9075 Ni + O-3547Pi + 1.288 Ii
se: (2053) (0.0727) (0.s43)

rt:22 F=O.SZS RSS:38427

a-fr Y = s6a'R-fir 4I Tlrdr, N = 3lrs-e1-s fi cf€vtfr i€ari 6r €Eqr,

P = 3{rff-qr€ Sl sr+iwr, 3lt{ I = 3IFI-crs ff 3ttsd st-( 3TFrl

(i) cft-rra-d 3it{ R2 t rfrrfr Tulrr #r aqrcqr firffit
(ii) aEI dlffiq fr fq:rtrr +, ca,rffi * q-iF 3it{ T{ A S'.5S t 3-6r A =

tmti qT trf,rl dri fr(t a\'{?iffd cf4"rra qt E-tm €tffi:
9i = g8,l2S - A97S Nt+ 0'360 Pi + 1'301 Ii + 58 07 Ai

se= (2082) (0.074) (0.s50) (9s.2i)

n= 22 R3 = 0'695

FqT 3flqdr arraT t fr (rfi-a-qr 
"-{ 

A s}te d e-$-dF{or'* ftrc fr'TrI{ F{r
H? +S, ES a-fi?

(iii) *qr s{rqd 3wt{a firrr (ii) fr'fu's srrFIT 6T i+ir tt qalsT HT t
sit-t sqsr t fiqTH ** 6 s+t P 3{rc $Riqi dr *t 6Ta' sr{jl?

(iv) d'ff fr'hft&r fr *I {ielrEdr 6I Biq * frq 3nc \qS tlte c-freruT

(Ramsey RESET Tes$ #$ 3TrdBd a.{* t?
(v) qra dtB's fu 3ll{-f,i d{qsTq (l) 6} $€r 64 t trff fiIqT al?il tt fs+t
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1'

u1 AEfrfud grn4rqq 240 ief,uil'tR qarlT qrar.tt

Yi : p, + prXri + p3xti + g4x4i + ui

crE-d 3rilsH * diift-d fr€rrfr (skewness) 3it{ FifFm. (kurtosis) Hrfi
-0.097 3il-{ 2.56 tt et ar$ mrd-firtf t 3iltirr rR, 3tTq :raRfsd 6r fi.rfi.ra-dr
EiRqT sr c-fter"r i;il 6t-it eFirr 3itr dqfrqa qf.d-dq-d.Bf ar ra*s *tBvt
+qT 3iFr+t r4FT t fr c$Enur aru g qtr cft?rlrd to rralt+-ii q{ qdrqT

ar-ar i? (2+1)

4. a) A regression equation includes a quanritative dependent variable (y= wages), a
quantitative independent variable (X=years ofexperience) and two qualitative
variables; Gender and Education Level with two categories each; Male & Female; imd
Graduate & not a Graduate. Assume that the qualitative variables do not interact with
each other.
(i) Using intercept dummy variables, write the wage regression model if the impact

ofyers ofexperience, gender and education level is to be analyzed on wages (use

Female Graduate as the reference category). Write the estimated equation for
Male Graduare category.

(ii) How would answer in part (i) be changed ifthe Educational Level has three
categories instead, namely; Graduate, Post-Oraduate & ph.D.

(iii)Based on part (ii), write the wage equation for rhe two specific categories, {a)
Female with Ph.D. (b) Male Post-Graduates.

(iv)How would the model in part (ii) be modified if the objective is to examine
whether the marginal effect ofexperience is gender-specific?

(v) How would the regression tn part (i) be modified ifqualitative variables interact
with each other? (2+2 +2+2+2)

b) A random sample of200 vehicles traveling on r.ough roads with a posted speed limit
of 35 mph on such roads resuited in a sample mean speed of 37.5 mph and a sample
standard deviation of 8.6 mph, whereas another random sample of200 vehictes with a
posted speed limit of 55 mph resulted in a sample mean and sample standard'deviation of
35.8 mph and 9.2 mph, respectively- carry out a test at l0% significance level to decide
whether the two population distribution variances are identical (s)

4. *) cfrqlrd g*fiq f rr+ rrnrar' :nffa frt ff= rr{$, (rs. arrrr}rfi
ede qr (x=af fi r"d?rq 3ltr dt gur+r+ q{ fr4.3fu ft}air tt'{ Enfta.H;
rd"*. 6I d,)Frqt t; gw rrrar Hftar 3lk \uc lrlnr 4<re ffi| Hrfr fffrt
fu d'dt ggrrar+, T{ rr-6 5€t dI cs{TE-d rfi +-rir

(i) 3ffi{Xrfr {5 T{ (intercept dummy variables) sT 3rmtrr *{i gv, rrqfi mr

ft-isrd dsi{ frE(', qfr ia-a qr aS S agar+, ft'{r 3it{ ft'ra:r.e-ar *-crrrd a.r

P.T.O.

7
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fdedssi fuqr grfrI t GiEet M *'5c fr afidl Frd-+, +l sqdrrT 6lGri)l gE,c

svs6 M + frq 3{Tfffda e-drfi$T frfuqt

(ii) ufi rlBo F{ fr d-dT fin 
1FT 

6' s:fi-<; 
'r"s\rc 

dr€ 
'Ei'c 

:FI-dr

ffit a-q fiIrr (i) d':-m *lt T{dq?

(iii) s{r4 (ii) t. 3iiqE cr, E} Erql€ 
'tut 

* fr('af,d "ryI 
frtuq' (o

**.*. a fi?r aFdT (E) 55q 6555ta-tt

(iv) qfi ra-?na ue diTaT t f*'aT sgara ar ffa c'sfl-d ft+';T-frfelsd t' at

(v) qf{ {grll'fia 
qr !-+, ({t A €rq q-{€c{ 35q1ari E' A ffia (i) fr cfrrrrfi

s) 200 ar6-d fi q-6 qrrFs6. aqdT frsfir 35 drfi e"fr Eit #I rrfr fiffI t $er

re.s-@ es-qt q{ ut?T +-{i q{ qf{olTr€csq aqar :frs-a afr 37'5 T 
* *

si'f rqar qtr+'F+q-oa 8'6 dril cfr dt qrq, srf,r t' s-dfs zoo areal qr 116

slt{ qTetrtr+, rryi t Bsa-r 55 drfl cF * 1* 
fiffr + qftqm€sq m'frrlr

-qm.;; *.t * * dt 3rt{ a-{nr err+ F*sil-ae'2 dla cfr dt crqr

ardr tl l0o/o ** o*'*t * 'rfrqr"r 
fiffi& f*. a) s-d:iuql ry }1ttri

srTrfr t qr afl'l (5)

5. Quartedy data on country XYZ was collected^f'o.r th-e period 2005-2019 to estimate the

relation between fo"igi'ai'* inuestment lFDl)',tr"dt op"nntts (To)' gross domestic

product(GDP)ano*."it*t*"it'ibi'itnnta"'ratioofexportplusimportsroGDP
Iri = 'i*a 

Following regression was estimated:

F,E = -0 58 + 0'012 Et - A'o25TOt+0'006 GDPg + 0 34 t

se = (0'097) (0'013) (0'004) (0 01s) (0 09)

R: = 0'904 d=1'45

(i) Interpret the estimated slope coefftcients' Do you suspect sorne problem with the

above regression?

(ii) What is the nu*T" of tt-'" p'obtem? How do youknow? Explain its congequences?

+ = po+ prfi;+ B'ffi+ B'fi+u' Will this transformation solvc the

GD4

problem mentionXi * titi'"l'""' orlJr curr vou compare BJ of this model with the

model above?
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(iii)Suppose now the regression is estrmated as given below:

FDlt = -o'74 - o'o4z rot + 0.47t

se: (0.057) (0.019) (0.364)

R2 = 0.896 d= I .34

Test whether the regression specified above suffers from first order autoconelation?
Which test will you use and why? (Use c = 5%)
(iv)If the errors obtained from regression specrfied in (iii) above follows higher order

autoregressive process then how would you test for serial correlation? Give the
steps ofthe test in detail.

(v) With reference to the regression specified in part (iii). What will be the remedy for
the problem ofautoconelation ifit is detected? Explain,

s.eer xyz c{ 200s-20'r9 *r 3,.ufr + fu, *}affi6 }a sreqqr #H:i:r,
eqtcrr giflTd (To), rrd-d si-{ rccr{ (cDp) 3tk fldftffi' il (E) + dq wiq sT

3r{qrfr t,ni * fra q6-d ftqr arqr Eil TO 6t ffia 3ltr 3nqrd h $Tcrd t
sq fr cft?nfud Bqr ?Iqr t ritr t = r'qftt ffifua cfrrFd sI 3qzTrd"

TflI{I ?r{JT rIT:

F'Ot; = -0.58 + 0.072 Et- 0.025 70, +0. 006 GDPt+ 0.34 t

se= (0.097) (0.013) (0.004) (0.01s) (0.09)

R2 = 0.904 d=1.45

(i) 3r{ffrf;Td afrta EJun+, *f zqrccT frBtt wr ilqdr fiTt+-d sfrrlrfr * €i?T

T-5 Ff,',Fqr 6T €F6 t?

(ii) sH'{xr €l ,Tfr Fqr t? 3{rrfit iS mqau fst 56cftuns a-drr?

*, = Fo + B,h+ pr#+ fu fi+ u,. +ql 16 cfu-d-d 3rTtf,d (ii) C sFafua

vrr€qr iFr sqEna 6t4r? ffi Fqr 3{Ts Efr iT5fr *' R2 *t.aa-ar:tT{t'+a Efr5-t

fr+{rfreil
(iii) HFr frffia"lci 3rE sftrmfi sr qma frt fur reT. fr:

Filt = -O.ta - 0.042 ror + 0.41.t

se = (0.0s7) (0,019) (0.364)

R2 = 0.896 d:1.34

P.T.O.
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qfrfiur €tffi f+ rqr:Fc{ frfrq qfuTrrd q6d ma * +a-a: q-6{ictr t 4'€a t?

3flq GiH qteror'6T 3q-qm at& 6 *dz (c = 5% ar q-qYq 61ffi)

(iv) qE 3q-{Yrd (iii) d fffrsc cfrTffi t rrca feui 3Eq m-rT $zl'q-ifr'E (nR)

cB-qI fir qmra afi& S d 3{rc mft:rs (6datr fi frtr aift q'teToi'Ei-A? fisrET

+ T{ufi ar BgR fr adrd f,rffisl

+r €"ff-F.r +r qfrr trGA qi
(v) an"r (iii) fr frfrsc qftTffi *'{i6et *' ss6riEtl

:ffirr Fn sqs'ffi sa-ar$l (2+3+3+3+4)

6. a) The Home Ministry of a country wants'to test if petty crimes (minor thefts) are higher

in states where po'"*atutt''u'" iigh They obtain data on several variables and ran the

following cross section regression for 35 states I I-t 
to'n"y',- 

-- *' ,, = 6'275; IJ.-4T PRi- o'oT:.'zlRi + 0'0862 sD&

59 = (3.125) (0 02713) (010361) (0 03834)

n-35 R=06876

where C = Crimes per lakh ofpopulation

. LR: Litetacy mte

SDP = State Domestic Product

(i) A priori what signs ate expected for the explanatory variables? Explain your

answers'

(i0 Test for overall goodness of frt ofthe.regiession (Use o = 57o)

(iii) ^C,nott'"'toatiius also used and following results were obtained:

la ci = z'tqzi o'orrso lnPRl - 0'05-48 lnLRi * o'092! lnsDPi
"'-' Se=(r'r02',joj!u"'*,1'r# (0'03647)

Interyret the coeffic'ient of ln SDP'

(iv) no* *il vo' ""onJutt 
rur*rinnon'White'Davidso' 1**flrifjrlo '"''

whichmodelisbetter?Wrireallstepsclearly'\LT4-LJt

b) The regression equation given in part (a) is modified as follows:

e i= 23'83-0 0089 LRi

This equation was estimated using 50 cross-sectional "b::1,":"Tj:::"j:::::,:::t"""
least squares (oLsl. ro .ie.t ro, rr"teroscedasticity related to LR, separate regressions were

run for the 17 states *i'i"i"-it*t" fR and the 1i statcs with the highest LR' The sum of
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squared residuals for the low LR states was 270. The surn of squared residuals for the high-
LR states was 90.

(i) Compute unbiased estimates of the variance of the error term in the two
subsamples.

(ii) Conduct the Goldfeld-Quandt test at 5% level ofsigni{lcance.
(iii) Regardless of your conclusion for part (ii), suppose you believe that

heteroscedasticity is indeed present and that the variance of the emor term is
inversely proportional to stat€ LR: Var(e) =y /LRr, *h"rr y - an unknown

. constant. Explain how you would transform the data to satis$r the classical
assumptions. (2+3=6)

i

I

i
6.q)Ffi-S tr *r 15 dararq 16 oftrar mCar t l* +qr dtt 3Tq{rrr (ar{dt 

"ttDrd'TEl d' :ifufi H d-6T at"{i 61 3rfufi Rt + qr$ qd.qr }a qT"a sri 6 3it{

?er + as {Ertr fr frr'ffiBa *is t+erd cfrTa-d q,r sgerrd arri f,:

Ci = 6.275 + O.LIAO PRi - O.O7 t2tRi + 0.0862 SD&

Se : (3.125) (0.a278) (0.0361) (0.03834)

n - 35 R:0.6876

s-fY C = cfr drs aildwr

pR = erirdl {t

LR = frTtr{dl tr{

SDP = Trq qT{ TCCTA

(i) w m*fi-e;-6r uzirEqrifl?F qr t fr(, +-qT {it-a yqffi-d t? 3{si rd-$ #r
anwr ftffit

(ii) cfrrrfi-;r * fr-c fi +rq-{ gEsf h hT cfrqTDT frffit (q = 5% rFr

e'{i?T f,rffi)

(iii) !'fi lt;q aY's-fr'+l efi strqtq GrqT ,rq'r sltr B-l;rfrfua"vFtona rrra gv:

lnC, = 2.142 + 0.01186 lnPRl - 0.0548lnLRi + 0.092I tnSDpi

P.T.O.
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se=(1.102) (0'0673) - 0:0?l?] (00364?)

n=35 83=07923

tn rrySfi fi rJsr*, 4r zqr@T fiiffit

(iv) *ta qr Eif-<fi i6tr{ t T6 T*i *. fro urv]-A;afa-ror+e-tBcffid' (MWD)

ctlflItl it$ ddn s'*fr q'{sfr dr €cce 5c t frEqr (2+2+2+3\

E) efl'r]' (5) d fiq mr qR'Tqa €dffiq fr}ffq-r{srq ssiltrd GrqI TqT t:

Ci= 23'8r -0'0089 LRi

qIf,Ttr - a,ng a,it (oLS) <TqT {rFd c{ 50 *f€.t+e,76 56ffi'+r

5qdrrr fi-{ts Ffi sdr'6{ul sr 3q.ffrm E-TrqT rrqf qrl LR t d?itrd

Mtrr+ar (heterostedasticity) d 3fr-{ q'r* fi frq' F{S 6r'fi LR qrd

17 {cst 3lk 3ETtrfi LR Ere 17 {rdt * frs 3rilrr-3rd?T vfuu-a r';rm-a

r4rc are tl f,fiF LR {r'd',* frq'alr rdftrct qr qFr 270 q11 Fa'LR

{teEfr * frI'azt 3{Eftttet q,I qtc 90 fil

(D A 3c'aTd d'Itr q( fi FrfiET fi fsctt ryrS €r aqrfir *lffit

(ii) rirdsh-8-TEi--5c cfifiur dr 5olo fi6cT *'mr qt rrdB-a fiCrlt

(iii) llr4 (ii) fi frq 3fiq't Frq,{ fi EI-r{6' arn fiG('fr Eqf,d8rfi-dT

Er€fl{ fr'dt-S H 311-{ fd aT f*atst {Gq L1+ e56a.rydt t: var(e1) =

v lta,,@ r = r,fi- #- *' qqe fiffi ffi' 3{rc' qngfq EE=q-aBi'

frt rigoz 6d fi frq tcl6t tr$ tqiatrd stnl (2*3=6)

7. a) The estimated equation for sales ofTV is as'given below:
""- 

.srl., = 11d,91 - 7'908 Pricc+1 863Advert

(se) = (6 3s) ii''l'o' 
"- ' itjia:l R2 = 0 448' n=30

where Price is price of TV measured in }ts'

Sales is sale revsnut il'#;:tHi''ilsing expenditure' Both Sales and Advert are

ilisuied in terms of thousands of rupees'

(i) Is the slope coefficient of price statistically different from 1 ? Test at o=2%'

(ii) Calculate rh. .h';;irrty ;:ui.r ,"r""* *i fr resp€ct to price if average sales

.""""". it 300 and average price is 100?

)

I

I
I
1-t
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(iii) How would you test that an increase in advcrtising expendirure will bring an
increase in sares revenue that is sufficient to cover the increased advertising
expenditure? Clearly state the null and altemative hypotheses. Test at o=5%.(iv) Estimate the sares revenue for a price ofRs 6 and an advetising expenditure
ofRs 1,200. (3+2+3+2)

b) Consider rhe following regression yi = FrXi * pl where firis the OLS estimator of Br,(i) Find the value offr.
(ii) Find V(B-,)

(iii) Verif that f, is unbiased. (5)

7.O a-& #I Gfi # fr-q :rd-ffTfrd Ff*lvr fi* frql erfi t.
Sales = I l8_91 - ?.90g price +l.g63Advert
se = (6.3__() (1.096) (0.683) R2 = 0,448, n=30

g-5i price efe fr ffrq-d rqt ,t alrqT 6rdr tl
Sates kfi {T-d{q t 3it{ Adverr kimqa aerq.tr R-n 3ik frilqa EH +t,
ndTd'd.cr{ fr qmr dr-dr tt
(i) RT {rq m'r aEra ?Tori6. gifrT€,rq sc t 1 t B.#a t? a=2% w t€c
ftffit
(ii) *r"n-d * ddu fr.frfir {ra+-a fr a}E *r rmar fiffit qA 3ih-d F{6r
{IurFr 300 t rth'3ts-d 4r{ j00 t?
(iii) 3flc ffi cftfiulTt) tu tuarqa qq f qF.fi.S fr.fr ro*u fr Ea..ft
6t'rfi Ef Ee y fuama mq 6t *,-+t Fril + frT rrqi!-d t? tr+a 3rk a"fu"
qft+-eq-d-r3it 6t Fq6-c sq t q-il\rt q.=50/o q{ tcc 6rffir
(iv) 6 w+ fi fr-#fr:lk 1,ZOO Tq-t + ffm-{ eqq 6 frrr k$r {TErE
sT'qfi?I ilrn1rl

u) G'rafrfra sfr'"4#rfr qt f*qr{ *rB-* 4 = FtXi* pta-6T pr p1 6r OLS 3-rdH]a_6.
*i0l

(i) &qrr ara am *Ifr.t1
(ii) v(A) dBtr
(lili w-cvi,fua fifrt F+. B. frsrqr g1 (s)

(3+2+3+2)

P.T.O.
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E78 APPendix D S,dtistlcalTdblet

t4

TABLT D.l ExamPle

Arca! Undcr the pr(O < Z S '1.96) = 0.4750

:tl,fili::un"''"t t,i, =''u; = o s -o 47so = oo2s

mI;An -,o-ooso olzo lroo-oris 'ozis 027-e- 'o\"e 0ls9

;.; i.il;; o+ii onia .lll il:l :*:g ?:i: ?lil ?Ili ?lii

.04 .05 -06 .O7 '08 
-- 

09

3li Zi?i Siil Xliii ;;i; ;ft ogaT 'toz* i064 1103 1141

o 3 I .117e .121,- .12ss rzpj iili 'i:ee 'raoo 1441 1480 1sl7

^ n I r <<a r ier ..ur* ..rui .i,:ia .ttts '1772 lqc-s 
'^11: 

tr"a1
;.; i.i;t; .iinr .,u,* 1.564 .700 1t36 1772 r8J8 !d44 Io/7

o.s i.tsts .19s0 ,19E5 zors zbst 2c88 '2123 '2ts7 2190 2224

,r'ut\'r,rr, ,rn, .2124 '2.,57 '2189 2422 2454 2^486. 2517 2549

o z Lzsao .2611 .2642 zotl 
"11o0 

2114 2764 '2-7^s-4 2823 '2852

0.s .2BBl .2910 .2s1s zgut 'is's ioz: rosr 3078 310b '3133

0e .31s9 .il86 ,," "i'r'iii+ 
lzas r'': ll4c '1165 '3i89

t.o l .llt: .rorr ',ou. oori iioe iilr 7ss4 357a 
:::: ::::r.u l.)arr

,., 1 ..u*, .3665 .36s6 '1708 1729 '374s 377'0 3790 3810 3810

' t.z\.zatg .385e .3888 "i1 
litii lgqi zsdz tgso \se7 '401s

i; i.ffi, ;;;; .;,;z .3-i1' 1'.1i i','^Z 
o^',)', 

lo',1', i\ZZ .i\ii1 3 T .4u5r .4vn' '.'vw " ,i .cist .4265 .4279 4292 .4306 .4119
tt .qtgz .4207 4722 423

t si .+tzz .4345 -43s7 .#o o1& qlgc +qot 4418 '4429 444i

'r-61 
4;;; .44a3 .4474 44s4 44ss '4s05 4s1s 4.s2s .453s '4s4s

';1tT^1; TiZi .istt ^.:iti l:Zi 12:,'" 12i2 12t\ 12iZ 11',217 \ .44s4 .45b4 .1)t) ""' .;;;; .tZ1a .easo .46s3 .4699 .4706
r.g i .+e+t .4649 .4656 4664

t.g | .cltl .4119 .4726 .ottz oi n 4744 '4750 'a7^56 a761 4767

'ri 
l .-^lii .i)i iit 'oaa 'q'ts1 qzgs qao+goa o.',,'"'^ n^',',',

1,\\'"rrr, ;:r:,r; ":r;; 4a14 '4818 4842 191? iH9 '48s4 4as7

i)\.;Zi\ isZi isZe 'y';. :y1: :::1i ::fl, 1211 l,It' 1i12
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TAELE D.2
Percentrge Points of
the , Distrlbutlon

Solde FM E. S. p.Ien lnd
H. O.lldidc!, .l\, Rtowika
7abt6 ln, Shtiiltdmt, \o1, t.
3d.d,6blc 12.Cmtddg.
Unjhiry Pffi, N*Ymlq
1966. ncpd@dby
@iaion of lhc cdio6 and
e{€! of r/or.rdt .

Er(ample

Pr(t>2.086)=0.025
Pr(t > 1 .725) = 0.05 for df = 20
Pt(ltl > 1.725)=0.10

AppendixD ShtisticalTablas g7g

P.T.O.

15

Vok'Thc smallcr pbbabitityshM at S. hod ofeach cotuhtr is rh. &c, in otrc hit; $€ hrycr prcbrbitity isti. ana in

0.ro
0.20

0.05
0.10

'l o.or
0,02

0.00r

1

3

4

5
6
7

8
9

10
11

't2

.l 13
.14

.15
16:17
18
19

20
21.

. 22.
.23 .

'25
26 .:
27'
28.
29

30
40
60

120
6

:.

I 6.314
\, 2.920
lz.ssr
1, z.rlz
I 2.015
l 1 .941

I r .eos
i 1 -850

I rasr
I i .812

I 1 .796

I t.taz
1 1 .771

I t.zot
l r .tst
I tae
i 1 .740
I t;rt
i r,tzt
| 1.725
I 1 .tzt
I t .ttt

1,714
1.711 l

,.ro* I

r.zoa 
I1.701 I

1 .7o1 I

r.dee 
I

1 :697. I
t .eal I

t .elt I
L558 I

r.e+s 
I

I ez.est
s.g25
5.84 1

4.604

4.0r2
3_707
1.499
3.355
3.250

3.169
3.1 06
3,055
3.0'12
2.97?

2.947
2.921
2.898
2.878
2.861

l2845 
|

2.83'i 
I

2.8] 9 I

z.eot I

z.tst 
I

2.787 l

z.zzs 
I

2.771 |

z.toz I

2.7s6 I

I

2.7s0 
|

2.704 tl

2.660 
1

2.617 I

z.sza 
I

10-214
7.173

5.893
5.208
4-?85
4.501
4.297

4.144
4.025
3.930
1.8!.2
'3,i87

.3.73)
1.686
3-646
3.61 0
3.579

3.s52
3.527
3.505
3.485
3"467

3.450
3,435
3.421
3.408
1.396

3.385
3.307
3.232
3.1 60
3.090
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880 AppendixO Statisticallables

TABTE D.l Upper Perftntrge Points ofthe l. Distribution

Example

Pr(f > I 59):0.25
Pr(F >2.42):0'10 fordf N1 =1t)
Pr(F > 3.14) = 0.05 and N2 = 9

Pr(F>5.26)=0.01

SM.1Fm6 E S. p.!pn rdH. O. Hanlcy, a&., rin.dtatoblet[otgalkdal@rl. 1,3d.4, ttbl tt, c!ilbridScuniwityPBlNoYslg 1966'

icproduccd by Pcmirsio of tft. cdiloF rnd wstc'! df Btuadic'

16

3.14 5.26
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AppendixD Stqtkticallhbtei BBI

P.T.O.
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882 APPendixD Statistielfahles'

TABLE D.3 Upper Percertsge Points ofthe F Distributlon (Coz'iilad)

18
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Appendix D Shtitilqltublq Bg3

P.T.O.

lcontinued)
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884 AppendixD Stqtisticclfohles

TABLE D.3 Upper le.centage Points ofthe F Distribution (C'at'"/cd)
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ApplndixD Stqtisticolfabbs ABs

P.T.O.

I
i

i

I

I

denom-
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886 Appendix D

TABLE D.4
UPPer Percentsge

Points of the X'
Disfilbution

Stalistical fobles

ExamPle

Pr(x2 > 10.85):0 95

,,i1, , 23.a:1 = o zs ior dr: 20

Pr(x2>31'41)=005

ducd nomsl dislribuuon' whcrc I

+F6r df qrcrGr than 100 lh( crprdslon v'x - r

th€ ,legrees of fr'edom'

4.86518
5.57779

'6.30380

7.04 1 50
7.78953

8.54675
9.31223

1 0.0852
10,8649
tl.6509
\2.4426
l'1.2396
14.0415
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AppcndixD Stltlslcal?obles 887

7.87944
1 0.5965
1 2.8381
14.8602

16.7496
18.5476
20.2777
21,9550
23.5891

,s.1 882
26.756s
28.2995
29.8194
3l.3193

32.801 3
14.2672
35.7',! 85

,17.1564
38.5822

1 5,4S18
15.3444
17.2396
l8.l 373
i9.0372
19.9391
20.8434
21.7494
22.6572
21.5666

28.4120
29.6',I51
30.81 33

32.0069
33.1 963

34.181 6

39.0875

35.5631
36.7412
!7.9159

P.T.O.

27.4884
2A.8454
30.1910
31.5264
32.8523

34.1696
35.4789
f6.7ao7
18.0757
39.i64',1

40.465
41.9232
43.1944
44.4607
15.7222
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888 APPcndixD SraIir'i4lf46kt
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AppendixD Stdttsttcqt7,hles g}g

Mrlcr , = nufibcr !lobscrvations, I.= numbcrba.xplearory vadabtcs crcluding rhe consant term.soucc Iha rabtr 6 an ertcns,nn ri hc on,,a,r o,rhiew.nn r*n ma is epmuueirtmi.';.;;,;;"", _*ilh Fthmc SdiJ sanDres or Vr^ n.",-^*^- - r---..
scnrcmhrr9E0r. l554n+*ra6,r.].4ti.*"irrcrccromcmcsd,ctu 'datcotr'flcdhvr.w:drb.ortJ,.r(,,aa,rd..,..o,rd.

there.is eviden_ce of p"l,,ri ri"i-",a", i;i.'";l;,;;'"Ti::'
no evidence of positive first-ord€rseriat.o"ufation; Lrt lfJiies

P.T.O.

0.0671.557 - , _ -0r2l li41 U8 i60- _
0lbo r3tJ e-,. lra6 x.070 3.ff2 _ _

i8.0.1/7 l3.i6J o.Ii! 3.441 0.c78 360l _ _ * _ - -: *
190.22!3rj:r0.1601.3]jo.rtr.irir.oror.*, ] _ _ : : : : _ : _ _l0 n261 i0.,1 0i'o {tta o. rr ,.3a5 0.:m ,.ra, o.ou, ,"r" _ lzo\a72,cJ6 Cf,d.t.:4tor8.r..r.o,r.l.*rr.;;;;;.;o;rr;r: : _ _ : _ : _22 0119 2.a97 0.281 tq57,.22C t2rr 0.t55 t,$a.0.120 3.49t doll

cJ4O 3.14t 0.r3, 1r0c 01I 3.{E 
',0,. 
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A-5 ApPendixTabl"

fable A.3 Standald Normal Curve Areas
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Table A.5 ctitia!values lor t Distributions
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