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Provide brief comments on the following statements. Attempt any five. (3.75 x 5)

a. Prices carry all the relevant information about consumption demand and production in a

competitive market economy.

b. Along a linear demand curve, the price elasticity of demand is constant.

c. Consumers are necessarily better off when a closed economy opens its market for international

trade.

d. The substitution effect for the change in price of a Giffen good is positive.

e. A non-discriminating monopolist always sets the price above the marginal cost of production.

f. The indifference curve is downward sloping if both the commodities are ‘bad’.

1. Ffafaa Fu=r # d fheer 5 @féica 9 fecaol HIHT | (3.75 x 5)

a. AT gfaeadl SR ey § @ug & #@ET 3R 3cUed & aR F gl g
SRR T@r §

b. Tk Y@ AT T & T, AT H HroAg @ 2w &)

¢. 39 Teh s JATIEAT 3RS IR & AT 3T SoiR Wiy & df 3Yierar 3maeds
9 & dgR Bl &l

d. Giffen good Y FAT F Fead & AT YALATIST THT FHRICHSF ¢

e. U HAga IR THISR gHAT 3Tl T HHAT aPld & FR A FAd FAURT FHar

gl

f.3fe et awqU wue § @ SelieTdT 9 A A 3R ST B |

2.

a. Apple and Samsung both make mobile phones and tablets using labour as an input. The

amount of labour hours needed to produce one unit of each type of device is as follows:

Hours per unit

Mobile Phone Tablet

Apple 2 5

Samsung 5 7

Let 4 and [# denote the labour employment by Apple in the production of mobile and tablet,

respectively. Similarly, I3, and [7 denote the labour employment by Samsung in the

production of mobile and tablet, respectively. It is further given that [4 + 4 = 70 and I3, +
I§ =70.

Calculate opportunity cost of each type of device for each company and show that
Apple has comparative advantage in producing mobile phones.  (2)

If each company divides equally the labour available in the production of the two
devices, what’s the total production of each device in the economy? 2

Suggest an allocation of labour for both the companies such that the total production of
each device is higher than that in part (ii).  (4)

b. Draw the indifference curve for a person deciding how to allocate time between work and

leisure. If there is an increase in wage, is it possible that the person’s consumption would fall?

(5.75)



c. A plague that reduces the labour supply can affect the earning of the land owners. Do you

agree? Give reasons in support of your answers. (5)

a. v 3R AAHT A Uk SAYC & T A HH F 3UAE e HGseT B IR
ol T §l UAF YFR & U] H UF ZHES H 3UGT WA F AU
37TaTF HA Hel i AR 57 YR &

Hours per unit

Mobile Phone Tablet

Apple 2 5

Samsung 5 7
14 3R 1f wAw: Aasa AR e & 3cUed H Apple SORT HH USEIR &
AET aar g1 56 ORE, S 15, 3R [f wAe: Aesa 3R dSee & 3cued
JAFT GaRT HH VooR & AEAT A §1 3T 3TeleY STy 14 + I = 70
IR +15=70.81

i. AP HIN & O I YRR & Basd i 3@ e o aoEr w3
e@T o Touel & HGIST BT & IcUle H JelollcHn o1 g1 (2)

ii. g uAH FUAr g IURON & IcueH H THT T & 3Ty AT A fFeiaa
A g, A Jrdeaaedr # YA Basd & Fol 3cures T 22 (2)

iii. Qelt Fuferat & AT s & ded 1 goa & N & gdw Baw @1 Fo
3cutea T (i) B Jorar H 3fUH E1 (4)

. HA AR IEEY F AT THT ERd e F [AUT o are wgfed & v
3SHIAAT a SAsd | AT dde & gefdr g B, a Fr ¥E wwa § & cafda &
guUd X Seef? (5.75)

. T T Sl HA 3MYfT A wA A g, A Aol B FAS w genfad # dhar
T FIT 3T TEAT &7 397 37 & TAST H FROT &1 (5)

The market for vanilla ice cream is given by the following information:
Q% = 800 — 30P” + 10P°
Q° = 250+ 30P¥ — 10P™
Where Q¢ is the quantity demanded, QS is quantity supplied, PY is the price of vanilla ice

cream, P¢ is the price of chocolate ice cream and P™ is the price of milk.

i. Let P°=10 and P™ = 5. Calculate the equilibrium price and quantity in the vanilla ice
cream market. Compare the own-price elasticity of demand and supply at equilibrium. (4)
ii.  Calculate the cross-price elasticity of demand for vanilla ice cream. What does the sign of
the elasticity tell you about the relationship between vanilla and chocolate ice cream? (3)
iii.  Suppose the price of milk rises to 6 per unit due to taxation in the milk market. Show the

impact of this on equilibrium price and consumer welfare in the vanilla market. (8)

b. Explain the problem with imposing competitive pricing in the case of a natural monopoly.

(3.75)

AT ISR F TR AR Feafaf@a &

Q% = 800 — 30P” + 10P°

QS = 250 + 30P” — 10P™
SgT Q¢ & AT &Y IS AET §,0° B Mt dr S AT g, pY AfAar sHhA Hr
HIA §, P Alheic IMSHDHH 1 HAd § AR P gy T A B
i, AT PC =10 3R P = 5. 8| AT ISWRA TR A FoeT Hed 3R AET H
VAT Y| Ffoled W AT R et o Fad iy AT A A Jorar w (4)
ii. AT IMSEHA H ART & FE-Hed AT H AT HY| AT H Hbd IR
AT 3R Tidie INSTHH & 1T & T F I F FA7 g7 82 (3)
iii. AT NIC & gy A FAT qU 96K H FAUH F FROT 6 i Ifae g S
g1 AT SOR A el Hed R 3UIFAT HeAOT W SHHT TG @ (8)
b. JTpfceh TSR & AFe A gfaeadt Hea FuRer & @y g e # g s
(3.75)

Suppose in a closed economy, the Ministry of Commerce decided to promote handicrafts
sector within the country. It took two measures of promotion. One, it ran a country wide
campaign and organised Handicrafts Mega-Mela in various cities in the country. Second, the
Ministry provided the latest tech-equipment to the producers of handicrafts at subsidised rate.

i.  Show, with the help of a diagram, how the above two measures increase the equilibrium
quantity of handicraft products. What happens to the equilibrium price? Label before-
promotion equilibrium point as E, and post-promotion equilibrium point as E;. (6)

ii.  Consider E; and suppose, the government opens the handicraft market for international
trade. Assume the world price PYis higher than the domestic equilibrium price. Discuss

the gains and losses in the welfare of economic participants from this policy. (6)



b. Consider a market for cloth masks. The demand curve is given by Q¢ = 1000/P and the FARN AeTT 200 &1 IJHT HWT p = 60-5q & IS5 § @ p I ShS Hed &l

supply curve is given by Q° = 10P. Show that if a unit tax ‘t’ per unit is imposed in the i. 98 @ F T g1 ameral 3R 3rwel qarst & AR F @y g o §1 (4)
market, the sellers and buyers will share the burden of the tax equally. (6.75) ii. FAT B S B ST AIRU? FAT IT AT AST AT HIfSA| (6)
. b. S TR W =TT & H FEfT @ 3 IfeUT 81T 3R 31 Je7a A1 gy 2 Sfgh
a AT AHT B b oy dcuaer ¥, A0S FA & A & MR FEARET 87 F T HT S G H G F G TH WA TG FAF Tl & 3 IR WM gw
JeraT ¢ &1 haell RIT| 38T YR & af 39T fhU| U, 3T ey &I =aarar FAST| (8)
AR 2w & R ol gEaRie AN FEA RRU| G, FAGT & e &
& W EEaRITE & cueEt # AdTaH dEeTE-39ERoT Yee T a. Suppose the labour welfare (W) in an industry is defined as W = wl, where w = wage rate
i. Th BT @ Ao ¥ @t $¥ SWET o 3UET ¥ geafdey 3ol @ W and [ = no. of labour hours employed. Assuming a downward sloping demand curve for
AET A aLEﬁ—T g W AT FTFIT @O el & Ug o9 Eo F &7 & labour, show the impact of a minimum wage policy that leaves the labour welfare unchanged.
Aot foig AR E: & T & dee-gelefa dger f§g & 1 (6) Q)
i. By R AR #Y 3R AT o, WER HFRT@'J MR & AU gedser IR @rerar b. Why do governments regulate monopolies? Does a perfectly discriminating monopoly need to
I GIRCIECED 7T P EI'QT»[\ W AT ¥ 3% ¢ 59 T & 3l vt be regulated if the government defines welfare as total surplus in a market? (6.75)
F FHegor H o1 3R g1 W =T PR | (6) C. “The pharmaceutical firms set high prices on some life-saving drugs. The government should
b. U3 F HAEH & AT T FeiR W @R H| AT g% Q¢ = 1000/P 3R 3-]'|'q"\1?'[ EED intervene and regulate the market price”. Discuss the positive and normative notions involved
Q¢ =10P f&am = g IE fG@w & Ifg sor & 9fq gfae v X oemar S g in the above statement. Suggest a method of government intervention in light of the statement.
TaohdT 3R @GR X & 15T FF AT T § ABT HT| (6.75) (6)
6.

a. The market Happy Holidays is a tour and travel company operating in a competitive market. o 7 DT B Ry m 3 ABF T (W) B W = wi, & T T E I w
Due the recent health pandemic, there are travel bans in many parts of the world and it has = oGl & 3N | = 0 P G (in hours) ¥| TF AT gu & 49 ¥ T A7 9
adversely impacted the demand for its services. Suppose its marginal cost given by ¢ = 2q FT Te(slope) Y #r IR T, =qFAdH w AT F1 yIT @ S HF Fearor
where q is the units of sales. The fixed cost is 200. The current demand is given by p = 60 — Fr sfafda o &ar &1 (6)
5q where p is the price per unit. b. TR THIMHR & F41 AATT FIA &2 I WHR TR & Fel IRT & &9 7

i.  Show that the firm incurs losses with these costs and demand for its services. (4) FHA0T H YRANVT &l & ar «ar qﬁ TWE T ASHTT e dld THITARR &l
ii. Should the firm shut down? Explain why or why not. (6) RfafAaT Fa 6 3maeTear §72 (6.75)

b. What are the substitution effect and income effect associated with an increase in interest rate c. “gdTl HufaAT o FS SaaeTd Earil W 3T o AYRT fFar &1 AR F1 5
on saving deposits? Show and explain on a diagram a case where the savings of a household FEAET o TR Hed # (AT & @ifge)” 3Wied ®ud d qidd
remain same after an increase in the interest rate of saving deposits. (8.75) FENIcHAS 3T grATOe eRomsit fr Tat Ko | 93+ & et A TWHR & gEdalg

FT TH el adisd| (6)
a SR ¥ AfRT Ud @ US dad due § o gfaewdt soR # @ W W@
giforar Tarey FRERY & SO, g & % fewdt # amr gfadfad § o aew @
FHuel T Qar3t Hr AT W gfdwe goTg usT g1 A faw f & 18 diAid dmerd o=
2q% qfeshr &1 shrgar €
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Provide brief comments on the following statements. Attempt any five. (3.75 x 5)
a. Society faces a short-run trade-off between inflation and unemployment.

b. Accounting profits are higher than economic profits.

c. Market do not allocate resources efficiently in the presence of market failure.
d. For a competitive firm, its revenue is proportional to the amount of output it produces.

e. A monopolist firm faces a downward sloping demand curve.

f.  The demand for factors is a derived demand.

1. F=fafaa ®u=r # T el 5 @fgiea 9 fecuolr HIfeT | (3.75 x 5)

a. oUertel H FHATS, AGIS 3T SR & &1 trade-off &1 HTHAT T &

b. JGieheT oM 3T oIMeT T 37MAF Tl

- o a o

SR fatherar i 3ufeafy # a16R Ferdarqde FaTe H JEe qg Rl
T gfaeat s & T, gHe Tored Scuresl d AET & Hegdrd & g &l

T THITOHR B T A1 Gl g3 AT a5 H JHAT Hol 81

FRE! HT AT T Gcdoed AT G

a. Apple and Samsung both make mobile phones and tablets using labour as an input. The amount

of labour hours needed to produce one unit of each type of device is as follows:

Hours per unit

Mobile Phone Tablet
Apple 2 5
Samsung 5 7

Suppose each company have 70 units of labour to allocate between the two production.

i.  Calculate opportunity cost of each type of device for each company and show that Apple

has comparative advantage in producing mobile phones.  (4)

ii.  If each company divides equally the labour available in the production of the two devices,

what’s the total production of each device in the economy? (4)

iii.  Suggest an allocation of labour for both the companies such that the total production of

each device is higher than that in part (ii).  (5)

b. A plague that reduces the labour supply can affect the earning of the land owners. Do you agree?

Give reasons in support of your answers. (5.75)

a. ¥l 3R AT 2l Toh gaIYe & T A HH 1 3UANT Feh AT Bl 3R Tele
FATT &1 IAF TR & 3IIOT T Ueh SHS Pl 3cTIG el & [T 3TaTF HF

el T AT 39 UFR &

Hours per unit

Mobile Phone Tablet
Apple 2 5
Samsung 5 7




A AT F gdd FUAr & I & 3G & aid Efed el & [T 70
gohTsal T HH B

i. TS HU F AT yRAF YR F Basy & 3EEWR aRtd f& aoEr HOAR
G@T fh Toqer & HIGISST Bl & IcUlea H Jelollcaeh o g1 (4)

i. I IAH FOEr ar ITRON & IcUeT H FHAGT ¥ F 3TeH HH7 H fasniaa
A B, A srdeaaedr # yAF Basd &1 For 3cures F4r 22 (4)

iii. Xt Fuferdt & fAU 47 F deT # goE & oW 6 v Basw &1 g
Scutea 1T (i) BT Jorar H 31f8H 1 (5)

C. Th ol S A YR A A Al 8, A Aot T FAS T gHIfad FX Fhelr

a.

b.

a.

&1 &7 3T AT &2 39 3R F FHAT H HROT &1 (5.75)

The market for vanilla ice cream is given by the following information:
Q% = 800 — 30P¥ + 10P¢
Q° = 250+ 30P¥ — 10P™
Where Q¢ is the quantity demanded, Q¢ is quantity supplied, P? is the price of vanilla ice cream,
P°€ is the price of chocolate ice cream and P™ is the price of milk.
i. Let P¢ =10 and P™ = 5. Calculate the equilibrium price and quantity in the vanilla ice
cream market. Compare the own-price elasticity of demand and supply at equilibrium. (4)
ii.  Calculate the cross-price elasticity of demand for vanilla ice cream. What does the sign of
the elasticity tell you about the relationship between vanilla and chocolate ice cream? (3)

iii.  Suppose the price of milk rises to 6 per unit due to taxation in the milk market. What will

be the impact of this on equilibrium price and consumer welfare in the vanilla market? (8)

Explain the problem with imposing competitive pricing in the case of a natural monopoly. (3.75)

afer IETHH & TER AHARRT HeATaildd g

Q% = 800 — 30P¥ + 10P¢

Qs = 250 4+ 30P” — 10P™
SgT Q¢ & AW &Y AS AET §,Q° N MY S AT B, pY AT sHAIA Y
AT g, PC Aol HSHHIA & HIAD § AR P™ gy & H1Ad ¢l
i\ P =10 3R P™ =5 8| AT MSEHHA SR H HJoA Hed AR A= H
AUTAT Y| Fefoled R AT R el T Fad & HAT o i Jorer AL (4)

ii. AfFem TEEHA HY AT F HE-FHeT ol H AVET H AT F Hhd IR
e 3R Tihoie ISTHA & &g & T F IR & FI7 Id1aT 82 (3)

iii. 7T AT & gy i FAaT gy TR F FUW & FROT 6 fT A g e
afer 9o & Helel Hod 3R 3usiiercl HoAT0T WX SHAT TeT1d FATEIM| (8)

b. 9rhfaes TIRAR & A # gfaeddt Hea AURor & @y gEem # gHw|
(3.75)

4. A monopoly faces market demand Q = 30 — 2p and a cost function C = 1/4Q2.

Find the profit maximizing price and quantity and the resulting profit to the monopoly. (4)
What is the socially optimal price? Determine the deadweight loss (DWL) due to monopolist
behaviour. Calculate consumer surplus (CS) and producer surplus (PS). (5)

Assume that the government puts a price ceiling on the monopolist at P = 8. How much output
will the monopolist produce? Is the deadweight loss higher or lower now? Discuss. (5)

What price ceiling should the government implement on the monopolist if its objective is to
maximize the total surplus? How much output will the monopolist produce at this price ceiling?
Calculate the profit of the monopolist and the Deadweight Loss? (4.75)

4. TH THTASR SR T AT Q = 30 — 2p 3R TS P € = 1/4Q2 FT THAT HT gl

a. o1 &I AARIH A & Hed iR AT IR THAFR & IROMATTET 18T AT AT
FST | (4)

b. HTHITS ®T § FSCAH Hed AT §? THTUGNAE TGN & HRUT 33T i (DWL) T
iR AT va sgsiear 3WAT (CS) 31k [ATEr 3RAT (PS) A 01T S| (5)

c. A o o EPR THIUSHR T P=8 Hed AT o@Ncl &1 oF THIMUSRY Fhelall Scdreet
FLM FAT W H  35dC i A AT ST &2 TAT oy | (5)

d. I 3eged For MUY T s A &, A TWHR I THITUHR R 6 Heg dar
FI ] AT TRT? 3 Hed AT T THIGRRT  fohcTall ScdTeet FIM? TehlTeIhRardy

3R 33dT AT F AT T I0EAT HL? (4.75)
5. Suppose that the market demand for a product is given by @, = A — Bp . The typical firm’s cost

function is given by C = F + cq + dq?, where p is the price, Q,, is the aggregate industry level demand

for the product, and q is the output produced by each firm.

a.
b.

Compute the long-run equilibrium output and price for the typical firm in this market. (6)
Calculate the equilibrium number of firms in this market as a function of all of the parameters in
this problem. (6)

Describe how the increase in the firm’s fixed cost function affects the long run equilibrium

number of firms in this example. Explain your results intuitively. (6.75)



5. AT NoT F Rt 3cure & T S9R 1 \AWT Q) = A — Bp &Y a1 &1 GFH B3 &T T # aw et i gafar g1 aEr # §are v e T fir fiEa sra F 80 usD 3
ol C = F + cq + dq?, 8, 5181 p HIA 8, Q) 3cU1G T el ek AT 8, 3R g s wat JAT H 200 USD &1 AT & AT 3aT arffiss dsfe 6,000 USD §1 FS¢add WU 8 H,
FT U Bl TR 39T MY AR & I A W T Al & 3R 3mem [_ager a=m )|

a. 38 a9 # faRrse & & AU od @HT d& Hee 3cdiee 3R HAd & aorer
ST | (6)

b. 30 FHEAT H He AU & Uk Hold & & H 3 TG & HUfadl T Hlelel H&AT
&#r T P | (6)

c. Sa & ® & ARG deTa Feld F Jef 3 36601 H ofd AT T dekel arell
%Al fr dEar F FA ganfaa A g1 39 aRomAt S T8 ® @ GHSIC| (6.75)

a. Nicky enjoys travelling within India and in Europe. Her utility function is: U(IE) = IE, where
I denotes the days spent travelling on vacation in India and E denotes days spent travelling in
Europe. The price of a day spent travelling is 80 USD in India and 200 USD in Europe. Her
annual budget for travelling is 6,000 USD. At the optimal consumption bundle, Nicky spends
half of her budget on travelling in India and half on travelling abroad.

i. Find Nicky's utility maximizing choice of days travelling in India and in Europe. Also
calculate her utility level from consuming that bundle. (4)

ii. Suppose that the price of travelling in India increases to 100 USD per day. What is the total
change in quantity of E and I? (4)

b. “The pharmaceutical firms set high prices on some life-saving drugs. The government should
intervene and regulate the market price”. Discuss the positive and normative notions involved in
the above statement. Suggest a method of government intervention in light of the statement.
(5.75)

c. The aggregate demand for flats in Kalkaji is Q, = 100 — 5p and supply is Qs = 50 + 5p.
Quantity (Q) is measured in hundreds of apartments. Price (p), the average monthly rental rate,
is measured in thousands of rupees. What is the change in city population if the government sets
a maximum average monthly rental of 10000, as all those who cannot find an apartment leave
the city? (5)

a o @ ARG & R QAT A AT HEAT qHG g1 IHH IYAAAT Folel: U(IE) = IE
¢, STl 1 gefedl & R & I el & feare et & geifar § 3R E 09 & amr e

i R AR A9 A T & AT A @R & HRbdH 3w e B aoEr
FITST | 39 95 & Udel A 3GhT YT o T I Y I0TAT AT (4)

i. AT NS fF R & Imm A g gfa & 100 USD T d¢ ST &1 a9 E
3R 1 A F Fa aRads @@ gem (4)

b. “gaT Hufadl o Fo Shaeer gans W o0 Hqog AUiRd fFar &1 @R+ gad
FEART e TOR Hed 1 AfHIfAd wem =fee)” swWied wud d arfdd
FFERIcAS 3R TaAfOE aRomait fr 9ot o] a9 & T # TFR & gedaq
F T ddeT Iasd] (5.75)

C. WreRhrSll & wolel & Tl AT Qo = 100-5p ¥ 3 3MYfet Qs =50 +5p &1 AT (Q) H
st HACHT H AT AT §1 {2 (p), Had A1ffw o 1 T & goRt T 7
AT ST &1 UgT Y MEET H FAT SEod T 3PR TIHR 10000 T 318
e mfee e Tuifa & § g 13 @i 1 I 0F HICHT FE 9T G
g, 6T IS g2 (5)
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. (a) Consider the proposition 1 < x% < 4.
(i) For what values of x does the proposition hold true?

(i) Is the condition 1< x < 2 necessary or sufficient or both necessary and
sufficient for the proposition to be satisfied?

(iii) Is the condition |x| > 1 necessary or sufficient or both necessary and sufficient
for the proposition to be satisfied?

(c) Given ay + % + o+ % + ﬁ = 0, with a, a4, ... , a, as constants, prove that
apx + a;x% + -+ + a,x™ = 0 has atleast one real root between 0 and 1.

2x+6
x1/3 °

(¢) (i) Find the intervals where f is increasing/decreasing if f'(x) =

(ii) Find the intervals where f'(x) is increasing/decreasing?
(iii) Find the local extreme values of f (if any).
(d) Consider the following system of equations
ax+y=p
x+ay=_

@) For what values of & and 8, does the system of equations, not have a solution.
(i1) For what values of a and f3, does the system of equations, have a unique
solution. Also, find the solution in this case.
(iii)  For what values of a and S, does the system of equations, have infinite
solutions.
(3,5,6,4.75)

xz—x

2. (a) (i) Solve for the set of all real numbers x that satisfy ———— > 0.

x2+3x+2

(ii) Find the domain and range of f (x) = \/logz(3x — 4).
(b) Given f(x) = 3(x — 1)° + 2x3 + x + 2. How many roots does this function have?
(c) Consider a function f that is differentiable for all x. Assume that f(2) = —3,
f'(2)=5,f"(2) =3 and f""(2) = -8.

(1) Write the third order Taylor’s polynomial for f about x = 2 and use it to
approximate f(1.5).
(i) If | f*(x)| < 3 for all x, prove that f(1.5) # —5.

(d) Solve the inequality 3* < % Consider points 0 < x; < x, in the domain of f (x) =

3X143%2 X1tXp
>3 2

3% and prove that

(e) Examine whether the following system of equations have solutions. If they do,
determine the number of degrees of freedom.

X1+ X, +2x34+x,=5
2%y +3x; —x3 —2x, =2
4xy 4+ 5x, —3x3 =7
(3,3,4,4.75,4)

. (a) A travel agent surveyed 100 people to find out how many of them had visited the

cities of Jaipur and Alwar. Thirty-one people had visited Jaipur, 26 people had been to
Alwar, and 12 people had visited both cities. Find the number of people who had
visited:

L Jaipur or Alwar;

ii. Alwar but not Jaipur

iil. only one of the two cities;
iv. neither city.

(b) (i) Given g(x) = a[f(x)]? + bf (x) + ¢, find elasticity of g(x) and express it in
terms of e, the elasticity of f(x) w.r.t x.
(ii) Given the function f(x) = 5x* + 9x3 — 11x2 + 10, prove that the graph of
has a slope equal to 9, somewhere between x = —1 and x = 1.
(c) Find the local maximum and minimum values of the cubic function
flx) = %x3 - x%= 14—1x + 12—5 Find the points of inflection (if any).
5

0
2

3 3
(d) (i) Consider the three vectors v; = [2] , Uy = [1] ,v3 = |0]. Do they span R3?
0 3




(i1) Find the equation of the plane passing through the points a = (1,1, —-1,),
b =(2,0,2) and c = (0,—2,1). Where does it cut the axes?
(3.75,5,5,5)

4. (a)Let A and B be sets. Prove A € B if and only if A U (B/A)=B.

(b) The population of a country grows according to the following function of time, t:

— a . —
P(t) = —b+(%_b)e-at’ Given that P(0) = P,,

o g P
(1) Find e

(i1) Find the proportional rate of growth of the population.

(iif) Show that the population has a limiting value and find this value.

(c) Find the values of x (if any) at which f is not continuous and determine whether
each such discontinuity is removable.

) = x2+2x+1

fe = x?+4x+3

(d) For the function f(x) =————, find the intervals where the function is
x%=2x%+3

increasing/decreasing. Find the extreme points of f and classify them as
local/global. Find the asymptotes of the function.

() Prove that (D+ABC)™*=D"1—-D'A(B~*+CD A)"cDYf (B~'+
CD7'A) # 0 given that D and B are invertible matrices with dimensions n X n and
m Xm respectively. Also, A and C are matrices with dimensions n X m and
m X n respectively.

(3,3,4,5.75,3)

(a) (i) Givenf (t + 2) = V2 — 2t + 4, find £(t).

(i1) What is the slope of the line tangent to the graph of y = % atx =17

Inx
(Inx-1)"

(b) Find the domain of the function f(x) =
g and find the expression for g.

Show that /" has an inverse function

(c) Ifx%y — 3y? = 2x, find Z—z. Find the points at which the curve has vertical tangents.
Check if the curve also has horizontal tangents.

(x—-1%4x<

0
X+l x>0 ,forx € [-3,3]

(d) Given f(x) = {

Is the function continuous? Is it differentiable? Does the Mean Value theorem hold?
Find the absolute extreme values in the interval.

6.

(e) The Leontief System for a two-sector economy is given as follows
0.8x; = by
—0.5x; + 0.65x, = b,

) Find a,, and a,, and interpret them.

(i)  Assuming technology does not change find the change in the output of the two
sectors if final demand of sector 1, b, increases by a unit. What happens to the
output of the two sectors if final demand of both sectors increases by a unit
each?

(3,4,3,4,4.75)

(a) Check if the following relations represent functions.
i y=x°
() y*r=x8

(x-m+2)?
x2-mx

(b) Find the values of m if f(x) =

linex —y = 8.

intersects its horizontal asymptote on the

(c) Let U be a concave function and g be a non-decreasing and concave function. Let
the function f be defined as f(x) = g(U(x)) for all x. Is it possible that f is a
convex function? Under what circumstances will f'be a concave function if g is a
non-increasing function?

(d) Consider the function f(x) = kx3 — 27x + 6 with k > 0. Find the local maximum
and minimum values of the given function. What restriction on k will ensure that
£ (x) has three distinct real roots?

(e) For n dimensional vectors v,, v, v3 and v,, prove/disprove the following:

(i) If vy + v, and v; — v, are linearly independent then v, and, v, are also linearly
independent.

(i) If v,, v, and v; are linearly dependent but v; and v, are linearly independent
then vj; is a linear combination of v, and v,.

(iii) If v, is a linear combination of v;, v, and v and v is a linear combination of
v; and v,, then v, v, and v, are linearly dependent.

(2,4,3,5,4.75)
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Q1.

3R 3T A1 GEr AreaH A o o7 dhd €, okl a9l 307 e g AeIH A
glet =gl

W TA-UF A Fo B W §1 gl IR wedAl & 3w dford

T 997 & el AWM & 3o Teh & 919 gl

T uRaAT & 31 FHT (18.75) &1

TIYROT FoForel F 3UAT BT T Fhell

(a) For the given equation

x2-3
2x—4

y =
(i) Find the all-possible asymptotes

(i)  Is it continuous everywhere? Is it differentiable everywhere?
(iii)  Find the region(s) of increase and decrease of y.

(iv)  Find the inflection point(s) if they exist. Find the intervals(s) of concavity
and convexity.

) Does it have a global maximum or minimum? Why and why not?

(vi)  Find all possible local maxima and minima if they exist.

(vii)  Sketch the graph. (14)

(b) Find the domain of 2)
f@) = [s-Vx+1

(c) Consider the following system of equations:
ax, +bx, =p
cx,+dx, =q

ex;+ fx,=r

Write down the augmented matrix. If the augmented matrix is row equivalent to
identity matrix, then is the system of equations consistent? Justify your answer.
(2.75)

(a) fFaff@a FHeor & fou:

_x2—3
T 2x—4

y
(i) T THT IeTeaeaiar (asymptotes) H AT HITSTT
(i) AT Ig TIT A §? FAT I AT IIhol=ig §?
(i) y & e 3N g & A B AT PG|

(iv) 3WR fqerfed (inflection) fowg faegare &, o 3ot wa Hifsrd
3raderdr 3R 3TeIar & HRTA(S) HF AT HifSd|

(v) o1 SH% HIS Tellael stease ar WfFse §7 afg & o), w4t §
(vi) 3R TN 3fease AT RAfFase AegAT §, dr 3 Fefr a1
AT RIS |
(vi) Y@r-faF Sy
(b) fAEAfAET #1 ege (Se) d RS

f)= |-—vx+1

1
x
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Q2. (a)

(b

(©

(d

(©

(@

fFfafEa geietor geafd W faur Sifed|

ax,+bx, =p

cx,+dx; =q

ex;+fx, =r
Haftid Jmegg ford| afe Gaftia 3megg deassh 3MTegg & Uled qoehar gl
ar Far GO 1 Tg Uedla FHI g2 I STare Hr ey wfed
|

A bus has a total capacity of 60 people. The relation between the numbers of
people per trip (x) to the fare charged (p rupees) is given by p = [3 — (f—o)]z.
Write an expression for total revenue R(x) per trip received by the bus company.
Find the number of people per trip that will maximize the revenue. “)

Suppose that the two functions, fand g, are differentiable on an interval [a, b] and
we have f(a) = g(a) and f(b) = g(b). Show that there is at least one point
between a and b where the tangents to the graphs of fand g are parallel. (4)

Show that the tangent to the curve y = x3 at any point (c, ¢®) meets the curve
again at z point where the slope is four times the slope at (c, c3). “4)

Determine if the following function has an inverse. (2.75)
fG) =lx+4]—|x—4|
For what values of p, the given system of equations below has a unique solution
P+Dx+(@+Dy=q
dx+(p+4d)y+@p-1Dz=1
3x+5y+(p—-1)z=-3.
What conditions must q satisfy for the system to have a solution whenp = 1

Find that solution. 4)

T qF H Fel GADT 60 AT 81 i feq saferaat dr Fer (x) I (p 29)
% a wdy p = [3 - (5)]2 & carr R wn ¥ ww doe qErr gt R area

Q. (a

(b)

Tl ToEd R(x) & fav vs siffreafda fogd) wiq fow ol &1 95 d@ear i
RIS S 3 Tered 9o 8|
AT N & f 3R g, IRA (a,b) R 3@FdT & 3T f(a) = g(a)
AT f(b) = g(b) &l T@WET & a 3R b&F 9T HA T HA TH
fiig & 516t f 3R g & amwl H FN@T FAFK g1
R & a y=x3 & &l ot Weg (c,¢®) W ToR@r 39 as H
38 deg z W gof: e § ST61 T a1, (c,c%) W el & IR T
gl
e Feafaf@d woe &1 1S gaera § @ AuiRa fifc:
fO)=Ix+4]—|x—4]

p & faret el & forw, geltator &1 i & o8 geafa & ve sgfada
REAH

P+Dx+(@+Dy=q

x+(pP+dy+@p-1Dz=1

3x+5y+(p—-1z=-3.
Sd p=18a uhd & g8 & fAU & fAvw q 1 forer et a1 qu
FAT AIfgU| T§ & AT i |

A function f'and its derivative take on the values shown in the table. If g is
the inverse of f, find g’ (6)

x f(x) f'(x)
2 6 1/3
6 8 3/2

“
For 0 < a < 1, find the optimum value(s) of the function f(x) = xa*.  (4)
The elasticity of a function y = f(x) is given as p. Then find the elasticities of the

total function, xf(x), and the average function @ in terms of p .



Q3.

(d)

(©

(@)

(e

Also find the values of p for which the total function and the average function can
have their respective maximums. 4)

Let Li:2+t,—t,2—t and L,:—1—2s,5,2+4+ 3s,. be two lines. Show that
L, and L, do not intersect. The line L passes through the point P (1,1, 3) and its
direction is perpendicular to the directions of both L; and L,. Obtain parametric
equations for L. Find the coordinates of point Q where L; and L, intersect and
verify P lies on L;. (3.75)

If a quantity A is growing exponentially over the time, and A, A, are the values at
times t;and t, respectively, then find the growth rate of the quantity in terms of
A; and 4,. 3)

TF ol f 3R 30F 31achelel & AT AT dlfae & g a1 g g g,
f &7 gosha g1l g'(6) A1 RS

x f(x) f'(x)
2 6 1/3
6 8 3/2

0<a<1F AT waad f(x) = xa® & SSCAH AT AT Py |

Ww,yzf(x),ﬁ?*ﬁ?r pﬁaaﬂﬁglpa?“!ﬁﬁsmw,
xf (), I Aad o, L2 fr o e AR p F 37 A B o
A TS Feish fIT Feor Beret AR AT BoreT & 39 Feiftra sfRase
RGEGE

AT NS &F Li2+¢6-62—¢ 3 Li—1—2s,5,2+3s a @0 §
@ & L, 3R L, WER @ed ¢ §1 @1 L; Weg P (1,1,3) & g
TRl § R gEh feem L, AR L, @t #r feemsd & owwad Rl
L % e R fges gefemtor Ad Ao [Seg @, 518l & Ly 3R L, RER
Fed €, F RduUiw A1a A 3R wEoa @i &% P, L, W B

IfE AT F WY TH AT A SIAIAT (exponentially) ¥ d¢ @Y &, IR
Ay, A, FEA: t; 3R t, FHT W 5T A &, dr 4, 3R 4, F gai & A=r
& gefdr &x AT H|

Q4.

(a)

(b)

(©)

(d)

(e)

(a)

(b)

©

(d)

a2
Determine if the function f(x) = e **/2 is concave or convex in x. Find the local
maxima, minima, and inflection points. Sketch the graph. Does it have a global

maximum, minimum? 4.75)

Given that f"' is continuous on [a, b] and f has three zeros in the interval. Show
that f'' has at least one zero in (a, b). 3)
Find the equation of the tangent lines to the inverse at the given point
_,-3x
f) =1 at(-1o)

x2+1

g(x) =7x3 + (Inx)? at(7,1) 5)

Let n be an odd positive integer. Determine whether there exists an n x n real
matrix such that

A2+1=0,
where A is an n x n matrix, I is identity matrix, and 0 is a null matrix. 3)

Let A and B are n x n matrices with real entries. Given that A + B is invertible,
show that

A(A+B)'B=B(A+B) 1A 3)

e DR i et £(x) = e~ /2, x 3 3iaciel & T 3efel| €AY 3ierehcsT
IR TR FgeraA AR faufEa & f§g (Wegaf) w1 wa w1 @R
FATSY| FIT SHH Telladl 3Tease, MFTSe &2

fear o § & 7 [a,b] W Had § 3R f & daua A AT g
@ & [ B (a,b) H TAIH TF LT &
68 1T Qeg3it R goshA @ Tl Yw@i3it i FAor AT RS
f) =2 g (-1,0) W
foeg (7,1) W

gx) =7x3 + (Inx)3

A NST A n v AvA vecAs quites 81 AuiRa fifed & a=r o
nxn Adide ey TAETAR g, drfe:



Q5.

(2)

(®)

A2+1=0,

SIET AU nxn 3Tegg, | dodH® 3Tegg, 3R 0 Tk e (null) 3Tegg
gl

A NI & A4 R B nxn awdfds glafSedt arar sregg §1 faar amr
g ™ A+ B udcT (invertible) &, ar @ &

A(A+B)'B=B(A+B) 4

Let f(x) = x™(1 — x)", where m and n are integers greater than 1. Show that

y = f(x) has a stationary point in the interval 0 < x < 1. Show that this
stationary point is maximum if n is even and a minimum if n is odd. %)

Suppose the population A(t) of a species grows exponentially so that
A(t) = A(0)e™,

Where A(0) is the initial population, ¢t is the number of years and r is a positive
constant. Now answer the following questions.

(i) If the population doubles in n years, find n.

t
(ii) Show that the above function can be written as A(t) = A(0)2= (5)

Let w; and w, be two vectors in R™. Moreover, they are of unit length i.e. ||w; || =
|lw|| = 1 and their dot product is given by wy.w, = wiw, = —1/2, where wj is
the transpose of w;. Find the length of (w; — wy) i.e. [wy — wy|]|. (4.75)

Let u; and u, be two nx1 column vectors. Prove that tr(u uy) = uju, (4)

AT oo f(x)=xm(1—x)",3|ﬁm3mn,1#3@%‘%31?%
g1 fomrsd & y = f(x) &1 IR 0<x <1 & T W Toig g1 @z
PR nan g v PR g sRac g i sk n A g r 7w
AfEse § 1

o NS o T Yol T STAEEAT A(t) H 38 JhR ETdihid Jefer
gIchr 8, &

Q6.

()

(d)

(@

(b)

(©)

(d)
(e)

A(t) = A(0)e™
S8, A(0) Wi SeTEEdr &, ¢ ant & §edr § 3R r e eecHs
i 81 rfaf@a weal & 33w dfo:
(i) I n avf A Serwear SuEn & S §, A n A wfo
(i) T@=d fF IWFd el &I 3@ YR Y for@r 1 Tqehar &

A() = A(0)2n
AT ST F w, andw, R™ & & dFeX §l SHF 37T d SHES oS
F § 3T |lwyl| = |Iw,]| = 1 IR 37T =fe AT wy.wy = wiw, = —1/2
% GaRT &1 IR §| ST wy, wy BT TETe &l (Wi — wy) AT |lwy — wy||
& daTs AT A
AT o & w, and u, @ nxl TFH IFX §1 Ry AT &

tr(uuy) = uiu,

An epidemic spread through a community in such a way that t weeks after its
outbreak, the number of residents who have been infected is given by the function

f®) =

where 9000 is the total number of susceptible residents. Show that the epidemic is
spreading most rapidly when half the susceptible residents have been infected.
What happens over time? Sketch the graph. 4)

9000
14999e~t’

Let u, v, w be three vectors in R™. Suppose that vectors u, v are orthogonal and the
norm of v is 4 and v'w = 7. Find the value of the real number x in u = v + xw.

“4)

Let A be an n x n nonsingular matrix of linear transformation. Let vyand v, be
linearly independent vectors in R™. Prove that the vectors Av, and Av, are linearly

independent. “4)
2 2
Show that x == < In(1 + x) < x — —— forx >0 2.75)
2 2(1+x)
Test the convergence of the series
» +5
Zn=1 (nnn+3) N



(a)

Tsh HEANT THETAH TR R 38 TR helcdl 8 o s0F Y& g1 &
t Al 916 HAT Al S TEAT A Fafelidd Bl & GaRT f&ar
ST &

f(t) — 9000

1+999e~t ’
S8l Ffaradestelier fAarfaat i o dear 9000 g1 fewrsd o agEmy
39 gAY A dgar ¥ hadt § 59 3 sfagdeaeie Hardt dhiada
g o & gA9 i & 91 &= gfed giar 27 (@R s

W@ﬁﬁﬁ*u,v,wR"ﬁ?ﬁHW%lW?ﬁmﬁ?u,vW
I § 3R v @ A 4 § 3R v'w =7 aafas TEr x F T A
u=v+xw & AT HfAT

AT ANSD 6 A T nan drer WS gRadeT H GhAUNT (non-
singular) 3megg &1 A A & v,30Rv, R* 7 Was ®0 & w@dv
Fex &1 fey AT & dFex Av, 3 Av, IWF &7 & @7 &)

easy &, x—xz—z<ln(1+x)<x— x for x >0

2(14x)

fFfaf@d s/@er & TR0 &1 S Hfe|

n+5
2 (ms)
n=1\nvn+3




