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1. Part-Ais compulsory. Do any 2 out of parts B, 
C and D. Using Product approach to measuring GDP, 

calculate the total contribution of the qT7-A PAT ®I HTT B, C D 2 I 

(A) The following data is given for an economy 
for the year 2015: 

HTTafa 2015 fg v 37eaqeT 

above economic activities to GDP for the 

year 2015. How government's contribution 
to GDP is measured ? 5 

(i) X purchases used house from Y for 
ioo. o00 and the real estate agent 

charges 2% commission each from X 
and Y. 

2015 fy 3TtT F Sfef5 fo4T3Td 
GDP HET TUTAT 25�I T RT 

1? 
$ 100, 000 X Y g IAT (B) (1) Compute government's net income, 

GDP, and GNP from following data (all 
figures are in billion dollars). 

2 TTCT 5 TTTI 

(ii) Government's cost of providing public (ii) 
education is $ 20 billion. Taxes 500 

Transfers 100 
Interest payments = 100 

(i Change in inventory investment $ 10 
billion. 

Private disposable income = 1000 

3 Net factor payments from abroad = 50 T AaT uferta $ 10 afcr 
(iv) ffe T5i TReT TT GDP A pays a market price of $ 200,000 to 

purchase a newly constructed house 
in the year 2015. 

A, 2015 AAA e5 F6 
5 Z $ 200,000 R 5HT TE| 

(v) Government's cost of providing national defense $ 20 billion. 

5 5000 

ETITT = 100 

TIA = 100 

Fu AY = 1,000 
$ 20 fafcTI facit JE HTYT TTIM = 50 

2 3 P.T.O. 
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(ii) Write the national income identity for 
GDP 3478FOT 2K5 T&? qE THT (ii) 

an open economny and show that net 

exports shall be positive if the 

domestic spending is less than 
national income (Y. 

aT ? 

(ii) Define national savings in terms of 
various components. 

2 

3HT 2 

2. Part A is Compulsory, Do any 3 out of part B, 
C, D and E. (C) (i) What is the fundamental balance of 

payments identity ? Suppose country A 

forgives$ 100,000 in debt owed to it by 
the Country B, Show how are country A's 
balance of payments accounts affecteda 

TT-A tar&I TT B, C, D aE ¥ 3 

(A) What is Fisher effect ? Calculate ex-ante 
and ex-post real interest rates from the 
data given below 

3 

I7ig T A $ 100,000 * 
HT5 5T , TH T B T, 

THTTeT T? 
(i) "A country's current account balance 

equals its change in net foreign
wealth". Do you agree? Discuss. 

Variable/Year 2013 2014 

Nominal1 0.15(15% 0.15(15%) 2 
interest rate 

Expected inflation 0.05(5%) 0.10(10%) 
(D) (i) What is GDP deflator ? How is it different 

from consumer price index ? How does CPI inflation overstate the increases in 

cost of living ? 

Actual inflation 0.06(6%) 0.09(9%) 
aTkafee5ifa 

3 
5 P.T.O. 

4 
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(B) (i) "What are 
determined in bond market 

are not interest rates, but bond prices 

In this context distinguish betwve 

expansionary and contractionary onen 

market operations. How do they affect 

the balance sheet of central bank and 

bond prices and interest rates ? 

zf 7 10 sfATT 
f ( 2 12 ufATT) À aGT 

(C) (i) Explain how the demand for and supply 
of central bank money determines the 

equilibrium interest rate in an 

economy with currency and checkable 

deposits ? Explain using formal analysis 
and diagrams. 

5 

5 

(ii) Suppose that money demand is given 

by Md = $ Y (0.35-i), where $ Y is 100. 
Also, suppose that the supply of money 

is $ 20. Assum� equilibrium in financial 

markets. 

rffrT 5rTt? 
(ii) Let's consider a special case where 

people hold only checkable deposits, 
which means currency to money 
demand ratio (c) = 0. Assume that 

reserves to deposits ratio (0) = 0.1 

(10%). 

2 

HTTT HTT Md = $ Y (0.35-i), 
ETRT T, TEÍ $ Y 100 T8 Å HHg 2 

(a) What is the interest rate ? 

7 FT ? 
(6) If the central bank wants to 

increase interest rate by.10 
percentage points (i.e., from say 
to 12% ) at what level it should set 

the supply of money? 

(0) 0.1 (10%) 8i 
(a) What is the value of money 

multiplier ? 2 
TTT HT? 

7 P.T.O. 
6 
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(b) Suppose the central bank conducts 

open market purchase of bonds worth 

$100 Billion. What will be its impact 
on overall supply of money ? 

HA 5 5$ 100 fafa 
3HT7 10% aTT TT TTT RHT 

TET/Y = RT/ Y = 0.10I TT 

RIR TE I TT HTE HIDT5 T 
(D) (i) Suppose the Government chooses a 

constant rate of nominal money growth 

and maintains that forever, how much 

Seignorage will this constant rate of 

nominal money growth generate ? 

Discuss the empirical relation between 

Seignorage and nominal money growth? 

Explain using formal analysis and 

(E) (i) How does hyperinflation affect 
economic activity ? Explain. 5 

T ? arAT aTI 
ii) A bond promises to pay $ 100 in one 

year. What is the interest rate on the 

bond if the price of the bond is $ 75 
and $85 ? What is the relationshipp 
between the price of the bond and 
interest rates ? 
P5 3 5 q $ 100 aTT 5TAT 

af rs T $ 75 a $ 85 a a 

5 diagrams. 

2 
gT 5 ? 

(ii) Suppose the Government is running a 
oudget deficit equal to 10% of real 

income and decides to finance it 
3. Part A is Compulsory, Do any 3 out of part B, 

C, D and E. 

through Seignorage, so deficit/Y = 

Seignorage/Y = 0.10. Suppose people 

eal balance equal to 1 month of1 

income, so (M/P)/Y = 1. What should 
be the nominal money growth per montn 

2 

4T-A 3er 8I T B, C, D a E }À 3 
(A) (i) What is crowding out ? Explain with 

the help of a suitable diagram. 

BISST3e ? 3777 e 

hol 
3 

9 P.T.O. 8 
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(ii) Consider the following Classical model 

Money supply = 1,000, Velocity of 

Money = 3 and Output = 1,500 
Derive aggregate demand curve from 
the above information and plot it. 2 

(ii Consider the following Keynesian 

AT g= 1,000, T aT = 3 TYT 
FTE 1,500 

model 

Full employment output (Y*) = 1,000, 

Actual output (Y) = 1,200, Government 

purchase of goods and services (G) = 

200, Transfers (TR) = 50 and Taxes 

0.25 Y (25%). Compute cyclical 
component of budget surplus. 

(B) (i) "In the classical model, a cut in the 
marginal income tax rate has supply 
side effects". Discuss the above 
statement with in the Classical 

2 

HT iT TT 3FYTE (Y*) = 1,000, 

ETR F9TE (Y) = 1,200, T a FTAT 
RT gix (G) = 200, AETRT 

(TR) = 50 aT 25 = 0.25 Y (25%) qyE 

HTTe 5 ? 

model. How output, employment and 
price level are affected? 5 

(C) (i) Suppose Government cuts 5I 3YTE, 
THTfa ET ? 

(ii) Define velocity of money. What factors 
determine the velocity of money in the. 
classical system ? What is the 
relationship between velocity and 
Cambridge coefficient (transactions 
demand for money to income ratio)?

autonomous) income taxes : Show in 

the IS-LM model the impact of tax cut 
under two assumptions (a) the 

government keeps interest rate

constant through an accommodating 

monetary policy (b) the money supply 
remains unchanged. Explain the 

difference in results. 5 

11 P.T.O. 10 
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5tIS-LM ST 
0.8 8, 5T (TA) = 0.25 Y (25%) 3AT7 

HTDTT &FTATT TT TR 10 T 

TET (ATR=- 10) TETT a5 aET a 

(ii) What is liquidity trap ? Is monetary 

policy ineffective in this case ? 

TGT TET & (AG=+10) (37Yta AG= 
ATR) 5ITT : 

3 

(D) (i Within the IS-LM model of income 
(iii) Consider the fdllowing Keynesian 

2 
determination, explain how interest 
rate and output adjust towards 

equilibrium in case of: 

(a) Excess supply of goods and excess 

demand for money 

model: 

Marginal propensity to consume out 
of disposable income (c) = 0.8, Taxes 

(TA) = 0.25 Y (25%), equilibrium level 
income (Y) 600. Suppose 
Government decides to reducce 
transfer payments (TR) by 10 
(A TR = - 10), but to increase 

government purchases of goods and 
services by an equal amount 
(4G +10) (i.e., AG = - ATR). Find: 
(a) the change in equilibrium level 

of income arnd 

(b) Excess demand for goods and excess 

supply of money. How the assumption 
of rapid money market adjustment 

affects the adjustment proce ss. 

Explain using diagrams.
3H7 frtT IS-LM HfsT 3ITrTT, 

(b) change in budget surplus. TTHfe5HT 

13 P.T.O. 
12 
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(b) arget T5 T T TRET{ aq $ 10 fafer7 gfa 

5I a AT5 aqye Hfer $ 3.75 

(ii) What is an investment subsidy ? What 

are its effect on equilibrium level of 

income, interest rate, consumption 
and investment ? Explain using 

diagramn. 

(ii) (E) Consider the following IS-LM model 

of income determination: 

Consumption function C 100 4+ 0.8Y 

3 Investment function I = 400- 50i 

Govt. purchases G 500 

T 0.25 Y 

Md 0.40 Y- 50 i 

M = 1200 

P 2 

HgTTTT, T , 3HT AST 
Tax Function 

Demand for money 

(ii) Consider the following Keynesian Nominal Money supply 
model: 2 Price level 

Marginal propensity to consume out 
of disposable income (c) = 0.8 

Taxes 0.25 Y (25%) 

Compute the change in budget 
surplus followed by an increase 1n 

government spending by $ 10 billion ? 
If the initial budget surplus is $ 3.755 
billion, what shall be the new budget 
surplus ? 

37TT 5M7 C = 100 + 0.8 Ya 

MaT TA I = 400 - 50i 

TRHrTRa G = 500 

5 5 T= 0.25Y 

T y qT M° = 0.40Y- 50i 

HTo5 AT y M°= 1200 

t R P 2 

15 
0.8 357=0.25Y (25%) P.T.O. 

14 
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Answer the following questions : 

i) Write down the IS and LM 

equations. Solve the system for 

equilibrium level of income and 

interest rate. 

IS qLM 

(ii) Find out Budget Surplus and 
Saving-Investment 
corresponding to equilibrium level 
of income. 

Gap 

(iii) Derive the values of fiscal and 

monetary policy multiplier. 

(iv) If the nominal money supply is 
increased by 100, what shall be 
the change in equilibrium level 
of income ? 

RT g 100T 

fbHTGTIT ET ? 

(4+3+2+1) 
16 3800 
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1. Answer any four of the following: 4x6 
P' is invertible and find its inverse. 

(a) (i) For any two non-zero veectors a and b, (zeros) a g5 (ones) t 
prove that: 

- HRT a ge b q fr 5 (one) 

5H48HT (Permutation matrix) HET 

a.b-la+bf- la-bf 
(ii) Show that if the set of vectors (ii) Show that any positive odd integral 

power of a skew-symmetric matrix is 

also skew-symmetric. 
(o1, C25..) is linearly independent
and (C,Ca3 ,Cn-1 are any scalars,then the set of vectors (a an 2 
Cn..., n1C-1 n is also linearly 
independent. 

(c) (i) Find the equation of the line L' passing 

through the points P (1,3,2) and 

Q (2,5,-6). Where does this line 

intersectthe xy-plane? 

tg P(1,3,2) ga Q (2,5,-6) TTA ATT 

(b) (i) A square matrix of zeros and ones in (ii) Verify the Cauchy-Schwarz inequality for 

which the sum of elements in each two vectors a=(1,-2,4) and b= (6,1,-5). 

row and each column is exactly one is 
called a Permutation matrix.

aF a=(1,-2,4) ga b = (6,1,-5) 
f 3-FaTRT (Cauchy-Schwarz) 

Show that any 2*2 Permutation matrix 
3 P.T.O 

2 
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(d) Consider an input-output model with thTee 
industries A,B and C. Suppose that the input requirements are given by the 
following table: 
Gid A,B H 3HTTT-T 

1) What is the economic interpretation of the 

condition a,=0 for all i? 

ee 

(ii)What is the economic interpretation (if any) 

of the sum a,jta,tag1 

2Tata,, ta, (u 3AE5 facaT? 

(ii) What is the economic interpretation (if FTre RT ATTT 3HT7YI T 
Industry A Industry B Industry c any) of the sum atataz? 

T FT a,ta,,ta,, ( 3Afe5 face-? 

iv)What is the economic interpretation of the 

element 1800 in the final demand vector ? 

THTTA TET B 

IndustryA a,,=0.0 a0.2 a 0.3 

3if 4TT HRT HH 1800 a HTTYE5 

faeen RT? 

(v) Write the Leontief system for this model. 

F TsT Tfe5 (Leontief) aia fReg 

(e) Show that the following system of 

equations 

3ETA 

IndustryB a0.4 a-0.0 a20.5 
sETB 
Industry C 30.1 a30.3 a33 0.0 

3ETC 
Ax + y +z = 1 

1800 x+ Ay +z= 

x + y+ z = 1" 

has a unique solution provided n #-2 annd 

1. Find the solution. Explain the nature 

of the solution when ^ = 1. 

The final demand is given by a vector 
200 
900 

(1800 
200 

900 
5 P.T.O. 

A 
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2. Answer any two of the following: 2x4 

x E S, ye S Ta ie[0,1] » (1 - .) x + y eS 

qftHTT 
(a) Show that any function x = x (t) that satisfies the equation (t-a) + x*= a? is a 

solution of the following differential 
equation 
aTTE 5 T7x = x{t) tt FHTE5TT 

f5 qafy afafera 

S- {(x,y): v +y s1} 
2x5 . Answer any two of the following: 

dx 2tx+t -x* = 0 
dt (a) Sketch the level curves for the following 

functions at heights specified by k : 

(b) Show that the differential equation of the 
family of circles passing through the origin 

and having center on the y-axis is 

(i) f(x,y) = y3- x?, at the height k = 0. 

f (%,y) = y-x', a~ k - O T 

(1i) g x,y}= y - Inx, at the heights k = 0,2. 
(x-y)-2xy 0 

dx gx,y)= y - In x, aT k = 0,2 qT 

(c) A set S in R2 is said to be convex if x e S, (b) (i) Suppose z = f (x,y) has continuous

yES, and 2e[0,1] =(1 - 2) x + .y e S. 

Using this definition, verify whether the 

following set is convex (A diagram is not a 
sufficient answer). 

second-order partial derivatives with 

x = r + s* and y = 2rs. 

Find and ar? 
or 

6 7 P.T.O. 
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HIT T z = f (x, y) T x =Fr g2 

y 2rs FET &e KTT AT STER 

f (x,y)= x In (y-x). 

or 

(ii) Let z=x+3xy-y. Suppose x changes 
from 2 to 2.01 and y changes from 3 to 
2.98. Find and compare the values of 

(ii) Consider the function f{x,y) = xe2y-x.In 

what direction should one move from 

the point (2,1) to increase the value of 

the function most rapidly ? What is the Az and dz. 

H z=x+3xy -y2 zax 
2 2.01 Rada TT y T 
3 2.98 gRaida BT aT Az R dz 

maximum rate of increase ? 

f(x,y) = xe?* 

(c) Consider the Cobb-Douglas production 
functionf (x,y) = x y° (a,b are constants) 
defined for x > 0 and y > 0. Prove that f is 

concave if and only if it exhibits constant 
or decreasing returns to Scale. 

T ATy f25 25-3TTH (Cobb-Douglas) TATE7 
T f (x,y) = x*y»_(a ir b RRr5Xx>0 

T TH ? 

(b) (i) Find the equation of the tangent plane 
and the normal line to the surface. 

f (x, y) = x* + y + e at the point (1, 0, 

2). 

f (x, y) = x2+ yt+ e" f (1, 0, 2) TT. 

(ii) Consider the national income model 

described by the three equations. 4. (a) Answer any two of the following: 2x6 

i) Find for which (x,y) the following 
function is well-defined (domain): 
f (x,y) = x In (y2-x). 
Hence, sketch the domain in the xy-plane 

Y C+I, + G, 
C a+ B (Y-T) 

T = y+ 8Y 

(a>0, 0< B <1) 

(Y>0,0 <8 < 1) 
Here Y is national income, C 

9 P.T.O. 
8 
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consumption, I, 1nvestment, G. Du 
expenditure and T tax revenue ablic(a (a) Let f(x,y) = 2x2-4x + y2-4y + 1 be defined 

over the area bounded by the straight lines 

x = 0, y 2 and y = 2x. Find and classify 
all the extreme points of this function. 

Also, find the extreme values of the 

function f (x,y). 

OY OY 

Find dlo and aG 

TET Y T 317, C H1 G f{x, y) = 2x2- 4x + y2- 4y + 1 TeT 

ET3ATx = 0, y = 2 TT y = 2x zRI AITT 

Y = C+I +G. 
C + B (Y-T) (a > 0, 0< ß <1) 

(b) Use the Lagrangean method to find the 
extreme values of f(x, y) = x2+ 2y2 on thne 
circle x2 + y2 = 1. 

T y+ 8Y (7 0, 0 <8 < 1) 

OY aY 

THT ar 5T4T x2+ y2= 1 

(c) Which of the following functions are 

homogeneous/homothetic ? Give reasons (c) Find all the local extreme points and/or 
for your answers. saddle points for the following function.

ffafeT -HI 
homogeneous) T EATYC5 (homothetic) f (x, y) = x*+ 3y3- x-2x- 9y. 2 

qH /T 
i) f (x,y) = e, e 
i) h (x,y) In (x/y), (x+0, y# 0). 5. Answer any three of the following: 3x7 

f tx, y) = x + 3y3-x-2x-9y. 

10 11 P.T.O. 
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(d) A consumer faces the following utility 

maximization problem. 

Max.U(x,y)= 100-e-e subject to pxtqy=m, 
where x> 0, y> 0. Here, p and q are per unit ' 

prices of goods x and y respectively, and m is 

the consumer's money income. 

Max.U(x,y) =100 - e*-ey pX + qy m, 

6Tx > 0, y > 0. 7ET p HIT q 95HT: TFx 

(i) Find the necessary conditions for thne 

solution of the problem and solve them 
for the two. demand functions x = f 

(P.q,m) and y = g (p,q,.m) by using the 

Lagrangean method. 

TA 37T 5Rd gx = f(p,q.m) 
T y = g (p,q,m) HIT TA a5 TIT 

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

x T y 3eTH (optimal) j FFT 

12 3800 
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. (A) During 2015, Mr. Vikram Mishra, the self-employe 
of the local bakery received Rs. 4,00,000 from the 

owner 
(i) Why is the difference between real interest rate 

sale of biscuits. During the year, his equipment depreciated in value by Rs. 50,000. Of the remaining Rs. 3,50,000 
and expected real interest rate ? Which of the two 

is more relevant for decision making on the part he sent Rs. 30,000 to the government as sales tax, took 
home Rs. 2,20,000 as salary and retained Rs. 1,00.000 of lenders and borrowers ? 
in his business to add a new equipment in future. From 
Rs. 2,20,000 that he took home, he paid Rs. 70,000 as What are the components of Balance of Payments D) 

( 

income tax. 

accounts ? State the fundamental Balance of Payments 
On the basis of the above information, calculate Vikram 

identity. 
Mishra's contribution to 

() Gross Domestic Product ( 
What do you understand by underground (i) (i) National Income 

2 economy ? (ii) Private Disposal Income. 

(). Tina borrowed Rs. 30 lakhs from a bank in 2012 (E) 
(B) () Distinguish between real GDP and nominal GDP. 

How do we compute the value of real GDP ? 3 
at some rate of interest to be paid back in 2013. 

(i) Define private saving. By using the 'uses of saving 
During the course of the year, inflation was more identity, state how private saving is utilised in the 

4 economy ? 
than anticipated. Who gained and who lost ? 

C) Which of the following transactions are included 
Why ? 3 in calculation of India's GDP ? Give reasons in 

support of your answer. 
(ii) Define national wealth. In what ways can national 

(1) Unsold goodslying in the godown of the 
4 wealth of an economy be augmented manufacturing firm. 

3 The profits earned by MTNL Company. 
P.T.O 
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5) (3) 2015 TA, ATHTA fa4 faAT 

fatagi fat (7) 

ATTR 50 Tq4 4 THAE SI 
3 RE 50 ET FyH à 
HRHR fai , E , 2,20,000 H 

3 30 ER T 

(2 MTNL ERT 3TS7 THI 

2,20,000 T E E TT 3YÀ 70,000 (i) TyHR 3Tq UIFR 

3Afer5 Hayi ? 

(it) 3T 

(iin fr T T 
() (0 IRifc GDPa HIfd% GDP 3R fyqi () 0 feÀ 2012 Ta%À 3 

% GDP 1 HTT ? 
30 TE qà 3HR fr 3 2013 aTT 

37P T8f-zt I 3VI , 
? 

P.T.O 
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(i) ZTETTf 
(D) Why would a government expand nominal money supply 
(D) 

at a rate much higher than the level that maximises 

Seignorage ? Briefly state the stabilisation program adopted 

7 
(A) Briefly explain the following concepts by the government to end hyperinflation ? 

2. 

Elaborate dn the determination of rate of interest in the 
(E) ( Classical dichotomy 

money market. What happens to the equilibrium rate of 

(i) Shoe-leather costs. 
4 interest if 

(B) ( Derive the aggregate demand curve in the classical ( nominal income decreases and 

theory (i) money supply increases. 4 

(i) Explain the concept of income velocity of money. 

What would happen to the income velocity on account ( 

of financial innovations in the economy ? 3 

() ( 
C) () Why do banks keep a part of funds received from 

the public in the form of r�serves ? 

i) According to the Fisher effect, how does an increase 

in the inflation rate affect the real rate of interest 

2 
and the nominal rate of interest ? () 0 

TE ? 
) Why would you expect bond prices and interc 

2 
rates to move in opposite directions ? P.T.O. 
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(i) fRTT T THR, TETPfA (B) How is equilibrium level of output, employment and real 

age rate determined in the classical model? What explains 

T4faM dt ? the shape of vertical Aggregate Supply curve in the 

classical model ? 

(C) Given Consumption : C 40 + 0.75 (Y - 80) 

Investment: I = 140 101, 

Government Expenditure = 100 

Money demand L = 0.2Y - 5i 

Real Money Supply: M/P = 85 

i is rate of interest, other figures are in Rs. crores) 

() Compute the equilibrium level of income and the 

rate of interest. 

HCf 3T 
(ii) Suppose that government increases its expenditure 

(i) by an additional Rs. 65 crores, what would be the 

3. (A) Are the following statements true or false ? Give reasons. impact on the equilibrium level of income ? 

(ii) By how much would the equilibrium level of income 
) An increase in tax rate increases the value of the 

change if LM curve is horizontal ? Show part (ii) multiplier. 
&part (ii) using diagrams. 24243 taxes 

)Equal increases in government spending and 
4 

P.T.O. have no effect on equilibrium level of income 
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Elaborate on the relationship between the fectivenes D) 
(H) faq TY 34TT: C = 40 +0.75 (Y - 80) 

of monetary policy and the slope of. LM curve. 

faT I = 140 - 10 
(E) ( Show the effect of investment subsidy on the 

aggregate income, investment and consumption., 4 TCTR 74: 100 

(i) Suggest a policy mix to achieve the following (ii) H HTT: L = 0.2Y 5i 

objectives, using IS-LM framework 

TTe 7 d : M/P 85 
(a) Increase in the level of income (Y) while keeping 

rate of interest constant. 

(6) Decrease in budget deficit while keeping income 

level (Y) unchanged. 

(it) 
TT? R 

( 

(i). LM 'X' TEI HHTR EI 3TY 

(i) 

(a) fE5T HTST HgT 3TY , R 

P.T.O. 
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(7) (0 HHTE7 , FHaI a 37477 T HaT TE 

(i) IS-LM 1 3747 6, TATaan Tyqi 

aifa 

(a) 

(Y) (b) 

300 6016 12 
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Let (X, X,) be a random sample of the number of biscuits 

sold on any two randomly chosen days. Write the sampling 

distribution of sample variance (S*). What is the relationship 

between E(S*) and o? 

1. 

(5) 
ferag 

2. 

3. 

X pX) 
0.2 

4. 

2 0.8 5. 

f E(S) 7 o2 7U ? SECTION - I 

All questions are compulsory. 
The time that it takes a randomly selected rat of a certain 2. 

subspecies to find its way through a maze is a normally 

distributed random variable with u= 1.5 and o = 0.35 min. 

Suppose five rats are selected. Let X...X, denote their 1. The probability distribution of the number of biscuits sold 

times in the maze. Assuming Xis to be a random sample 
from this normal distribution, what is the probability that 

X for the five rats is 

(5) 

(X) on a given day by a seller is as follows- 

the total time To = X,+. 
X PX) 

between 6 and 8? 0.2 

0.8 

P.T.O. 
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Af 3-7 
At time t= 0, 20 components are tested. The lifetime 

5. 

=1.5 distribution of each is exponential with parameter ^. The 

experimenter then leaves the test facility unmonitored. On 

his return, 24 hours later the experimenter immediately 

terminates the test after noticing that y 
= 15 of the 20 

components are still in operation (5 have failed). Derive 

(5) 
the maximum likelihood estimator of a. 

T-X,t +X, 6 8 ?? 

SECTION - II 

(All questions are compulsory.) 

I- aT f 20 ac À Y=15 t i FaMT (5 

Explain the difference between an estimate and an estimator 3. 

with the help of an example. (5) 
6. The following 48 observations on bond strength is given 

11.5, 12.1, 9.9, 9.3, 7.8, 6.2, 6.6, 7.0, 13.4, 17.1, 9.3, 5.6, 

5.7, 5.4, 5.2, 5.1, 4.9, 10.7, 15.2, 8.5, 4.2, 4.0, 3.9, 3.8, 3.6, 

3.4, 20.6, 25.5, 13.8, 12.6, 13.1, 8.9, 8.2, 10.7, 14.2, 7.6, 

How does an increase in the confidence level affect th 

(5) 
4. 5.2, 5.5, 5.1, 5.0, 5.2, 4.8, 4.1, 3.8, 3.7, 3.6, 3.6, 3.6 

precision of estimates. 
Estimate the average bond strength in a way that conveys 

information about precision and reliability. (5) 

? 

P.T.O. 



6017 6 
1 

6017 

SECTION - III 

Q. 8 is compulsory.

5.6, 
11.5, 12.1, 9.9, 9.3, 7.8, 6.2, 6.6, 7.0, 13.4, 17.1, 92 

Attempt any 
Two questions out of 2. 9, 0. 10 and Q. 11. 

T HAT 8 3ar ?1 5.7, 5.4, 5.2, 5.1, 4.9, 10.7, 15.2, 8.5, 4.2, 4.0, 3.9, 3.8,3. 
3.4, 20.6, 25.5, 13.8, 12.6, 13.1, 8.9, 8.2, 10.7, 14.2 

, 7.6, 
5.2. 5.5, 5.1, 5.0, 5.2, 4.8, 4.1, 3.8, 3.7, 3.6, 3.6, 3.6 

8. (a) Define p value of a hypothesis test. 

(b) What is the p value for the following hypothesis?

1) H0: H 
= 50 and H1: u> 50 and z test value = 1.53 

The following 15 observations on maximum concrete power 7. 
(i) HO: u=.12 and H1: u* .12 and z test value = 

(2+3) is given 
-1.95 

33.2, 41.8, 37.3, 40.2, 36.7, 39.1, 36.2, 41.8, 36.0, 35.23, 

36.7, 38.9, 35.8, 35.2, 40.1 

Calculate an upper confidence bound with confidence level 

95 percent for the population standard deviation of maximum 

(5) 
) HO: u = 50 a H1: u> 50 T z TÜAT = 1.53 

concrete power. ii) HO: =.12 a H1: u # .12 TT z, TteTUT = 

-1.95 

33.2, 41.8, 37.3, 40.2, 36.7, 39.1, 36.2, 41.8, 36.0, 35.23, 9. (a) A driving test of 200 young and 400 senior drivers 

36.7, 38.9, 35.8, 35.2, 40.1 

showed that 50%% of the young and 60%* of the senior 

drivers were cautious drivers. Use this data to test 

whether the proportion of cautious drivers is higher for 

the senior drivers. Find the P-value for the test and test 

at 5% level of significance? 

P.T.O. 
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of 25 senior managers and 26 junior 10, (a) The radius of a CD may be considered to be a normally (b) In a survey of 

managers it was found that the variance in salaries i distributed random variable with a standard deviation of 

2.1 and 11.1 respectively. 0.05 cm. To test the null hypothesis = 2 against the 

alternative u2, a random sample of 50 CD's is taken. 

G) At the 10% level can we say that the variances in 

salaries differ significantly across senior and junior 
If the probability of Type I error is 0.05. What is the 

probability of Type II error if the true average radius of 
managers ? 

the CD's is 2.01 cm? 

(ii) Does your answer change if we wish to test 

whether variance is higher for junior managers as 
(b) Two airports were compared on the. basis of delayed

flights. A flight is considered delayed if it is 15 minutes

behind schedule. Using the data below can we argue compared to senior managers ? (5+5) 
that the proportion of delayed flights is significantly 

(37 200 TT T 400 ats aIA TET TE E TT TT different across two airports ? Use a 5% level of 

confidence. 

Airport 1 Airport 2 

No of flights 900 1200 

Delayed flights 252 312 

(5+5) 

q4T T fa T 3iR 4T: 2.1 1.1 
(3T) y As aAHT (radius) 0.05 AT faaT 

f IGEHCTAI TL#2, faa RrUt ArHAT = 2 

(i) 

fr 3f 7? 
P.T.O. 
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Company1 Company 2 

Average ratings 85.36 81.4 

Sample size 37 44 

Population variance 4.55 3.97 

(5+5) 

Airport 1/ Airport 2/ 

AT 3E3T 1 Far ST 2 

No of flights 900 1200 

Delayed flights 252 312 

11. (a) Explain the types of errors possible in any hypothesis 
Company 1 Company2 testing. 

3F 2 

(b) Two travel companies offer services to customers who 
Average ratings 85.36 81.4 

rate them on quality and standards. If there is no 

significant difference in ratings, they will merge. 
A consultant is hired who uses samples from the 
population of travellers to get the following data. Test 
it they should go ahead with the merger using >o 

Sample size 37 AA 

T ATR 

Population variance 4.55 3.97 

significance level. 

P.T.O. 
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SECTION - IV 

Q. 12 is compulsory

Attempt any one question out oj Q. 13 and Q. 14 x 30, 2Y = 180, 2xY = 1000 

HrT 12 x 200, 2 = 5642, N = 6 

TT 13 14 ya 7 JR 

12. What are the basic assumptions of the linear regression 
model ? 6) 

13. You are given the following information: 

2x = 30, 2Y = 180, xY = 1000 

(v 
x 200,y2 = 5642, N =F6 

14. You are given the following data for two variables X 
i) Find the regression line of Y on X and Y 

(1) Interpret the slope coefficient if X = annual income in X 9 10 12 18 21 
thousand and Y = sales of TVs in hundreds. 

Y 65 68 65 70 72 

1) What is the coefficient of determination? 

(i) Calculate the coefficient of correlation.

(IV) Interpret the coefficient of determination. 
(i) Test if there is a significant linear relation between X 

(VWhat is the value of standard error of estimate and Y at 5% level ? 

(3+1+3+1+2) 

P.T.O. 



14 6017 

(ii) What assumptions have you made about iains 

probability distribution of X and Y to conduct the t 
test 

in part ii? 

(iv) Calculate the error sum of squares when Y is regressed 

(4+3+1+2 on X. 

X 9 10 12 18 21 

Y 65 L 68 65 70 72 

(ii) 

(300) 
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A-6 Appendix Tables 

Table A.3 Standard Normal Curve Areas D(c)= P(Zs) 
Standard normal density curve 

Shaded area =( 

00 01 02 03 04 05 06 07 08 09 

0003 
0005 
DO07 
0010 
0013 

0003 
0005 
0007 
0009 
0013 

.0003 
0005 
0006 
O009 
0013 

0003 
0004 
0006 
0009 
0012 

0003 
0004 
0006 
0008 
0012 

0003 
0004 
0006 
0008 
0011 

0003 
.0004 
0005 
0008 
0011 

0003 
0004 
0005 

0002 
0003 
0005 
0007 
0010 

3.4 
-3.3 0004 

0006 32 
-3.1 0007 0008 

0011 3.0 0010 
0014 
0019 

0017 
0023 
0032 

0016 
0023 
0031 
0041 
0055 

0013 
0021 
0028 
O038 
0051 

-2.9 0016 
0022 
0030 
0040 
0054 

0014 0019 
0026 
0035 
0047 
0062 

00T8 
O025 
0034 
0045 

0017 
0024 
0033. 

0015 
0021 
0029 
.0039 

0020 
0027 
0037 
0049 

2.8 

-2.6 
2.5 

0044 

0059 
0043 
0057

0026 
0036 
0038 0060 0052 

0071 
0094 
0122 
Q158 
0202 

0068 
0089 
0116 
0150 
0192 

0066 
0087 
0113 

0064 
0084 
0110 
0143 
0183 

0069 0032 
0107 
0139 
0179 
0228 

0080 
0104
0136 

0078 
0102 
0132 
0170 

0217 

0073 
0096 
0125 
0162 
0207 

-2:4 
-2.3 
-2.2 
-2 
-2.0 

0075 
0099 
0129 
0166 
0212 

O091 
0119 
0154 
0197 

0146 
0222 0188 

0281 
0352 
0436 
0537 
0655 

0274 
0344 

0427 
0526 
0643 

0268 
0336 
0418 
0516 
0630 

0244 
0307 
0384 
0475 
O582 

0233 

0294 
0367 
0455 

0239 9 
1.8 

0287 
0339 
0446 
0548 
0668 

0262 
0329 
0409 
OSD5 
0618 

0256 
0322 
0401 
0495 
0606 

0250 

0314 
0392 

0485 
0594 

0301 
0375 
0465 
0371 
0694 
0838 
1003 
I190 
1401 

-1.6 

15 0559 

0764 
0918 

0749 
0901 
1075 
1271 
1492 

0722 
0869 
1038 
1230 
1446 

0681 
0823 

0808 0793 
0951 
J131 

0778 
0934 
112 

1314 
1539 

0735 
0885 
1056 
1251 
1469 

0708 
0853 
1020 
1210 
1423 

1.3 0968 
1093 0985 

1170 
1379 

1357 
1587 
1841 
2119 
2420 
2743 
3085 

1292 1335 
1562 -1.0 1515 

-0.9 
-0.8 
0.7 

1814 
2090 
2389 
2709 
3050 

1788 
2061 
2358 
2676 
3015 

1762 
2033 
2327 

1736 
2005 
2296 
2611 
2946 

1711 
1977 
2266 

1685 
1949 
2236 
2546 
2877 

1660 
1922 
2206 
2514 
2843 

1635 
1894 
2177 
2483 
2810 

1611 
J867 
2148 
2431 

2776 
3121 
3482 
3859 
4247 
4641 

2643 2578 
2912 

0.6 
05 2981 

3372 
3745 
4129 
A522 
A920 

3300 
3669 
4052 
4443 
4840 

3336 3264 3228 
3594 
3974 
4364 

8155 
3520 

3409 
3783 
4168 

3192 
3557 
3936 
4325 

. 4721 

0:4 3446 
3821 
4207 

3632 
4013 
4404 
4801 

3707 0.3 
-0.2 
-0.1 

4090 
A483 
4880 

3897 
4286 

4681 
4562 
4960 

4602 
-0.0 5000 4761 

(continued) 
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Appendix Tables A-7 

Table A.3 Standard Normal Curve Areas (cont.) P() = P{ZSs 

00 01 02 03 04 05 06 .07 08 .09 

O.0 
O.1 
0.2 
0.3 

S000 
5398 
5793 
6179 
6554 

S080 
S478 
5871 

6255 
6628 

S120 
3317 
5910 
6293 
6664 

5040 S160 
5557 5438 

5832 
6217 
6591 

3948 
6331 
6700 

S199 
5596 
5987 
6368 
6736 

5239 
5636 
6026 

3279 
5675 
6064 
6443 
6808 

5319 
5714 
6103 
6480 
6844 

5359 
5753 
6141 
6517 

6879 
6406 

0.4 6712 
0.5 
0.6 

6915 
7257 
7580 
7881 
8159 

6950 
7291
76i1 
7910 
8186 

6985 
J324 
7642 
7939 

7054 
7389 
3704 
7995 
8264 

7019 
7357 

7088 
7422 

7123 
7454 
7764 
8051 
8315 

7157 
7486 
194 

7190 
7517 

7224 
7549 
7852 0.7 1673 

1961 
7823 

3106 
3365 

7734 
0.8 
0.9 

8023 
8289 

8078 
8340 

8133 
3389 8212 8238 

8438 
8665 

8461 
8686 

I.0 8413 
8643 
8849 

9032 

8485 
8708 
8907 
9082 
9236 

8531 .8508 
8729 
8925 
9099 
9251 

8749 

8944 
9115 
9265 

8534 
8770 
8962 
9131 
9278 

8577 
8790 
8980 
9147 

8599 
3810 
8997 
9T62 
9306 

8621 
8830 
9015 

9177 
9319 

I.2 8869 
9049 
9207 

8888 
9066 
9222 

1.3 
14 9192 9292 
1.3 9370 

9484 
9582 
9664 
9732 

9332 9345 
9463 
9564 
9649 

9357 
9474 
9573 
9656 
9726 

9382 
9495 
9591 
9671 
9138 

9394 
9505 
9599 
9678 
9744 

9406 
9515 

9441 9429 
9535 
9625 
9699 
9761 

.9418 
9452 

9554 
9641 
9713 

9525 
9616 
9693 
9736 

9545 
1.7 
1.8 
1.9 

9608 
9686 
9750 

9633 
9706 

9719 9761 
9817 
9857 
9890 
9916 
9936. 

2.0 
21 
2.2 

9772 
982I 

9778 
9826 
9864 
9896 
9920 

9783 
9830 
9868 
9898 
9922 

9788 
9834 
9871 
9901 
9925 

9793 9808 
9850 
9884 
9911 

9798 

9861 
9893 

9918 

9838 
9875 
9904 
9927 

9842 
9878 
9906 
9929 

9803 
9846 
9881 
9909 
9931 

9812 
9854 
9887 

2.3 9913 
9934 24 9932 

2.5 
2.6 
2.7 
2.8 
2.9 

9938 

9953 
9940 
995S 
9966 
9975 

9941 
9956 
9967 
9976 

9943 
9957 
9968 
9977 
9983 

9945 
9959 
9969 
9977 
9984 

9948 9946 
9960 

9949 9951 
9963 
9913 
9980 
9986 

9952 
9961 
9971 
9979 
9985 

9962 
9972 
9919 
9985 

9964 
9974 
9981 

9965 
9974 

9970 
9978 
9984 9981 9982 982 9986 

3.0 
3.1 

9987 
9990 

9988 
9992 
9994 
9996 
9997 

9987 9987 9988 
9991 

9989 
9992 

9989 
9992 

9989 
9992 

9990 9990 
9991 
9993 
9995 

9991 

9994 
9995 

9993 9993 
9994 
9996 

3.2 9993 
9995 
9997 

9994 

9996 

9997 

9994 
9996 
9997 

9995 9995 
9996 
9997 

9995 
3.3 
3.4 

9996 
9997 

9997 
9997 9997 9997 9998 
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Appendbx Tables A-9 

Table A.5 Critical Values for t Distributions ydensity curve 

Shadcd arça*a 

10 05 025 01 .005 001 0005 

3.078 
1.886 

L638 
1.533 
L476 
1440 

6.314 
2.920 
2.353 

12706 
4.303 
3:182 
176 

1 
2 

31.821 
6.965 

4.541 
3.747 

318.31 
22.326 
10.213 
7.173 
5.893 
5.208 
4.785 
4501 
4,297 

63.657 
9.:925 
5.841 
4.604 

636.62 
31.598 
12.924 
8,610 2.132 
6.869 
5.959 

1415 
1.397 
1.383 

2. .015 
1.943 
1895 
1,860 
I.833 

2.571 
2447 
2.363 
2.306 

.2.262 

3,365 
3,143 
2.998 
2.896 

4.032 
3.707 
3.499 
3.355 

5408 
5.041 
4.781 9 2.821 3.250 

3.169 
3.106 
3.055 
3.012 
2.977 
2.947 
2.921 
2.898 
2.878 
2861 

L.812 
1.796 
1.782 
1.171 
1,761 

2.228 
2.201 
2.179 
2-160 

2.145 

2.764 
2.718 
2.681 
2.650 
2.624 

10 1.372 
1.363 
1.356 
1.350 
1.345 

4.144 
4,025 
3.930 
3.852 
3.787 
3.733 
3.686 
3.646 

3:610 
3.579 
3.552 
3.527 

3.505 
3485* 

3467 

12 
13 
14 

4,587 
4,437 
4.318 

4.221 
4.140 

1.341 
1.337 

1.333 
1.330 

1:328 

1753 
1-746 
1740 
1.734 

1.729 

213 
2.120 
2.110 
2.101 
2.093 

2.602 
2.583 
2.567 
2.552 

2:539 

4.073 
4,015 
3,965 

3,922 
3.883 

16 
17 
18 

1725 

1.721 
20 
21 
22 

L325 
1.323 
1.321 

2:086 
2.080 
2.074 
2.069 
2.064 

2528 2845 
2.831 
2:819 
2.807 
2-797 

3.850 
3.819 

1.717 
i.714 
1.711 

2.518 
2.508 
2.500 
2492 

3.792 
1319 
318 

1.316 
1.315 

1:314 
1.313 

23 
24 

3.767 
3.745 

L708 
1.706 
1.703 

2485 125 2.060 
2:056 
2.052 
2.048 
2.045 

2.787 
2.779 
2.771 
2.763 
2.756 

25 3.450 
3,435 
3:421 
3.408 
3.396 

2.479 
2473 
2467 
2.462 
2.457 
2.449 
2.441 
2.434 
2.:429 

2.:423 
2.403 

26 
27 
28 
29 

3,707 
3.690 

1.701 
1.699 

3.674 
3,659 

30 
32 
34 
36 

1.311 
1.310 

1.309 

1.307 
1.306 

1.304 

1.697 
1.694 
1.691 
1.688 
1.686 

2.042 
2.037 
2.032 
2.028 
2.024 

2.750 
2.738 
2.728 
2.719 
2.712 

3.385 
3.365 
3.348 
3.333 
3.319 

3.646 
3.622 
3.601 
3.582 

38 3,566 
1.684 
1.676 
1.671 
1.658 

2.704 
2.678 
2.660 
2.617 
2.576 

3.307 
3.262 
3.232 
3.160 
3.090 

2.021 1.303 
I.299 
1.296 

3.551 
3.496 
3.460 
3.373 
3.291 

40 
2.009 50 

60 
120 

2.000 
1.980 

2.390 
2.358 

2.326 
1.289 
1,282 1.645 1.960 
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Appendix Tables A-11 

Table A.7 Critical Values for Chi-Squared Distributions X3 density curve 

Shaded area =a 

X 

995 99 975 95 :90 10 05 025 01 005 

0.000 
0.010 
0.072 
0.207 

0.000 
0.020 
O.115 
0:297 

0.001 
0.051 
0.216 

O004 
0.103 
0.352 
0.711 
1.145 

0.016 
0.211 
0.584 
1.064 
1.610 

2.706 
4.605 
6.251 
1.719 
9.236 

3.843 
5.992 
7.813 
9.488 

11.070 

5.025 
7.378 
9:348 

L1.143 

6.637 
9.210 

11.344 
13.277 

7.882 
10.597 
12.837 
14860 
16:148 

0.484 
0.831 

1.237 
1.690 
2.180 
2. .700 
3.247 

0412 0.554 12:832 15.085 
0.676 

0.989 
1.344 
1.735 

0.872 
1:239 
l.646 
2.088 
2.558 

2:204 L635 
2.167 

2,733 
3.325 
3.940 

18.548 
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Apperdix lables 15 sit A9 
Citial Vakues for F Distributions 

VEDamerator df 
Table A ritical Values for FDistributions (cont) 
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Appendhn Tabes A1 A16 Aprendik Tables 

Table :9 CiticalValues for F Distrlbutions (eont) Table A.9 Citical Values for FDistributions (cont) 
, umerafor dt numerator dt 
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3.8t 
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275 2.05 

2SS 
050 
DI0 

3.59. 

418 4.02 387 

5.19 
&73 
242 

434 379 

448 S.05 
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1.98 
242 198 

26T 
3.84 

2:1 261 
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Table A9 Critical ¥alues forÉ Distributions (cont.) Table A.9 Citical Values for F Distributiots (cont) 
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1. Attempt any four from parts (a) to (e) in this question. this question. 
(e) For vectors u and v, prove the following: 

(6x4) (a) (i) Show that for matrices P and 0, if PO = P and OP Q, then P and Q are both idempotent. 

() lu-v||S||u||+||vl| 

(i) lutv||2+|u-v||2 = 2||u||2 + 2||»|2 

(il) Show that if P is idempotent then P = P for all 

() (i) 3TET (matrices) P Q zafsv f zfe PQ = P 

QP = 2, a Pa QaAT ME`FAT
US (idempotent) 

positive integers n. 

(b) Find the equation of the plan P in R3 containing the three points a = (1,3,1), b = (-1,3,4) and c= (2,3,-2). Find the unit vector normal to this plane. 
(i) f afe P (idempotent) * UA 

(c) For what values of the numbers a, b and c does the UTT (integers) n P = P 
following system of equations have solutions? Find the 

F49 IH FTAA (plane) P I TATRUT ITA fy fra 

iT-T fa = (1,3,1), b = (-1,3,4) T c = (2,3,-2) fR 

solutions when they exist. 

X - 2X, + X, + 2X, = a 

X, + X2 -X, + X, =b 

X+7X, - 5X, + X, = c 

(d) Let A be a r x s matrix such that r < s. What is the 
rank of A if: 

X - 2X, + X, + 2X, a 

i). Rows of A are linearly independent; 
X+ X -X, + X, = b 

(ii) Rows of A are not linearly independent; 
X+7X, - 5X, + X4 c 

(iii) Columns of A are not linearly independent. 
P.T.O. 
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(TT ifsy fA, HT TAR r x s ATa6 r<S. A f (rank 4 Erit af: 

(5 5 T y=l-t 
T GI (. y) = 

(i) A yfaai zRh: (linearly) FTA 
T HAThT T (integral curve) FA 

(1, 1) d TA (ü) A yiTai tRYHT: (linearly) T T 
(ii) A FH iRa: (linearly) F A8 d1 

aHTT FT77 (convex set) T uRATT HEHT 

()H (vectors) u7 v, g area B fqu y 
(x, y) E R *2 0, y 2 0, xy s 4} ATAR 7 

(1) u-v||s||u||+||v|| 

ii) lutv||2+||1u-v||2 = 2|l4||2+ 2|lv|2 

TTCEPT 
dx 

-) arrqem (it) fafsa 
dt (T Attempt any two from parts (a) to (c) in this question. 

2 

(4x2) h PT T (phase diagram) HIEI TRATRT 

(a) Solve the differential equation =1-t. Find the 

Attempt any two from parts (a) to (c) in this question 
3. 

dt 

(6x2) intergral curve through (t, y) = (1, 1). 

(b) Use the definition of a convex set to prove/disprove 
Sa,y) = that the set S = {(ax, y) e R x 2 0, y 2 0,xy S 4} 18 

(a) i) Find the domain of the function 
a convex set. 

+3y-x +9 Also provide a sketch 
Vx+y-4 dx (c) For the differential equation (x2 -1), draw a phase 
of the domain. diagram to mark out the equlibrium state(s). Comment 

on the stability of the equilibrium. P.T.O 
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ii) Find the degree of homegeneity of the funcito 
(i) ze 75 feATgTf f Tie TA 

8, ns(x,y) 

gx, y) =- 
, if it is given that is homogeneous 

(homogeneous of degree one) 

s.)+ 7HAT itt (degree of 
eln S(x,) 

of degree one. 

(b) For the function x, y)= y2 -e2, homogeneity) Fia GI 

) Find the maximum value of its directional derivative ( 
at (2,-1) and the unit vector in that direction. 

(i) (2, -1) * F fATH 77 (directional 

(i) calculate the partial elasticities of f{x, y) with derivative) HHAT HT 7 37 fT TT 

respect to x and y. 

(c) (i) Given that P =P (x, y) and z = In(xy +yP), express (ii) Sx,y) x a y da afs (partial 
dz (the differential of z) in terms of dx and dy. elasticities IT fGyI 

(11) The equation x' + y + z = m, where m is a 

positive constant, defines z as a function of x and (T) (i) faaT gAT P = P (x, y) a z = lIn(ty + yP), aT 

y for x> 0 and y >0. Compute the partial derivative 

of z with respect to y. 

dz (z 444h7 T) dx dy a Ta 7 zTA RI 

(i) HERUT + +z= m TEÍ m y UAR% RAT 

3 7 T (a) à (c) * fi 37 TTGy , x>07 y> 0 g z x y YT om 

(i) fa,y)= t3y-x +9 T TT f 

(domain) FTa fGgI TU I a efaa (sketch)
4. Attempt any two from parts (a) to (c) in this question. 

(5x2) 

P.T.O. 
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(a) Find the equation of the tangent plane to the surface 

z xy 2x at the point (2,3,38). Also approximate the 
(i) gx,y,z) = x - y2 - 3z2 + xy 

- 2xz - yz 

value of the function using a linear approximation when 

the values ofx and y equal to 2.01 and 2.98 respectively. i) Stxy) =6x 

(b) Calculate the elasticity of substitution between y and x| 

Attempt any three from parts (a) to (d) in this question. 5. for fx.y) = 10x2 + 15y2. 

(7x3) 
(c) Determine which of the following functions are concave/ 

convex? (a) Find the maximum and/or minimum value of z = 2x - 6y 

- 2xy such that 3x +3y = 18. Find the rate of change 
(i) g(x.y,2) = x - y? - 3z2 + xy 2xz - yz 

in the value of z calculated above. due to a slight 

relaxation of the constraint constant. 

(i) fa,y) = 6xy% 
(b) u = x"y is a consumer's utility function for two goods. 

Find the utility maximising demand of the two goods if 

the prices of the goods are p, and py and m is the

income of the consumer. What is the rate of change in 

the maximal value of utility when p, falls? HH (surface) z = xy - 2x f (2,3,38)(5 
HHT (tangent plane) FHRUT IA GKI T x7 y 

(c) The demand for two products is determined by the 
hHT: 2.01 2.98 RR a a aT HA7 (linear

equation: p = 25 -x and q = 242y where p and 
are prices and x and y are the number of units of the 
two goods respectively. The cost of producing x and y 
is given by the function C(x, y) =3x2 + 3xy + y, If a 

Single firm obtains the revenue from selling the products R x.y) = 10x2 + 15y2 y ax TT yfTTA T 

(elasticity of substitution) UAT itti and bears the entire cost, find x and y for maximum 
profit. 

(T akaa - 7 Iaa(concave) /3FT 

(convex) , fAaifka ifS 

P.T.O 
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functior d) Find and classifty all the stationary points af 

gx.y) =xy4 + 2xy- 2x2 2y2 

Pqii (a) à (d) * 7 
() 3x + 3y = 18 * HaI, z 2x - 6y - 2xy T 

onstraint 
constant) # T aitRIcTE TRUT z R R: 

y 

BTRT? 

(T 3FHTEi ag aT FATTUT: p = 25-x and q = 24-2y a 

Ca, y) = 3x2 + 3xy + y arI a Ei af ya V 

( () gx)) = x'y + 2xy2-2x 2y2 zt f 

T (stationary points) IF GY 7 qi iR 

(300) 
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