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Instructions for Candidates

1. This paper consists of 6 questions. Answer any 4 questions
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used throughout the paper
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Q1. A) What is GDP deflator? How is it different from consumer price index? How does CPI
inflation overstate the increase in cost of living?
B) Given the following information (in crore rupees):

Investment (1)=60

Government Purchases (G)=50

Gross National Product (GNP)=500

Current Account Balance= -30

Tax (T)=100
Transfer Payment (TR)=40
Interest Payment on government debt=20

Net Factor payments from abroad (NFIA) =-5



Compute:
1. GDP
2. Net Export
3. Consumption
4. Private Savings
5. Government Savings
C) Explain the Balance of Payment. (8.75,5,5)
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Q2. A) Assume that the demand for real money balances is represented by the following:
M/P=YT0.4-(r + expected inflation)]
Where, Nominal Income (Y) = Rs. 4000
Real interest rate R=5%



Expected inflation=5% is constant in short run
i.  Calculate seigniorage, if the rate of growth of nominal money is 12 per cent
forever.
ii.  Calculate the inflation tax when actual inflation equals 5 per cent. Is it equal to
seigniorage?
B) What are the reasons for hyperinflation? Can hyperinflation end through Stabilization
Programs?
C) Briefly explain following concepts:
i.  Money Multiplier
ii.  Quantity Theory of Money (4,6.75,6)
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Q3. A) Describe the functions of money. Who controls the money supply and how? Discuss

it.

B) What is real interest rate? If inflation rises from 5 per cent to 8 per cent, the real interest

rate changes from 7 per cent to 10 per cent, then, according to Fisher effect, what will happen

to the nominal interest rate?

C) What is the social cost of expected inflation? Is there any benefit of inflation? Discuss it.
(8,4,6.75)
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Q4. A) Derive LM curve. Under what circumstances might the LM curve be horizontal?
B) What is the effect of an increase in income tax rate on IS curve, equilibrium output
and interest rate?
C) The following equations describe the economy:
Consumption Function, C=50+0.8Yd
Investment, 1=70
Government Spending, G=200
Transfer Payment, TR=100
Tax Rate, t=0.20
i.  Calculate the equilibrium level of income and multiplier.
ii.  Calculate the budget surplus.
iii.  Suppose that t increases to 0.25. Then, what is the new equilibrium income and
the new multiplier?
iv.  Calculate the change in budget surplus. Would you expect the change in surplus
to be more or less if c=0.9 rather than 0.8? (6.75,6,6)
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Q5. A) Consider an economy with the following specification:
Consumption Function, C=100+0.75Yd
Investment, 1=200-50i
Government Spending, G=300
Tax, T=0.20Y
Demand for money, M%=0.10Y-12.5i
Supply of money, M°=200
Price level, P=2
i. Write equations for IS-LM and solve for equilibrium level of income and rate of
interest.
ii. Compute the value of fiscal and monetary policy multipliers.
B) If capital stock of a nation rises, what will be its effect on output, employment and the
real wage? Explain in the context of Classical model using diagrams.
C) Explain the process of multiplier. What is the relationship between marginal
propensity to consume and multiplier? (8,5,5.75)
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Q6. A) Suppose that the economy is having disequilibrium in the goods markets and the
money markets. How can this economy achieve equilibrium? Show the dynamics of
equilibrium and the adjustment in both the interest rate and level of income.

B) Explain the concept of Crowding out by using suitable diagram. Is Crowding out
likely?

C) Discuss the impact of an investment subsidy on interest rates, income and investment

in the economy, by using IS-LM framework. (6,6.75,6)
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2
@Ff (xy, x,) = (i—%) . Find the gradient of fat P = (1,—1). Find the directional

derivative of f a P in the direction (h, k) = (%,%). Describe the level curves
passing through P.

(b)Find the extremum of the function f(x,y) = 3x2 + 2y? — 4y on the closed
region bounded below by the parabolay = x2 and above by theline y = 4.

(c) What is the general form of the demand equation which has aconstant
elasticity of —n?

(d) Use the graphical method to solve the problem of maximising: z = x +y
subject to the constraints

x+2y <10
2x+y <16
—x+y<3
x,y=0
(6, 6.75, 3, 3)

(a)Consider the production functionQ = F(L,K) = L°K?, where 0 < a,f < 1
anda+ f<1.

2
(i) Find Z_IZ : ZTIZ{ and comment on their signs.

(it) Find the elasticity of substitution .

(iii) 1sthe given function Q homogenous? Verify Euler’ s theorem.



1 2
(b)Consider the function f(x,x,) = x1/3x2/3, wherex,, x, > 0. Is this function

concave? Can you also determine if the function is strictly concave or quasi
concave? Graph the level curves of the function at height f(x;,x,) = 1;and

f(xpxz) = 2?

(c)Find the area of the region bounded by the curve y = x2 + x + 1 and the x-
axis betweenx = —4and x = 1.

(d) Write the dual of the following linear programming problem:

2x+3y =4
minimise z = 4x + 5y subjecttoy x +4y >3 x,y >0
3x+1>-5

(6,6.75, 3, 3)

(a)Suppose the following two equations define y, and y,as differentiable
functions of x4, x,.

1 + 29,)° + x1%5 = 21 — x,);
1+ yD)® — yiy, = 8x; + x3y3

where y; = f(x,x;) and y, = g(xq,x3) in a neighbourhood around
(xlr er }’1; yZ) = (1111110)'

()  Compute2z 21 972 g Zyz at (1,1,1,0)

9x,' 9%y 9%y axy
(i) Find an approximate value of f(1 + 0.1, 1 + 0.2)
(b) Usethe method of Langrange multiplier to find the following two -
0) The minimum value of x + y subject to the constraint x/2y1/2 = 2
(i)  The maximum value of x'/2y'/2subject to the constraint x + y = 4 .
Comment on the geometry of each solution.

(d) In measuring the accuracy of forecasts, the negative and positive errors do
not necessarily cancel out and it is the absolute error which matters. If forecasts
are made for 10 periods into the future and forecast error a time t is given by
E(t) = 55— 16t + t2, determine the total absolute error by evaluating the
absolute area between E (t) and thet-axisfromt = 0 and t = 10.

(6, 7.75, 5)
@ ()f w=f(2x — 3y,3y — 42,4z — 2x), what is value of (;g—j+§g—v;+
10w
Ak

@i) If x¥ = y*, findZ—i and the elasticity of y with respect to x.



(b)A consumer’s utility function for two goods is U(x,y) = %(xﬁ +yF),0<

B < 1. Find the optimal values of x, yfor general values of p,,p, and M. Verify
the second order conditions. Obtain the associated demand functions of x and y.
Check if x and y are substitutes.

(c) Vitamins A, B and C are found in foods F; and F,. One unit of F; contains 1
mg. of A, 100 mg. of B and 10 mg. of C. One unit of F, contains 1 mg. of A and
10 mg. of B and 100 mg. of C. The minimum daily requirements of A, B and C
are 1 mg., 50 mg. and 10 mg., respectively. The cost per unit of F; and F, are Re.
1 and Rs. 1.50, respectively. Formulate the linear programming problem.

(d) Draw the phase diagram and determine the nature of the possible equilibrium
states for the differential equation Z—Z =y3—-2y2—-5y+6
(6, 6.75, 3, 3)

(& A function f of n variables x = (x4, x5, ...,x,,) defined in a cone Kis
homothetic provided that y € K, f(x) = f(y),t > 0 - f(tx) = f(ty). Using
this definition identify which of the following functions are homothetic:

(i) fxy,x3) = 5x1x, + 1

(i)  g(xy,xp) = lnx, + Inx,

(b) Given z = x3y? + y3x, x =s?+t , y = 2s — t, find %When s=1 and
t=1.

(c)Examine the concavity/convexity of the following functions:

(i) f(x,y) =x*+yf wherex,y >0;,0<a,f <1

(i) g y) = (x+y)/?wheex,y >0

(iii)  z(x,y) = Ax + By + In[a? — (x? + y?)] defined on S = {(x,y):x? +
y? <a’}

(c) Obtain the solution of the following macroeconomic model:
Y, =C +1,
I;=a(Y;— Y._1),a>0
Ci=bYy_1+d,b,d>0

Y;, C; and I, are the income, consumption and investment a time t. Find the
expression for Y; in terms of Y;_;in the equilibrium. Solve the corresponding
difference equation. What is the condition required for stability?

(6.75, 8, 4)

(a) The function C = f(x,t) = te™** gives the concentration of bacteria in the
blood (in millions of bacteria/ml) as a function of x,i.e. the dose (in gm) injected
of an antibiotic, and the time t (in hours) since the injection.



(1) Find the first order partial derivatives of C w.r.t x and t respectively.
Interpret the same and comment on their signs.

(i) Draw the graphsof the functions f (x, 2) and f(1,t) and interpret them.

(b)Derive and classify the extreme points of the following function:

22 ~C )
f(x1,x5) = (xf —x5)e 2

(c) The demand and supply functions in the market for acommodity aregiven by:
Qat =4—P;
Qs =140.5P,_,

Qg:andQ; arethe quantity demanded and quantity supplied of the commodity at
timet, and P, represents the price in time period t. Find the expression for P; in
terms of P;_,inthe equilibrium. Solve the corresponding difference equation. Is
the time path of priceoscillatory/non-oscillatory and convergent/divergent?

(6, 7.75, 5)
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Attempt any four questions. All questions carry equal marks
ot off =TT ST <hT S <Rl Tt ST e e ©

1. (a) If the rate of growth of output in an economy is 7% and the rate of growth of capital
and labour are 3% and 4% respectively for an economy with a production function Y =
AK%°L%4 calculate the rate of growth of total factor productivity.

(b) If the per capita production function is y= k%* , the savings rate is 0.5 and rate of
depreciation is 0.1, what are the values of the capital and output per capita at steady state?
If the economy intends to maximise its consumption per capita at steady state what
should the level of savings be? With the help of a transition diagram trace the trajectory
of the economy from the current state to the one where it maximises its consumption per

capita at steady state.
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2. (a)What is the rationale behind the argument that the reduction in the level of taxation in
the current period need not result in an increase in the level of consumption? Attempt a

critical appreciation of this argument.



(b) The empirical evidence does not support the argument relating to convergence of

incomes per capita across economies. How do you explain the same?
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. (a) Prove that in the Romer Model the equilibrium price of a patent, P, satisfies the
relationrP, = m + P

where

m is the profit for a firm in the intermediate goods sector = a(1 — a)x

Y is the total output,

n is the rate of growth of number of workers,
r is the rental price of raw capital,

A is the stock of ideas, and

a is elasticity of output with respect to capital.

Hence, prove that along the balanced growth path P, = -~

(b) How effectively does Harrod put forward the argument that a deviation from the

warranted rate of growth results in instability?
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. (a) Discuss how, according to Fisher’s inter-temporal consumption model, the shape of

the consumption path over time is dependent upon the relation between market rate of

return and individual’s discount rate.

(b) Explain how Robert Hall reformulated the consumption theory by incorporating the

assumption of rational expectations.
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. (a) Write a short note on regressive expectations model and the critical rate of interest
(b) In his contribution on liquidity preference, Tobin distinguishes three kinds of
preferences that an individual might bear towards risk. What are they? Explain their

equilibrium portfolios with the help of diagrams.

(=) it IEfiET o Hieer ST ST T Heca Ul o W U HiH o fafay

(@) AT AT 9T ST AR H, Al A TR T SERIATstt shi STeRT AT & Wi STk SITRIH ohl Te L dehal
RN T HITE? AT BT TG STk e o SN H Ty (10+8.75)

. (a) Charging price above the marginal cost is necessary condition to promote innovations
in the economy. Examine the statement in the light of the studies of Romer and Jones
with algebra.

(b) Write a short note on sticky prices and menu costs under monopolistically

competitive setting under the New Keynesian framework.
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1. Consider an exchange economy of two goods -apples (A) and mangoes(M) and two

individuals Pranav and Riya. Pranav's and Riya’s utility functions are Up(4, M) = A,Mp and

Ur (A, M) = My + 2Ag, respectively. Their initial endowments of A and M are given

as:wp = (1,.5) and wg = (1, 1.5).Assume for simplicity that the price of apple is

normalized toP, = X1.

Q) Using an Edgeworth box, depict the endowments, preferences of Pranav and Riya and
the contract curve, graphically. Take apples on the horizontal axis.

(i) Determine the competitive equilibrium allocation of apples and mangoes and the
equilibrium price ratio. Are these allocations Pareto efficient?

(iii)  Are these equilibrium allocations fair?

(7+8+3.75)
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2. A) Consider a second-hand car market. For each trader the value of a car depends on whether
a trader is a buyer or a seller, and also on whether a car is a lemon or a plum. Buyer’s
reservation prices for a lemon (bad quality car) and plum (good quality car) are 360,000 and
X1.2 lakh respectively, while each seller is willing to sell the lemon at X0 and a plum at
X1lakh.

Q) What is the expected profit that the seller of each quality of car is likely to make

when the probability of a car being a lemon is 1; ? Assume that there is perfect

information and equal splitting of gains from trade between buyers and sellers on
each segment of the market. Then what will be the price of each quality of car?

(i) Suppose buyers are not able to distinguish between a lemon and a plum, what is the
maximum price that a buyer might pay when 1/3rd of the cars are lemon? Is there any
possibility of market failure? Explain.

(iii)  Can the warranty on these cars help to overcome the market failure and create a

pooling or a separating equilibrium? Explain.

B) Suppose a monopoly firm can produce any level of output at a constant marginal cost of X 5
per unit and faces a constant price elasticity demand curve: Q = P€¢, where e is the price

elasticity of demand (e < —1).



(1) Suppose that e is -4. Estimate the consumer surplus in the above market and compare this
with the consumer surplus that would be obtained if the market were to be perfectly competitive.
(ii) If the price elasticity of demand approaches -1, how will the consumer surplus change under
monopoly?

(4+4+4+4+2.75)
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3.A) A farmer cultivates rice adjacent to a dairy farm. Each farmer behaves as a competitive
firm. The farmer benefits from the free waste generated by cows of the dairy farm and the money
value of the benefit to the rice farmers from the cow waste is 1000 from each cow. Dairy farm
has a marginal cost MC = 1000 + 5Q, where Q is the number of cows. The dairy farmer can sell
the milk yielded from each cow at X4000.The waste from each cow is being disposed- off freely
by the dairy farmer.

(1) Find the privately optimal number of cows that the dairy farmer will maintain.
(i) Find the socially optimal number of cows that the dairy farmer should maintain.

(iif)Suggest two ways in which the socially optimal number of cows can be maintained in this

economy.

B) Suppose two individuals A and B have the following preferences over private good (x) and
public good (Q):

Uy =x4+./gand Ug = x5 + /g and the cost of providing public good is C(g) = 0.5g
Show that a unique amount of the public good will be supplied at every efficient allocation.

(5+5+3.75+5)
3. (30) U fra ST B & 971a H T19d &) Wil Rl 8| IAD fobae ueh ufaemelf v
& ¥ U H AR HAT 5 | ST BIH B M1 gRT I JUd B I ford &1 a4 giaT § 3R
T & FaR I 19 B! BT g ard aTH &1 9 Jod TdH T I 21000 & | ST B Bt
HHHid @RI MC = 1000 + 5Q €, T8l Q T &1 TeT 8 1 STRY foha Ul 1§ UTed g8 i
4000 3T & 9T THdT g | TAD T & Hox BT HaH ST e gRT Wad ©0 3 fdar o
ET R

(i) TR B STt TR TR SyaH T®=A1 &1 Udl Ty, forg Su) TH §+1g 32T |
(i) GRS 0 T IFAH 141 B W1 J1d PioE fore STRT fha &1 91T 39T 91|




(iiii) 39 g1 & T B SIS U J PTH WS ! S8 W & o diidh G|
(@) " <fifo b & eafekral @ eik o @t el axgeft (v ofR Ardeife axgall (g) W
ﬁmm@mﬁ%

Up=x4+ Jgand Up = x5 +./g 3R Ao THH IUAR B P! AF &
C(g)=0.5¢g

faaTt for e PRI 3 UR ATdul-idb a¥g3if B T ST MR DT ML ! Ser |
(5+5+3.75+5)

4. Consider a monopolist who has a linear demand curve of the form Q = 1000 — 10P and the

cost function of the form C(Q) = 0.05Q2 + 10000. If the monopolist perfectly discriminates
price, then,

() How much output will the monopolist produce and how much profit will he generate?
(i)  What is the total profit when he charges a single price?
(iii)  Calculate the deadweight loss when a single price is charged by this monopoly.
(iv)  What is the deadweight loss under perfect price discrimination? Why?
(6+4+5+3.75)

4. wF UHRITAERE 9 A fifvm S Wi 9 Q= 1000 — 10P € 99T 9 e C(Q) =
0.05Q2 + 10000 %1 7% ATt e 3 qof By T 2, A1
(i) THIIIBRY fra=T I B 3R a8 fban ary 3ifSia s
(i) 9 98 U & 1A aqd BT § df o oY {1 g
(ii) 19 U UHIYBRI GRT TP &1 B I B! oId! ¢ ol SSdc Ay & TUHT B |
(iv) % SErerer Foriv o o aper e 2T Pt 262 12




5. Consider the following game:

L [M |R

Plaer1 |U |88 |77 |00
B |77 |98 |66

D |00 |66 |55

(1) Find the pure-strategy Nash equilibrium (if any).
(i) After eliminating strictly dominated strategies of each player find the mixed-strategy Nash

equilibrium.

Player 2

(iii) Assuming that games are played sequentially and player-1 will take his decisions first and

player-2 has perfect information about player-1’s moves. Draw the extensive form for the game.

(iv)Find the backward induction solution of the extensive form game.

5 fFgferfad @d iR fagR Hifve:
Player-1 L | M R
U 88 (7,7 |00
B 7,7 198 |66
D |00 |66 |55

(4+6+4+4.75)

Player-2

(i) - 7 IV Aga @fe S8 g &I udl |
(i) TO® RAarS! & T aeiRd ardll JUHIadl & JHIW &34 & G [HiEd

U =T A &1 Udl |




(iii) T8 A gU fb W Hifes ©0 J Wl o71d § 3R RIare! -1 uga oA Ao
T SR IS -2 B RIATS! -1 B 910 & 9R F T THDHRT g1 ¥ & forg
D FY S DY |

(iv) foRgd TH 711 &1 Shds TSR AegRH T |

6. Consider Hotelling’s model of spatial competition in which ice-cream is sold at two shops
A and B. The shops A and B are located along a beach of length 200 meters and the ice-
cream sold by them is identical. The cost of ice-cream production is zero. Assume that
consumers are located uniformly along the beach, one at each meter. Consumers incur a
transportation cost td® in carrying the ice-cream from the shop to their location, where d is
the distance travelled and ¢t (> 0) is constant. A and B choose prices Pjand Pg
simultaneously. A and B are located at 80 meters and 140 meters respectively from the
entrance of the beach. Let a consumer who is indifferent between shops A and B be located
at X meters from the entrance on the beach.

Q) Derive the demand equations for shops A and B respectively. For t = 0.001 find
the Nash equilibrium prices.

(i) Show that if the transportation cost is doubled, profits will be doubled.

(1ii)  What happen to prices and profits if the shops A and B locate at the opposite ends
of the beach? (8+5+5.75)

6. BICIolTT & RITA% UfGaIfal & Aled WR faaR & fo 9w &l gl A 3R B TR 3I2aHH
T O 81 b U SR & 200 Hiek &1 @aTs & % dc & [BR fUd § 3R 37 gRT a4t
ST a1l TSI H THM § | TSP A TG &1 aTd A ¢ | A o o Iviadr 9% dc
& fHAR T 0 ¥ fRUd €, TS TR W TH | 3MSTHIH DI g I auY 370 YT db o
S # IuMiaarsil &1 ukagd @FTd td2 el §, STef d I ! T8 gl 6 ik t (> 0) RR 81 A
3R B UH 1Y T P4 3R P2 Td 1 A 3R B Y ¢ & T gR I HA: 80 Hiex 3R 140
MR P g W Yd § | AT gHH A 3R B & g IR SUHEIT T9% d¢ & Y% gR I x
MR P R R




(i) GHMI A 3R B & U HHT: AT THHRU FIF B t= .0.001 & T 7=
T P! TP HRA AT T TR & ol g Piford |

(ii) femamt fo afe ufkas T AT G = &t SITE, oY ATy ST 81 STa|

(iii) Tl TS d¢ & AT BR IR ghM A 3R B fyd g1 o FAa! 3R G BT
FIT R
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Y e fFAT ST FehaT T

Q1 a) Consider the following data on hourly wage rates (), labour productivity (X1) and
literacy rate (X2) in acountry ABV:
Y |90 |72 (5442|3012

Xi1|3 |5 |6 |8 12|14

X2|16|10(7 |4 |3 |2

i.  Calculate the estimators of the regression Y; = f; + B2X5; + B3 X3 + i;
ii.  Test the hypothesis 8, = 0 against the alternative 8, > 0 at 5% level of
significance.
iii.  Calculate R? and R? and comment on them.
iv.  Construct an ANOVA table and check for the significance of the regression at
5% level of significance.



v. Do you think that Cov (p,x) will be non-zero in the model which has low R??
Explain.

b) A random sample of 100 athletes show that their average running time follow a
normal distribution with mean p and known standard deviation equal to 80 minutes. Let
the null hypothesis be Hy: u = 56 & H,: u > 56. Let the rejection region be x > 60. If
u =62, find the probability of type II error. What is the relationship between Type I and
Type Il error? Explain (18.75)

Q1) 37) frdlY &er ABV # 9T er Aaigdr &1 &Y (Y), #H 3cagadr (Xq) iR
TERAT &X (Xo) & Aeifaf@a 3nesi W IR &

Y |90| 725442 |30|12

X1|3 |5 |6 |8 |12]14

X2|16 1107 |4 |3 |2

. ITTHA ¥, = By + B Xo; + BaXs; + pih ITHITR T I0TAT RIS |

i. 5% % HAGcd & TR W IRFeTT B, = 0% WTh dhfeds IRSeTT B, >
0 & JAETOT H|

iii.R? 31X R? &l 910/t Ao AR 3 9 feoqoly Hiferdr |

iv.TeT (ANOVA) aTferehT &1 fafor RIfsry 3raar yfaers= & Hged &7 5% &
TR W ST IS |

V.1 39! o9TdT & & Cov (y, x) 37 Alse # I-g7 g et R? &A
g? Tqse Hiav|

s1) 100 TUelET & U ATeieosd Ao G@rar § o 3ad 3ad dolel &l F7g
AT AaAROT &7 9Tl T & ol 3iad p 3R Ard A fagesT 80
AT & ST | e IRFTAT Hy: pp = 56 & Ho: > 56 8ot ST | 3r&diepil
&7 x> 60 g QTSA| Il = 62 8, aF @139 1l Ife &1 Ferraar @isi| €137 |
3R ey Il e & & Far day §? aHESsd| (18.75)




Q2 a) How do you test for normality of error terms in the PRF using Jarque Bera test? What
happens to least square estimates if the errors are not normally distributed? What are its
consequences for the Gauss Markov theorem?

b) Data was collected on 344 corporate executives to find out the effect of MBA degree
and work experience on their salary. The following model was estimated:

Y; = 2.3501 + 3.6306D;; — 2.6354 D,; + 0.8527 X; + 1.634 (D, * X);
t= (1.263) (2.1805) (- 3.457) (7.605) (2.98)
R? =0.8968
Y: Annual Income in Lakhs of Rupees
D and D, are MBA and gender dummies respectively
X: Work experience in years
D: =1 if one has MBA degree
= 0 otherwise

D> = 1 for a female executive

= 0 for a male executive

i. Write the regression equations for female MBA executives and male MBA executives
separately.

ii. Find the mean income level for the reference category and interpret it.

iii. Test the statistical significance of differential intercept coefficient between female
MBA executives and Male MBA executives at 5% level of significance.

iv. Interpret the coefficient of D1*Xi.

v. Now suppose out of this sample of 344 executives, 48 are female MBA executives
and 156 are male MBA executives. To find out the relation between income earned and
work experience, we run three regressions and the results obtained are as follows:

Regression A: 156 male MBA executives, RSS” = 3.701
Regression B:  for 48 female MBA executives, RSSE = 4.803

Pooled Regression:  with 204 (156 male + 48 female) executives, RSS” =
9.7602

Using the above data, do the Chow test at 10% level of significance to check whether
there is significant improvement in doing a pooled regression as compared to other two
subsample regressions.

vi. Let the population regression function be :
Yi = B1+ BaDyi + B3 Doy + BaXi + Bs (D1 * X)i + 1y
Suppose that E(w/X, D1, D2) = 0 and V(i/ X, D1, D2) = 6® X2. Transform the original
equation to obtain homoscedastic error term. (18.75)

Q2)3¢)34Tcro1u$haTrE+cwmaﬂ?rg@PRFﬁgi%el?ﬁaﬁrWﬂéa
fore @ gderor #xa 82 Il At A AT §9 @ AR w787 har srar g o



hH § HA I T A FIT Gl §? IF HAhid YA & AT 5@k aRoma Far
87

o) TAAIT 330 3R 3o AT T R AT & FoNT T Il e & AT 344
HraRke ITUHRGT W e Tohd ohar IR §| [He=faf@d Alsel &l 3HeJATeT ofaTa
IRAT §:

Y; = 2.3501 + 3.6306D;; — 2.6354 D,; + 0.8527 X; + 1.634 (D, * X);
t=  (1.263) (2.1805) (- 3.457) (7.605) (2.98)
R? = 0.8968

Y: aIfi¥e 3 om@r 9 H
Dy 37ar D, el THeT 3K fofor s+t §
X: ast & & 3egera
D; = 1 If¢ fRdY & ard MBA & f3aft &
= 0 =g
D, = 1 Afger FIFRT & fav
= 0 U Y FFHA & faw
i. Afger TAdT FRHRAT R qeW tANT AR & v gicera=T
FHIRION I oo F faf@u |
i. ey Aulr & AT 3\d 3T TR &1 a1 v iR sgdT sarear fifad|
iii. Ffger vALIT ARG 3R 9oy vAdT HfHRET & &y IR ok &
TIfETHIT Aged &l 5% & Aged TR I IR&TT FIfS |
iv. Dy * Xia?{_l,uliqvaﬁ'célllsm ST |
v. 319 AT NAT o 344 3T & 50 FF7 # & 48 Afgel TAAIT
FHRART § 3R 156 TR vANT MRy 1 3ol 3 3R SR 3egera &
S G HT T o & T, g7 el 9fdards & A oerd § 3R
red gRoH AETar g
gfde#T A: 156 92¥ TAAT 3, RSS* = 3.701
gfce#eT B: 48 Afgar taeT afwiRar & fow, RSSB = 4.803
g gfdeardeT: 204 (156 9eW 48 Afgem) fHIRT & @Y,
RSSP = 9.7602




3N 3MThST FT ITANT FHIA §T, 10% F FAged & TR T Chow TLaor
HISD, Ig S & v & 41 37 & 37 a1 Jfdeaset dr Jeiel & Th
qfed IfcRTHeT e # Hecaqol GUR § AT 480

vi. STEEAT 9faerET FT gl S

Y; = By + B2Dy; + B3 Dy + BaXi + Bs (D * X)) + 144
AT oifeie fF E (u/ X, Dy, Do) = 0 3R

V (u / X, Dy, D2) = 6°X2 Homoscedastic Jf¢ Ired el & fav o
AR & gRafda FIfeT | (18.75)

Q3 a) A researcher wants to find out what are the factors which determine the number of
installs (1) of an application (app) from a famous app store. Size in Mbs (S), Reviews in
‘000s (Re), Ratings (0 to 5) (Ra), Price in “‘Rs (P). She ran the following regressions:

log I = 1.329 + 0.2356 S +0.4320 log(Ra) — 0.2678 P + 1.928 log(Re)
Se= (0.63) (0.242) (1.29) (0.001) (0.156)
R?=0.734 df = 156

i. Interpret the regression above.
ii. Test for statistical significance of Price in the model. Depending on the result do you
suggest that price is a significant factor affecting app installation?
iii. Suppose the regression is re-estimated where number of installs (1) varies only with
respect to price (P). Average | in sample is 5 and average P is Rs 8.9. Following
regression was estimated:

[ =52351+3.139 %
se= (37.39) (0.0187)

df =156, R?=0.806
How would you interpret this model? Explain the shape of the curve.

iv. What would be the slope and elasticity of number of installs with reference to the
equation given in iii) above?

v. How would the equation in iii) change if we suggest that number of app installations
varies with respect to the kind of cellular phone used by the customer, that is android or
ios phones?

b) Will a dummy variable trap always exist if the number of dummies taken for a variable
is same as the number of categories of that variable?

c) Show that the coefficient of determination, RZ, can also be obtained as the squared
correlation between actual Y values and the Y values estimated from the regression model
where Y is the dependent variable.



Note that the coefficient of correlation between Y and X is

X YiXi
TyFYa?

T =

And also that j = y (18.75)

Q3) 31) Tk NYUFAT Ig IdT SNl AT & foh Ueh ITAGY VT TR & TiTaahelsd
(¥q) &7 gTerar (1) Fr Tar FAURT e arel RS FT §1 Mbs H 3THR (S),
000’s 3 WHET (Re), YT (0 ¥ 5) (Ra), 7 & Price ¥ (P)| 36 FoItarad

UTA9THA Sl AT
log I = 1.329 + 0.2356 S +0.4320 log(Ra) — 0.2678 P + 1.928log(Re)
Se= (0.63) (0.242) (1.29) (0.001) (0.156)
R2=0.734 df = 156

i. 39X U 1T gfderdsT &1 carear fifar |
ii. HAS H AT & HITEIHT Aged & ToIT G171 MG IRUMA & MR
W 3T AT 3T a1 fob Hod U9 SECTolfeT AT Y el arell Teh

AgcaqoT FRE &7

iii. & NIT o gfdords e @ g fhar Sirar 8 Sre STCTT T TEAT
(1) shael Hed (P) & HaY & et gich &1 7o # 3i\a | 5 § 3R 3fea
P 8.9 g eI TiclaseT o1 3efHTT ofamdT SATell g

[ =52.351+3.139 %
se= (37.39) (0.0187)

df =156, R?=0.806

39 34 ASH I AT HY HLA? T & JER DI AT STy |

iv. 3T i # T 37T FHeoT & T H STl I T&AT &l ool AR
ST T gref?

v. i # FHIOT H qEIT TG §H Fod o § b U SEelere S Hedn
IqMgeh SART 39197 fhT S aTel AeFeR Wi & oo & T gl g, o fob
Uglss AT IEINTH BT & Hehell 87

) Ife freY aRTeer $r A Fr dear 39 INvaa & AT & gear &

AT 8 o a7 ST dRueae U gA Higlg Wam?




7)) fewr? & URer & aonies, R?, & aedfds Y #Ae 3R gfdese Alse @
IATAT Y AR & S q9lg Gedey & &9 A o gred fRAT S ekl & S8l
Y 38T = B

e § & Y 3R X & o @gaey &l vl §

r= LYixi
[EyEExf
iIRaE A ™ry=5 (18.75)

Q4 a) The sales manager of a company believes that the district sales (St) of motor vehicles
has been growing according to the model St = So (1 + g)', where t is the time. Average
sales is 50 units and average time is 4 years. He obtains the following OLS regression
results:

In'S, = 3.6889 + 0.0583 t

I. What is the estimate of the instantaneous and compound growth rate?

ii. What is the estimate of So?

iii. What will be the elasticity of sales with respect to time?

iv. Suppose the researcher modifies the above equation and estimates the following
regression: S, = 5.6731 + 2.7530 t

Interpret the model.

v. Compute elasticity of sales with respect to time for the model in part iv. Compare your

results with the answer obtained in part iii.

b) Why are the OLS estimators not efficient when errors are not homoscedastic?

c) Inamultiple regression model Y; = B, + [, X5 + B3 X3; + p; if X2 and Xz are linearly
correlated with each other in the sample and both have a large partial effect on Y, then
how would the slope coefficients in the model change?

d) In the multiple regression model given in c) above suppose 3, = 1, how would you
obtain best estimates of 8; & 5? (18.75)

Q4) 37) Teh ST & [T Ttk T AT § o Al agal fr fFer S (Fe) S
=So (1 +0), AlSST & HJAR T¢ W ¢, S8l W t A §| 3ad foshr 50 e &
3R e aFT 4 Tra g1 g Al vevd gfaerded IRomaE gred ldr
g

In'S, = 3.6889 + 0.0583 t



i, dicprfaes 3R AT Qg e @1 AT Fa1 g2

ii.  So T ITAA FAT §7?

ii. AT & I H ST Hr drg v gref?

iv. #TT ohfaiw fF Aechdl 3TIFd FHEUT &I GNfd Hdar & 3R
fArfaf@d afderas @ A oemar §: S, = 56731+ 2.7530 ¢

ATSe S ITEIT AT |

V. H9T iv # Asd & v gEg & @iy fodr Hr a Hr aorEar Hifed) e
iii 7 9ICd I & Y I IROTAT FH Tl FfSA|

) SI9 Jear gaAfaeceesd gl gl & af OLS 37fATdsh FAe FT oTel g 872
W) Teh Ui GIRTH A ¥, = By + oXai + PaXsi + i H TG Xp 3 X3 AT

# Th g & Gy {Wh §9 § FgHaeY ¢ 3R Al # Y W a37 iR g
g, dl AlseT # ol IUTh HF qRafcld gam?

3) |) H U v v gfaeredd Al H) AT Ny p,=1 &, a 319 B, &
B3 T TEH IO AT HE UIed HYaN? (18.75)

Q5 a) Demographic data from 126 countries is obtained for the year 2017. It is hypothesized
that life expectancy () is dependent on number of under five deaths (X2) , polio
immunization coverage (D), Per capita Govt. Exp. on Health Care (X3) (in Rs crores),
Per Capita GNI (in Rs crores) (X4) and Average number of years of Schooling (Xs).
Polio immunization coverage = 1 if yes and 0 otherwise. Following regressions were

estimated:
MODEL 1:
¥, = 0.903 — 0.561X,; + 2.008 X5; + 0.553X,; + 0.778 X5; + 3.638 D
se = (1.280) (0.405) (0.765) (0.712) (0.491)
R?=0.787 RSS =1339.8
MODEL 2:

Y, =1.379 + 0.594 X3; + 2.139 D
se= (0.406) (0.465)
R?=0.677 RSS =1567.28



i. Isita time series or a cross sectional data

ii. Show model 2 is a restricted version of model 1 and what is the restriction?

iii. Test for the statistical significance of the restriction at 5% level.

iv. Construct a 95% confidence interval for true per capita government health

expenditure in model 1l and check whether it is statistically significant.

v. Ina CLRM what will be the effect on estimates of slope coefficient and intercept if:
e Y is multiplied by a constant c
e Xis multiplied by a constant c?

b) Following regression output is based on a sample of 30 farms where Y = output of rice
per acre in tonnes and X = quantity of manure applied per acre in kgs.

Y; = 384.105 + 3.67X;

se =(151.54) (1.00)

RSS = 6776
Construct a 95% confidence interval for mean output when 8kg of manure is applied given
that the sample average of manure applied per acre is 5kgs.

c) Following data was collected to study the effects of training on duration of
unemployment. Let X be the duration of unemployment for those without training and Y
be duration for those with training.

X|35(42 |17 |55|24

y (3137|2110 |28

Test equality of variances at 10% level of significance. (18.75)

Q5) 3N a¥ 2017 & AT 126 32AT T JTATITEIRIT 3T UIed fohar AT §1 Jg
3T SETRT 917 § o Slidel Jeamm (Y) 9 @ A 37 # 7cg (Xp), dfedy
gTREToT dhavst (D), Ui afdFd PR oTT TR AT & T (X3) (#IE
SO #), 9 i GNI (05 T9F #) (X4) 3N Fpell A& & ast & 3irad
TEAT (Xs)| diferar 9faReTor dalsl = 1 If¢ & 3R 0 3=gan| F=faf@a
FfAHATAT T AT STIAT AT g

FHAT 1:

¥, = 0.903 — 0.561X,; + 2.008 X5; + 0.553X,; + 0.778 Xs; + 3.638 D

se = (1.280) (0.405) (0.765)  (0.712)  (0.491)
R?=0.787 RSS = 1339.8



Y, =1.379 + 0.594 X3; + 2.139 D
se= (0.406) (0.465)
R?=0.677 RSS=1567.28

. FIT YE T THI HWell AT T IR TN 3T &7

ii. ST HAsel 2 AlSd 1 & Yfastaad F&or § 3k gfasy Far &2

ii. 5% & TR W 9fAeY & FIEIHT Aged & v qdaior Hfad|

iv. ASer Il # WEI 9 <IfFd THR T 7T & v 95% faeard et
&1 AT fFF AR a/w AR F Fa1 I8 qifeadhT &7 & Agcaq ¢
V. Th HIUC3IRUHA H Golel 0N & 3eTATA O &1 Jo7d g9 3R afe &
ar:

* Y & UE fRR ¢ & IO fRar S g
o X & THh &R ¢ & un fFar S gl

) Fafaf@d gfaese 3cdrest 30 WIAT & FAHsT W MR giar § S8l Y =
T H 9Td Uehg I1deT &l 3cUlesd 3 X = 9fd vehg @ig I AT &1 3c91ea
fhellamd & 8T &

Y; = 384.105 + 3.67X;
se = (151.54)  (1.00)
RSS = 6776

AT et & AT 95% TaRard 3HeRrel 7 fHATOT & Sia 8kg Wig o] fohar
SITAT & 374aT WG & AT 3T 9fd Uehs 5 fohellarma &

) SRISEIRT &7 37af & gfNeTor & gmEl a7 3EqTqT i & fov Aeafaf@ada
3¢T U fFar I &1 9ar & TR X a7 wfRietor & SAsemy fr 3@fr § Ak Y
GT&ToT aTel @lell o foIT SIS’ fr 3afy gl

X|35(42 |17 |55|24

y|31]37]21]10] 28

Agcd & 10% & TR W AfAeAd3it dr gaerar & aieor o (18.75)

Q6 a) Let the population regression function be as follows, where errors follow AR(1)
process:



Ye = By + B2Xe + e
He = PUt-1 T &

OLS is used to estimate the function using time-series data for 10 consecutive time periods.
i. Iferrors follow AR (1) how would it affect the least squares estimation?
ii. The residuals for the 10 consecutive time periods are as follows
Time 1 2 3 4 5 6 7 8 9 10
Period
Residuals | -5 -4 -3 -2 -1 +1 +2 +3 +4 +5

Plot the residuals with respect to time. What conclusion can you draw about the pattern
of the residuals over time?

iii. Compute the Durbin-Watson d-statistic and interpret it.

iv. What are the underlying assumptions of the*d” statistic? What alternative tests can be
used if these assumptions are not met?

v. Now suppose that in the regression given above errors are assumed to follow higher
order autoregressive process. It is also given that the auxiliary regression of estimated
residuals on original X and lagged values of estimated residuals gives an R? of 0.7498.
Obtain an appropriate test statistic to test for serial correlation. Outline the steps of the

test clearly. (18.75)
b) In the model Y; = B,X; + w; , Var (u; ) = 02X?
i, Show that Var (5,) o® X}
i. ow that Var = :
T Exh?

ii.  How would you use the Bresuch-Pagan-Godfrey test to check for the violation of
homoscedasticity?

iii.  How would you transform the model to correct for heteroscedasticity? What
assumptions are being made here in the process?

Q6) 37) SITHEAT TiclaTHeT Hherelel THFaR &, S8 AT AR (1) Ffshar o
3TTEROT el &

Ye = By + B2Xe + 1t

He = PpHe-1 T &
OLS T 39T Haled &l 3eTAT R & oIt FRMaR 10 HT 379 & fou

FHI-HGT ST &1 3UANT Hel o feIw famar S g
i e Ffear AR (1) T 3TEROT AT §, o TE ~GeAdH Al o IeTHTT

SO geTfad HIm?
ii. WEMAR 10 & 37afar & 3799 39 IR &
Time 1 2 3 4 5 6 7 8 9 10
Period

Residuals | -5 -4 -3 -2 -1 +1 +2 +3 +4 +5




ANl PN AT & TG H Tolic H| 3T FAT & T 7G9N & Jeod & IR

7 Fa7 vy Rerer T §7?

ii. sfd-areTs S-wefefed & avEr HfFT iR suHT e fifaT|

iv. ’d '3fsT $r afifRa aront Far €2 e s aRomt S qu AL R
ST § A &7 depfedess qY&Tol T 3931eT foRam ST Fehat 872

v. 39 A NPT fF FW T v Rawrer & Jfedr 3TaaR g gfskar
arelet A &1 I8 o feam e § R Jeganiela srafisel & Ho X W AR
Wﬁﬁ%ﬁ*ﬁ@%gﬁam*asmwmﬁﬁw 0.7498 gl
$hifeh FgEFa-Y & GET0T FA & U Teh IUerd TRIGTT 37iehsT Treel
HITSTA| GAETOT & IO l TS ®Y G IW@ifhd HTFT|

b) HISST H Y, = BoX; + ;. Var () = 02X

i. fe@ & Var (8,) = g )2(:12);:;

i. 39 FATIAT (homoscedasticity) & 3eoigsl &I Mg & foT STT-491a-
3w (Breusch-Pagan-Godfrey) TdI&ToT T 39ATeT i iar?

iii. 3T FAYAIIHRAT B GURA & AT & fAU AlsT B HY deoldr? 3H
gfehar & IgT AT YROT S5 ST WY 87 (18.75)
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TABLE D.1 Example

Areas Under the Pr(0<2Z<1.96) = 04750

Standardized Normal 04750
Distribution Pr(Z>1.96)=0.5—-0.4750 = 0.025

0 1.96

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

.0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359
.0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753
.0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 .1141
A179 1217 1255 1293 1331 1368 .1406 .1443 .1480 .1517
1554 1591 1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879
1915 1950 .1985 2019 .2054 .2088 .2123 .2157 .2190 .2224

2257 2291 .2324 2357 .2389 .2422 .2454 .2486 .2517 .2549
.2580 .2611 .2642 .2673 .2704 .2734 .2764 .2794 .2823 .2852
.2881 .2910 .2939 .2967 .2995 .3023 .3051 .3078 .3106 .3133
3159 3186 .3212 3238 .3264 .3289 .3315 .3340 .3365 .3389
3413 3438 .3461 .3485 .3508 .3531 .3554 .3577 .3599 .3621

—~OO00O0 O0O0O00O0o
cLVoNO nhwih=o|N

1.1].3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 .3830
1.2 .3849 .3869 .3888 .3907 .3925 .3944 .3962 .3980 .3997 .4015
1.3 ].4032 .4049 .4066 .4082 .4099 .4115 .4131 .4147 .4162 .4177
1.4|.4192 4207 .4222 4236 .4251 .4265 .4279 .4292 .4306 .4319
1.5 | .4332 .4345 4357 .4370 .4382 .4394 .4406 .4418 .4429 .4441
1.6 | .4452 4463 .4474 4484 .4495 .4505 .4515 .4525 .4535 .4545
1.7 | .4454 4564 .4573 4582 .4591 .4599 .4608 .4616 .4625 .4633
1.8 | .4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 .4699 .4706
1.9|.4713 4719 4726 4732 .4738 .4744 4750 .4756 .4761 .4767
20| .4772 4778 .4783 .4788 .4793 .4798 .4803 .4808 .4812 .4817
2.1 | 4821 .4826 .4830 .4834 .4838 .4842 .4846 .4850 .4854 .4857
2.2 | 4861 .4864 .4868 .4871 .4875 .4878 .4881 .4884 .4887 .4890
2.3 |.4893 .4896 .4898 .4901 .4904 .4906 .4909 .4911 .4913 .4916
2.4 | .4918 .4920 .4922 .4925 .4927 .4929 .4931 .4932 .4934 .4936
2.5|.4938 .4940 .4941 .4943 4945 .4946 .4948 .4949 .4951 .4952
2.6 | 4953 4955 .4956 .4957 .4959 .4960 .4961 .4962 .4963 .4964
2.7 | 4965 .4966 .4967 .4968 .4969 .4970 .4971 .4972 .4973 .4974
2.8 | 4974 4975 .4976 4977 .4977 4978 .4979 4979 .4980 .4981
2.9 | 4981 .4982 .4982 .4983 .4984 .4984 4985 .4985 .4986 .4986
3.0 | .4987 .4987 .4987 .4988 .4988 .4989 .4989 .4989 .4990 .4990

Note: This table gives the area in the right-hand tail of the distribution (i.e., Z > 0). But since the normal distribution is
symmetrical about Z = 0, the area in the left-hand tail is the same as the area in the corresponding right-hand tail. For example,
P(—1.96 < Z < 0) = 0.4750. Therefore, P(—1.96 < Z < 1.96) = 2(0.4750) = 0.95.
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TABLE D.2 Examp|e
Percentage Points of Pr(t > 2.086) = 0.025
the ¢ Distribution ' ’
Pr(t > 1.725) =0.05 for df = 20 0.05
Source: S, d
00 ey cis momera P11 >1.725)=0.10
Tables for Statisticians, vol. 1, ‘
3d ed., table 12, Cambrid,
Unievers;y ;ress, I?Irenwr‘}oif, 0 1.725
1966.4 Rgpmduced bY
e oot Pr| 025 | 010 | 005 | 0025 | 001 | 0.005 | 0.001
df 0.50 0.20 0.10 0.05 0.02 0.010 0.002
1 1.000 3.078 6.314 12.706 31.821 63.657 318.31
2 0.816 1.886 2.920 4.303 6.965 9.925 22.327
3 0.765 1.638 2.353 3.182 4.541 5.841 10.214
4 0.741 1.533 2.132 2.776 3.747 4.604 7173
5 0.727 1.476 2.015 2.571 3.365 4.032 5.893
6 0.718 1.440 1.943 2.447 3.143 3.707 5.208
7 0.711 1.415 1.895 2.365 2.998 3.499 4.785
8 0.706 1.397 1.860 2.306 2.896 3.355 4.501
9 0.703 1.383 1.833 2.262 2.821 3.250 4,297
10 0.700 1.372 1.812 2.228 2.764 3.169 4.144
11 0.697 1.363 1.796 2.201 2.718 3.106 4.025
12 0.695 1.356 1.782 2.179 2.681 3.055 3.930
13 0.694 1.350 1.771 2.160 2.650 3.012 3.852
14 0.692 1.345 1.761 2.145 2.624 2.977 3.787
15 0.691 1.341 1.753 2.131 2.602 2.947 3.733
16 0.690 1.337 1.746 2.120 2.583 2.921 3.686
17 0.689 1.333 1.740 2.110 2.567 2.898 3.646
18 0.688 1.330 1.734 2.101 2.552 2.878 3.610
19 0.688 1.328 1.729 2.093 2.539 2.861 3.579
20 0.687 1.325 1.725 2.086 2.528 2.845 3.552
21 0.686 1.323 1.721 2.080 2.518 2.831 3.527
22 0.686 1.321 1.717 2.074 2.508 2.819 3.505
23 0.685 1.319 1.714 2.069 2.500 2.807 3.485
24 0.685 1.318 1.711 2.064 2.492 2.797 3.467
25 0.684 1.316 1.708 2.060 2.485 2.787 3.450
26 0.684 1.315 1.706 2.056 2.479 2.779 3.435
27 0.684 1.314 1.703 2.052 2.473 2.771 3.421
28 0.683 1.313 1.701 2.048 2.467 2.763 3.408
29 0.683 1.311 1.699 2.045 2.462 2.756 3.396
30 0.683 1.310 1.697 2.042 2.457 2.750 3.385
40 0.681 1.303 1.684 2.021 2.423 2.704 3.307
60 0.679 1.296 1.671 2.000 2.390 2.660 3.232
120 0.677 1.289 1.658 1.980 2.358 2.617 3.160
o0 0.674 1.282 1.645 1.960 2.326 2.576 3.090

Note: The smaller probability shown at the head of each column is the area in one tail; the larger probability is the area in
both tails.
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TABLE D.3 Upper Percentage Points of the F Distribution
Example

Pr(F > 1.59) =0.25

Pr(F > 2.42)=0.10 for df Ny =10

Pr(F > 3.14) = 0.05 and N =9

Pr(F > 5.26) = 0.01

5% area

/ 1% area
/

F
0 3.14 5.26
df for
f:ienom- df for numerator N,
inator
N, Pr 1 2 3 4 5 6 7 8 9 10 11 12
.25 5.83 7.50 8.20 8.58 8.82 8.98 9.10 9.19 9.26 9.32 9.36 9.41
1 .10 39.9 49.5 53.6 55.8 57.2 58.2 58.9 59.4 59.9 60.2 60.5 60.7
.05 161 200 216 225 230 234 237 239 241 242 243 244
.25 2.57 3.00 3.15 3.23 3.28 3.31 3.34 3.35 3.37 3.38 3.39 3.39
2 .10 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39 9.40 9.41
.05 18.5 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4
.01 98.5 99.0 99.2 99.2 99.3 99.3 99.4 99.4 99.4 99.4 99.4 99.4
.25 2.02 2.28 2.36 2.39 2.41 2.42 2.43 2.44 2.44 2.44 2.45 2.45
3 .10 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23 5.22 5.22
.05 10.1 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.76 8.74
.01  34.1 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.3 27.2 27.1 27.1
.25 1.81 2.00 2.05 2.06 2.07 2.08 2.08 2.08 2.08 2.08 2.08 2.08
4 .10 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92 3.91 3.90
.05 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.94 5.91
.01 21.2 18.0 16.7 16.0 15.5 15.2 15.0 14.8 14.7 14.5 14.4 14.4
.25 1.69 1.85 1.88 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89
5 .10 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 3.30 3.28 3.27
.05 6.61 5.79 5.41 5.19 5.05 495 4.88 4.82 4.77 4.74 4.71 4.68
.01 163 13.3 12.1 11.4 11.0 10.7 10.5 10.3 10.2 10.1 9.96 9.89
.25 1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 1.77 1.77 1.77 1.77
6 .10 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 2.94 2.92 2.90
.05 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.03 4.00
.01  13.7 10.9 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.79 7.72
.25 1.57 1.70 1.72 1.72 1.71 1.71 1.70 1.70 1.69 1.69 1.69 1.68
7 .10 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 2.70 2.68 2.67
.05 5.59 4.74 4.35 412 3.97 3.87 3.79 3.73 3.68 3.64 3.60 3.57
.01 122 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.54 6.47
.25 1.54 1.66 1.67 1.66 1.66 1.65 1.64 1.64 1.63 1.63 1.63 1.62
8 .10 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56 2.54 2.52 2.50
.05 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.31 3.28
.01 11.3 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.73 5.67
.25 1.51 1.62 1.63 1.63 1.62 1.61 1.60 1.60 1.59 1.59 1.58 1.58
9 .10 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2.42 2.40 2.38
.05 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.10 3.07
.01  10.6 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.18 5.11

Source: From E. S. Pearson and H. O. Hartley, eds., Biometrika Tables for Statisticians, vol. 1, 3d ed., table 18, Cambridge University Press, New York, 1966.

Reproduced by permission of the editors and trustees of Biometrika.
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df for
df for numerator N, denom-
inator
15 20 24 30 40 50 60 100 120 200 500 [e's) Pr N,
9.49 9.58 9.63 9.67 9.71 9.74 9.76 9.78 9.80 9.82 9.84 9.85 .25
61.2 61.7 62.0 62.3 62.5 62.7 62.8 63.0 63.1 63.2 63.3 63.3 .10 1
246 248 249 250 251 252 252 253 253 254 254 254 .05
3.41 3.43 3.43 3.44 3.45 3.45 3.46 3.47 3.47 3.48 3.48 3.48 .25
9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.48 9.49 9.49 9.49 .10 5
19.4 19.4 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 .05
99.4 99.4 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 .01
2.46 2.46 2.46 2.47 2.47 2.47 2.47 2.47 2.47 2.47 2.47 2.47 .25
5.20 5.18 5.18 5.17 5.16 5.15 5.15 5.14 5.14 5.14 5.14 513 .10 3
8.70 8.66 8.64 8.62 8.59 8.58 8.57 8.55 8.55 8.54 8.53 8.53 .05
26.9 26.7 26.6 26.5 26.4 26.4 26.3 26.2 26.2 26.2 26.1 26.1 .01
2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 .25
3.87 3.84 3.83 3.82 3.80 3.80 3.79 3.78 3.78 3.77 3.76 3.76 .10 4
5.86 5.80 5.77 5.75 5.72 5.70 5.69 5.66 5.66 5.65 5.64 5.63 .05
14.2 14.0 13.9 13.8 13.7 13.7 13.7 13.6 13.6 13.5 13.5 13.5 .01
1.89 1.88 1.88 1.88 1.88 1.88 1.87 1.87 1.87 1.87 1.87 1.87 .25
3.24 3.21 3.19 3.17 3.16 3.15 3.14 3.13 3.12 3.12 3.11 3.10 .10 5
4.62 4.56 4.53 4.50 4.46 4.44 4.43 4.41 4.40 4.39 4.37 436 .05
9.72 9.55 9.47 9.38 9.29 9.24 9.20 9.13 9.11 9.08 9.04 9.02 .01
1.76 1.76 1.75 1.75 1.75 1.75 1.74 1.74 1.74 1.74 1.74 1.74 .25
2.87 2.84 2.82 2.80 2.78 2.77 2.76 2.75 2.74 2.73 2.73 2.72 .10 6
3.94 3.87 3.84 3.81 3.77 3.75 3.74 3.71 3.70 3.69 3.68 3.67 .05
7.56 7.40 7.31 7.23 7.14 7.09 7.06 6.99 6.97 6.93 6.90 6.88 .01
1.68 1.67 1.67 1.66 1.66 1.66 1.65 1.65 1.65 1.65 1.65 1.65 .25
2.63 2.59 2.58 2.56 2.54 2.52 2.51 2.50 2.49 2.48 2.48 2.47 .10 7
3.51 3.44 3.41 3.38 3.34 3.32 3.30 3.27 3.27 3.25 3.24 3.23 .05
6.31 6.16 6.07 5.99 5.91 5.86 5.82 5.75 5.74 5.70 5.67 5.65 .01
1.62 1.61 1.60 1.60 1.59 1.59 1.59 1.58 1.58 1.58 1.58 1.58 .25
2.46 2.42 2.40 2.38 2.36 2.35 2.34 2.32 2.32 2.31 2.30 229 .10 8
3.22 3.15 3.12 3.08 3.04 2.02 3.01 2.97 2.97 2.95 2.94 293 .05
5.52 5.36 5.28 5.20 5.12 5.07 5.03 4.96 4.95 4.91 4.88 486 .01
1.57 1.56 1.56 1.55 1.55 1.54 1.54 1.53 1.53 1.53 1.53 1.53 .25
2.34 2.30 2.28 2.25 2.23 2.22 2.21 2.19 2.18 2.17 2.17 2.16 .10 9
3.01 2.94 2.90 2.86 2.83 2.80 2.79 2.76 2.75 2.73 2.72 2.71 .05
4.96 4.81 4.73 4.65 4.57 4.52 4.48 4.42 4.40 4.36 4.33 431 .01

(Continued)
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TABLE D.3 Upper Percentage Points of the F Distribution (Continued)

df for
.denom- df for numerator N,
inator
N> Pr 1 2 3 4 5 6 7 8 9 10 11 12
.25 1.49 1.60 1.60 1.59 1.59 1.58 1.57 1.56 1.56 1.55 1.55 1.54
10 .10 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35 2.32 2.30 2.28
.05 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98 2.94 291
.01 10.0 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 4.77 4.71
.25 1.47 1.58 1.58 1.57 1.56 1.55 1.54 1.53 1.53 1.52 1.52 1.51
1 .10 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 2.27 2.25 2.23 2.21
.05 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.85 2.82 2.79
.01 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.46 4.40
.25 1.46 1.56 1.56 1.55 1.54 1.53 1.52 1.51 1.51 1.50 1.50 1.49
12 .10 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21 2.19 217 2.15
.05 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80 2.75 2.72 2.69
.01 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39 4.30 4.22 4.16
.25 1.45 1.55 1.55 1.53 1.52 1.51 1.50 1.49 1.49 1.48 1.47 1.47
13 .10 3.14 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16 2.14 212 2.10
.05 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 2.67 2.63 2.60
.01 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19 4.10 4.02 3.96
.25 1.44 1.53 1.53 1.52 1.51 1.50 1.49 1.48 1.47 1.46 1.46 1.45
14 .10 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.12 2.10 2.08 2.05
.05 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65 2.60 2.57 2.53
.01 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 3.94 3.86 3.80
.25 1.43 1.52 1.52 1.51 1.49 1.48 1.47 1.46 1.46 1.45 1.44 1.44
15 .10 3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09 2.06 2.04 2.02
.05 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.51 2.48
.01 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.73 3.67
.25 1.42 1.51 1.51 1.50 1.48 1.47 1.46 1.45 1.44 1.44 1.44 1.43
16 .10 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.06 2.03 2.01 1.99
.05 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.46 2.42
.01 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.62 3.55
.25 1.42 1.51 1.50 1.49 1.47 1.46 1.45 1.44 1.43 1.43 1.42 1.41
17 .10 3.03 2.64 2.44 2.31 2.22 2.15 2.10 2.06 2.03 2.00 1.98 1.96
.05 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49 2.45 2.41 2.38
.01 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.52 3.46
.25 1.41 1.50 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1.42 1.41 1.40
18 .10 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00 1.98 1.96 1.93
.05 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.37 2.34
.01 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60 3.51 3.43 3.37
.25 1.41 1.49 1.49 1.47 1.46 1.44 1.43 1.42 1.41 1.41 1.40 1.40
19 .10 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98 1.96 1.94 1.91
.05 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38 2.34 2.31
.01 8.18 5.93 5.01 4.50 417 3.94 3.77 3.63 3.52 3.43 3.36 3.30
.25 1.40 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1.41 1.40 1.39 1.39
20 .10 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 1.94 1.92 1.89
.05 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.31 2.28
.01 8.10 5.85 4.94 4.43 410 3.87 3.70 3.56 3.46 3.37 3.29 3.23
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df for
df for numerator N; denom-
inator

15 20 24 30 40 50 60 100 120 200 500 0 Pr N,
1.53 1.52 1.52 1.51 1.51 1.50 1.50 1.49 1.49 1.49 1.48 1.48 .25

2.24 2.20 2.18 2.16 213 212 2.11 2.09 2.08 2.07 2.06 2.06 .10 10
2.85 2.77 2.74 2.70 2.66 2.64 2.62 2.59 2.58 2.56 2.55 2.54 .05

4.56 4.41 4.33 4.25 417 4.2 4.08 4.01 4.00 3.96 3.93 3.91 .01

1.50 1.49 1.49 1.48 1.47 1.47 1.47 1.46 1.46 1.46 1.45 1.45 .25

217 2.12 2.10 2.08 2.05 2.04 2.03 2.00 2.00 1.99 1.98 1.97 .10 11
2.72 2.65 2.61 2.57 2.53  2.51 2.49 2.46 2.45 2.43 242  2.40 .05

4.25 4.10 4.02 3.94 3.86 3.81 3.78 3.71 3.69 3.66 3.62 3.60 .01

1.48 1.47 1.46 1.45 1.45 1.44 1.44 1.43 1.43 1.43 1.42 1.42 .25

2.10 2.06 2.04 2.01 1.99 1.97 1.96 1.94 1.93 1.92 1.91 1.90 .10 12
2.62 2.54 2.51 2.47 243  2.40 2.38 2.35 2.34 2.32 2.31 2.30 .05

4.01 3.86 3.78 3.70 3.62 3.57 3.54 3.47 3.45 3.41 3.38 3.36 .01

1.46 1.45 1.44 1.43 1.42 1.42 1.42 1.41 1.41 1.40 1.40 1.40 .25

2.05 2.01 1.98 1.96 1.93 1.92 1.90 1.88 1.88 1.86 1.85 1.85 .10 13
2.53 2.46 2.42 2.38 234 231 2.30 2.26 2.25 2.23 222 221 .05

3.82 3.66 3.59 3.51 3.43 3.38 3.34 3.27 3.25 3.22 319 3.17 .01

1.44 1.43 1.42 1.41 1.41 1.40 1.40 1.39 1.39 1.39 1.38 1.38 .25

2.01 1.96 1.94 1.91 1.89 1.87 1.86 1.83 1.83 1.82 1.80 1.80 .10 14
2.46 2.39 2.35 2.31 227 224 2.22 2.19 2.18 2.16 214 213 .05

3.66 3.51 3.43 3.35 3.27 3.22 3.18 3.11 3.09 3.06 3.03 3.00 .01

1.43 1.41 1.41 1.40 1.39 1.39 1.38 1.38 1.37 1.37 1.36 1.36 .25

1.97 1.92 1.90 1.87 1.85 1.83 1.82 1.79 1.79 1.77 1.76 1.76 .10 15
2.40 2.33 2.29 2.25 220 2.18 2.16 2.12 2.11 2.10 2.08 2.07 .05

3.52 3.37 3.29 3.21 3.13 3.08 3.05 2.98 2.96 2.92 2.89 2.87 .01

1.41 1.40 1.39 1.38 1.37 1.37 1.36 1.36 1.35 1.35 1.34 1.34 .25

1.94 1.89 1.87 1.84 1.81 1.79 1.78 1.76 1.75 1.74 1.73 1.72 .10 16
2.35 2.28 2.24 2.19 215 212 2.11 2.07 2.06 2.04 2.02 2.01 .05

3.41 3.26 3.18 3.10 3.02 297 2.93 2.86 2.84 2.81 2.78 275 .01

1.40 1.39 1.38 1.37 1.36 1.35 1.35 1.34 1.34 1.34 1.33 1.33 .25

1.91 1.86 1.84 1.81 1.78 1.76 1.75 1.73 1.72 1.71 1.69 1.69 .10 17
2.31 2.23 2.19 2.15 2.10 2.08 2.06 2.02 2.01 1.99 1.97 1.96 .05

3.31 3.16 3.08 3.00 292 287 2.83 2.76 2.75 2.71 2.68  2.65 .01

1.39 1.38 1.37 1.36 1.35 1.34 1.34 1.33 1.33 1.32 132  1.32 .25

1.89 1.84 1.81 1.78 1.75 1.74 1.72 1.70 1.69 1.68 1.67 1.66 .10 18
2.27 2.19 2.15 2.11 2.06 2.04 2.02 1.98 1.97 1.95 1.93 1.92 .05

3.23 3.08 3.00 2.92 2.84 278 2.75 2.68 2.66 2.62 2.59 2.57 .01

1.38 1.37 1.36 1.35 1.34 1.33 1.33 1.32 1.32 1.31 1.31 1.30 .25

1.86 1.81 1.79 1.76 1.73 1.71 1.70 1.67 1.67 1.65 1.64 1.63 .10 19
2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.94 1.93 1.91 1.89 1.88 .05

3.15 3.00 2.92 2.84 276  2.71 2.67 2.60 2.58 2.55 2.51 2.49 .01

1.37 1.36 1.35 1.34 1.33 1.33 1.32 1.31 1.31 1.30 1.30 1.29 .25

1.84 1.79 1.77 1.74 1.71 1.69 1.68 1.65 1.64 1.63 1.62 1.61 .10 20
2.20 212 2.08 2.04 1.99 1.97 1.95 1.91 1.90 1.88 1.86 1.84 .05

3.09 2.94 2.86 2.78 2.69 2.64 2.61 2.54 2.52 2.48 244  2.42 .01

(Continued)
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TABLE D.3 Upper Percentage Points of the F Distribution (Continued)

df for
.denom- df for numerator N,
inator
N, Pr 1 2 3 4 5 6 7 8 9 10 11 12
.25 1.40 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.39 1.39 1.38 1.37
22 .10 2.95 2.56 2.35 2.22 213 2.06 2.01 1.97 1.93 1.90 1.88 1.86
.05 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.26 2.23
.01 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.18 3.12
.25 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.38 1.37 1.36
24 .10 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.85 1.83
.05 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.21 2.18
.01 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.09 3.03
.25 1.38 1.46 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.37 1.36 1.35
2 .10 2.91 2.52 2.31 217 2.08 2.01 1.96 1.92 1.88 1.86 1.84 1.81
.05 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.18 2.15
.01 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 3.02 2.96
.25 1.38 1.46 1.45 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34
28 .10 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.81 1.79
.05 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.15 2.12
.01 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.96 2.90
.25 1.38 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.36 1.35 1.35 1.34
30 .10 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 1.82 1.79 1.77
.05 417 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.13 2.09
.01 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.91 2.84
.25 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 1.33 1.32 1.31
40 .10 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1.73 1.71
.05 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.08 2.04 2.00
.01 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.73 2.66
.25 1.35 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 1.29
60 .10 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.68 1.66
.05 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.95 1.92
.01 7.08 4.98 413 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.56 2.50
.25 1.34 1.40 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.28 1.27 1.26
120 .10 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.62 1.60
.05 3.92 3.07 2.68 2.45 2.29 2.17 2.09 2.02 1.96 1.91 1.87 1.83
.01 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 2.40 2.34
.25 1.33 1.39 1.38 1.36 1.34 1.32 1.31 1.29 1.28 1.27 1.26 1.25
200 .10 2.73 2.33 2.11 1.97 1.88 1.80 1.75 1.70 1.66 1.63 1.60 1.57
.05 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93 1.88 1.84 1.80
.01 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50 2.41 2.34 2.27
.25 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 1.24 1.24
.10 2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 1.60 1.57 1.55
o0 .05 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.79 1.75
.01 6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41 2.32 2.25 2.18
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df for
df for numerator N; denom-
inator
15 20 24 30 40 50 60 100 120 200 500 ) Pr N,
1.36 1.34 1.33 1.32 1.31 1.31 1.30 1.30 1.30 1.29 1.29 1.28 .25
1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.61 1.60 1.59 1.58 1.57 .10 29
2.15 2.07 2.03 1.98 1.94 1.91 1.89 1.85 1.84 1.82 1.80 1.78 .05
2.98 2.83 2.75 2.67 2.58 2.53 2.50 2.42 2.40 2.36 233 231 .01
1.35 1.33 1.32 1.31 1.30 1.29 1.29 1.28 1.28 1.27 1.27 1.26 .25
1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.58 1.57 1.56 1.54 1.53 .10 24
2.11 2.03 1.98 1.94 1.89 1.86 1.84 1.80 1.79 1.77 1.75 1.73 .05
2.89 2.74 2.66 2.58 249 244 2.40 2.33 2.31 2.27 224  2.21 .01
1.34 1.32 1.31 1.30 1.29 1.28 1.28 1.26 1.26 1.26 1.25 1.25 .25
1.76 1.71 1.68 1.65 1.61 1.59 1.58 1.55 1.54 1.53 1.51 1.50 .10 2
2.07 1.99 1.95 1.90 1.85 1.82 1.80 1.76 1.75 1.73 1.71 1.69 .05
2.81 2.66 2.58 2.50 242 236 2.33 2.25 2.23 2.19 216 213 .01
1.33 1.31 1.30 1.29 1.28 1.27 1.27 1.26 1.25 1.25 1.24 1.24 .25
1.74 1.69 1.66 1.63 1.59 1.57 1.56 1.53 1.52 1.50 1.49 1.48 .10 28
2.04 1.96 1.91 1.87 1.82 1.79 1.77 1.73 1.71 1.69 1.67 1.65 .05
2.75 2.60 2.52 2.44 235 230 2.26 2.19 2.17 2.13 2.09 2.06 .01
1.32 1.30 1.29 1.28 1.27 1.26 1.26 1.25 1.24 1.24 1.23 1.23 .25
1.72 1.67 1.64 1.61 1.57 1.55 1.54 1.51 1.50 1.48 1.47 1.46 .10 30
2.01 1.93 1.89 1.84 1.79 1.76 1.74 1.70 1.68 1.66 1.64 1.62 .05
2.70 2.55 2.47 2.39 230 2.25 2.21 2.13 2.11 2.07 2.03 2.01 .01
1.30 1.28 1.26 1.25 1.24 1.23 1.22 1.21 1.21 1.20 1.19 1.19 .25
1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.43 1.42 1.41 1.39 1.38 .10 40
1.92 1.84 1.79 1.74 1.69 1.66 1.64 1.59 1.58 1.55 1.53 1.51 .05
2.52 2.37 2.29 2.20 2.11 2.06 2.02 1.94 1.92 1.87 1.83 1.80 .01
1.27 1.25 1.24 1.22 1.21 1.20 1.19 1.17 1.17 1.16 1.15 1.15 .25
1.60 1.54 1.51 1.48 1.44 1.41 1.40 1.36 1.35 1.33 1.31 1.29 .10 60
1.84 1.75 1.70 1.65 1.59 1.56 1.53 1.48 1.47 1.44 1.41 1.39 .05
2.35 2.20 2.12 2.03 1.94 1.88 1.84 1.75 1.73 1.68 1.63 1.60 .01
1.24 1.22 1.21 1.19 1.18 1.17 1.16 1.14 1.13 1.12 1.11 1.10 .25
1.55 1.48 1.45 1.41 1.37 1.34 1.32 1.27 1.26 1.24 1.21 1.19 .10 120
1.75 1.66 1.61 1.55 1.50 1.46 1.43 1.37 1.35 1.32 1.28 1.25 .05
2.19 2.03 1.95 1.86 1.76 1.70 1.66 1.56 1.53 1.48 1.42 1.38 .01
1.23 1.21 1.20 1.18 1.16 1.14 1.12 1.11 1.10 1.09 1.08 1.06 .25
1.52 1.46 1.42 1.38 1.34 1.31 1.28 1.24 1.22 1.20 117 1.14 .10 200
1.72 1.62 1.57 1.52 1.46 1.41 1.39 1.32 1.29 1.26 1.22  1.19 .05
2.13 1.97 1.89 1.79 1.69 1.63 1.58 1.48 1.44 1.39 1.33 1.28 .01
1.22 1.19 1.18 1.16 1.14 1.13 1.12 1.09 1.08 1.07 1.04 1.00 .25
1.49 1.42 1.38 1.34 1.30 1.26 1.24 1.18 1.17 1.13 1.08 1.00 .10
1.67 1.57 1.52 1.46 1.39 1.35 1.32 1.24 1.22 1.17 1.11 1.00 .05 o
2.04 1.88 1.79 1.70 1.59 1.52 1.47 1.36 1.32 1.25 1.15 1.00 .01
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TABLE D.4 Examp|e
Upper Percentage 2 25% area
& 5 Pr(x“ > 10.85) = 0.95 95% area
Points of the x 5
Distribution Pr(x* > 23.83) =0.25 for df = 20
Pr(x? > 31.41) =0.05 59 area
| .
0 10.85 23.83 31.41
Degrees\ Pr
of freedom 995 .990 975 .950 .900
1 392704 x 1070 157088 x 10~° 982069 x 10~° 393214 x 108 .0157908
2 .0100251 .0201007 .0506356 .102587 .210720
3 .0717212 .114832 215795 .351846 .584375
4 .206990 .297110 484419 710721 1.063623
5 411740 .554300 .831211 1.145476 1.61031
6 .675727 .872085 1.237347 1.63539 2.20413
7 .989265 1.239043 1.68987 2.16735 2.83311
8 1.344419 1.646482 2.17973 2.73264 3.48954
9 1.734926 2.087912 2.70039 3.32511 4.16816
10 2.15585 2.55821 3.24697 3.94030 4.86518
11 2.60321 3.05347 3.81575 4.57481 5.57779
12 3.07382 3.57056 4.40379 5.22603 6.30380
13 3.56503 4.10691 5.00874 5.89186 7.04150
14 4.07468 4.66043 5.62872 6.57063 7.78953
15 4.60094 5.22935 6.26214 7.26094 8.54675
16 5.14224 5.81221 6.90766 7.96164 9.31223
17 5.69724 6.40776 7.56418 8.67176 10.0852
18 6.26481 7.01491 8.23075 9.39046 10.8649
19 6.84398 7.63273 8.90655 10.1170 11.6509
20 7.43386 8.26040 9.59083 10.8508 12.4426
21 8.03366 8.89720 10.28293 11.5913 13.2396
22 8.64272 9.54249 10.9823 12.3380 14.0415
23 9.26042 10.19567 11.6885 13.0905 14.8479
24 9.88623 10.8564 12.4011 13.8484 15.6587
25 10.5197 11.5240 13.1197 14.6114 16.4734
26 11.1603 12.1981 13.8439 15.3791 17.2919
27 11.8076 12.8786 14.5733 16.1513 18.1138
28 12.4613 13.5648 15.3079 16.9279 18.9392
29 13.1211 14.2565 16.0471 17.7083 19.7677
30 13.7867 14.9535 16.7908 18.4926 20.5992
40 20.7065 22.1643 24.4331 26.5093 29.0505
50 27.9907 29.7067 32.3574 34.7642 37.6886
60 35.5346 37.4848 40.4817 43.1879 46.4589
70 43.2752 45.4418 48.7576 51.7393 55.3290
80 51.1720 53.5400 57.1532 60.3915 64.2778
90 59.1963 61.7541 65.6466 69.1260 73.2912
100* 67.3276 70.0648 74.2219 77.9295 82.3581

*For df greater than 100 the expression 4/2x>— A2k — 1) = Z follows the standardized normal distribution, where k represents
the degrees of freedom.
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.750 .500 .250 .100 .050 .025 .010 .005
.1015308 454937 1.32330 2.70554 3.84146 5.02389 6.63490 7.87944
.575364 1.38629 2.77259 4.60517 5.99147 7.37776 9.21034 10.5966

1.212534 2.36597 4.10835 6.25139 7.81473 9.34840 11.3449 12.8381
1.92255 3.35670 5.38527 7.77944 9.48773 11.1433 13.2767 14.8602
2.67460 4.35146 6.62568 9.23635 11.0705 12.8325 15.0863 16.7496
3.45460 5.34812 7.84080 10.6446 12.5916 14.4494 16.8119 18.5476
4.25485 6.34581 9.03715 12.0170 14.0671 16.0128 18.4753 20.2777
5.07064 7.34412 10.2188 13.3616 15.5073 17.5346 20.0902 21.9550
5.89883 8.34283 11.3887 14.6837 16.9190 19.0228 21.6660 23.5893
6.73720 9.34182 12.5489 15.9871 18.3070 20.4831 23.2093 25.1882
7.58412 10.3410 13.7007 17.2750 19.6751 21.9200 24.7250 26.7569
8.43842 11.3403 14.8454 18.5494 21.0261 23.3367 26.2170 28.2995
9.29906 12.3398 15.9839 19.8119 22.3621 24.7356 27.6883 29.8194
10.1653 13.3393 17.1170 21.0642 23.6848 26.1190 29.1413 31.3193
11.0365 14.3389 18.2451 22.3072 24.9958 27.4884 30.5779 32.8013
11.9122 15.3385 19.3688 23.5418 26.2962 28.8454 31.9999 34.2672
12.7919 16.3381 20.4887 24.7690 27.5871 30.1910 33.4087 35.7185
13.6753 17.3379 21.6049 25.9894 28.8693 31.5264 34.8053 37.1564
14.5620 18.3376 22.7178 27.2036 30.1435 32.8523 36.1908 38.5822
15.4518 19.3374 23.8277 28.4120 31.4104 34.1696 37.5662 39.9968
16.3444 20.3372 24.9348 29.6151 32.6705 35.4789 38.9321 41.4010
17.2396 21.3370 26.0393 30.8133 33.9244 36.7807 40.2894 42.7956
18.1373 22.3369 27.1413 32.0069 35.1725 38.0757 41.6384 44.1813
19.0372 23.3367 28.2412 33.1963 36.4151 39.3641 42.9798 45.5585
19.9393 24.3366 29.3389 34.3816 37.6525 40.6465 44.3141 46.9278
20.8434 25.3364 30.4345 35.5631 38.8852 41.9232 45.6417 48.2899
21.7494 26.3363 31.5284 36.7412 40.1133 43.1944 46.9630 49.6449
22.6572 27.3363 32.6205 37.9159 41.3372 44.4607 48.2782 50.9933
23.5666 28.3362 33.7109 39.0875 42.5569 45.7222 49.5879 52.3356
24.4776 29.3360 34.7998 40.2560 43.7729 46.9792 50.8922 53.6720
33.6603 39.3354 45.6160 51.8050 55.7585 59.3417 63.6907 66.7659
42.9421 49.3349 56.3336 63.1671 67.5048 71.4202 76.1539 79.4900
52.2938 59.3347 66.9814 74.3970 79.0819 83.2976 88.3794 91.9517
61.6983 69.3344 77.5766 85.5271 90.5312 95.0231 100.425 104.215
71.1445 79.3343 88.1303 96.5782 101.879 106.629 112.329 116.321
80.6247 89.3342 98.6499 107.565 113.145 118.136 124116 128.299
90.1332 99.3341 109.141 118.498 124.342 129.561 135.807 140.169

Source: Abridged from E. S. Pearson and H. O. Hartley, eds., Biometrika Tables for Statisticians, vol. 1, 3d ed., table 8, Cambridge University Press, New York, 1966.

Reproduced by permission of the editors and trustees of Biometrika.
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TABLE D.5A Durbin—-Watson d Statistic: Significance Points of d; and dy at 0.05 Level of Significance

k=1 k=2 K=3 k=4 K=5 k=6 K=7 k=8 K=9 K'=10
n d dy d dy d dy d dy d dy d dy d dy d dy di dy d dy
6 0.610 1.400 — — — — — — — — — — — — — — — — — —
7 0.700 1.356 0.467 1.896 — — — — — — — — — — — — — — — —
8 0.763 1.332 0.559 1.777 0.368 2.287 — — — — — — — — — — — — — —
9 0.824 1.320 0.629 1.699 0.455 2.128 0.296 2.588 — — — — — — — — — — — —
10 0.879 1.320 0.697 1.641 0.525 2.016 0.376 2.414 0.243 2.822 — — — — — — — — — —
11 0.927 1.324 0.658 1.604 0.595 1.928 0.444 2.283 0.316 2.645 0.203 3.005 — — — — — — — —
12 0971 1.331 0.812 1.579 0.658 1.864 0.512 2.177 0.379 2.506 0.268 2.832 0.171 3.149 — — — — — —
13 1.010 1.340 0.861 1.562 0.715 1.816 0.574 2.094 0.445 2.390 0.328 2.692 0.230 2.985 0.147 3.266 — — — —
14 1.045 1.350 0.905 1.551 0.767 1.779 0.632 2.030 0.505 2.296 0.389 2.572 0.286 2.848 0.200 3.111 0.127 3.360 — —
15 1.077 1.361 0.946 1.543 0.814 1.750 0.685 1.977 0.562 2.220 0.447 2.472 0.343 2.727 0.251 2979 0.175 3.216 0.111 3.438
16 1.106 1.371 0.982 1.539 0.857 1.728 0.734 1.935 0.615 2.157 0.502 2.388 0.398 2.624 0.304 2.860 0.222 3.090 0.155 3.304
17 1.133 1.381 1.015 1.536 0.897 1.710 0.779 1.900 0.664 2.104 0.554 2.318 0.451 2.537 0.356 2.757 0.272 2.975 0.198 3.184
18 1.158 1.391 1.046 1.535 0.933 1.696 0.820 1.872 0.710 2.060 0.603 2.257 0.502 2.461 0.407 2.667 0.321 2.873 0.244 3.073
19 1.180 1.401 1.074 1.536 0.967 1.685 0.859 1.848 0.752 2.023 0.649 2.206 0.549 2.396 0.456 2.589 0.369 2.783 0.290 2.974
20 1.201 1.411 1.100 1.537 0.998 1.676 0.894 1.828 0.792 1.991 0.692 2.162 0.595 2.339 0.502 2.521 0.416 2.704 0.336 2.885
21 1.221 1.420 1.125 1.538 1.026 1.669 0.927 1.812 0.829 1.964 0.732 2.124 0.637 2.290 0.547 2.460 0.461 2.633 0.380 2.806
22 1.239 1.429 1.147 1.541 1.053 1.664 0.958 1.797 0.863 1.940 0.769 2.090 0.677 2.246 0.588 2.407 0.504 2.571 0.424 2.734
23 1.257 1.437 1.168 1.543 1.078 1.660 0.986 1.785 0.895 1.920 0.804 2.061 0.715 2.208 0.628 2.360 0.545 2.514 0.465 2.670
24 1.273 1.446 1.188 1.546 1.101 1.656 1.013 1.775 0.925 1.902 0.837 2.035 0.751 2.174 0.666 2.318 0.584 2.464 0.506 2.613
25 1.288 1.454 1.206 1.550 1.123 1.654 1.038 1.767 0.953 1.886 0.868 2.012 0.784 2.144 0.702 2.280 0.621 2.419 0.544 2.560
26 1.302 1.461 1.224 1.553 1.143 1.652 1.062 1.759 0.979 1.873 0.897 1.992 0.816 2.117 0.735 2.246 0.657 2.379 0.581 2.513
27 1.316 1.469 1.240 1.556 1.162 1.651 1.084 1.753 1.004 1.861 0.925 1.974 0.845 2.093 0.767 2.216 0.691 2.342 0.616 2.470
28 1.328 1.476 1.255 1.560 1.181 1.650 1.104 1.747 1.028 1.850 0.951 1.958 0.874 2.071 0.798 2.188 0.723 2.309 0.650 2.431
29 1.341 1.483 1.270 1.563 1.198 1.650 1.124 1.743 1.050 1.841 0.975 1.944 0.900 2.052 0.826 2.164 0.753 2.278 0.682 2.396
30 1.352 1.489 1.284 1.567 1.214 1.650 1.143 1.739 1.071 1.833 0.998 1.931 0.926 2.034 0.854 2.141 0.782 2.251 0.712 2.363
31 1.363 1.496 1.297 1.570 1.229 1.650 1.160 1.735 1.090 1.825 1.020 1.920 0.950 2.018 0.879 2.120 0.810 2.226 0.741 2.333
32 1.373 1.502 1.309 1.574 1.244 1.650 1.177 1.732 1.109 1.819 1.041 1.909 0.972 2.004 0.904 2.102 0.836 2.203 0.769 2.306
33 1.383 1.508 1.321 1.577 1.258 1.651 1.193 1.730 1.127 1.813 1.061 1.900 0.994 1.991 0.927 2.085 0.861 2.181 0.795 2.281
34 1.393 1.514 1.333 1.580 1.271 1.652 1.208 1.728 1.144 1.808 1.080 1.891 1.015 1.979 0.950 2.069 0.885 2.162 0.821 2.257
35 1.402 1.519 1.343 1.584 1.283 1.653 1.222 1.726 1.160 1.803 1.097 1.884 1.034 1.967 0.971 2.054 0.908 2.144 0.845 2.236
36 1.411 1.525 1.354 1.587 1.295 1.654 1.236 1.724 1.175 1.799 1.114 1.877 1.053 1.957 0.991 2.041 0.930 2.127 0.868 2.216
37 1.419 1.530 1.364 1.590 1.307 1.655 1.249 1.723 1.190 1.795 1.131 1.870 1.071 1.948 1.011 2.029 0.951 2.112 0.891 2.198
38 1.427 1.535 1.373 1.594 1.318 1.656 1.261 1.722 1.204 1.792 1.146 1.864 1.088 1.939 1.029 2.017 0.970 2.098 0.912 2.180
39 1.435 1.540 1.382 1.597 1.328 1.658 1.273 1.722 1.218 1.789 1.161 1.859 1.104 1.932 1.047 2.007 0.990 2.085 0.932 2.164
40 1.442 1.544 1.391 1.600 1.338 1.659 1.285 1.721 1.230 1.786 1.175 1.854 1.120 1.924 1.064 1.997 1.008 2.072 0.952 2.149
45 1.475 1.566 1.430 1.615 1.383 1.666 1.336 1.720 1.287 1.776 1.238 1.835 1.189 1.895 1.139 1.958 1.089 2.022 1.038 2.088
50 1.503 1.585 1.462 1.628 1.421 1.674 1.378 1.721 1.335 1.771 1.291 1.822 1.246 1.875 1.201 1.930 1.156 1.986 1.110 2.044
55 1.528 1.601 1.490 1.641 1.452 1.681 1.414 1.724 1.374 1.768 1.334 1.814 1.294 1.861 1.253 1.909 1.212 1.959 1.170 2.010
60 1.549 1.616 1.514 1.652 1.480 1.689 1.444 1.727 1.408 1.767 1.372 1.808 1.335 1.850 1.298 1.894 1.260 1.939 1.222 1.984
65 1.567 1.629 1.536 1.662 1.503 1.696 1.471 1.731 1.438 1.767 1.404 1.805 1.370 1.843 1.336 1.882 1.301 1.923 1.266 1.964
70 1.583 1.641 1.554 1.672 1.525 1.703 1.494 1.735 1.464 1.768 1.433 1.802 1.401 1.837 1.369 1.873 1.337 1.910 1.305 1.948
75 1.598 1.652 1.571 1.680 1.543 1.709 1.515 1.739 1.487 1.770 1.458 1.801 1.428 1.834 1.399 1.867 1.369 1.901 1.339 1.935
80 1.611 1.662 1.586 1.688 1.560 1.715 1.534 1.743 1.507 1.772 1.480 1.801 1.453 1.831 1.425 1.861 1.397 1.893 1.369 1.925
85 1.624 1.671 1.600 1.696 1.575 1.721 1.550 1.747 1.525 1.774 1.500 1.801 1.474 1.829 1.448 1.857 1.422 1.886 1.396 1.916
90 1.635 1.679 1.612 1.703 1.589 1.726 1.566 1.751 1.542 1.776 1.518 1.801 1.494 1.827 1.469 1.854 1.445 1.881 1.420 1.909
95 1.645 1.687 1.623 1.709 1.602 1.732 1.579 1.755 1.557 1.778 1.535 1.802 1.512 1.827 1.489 1.852 1.465 1.877 1.442 1.903
100 1.654 1.694 1.634 1.715 1.613 1.736 1.592 1.758 1.571 1.780 1.550 1.803 1.528 1.826 1.506 1.850 1.484 1.874 1.462 1.898
150 1.720 1.746 1.706 1.760 1.693 1.774 1.679 1.788 1.665 1.802 1.651 1.817 1.637 1.832 1.622 1.847 1.608 1.862 1.594 1.877
200 1.758 1.778 1.748 1.789 1.738 1.799 1.728 1.810 1.718 1.820 1.707 1.831 1.697 1.841 1.686 1.852 1.675 1.863 1.665 1.874
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K =11 k=12 kK =13 kK =14 k=15 kK =16 K =17 k=18 K=19 k' =20

n d dy d dy d dy d dy d dy d dy d dy dp dy d dy d dy

16 0.098 3.503 — — — — — — — — — — — — — — — — — —
17 0.138 3.378 0.087 3.557 — = = = = = = = = = = = = = = =
18 0.177 3.265 0.123 3.441 0.078 3.603 — — — — — — — — — — — — — —
19 0.220 3.159 0.160 3.335 0.111 3.496 0.070 3.642 — = = = = = = = = = = =
20 0.263 3.063 0.200 3.234 0.145 3.395 0.100 3.542 0.063 3.676 — — — — — — — — — —
21 0.307 2976 0.240 3.141 0.182 3.300 0.132 3.448 0.091 3.583 0.058 3.705 — = = = = = = =
22 0.349 2.897 0.281 3.057 0.220 3.211 0.166 3.358 0.120 3.495 0.083 3.619 0.052 3.731 — — — — — —
23 0.391 2.826 0.322 2979 0.259 3.128 0.202 3.272 0.153 3.409 0.110 3.535 0.076 3.650 0.048 3.753 — = = =
24 0.431 2761 0.362 2908 0.297 3.053 0.239 3.193 0.186 3.327 0.141 3.454 0.101 3.572 0.070 3.678 0.044 3.773 — —
25 0.470 2.702 0.400 2.844 0.335 2983 0.275 3.119 0.221 3.251 0.172 3.376 0.130 3.494 0.094 3.604 0.065 3.702 0.041 3.790
26 0.508 2.649 0.438 2.784 0.373 2919 0.312 3.051 0.256 3.179 0.205 3.303 0.160 3.420 0.120 3.531 0.087 3.632 0.060 3.724
27 0.544 2.600 0.475 2.730 0.409 2.859 0.348 2.987 0.291 3.112 0.238 3.233 0.191 3.349 0.149 3.460 0.112 3.563 0.081 3.658
28 0.578 2.555 0.510 2.680 0.445 2.805 0.383 2.928 0.325 3.050 0.271 3.168 0.222 3.283 0.178 3.392 0.138 3.495 0.104 3.592
29 0.612 2.515 0.544 2.634 0.479 2.755 0.418 2.874 0.359 2.992 0.305 3.107 0.254 3.219 0.208 3.327 0.166 3.431 0.129 3.528
30 0.643 2.477 0.577 2.592 0.512 2.708 0.451 2.823 0.392 2937 0.337 3.050 0.286 3.160 0.238 3.266 0.195 3.368 0.156 3.465
31 0.674 2.443 0.608 2.553 0.545 2.665 0.484 2.776 0.425 2.887 0.370 2.996 0.317 3.103 0.269 3.208 0.224 3.309 0.183 3.406
32 0.703 2411 0.638 2.517 0.576 2.625 0.515 2.733 0.457 2.840 0.401 2946 0.349 3.050 0.299 3.153 0.253 3.252 0.211 3.348
33 0.731 2.382 0.668 2.484 0.606 2.588 0.546 2.692 0.488 2.796 0.432 2.899 0.379 3.000 0.329 3.100 0.283 3.198 0.239 3.293
34 0.758 2355 0.695 2.454 0.634 2.554 0.575 2.654 0.518 2.754 0.462 2.854 0.409 2.954 0.359 3.051 0.312 3.147 0.267 3.240
35 0.783 2330 0.722 2.425 0.662 2.521 0.604 2.619 0.547 2.716 0.492 2.813 0.439 2910 0.388 3.005 0.340 3.099 0.295 3.190
36 0.808 2.306 0.748 2.398 0.689 2.492 0.631 2.586 0.575 2.680 0.520 2.774 0.467 2.868 0.417 2.961 0.369 3.053 0.323 3.142
37 0.831 2285 0.772 2374 0.714 2.464 0.657 2.555 0.602 2.646 0.548 2.738 0.495 2.829 0.445 2.920 0.397 3.009 0.351 3.097
38 0.854 2.265 0.796 2.351 0.739 2.438 0.683 2.526 0.628 2.614 0.575 2.703 0.522 2.792 0.472 2.880 0.424 2.968 0.378 3.054
39 0.875 2.246 0.819 2329 0.763 2.413 0.707 2.499 0.653 2.585 0.600 2.671 0.549 2.757 0.499 2.843 0.451 2.929 0.404 3.013
40 0.896 2.228 0.840 2.309 0.785 2.391 0.731 2473 0.678 2.557 0.626 2.641 0.575 2.724 0.525 2.808 0.477 2.892 0.430 2.974
45 0.988 2.156 0.938 2.225 0.887 2.296 0.838 2.367 0.788 2.439 0.740 2.512 0.692 2.586 0.644 2.659 0.598 2.733 0.553 2.807
50 1.064 2.103 1.019 2.163 0.973 2225 0.927 2.287 0.882 2.350 0.836 2.414 0.792 2479 0.747 2.544 0.703 2.610 0.660 2.675

55 1.129 2.062 1.087 2.116 1.045 2.170 1.003 2.225 0.961 2.281 0919 2.338 0.877 2.396 0.836 2.454 0.795 2.512 0.754 2.571
60 1.184 2.031 1.145 2079 1.106 2.127 1.068 2.177 1.029 2.227 0.990 2.278 0.951 2330 0.913 2.382 0.874 2.434 0.836 2.487
65 1.231 2.006 1.195 2.049 1.160 2.093 1.124 2.138 1.088 2.183 1.052 2.229 1.016 2.276 0.980 2.323 0.944 2.371 0.908 2.419
70 1.272 1.986 1.239 2.026 1.206 2.066 1.172 2.106 1.139 2.148 1.105 2.189 1.072 2.232 1.038 2.275 1.005 2318 0.971 2362
75 1.308 1970 1.277 2.006 1.247 2.043 1.215 2.080 1.184 2.118 1.153 2.156 1.121 2.195 1.090 2.235 1.058 2.275 1.027 2315
80 1.340 1.957 1.311 1.991 1.283 2.024 1.253 2.059 1.224 2.093 1.195 2129 1.165 2.165 1.136 2.201 1.106 2.238 1.076 2.275
85 1.369 1.946 1.342 1.977 1.315 2.009 1.287 2.040 1.260 2.073 1.232 2.105 1.205 2.139 1.177 2.172 1.149 2.206 1.121 2.241
90 1.395 1.937 1.369 1.966 1.344 1.995 1.318 2.025 1.292 2.055 1.266 2.085 1.240 2.116 1.213 2.148 1.187 2.179 1.160 2.211
95 1.418 1.929 1.394 1956 1.370 1.984 1.345 2.012 1.321 2.040 1.296 2.068 1.271 2.097 1.247 2.126 1.222 2.156 1.197 2.186
100 1.439 1923 1.416 1.948 1.393 1.974 1.371 2.000 1.347 2.026 1.324 2.053 1.301 2.080 1.277 2.108 1.253 2.135 1.229 2.164
150 1.579 1.892 1.564 1.908 1.550 1.924 1.535 1.940 1.519 1.956 1.504 1972 1.489 1.989 1.474 2.006 1.458 2.023 1.443 2.040
200 1.654 1.885 1.643 1.896 1.632 1.908 1.621 1.919 1.610 1.931 1.599 1.943 1.588 1.955 1.576 1.967 1.565 1.979 1.554 1.991

Note: n = number of observations, k' = number of explanatory variables excluding the constant term.

Source: This table is an extension of the original Durbin—Watson table and is reproduced from N. E. Savin and K. J. White, “The Durbin-Watson Test for Serial Correlation
with Extreme Small Samples or Many Regressors,” Econometrica, vol. 45, November 1977, pp. 1989-96 and as corrected by R. W. Farebrother, Econometrica, vol. 48,
September 1980, p. 1554. Reprinted by permission of the Econometric Society.

EXAMPLE 1 Ifn=40and k' =4, d, =1.285 and dy = 1.721. If a computed d value is less than 1.285,
there is evidence of positive first-order serial correlation; if it is greater than 1.721, there is
no evidence of positive first-order serial correlation; but if d lies between the lower and the
upper limit, there is inconclusive evidence regarding the presence or absence of positive
first-order serial correlation.
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TABLE D.5B  Durbin—Watson d Statistic: Significance Points of d; and dy at 0.01 Level of Significance

K=1 K=2 k=3 K=4 k=5 k=6 K=7 k=8 kK=9 k=10
n dy dy dy dy d, dy dy dy d dy d dy dy dy d dy d dy d dy
6 0.390 1.142 — — — — — — — — — — — — — — — — — —
7 0.435 1.036 0.294 1.676 — — — — — — — — — — — — — — — —
8 0.497 1.003 0.345 1.489 0.229 2.102 — — — — — — — — — — — — — —
9 0.554 0.998 0.408 1.389 0.279 1.875 0.183 2.433 — — — — — — — — — — — —
10 0.604 1.001 0.466 1.333 0.340 1.733 0.230 2.193 0.150 2.690 — — — — — — — — — —
11 0.653 1.010 0.519 1.297 0.396 1.640 0.286 2.030 0.193 2.453 0.124 2.892 — — — — — — — —
12 0.697 1.023 0.569 1.274 0.449 1.575 0.339 1913 0.244 2.280 0.164 2.665 0.105 3.053 — — — — — —
13 0.738 1.038 0.616 1.261 0.499 1.526 0.391 1.826 0.294 2.150 0.211 2.490 0.140 2.838 0.090 3.182 — — — —
14 0.776 1.054 0.660 1.254 0.547 1.490 0.441 1.757 0.343 2.049 0.257 2.354 0.183 2.667 0.122 2981 0.078 3.287 — —
15 0.811 1.070 0.700 1.252 0.591 1.464 0.488 1.704 0.391 1.967 0.303 2.244 0.226 2.530 0.161 2.817 0.107 3.101 0.068 3.374
16 0.844 1.086 0.737 1.252 0.633 1.446 0.532 1.663 0.437 1.900 0.349 2.153 0.269 2.416 0.200 2.681 0.142 2.944 0.094 3.201
17 0.874 1.102 0.772 1.255 0.672 1.432 0.574 1.630 0.480 1.847 0.393 2.078 0.313 2.319 0.241 2.566 0.179 2.811 0.127 3.053
18 0.902 1.118 0.805 1.259 0.708 1.422 0.613 1.604 0.522 1.803 0.435 2.015 0.355 2.238 0.282 2.467 0.216 2.697 0.160 2.925
19 0.928 1.132 0.835 1.265 0.742 1.415 0.650 1.584 0.561 1.767 0.476 1.963 0.396 2.169 0.322 2.381 0.255 2.597 0.196 2.813
20 0952 1.147 0.863 1.271 0.773 1.411 0.685 1.567 0.598 1.737 0.515 1.918 0.436 2.110 0.362 2.308 0.294 2.510 0.232 2.714
21 0975 1.161 0.890 1.277 0.803 1.408 0.718 1.554 0.633 1.712 0.552 1.881 0.474 2.059 0.400 2.244 0.331 2.434 0.268 2.625
22 0997 1.174 0914 1.284 0.831 1.407 0.748 1.543 0.667 1.691 0.587 1.849 0.510 2.015 0.437 2.188 0.368 2.367 0.304 2.548
23 1.018 1.187 0.938 1.291 0.858 1.407 0.777 1.534 0.698 1.673 0.620 1.821 0.545 1.977 0.473 2.140 0.404 2.308 0.340 2.479
24 1.037 1.199 0960 1.298 0.882 1.407 0.805 1.528 0.728 1.658 0.652 1.797 0.578 1.944 0.507 2.097 0.439 2.255 0.375 2417
25 1.055 1.211 0981 1.305 0.906 1.409 0.831 1.523 0.756 1.645 0.682 1.776 0.610 1.915 0.540 2.059 0.473 2.209 0.409 2.362
26 1.072 1.222 1.001 1.312 0.928 1.411 0.855 1.518 0.783 1.635 0.711 1.759 0.640 1.889 0.572 2.026 0.505 2.168 0.441 2.313
27 1.089 1.233 1.019 1.319 0.949 1.413 0.878 1.515 0.808 1.626 0.738 1.743 0.669 1.867 0.602 1.997 0.536 2.131 0.473 2.269
28 1.104 1.244 1.037 1.325 0969 1.415 0900 1.513 0.832 1.618 0.764 1.729 0.696 1.847 0.630 1.970 0.566 2.098 0.504 2.229
29 1.119 1.254 1.054 1.332 0.988 1.418 0.921 1.512 0.855 1.611 0.788 1.718 0.723 1.830 0.658 1.947 0.595 2.068 0.533 2.193
30 1.133 1.263 1.070 1.339 1.006 1.421 0.941 1.511 0.877 1.606 0.812 1.707 0.748 1.814 0.684 1.925 0.622 2.041 0.562 2.160
31 1.147 1.273 1.085 1.345 1.023 1.425 0.960 1.510 0.897 1.601 0.834 1.698 0.772 1.800 0.710 1.906 0.649 2.017 0.589 2.131
32 1.160 1.282 1.100 1.352 1.040 1.428 0.979 1.510 0.917 1.597 0.856 1.690 0.794 1.788 0.734 1.889 0.674 1.995 0.615 2.104
33 1.172 1.291 1.114 1.358 1.055 1.432 0.996 1.510 0.936 1.594 0.876 1.683 0.816 1.776 0.757 1.874 0.698 1.975 0.641 2.080
34 1.184 1.299 1.128 1.364 1.070 1.435 1.012 1.511 0.954 1.591 0.896 1.677 0.837 1.766 0.779 1.860 0.722 1.957 0.665 2.057
35 1.195 1.307 1.140 1.370 1.085 1.439 1.028 1.512 0.971 1.589 0.914 1.671 0.857 1.757 0.800 1.847 0.744 1.940 0.689 2.037
36 1.206 1.315 1.153 1.376 1.098 1.442 1.043 1.513 0.988 1.588 0.932 1.666 0.877 1.749 0.821 1.836 0.766 1.925 0.711 2.018
37 1.217 1.323 1.165 1.382 1.112 1.446 1.058 1.514 1.004 1.586 0.950 1.662 0.895 1.742 0.841 1.825 0.787 1.911 0.733 2.001
38 1.227 1.330 1.176 1.388 1.124 1.449 1.072 1.515 1.019 1.585 0.966 1.658 0.913 1.735 0.860 1.816 0.807 1.899 0.754 1.985
39 1.237 1.337 1.187 1.393 1.137 1.453 1.085 1.517 1.034 1.584 0.982 1.655 0.930 1.729 0.878 1.807 0.826 1.887 0.774 1.970
40 1.246 1.344 1.198 1.398 1.148 1.457 1.098 1.518 1.048 1.584 0.997 1.652 0.946 1.724 0.895 1.799 0.844 1.876 0.749 1.956
45 1.288 1.376 1.245 1.423 1.201 1.474 1.156 1.528 1.111 1.584 1.065 1.643 1.019 1.704 0.974 1.768 0.927 1.834 0.881 1.902
50 1.324 1.403 1.285 1.446 1.245 1.491 1.205 1.538 1.164 1.587 1.123 1.639 1.081 1.692 1.039 1.748 0.997 1.805 0.955 1.864
55 1.356 1.427 1.320 1.466 1.284 1.506 1.247 1.548 1.209 1.592 1.172 1.638 1.134 1.685 1.095 1.734 1.057 1.785 1.018 1.837
60 1.383 1.449 1.350 1.484 1.317 1.520 1.283 1.558 1.249 1.598 1.214 1.639 1.179 1.682 1.144 1.726 1.108 1.771 1.072 1.817
65 1.407 1.468 1.377 1.500 1.346 1.534 1.315 1.568 1.283 1.604 1.251 1.642 1.218 1.680 1.186 1.720 1.153 1.761 1.120 1.802
70 1.429 1.485 1.400 1.515 1.372 1.546 1.343 1.578 1.313 1.611 1.283 1.645 1.253 1.680 1.223 1.716 1.192 1.754 1.162 1.792
75 1.448 1.501 1.422 1.529 1.395 1.557 1.368 1.587 1.340 1.617 1.313 1.649 1.284 1.682 1.256 1.714 1.227 1.748 1.199 1.783
80 1.466 1.515 1.441 1.541 1.416 1.568 1.390 1.595 1.364 1.624 1.338 1.653 1.312 1.683 1.285 1.714 1.259 1.745 1.232 1.777
85 1.482 1.528 1.458 1.553 1.435 1.578 1.411 1.603 1.386 1.630 1.362 1.657 1.337 1.685 1.312 1.714 1.287 1.743 1.262 1.773
90 1.496 1.540 1.474 1.563 1.452 1.587 1.429 1.611 1.406 1.636 1.383 1.661 1.360 1.687 1.336 1.714 1.312 1.741 1.288 1.769
95 1.510 1.552 1.489 1.573 1.468 1.596 1.446 1.618 1.425 1.642 1.403 1.666 1.381 1.690 1.358 1.715 1.336 1.741 1.313 1.767
100 1.522 1.562 1.503 1.583 1.482 1.604 1.462 1.625 1.441 1.647 1.421 1.670 1.400 1.693 1.378 1.717 1.357 1.741 1.335 1.765
150 1.611 1.637 1.598 1.651 1.584 1.665 1.571 1.679 1.557 1.693 1.543 1.708 1.530 1.722 1.515 1.737 1.501 1.752 1.486 1.767
200 1.664 1.684 1.653 1.693 1.643 1.704 1.633 1.715 1.623 1.725 1.613 1.735 1.603 1.746 1.592 1.757 1.582 1.768 1.571 1.779
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K=11 k=12 K=13 K=14 k=15 K=16 K=17 k=18 K=19 k'=20

n d; dy d; dy d, dy d; dy d dy d dy d; dy d dy d dy dy dy

16 0.060 3.446 — = = = — — — — — — — — — — — — — —
17 0.084 3.286 0.053 3.506 — — — — — — — — — — — — — — — —
18 0.113 3.146 0.075 3.358 0.047 3357 — = — — — — — — — — — — — —
19 0.145 3.023 0.102 3.227 0.067 3.420 0.043 3.601 — — — — — — — — — — — —
20 0.178 2914 0.131 3.109 0.092 3.297 0.061 3.474 0.038 3.639 — = — — — — — — — —
21 0.212 2.817 0.162 3.004 0.119 3.185 0.084 3.358 0.055 3.521 0.035 3.671 — — — — — — — —
22 0.246 2.729 0.194 2909 0.148 3.084 0.109 3.252 0.077 3.412 0.050 3.562 0.032 3.700 — — — — — —
23 0.281 2.651 0.227 2822 0.178 2991 0.136 3.155 0.100 3.311 0.070 3.459 0.046 3.597 0.029 3.725 — — — —
24 0315 2.580 0.260 2.744 0.209 2.906 0.165 3.065 0.125 3.218 0.092 3.363 0.065 3.501 0.043 3.629 0.027 3.747 — —
25 0.348 2.517 0.292 2.674 0.240 2.829 0.194 2.982 0.152 3.131 0.116 3.274 0.085 3.410 0.060 3.538 0.039 3.657 0.025 3.766
26 0.381 2.460 0.324 2.610 0.272 2.758 0.224 2.906 0.180 3.050 0.141 3.191 0.107 3.325 0.079 3.452 0.055 3.572 0.036 3.682
27 0.413 2409 0.356 2.552 0.303 2.694 0.253 2.836 0.208 2.976 0.167 3.113 0.131 3.245 0.100 3.371 0.073 3.490 0.051 3.602
28 0.444 2363 0.387 2.499 0.333 2.635 0.283 2.772 0.237 2.907 0.194 3.040 0.156 3.169 0.122 3.294 0.093 3.412 0.068 3.524
29 0.474 2321 0.417 2451 0.363 2.582 0.313 2.713 0.266 2.843 0.222 2972 0.182 3.098 0.146 3.220 0.114 3.338 0.087 3.450
30 0.503 2.283 0.447 2.407 0.393 2.533 0.342 2.659 0.294 2.785 0.249 2909 0.208 3.032 0.171 3.152 0.137 3.267 0.107 3.379
31 0.531 2.248 0.475 2367 0.422 2.487 0371 2.609 0.322 2.730 0.277 2.851 0.234 2970 0.196 3.087 0.160 3.201 0.128 3.311
32 0.558 2.216 0.503 2.330 0.450 2.446 0.399 2.563 0.350 2.680 0.304 2.797 0.261 2912 0.221 3.026 0.184 3.137 0.151 3.246
33 0.585 2.187 0.530 2.296 0.477 2.408 0.426 2.520 0.377 2.633 0.331 2.746 0.287 2.858 0.246 2.969 0.209 3.078 0.174 3.184
34 0.610 2.160 0.556 2.266 0.503 2.373 0.452 2.481 0.404 2.590 0.357 2.699 0.313 2.808 0.272 2915 0.233 3.022 0.197 3.126
35 0.634 2.136 0.581 2.237 0.529 2.340 0.478 2.444 0.430 2.550 0.383 2.655 0.339 2.761 0.297 2.865 0.257 2.969 0.221 3.071
36 0.658 2.113 0.605 2.210 0.554 2.310 0.504 2.410 0.455 2.512 0.409 2.614 0.364 2.717 0.322 2.818 0.282 2919 0.244 3.019
37 0.680 2.092 0.628 2.186 0.578 2.282 0.528 2.379 0.480 2477 0.434 2576 0.389 2.675 0.347 2.774 0.306 2.872 0.268 2.969
38 0.702 2.073 0.651 2.164 0.601 2.256 0.552 2.350 0.504 2.445 0.458 2.540 0.414 2.637 0.371 2.733 0.330 2.828 0.291 2.923
39 0.723 2.055 0.673 2.143 0.623 2.232 0.575 2.323 0.528 2.414 0.482 2.507 0.438 2.600 0.395 2.694 0.354 2.787 0.315 2.879
40 0.744 2.039 0.694 2.123 0.645 2.210 0.597 2.297 0.551 2.386 0.505 2.476 0.461 2.566 0.418 2.657 0.377 2.748 0.338 2.838
45 0.835 1.972 0.790 2.044 0.744 2.118 0.700 2.193 0.655 2.269 0.612 2.346 0.570 2.424 0.528 2.503 0.488 2.582 0.448 2.661
50 0913 1.925 0.871 1.987 0.829 2.051 0.787 2.116 0.746 2.182 0.705 2.250 0.665 2.318 0.625 2.387 0.586 2.456 0.548 2.526

55 0979 1.891 0.940 1.945 0.902 2.002 0.863 2.059 0.825 2.117 0.786 2.176 0.748 2.237 0.711 2.298 0.674 2.359 0.637 2.421
60 1.037 1.865 1.001 1.914 0.965 1.964 0.929 2.015 0.893 2.067 0.857 2.120 0.822 2.173 0.786 2.227 0.751 2.283 0.716 2.338
65 1.087 1.845 1.053 1.889 1.020 1.934 0.986 1.980 0.953 2.027 0.919 2.075 0.886 2.123 0.852 2.172 0.819 2.221 0.786 2.272
70 1.131 1.831 1.099 1.870 1.068 1.911 1.037 1.953 1.005 1.995 0.974 2.038 0.943 2.082 0911 2.127 0.880 2.172 0.849 2217
75 1.170 1.819 1.141 1.856 1.111 1.893 1.082 1.931 1.052 1.970 1.023 2.009 0.993 2.049 0.964 2.090 0.934 2.131 0.905 2.172
80 1.205 1.810 1.177 1.844 1.150 1.878 1.122 1.913 1.094 1.949 1.066 1.984 1.039 2.022 1.011 2.059 0.983 2.097 0.955 2.135
85 1.236 1.803 1.210 1.834 1.184 1.866 1.158 1.898 1.132 1.931 1.106 1.965 1.080 1.999 1.053 2.033 1.027 2.068 1.000 2.104
90 1.264 1.798 1.240 1.827 1.215 1.856 1.191 1.886 1.166 1.917 1.141 1.948 1.116 1.979 1.091 2.012 1.066 2.044 1.041 2.077
95 1.290 1.793 1.267 1.821 1.244 1.848 1.221 1.876 1.197 1.905 1.174 1.934 1.150 1.963 1.126 1.993 1.102 2.023 1.079 2.054
100 1.314 1.790 1.292 1.816 1.270 1.841 1.248 1.868 1.225 1.895 1.203 1.922 1.181 1.949 1.158 1.977 1.136 2.006 1.113 2.034
150 1.473 1.783 1.458 1.799 1.444 1.814 1.429 1.830 1.414 1.847 1.400 1.863 1.385 1.880 1.370 1.897 1.355 1.913 1.340 1.931
200 1.561 1.791 1.550 1.801 1.539 1.813 1.528 1.824 1.518 1.836 1.507 1.847 1.495 1.860 1.484 1.871 1.474 1.883 1.462 1.896

Note: n = number of observations.
k' = number of explanatory variables excluding the constant term.

Source: Savin and White, op. cit., by permission of the Econometric Society.
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Table A.1 Cumulative Binomial Probabilities

B(x; n,p) = X b(y; n,p)
a.n=>5 y=0

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 099

0 951 174 .590 328 237 168 .078 .031 .010 .002 .001 .000 .000 .000 .000
1 999 977 919 737 633 528 337 188  .087 .031 .016 .007 .000 .000 .000
X 2 1.000 999 991 942 896 .837 .683 .500 317 .163 104 .058 .009 .001  .000
3 1.000 1.000 1.000 993 984 969 913 812 .663 472 367 263 .081 .023 .00l
4 1.000 1.000 1.000 1.000 .999 998 990 969 922 832 763 .672 410 226 .049
b. n=10
p
0.01 0.05 0.10 0.20 025 030 040 050 0.60 070 0.75 080 090 095 0.99
0 904 .599 .349 107 056 .028 .006 .001 .000 .000 .000 .000 .000 .000 .000
1 996 914 736 376 244 149 046 .011 .002 .000 .000 .000 .000 .000 .000
2 1.000 988 930 678 526 383 167 .055 .012 .002 .000 .000 .000 .000 .000
3 1.000 999 987 879 776 650 382 .172 .055 .011 .004 .001 .000 .000 .000
y 4 1.000 1.000 998 967 922 850 .633 .377 .166 .047 .020 .006 .000 .000 .000
5 1.000 1.000 1.000 994 980 953 834 .623 367 .150 .078 .033 .002 .000 .000
6 1.000 1.000 1.000 999 996 989 945 828 .618 350 224 121 .013 .001  .000
7 1.000 1.000 1.000 1.000 1.000 .998 988 945 833 .617 474 322 070 .012 .000
8§ 1.000 1.000 1.000 1.000 1.000 1.000 .998 989 954 851 .756 .624 264 .086 .004
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 994 972 944 893 .651 401 .096
c. n=15
p
0.01 0.05 0.10 0.20 0.25 030 040 050 060 070 0.75 080 090 0.95 0.99
0 .860 463 206 .035 .013 .005 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 .990 .829 .549 167 .080 .035 .005 .000 .000 .000 .000 .000 .000 .000 .000
2 1.000 964 816 398 236 127 .027 .004 .000 .000 .000 .000 .000 .000 .000
3 1.000 995 944 648 461 297  .091 .018 .002 .000 .000 .000 .000 .000 .000
4 1.000 .999 987 836  .686 515 217  .059 .009 .001 .000 .000 .000 .000 .000
5  1.000 1.000 998 939 852 722 403 .151 .034 .004 .001 .000 .000 .000 .000
6 1.000 1.000 1.000 982 943 869 .610 .304 .095 .015 .004 .001 .000 .000 .000
X 7 1.000 1.000 1.000 996 983 950 787 500 213 .050 .017 .004 .000 .000 .000
8 1.000 1.000 1.000 999 996 985 905 .696 390 .131 .057 .018 .000 .000 .000
9 1.000 1.000 1.000 1.000 999 996 966 .849 597 278 148 .061 .002 .000 .000
10  1.000 1.000 1.000 1.000 1.000 999 991 941 783 485 314 .164 .013 .001  .000
11 1.000 1.000 1.000 1.000 1.000 1.000 .998 982 909 .703 .539 352 .056 .005 .000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .996 973 873 764 602 .184 .036 .000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .995 965 920 .833 451 .171 .010
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 995 987 965 .794 537 .140
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Table A.1 Cumulative Binomial Probabilities (cont.) B(X: n, p) = zx: by; n, p)
y=0

d. n=20

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 0.99

0 818 358 122 .012 .003 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 983 736 392 069 .024 .008 .001 .000 .000 .000 .000 .000 .000 .000 .000
2 999 925 677 206 .091  .035 .004 .000 .000 .000 .000 .000 .000 .000 .000
3 1.000 984 .867 411225 107 .016 .001 .000 .000 .000 .000 .000 .000 .000
4 1.000 997 957 .630 415 238 .051 .006 .000 .000 .000 .000 .000 .000 .000
5 1.000 1.000 989 804 617 416 126 .021 .002 .000 .000 .000 .000 .000 .000
6 1.000 1.000 998 913 78 .608 250 .058 .006 .000 .000 .000 .000 .000 .000
7 1.000 1.000 1.000 968 898 772 416 132 .021 .001 .000  .000 .000 .000 .000
& 1.000 1.000  1.000 990 959 887 596 252 .057 .005 .001 .000 .000 .000 .000
9 1.000 1.000 1.000 997 986 952 755 412 128 .017 .004 .001 .000 .000 .000
X 10 1.000 1.000  1.000 999 996 983 872 588 245 .048 .014 .003 .000 .000 .000
11 1.000 1.000 1.000 1.000 .999 995 943 748 404 .113 .041 .010 .000 .000  .000
12 1.000 1.000 1.000 1.000 1.000 999 979 868 .584 228 .102 .032 .000 .000 .000
13 1.000 1.000 1.000 1.000 1.000 1.000 .994 942 750 392 214 .087 .002 .000 .000
14 1.000 1.000 1.000 1.000 1.000 1.000 998 979 874 584 383 .196 .011 .000 .000
15 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .994 949 762 585 370 .043 .003 .000
16 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 984 893 .775 589 .133 .016 .000
17 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .996 965 909 .794 323 .075 .001
18 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 992 976 931 .608 264 .017
19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 997 988 878 .642 .182
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Table A.1 Cumulative Binomial Probabilities (cont.) B(X: n, p) = ZX: by; n, p)
y=0

e. Nn=25

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 099

0 778 277 072 .004 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 974 .642 271 .027 .007 .002 .000 .000 .000 .000 .000 .000 .000 .000 .000
2 998 .873 537 .098 .032  .009 .000 .000 .000 .000 .000 .000 .000 .000 .000
3 1.000 966 764 234 .096 .033 .002 .000 .000 .000 .000 .000 .000 .000 .000
4 1.000 993 902 421214 .090 .009 .000 .000 .000 .000 .000 .000 .000 .000
5 1.000 .999 967 617 378 193 .029 .002 .000 .000 .000 .000 .000 .000 .000
6 1.000 1.000 991 780 561 341 .074 .007 .000 .000 .000 .000 .000 .000 .000
7 1.000 1.000 998 891 727 512 154 .022  .001  .000 .000 .000 .000 .000  .000
8 1.000 1.000 1.000 953 851 .677 274 .054 .004 .000 .000 .000 .000 .000 .000
9 1.000 1.000 1.000 983 929 811 425 115 .013 .000 .000 .000 .000 .000 .000
10 1.000 1.000  1.000 994 970 902 586 212 .034 .002 .000 .000 .000 .000 .000
11 1.000 1.000 1.000 998 980 956 732 345 078 .006 .00l .000 .000 .000 .000
X 12 1.000 1.000 1.000 1.000 997 983 846 .500 .154 .017 .003 .000 .000 .000 .000
13 1.000  1.000 1.000 1.000 .999 994 922 .655 268 .044 .020 .002 .000 .000  .000
14 1.000 1.000 1.000 1.000 1.000 998 966 .788 414 .098 .030 .006 .000 .000  .000
15 1.000 1.000 1.000 1.000 1.000 1.000 .987 885 .575 .189 .071 .017 .000 .000  .000
16 1.000 1.000 1.000 1.000 1.000 1.000 .996 946 .726 .323 .149 .047 .000 .000  .000
17 1.000 1.000 1.000 1.000 1.000 1.000 999 978 846 488 273 .109 .002 .000 .000
18 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .993 926 .659 439 220 .009 .000 .000
19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .998 971 807 .622 383 .033 .001 .000
20 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 991 910 .786 .579 .098 .007  .000
21 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 998 967 904 766 .236 .034  .000
22 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .991 968 902 463 .127 .002
23 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .998 993 973 .729 358 .026
24 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 996 .928 .723 222
. . - X — Y
Table A.2 Cumulative Poisson Probabilities Foo ) = S e y!M
y=0
13
1 2 3 4 S .6 v 8 9 1.0
0 .905 819 741 .670 .607 .549 497 449 407 368
1 .995 982 963 938 910 878 .844 .809 772 736
2 1.000 999 .996 .992 986 977 .966 953 937 920
X 3 1.000 1.000 999 998 997 994 991 987 981
4 1.000 1.000 1.000 .999 .999 998 .996
5 1.000 1.000 1.000 .999
6 1.000
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Table A.2 Cumulative Poisson Probabilities (cont. X e
(cont) Focw = 3 A

y=0 y

|7

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15.0 20.0
0 135 .050 018 .007 .002 .001 .000 .000 .000 .000 .000
1 406 .199 .092 .040 017 .007 .003 .001 .000 .000 .000
2 677 423 238 125 .062 .030 .014 .006 .003 .000 .000
3 857 .647 433 265 151 .082 .042 021 .010 .000 .000
4 947 815 .629 440 285 173 .100 .055 .029 .001 .000
5 983 916 785 616 446 301 191 116 067 .003 .000
6 995 966 889 762 .606 450 313 207 130 .008 .000
7 1999 988 949 867 744 .599 453 324 220 018 001
8 1.000 996 979 932 847 729 593 456 333 037 002
9 999 992 968 916 .830 17 587 458 .070 .005
10 1.000 997 986 957 901 816 706 583 118 011
11 999 995 980 947 .888 .803 .697 185 021
12 1.000 998 991 973 936 876 792 268 .039
13 999 996 987 966 926 864 363 .066
14 1.000 999 994 983 .959 917 466 105
15 999 998 992 978 951 568 157
16 1.000 999 996 989 973 .664 221
17 1.000 998 995 .986 749 297
X 18 .999 998 993 819 381
19 1.000 999 997 875 470
20 1.000 998 917 .559
21 999 947 644
22 1.000 967 721
23 981 787
24 989 .843
25 994 888
26 997 922
27 998 948
28 999 966
29 1.000 978
30 987
31 992
32 995
33 997
34 999
35 999
36 1.000
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Table A.3 Standard Normal Curve Areas @ =PZ=2)

Standard normal density curve

v

Shaded area= (2)

i
I
I
I
I
:
0

z
z .00 .01 .02 .03 04 .05 .06 07 .08 09
34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 0013 0013 0013 0012 0012 0011 0011 0011 .0010 0010
29 .0019 0018 .0017 .0017 0016 0016 0015 0015 0014 0014
-238 .0026 .0025 0024 0023 0023 .0022 0021 0021 .0020 0019
27 .0035 0034 .0033 .0032 .0031 .0030 .0029 0028 .0027 .0026
-2.6 .0047 0045 0044 0043 0041 .0040 .0039 .0038 .0037 .0036
-25 .0062 .0060 .0059 .0057 .0055 0054 .0052 0051 .0049 .0038
24 .0082 .0080 0078 0075 .0073 0071 .0069 0068 .0066 0064
-23 0107 0104 0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
22 0139 0136 0132 0129 0125 0122 0119 0116 0113 0110
-2.1 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143
-2.0 0228 0222 0217 0212 0207 .0202 0197 0192 0188 0183
-1.9 0287 0281 0274 0268 0262 0256 0250 0244 0239 0233
-18 0359 0352 0344 0336 0329 0322 0314 0307 0301 0294
-17 0446 0436 0427 0418 .0409 .0401 0392 0384 0375 0367
-1.6 0548 0537 0526 0516 0505 .0495 0485 0475 0465 0455
-15 0668 0655 0643 0630 0618 .0606 0594 0582 0571 0559
~14 .0808 0793 0778 0764 0749 0735 0722 0708 0694 0681
-13 .0968 0951 0934 0918 .0901 .0885 .0869 0853 0838 0823
-12 1151 1131 1112 1093 1075 .1056 1038 .1020 .1003 .0985
~1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 1492 1469 1446 1423 1401 1379
-0.9 1841 1814 1788 1762 1736 1711 1685 1660 1635 1611
-0.8 2119 2090 2061 2033 2005 1977 .1949 1922 1894 1867
-0.7 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
0.4 3446 3409 3372 3336 3300 3264 3228 3192 3156 3121
-03 3821 3783 3745 3707 3669 3632 3594 3557 3520 3482
—0.2 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 5000 4960 4920 4880 4840 4801 4761 4721 4681 4641

(continued)

Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Appendix Tables A-7

Table A.3 Standard Normal Curve Areas (cont.) d(z2) = P(Z =2)
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 .5239 .5279 5319 .5359
0.1 5398 5438 5478 5517 5557 .5596 .5636 5675 5714 5753
0.2 5793 5832 5871 5910 .5948 .5987 .6026 .6064 .6103 .6141
0.3 .6179 6217 6255 6293 .6331 .6368 .6406 .6443 .6480 .6517
0.4 .6554 .6591 .6628 6664 .6700 .6736 .6772 .6808 .6844 .6879
0.5 .6915 .6950 .6985 7019 7054 7088 7123 7157 7190 7224
0.6 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 .7939 7967 7995 .8023 8051 .8078 .8106 8133
0.9 8159 .8186 8212 .8238 .8264 .8289 8315 .8340 8365 .8389
1.0 8413 .8438 .8461 .8485 .8508 .8531 .8554 8577 .8599 8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 9207 9222 9236 9251 9265 9278 9292 9306 9319
1.5 9332 9345 9357 9370 9382 9394 .9406 9418 .9429 9441
1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
1.7 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 9803 9808 9812 9817
2.1 9821 9826 9830 9834 9838 9842 9846 9850 9854 9857
2.2 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
2.3 9893 9896 9898 9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 9925 9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 9943 .9945 .9946 9948 .9949 9951 19952
2.6 9953 9955 9956 9957 .9959 .9960 9961 9962 9963 9964
2.7 9965 9966 9967 9968 .9969 .9970 9971 9972 9973 9974
2.8 9974 9975 9976 9977 9977 9978 .9979 .9979 .9980 9981
2.9 9981 9982 9982 9983 .9984 .9984 9985 9985 .9986 9986
3.0 9987 9987 9987 9988 9988 .9989 9989 9989 9990 9990
3.1 .9990 9991 9991 9991 .9992 .9992 .9992 .9992 .9993 .9993
3.2 19993 19993 .9994 .9994 .9994 .9994 .9994 9995 9995 9995
33 9995 9995 9995 .9996 .9996 .9996 .9996 9996 .9996 .9997
34 .9997 9997 9997 9997 .9997 .9997 9997 9997 9997 9998
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Table A.4 The Incomplete Gamma Function |

FOGa) = [ =y eV dy
o1'(@)

& 1 2 3 4 5 6 7 8 9 10
1 .632 264 .080 .019 .004 .001 .000 .000 .000 .000
2 .865 .594 323 143 .053 .017 .005 .001 .000 .000
3 950 .801 577 353 185 .084 .034 012 .004 .001
4 982 908 762 567 371 215 111 .051 .021 .008
5 993 .960 875 735 .560 384 238 133 .068 .032
6 998 983 938 .849 715 554 394 256 153 .084
7 .999 993 970 918 .827 .699 .550 401 271 170
8 1.000 997 .986 958 .900 .809 .687 547 407 283
9 .999 .994 979 945 .884 793 .676 544 413
10 1.000 997 990 971 933 .870 780 .667 542
11 999 995 985 962 921 857 768 .659
12 1.000 998 992 980 954 911 .845 758
13 .999 .996 989 974 946 .900 .834
14 1.000 998 994 986 968 938 .891
15 999 997 992 982 963 930
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Table A.5 Critical Values for t Distributions t, density curve

Shaded area = o

i
I
I
I
I
:
0

tzx,v
47

v .10 .05 025 01 .005 001 .0005
1 3.078 6.314 12.706 31.821 63.657 318.31 636.62
2 1.886 2.920 4.303 6.965 9.925 22.326 31.598
3 1.638 2.353 3.182 4.541 5.841 10.213 12.924
4 1.533 2.132 2.776 3.747 4.604 7.173 8.610
5 1.476 2.015 2.571 3.365 4.032 5.893 6.869
6 1.440 1.943 2.447 3.143 3.707 5.208 5.959
7 1.415 1.895 2.365 2.998 3.499 4.785 5.408
8 1.397 1.860 2.306 2.896 3.355 4.501 5.041
9 1.383 1.833 2.262 2.821 3.250 4.297 4.781
10 1.372 1.812 2.228 2.764 3.169 4.144 4.587
11 1.363 1.796 2.201 2.718 3.106 4.025 4.437
12 1.356 1.782 2.179 2.681 3.055 3.930 4.318
13 1.350 1.771 2.160 2.650 3.012 3.852 4.221
14 1.345 1.761 2.145 2.624 2.977 3.787 4.140
15 1.341 1.753 2.131 2.602 2.947 3.733 4.073
16 1.337 1.746 2.120 2.583 2.921 3.686 4.015
17 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 1.330 1.734 2.101 2.552 2.878 3.610 3.922
19 1.328 1.729 2.093 2.539 2.861 3.579 3.883
20 1.325 1.725 2.086 2.528 2.845 3.552 3.850
21 1.323 1.721 2.080 2.518 2.831 3.527 3.819
22 1.321 1.717 2.074 2.508 2.819 3.505 3.792
23 1.319 1.714 2.069 2.500 2.807 3.485 3.767
24 1.318 1.711 2.064 2.492 2.797 3.467 3.745
25 1.316 1.708 2.060 2.485 2.787 3.450 3.725
26 1.315 1.706 2.056 2.479 2.779 3.435 3.707
27 1.314 1.703 2.052 2.473 2.771 3421 3.690
28 1.313 1.701 2.048 2.467 2.763 3.408 3.674
29 1.311 1.699 2.045 2.462 2.756 3.396 3.659
30 1.310 1.697 2.042 2.457 2.750 3.385 3.646
32 1.309 1.694 2.037 2.449 2.738 3.365 3.622
34 1.307 1.691 2.032 2.441 2.728 3.348 3.601
36 1.306 1.688 2.028 2.434 2.719 3.333 3.582
38 1.304 1.686 2.024 2.429 2.712 3319 3.566
40 1.303 1.684 2.021 2.423 2.704 3.307 3.551
50 1.299 1.676 2.009 2.403 2.678 3.262 3.496
60 1.296 1.671 2.000 2.390 2.660 3.232 3.460
120 1.289 1.658 1.980 2.358 2.617 3.160 3.373
1.282 1.645 1.960 2.326 2.576 3.090 3.291
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Table A.7 Critical Values for Chi-Squared Distributions x2 density curve

Shaded area = o

0 (i Xow
o
v 995 .99 975 .95 90 .10 .05 .025 .01 .005
1 0.000 0.000 0.001 0.004 0.016 2.706 3.843 5.025 6.637 7.882
2 0.010 0.020 0.051 0.103 0.211 4.605 5.992 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.344 12.837
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
5 0412 0.554 0.831 1.145 1.610 9.236 11.070 12.832 15.085 16.748
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.440 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.012 18.474 20.276
8 1.344 1.646 2.180 2.733 3.490 13.362 15.507 17.534 20.090 21.954
9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.022 21.665 23.587
10 2.156 2.558 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3.816 4.575 5.578 17.275 19.675 21.920 24.724 26.755
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.041 19.812 22.362 24.735 27.687 29.817
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.600 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.577 32.799
16 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.407 7.564 8.682 10.085 24.769 27.587 30.190 33.408 35.716
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.843 7.632 8.906 10.117 11.651 27.203 30.143 32.852 36.190 38.580
20 7434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997
21 8.033 8.897 10.283 11.591 13.240 29.615 32.670 35.478 38.930 41.399
22 8.643 9.542 10.982 12.338 14.042 30.813 33.924 36.781 40.289 42.796
23 9.260 10.195 11.688 13.090 14.848 32.007 35.172 38.075 41.637 44.179
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 39.364 42.980 45.558
25 10.519 11.523 13.120 14.611 16.473 34.381 37.652 40.646 44.313 46.925
26 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.807 12.878 14.573 16.151 18.114 36.741 40.113 43.194 46.962 49.642
28 12.461 13.565 15.308 16.928 18.939 37916 41.337 44.461 48.278 50.993
29 13.120 14.256 16.147 17.708 19.768 39.087 42.557 45.772 49.586 52.333
30 13.787 14.954 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672
31 14.457 15.655 17.538 19.280 21.433 41.422 44,985 48.231 52.190 55.000
32 15.134 16.362 18.291 20.072 22271 42.585 46.194 49.480 53.486 56.328
33 15.814 17.073 19.046 20.866 23.110 43.745 47.400 50.724 54.774 57.646
34 16.501 17.789 19.806 21.664 23.952 44.903 48.602 51.966 56.061 58.964
35 17.191 18.508 20.569 22.465 24.796 46.059 49.802 53.203 57.340 60.272
36 17.887 19.233 21.336 23.269 25.643 47212 50.998 54.437 58.619 61.581
37 18.584 19.960 22.105 24.075 26.492 48.363 52.192 55.667 59.891 62.880
38 19.289 20.691 22.878 24.884 27.343 49.513 53.384 56.896 61.162 64.181
39 19.994 21.425 23.654 25.695 28.196 50.660 54.572 58.119 62.426 65.473
40 20.706 22.164 24.433 26.509 29.050 51.805 55.758 59.342 63.691 66.766

3
Forv >40,X§va(1 _3_{_2 3)
’ ov  *\ov
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Table A.8 t Curve Tail Areas

t curve Area to the
| 1

0 t

t

v 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0.0 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500
0.1 468 465 463 463  462. 462 462 461 461 461 461 461 461 461 461 461 461 461
0.2 A37 430 427 426 425 424 424 423 423 423 423 422 422 422 422 422 422 422
0.3 407 396 392 390 388 387 386 386 386 .385 .385 385 384 384 384 384 384 .384
0.4 379 364 358 355 353 352 351 350 349 349 348 348 348 347 347 347 347 347
0.5 352 333 326 322 319 317 316 315 315 314 313 313 313 312 312 312 312 312
0.6 328 305 295 290 287 285 284 283 282 281 .280 .280 .279 279 279 278 278 278
0.7 306 278 267 261 258 255 253 252 251 250 249 249 248 247 247 247 247 246
0.8 285 254 241 234 230 227 225 223 222 221 220 .220 219 218 218 218 217 217
0.9 267 .232 217 210 205 201 199 197 196 .195 .194 .193 .192 .191 .191 .191 .190 .190
1.0 250 211 196 187 182 178 175 173 172 170 169 .169 .168 .167 .167 .166 .166 .165
1.1 235 193 176 167 162 157 154 152 150 .149 .147 .146 .146 .144 .144 144 143 143
1.2 221 177 158 148 142 138 135 132 130 .129 128 .127 126 .124 .124 124 123 123
1.3 209 162 142 132 125 121 .117 115 113 111 110 .109 .108 .107 .107 .106 .105 .105
1.4 197 148 128 117 110  .106 .102 .100 .098 .096 .095 .093 .092 .091 .091 .090 .090 .089
1.5 A87 136 115 104 .097 .092 .089 .086 .084 .082 .081 .080 .079 .077 .077 .077 .076 .075
1.6 178 125 104 .092 .085 .080 .077 .074 .072 .070 .069 .068 .067 .065 .065 .065 .064 .064
1.7 169 116 .094 .082 .075 .070 .065 .064 .062 .060 .059 .057 .056 .055 .055 .054 .054 .053
1.8 161 107 .085 .073 .066 .061 .057 .055 .053 .051 .050 .049 .048 .046 .046 .045 .045 .044
1.9 154 .099 .077 .065 .058 .053 .050 .047 .045 .043 .042 .041 .040 .038 .038 .038 .037 .037
2.0 148 .092 .070 .058 .051 .046 .043 .040 .038 .037 .035 .034 .033 .032 .032 .031 .031 .030
2.1 141 .085 .063 .052 .045 .040 .037 .034 .033 .031 .030 .029 .028 .027 .027 .026 .025 .025
2.2 136 .079 058 .046 .040 .035 .032 .029 .028 .026 .025 .024 .023 .022 .022 .021 .021 .021
2.3 131 .074 052 .041 .035 .031 .027 .025 .023 .022 .021 .020 .019 .018 .018 .018 .017 .017
24 126 .069 048 .037 .031 .027 .024 .022 .020 .019 .018 .017 .016 .015 .015 .014 .014 .014
2.5 121 .065 .044 .033 .027 .023 .020 .018 .017 .016 .015 .014 .013 .012 .012 .012 .011 .01l
2.6 117 .061 .040 .030 .024 .020 .018 .016 .014 .013 .012 .012 .011 .010 .010 .010 .009 .009
2.7 13 .057 .037 .027 .021 .018 .015 .014 .012 .011 .010 .010 .009 .008 .008 .008 .008 .007
2.8 109 .054 .034 .024 .019 .016 .013 .012 .010 .009 .009 .008 .008 .007 .007 .006 .006 .006
2.9 106 .051 .031 .022 .017 .014 .011 .010 .009 .008 .007 .007 .006 .005 .005 .005 .005 .005
3.0 102 .048 .029 .020 .015 .012 .010 .009 .007 .007 .006 .006 .005 .004 .004 .004 .004 .004
3.1 099 .045 .027 .018 .013 .011 .009 .007 .006 .006 .005 .005 .004 .004 .004 .003 .003 .003
3.2 096 .043 .025 .016 .012 .009 .008 .006 .005 .005 .004 .004 .003 .003 .003 .003 .003 .002
3.3 .094 .040 .023 .015 .011 .008 .007 .005 .005 .004 .004 .003 .003 .002 .002 .002 .002 .002
34 .091 .038 .021 .014 .010 .007 .006 .005 .004 .003 .003 .003 .002 .002 .002 .002 .002 .002
3.5 .089 .036 .020 .012 .009 .006 .005 .004 .003 .003 .002 .002 .002 .002 .002 .001 .001 .001
3.6 .086 .035 .018 .01l .008 .006 .004 .004 .003 .002 .002 .002 .002 .001 .001 .001 .001 .001
3.7 .084 .033 .017 .010 .007 .005 .004 .003 .002 .002 .002 .002 .001 .001 .001 .001 .001 .001
3.8 .082 .031 .016 .010 .006 .004 .003 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001
3.9 .080 .030 .015 .009 .006 .004 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001
4.0 .078 .029 .014 .008 .005 .004 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .000 .000

(continued)
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Table A.8 t Curve Tail Areas (cont.)

t curve Area to the
Mft
| 1

0 t

t

v 19 20 21 22 23 24 25 26 27 28 29 30 35 40 60 120 «(=2)

0.0 .500  .500 500 .500 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500  .500
0.1 461 461 461 461 461 461 461 461 461 461 461 461 460 460 460 460 460
0.2 422 422 422 422 422 422 422 422 421 421 421 421 421 421 421 421 421
0.3 384 384 384 383 383 383 383 383 383 383 383 383 383 383 383 382 382
0.4 347 347 347 347 346 346 346 346 346 346 346 346 346 346 345 345 345
0.5 311 311 311 311 311 311 311 311 311 310 310 310 310 310 309 .309 309
0.6 278 278 278 277 277 277 277 277 277 277 277 277 276 276 275 275 274
0.7 246 246 246 246 245 245 245 245 245 245 245 245 244 244 243 243 242
0.8 217 217 216 216 216 216 216 215 215 215 215 215 215 214 213 213 212
0.9 190 189 189 189 .189 .189 .188 .188 .188 .188 .188 .188 .187 .187 .186 .185  .184
1.0 165 165 164 164 164 164 163 163 .163 .163 163 .163 .162 .162 .161 .160  .159
1.1 143 142 142 142 141 141 141 141 141 140 .140 .140 .139 .139 138 .137  .136
1.2 1220 1220 122 121 121 121 121 1200 .120 .120 .120 .120 .119 .119 117 116  .115
1.3 105 .104 104 .104 .103 .103 .103 .103 .102 .102 .102 .102 .101 .101 .099 .098  .097
1.4 .089 .089 .088 .088 .087 .087 .087 .087 .086 .086 .086 .08 .085 .085 .083 .082  .081
1.5 075 .075 .074 .074 .074 .073 .073 .073 .073 .072 .072 .072 .071 .071 .069 .068  .067
1.6 063 .063 .062 .062 .062 .061 .061 .061 .061 .060 .060 .060 .059 .059 .057 .056  .055
1.7 .053 .052 .052 .052 .051 .051 .051 .051 .050 .050 .050 .050 .049 .048 .047 .046  .045
1.8 .044 043 .043 .043 .042 .042 .042 .042 .042 .041 .041 .041 .040 .040 .038 .037  .036
1.9 .036 .036 .036 .035 .035 .035 .035 .034 .034 .034 .034 .034 .033 .032 .031 .030 .029
2.0 .030 .030 .029 .029 .029 .028 .028 .028 .028 .028 .027 .027 .027 .026 .025 .024  .023
2.1 025 .024 .024 .024 .023 .023 .023 .023 .023 .022 .022 .022 .022 .021 .020 .019  .018
2.2 .020 .020 .020 .019 .019 .019 .019 .018 .018 .018 .018 .018 .017 .017 .016 .015 .014
2.3 .016 .016 .016 .016 .015 .015 .015 .015 .015 .015 .014 .014 .014 .013 .012 .012  .011
2.4 .013 .013 .013 .013 .012 .012 .012 .012 .012 .012 .012 .011 .011 .011 .010 .009  .008
2.5 .011 .011 .010 .010 .010 .010 .010 .010 .009 .009 .009 .009 .009 .008 .008 .007  .006
2.6 .009 .009 .008 .008 .008 .008 .008 .008 .007 .007 .007 .007 .007 .007 .006 .005  .005
2.7 .007 .007 .007 .007 .006 .006 .006 .006 .006 .006 .006 .006 .005 .005 .004 .004  .003
2.8 .006 .006 .005 .005 .005 .005 .005 .005 .005 .005 .005 .004 .004 .004 .003 .003  .003
2.9 .005 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 .003 .003 .003 .003 .002 .002
3.0 .004 .004 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .002  .001
3.1 .003 .003 .003 .003 .003 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001
3.2 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001 .001 .001
3.3 .002 .002 .002 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000
34 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000  .000
3.5 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000  .000
3.6 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000 .000 .000  .000
3.7 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000  .000
3.8 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
3.9 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
4.0 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
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A-14 Appendix Tables

Table A.9 Critical Values for F Distributions

v, = numerator df

o 1 2 3 4 5 6 7 8 9
.100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86
1 .050 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54
.010 4052.20 4999.50 5403.40 5624.60 5763.60 5859.00 5928.40 5981.10 6022.50
.001 | 405,284 500,000 540,379 562,500 576,405 585,937 592,873 598,144 602,284
.100 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38
’ 050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
.010 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39
.001 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39
.100 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24
3 .050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
.010 34.12 30.82 29.46 28.71 28.24 2791 27.67 27.49 27.35
.001 167.03 148.50 141.11 137.10 134.58 132.85 131.58 130.62 129.86
.100 4.54 432 4.19 4.11 4.05 4.01 3.98 3.95 3.94
4 .050 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
.010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66
.001 74.14 61.25 56.18 53.44 51.71 50.53 49.66 49.00 48.47
.100 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32
5 .050 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77
.010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16
.001 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 27.24
5 .100 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96
§ 6 .050 5.99 5.14 4.76 4.53 4.39 4.28 421 4.15 4.10
s .010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98
'E .001 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69
5 .100 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72
-ﬁ 7 .050 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68
o .010 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72
.001 29.25 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33
.100 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56
3 .050 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39
.010 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91
.001 25.41 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.77
.100 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44
9 .050 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18
.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35
.001 22.86 16.39 13.90 12.56 11.71 11.13 10.70 10.37 10.11
.100 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35
10 .050 4.96 4.10 3.71 3.48 3.33 322 3.14 3.07 3.02
.010 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94
.001 21.04 14.91 12.55 11.28 10.48 9.93 9.52 9.20 8.96
.100 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 227
1 .050 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90
.010 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63
.001 19.69 13.81 11.56 10.35 9.58 9.05 8.66 8.35 8.12
.100 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 221
12 .050 4.75 3.89 3.49 3.26 3.11 3.00 291 2.85 2.80
.010 9.33 6.93 5.95 5.41 5.06 4.82 4.04 4.50 4.39
.001 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.71 7.48
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Appendix Tables A-15

Table A.9 Critical Values for F Distributions (cont.)

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000

60.19 60.71 61.22 61.74 62.05 62.26 62.53 62.69 62.79 63.06 63.30
241.88 24391 245.95 248.01 249.26 250.10 251.14 251.77 252.20 253.25 254.19
6055.80  6106.30  6157.30  6208.70  6239.80  6260.60  6286.80  6302.50  6313.00 633940  6362.70
605,621 610,668 615,764 620,908 624,017 626,099 628,712 630,285 631,337 633,972 636,301

9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.49
19.40 19.41 19.43 19.45 19.46 19.46 19.47 19.48 19.48 19.49 19.49
99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.48 99.49 99.50

999.40 999.42 999.43 999.45 999.46 999.47 999.47 999.48 999.48 999.49 999.50

5.23 5.22 5.20 5.18 5.17 5.17 5.16 5.15 5.15 5.14 5.13

8.79 8.74 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8.55 8.53
27.23 27.05 26.87 26.69 26.58 26.50 26.41 26.35 26.32 26.22 26.14

129.25 128.32 127.37 126.42 125.84 125.45 124.96 124.66 124.47 123.97 123.53

3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.80 3.79 3.78 3.76

5.96 591 5.86 5.80 5.77 5.75 5.72 5.70 5.69 5.66 5.63
14.55 14.37 14.20 14.02 13.91 13.84 13.75 13.69 13.65 13.56 13.47
48.05 47.41 46.76 46.10 45.70 45.43 45.09 44.88 44.75 44.40 44.09

3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.15 3.14 3.12 3.11

4.74 4.68 4.62 4.56 4.52 4.50 4.46 4.44 4.43 4.40 437
10.05 9.89 9.72 9.55 9.45 9.38 9.29 9.24 9.20 9.11 9.03
26.92 26.42 2591 25.39 25.08 24.87 24.60 24.44 24.33 24.06 23.82

2.94 2.90 2.87 2.84 2.81 2.80 2.78 2.77 2.76 2.74 2.72

4.06 4.00 3.94 3.87 3.83 3.81 3.77 3.75 3.74 3.70 3.67

7.87 7.72 7.56 7.40 7.30 7.23 7.14 7.09 7.06 6.97 6.89
18.41 17.99 17.56 17.12 16.85 16.67 16.44 16.31 16.21 15.98 15.77

2.70 2.67 2.63 2.59 2.57 2.56 2.54 2.52 2.51 2.49 247

3.64 3.57 3.51 3.44 3.40 3.38 3.34 3.32 3.30 3.27 3.23

6.62 6.47 6.31 6.16 6.06 5.99 5.91 5.86 5.82 5.74 5.66
14.08 13.71 13.32 12.93 12.69 12.53 12.33 12.20 12.12 11.91 11.72

2.54 2.50 2.46 242 2.40 2.38 2.36 2.35 2.34 232 2.30

3.35 3.28 3.22 3.15 3.11 3.08 3.04 3.02 3.01 2.97 2.93

5.81 5.67 5.52 5.36 5.26 5.20 5.12 5.07 5.03 4.95 4.87
11.54 11.19 10.84 10.48 10.26 10.11 9.92 9.80 9.73 9.53 9.36

242 2.38 2.34 2.30 2.27 225 2.23 222 2.21 2.18 2.16

3.14 3.07 3.01 2.94 2.89 2.86 2.83 2.80 2.79 2.75 2.71

5.26 5.11 4.96 4.81 4.71 4.65 4.57 4.52 4.48 4.40 432

9.89 9.57 9.24 8.90 8.69 8.55 8.37 8.26 8.19 8.00 7.84

2.32 2.28 2.24 2.20 2.17 2.16 2.13 2.12 2.11 2.08 2.06

2.98 291 2.85 2.77 2.73 2.70 2.66 2.64 2.62 2.58 2.54

4.85 4.71 4.56 4.41 431 4.25 4.17 4.12 4.08 4.00 3.92

8.75 8.45 8.13 7.80 7.60 7.47 7.30 7.19 7.12 6.94 6.78

2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.04 2.03 2.00 1.98

2.85 2.79 2.72 2.65 2.60 2.57 2.53 2.51 2.49 2.45 241

4.54 4.40 4.25 4.10 4.01 3.94 3.86 3.81 3.78 3.69 3.61

7.92 7.63 7.32 7.01 6.81 6.68 6.52 6.42 6.35 6.18 6.02

2.19 2.15 2.10 2.06 2.03 2.01 1.99 1.97 1.96 1.93 1.91

2.75 2.69 2.62 2.54 2.50 247 2.43 2.40 2.38 2.34 2.30

430 4.16 4.01 3.86 3.76 3.70 3.62 3.57 3.54 3.45 3.37

7.29 7.00 6.71 6.40 6.22 6.09 5.93 5.83 5.76 5.59 5.44
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A-16 Appendix Tables

Table A.9 Critical Values for F Distributions (cont.)

v, = numerator df
« 1 2 3 4 5 6 7 8 9

.100 3.14 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16

3 .050 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71

.010 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19

.001 17.82 12.31 10.21 9.07 8.35 7.86 7.49 721 6.98

.100 3.10 2.73 2.52 2.39 231 224 2.19 2.15 2.12

14 .050 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65

010 8.86 6.51 5.56 5.04 4.69 4.46 428 4.14 4.03

.001 17.14 11.78 9.73 8.62 7.92 7.44 7.08 6.80 6.58

.100 3.07 2.70 2.49 2.36 227 221 2.16 2.12 2.09

s .050 454 3.68 3.29 3.06 2.90 2.79 271 2.64 2.59

.010 8.68 6.36 5.42 4.89 456 432 4.14 4.00 3.89

.001 16.59 11.34 9.34 8.25 7.57 7.09 6.74 6.47 6.26

.100 3.05 2.67 2.46 233 2.24 2.18 2.13 2.09 2.06

16 .050 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54

.010 8.53 6.23 5.29 4.77 4.44 420 4.03 3.89 3.78

.001 16.12 10.97 9.01 7.94 7.27 6.80 6.46 6.19 5.98

.100 3.03 2.64 2.44 231 222 2.15 2.10 2.06 2.03

17 .050 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49

.010 8.40 6.11 5.19 4.67 434 4.10 3.93 3.79 3.68

.001 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75

= .100 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00
= 18 .050 441 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46
= 010 8.29 6.01 5.09 458 425 4.01 3.84 3.71 3.60
E .001 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.56
g .100 2.99 261 2.40 227 2.18 2.11 2.06 2.02 1.98
< 19 .050 438 3.52 3.13 2.90 2.74 2.63 2.54 2.48 242
I .010 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52
A .001 15.08 10.16 8.28 7.27 6.62 6.18 5.85 5.59 5.39
.100 2.97 2.59 2.38 225 2.16 2.09 2.04 2.00 1.96

20 .050 435 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39

.010 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46

.001 14.82 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24

.100 2.96 2.57 2.36 223 2.14 2.08 2.02 1.98 1.95

)1 .050 432 3.47 3.07 2.84 2.68 2.57 2.49 242 237

.010 8.02 5.78 487 437 4.04 3.81 3.64 3.51 3.40

.001 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 5.11

.100 2.95 2.56 235 222 2.13 2.06 2.01 1.97 1.93

- .050 430 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34

.010 7.95 5.72 482 431 3.99 3.76 3.59 3.45 3.35

.001 14.38 9.61 7.80 6.81 6.19 5.76 5.44 5.19 4.99

.100 2.94 2.55 2.34 221 2.11 2.05 1.99 1.95 1.92

- .050 428 3.42 3.03 2.80 2.64 2.53 2.44 237 232

010 7.88 5.66 4.76 426 3.94 3.71 3.54 341 3.30

.001 14.20 9.47 7.67 6.70 6.08 5.65 5.33 5.09 4.89

.100 2.93 2.54 233 2.19 2.10 2.04 1.98 1.94 1.91

" .050 426 3.40 3.01 2.78 2.62 2.51 2.42 236 2.30

010 7.82 5.61 472 422 3.90 3.67 3.50 3.36 3.26

.001 14.03 9.34 7.55 6.59 5.98 5.55 5.23 4.99 4.80
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Appendix Tables A-17

Table A.9 Critical Values for F Distributions (cont.)

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
2.14 2.10 2.05 2.01 1.98 1.96 1.93 1.92 1.90 1.88 1.85
2.67 2.60 2.53 2.46 241 2.38 2.34 2.31 2.30 225 221
4.10 3.96 3.82 3.66 3.57 3.51 3.43 3.38 3.34 3.25 3.18
6.80 6.52 6.23 593 5.75 5.63 5.47 5.37 5.30 5.14 4.99
2.10 2.05 2.01 1.96 1.93 1.91 1.89 1.87 1.86 1.83 1.80
2.60 2.53 2.46 2.39 2.34 231 227 2.24 222 2.18 2.14
3.94 3.80 3.66 3.51 3.41 3.35 3.27 3.22 3.18 3.09 3.02
6.40 6.13 5.85 5.56 5.38 5.25 5.10 5.00 4.94 4.77 4.62
2.06 2.02 1.97 1.92 1.89 1.87 1.85 1.83 1.82 1.79 1.76
2.54 2.48 2.40 233 2.28 2.25 2.20 2.18 2.16 2.11 2.07
3.80 3.67 3.52 3.37 3.28 3.21 3.13 3.08 3.05 2.96 2.88
6.08 5.81 5.54 5.25 5.07 4.95 4.80 4.70 4.64 4.47 4.33
2.03 1.99 1.94 1.89 1.86 1.84 1.81 1.79 1.78 1.75 1.72
2.49 242 2.35 2.28 2.23 2.19 2.15 2.12 2.11 2.06 2.02
3.69 3.55 3.41 3.26 3.16 3.10 3.02 297 2.93 2.84 2.76
5.81 5.55 5.27 4.99 4.82 4.70 4.54 4.45 4.39 4.23 4.08
2.00 1.96 1.91 1.86 1.83 1.81 1.78 1.76 1.75 1.72 1.69
2.45 2.38 231 2.23 2.18 2.15 2.10 2.08 2.06 2.01 1.97
3.59 3.46 3.31 3.16 3.07 3.00 2.92 2.87 2.83 2.75 2.66
5.58 5.32 5.05 4.78 4.60 4.48 4.33 4.24 4.18 4.02 3.87
1.98 1.93 1.89 1.84 1.80 1.78 1.75 1.74 1.72 1.69 1.66
241 2.34 2.27 2.19 2.14 2.11 2.06 2.04 2.02 1.97 1.92
3.51 3.37 3.23 3.08 2.98 292 2.84 2.78 2.75 2.66 2.58
5.39 5.13 4.87 4.59 4.42 4.30 4.15 4.06 4.00 3.84 3.69
1.96 1.91 1.86 1.81 1.78 1.76 1.73 1.71 1.70 1.67 1.64
2.38 2.31 2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.93 1.88
3.43 3.30 3.15 3.00 291 2.84 2.76 2.71 2.67 2.58 2.50
5.22 4.97 4.70 4.43 4.26 4.14 3.99 3.90 3.84 3.68 3.53
1.94 1.89 1.84 1.79 1.76 1.74 1.71 1.69 1.68 1.64 1.61
2.35 2.28 2.20 2.12 2.07 2.04 1.99 1.97 1.95 1.90 1.85
3.37 3.23 3.09 2.94 2.84 2.78 2.69 2.64 2.61 2.52 243
5.08 4.82 4.56 4.29 4.12 4.00 3.86 3.77 3.70 3.54 3.40
1.92 1.87 1.83 1.78 1.74 1.72 1.69 1.67 1.66 1.62 1.59
2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.94 1.92 1.87 1.82
3.31 3.17 3.03 2.88 2.79 2.72 2.64 2.58 2.55 2.46 2.37
4.95 4.70 4.44 4.17 4.00 3.88 3.74 3.64 3.58 3.42 3.28
1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.60 1.57
2.30 2.23 2.15 2.07 2.02 1.98 1.94 1.91 1.89 1.84 1.79
3.26 3.12 2.98 2.83 2.73 2.67 2.58 2.53 2.50 2.40 232
4.83 4.58 4.33 4.06 3.89 3.78 3.63 3.54 3.48 332 3.17
1.89 1.84 1.80 1.74 1.71 1.69 1.66 1.64 1.62 1.59 1.55
2.27 2.20 2.13 2.05 2.00 1.96 1.91 1.88 1.86 1.81 1.76
3.21 3.07 2.93 2.78 2.69 2.62 2.54 2.48 2.45 2.35 2.27
4.73 4.48 4.23 3.96 3.79 3.68 3.53 3.44 3.38 3.22 3.08
1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.57 1.54
2.25 2.18 2.11 2.03 1.97 1.94 1.89 1.86 1.84 1.79 1.74
3.17 3.03 2.89 2.74 2.64 2.58 2.49 2.44 2.40 2.31 222
4.64 4.39 4.14 3.87 3.71 3.59 3.45 3.36 3.29 3.14 2.99
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A-18 Appendix Tables

Table A.9 Critical Values for F Distributions (cont.)

v, = numerator df
@ 1 2 3 4 5 6 7 8 9

100 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89

25 .050 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28

.010 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 322

.001 13.88 9.22 7.45 6.49 5.89 5.46 5.15 491 4.71

100 291 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88

26 .050 4.23 3.37 2.98 2.74 2.59 2.47 2.39 232 227

.010 7.72 5.53 4.064 4.14 3.82 3.59 3.42 3.29 3.18

.001 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64

100 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87

27 .050 421 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25

.010 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15

.001 13.61 9.02 7.27 6.33 5.73 5.31 5.00 4.76 4.57

100 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87

28 .050 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24

.010 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12

.001 13.50 8.93 7.19 6.25 5.66 5.24 4.93 4.69 4.50

.100 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86

29 .050 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 222

.010 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09

.001 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4.64 445

S .100 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85

§ 30 .050 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 221

g .010 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07

E .001 13.29 8.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39
=}

5 .100 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79

-ﬁ 40 .050 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12

N .010 7.31 5.18 431 3.83 3.51 3.29 3.12 2.99 2.89

.001 12.61 8.25 6.59 5.70 5.13 4.73 4.44 421 4.02

.100 2.81 2.41 2.20 2.06 1.97 1.90 1.84 1.80 1.76

50 .050 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2.13 2.07

.010 7.17 5.06 4.20 3.72 3.41 3.19 3.02 2.89 2.78

.001 12.22 7.96 6.34 5.46 4.90 451 422 4.00 3.82

.100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74

60 .050 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04

.010 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72

.001 11.97 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69

.100 2.76 2.36 2.14 2.00 1.91 1.83 1.78 1.73 1.69

100 .050 3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 1.97

.010 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.59

.001 11.50 7.41 5.86 5.02 4.48 4.11 3.83 3.61 3.44

.100 2.73 2.33 2.11 1.97 1.88 1.80 1.75 1.70 1.66

200 .050 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93

.010 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50

.001 11.15 7.15 5.63 4.81 4.29 3.92 3.65 3.43 3.26

.100 2.71 2.31 2.09 1.95 1.85 1.78 1.72 1.68 1.64

1000 .050 3.85 3.00 2.61 2.38 222 2.11 2.02 1.95 1.89

.010 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 2.43

.001 10.89 6.96 5.46 4.65 4.14 3.78 3.51 3.30 3.13

(continued)
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Appendix Tables A-19

Table A.9 Critical Values for F Distributions (cont.)

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
1.87 1.82 1.77 1.72 1.68 1.66 1.63 1.61 1.59 1.56 1.52
2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.84 1.82 1.77 1.72
3.13 2.99 2.85 2.70 2.60 2.54 2.45 2.40 2.36 2.27 2.18
4.56 431 4.06 3.79 3.63 3.52 3.37 3.28 3.22 3.06 291
1.86 1.81 1.76 1.71 1.67 1.65 1.61 1.59 1.58 1.54 1.51
222 2.15 2.07 1.99 1.94 1.90 1.85 1.82 1.80 1.75 1.70
3.09 2.96 2.81 2.66 2.57 2.50 2.42 2.36 2.33 2.23 2.14
4.48 4.24 3.99 3.72 3.56 3.44 3.30 3.21 3.15 2.99 2.84
1.85 1.80 1.75 1.70 1.66 1.64 1.60 1.58 1.57 1.53 1.50
2.20 2.13 2.06 1.97 1.92 1.88 1.84 1.81 1.79 1.73 1.68
3.06 2.93 2.78 2.63 2.54 2.47 2.38 233 2.29 2.20 2.11
4.41 4.17 3.92 3.66 3.49 3.38 3.23 3.14 3.08 292 2.78
1.84 1.79 1.74 1.69 1.65 1.63 1.59 1.57 1.56 1.52 1.48
2.19 2.12 2.04 1.96 1.91 1.87 1.82 1.79 1.77 1.71 1.66
3.03 2.90 2.75 2.60 2.51 2.44 2.35 2.30 2.26 2.17 2.08
4.35 4.11 3.86 3.60 3.43 332 3.18 3.09 3.02 2.86 2.72
1.83 1.78 1.73 1.68 1.64 1.62 1.58 1.56 1.55 1.51 1.47
2.18 2.10 2.03 1.94 1.89 1.85 1.81 1.77 1.75 1.70 1.65
3.00 2.87 2.73 2.57 2.48 241 2.33 2.27 2.23 2.14 2.05
4.29 4.05 3.80 3.54 3.38 3.27 3.12 3.03 2.97 2.81 2.66
1.82 1.77 1.72 1.67 1.63 1.61 1.57 1.55 1.54 1.50 1.46
2.16 2.09 2.01 1.93 1.88 1.84 1.79 1.76 1.74 1.68 1.63
2.98 2.84 2.70 2.55 2.45 2.39 2.30 2.25 2.21 2.11 2.02
4.24 4.00 3.75 3.49 3.33 3.22 3.07 2.98 2.92 2.76 2.61
1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.42 1.38
2.08 2.00 1.92 1.84 1.78 1.74 1.69 1.66 1.64 1.58 1.52
2.80 2.66 2.52 2.37 2.27 2.20 2.11 2.06 2.02 1.92 1.82
3.87 3.64 3.40 3.14 2.98 2.87 2.73 2.64 2.57 241 2.25
1.73 1.68 1.63 1.57 1.53 1.50 1.46 1.44 1.42 1.38 1.33
2.03 1.95 1.87 1.78 1.73 1.69 1.63 1.60 1.58 1.51 1.45
2.70 2.56 242 227 2.17 2.10 2.01 1.95 1.91 1.80 1.70
3.67 3.44 3.20 2.95 2.79 2.68 2.53 2.44 2.38 2.21 2.05
1.71 1.66 1.60 1.54 1.50 1.48 1.44 1.41 1.40 1.35 1.30
1.99 1.92 1.84 1.75 1.69 1.65 1.59 1.56 1.53 1.47 1.40
2.63 2.50 2.35 2.20 2.10 2.03 1.94 1.88 1.84 1.73 1.62
3.54 332 3.08 2.83 2.67 2.55 2.41 2.32 2.25 2.08 1.92
1.66 1.61 1.56 1.49 1.45 1.42 1.38 1.35 1.34 1.28 1.22
1.93 1.85 1.77 1.68 1.62 1.57 1.52 1.48 1.45 1.38 1.30
2.50 2.37 2.22 2.07 1.97 1.89 1.80 1.74 1.69 1.57 1.45
3.30 3.07 2.84 2.59 2.43 232 2.17 2.08 2.01 1.83 1.64
1.63 1.58 1.52 1.46 1.41 1.38 1.34 1.31 1.29 1.23 1.16
1.88 1.80 1.72 1.62 1.56 1.52 1.46 1.41 1.39 1.30 1.21
2.41 227 2.13 1.97 1.87 1.79 1.69 1.63 1.58 1.45 1.30
3.12 2.90 2.67 242 2.26 2.15 2.00 1.90 1.83 1.64 1.43
1.61 1.55 1.49 1.43 1.38 1.35 1.30 1.27 1.25 1.18 1.08
1.84 1.76 1.68 1.58 1.52 1.47 1.41 1.36 1.33 1.24 1.11
2.34 2.20 2.06 1.90 1.79 1.72 1.61 1.54 1.50 1.35 1.16
2.99 2.77 2.54 2.30 2.14 2.02 1.87 1.77 1.69 1.49 1.22
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Unique Paper Code : 12271602

Name of the Paper  : Development Economics- |1

foeme srfamr -11
Name of the Course : B.A. (Hons) Economics — CBCS CORE
Semester VI
Maximum Marks : 75 marks

Instructions for Candidates

1. This paper consists of 6 questions. Answer any 4 questions
2. Marks of each question are written alongside the question

3. Answers may be written either in English or in Hindi, but the same medium should be
used throughout the paper

et ¥ fog @A
1.3 99 § 6 T gl Al W1 4 99« & &
2. T T % 7 T % Ay o Ty @
3. ST HUSt AT RBar H o ST "Fd g, AT ¥ 49C H UE gl ATEAH AT
ST T ST A=Y

Q1. a) Show the preferences of a couple over the number of children it wishes to have and
‘other goods’ using indifference curves, when children are to be taken on the horizontal axis
and other goods on the vertical axis. What will be an ‘optimal’ fertility rate in this society,
when all goods, including children, are considered essential and normal goods?
b) Show what happens to the fertility rates if:
I.  Family income increases from sources other than wage income.
ii.  Family income increases as a result of increase in wage income where it is given
that women have to divide their labor time between raising children and being a
part of the labor force.
iii.  How would your answer to part ii change if wages were to go up exclusively for
men? (9.75+9)

1. a) IIENFAT T2dT KT ITANT FL, IFI 0 GCAT ¥ T TIHE % =9 UF Al Al
FUTATSA T (@, ST TGl FT AT deT I o/ F7 SATaT 8 3T AT qIHI Fl SHeATeT T8



T TH HATS H UF TIGH TS\ &< FT gR(l, ST agl Aigd Tl TJEqel ®l Aa9qe 3T

HTHTT FTHIE AT AT 872

b) fa@Tt o IsT== 3 &1 #7471 2T § Afa:

i. TSTERT ST o STATAT 3T=T STl & ITAT AT FEdl gl

ii. ToTgET o § i F aRuTHEEET qTiETE o § i gt 8, et a8 " St
g T Afgarst &1 agi 7 9T $fY A9 o1f<f 7 U Ze6r g & a9 9497 97

aay AT AT 9gar 2l
jii. =TS e TRUT & &l T § g RO AT SATTHT ii T IAC 78 Fael1? (9.75+9)

Q2. a) Consider an economy plagued with high levels of informal employment. Give your
opinion on what would happen to the size of the informal sector if policy makers embark on
Keynesian expansion to increase formal sector employment?

b) Given below is the production function for a family farm in country Zee, where income is
shared equally:

No of workers 1 2 3 4 5
Output ($) 1000 1800 2400 2800 3000

If the costs of migration are zero and there are 50% chances of anybody getting urban sector
job that pays $1300 per annum, then:
I.  How many workers will migrate from this family farm to the urban sector?
ii.  Will the number of workers migrating change if the total family income, whether
from the urban sector job or from the family farm, were to be pooled and shared
equally? (8.75+10)

2. @) FAATTATI LS o 3g €T ° TEq TATTEAT TOITSAT H, SHIATIH &7 o TSHITE &l

et % forg, Fifa Fataren T FAEEa Fea &7 09T av S| 9= S % /T FT 4T
2T, 39 9% (9T 107 &

b) = 9T ST F T UTRATE ©d (o0 IcATad oA (<47 AT &, ST T THET €9 |

ATAT T AT 2
qten! &f G T | 1 2 3 4 5

IqTEA($) 1000 | 1800 2400 2800 3000




T TATHA ol AN 9 ¢ AT AL &l ATy, ST I a9 $1300 FT aa+ It &, I il
et T =f=F it 50% FATaAT 2, ar:
i TH UTIETIGE O | gLy &= | fohael A0 Iera dr?
ii. AT TATIT A ATl AT 0l HEAT H IR T AQ Fd AT AT i,
T AT &7 T AR T FHHTAT AT AT ITRATE & |, Teh 1 THT FHAT 70

T qHTT T § qTAT AT SITU? (8.75+10)

Q3. Explain how well-implemented land reforms, involving redistribution of land from land
owners to landless, can lead to a rise in labour supply in rural agriculture markets? Use

suitable diagrams to explain your point. (18.75)

3. #g F % il v e i T s e &, e i avfernt & qfedEt # s
e AT Su, R avg ariior ST sl § 9| arqfd § g g1 aedt g2 St ard
THETT & [oIT IUIH A@l T START H7 | (18.75)

Q4.a) Explain why land inequalities tend to rise in poor rural economies, characterized by
collateralized informal lending. Use a suitable numerical example to demonstrate your point.

b) Do you agree with the hypothesis that in rural credit markets, where the probability of
repayment of loan is exogenously given, the lenders earn no ex-ante return on their money

over and above their opportunity cost? Explain using a numerical example. (9.75+9)

T4. a) Faru & T ATET sreferaedTent ®, S o Hurhae sra=ties v o v fFerear
@Al §, qH TEAEATG FI TEAT 82 AAAT a1q TS (90q HeeA & o0 TFh UL HeATHE

SETELIT T ITANT Fll

b) AT 3T TH TFHIAT § HEHA & (o ATHIT ST AT H, STl F0T hl FahldT i THTEAT
FIETFT T & & T2 g, FHIETAT I AGEE AN & SATF 3T ITh FAL A9 T 9T Fls
TATIATT SATST A5l HAT &2 Teh HEATcHE IO AT STANT FHileh THATU| (9.75+9)

Q5. With reference to productive base, explain the concept of sustainable development and
its measurement. How does the relationship between existing and optimal capital stock

explain sustainable development? (18.75)



5. ITATEH ATLTE F HaH §, TAT [hTE il FTALTIOT A IHeh AT hl HTEAT v | HISE]

AT TEAH Yol AUSTE (FSI) o o1 G, qad (AT &l ve THATAT 52 (18.75)

Q6. Discuss the processes through which global economic integration affects the poor in
developing countries. What could be the best possible ways of safeguarding the interests of
the poor and the vulnerable sections of the society when these countries integrate with the
rest of the world? (18.75)

6. I TERATA UT FHT . o qTeqq & I et vdhsweor fswmsfer on § et
T TATTAT AT gl T T 39T dTehl AT & T Tl Fd g, qI TS 6 T 30T
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Name of the Paper : Environmental Economics
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Semester : VI

Duration: 3 hours and additional one hour for down loading question paper and scanning and
uploading copy of the answer sheet

Maximum Marks : 75

Instructions for Candidates: Answer any four questions. All questions carry equal marks. Answer may
be written in Hindi or English but the same medium should be followed throughout the paper

Tienffal & fog Fawn: fegl W IR usi & SR AR | Tt uell & s TaH ¢ 1 SR B an
Sl ATemm U o Yohd § Afe N AR N U &) H1eqH o1 ura foam S anfeu|

Q1. (a) Distinguish between weak sustainability and strong sustainability paradigm. Which of the two
approaches is ecologically sensitive?(9.75marks)

(b) Distinguish between Biocentrism and Anthropocentrism. And give appropriate examples. (9
marks)

Q1 (3f) HHSR FRRAT 3R Fofgd FRRdT UfaHH & o1 IR Fd1gy | GH1 H 4 S A1 D101
iRfRUfI® U ¥ Hae=id 82

(&) Shiageare 3R AFaRIRE & e SUH IETE0N ¢hR 3R Iy |

Q2. Write short note(any two) on:

(i)User value and non user value.
(ii)Hedonic values and prices.

(iii)Tradable permits.

Q2 Hfere e ford (@1 2 Qy:

(i) STTANTH T Hed 3R TR YT Yoo |
(ii) TSP Jed AR DA |

(ifi) SATIR I1g WRIAC |

Q3. Consider the fishery example under two institutional arrangements: open access and private
property regimes (the regime where individual profit maximising firm operates with a particular
structure of well defined and enforceable property rights to the fishery). Use this example to show
that the “Tragedy of commons” should be replaced with term “Tragedy of open access”? Explain
your answer with appropriate diagram.(18.75marks)



Q3| & TRITT TIRITS & dIgd Ao ITRUT TR [TaR & Gait Ugd SR fon Jufxy e
(R 15T AfaTd AT SHTYFHaH T HSel ara & ol Srest ok I aRUd iR ar A
I GUfy BRI B U fIRW e & Fry eiferd g1t ) | U6 famm & R 3g Iererur o
JUART B o 1= AT bt ARIE] Dl "Gl Ugd Bl AT s Y Fadl ST A1fgl? Sfad
3G o 1Y 3T R T |

Q4. Write brief note on:

(i)Coase Theorem and its policy significance.
(ii)Precautionary Principle.

(iii)Economic incentive as a type of environmental regulation.
Q4 | Ffére e forg:

(i) Coase g ﬁ?%ﬂﬁ:ﬂﬁq@al

(ii) Qﬁﬁa'l?ﬁ(Precautionary) Rrgial
(ifi) TATaROTY faf e & T TSR & ¥U H o1ffe Ui |

Q5. (a)Consider a steel mill that is a monopolist in the goods market. The inverse demand function
for steel production is D(Q)= 10-Q. Its marginal cost MC(Q) is constant and is equal to Rs.2. It
produces smoke which is proportional of steel output (Q). Suppose the marginal damage from
smoke is Rs.2 per unit of steel output and the monopolist is charged a Pigouvian tax of the same
amount. Calculate:

(i)Unregulated output of steel, output with the Pigouvian tax and socially optimal output in the
presence of the externality(smoke).(3marks)

(ii)The deadweight loss from unregulated monopolist taking into account the social cost of steel
production.(3marks)

(iii)The deadweightloss from the Pigouvian tax.(4marks)

(b) Explain the concept of excludability and rivalry in the context of public goods and bad. In which
category would you classify the following commodities?(8.75marks)

(i)Wired parks with controlled access.
(ii)Carbon emissions.
(iii)Acid Deposition

5 (31) U TId e TR faaR &1 ot avg SoIR H T TeR! § | Wid SdTe- & forg ufaad A
BaH D (Q) = 10 - Q B | 3T AT a1Td 2 T W fRR B 1 78 Y31 Va1 a1 8 S 3T IdTe (Q)
& AU BT 8 | T hfoTe o 4u & Fid afd ©ia Sare & 2 30l ufd gfie B, toiier
ﬁ@?ﬁﬂ@[ﬁgovian%ﬂﬂmm%mw:

(i) T BT il ST, Pigovian ¢a & 1Y 3TITYC 3R FEIdT (YU) ! Iurufa d
AT U § SPad IdTe |

(ii) T IATG Dt HTSID AN DI &M H 3@ gU AT UHIUBR I Deadweight Loss |




(iii) Pigovian ¢ T Deadweight Loss.

(b) TSI Tt 3R g eR® & TaH & sfgwar oiR ufagfedr &1 sraurRunm & gHmsu|
319 foe 9oft & FofaRad axgsft &1 aiffera e

(i) Ffd Ugd arel §G SEM (Wired Park) |

(ii) PTET SToI |

(iii) 3¥ET T STHTG (Acid Deposition)

Q6. State the conditions under which Stated preference method is superior to Revealed preference
method . Explain different types of constructed markets. What are the difficulties in this
method.(18.75marks)

Q6| WW%aﬁﬁaﬂ'@ WWW%@[ (Stated Preference Method) q Yd 3HfIHH
gald (Revealed preference method) %I faftr yepR & FAfHfd SRl 3t ArRs B | sﬂﬁfﬁﬁw
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Name of the Paper: Financial Economics

Name of Course: B.A. (Hons.) Economics — CBCS — DSE
UPC: 12277612

Semester: VI

Duration: 3 Hours Maximum Marks: 75

Instructions to Candidates:
o Use of scientific calculator is allowed.
o Attempt any four questions out of six.
o All questions carry equal marks. Subparts of a question carry equal weightage.
o Answers may be written either in English or in Hindi; but the same medium should be used throughout
the paper.
et & ford fArd=
. AT Pepaex P ST B SFAM B
- B 8 ¥ fodft oft IR vl 1 SR SifoRd |
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1. (a) Define NPV and IRR. Which of these criteria is the most appropriate for investment evaluation?
Explain your answer with the help of an example.

(b) Find the duration D and the modified duration Dwu of a perpetual annuity that pays an amount
A at the beginning of each year, with the first such payment being 1 year from now. Assume
constant interest rate r compounded yearly.

(c) The current price of government treasury bonds is as follows:

Maturity (in years) Coupon Price
1 0 percent $97.474
2 5 percent $99.593

Assuming all coupons are annually paid with each bond having a par value of $100. What are
the 1-year and 2-year spot rates? What is the forward rate between year 1 and 2?



1. (31) NPV 3IR IRR & URHIT H¥ | 9w & Jeaice & forT 398 ¥ D9 I1 AU S T
IUYH 27 Tb ISTeRUT 1 Hac F ST IR I |

@) UAH TY P! YBATT T U AR BT YA B aTal T Fad alsap! bl 3fafdr D 3R I=ifdra
34afy pm I, S Ude I Bt YT § T T BT YA Rl §, 39 IRE &1 Ugal
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(F) BRI 2o g8 BT adHH Hd FETaR @:
Maturity (in years) Coupon Price
1 0 percent $97.474
2 5 percent $99.593

A forn S fos U HUH &1 U a1 o A1Y $ 100 BT T Jod fear A g | 1-99 3R
2-ug Wie ¥e T g2 I9 1 3R 2 & o9 Bt R FAT g2

2. (a) The CAPM changes our concept of risk of an asset from that of ¢ to that of B. Show this by
deriving the relationship between the expected rate of return of an individual asset with its
individual risk.

(b)What is short selling? Discuss how the optimal set differs under short selling as compared to
without short selling.

(c) Consider a risky venture with a per unit share price of $875 which is expected to increase after
a year. The standard deviation of the return of the venture is o = 40%. Currently the risk to $1,000-
free rate is 10%. The expected rate of return on the market portfolio is 17%, with a standard
deviation of 12%. Find the expected rate of return of this venture and the expected rate of return
predicted by capital market line. Compare the two and comment.

2. (3f) Yot ufkeiufty Jea FeRor Afed (capm) Te TREURT & SIRGH &1 §HRT SIAURUM &1 o I
B P S § Siad ST & | 30 SR SIRAH P 1Y Teb HGRITd Yufe b1 ar=f) Bt
3Uf&rd e & oI Heiy UTed Hob 39 famy|

(@) TS JfeiT 1 ]2 Tl B fb 2 HH foep! & 91 3par A H fop & ded T glar g |

() $ 875 Ufd e VIR B! B o A1 T SIRIH HR ITH IR R & 511 U 1 a1

e @1 IR 3| ITH B! AU T AFS AT o= 40% € | TAHH H $1,000-Had &R B
SR 10% § | FTOTR TICWHITer TR ATl &t SOférd ax 17% ©, FoRH 12% &1 4 faga 3|
3G 3T B IO B OfET <R SR Ut ITOTR Y gRT SITHIG Ufothd i 3férd = 31
DT | S Bt qorT b femquft wiford |

3. (a) Atrader owns a commodity as part of a long-term investment portfolio. The trader can buy the
commodity for $950 per ounce and sell it for $949 per ounce. The trader can borrow funds at 6%




per year and invest funds at 5.5% per year. (Both interest rates are expressed with annual
compounding.) For what range of one-year forward prices does the trader have no arbitrage
opportunities? Assume there is no bid—offer spread for forward prices.

(b) The price of an American put on a non-dividend-paying stock is $44.5. The stock price is $408,
the strike price is $410, and the expiration date is in 6 months. The risk-free interest rate is 2.5%
per half year. Derive upper and lower bounds for the price of an American call on the same stock
with the same strike price and expiration date.

(c) What is the effect of change in risk-free interest rate and future dividends on price of an option?

3. (37) U TR} SreepIiere Max Uil & 3 & U H U HHIfSel o1 Hiferd § | IRy
gfa 3 $950 & forw HAIfect Wiie Todl § 3R $949 Tfd 31 & forw 5= Gopdt 8 | It ufd
¥ 69 TR YRIRT IYR & bl & 3R Ul I 5.59% TR ¢ HT I B bl g1 (G ST
R DI AMS Thgfe & AT e [HAT AT 8 1) T I8 DI 3F] B DA & [ ATART &
U $Ig ALY IR ol 82 HH o fb 31 &) S1Hal & fofe ol aell-udrd 98l e g

@) IR-ATHIY- YA a1 Wids TR TIT Y U 3AReT B BT $ 44.5 81 TR B! HIAd $
408 B, CIZH T $ 410 ©, 3R THIG B dRIG 6 He M | g | SIRGH Jad ST &) Ufd ST
2.5% g1 U Bl e Jod 3R I fafd & I T 81 Wid R TH SRS did Bt Had
& fo SRt SR e i &t e |

(¥) & fadey B HIAd R SIREH-Ho STel &R SR HII® & iRt # uRadH &1 o1 UH1a
82

4. (a) Explain the difference between Futures and Forwards Contract.

(b) Suppose that a futures contract with 4 months to maturity is used to hedge the value of a
portfolio over the next 3 months in the following situation:

Value of S&P 500 index: 1000

S&P 500 futures price: $1,010

Value of portfolio: $5,050,000

Risk free interest rate: 4% per annum

Dividend yield on index: 1% per annum

Beta of the portfolio: 1.5

One futures contract is for the delivery of $250 times the index

i.  What position the company will take in futures contract?
ii.  Calculate the gain/loss from the futures contracts if index and futures price turn out to
900 and 902 respectively.
iii.  Calculate the expected value of the portfolio and the hedger’s position at the end of 3
months.



(c) It is possible to buy three-month call options and three-month puts on stock Q. Both options
have an exercise price for $60 and both are worth $10. Is a six-month call with an exercise price
of $60 more or less valuable than a similar six-month put? Show.

4. (31) TR 3R THRAS dBicde & d1d 3R WY HY |

(@) 1 Ao fos uRuepdr o ford 4 781 & fort Ues araaT ey o1 ST fRafafad fRufa o
3T 3 ST § Ueb TSI & Hedl 1 Bl A b 7T bt S &

Value of S&P 500 index: 1000

S&P 500 futures price: $1,010

Value of portfolio: $5,050,000

Risk free interest rate: 4% per annum

Dividend yield on index: 1% per annum

Beta of the portfolio: 1.5

One futures contract is for the delivery of $250 times the index

(i) HT TR Bi-cae | 1 UIoiI= o
g)\_ﬁn@gﬁéawﬁm%ﬁaﬂwaﬁuﬁ EST 3R R & BT HHT: 900 3R 902
|

(iii)) 3 A & 3fd & UICHIferl & AT Hed 3IR 3o Bt (Ufd Bt 0T i |

@) T-AEH & DI ARG WA THT § 3R i A Wb q W 3Gl gl gl faded! &1
JUTNT T $60 & 3R G B B $10 81 B8 HelH o Je BI gaT H $60 T 3TV HH Jegd
T Hed & 1Y T Ao &1 did g7 GRSy |

5. (a) Explain four ways in which a company repurchases its stocks.

(b) “M.M. Proposition warns us that higher leverage increases both expected equity returns and
equity risk. It does not increase shareholder value.” Explain with the help of an example.

(c) “The dividend policy is irrelevant in a world without taxes, transaction costs, or other markets
imperfections.” Explain with the help of an example.

5. (31) Ueh U1 & YR Bl GHERIE Y & IR dib §elrsd |

@) “M.M. TEITd 85 Iara-t SaT g T 3= I (leverage) H 3o sféct e ik 3
SIRGA GHI ¢ O & | I8 RURS Hed | i ol Rl g |" Th I&ex0 &I Heg § H |

() AT A T B, AT NI, T 3 STSIRT 1 @il & o1 Ueb gfvan | surifiies
81" U JaTexUI B Hea 4 FH|

6. (a) Rank the following bonds in terms of descending duration (without calculating) and give
reasons for the for the same:



Bond | Coupon | Time to Maturity Yield to Maturity
A 10% 30 years 10%

B 0 30 years 10%

C 10% 30 years 7%

(b) If returns are positively correlated, it is more difficult to reduce variance and there may be a

lower limit to what can be achieved. Show mathematically.

(c) What do we mean by Principal Protected Note? Explain using example.

6. (31) 3faRIe! fafe (U & forT) & T # Ffeiad aivs &1 ¥ o3 3R I fofg HRUT S

Bond | Coupon | Time to Maturity Yield to Maturity
A 10% 30 years 10%

B 0 30 years 10%

C 10% 30 years 7%

@) Tfe UfIhd THRIAS 70 T JgUsfdd g, af Fradl o1 S8 HA1 31w B g 3R o g1fird

T ST T § I e AT 8 T g | TR ¥U 9 e |
(@) T WRFErT e J 1 AU 82 ISTE01 s A |




Name of the Paper: Financial Economics
Name of Course: B.A. (Hons.) Economics — CBCS — DSE
UPC: 12277612

Semester: VI

Duration: 3 Hours Maximum Marks: 75

Instructions to Candidates:
¢ Use of scientific calculator is allowed.
¢ Attempt any four questions out of six.
o All questions carry equal marks. Subparts of a question carry equal weightage.
o Answers may be written either in English or in Hindi; but the same medium should be used throughout
the paper.
uﬂ&rrfi'rq‘ra?ﬁﬁﬁ%sr
- ISP FAF R & IUTNT BI U |
- B8 U 9 fordit Wt IR il &1 IR iR |
- qft il & 3ieh THF B | U U & IU-UTT & 3ieh Hft T |
- IR 3f7h a1 il & ford o Ihd ©; Afh I UWR H T &1 A1 H1 SUAT fohdt S are |

1. (a) Explain the annual worth method with the help of an example. How does it differ from the NPV
analysis?

(b) What are price-yield curves? Explain the property of price-yield curves with respect of maturity,
coupon and yield to maturity.

(c) ANZ insurance company must indemnify a customer for a claim of $10 million in 1 year and
of further $4 million in 5 years. The yield curve is flat at 10%.

i. In order to completely fund and immunize the obligation using a single zero-coupon
bond, what maturity bond must the insurance company purchase?

ii. Derive the face value and market value of that zero-coupon bond?

1. (31) U IaIeRUI &1 Heg 3 altie Hed fafd &1 RedT ® | T8 Net Present Value(NPV) fa=ersor
I Y A g 82



@) H-3USI(price-yield) IF FT g2 TRUSI, HU 3R URUSHIT Bt I & T T Yed-
JUS Ieh 1 T DT ARAT B |

() ANZ ST SOt DI T U 1 1 98 H $10 Hfera iR oral 5 auf & $4 faferas &t
&g 1t TNRT I IUS a9 10% TR THAA 3

(i) T YLI-FH U Si<€ B JUIAN TP alId B I g I Ff 3R SrpTaor
¥ fore, S U= &t o uRuesdr §is WRteT afeu?

(if) S YI-HUA 18 1 3ifohd Ted 3R IToIR T Fab1ferd 2

2. (a) In Markowitz Portfolio Optimization Model, the efficient frontier of risky asset must necessarily
include the ‘special portfolio’ having least variance. Elaborate.

(b) Find the duration D and the modified duration Dwu of a perpetual annuity that pays an amount
A at the beginning of each year, with the first such payment being 1 year from now. Assume
constant interest rate r compounded yearly.

(c) Consider a world with only two risky assets, A and B, and a risk-free asset. Stock A has 200
shares outstanding, a price per share of $300, an expected return of 16% and a volatility o of 30%.
Stock B has 300 shares outstanding, a price per share of $400, an expected return of 10% and a
volatility o of 15%. The correlation coefficient pag = 0.4. Assume CAPM holds. Calculate the
expected return of the market portfolio, volatility of the market portfolio, the beta of each stock and
the risk-free rate.

2. (31) ATpITdC UIEmIferr HPHESRE Aisd H, SiRaAqu Tuft & Ha e H sawad &4
J foRiv Uidwifera  <nfiret g1 a1feT o &0 § A AR 81 aren Sifve |

@) gad aiifiet Bt 3afdl D SR NI 3/afd DM &1 Tal T, St Ul o o1 YT & Th
A BT YFTAH HRaT §, 39 A6 BT Ugal YIaH 3d J 1 38 g1 FARaR &1t &R r Bl [
IMMYR A |

() HId &l SIRIA el JU A, B 3R Shfed fgd dufti are gfar iR faar a1 ie A
T 200 VIR IHTT €, U AR $ 300 B B, 16% BI AU aTu=dT 3R SRR 0, 30% B |
Wi st H 300 WWR THMT &, Ui TR e $400 , 3rUfdrd et 109 3R R o, 15% B
TeHeY U AB = 0. 48 . A & CAPM § | SR UICWIferdl &t 30fda amefl, SR
QIEIferal o1 IfRRURAT, U Wi BT dleT 3R SHRGH-Had & Pt TUMET B3 |

3. (a) The common stock of the PTI Corporation has been trading in a narrow price range for the past
month, and you are convinced it is going to break far out of that range in the next 3 months. You
do not know whether it will go up or down, however. The current price of the stock is $100 per
share, and the price of a 3-month call option at an exercise price of $100 is $10.



i.  Ifthe risk-free interest rate is 10% per year, what must be the price of a 3-month put option
on PTI stock at an exercise price of $100? (The stock pays no dividends.)

ii.  What would be a simple options strategy to exploit your conviction about the stock price’s
future movements? How far would it have to move in either direction for you to make a
profit on your initial investment?

(b) Explain what is minimum variance hedge ratio?

(c) “One key factor affecting basis risk is the choice of the futures contract”. Explain the statement.

3. (3f) PTI HIURTH &1 M Wi U5 TEH & oL T o101 Hed a1 § HRISR R 6T 5,

3R 3T 314 & b U8 3Tel 3 HElHT # 39 AT & 9gd R 811 aTen @ 1 BTefifeh 319 g SfF
{3 I8 SR ST a1 e S| TH BT IaHH HEd $ 100 Ui TR €, SR $ 100 F STIN
T W 3-H8H & Hidl [ddhed B HIAT $ 10 ¢ |

(i) Tfe SRIH-Tard =TS &= Ufd a¥ 10% &, A $ 100 & SUINT eI W PTI LIh W 3 HGH &
e faehed 31 BiAd o1 g TR T? ((eTeb g arHizr gl T g )

(ii) €I g & Hid® DI Ugfd & IR H 30 [GY BT BRIGI I3 & oY Th TR fdbey
U o1 BT ST S0 B3I o< TR T HHM o o8 foaT aval SeoR BT g
)

@) A faeR01 89 SIUTd &1 TRAT DI |

() "SR ARIH DI GUIIT B Tl Th T SRS dIG] e BT [ddhed g | HUT Y
DI
(a) An investor purchases a stock for $38 and a put for $.50 with a strike price of $35. The investor

sells a call for $.50 with a strike price of $40.

i.  What is the cash outlay along with the payoff table for this strategy?
ii.  Draw the profit and loss diagram for this strategy as a function of the stock price at
expiration. What strategy does the final payoff look like?

(b) What is the difference between cash dividend, stock dividend and stock split? Which of these
would affect the number of stocks underlying an option contract and how?

(c) Explain covered call and protective put with the help of diagrams. What position in call option

is equivalent to a protective put.

4. (3f) TP 9 $38 T T Wik WRiedl g 3R $35 P TISH Jod & 1Y $50 H TP Y Wiigdl

21 IS $40 & WRH T & 1Y $50 & I dadl g

(i) 39 O P 1T YITaT T1erehT & W1 e URed &1 67
(ii) 39 0T & fore @y 3R g1 S & IHIfld W Wi Jed & U JHARIE & ©0 A
Raifed i | sifaw srerah fara IoMifa &t ave et 82



(@) TS TATHIT, T ATHTRT 3R T fAUTSH & i T 3R 82 370 DI T fadhed ey
I ST Wi BT TS BT YHIIT HIT 3R B2

() 3RW! B! HEG § HaR [T T Hid AR JRETAD e I TS| Hid TR H S 0
UoiR U Uefded e & sRIeR 8kl 8|

(a) “The value of the firm is unaffected by its choice of capital structure.” Explain with the help of
an example.

(b) “The dividend policy is irrelevant in a world without taxes, transaction costs, or other markets
imperfections.” Explain with the help of an example.

(c) Leverage increases the expected stream of earnings per share but not the share price. Explain
with the help of an example.

. (3) "Gl WRET & TG Y BH BT e SHHTIAd 61" Th 3e16R0l &1 Hag § JHS |

(@) "ATHTRT A T R, AR AT, 37 3 ST b1 QTR o foT g & i g 1
Tch IaTeRU &l Hag I GHAU|

() I (leverage) Ufd TR 3 b 3r0férd vrarg # gfg e & Afor TR & piaa & 7|
U 3IGT870l &I Hag I TH|

() Consider two 5-year bonds, one has a 9% coupon and selling price Rs 110, the other has 8%
coupon and sells for Rs 95. How will you construct a 5-year zero coupon bond from prices of the
above coupon bearing bonds?

(b) Consider the following options portfolio. You write a January expiration call option on IBM
with exercise price $195. You write a January IBM put option with exercise price $190.

i.  Graph the payoff of this portfolio at option expiration as a function of IBM’s stock
price at that time. Assume equal cost for call and put for this part.

ii.  What will be the profit/loss on this position if IBM is selling at $198 on the option
expiration date? Here, assume that the cost of Call option is $0.01 and of Put option is
$1.75.

(c) The price of an American call on a non-dividend-paying stock is $44. The stock price is $520,
the strike price is $516, and the expiration date is in 6 months. The risk-free interest rate is
2.5% per half year. Derive upper and lower bounds for the price of an American put on the
same stock with the same strike price and expiration date.

6. (31) 5 a4l Tl 98 W fIAR SIS, Teb & 9% HU 3R faha Yed 110 U4 §, TR H 8%
FU 3R 95 T fahg Yed §1 ST HUH 3RR S B! B! F 3T 5 I BT T
$U S8 HY FATEN?




@) Fafafad fowedl & UICHIfcrl W fGaR H3| 310 ITART Jed $195 & 1Y IBM TR Th
SHa THIGT BId fadhed gd ¢ | 310 STANT Hed $190 & Iy U SHa’! IBM Ue faded

AT
(i) S99 IBM & LI T & TP o & &0 H fadhed JHIW IR 59 Ui el
& YT BT AT §128 | HId 3R Ye & [ G ara A= o |
(i) TS 1BM fahed gaTfee faf 1R $108 R 9= @1 @ o 39 fRUfy e/ g«
gt Igl, 7 o fob Pl fadhed & @1 $.0.01 € 3R Ye fadwed $ 1.75 8

@) IR-AHY-HTAH aTel Tieb TR Tep SARBT Bicd BT B $44 &1 AT BT BIA $520 B,
WIEH ¥ $516 8, AR THIT ST IRIG 6 Tel- B | SRGH Tad =a7o1 &= Ufd SHTE! 2.5% B |
TP & RS Jed 3R JHIG Bt ARG & 1Y TH 51 Wb IR U ARSI G B HIAd o fad
SR IR e 1 HF T B |
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et & o &der

1. TFegl IR 9T & 3R S |

2. gy gt & 37 AW § |

3. 9ol T IR REY 3ryar AN AeIH & fo@r S Ghdl § Weg Tl weat
3¢ Ush &1 #ATETH H glell ATy |

1. Discuss the two principal segments of maritime Asian trade from the vantage point of
India.

A & R Rg & RIS W AR & ae wet i ae A

2. Discuss the major European trading companies engaged in the Euro-Asian Trade in the
seventeenth and eighteenth centuries.

TAEd dUT 3OREd! Adledr # JU-URIAS MR ﬁafrgcag@a@thwwcrrﬁm
Hufadt $r Tar |
3. “It was the failure of the Dutch East India Company (VOC) to comprehend the potential of private

trade that caused the Dutch to fall behind in the race against the English and the French in the Indian
Ocean area.” Comment.

"Ig 3T ¥ 3T HUAT (VOC) Fr s R dr &7dar & THsTeT T [Aheld]
A e g AR &7 # ST HUel ol 3ol TUT HIEET SHafedh i Jorelr
# N ois " feogoft 1)




4. Discuss the historical evolution of the Indian merchant communities in Malacca under the
Portuguese rule in the 16" century.

16l QUcTecl AYIITE ATHA & I HelshT H HRCAT AR FHST &
g fasha o ==l HY

5. “From the late sixteenth century on, the portfolio capitalist was a characteristic feature of
the Indian political economy both in northern and southern India with some subtle
differences.” Discuss.

"Hergdl AAredl & 3Ty @, A dehard 398 v gfaoh oRa A Fo gaA
A & JTT ARG JTolaifaes JTcTaeer 1 v JRse [FAvar & "o=7 ffey
|

6. What was the role of the opium trade in integrating Sindh into the global colonial
economy? Discuss.

e & aRaes HfaRIw (colonial) 3TeTaEUT H Tehlehd el H HHH AUR
& Far ffAsr A7 == |
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1. Answer any 4 questions.
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et & o &der

1. TFegl IR 9T & 3R I |

2. gy gt & 37 AR § |

3. 9ol & 3R REY 3ryar 3wl Aregs & fo@r S @hdl § Weqg Feft geaAl @
3T TS & ATCIH H gl =R |

1: What were the factors which helped India play a key role in the successful functioning of the
trading networks in the Indian Ocean at the beginning of the 16th century? Discuss.

J PiT T FRE U Sleeeil6 dF qdredy & IRFH & 8 AR #H Iaies a9 &
Thel 1 qeUfdd HRA Sl Agcaqul Al A H Hgraar e == |

2. Do you agree with the view that future generalizations on the Portuguese enterprise in Asia
have to adopt a more complex vision than simply seeing it as a “redistributive enterprise”?
Explain.

FIT AT 39 T H TeAd & fob AAST H TRAAT F qa9melr 3¢TAT &l shad Th

S

YATIROT 3¢TH & &7 H 3T & T W 3! SATeeAcl Pl FHSA T T el




q3eM? HHSST |

3. Examine the view that the distinguishing feature of the Dutch East India Company as
compared to the other European companies operating in Asia was its large-scale official
involvement in a highly profitable network of intra-Asian trade.

‘ST UGl I TRIAT A Flleld 3+ AT 3cTAT § T lel dlell QAN
¥ 8 9@ Al - HR-URITS AR & Ik AMERS dAcash H $HHT 93 YA
W TS AR | eqredr &Y |

4. Discuss the importance of private trade in shaping the Asian trading world.

TS SATaRes g T 3R & A el SR & #Hged & Tl HifSw]

5. Critically examine the role played by portfolio capitalists in the Indian political economy in
the 17" and 18" centuries.

17 dF 3R 18 df araredy # HRAT Totelicish-3rdegaedr # qEwmifoadr qeliafadr Hr
HIAPT T eiraelicss GETT HY |

6.What were commonalities and differences between ways of the consumption in the courts of
India and the cities of the Netherlands in the early modern era? Discuss.

IRAF MYfAF T # HRA & ISIeITRT TUT AleIels & AR & 3T Hir Jfdat
H 7 AAIT T 3iaT A2 IAT HfST|
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1. While Financial Globalization opens up many opportunities for economic development
but possesses many challenges for the economy. Explain this statement with reasons

in context of |ndia.wﬁﬁ?ﬂuéaﬁwaﬁ$m%ma§a@rwm
HRAl § AUy 599 Srfeqawit & g aga I geifaal W Fifga el & 1 yRa &
He¥ d 9 & 1Y 5H FUT DI ATST ¥ |

2. What are the major changes required in direction and composition in India’s Foreign

Trade policy to achieve the export led growth strategy? frafa ofva e orifa
DI YT H3A & T YR & fadwr samuR fifa ot fezn wg SR A #9 3
i ®1 SmaRaPar g ?

3. Discuss the major labor market reforms and suggest remedial measures in addressing
irregularities exist in Indian Labor Market. Y WWﬁﬂTﬁﬁﬂﬂfaﬂﬁEE
YRAIT 4¥ IR § 1 sifrafiaarsii & fFRevor & e SuartEs surd

sdgHAE I

4. Ensuring food security and containing food price inflation are two major challenges
before Government while managing food grain production. Suggest suitable measures

in achieving these targets. mm‘r%mm%wm%ﬁumm&nﬁ
i T SR ETeTsl B Faa g B i $ WeR & que
WA i € | 31 A& &1 UTd B3+ 7g 3Id Surd 9ang|

5. What are the problems persists in Indian Agriculture which affects the prosperity of
this sector in catering the needs of the economy? How those problems can be



addressed? Wﬁﬁﬁ@ﬁﬁm%ﬁuﬁua@wﬁ
SATIAH AT DI RTHIA | 39 QTP P gl B YUIIIT Bl € 2 5
U3 BT AU HH YT 8 ?

. “Make in India” requires a comprehensive and target oriented strategy to fulfills the
objective. Explain this statement in context of improving manufacturing sector and

increasing exports. " ﬁa?s?g%m " %@waﬂmﬁ%mwﬁm 3R
A&NqE I 3rmawa® g | faf~wtor & & fawra ok Fafa d gfe & e o
I HY I AT HIfoT |
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Tt st & sis gE B 1 fpg! ot IR el & IR Sifor |

Quesl. (a) Differentiate between Exogenous and Endogenous money supply curves. What
will be the impact of following events on each of these curves?

i.  Rise in excess reserves holdings of banks (ER)
ii.  Increase in use of digital mode of payments
iii.  Central bank reduces the required reserve ratio (12)

(b) Discuss Free-rider problem in aggravating adverse selection and moral hazard problems
in financial markets. (6.75)

1. (3) CISI] (Exogenous) 3R 3f=eita (Endogenous) Hal \’flTlIﬁ g o SR 9arzy | 399
TP Isb R AfIRad ge-18H o1 oI YHTd T

(i) P! & sifafved smfdm HeR # gf (ER)

(i) YT b Fefoiee Hig & Iuan # gfa

(iii) HET b TIPSR SIUTd DI HH BT § (12)

@) foxfta IoRY & ufded 997 3R e TR o guwmsit & e amvrff v o
T4l B | (6.75)

Ques2. (a) “A key financial innovation in the 1980’s that dramatically influences the role of
financial intermediaries is the phenomenon of Asset Securitization”. Briefly explain this
statement. (8)

(b) Critically examine how the MCLR system is an improvement over Base rate system.

(10.75)



2. (3f) "1980 H T HedqU! facid AR il faviTa Teael 1 YfHdT & Alcdh i &0 4
guTfad Hrar 8, aRTufy ufaufas o &t gear 3" | Gau H 39 HU B Re BT (8)

&) MCLR Vel o Ye Tl & YUR B4 § SHTera-Tede R Hiford | (10.75)

Ques3. (a) A Coupon Bond maturing in one year has a face value of Rs.1000 and coupon rate
of 8%. If the market interest rate is 6% at the time of purchase, calculate:

i.  Price of the coupon bond
ii.  Current yield
iii.  Yield to maturity of this bond

What effect would a rise in the market rate of interest to 8% have on its price and yield? (12)

(b) What properties should a variable have to serve as an intermediate target of monetary
policy? (6.75)

3. (%) U 98 H URUS 811 a1 U HUA di< Pt B 1000 T 3R R 8% g1 TS Wig
P JHY FSTR D1 TS &R 6% @, Al T DY

(i) PUF SIS DI HiId

(i) ITHHE TS

(iii) 39 §¢9 P! TRTSHAT DI AR

TS P TR &R T 8% 1 Ifg T 3D SIAd 3R IUST W FTTHE TS (12)
(@) T TR b Hifeep Ifd P Aegadl deg & = H 1 BT 1w (6.75)

Ques4. (a) Suppose investors prefer one year bonds to two year bonds and will purchase a
two year bond only if they expect to receive an additional 4% over the return from holding
one year bond. Currently one year bonds yield 5% but investors expect yield to fall to 4%

next year.

1. Which of the three models of term structure of interest rates is relevant in this case?
Give reason.
ii.  What is the yield on 2-year bond?
iii.  Is the yield curve upward sloping, flat or downward sloping? Give reason. (6.25)

(b) Suppose a call option on a stock has an exercise price of Rs. 700 and a cost of Rs. 20, and
suppose you buy the call option. Identify the profit to your investment, at the call’s
expiration, for each of these values of the underlying stock: Rs. 250, Rs. 700, Rs. 1000, Rs.
690, Rs. 710.

(12.5)



4.(30) A R b Fawres Tep & <) 1 3 9 &) IR $Rd & 3R &) I1el & §is Pl
Wi gt N, 9 9 TH 1A & 9 Wa I Ned | 3ifafvad 4% Ui &4 3t IHle
P | IAH H Th a8 & d1s | 5% D! U Bt & Afp (Ha<Ieh! b1 3Tal Iy 4% T
ot fiR1ge o1 IFc §

(i) STST &) B AT T & o Alsd H ¥ B 91 39 A § Ui 82 BRI
CRIER]

(if) 2-a8fT S TR IUS 71 82

(iii) ST T (Yield Curve) HUR BT 3R BT g3, JUIC T I B 3R FHT g &2
PRI FdARY | (6.25)

(@ A ST T el TR R Fiat o1 fased S0 &1 TaRT Yo 700 % 3R AT 20 %
g1 3R UM i o 31 sidt fasred Wit § 1 siafifed wie & 37 gt 250 %, 700
¥, 1000°%, 690 %, 710 T H T TAH & 0T, Hid & JHITGT TR, 309 o & forg @y &t
Ugd™ P | (12.5)

Ques 5 (a) Examine various issues involved in the formulation of monetary policy and
inflation targeting in the Indian context. (10.75)

(b) Briefly describe the four areas in which BASEL I1I is an enhancement over BASEL 1I. .
8)

5 (31) YRGHg T 7 Mg Hifd R garwifa agfiexo & fufor & wnfie fafte gef
BT IRIE0 B | (10.75)

(@) Tt o IR &= Bt sare FIfor o 99 111 H 99 11 ¥ 31 B gfS 21 (8)

Ques 6. Write short notes on any two of the following: (18.75)

(a) Policy Rate Corridor
(b) Adjusted H
(c) Policy responses to the NPA crisis in the Indian Banking Sector since 2008

Uy 6. FEfafad O ¥ fedt g R e Fie ford': (18.75)
(Q) AT Jed TTCR—IRT (Policy Rate Corridor)

(&) FHEd °

(c) 2008 § YR ST & & NPA Tobe & forg Hifawa ufaferand
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