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1. (a) Let utility function of a consumer be given by
U(x,y) = xy + x, where X and Y are the two
goods

(i) Is marginal rate of substitution diminishing?

(i) Are marginal utilities of both goods X and
Y diminishing?
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(5) Let Mr. Ramesh have an income of ¥1000, which
_ he can spend on two goods X and Y. Let price of
| good X be %80 for the first two units and then it
is T60 for the subsequent units. Let price of
good Y be %50 regardless of how many units
bought. Write the equation of the budget line and

draw it.

.(c) Find the equation of the price offer curve and
demand curve for the following utility function :
U = min(3x, 2y). Let income of the consumer be
M, price of gpod X is P_ and price of good Y be

Py. Also draw both the curves.

(d) Draw indifference maps for the following utility

functions. ‘Also indicate the preference direction
(i) Ux,y) = x
(i) Ux,y) = —x -y (5x4)
(@) W AR 6 IwHiear & IR v U(x,y) =

xy + x BRI ST WA ®, WEf X R Y & ey
g
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(1) Ux,y) = x

() Ulx,y) =—% =y
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2. (a) Using a diagram illustrate how a flat tax on income
would make the consumer better off as well as
bring more revenue for the government compared

to a two-bracket progressive income tax. (6)

(b) Let Miss Mary earn an income of 2000 this month
and I2200 next month. Her utility function is
L(GC,.C;) = C,C,, where C, denotes tl_1e value of
cohsumption this month énd C, denotes the value
of consumption next month. Let interest rate be
5%. Would Miss Mary borrow, lend or do neither?
What happens if interest rate rises to 12%? In

which case is the utility higher? - (10)

(c) Will an increase in overtime wage rate necessarily

lead to an increase in labor supply? Show using a

diagram. (4)

(%) T FR@ H I[N &b W Hwe & 3@ w® v
T R ITHEE Y I T & WA - A -Fhe
T A A AT A WEHER D o sfw oo

A

P.T.O,
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3. (a) Suppose a consumer consume two goods X and

Y. The utility function is -

U(x,y) = 2\/;+y. Let price of X be %0.50, price
of Y be %1 and income is 10.

(1) Find initial equilibrium of the consumer-

: : alls
(1) Find the new equilibrium if price of X f

to 0.20.



507 7

(iii) Using Hicksian technique decompose the
price effect into substitution and income

effects.

(iv) Calculate the compensating variation-in the

above case. (8)

(b) Let two utility functions be given as

Ux, y) = xy

U(x,y) = e¥ + 5

Do they represent same preferences? (6)

(c) Using a diagram, show the Kaldor’s variant of

decomposition of price effect if price of x falls

and x is a normal good. (6)

(ﬁ)m?ﬂﬁqﬁ?wmaaaﬁxﬁ;y?ﬂ
IqNRT AT 21 STARET Bl T R

U(x,y) = 24 +y. o1 S B X = 9= 0.50 2,
Y & 73 13 3R @ 10 2

(i) Suviiedl @ JRNS e T Al

P.T.0O,
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(iv) mwifﬂﬁﬁﬁﬁﬁmﬁmwi
(@) ﬁsﬁﬁmwaﬁmmﬁmwé

U(x, y) = xy

U(x,y) = ev + 5

w%mmﬁmﬁwuﬁﬁ&amé?

(A1) aﬁawmm,uﬁxﬁmﬁ!ﬁr%aﬂ?

X X AT T R, Ao WG H e F R
T e9ig|

4. Let utility function pe U(x) = x2, where x denotes
income level. The consumer faces the following
scenario: he can earn 2100 with a probability of 0.4

and 600 with probability of (0.2

. . - at the
(i) Using only the utility function show that !
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(i1)

(iii)

(1v)

(V)

(vi)

9

preferences show he is a risk lover.

Calculate expected utility and utility equivalent
of the income. Do they confirm he is a risk

lover?
Calculate Certainty equivalent of his income.

Give the equation showing the risk premium of

the consumer.

Represent Risk Premium and Certainty

Equivalent for ‘a risk loving consumer in a

diagram.

Calculate Arrow-Pratt Coefficient of Absolute

Risk Aversion and interpret it. (3.5%5+2.5)

w17 e & ST e U(x) = x? 8, 981 x 3 &R
1 eafiar &1 SwiE Fefeiad IR 1 WAl E 2
a8 04 & GG & WY 100 T FEHA B, I 02 M

FWEAT & 9 600

(i) mgﬁmwwmmwm%ﬁ

A e ¥ B 98 vE i w6

P.T.O.
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(i) I % wwgE RE s AR ITAfirey <y

My
PR F A g TR F B T v g

Wi 2
(iii) Gaﬁm%wﬁﬁamﬁmaﬁm,

(iv) m%ﬁmmaﬁmﬁwmw,

(vi) qﬁﬁ%ﬂﬁﬂﬁ%ﬁt-ﬁtmaﬁmﬁm
IR TN = DR

SECTION - B
wWe -

5.  (a) For a multiple output producing firm, the inverse
production function, with one input x and two

outputs y, and y,, is given as :
X =57+ y7?+yy,

(1) Given two vectors of output (2.4) and (4.2)
- jon
prove that the inverse production funct!

is strictly convex.



507 11

(ii) Check the monotonicity of the inverse

production function.

(i) Suppose the firm now decides to produce
-only one output such that the inverse
production function takes the form: = y2,
assuming x > 1. Find the firm’s input
~demand function when unit price of the

output is p = %5, (3,2,6)

(b) Using an example explain if it is possible for a
production function to exhibit diminishing rate of

substitution and decreasing returns to scale at the
same time.

PTG
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6. (a) The production function of a firm producing mobile

phone covers is given as :
q= (le s l”3)3

Here k is the amount of capital employed and [ is
“the amount of labor hours employed and q is total
output. The wage rate is w = %1 per hour and

rental cost of capital is v = ¥4 per unit.

(1) Does this production function exhibit IRS,
CRS or DRS?
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(i)

(iii)

(1v)

13

Derive the conditional factor demands and
use them to find the long-run cost function

for this firm.

Derive and draw the firm’s long run supply

curve.

Suppose the firm is creating noise pollution.
If the government is deciding whether to

impose a lumpsum tax of T T on the firm

- or to impose a fine, T t per unit of output,

which will have more impact on the output
of the firm? (1,4,3,2)

(b) What is the difference between input demand and

conditional input demand? Explain using graphs.

()

(%) AEEA KT HHR H IAEA FA Gl T A IR

e 29 YR fear W @

q = (k' + [1/3)3

ggf k FAIfE ot & wmEn 2 3k [ Faifa sm ue
N WA B AR q [ IAEA Bl AOGH | w = T
W wer 2 3R gon & R @ awe v = 34 Wi
TS Bl
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(a) Consider a profit-maximizing firm with the

production function given as -

q - k'apn
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The factor prices of labor (/) and capital (k) arc
w, 2160 and w, 2200 respectively. Assume

that amount of capital is fixed at 1 unit in the

short run.
(1) Derive the short-run cost function.
(ii) Find the short-run supply curve of the firm.

(iii) What will be the loss of the firm if 1t

decides to discontinue production?

(iv) If both the ihputs become variéble, then
using a graph, show the long run supply of
this firm. Also shade the profit of the firm
at a particular per unit output price P*.

(2,5,1,4)

(b) “The long-run cost curve is the envelope of all the

short-run curves”. Explain this statement with the

help of a graph. (3)

(%) o T IR Held & WA AT F AETT T Gt
w X fFar =R

q = ka3

P T.O,
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SECTION A (@8 &)

Question 1 is compulsory. (15%x2=30)
FFT 1 a8
1. (1) Assume that the economy is closed (i.e. no

import or export). There is a decrease in taxes.
What happens to interest rate in Medium Run
due to the Labour Market?

(a) Increase
(b) Decrease
(c) Unchanged

(d) Indeterminate
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(i) The permanent income of a consumer in

Friedman’s model of consumption is
(a) Present value of her income/interest rate
(b) Present value of her income X interest rate

(c) Interest rate/ Present value of her income
(d) None of the above

(ii1) Which of the following event increases natural

“rate of unemployment?

(a) Decrease in Government Spending
(b) Increase in Real Money Supply
(c) Decrease in competition amongst firms

(d) Weakening of Labor Union
(iv) Assume that expected inflation follows m, =m_,.
What inflation level is consistent with the

government maintaining output below the natural

level?
" (a) Positive Inflation
(b) Negative Inflation

(¢) Zero Inflation

P.T.O.
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(d) All of the above

(v) Which of the following variables will change in
the long run in response to a demand shock if

prices are able to adjust fully?
(a) Unemployment
(b) Output and unemployment
(c) Price level

(d) None of the above

(vi) The life cycle hypothesis implies that in a growing
economy with increasing social security benefits

for old-age people may
(a) Increase gross private savings
(b) Reduce gross private savings

(c) Increase gross government savings

(d) Increase aggregate savings

(vil) What happens to the short-run Aggregate Supp!y
curve as the money wage rate rises’

1fts
_ (a) the short-run aggregate supp[y curve Shlf

rightward.
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b) the s
(b) the short-run aggregate supply curve <hifts

leftward.

s > R |
(¢) the long-run aggregate supply curve shifts

rightward.

(d) both the long-run aggregate supply curve
and the short-run aggregate supply curve

shift leftward.

(viil) According to the pipeline theory. inventory

investment 18

(a) Countercyclical
(b) procyclical

(c) Both (a) and (b)
(d) Constant overtime

following best explains how an

multaneously experience high

unemployment‘?

(iX) which of the

economy could sl

inflation and high

increases spending without

ary expectations decline.

() Wwomen and teenagers stay out of the labor
C

fors p.T.O.
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(d) Negative supply shocks cause factor

. priCeS
to 1ncrease.

(x) According to Friedman the covariance betwee,

current consumption and transitory income is
(a) Greater than zero
(b) Less than zero
(¢c) Equal to zero
(d) Equal to 1
(xi) The modified Phillips curve tells us that the only
way to reduce inflation is through

(a) unemployment rates hi gher than the natural
rate

(b) €Xpansionary fiscal policy

(c¢) unemployment rates lower than the natural
rate

(d) contractionary fiscal policy

(xi)) The natural rate of unemployment depends o

all of the following except :

(a) The level of unemployment insurance

(b) The mark-up
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(¢) The bargaining power of workers with firms

(d) Money supply

(x1i1) In terms of the Phillips Curve, wage indexation
results in

(a) a weaker/flatter relationship between

unemployment and changes in inflation.

(b) no effect on the relationship between

unemployment and changes in inflation.

(c) a stronger/steeper relationship between
unemployment and changes in inflation.

(d) an ambiguous effect that depends on the
mark-up of firms.

(xiv) The stagnation thesis formed around 1940 was
based on the ground that

(a) If the marginal propensity to consume
(MPC) < average propensity to consume
(APC) is accepted, then government
expenditure share to GDP (g/y) must be
increasing with GDP (y) to balance the

drop in APC to maintain full-employment
demand.

P.T. 0.
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(b) If MPC < APC is accepted, thep gly My
§

be decreasing with y to balance the INCregg,

in APC to maintain full employmep,

demand.

(c) If MPC > APC is accepted, then £/y st
be increasing with y to balance the drop in

APC to maintain full employment demand.

(d) If MPC = APC is accepted, then g/y must
be decreasing with y to balance the increase
in APC to maintain full-employment

demand.

(xv) According to the Phillips curve; unemployment

will return to the natural rate when :

(a) Nominal wages are equal to expected

wages

(b) Real wages are back at long-run equilibrium

level

(c) Nominal wages are growing faster thas

- inflation

(d) Inflation is higher than the growth of

nominal wages
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2

(H)WWWW@@Q&%M%

SECTION B (We @)

Attempt any 6 out of the following 8 questions.

Each question carries 5 marks. (6x5=30)
ﬁwi%ﬁaaamﬁiﬁﬁrﬁfowﬁfwwﬁﬁﬂm
T W @ 5 FF D

(a) Describe the concept of NAIRU. What are its

determinants?

(b) Can NAIRU change with time and across

countries? (2+3)

(%) vesTEsmg R IR & F0iF AR w Rukes
T R 27

(|) = wesremy W Sk 3N D Wy Tew wwar 27

3. (a) The Phillips curve is T, =nft (ntz) - au,.
Rewrite this relation as a relation between the
deviation of the unemployment rate from the

natural rate, inflation, and expected inflation.
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(b) Online job websites are getting popular amongst
job-seekers and enable them to connect with
employers easily. What impact should this have
on the natural rate of unemployment in an

economy? (3+2)

(%) Toform &% n, = n° + (u+2) - qu, 3@ GaT R
IR R, e AR nfEa el @ Remd =
& faem & 99 @@y @ & ¥ fiw ¥ fofau

(@) HAEET ARY JoEEe And AR 9ol B S A ma
B W E AR IR AT @ W e A e A
T R B FEe A T 8 FUR e W
AT N UG B AR 7

4. Determine the price-earnings ratio for a stock using
the arbitrage argument for financial investment. Can
this measure be used to detect bubbles in the stock

market? | (5)

i AT & fr Affdw 98 &1 IO @ wiw & fa
T - A FAAE FuiRa Hifore) = T8 I H I@h IR
TSR ¥ IFHE & 9N W & e R s wwar 27

P.T.0.
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6.

18

“Disinflation typically leads to a period of highe,
unemployment.” Explain. What is the basis of Lisiay
assertion that the unemployment costs of disinflatjo,
can be reduced significantly? Do you expect fag,,

disinflations to be associated with lower sacrific

ratios? (3)

“FIEHIT AWM WR W I A FoFEE B AR oF T
21”7 W FAY IFE D @ F UK 72 fF sy
F RO AFE H T FH FAT T qEHAr 27 F
IHR T @ A saedifa & e FuE & 99 8

(a) Compute the real interest rate using the exact

formula and the approximation formula for i = 4%:

nt=2%.

(b) Explain possible reasons for the firms to pay hightf

than market-clearing wages. (27

() &% q3 3R ST qF & Iwa awa Il A0
T F A AR i = 4% 7¢ = 2%

(@) Wﬂaﬁm—mmw@%mwﬁﬁ
aafad FRoY @ wwe #ifo
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7. Following the intertemporal optimising model of
consumption, derive the intertemporal consumption
relation with the interest rate (r) and future-utility
discounting factor (8). Provide a graph along with the
economic reasoning behind the typical consumption

path to be obtained for. different relative magnitudes
of r and é. (3+2)

@IT B ICCHRN AT S 1 o o §Y, A
= (r) 3R WS -IfiE g wWE (5) B Y TTRTRE
I GEY W FE ¢ AR 6 @ AR anw aRael
fore W fore o TR Rt Smi va @ 99 e a
F ¥ UH W@iE 9GR Al

8. Discuss an alternative theory of consumption that
modifies the intertemporal budget constraint used in
the intertemporal optimising models of consumption.
Flow does this alternative theory modify the
consumption path proposed in Ando-Modigliani’s model

of consumption (i.e., Life Cycle Hypothesis)?  (3)

Tl @ T YR REd W T whe W oW @
SR AR Aew ¥ ST R I T geeHRd
T A ) SR R ) T8 enferen Rl o3 - A
B I @ ded (T, Sha T TReee1) X I
ST Uy @ By dNfEE w27

P.T.O.
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9. Fiscal policy as well as Monetary policy cannot change
the level of output in the medium run. Why is thep
monetary policy considered neutral but not fiscal

policy? | (5)

mﬁuﬁﬁ%m—wﬁﬁmfmﬁwmﬁﬁm
%wﬁaﬁmm%m‘rﬁtﬁ%ﬁﬁaﬁm
mﬁmm%ﬁmm@u:ﬂﬁaﬁaﬁ?

SECTION C (@ )

Attempt any 3 out of the Jollowing 4 questions.
Each question carries 10 marks. (3x10=30)

W%Aﬂﬁi%ﬁvaﬁsnﬁwmﬁm:
| TOF U @ T 10 s ¥

10. In a faraway country, the total population is 5000
people (all of them non-institutional civilian people),
3000 are working and 250 are looking for a job.

(a) What is the size of the labour force? What are
the participation rate and unemployment rate?

3)

(b) In this economy, the labour productivity is 1. And
the wage-setting process is described by
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E%:Z—lOOu. Where Z is the unemployment
P

insurance provided by the government and u is
the unemployment rate. What is the Price Setting
equation for a mark-up level p = 1.5? Show

graphically and mathematically. (2+1)

(c) What 1s the natural unemployment rate (show it

| graphically as well), natural level of employment

and natural level of output if Z =157 (2+1F])

TH W oW A, |{A FE@E 5000 A T (S ¥
A -G ARE §), 3000 FH F @ ¥ IR 250 AHY
& dqew A R

(%) =% Afed &1 FHR & 27 WEE™ W 3R Rewmd
o« F|a 27

(W) 38 sdegaed A, s Ieaesar 1 31 3 Aol - FRufo

R T TN I

wfehar &1 Ui farar T 21 ;—z-=2—100u,mgf 7
AR A o o S aren SRenmd @ ? Sk |
T W B A I W po= 1.5 B e w=

fFreior gfteor = 2 7 TaiET s TRRE w1 QA eEio

P.T.0O.
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11.

22

() SMER S = *=0 23 (W @A B w7 A )
YR, ISR 1 9 &R AR I &l I W R
Z=5 27

How does Lucas’s supply relation describe the
possibility of the output in any economy to deviate
from its full capacity level? What characteristic(s) of
the rational expectation is (are) are required to prove
the policy effective proposition. Using the model
proposed by Sargent and Wallace (1976), explain
the possibility of ineffectiveness of expansionary

monetary policy to increase output from its full capacity

level. (2+2+6)

|qHE FN mﬁ.mwﬁmﬁwaﬁm
H AT QT G w4 Rl w9 dwe @ auE
& e 7 AR I e w g B P R A
e & AR 21 acte SR aeE (1976) R SEfad
e 1 ITAN A §Y, AN T G T & Iee e
? P fara® Adw AR swerdar @ G B
ZRAT HIfog
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12.

13.

23

Explain the short-run variability and long-run constancy

of th
f the ratio of consumer expenditure to income with

the level of income, in ]ight_of the Permanent Income

ulated by Friedman.

Hypothesis of consumption post
(10)

y city can be rented for

pose 2 house in X-
he rate

The house depreciates att
10 percent,

Sup

Rs. 30,000 monthly. T
r, the annual interest 18

tax deductible, where the

and mortgage int
is 30 percent. Following the arbitrage

| investment,

of 5 percent per yea
erest 18

relevant taXx rate
sidentia

argument in re
(a) Determine the ¢

of a reductlon i
to 15 percent, given the expecte
rate of the houseé-
you infer regardm

pubble from this

-price is at 8
g the cause of the housing price
e-price.

change 1D house
@4+1)

p.T.O-
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(b) Determine the change in the house price, in case
of an mcerease i the expected annual growth rate
of the house-price from 8 to 10 percent, given
downpayment rate s at 25 percent. What do you
iter regarding the cause of housimg price bubble

from this change in house price (411)

q9 Aforg v Xy mme & v we 30,000 o9 afam A fAaw
@ fern o weAr #owe an ufa g s ulaoe oA ac & geume
gy B, aiftes st 10 wlama B, sl aum s we weta
awg #®, ot wate e @ 30 wiama A0 siada faam 4

afdera @4 & g,

() ¥%a A & & 26 A& 15 qldoE o) adt @ wmA
¥,y A dvwE A ufeads mn ffen dbiw, ae
A wu O amer A de A stee aifde gfa 4
8 wfama 81 wewrA A A A gu qleada 4 s ye
A IWEA A EEO A AR N M aa Jque A Ry

(1) s o) g A sfea aifds gty a0 4 8 @ 10
afage o) gfé & wad A, wenr A Ava A feads
w1 faefen A, aaifa daa sprAE @ 26 dlanA
R1 et A At A gH mmed @ A ed 33
A g A AR A W A gquA

(4500)
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[ §

ol & oo fadw

U - @ fied & Fw Ry v fife e w s
sishaien fofau |

Mo

T W A § W A M0 R | 1S o wE &Y |
3 Q¥ wE @ i W @ )

T8 U - 949 &1 IR 3T A &S fomd wer v & e, A
Tl IR 6 HEEH U § B 9 |

1 What do you understand by the Iron Triangle problem?
Is 1t possible to design a welfare program that solves

this iron triangle? Discuss. (18)

ote Bryst T ¥ W o wER §7 @ 3w de e
6 A T A U FeATh) R Teeee el avd

27 = s
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2. Distinguish between public goods and private goods.
Using suitable diagrams, compare the efficient
provision of public goods vis a vis private goods.

(6.12)

v TR R Pt s @ S sw D wee
@ w1 IwE W, B s @ g ¥ Akt

TEHA B HIA WEUH H qor )

3. (a) Suppose that the labour market is perfectly
competitive. Mr A and Mr B earn Rs. 50,000 per
year working for the same company which offers
health insurance worth Rs. 10.000 to all the
employees. Assume further that they both face
flat tax rate of 25%. Given that, Mr. A buys health
insurance from the employer and Mr. B buys
insurance on his own for Rs. 9000, discuss the
impact of tax subsidy to employer- provided

Insurance. (10)

P.T.O.
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(b) What is meant by Optimal fiscal federalism?
(8)

(#) 7= e {6 sm aom 9@ we A wfeed 3 sh A

A A B U A wwl B frg wW awY g oA oy
50,000 ¥4 A & W @it @Rl w 10,000 TR
F WEE G YEE EEl 81 M A iR fF 3
A 25% W UREAM R W w AR dY B
g °@d gY, A A Faemw ¥ w@eem S @lded @
AR 5t B 9000 ¥ & forg @ dv w@des ¥, P

BN WeH U U @ W o afsms @ were w o=l
Ealmed

(@) 3Ieaw Ao qEaE ¥ R el @ 7

4. (a) “When internalizing externalities, the assignment

of property rights to one of the parties will bring

a socially efficient outcome.” Explain. (9)
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(b) Explain the types of Intergovernmental Grants in

detarl. (9)

(@) ‘a1 FatE e awa, 9 o A ve w1 gufe
@ TR T FAARIN A 9 ¥ FEe qRoT

QM s hifeu|

(@) IM-TWEW FeA & TFR & famr d e

HIfT|

. What is mecant by market failure? Explain in
detail, rcasons why markets fail to achieve

efficiency. (18)

TR o [Aear ¥ o Ol 27 9R SEdl Wi ST |

fore =i o 2, W fa|ga w9 # we =i

P T4
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6.

8

Explain the key recommendations ol (he g0
Finance Commission, and the fiscal roadmap envisage(

by it. (18)

159 o smm & wm ReRa st Saa ew aRaferg

THAFT FTRET 6 o7 A0

(a) Illustrate how there is a clear potential for moral

hazard on the patient side of the medical care |

system. Use suitable diagrams. (9)

(b) Generally, for every emissions fee, in theory there
1s a cap-and-trade system that achieves just the
same outcome, and vice versa. However, In
practice, there are some differences in how the

two systems perform. Discuss. 9)

6
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(F) e 2 fory wre <6fie R Rafee See gomcht
a}ﬁqaiqtﬁfﬁ?ﬁlaa%a%wwﬁ%l
Wﬁwﬁammwl

(W) e, v skt g @ e, e
VST TE 93 fieew o & W Rk v & wRom e
R 3, S g ot s, e ¥, 3wk
® weiw ¥ @ s F W

. Write short notes on :

(a) Annual Financial Statement of the Budget

(b) Free-rider problem

(c) Static versus Dynamic scoring (6,0,0)

Frafafas W At ot @

(F) wvic o1 affes fa<ia e
P T
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(@) wh-TgR &t gHEn

(1) wfvw s ™ Afade R
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s WRI-T I 58 o v &1 IR 3R WRI-f ? R @
I FT IR |

3 TEYH-9F FIN T RS S v e R S, RS
T ITY T AN UF € A e |

PART - A
WRT - Q@

1. (a) Different students at World's Greatest Universit
(WGU) have different preferences about
economics. Draw the Indifference curves
associated with each of the following statements.
Measure “economics books™ along horizontal axis
and “books about other subjects™ along vertical
axis. Draw arrows indicating the direction in which

utility is increasing.

(i) “I care only about the total amount of

knowledge I acquire. It is the same whether
that is economics knowledge or knowledge
of any other kind. That is. all books on all

subjects are perfect substitutes for me.”
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(i1) “I hate the ABC textbook and all other
economics books. On the other hand. I love

evervthing else in the WGU curriculum.

(1) “I really like books about economics
because I want to understand the economic

world. Books about other subjects make

no difference to me.”

(iv) “I like all my courses and the liberal
education that WGU offers. That is, I
prefer to read books on a variety of
different subjects. rather than to read lots

on one subject and little on the others.”

(b) (1) Explain the axioms of consumer's
preferences.

(i1) Show that the following CES func;tion :
d N

X Y
E—Fp—
8 B o~

(a) i1s homothetic.

(b) Show that if x = vy, marginal rate of
substitution (MRS) for this function

depends only on the relative sizes of o and

B. (8+7)

P.T.0O.
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(¥) T Rw FRED () F R o 5
s @ TR N e - e A €1 Pl
U X Y TS D Y @ AT TH A IR
£t T Fw B U fuE W TR Ik
FoalR F9 @ 9Y ‘F vl ¥ 9 T W)
39 o &) 2R =@ ¢ IR @Y ed Swifia v
@ 2

(i) “¥ 9900 39 W 79 & IR § TEE @l §
W # U R ) 98 I @ folg ¥ © AR
T FUME W A B A FE F IR M@
T BN o, w8 faw @ 9 & e W
o vwen w@t fRewew &17

(i) “¥2 v TeugEE SR seimen @ e A
TETh T T8 3 e SR, W T Tea
i 9 W we e 27

(iii) ‘¥ o ¥ sfomer ¥ 9@ e W@ 2
Fith % i s N wwEEn www g1 S

el 3 g8 g A S @ A v @
qga'“»
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(iv) T I W TSR IR IeR R e 2
S T e w31 i, ¥ o g

WA B T AN @ W AT w2 2 971w
ﬁﬁwﬁuﬁf%gﬁwﬁmmm@”

&) (i) wﬁmaﬁwxﬁaﬂaﬂ%ﬁaﬁfaﬁw
EAlT Ly

(i) = d¥va wem eaio -

xE‘: ny
o L)
(%) =riafes 2

(THameE) e o
aﬂiﬁéaﬁamwﬁ%ﬁmau

2. (a) There are 2 goods in the world, pumpkins and

apple cider. Pumpkins are $2 each. Cider is $7

per gallon for the first 2 gallons. After the second
gallon, price of cider drops to $4 per gallon.

P.T.O,
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6

(i) Peter’s income is $54. Draw his budget
line. Solve for intercepts on and axes ang
kink in the budget line.

(1) Peter’s utility function is, u(x,, x,) =% 3%,
Sketch some Indifference curves in the

graph. Find Peter’s optimal consumption
bundle.

(i) Differentiate between Weak Axiom of
Revealed Preference (WARP) and Strong
Axiom of Revealed Preference (SARP).

(b) Olivia gets an allowance of $50 this week, but it

will have to last for two weeks, as Mom pays her
every other week. Let be her consumption this
week (measured in units of stuff) and let be her
consumption next week (measured in the same
units). The price of one unit of stuff this week is
$1. Next week the price will be higher because of
inflation. Assume the inflation rate is 1% per week
or 0.01 per week. Therefore, the price of one unit
of stuff next week will be $1(1+m) = $1.01. Olivia
can borrow or save at the local bank, whether she
is borrowing or saving, the interest rate is 1% per

week or 0.01 when expressed as decimal. Olivia’s
utility function s, u(c,,c,) = Inc, + Inc,.
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(i) Write down Olivia’s budget constraint first
in abstract (with M, =, i) and then with

given values incorporated.

(ii) Find her optimal consumption bundle

(e,: €5)-

(iii) Assume the inflation rate rises to 10% and
the interest rate drops to zero, find her

new optimal consumption bundle.

(9+6)

() g & 2 Wr%‘,'a@;aﬂiﬂaml v wag $2
= 2| GOSN TBe 2 e & g §7 R 9w ? 2
AT B e, TESC A HAT $4 7 Ao 96 IR S
2l

(i) e o FA $54 Bl IS WA W@ WY T
@ A TeRwE M I R Fw W ww
I

(i) X w1 ITRE B 2, u(x,, X,) =X, + 3x,.
WRE ¥ HF R TR A S8 Tl H
TEAN @I 9SS gl

P10,
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(iii) wehe alge & FAGR fEd (IR g
Y adadl & Ao @ (TR ) B drg
AR e

Fifefaan = z@ qwE $50 @1 W fieen 2, dfeT
QA qE TH qEH BRN, FR A Iq B GW A
YA Fl 81 A9 ool 39 9 9 @ud @
(qr = e W W e B) 3R A R s
oIE IH! @Id 8 (I FTEal A AT e 2
YAE A 6 Teh THE ! Hd $1 31 I e
AR & FRO FE At Bt e A B
HeTeRlid 2 Afd TE, 1% a1 W @ 0.01 21 g6k,
mmwaﬁwmaﬁmﬁl(lm):
$1.01 R aﬂ%ﬁmw@nﬂtﬁémﬁm%
1 F9q FX Gl 8, U8 98 IUR @ @ B @ s9d
m.@a,wawﬁml%mw%m

ﬁm&aﬁ%wom%uaﬁf@lﬁmwmﬁmm

‘u(ey, ¢,) = Inc, + Inc, B
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(l)

(11)

(111)

1

9

fetam 4y aue Ay 2wy wwa ann 4 fafeao
(M, n, 1 # a) A foe fo oam gem

witae Ak

AL At AH WA wEA (¢, o)) A #if

urt Aty fa qzointa 2 w0y, A% Tz A 2
M 2 g w A R, A a3 AE
LI CE I C D 5]

b (a) Bach day Paul who iy in the third grade, cats

lunch at school. He likes only Twinkies (t) and

Soda () and these provide him a utility of,

u(t,s) Jts

(1) I Twinkies cost $0.10 cach and soda cost

$0.25 per cup. How should Paul spend $1

his mother gives him to maximize his utility.

(1) If the school tries to discourage Twinkie

consumption by increasing the price to
$0.40 by how much will Paul’s mother have
to increase his lunch allowance to provide
him with the same level of utility he

received i part a).

P.T.0.
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(b) (i) “Tangency is only a necessary condition byt

not a sufficient condition for a maximum”

Comment.

(i1) Show that lump sum tax makes the consumer

better off compared to quantity tax which

costs the government the same amount.

(6+9)

() dfer S SEd wen A 2, vl e A A = W
A 81 FF Daw aaer (t) IR et (s) we
FE B IR A I¥ FEH IR o FE ©,

u(t,s) = \/E

(i) afe wia feam=isr = @FE $0.10 FR | AN

FFa $025 WA w9 B, @ Ot wr IO
IR A T e B R §1 Y @
T ARY W Iahr A I¥ o B

afe e Rawet it @i A wdieRe w0 @
W ¥ R $0.40 T T |0 B, A e
a&ﬁaﬁaﬁm(m)ﬁms@ﬁmfﬂw
T WR"H &3 & R 399 Auet & ST &
W faheer sgmn S
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@) (i) “wffiar Saet vw JawE 19 2 Al siferawa
& fom wa Rufy w8 27, ol s

(i) &R A T A T T TS A TR
T A THIIE W SUNIGFAIS & forg e d
T ™ We R

4. (a) Suppose that Ram took part in a lottery that had
a chance to increase, decrease or have no effect
on his level of income. With probability 0.4, his
income remains at its original level $400, with
probability 0.4 his income increases to $800 and

with probability 0.2 his income decreases to $200.

His utility function is,
u(l) = 125 + 31
where ‘I’ denotes his level of Income.

(i) Show that Ram’s risk preferences are risk

neutral.

(1) Calculate Expected Utility and the utility

equivalent of the Expected Value of Ram’s

income.

B.T.0.
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(111)) Suppose now that Ram had the option tg
either accept this lottery or walk away with
initial $400. Should he accept the lottery,

why or why not?

(b) (i) Explain the methods of managing risk.

(i1) Describe Risk Aversion using Indifference

curves. (9+6)

(&) @ AR & W 3 o died ¥ s o e 38
T F TR A GG, TCH AT FIE YNE T8 e
AT ATl GG 0.4 & 9™, I9E AT $400 B AW
e &R W WA B, 99ETT 04 @ 99 3991
A $800 TH ¥ TN 2 W AT 0.2 & 9T I95!

FT $200 5 FH B Gl Bl IGHT IIIEET HoA
%)

u() = 125 + 31
Bl ‘I’ Ig@ JT HT @I eqEr B

(i) ™ @ Aew woPETE e Tom ¥ W@
TN



5231 13

(i) R IEfE IR ™ A 3w D T =
F WR ITGET & AT

(iii) w9 AR & ™ & 9w a1 F @ @ A
WHR HA A oA $400 T BCA W
faea an = 3 Aied HEr wEn ey, w4
R AR

(@) (i) R yeus &t vl @ W Fifw

(ii) IR IRl &1 ITENT T WEd e

U AR
PART - B

WA - &t
5.. (a) Constant Returns to Scale CES Production function
1s given as :

!
q=(kp+l")p

1-p k=p,
(i) Show that MPk=[-g-] and Mp,z[%] . 1

P.T.O.
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I-p
k
(i) Show that RTS:[—I-] . Use this to show

o 1
that elasticity of substitution, 0:1—,—.

p
| oa\’°
(iii) Prove that %-——(g] :
(b) Explain the properties of Profit function.
| (9+6)

(m)mwwﬁmﬁmﬁwm
farer R a2

q=(Kk° +1F’)%h

fos s
(i) 5 wag & MPk=(%] "k MP,:(-‘H g
1=
(i) 98 =o¢ f& RTS=[1;—J p. e & @

ﬁaﬁ%mmmaﬁﬁwc o

(i) fag =R & - (‘Z‘}) .
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6.

(@) 9 Wed & O & W Fifo

(a) Acme Heavy equipment school teaches students

how to drive construction machinery.

Number of students that the school can educate
per week is given by q = 10 min(k, /)" where is
‘k’ 1s the number of backhoes the firm rents per
week, ‘1’ is the number of instructors hired each
week and ‘y’ is a parameter indicating the returns

to scale in this production function.

(1) Supposing y = 0.5, calculate firm’s total

cost function and profit function.

(ii) If v = 1000, w = 500, P = 600, how many
students will Acme serve and what are its

profits.

(iii) If price students are willing to pay rises to

P = 900, how much will profit change?

(b) Hard red winter wheat is planted in the fall in

order to be harvested in the spring. Suppose that

P.1.0.
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wheat production uses acres of land A and labour

L 1n its production as follows :

g = uA + [%

where ‘q’ is in thousands of bushels. Calculate

the total cost function for wheat. (9-6)

(%) vw 24 zfaamaz == o =1 fam 2 f o
#MA F4 TAN T=E 34 9 a=e ffREm e ow
#FA A 2rE F gEl g = 10 e (ko)
21 w4 g WA 9arE fFar w e 3= = dEEE
e k' 2, ufH 9ar @ % v | IR =
gfore®] & FwEm ) AR 0 UF W B W |
I G d THH W WEES & FFd o T 2

(i) = AfAT v = 0.5, B8 & & J0H Fod IR

A FAF FI AT HITQ

(i) @z v = 1000, w = 500, P = 600 2,
Acme fFad B @ A4 Yo FAN AR IJqH
o fareen Bmn?
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(ii) afe BE P = 900 7 & YW Fer & R
AR ¥, A W ¥ R oRad Bt

(@) e =t afda oot A A vaere ¥ T W @ A
I8 T A FET W R AT A B A5 Iewe
o IR A UHE 4R A IR s L @ Iuan
R wr 2

q= oA + [F
TE ‘q’ BN g9 X R N @ oI @ a9 B
I AT F)
7. (a) Suppose the production function for widgets is
given by
q = ki - 0.8k - 0.272

Where ‘q’ represents the annual quantity of
widgets produced, ‘k’ represents annual capital

input and ‘/” represents annual labour input.

P.T.0.
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(i) Suppose k =10, graph the total and average
productivity curves of labour. At what
level of labour input does this average
productivity reach a maximum? How many

widgets are produced at that point?

(i) Again, assuming k = 10, graph the MP,

curve. At what level of labor input does

MP, = 0.

(i) Does widget production exhibit constant,

increasing or decreasing returns to scale?

(b) Use Shepherd’s Lemma to compute the (constant
output) demand functions for inputs L and K for

the following cost functions :

21
(1) C=qw3v3

(i) c=q(v+2M+w) : (9+6)
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(F) 7 A & fAde @ R Iara wod g@a g1 far

TR

q = kI — 0.8k? - 0.2/

WEl, ‘q’ Jefed Roe A affe wen @ i
w3,k AfE G e R w
WP A s TYe W ARPReE ww@r 2

(i)

(iii)

W AR 6 k=10, W ® wd AR shew
JTAEHAT Gehl T @I IR HiFT| S T
& fhe W W I8 Aed JAESd AEaH q

TgaR 27 I Ry W e fde W S
fan s 87

e, k=10 41 W, MP, 9% = Ty

WImﬁga%ﬁ;awq;MP!=0
BN

Wﬁﬁf3ﬁqlaﬂaﬂ'ﬁq¢ﬁm’mmﬁ
wiaws 3ien 87

P.T.O.
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(@) Te L 3R Frfafed @ie we & e K @ fig
(FRER FISTYE) AT HA &l 01 & & fow Jgs
F N B ITE AT :

2

1
(i) C=qw3v?

(ii) C=q@+2JG§+w)

(1500)
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[.  (a) Suppose that the firm’s markup over cost is 5%,

and the wage-setting equation is
W =P (1-u), where u is the unemployment rate.

(1) What is the real wage as determined by

the price setting equation?

(11) Suppose that the markup of price over cost
increases to 10%. What happens to the

natural rate of unemployment.

(b) Use the wage setting and price setting (WS-PS)
diagram to show how the following factors impact

the unemployment rate and real wages.
(i) An increase in unemployment benefits.

(il) An increase in market power of tme

(makeup increasc).
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(31) W AR fo dre wowd A o 5% B,
I woted - fvfor wftar W P (1 ou), #, ST u
AT @ #

(1) Weu fAufor e g Auffa awafas qeigad

(it) w9 o & omma w ogea A gfe 10% 9
gz St 1 AT @ WUR @ W F g9
a3 ¢

(@) wagd e sk e Rufor (WS-pS) sm@
Iy g8 M & fow @foe fa feafafaa
9 RN ® IR Irafds Aogd | DY ywfad
#a B

(i) N ™ A gfa

(i) @ @ "R wfed & gfe (wesm gfy)

P.T.0,
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2. (a) Explain the difference between the participation

rate and the unemployment rate.

(b) Explain life cycle hypothesis.

(3r) wEWien R AR WS R B N HFR ' R

() itk aReeam (life cycle hypothesis) &t awar
A

3. (a) Consider an economy with p'erfect capital mobility,

fixed price level, and flexible exchange rate.

Explain why monetary policy will be completely

effective and fiscal policy will be ineffective in

changing output.

(b) In the above scenario, explain how expansionary
monetary policy may lead to competitive

depreciation among the countries.
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(%) wa v e, P ww W SR we R
A e | R ke @ifts Afy @ @
3 T B o o AR S e wRgw A
WAl BN & HRU W S|

(@) ST wRew A, fowmrar Aifts Gt § 20 @ 9=
VidEioies oaeE hY 8 ashdl 2|

4. (a) Distinguish between the following :
(i) Adjustable Peg.
(i1)) Crawling Peg.
(1) Managed Floating exchange rate system.

(b) Discuss the J-curve.

(¢) Briefly explain how foreign exchange risks leads

to an opportunity of hedging and speculation.

S8 g %
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(3) Fffas & @ #w AR -
(i) amarea e (Adjulstab]e Peg.)
(i) foadt .awm—qﬁm (Crawling Peg.)
(iii) wefte afer ffwa @ o
@) JaF ® Wy ¥ == AR

(@) faceh =1 ARaw @ (T R W2l B FEW I
T E W U ¥ ' A

5. (a) In a closed economy with AS and AD analysis
explain the short-run and long-run effects of

expansionary monetary policy on output,

(b) Suppose the utility function of a consumer is given
by

T
Inc;

IR
STy
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A consumer wants to maximize c, subject to the

constraint

5: = Yt
— (1 +r)t a (1+r)«t

Given the above information derive

__(1+r)
“=\q % g

Hint: Use the method of Lagrange Multiplier.

(3r) AS 3 AD FRwomo & W9 Uk §T degmer A
Jqreq W AErEd #ftw AR @ e @k
et aWal 9 S gl

(@) w AR B IO SR e e

gN1 wgiEn T e
4 Inc;
- (1+ &)

P.T.0.
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HIE IUSITAT T D T ¢, I AR B e
8l

T

T
Z O _ ¥t
- (1+7) . (1+7)t

IR THH § FeAfRan we g @

_ 147
8= (1+ 5) Ct-1

ﬁ%ﬂ:Hmﬁ1QW$iaﬁfm:$ﬁm1ﬁﬁml

6. (a) Suppose that the Phillips curve is given by

i, — = = 5%) and the expected inflation 18

; L
given by m T, i+

(i) What is the sacrifice ratio of the economy’

¢ is initially equal

— 12%. The

Suppose that unemploymen

to the natural rate and =

central bank decides that 12% inflation 18
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too high and that starting in year t, it will
Mmaintain the unemployment rate one
Percentage point above the natural rate of

unemployment until the inflation rate is

decreased to 2%

(i) Compute the rate of inflation for year t,

1,2,

(1)) For how many years must the central bank
keep the unemployment rate above the
natural rate of unemployment? Is the
implied sacrifice rafio consistent with your

answer to (1).

(iv) What advice should you give to a central

bank if it wants to achieve the same results

quickly?

(b) Explain the difference between the criticism of

the traditional approach to disinflation given by

Lucas and Taylor.

POED.
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() W AR ffra @@ 1 - ne = (u 5%) W
e T @ o R wEEAf ne - n A W A

(i) sefemen w1 @m FaE a7 8l

A AR B R qE A UR W B w_
2 A = 12% B Feg o 7@ Fuifla =
%%12°/ngmﬁﬁa§aam%sﬂza&tﬁ
TE BT, TE SAATA W AT L FTUR

WA U YA IF FW IAC WM T dF

& el &t R 2% % A 98 B T
(i) & t, t+), t+2 & fog qEedfa @ T
Al
(iii) *%a ¥FF F fFar a9t qF WoEnd R Hl
TN & YR N ¥ FW WA Aee? o

ffte = T R I (1) B e 27

(iv) oaft =¥ ==m 9% fMua & af aRomw o<
FA UEAT 8 A TR IA F GAE oA [
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(@) waﬂr%mmﬁvmaamﬁ%wmg&aaw
LU S D R e p— &Hifore

7. Write a short note on any three of the following :

(a) Neutrality of money.
(b) Expansionary fiscal policy.
(c¢) Contractionary monetary policy.

(d) BoP deficit.

(e) Keynesian consumption function.

fPrfoias % ¥ el 9 W TE e Rad fife -
(i) = =t qCww

(i) feaww aeea i

(iii) GemmmER R AR

P.T.0.
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(iv) WA= dqee |meT

(v) SRfEEs IR we

(4500)
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SECTION I (@T 1)

Both Questions are compulsory.

A J¥T FAEEd B
1. (a) Differentiate between simple random sampling and stratified sampling.

(b) LetX,, X,, ..., X be a random sample from a population with mean p and
standard deviation, . The sample mean and standard deviation are denoted

by X and s respectively. Which of the following can be regarded as a
statistic?

L X—u
W

(1) Max {XI, X2,..., Xn}
oy S

i) —
(i) =

(iv) Min {s, s} (2+3)
v) DX

(a)mw%aﬂﬂmw@tmﬂﬁﬂﬂm%ﬁaﬁmm

(@) a9 «fse X, X,, .., X, ¥eF p 3R w9w faees, o @ 9y W oe Q@
TF AGRSE A oA 21 W WA AR Ao fAues W o} A s BN
et fFe o 8 Feefofes ¥ @ B o siiee wmr w1 wear 27
. X—u
(1) 3
(i) Max {XI, X2,..., Xn}
S
111 .
(iii) %
(tv) Min {s, s}
™ D x?

Consider an experiment of tossing two dice. Let A be the evént of an odd total,

B be the event of getting 1 on the first die, and C be the event of a total of seven.
Which pair of €vents are independent? ()

2.
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T IO & v wam w A i A B A T R g A
Hm%,Bquﬁhqu]m?,SﬂTCW?ﬁmmglmaﬁ%
T g w27

SECTION 11 (@€ II)
Q3 is compulsory, Attempt any two questions from Q4, Q5 and Q6.

¥ 3 FAad 21 gaw o4, g3 5 AW FIH 6 H &
=l & gwt @ Iew Ao

3. Two socks are randomly selected and removed from a drawer containing 5 brown
socks and 3 green socks. List the elements of the sample space, their
corresponding probabilities, and the values of the random variable W, where W
is the number of brown socks selected. Also, find the cumulative distribution
function of W. (5)

A AT AGRET WA WA AT N F s R W D AT IR 3R AR
wﬁqaﬁ%nww%aﬁ,mﬁﬂaﬁamﬁmﬁ@wm@mw
® T B gl A, T W T R WS A R v 2w & W
& T Ao wew wa F |

4. (a) A mail-order computer business has 4 telephone lines. Let X denote the
number of lines in use at a particular time. Consider below the CDF of X

r Oforx<1

1
§f0r13x<2

1
F(x)=<§for2$x<3

5
ngT3'53C<4

\ 1forx>4

Find
@ PE<Xs 4)
(i) P(X = 2)

(ii1) Probability distribution of X

PTO.
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(b) Of all customers purchasing a calculator from a store, 75 percent purchase
a scientific calculator. Let X = the number among the next 15 customers who

select the scientific calculator.
(i) Compute P(X > 10)
(i) Compute P(6 < X < 10)

(i) If the store currently has 10 scientific calculators and 8 non-scientific
calculators, what is the probability that the requests of these 15

customers can all be met from the existing stock? (5+3)

(ﬁ)WﬂH—a‘ﬁtmpwﬁaéﬁqﬁqaﬁﬁﬁ?ﬁénmm%Xﬁm
ﬁﬂwwﬁa@nﬁwﬁaﬁmﬁaﬁﬂmaﬁaﬁm%ufﬂ%ﬁvw
X & CDF W faFam aikwe

i Gferas ]

1

§for1 Sx<2
1

F(x)=75for25x<3

5
gfor3£x<4
\ 1forx=4

A g
() PQ <X <4)
(ii) P(X = 2)
(i) X & A e
(@) v @R ¥ DemaR @led T @ TER ¥ A, 75 wREE v AW

e @i T wW A F X = s e A A IAE FARA
F 9T A aill S G

(i) P(X > 10) & ToFT FAY
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(i) P(6 < X < 10) = woew iR

(iii) 2R RR ¥ freerr 10 Amfrw BegIex R 8 W-AMEAD HAFIR
T, A @ W A e wRew 2 15 WeE @ JaEt w AT
e ¥ W R W wewar 27

5. (a) Inthe manufacture of glassware, bubbles can occur in the glass which reduces

the status of the glassware to that of a ‘second’. If, on average, one in every
1000 items produced has a bubble, calculate the probability that exactly six
1tems in a batch of three thousand are seconds.

(b) The probability density function of a random variable X is given by

£(x)= 6x(1-x) for 0<x<l1
0 elsewhere

Find
(i) The distribution function F(x)

(i) P(X < 1/4)
(i) P(X > 1/2) (5+5)
(m)m@m%ﬁﬁwﬁ,mﬁw I FFEY B W AW 9 R A
aF W 9 a1 21 AR, e, IRd w&® 1000 HEEA ¥ A v ¥ qogen

Far 2, @ A TR @ N H S BT WA AW T W Wl o won
Fg|

(ﬁ)mwmxwmmmw%

F(x)= 6x(1-x) for 0<x<l
(X B 0 elsewhere

A @Y
(i) o W F(x)
(i) P(X < 1/4)

(iii) P(X > 1/2)

RT.0.



5460 6
6. (a) The average number of
is 4.300 acres per year,
distribution of the number of acres burned is n
4.200 acres will be burned in
h percentile?

and range fires in a large arca

acres burned by forest
of 750 acres. The

with a standard deviation
ormal. What is the probability

that between 2,500 and any given year? What

number of burnt acres corresponds to the 38t
a certain stretch of highway, cars pass at an average rate

(b) Suppose that on
{ time between successive

of five cars per minute. Assume that the duration o

cars follows the exponential distribution.

(i) On average, how many seconds clapse betwe
r will pass

(ii) Find the probability that after a car passes by, the next ca
(5+5)

within the next 20 seconds.

(m)ﬁv&wa%aaﬁmaﬂrhaﬁm%mmaaaﬂmﬁﬁm
ﬂmwﬁa&4,3oow%,mﬁ7sommmﬁamélaﬁ§q
éaaﬁma&ﬂmmﬁamw%uﬁ%ﬁaﬁﬁz,soo%4,290
m%ﬁaaﬁ%mﬁaﬁuﬁmﬁmﬁ??aﬁgéﬁaﬁmaﬁ
Rt Gem 389 WRTE @ A @t 87

(ﬁ)wm%m%wﬁﬁﬂamw,mﬁ'wﬁmmﬂaﬁﬁm
H%W?lmmqﬁﬁwﬁmmﬂ%ﬁamaﬁmwm
F A A B
(i)a‘fﬂﬂﬂmﬁfa‘:ﬁaaﬂaﬁﬁmﬁﬂaﬂwm%?
(i) 7@ o1 @ M WA AR R w FR D [ F e, e W
FTX 20 AFS B WER TER QI

SECTION III @® III)
Attempt any two questions from Q7, Q8 and Q9.
q¥r 7, G 8 R FFT 9 A & fad @ gw FW IFew Aav

7. (a) Suppose X,, X,,..., X is a random sample from the Exp (%) distribution.
Consider the following estimators for 6 = /A :
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1
(n+1)

b1 = DI, X and &, = (=) T, X;

(1) Which estimator is unbiased?
(1) Which estimator has minimum variance

(1) From the information obtained in (i) and (ii) can you say that which
estimator is better?

(b) A study of 49 sudden infant death syndrome (SIDS) cases derives a mean
birth weight of 2998 grams. From a listing of all birth weight, it is known
that the standard deviation o of birth weight in this population is 800 grams.
Calculate a 95% confidence interval for the mean p birth weight of SIDS

cases in the population. Interpret your results. (5+5)

(F) 7= #AG@ & X. X.... X, Exp (1) fwwr &1 vw agRes w21
6 =17 & fw Pl sgmel @ AR iR

(i) FT-o FEE frogyg 27

(i) fFrg FpamE ¥ =Eew e 2

(iii) (i) ﬁ?(ii;ﬁmm%wmmm%ﬁwﬁw-mm
qET 27

(@) s fag 979 Mg (SIDS) & 49 WPl & T JomaT ¥ 2998 WM @
AET T A A S WA AA B W T D T N T oq D@
7z AA 2 & @ ¥ S a9 @ A e 800 UM 2 W
ﬁSIDsm%mumm%mqs%mmaﬁm
FITAQ F0F TR F A Fl

% (a) Derive the moment estimators of the parameters of normal distribution.
(b) A survey of 2003 adults revealed that 25% adults believed in astrology.

(i) Calculate and interpret a confidence interval at the 99% confidence
level for the proportion of all adults who believe in astrology.

(i) What sample size would be required for the width of a 99% CI to be

BELO.
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at most .05 irrespective of the value of p? (5+5)

(%) s fRAao & wuEd & s SRR W

(¥) 2003 TueRl & v wdew1 ¥ @ G & 25% wuwn Ay A fvaw w@
L{

(i) safaw § Rvaw w@ o @t agen @ guE @ e 99% srefavam
R W IHfAvaE e @t e AR s Sifel

(i) 99% C1 = @9k sftwraw 05 B9 & fw g a%m IHR @
FAWEHA BN, WA B gER AW Hmw N A7

9. (a) Consider a random sample X , ..., X_from the pdf

f(x;0) =05(1+0x)-1<x=x1
where 1 <0 < 1. Show that §=3X is an unbiased estimator of 0.

(b) A vaccine manufacturer analyzes samples of a production batch of vaccine
to check up on the concentration of its titers. Immunologic analyses are not
perfect, so she repeats measurements on the same batch getting slightly
different results each time. The public health scientist assumes that repeated
measurements will vary according to a normal distribution with mean p and
o = 0.070. Three (n = 3) measurements reveal the following titers: {17.40,
17.36, 17.45}. Calculate a 95% confidence interval for the true concentration

p. Which distribution you will use and why? (545)

(%) Mew F ¥ agResd A X, .., X W R o

f(x;0) =05(1+0x)-1<x<1

7

el 1 <0< 1. ¥ el & 0=3X, 0 = vw Pwa sgmew 2

(@) & A Ao s Red o aumar ) wig T @ e i @ Iwed
A TR W AR W ) TReE A s q8 2, gahe
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Wmmﬁammwmﬁgwﬁﬂamwm%lmﬁﬁﬁ
AR I W ? fF aR-aR W9 e g SR o = 0070 F WA WA
ﬁﬂmamﬁqﬁ%lﬁq(n=3)mmﬁzﬁaﬁzﬁ§:
{17.40, 17.36, 17.45). anafa® @o+ar p & RR 95% IrcHfaya™E o
H T W s B R @ wEe w@ ) R w?

SECTION IV @8 1V)
Attempt any two questions from Q10, Q11 and Q12.
FHT 10, ¥97 1 3 997 12 ¥ @ 3= & g3 @7 Iew Ao

10. A machine fills milk bottles, the mean amount of milk in each bottle is supposed
to be 32 Ounce with a standard deviation of 0.06 Ounce. Suppose the mean
amount of milk is approximately normally distributed. To check if the machine is

operating properly, 36 filled bottles will be chosen at random and the mean
amount will be determined.

(i) What should,be an appropriate test hypothesis in this case?

(i1) Based on your answer in part (1), if an o = .05 test is used to decide

whether the machine is working properly, what should the rejection criterion
be?

(iii) Find the probability of a type II error when the true mean is 32.03.

(iv) Find the power of the test if the true mean is 32.03. (10)

WW@ﬁMﬁwgrmmﬁ@ﬁmeéaﬂﬁ
@ WS fage @ @Y 32 aﬂ'amzﬁmﬁ%m:raﬁmfa;@aﬁmw
Wmmmﬂﬁaﬁaaﬁmﬁﬁnwaw%%mﬁ;mmam
m@—gmqﬁ,ﬂﬁgaeﬁaﬁﬁu@ﬁfaﬁm%wmﬁ;aﬁmm
frefiRa o S

(i) =@ wF A Th IEH UOE GREEH T B wiRe?

(ii)“‘ﬂ‘T(i)iaﬁﬁﬁmw,aﬁa:.usw&&mmmwmmﬁ
%mmm?ﬁ?ﬂﬁ?@ﬁﬂmﬁﬂiﬁémqﬁ,ﬁrmﬁm
@ B AR ? -

PT0.
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(iii) s wh WA 3203 g, @ WEKR

(iv) aft @ w3203

(a)

(b)

10
1 Afe @ wifaeen Ao

2, @ udeor @ afarr awe G

A random sample of 150 recent donations at a certain blood bank reveals

that 82 were type A blood. Does this suggest th
apce of the population having

o the actual percentage of
type A donations differs from 40%, the percent
type A blood? Carry out a test of the appropriate hypotheses using a
significance level of 01. Would your conclusion h

significance level of .05 had been used?

we been different if a

An article reports on the tensile properties of wire used in manufacturing of
a coil. Suppose a sample of 16 wires is selected and cach is

The resulting sample mean and standard

tested to

determine tensile strength (N/mm2).
deviation are 2160 and 30, respectively.

(1) The mean tensile strength for wire is said to be 2150 N/mm-’. What

hypotheses should be tested to determine whether the mean tensile

strength of wire exceeds 21 507

(i) Assuming that the tensile strength distribution is approximately normal,
what test statistic would you use to test the hypotheses in part (1)?
What is the value of the test statistic for this data?

(iii) What would be your conclusion using the P-value of the test statistic?

(515)

(m)&ﬁwm&aﬁﬂmﬁ#mw'mm%n@&wmj%w

oo 2 fF 82 TRY A W@ A F TEA U1 ueren ® fF ey A W &l
arafaE weT 40% ¥ &H B, TRY A W@ arell I & wiura aar 27

01 @ WEE R @ WY IIGFd IRETSA F Qe ARl aft o5 @ wEA
W o I B T far A e e s e Ban?

(@) = ey ol wfem @ Fofor F Jmw fe o A R @ @ T W

fad et 21 W AR 6 16 R W oww o g ower @ ek aRE

T w=E @9 (N/mm2) FuiRa &= @
fore wlieror favar wan 21wl
A @ weE e w2160 3R 30 B -
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(i)mﬂmﬂﬂﬁiw 2150 N/mm’
mmso@ta&mﬁmaﬁ,mﬁtﬁﬁawﬁ%
& ydeor @ ey’

Wﬂ,ﬂm(i)ﬁqﬁ’mﬂiﬁ

(i) @ WA gY R e A faw o
’alﬁ’éﬂﬂﬁiﬂsmﬂfﬁ??ﬁ

mqﬂmaﬂ%ﬁﬁ?aﬂmqﬁm
%a%ﬁmq&msﬁﬁéaﬂnﬁwﬁ?

(iii)q&mmﬁmﬁ% P-mm-ﬂﬁm,aﬂ% mﬁwﬁwm?

r a sample of 10 bedsheets, the safnple mean

he sample standard deviation was 1.2. Suppose
cets is known to be 48. Does the data
thread count

12. (a) A report suggested that fo
thread count was 51.3 and t

the true average thread count in bedsh

provide compelling evidence for concluding that true average

for the bedsheets exceeds this value?

advertises that with its heating equipment, rice
min. A random sample of 42 cookers is
o cook rice is determined for each cooker.
le standard deviation are 16.5 min and
ast doubt on the company’s claim?

(b) A rice cooker manufacturer
can be cooked in at most 15
selected, and the time necessary t
The sample average time and samp

2.2 min, rcspectivcly. Does this data ¢
e and use it to reach a conclusion at level .05.

Compute the P-valu
(5:+5)

(a;)qa?ﬁﬁfﬁammwﬁ?w
513 iR A A e 12 9
ﬁmﬁaaélw%wﬁﬁﬁmﬂ%%mmﬂmmm

%ﬁaﬁaﬁzé‘maﬁsﬂm%ﬁqﬁsﬂw%m%?

(a)wmwﬁmmﬁﬁ%%ﬁ%m%w,m
oo S A B 42 I N TH AGeSH

aa’ranwﬂﬂEﬁ
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A-2 Appendix Tables

12

ive Binomial Probabilities . X
Table A.1  Cumulative Bino Biximp) = S blyin,p)
nn= 5 wal
4
010 020 025 030 040 050 060 070 075 080 090 055 0.99
590 328 237 .16 078 03] 010 .002 001 .000 .000 .000 .00
919 737 63 S28 337 188 087 .03l 016 007 000 .000 000
991 942 896 837 683 500 317 163 104 058 .009 .001 000
1000 993 984 969 913 812 663 472 367 263 .0Rl 023 001
1000 1.000 999 998 990 969 922 832 763 672 410 226 049
P
0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 099
0 904 599 349 107 .06 028 .006 .001 .000 000 000 .000 000 000 .000
| 996 914 736 376 244 149 046 011 002 000 000 000 000 000 000
2 1000 988 930 678 526 383 167 055 012 002 000 000 000 000 000
3 1000 999 987 . 879 776 650 382 172 055 011 004 001 000 .000 00O
4 1.000 1.000 998 067 922 850 633 377 166 047 .020 006 000 000 .000
X
s 1000 1.000 1.000 994 980 953 834 623 367 150 078 033 .002 000 000
6 1000 1.000 1.000 999 996 989 945 828 GI8 350 224 121 013 001 000
7 1000 1.000 1000 1000 1000 .998 988 945 .833 617 474 322 070 012 000
8 1000 1000 1.000 1000 1000 1000 998 .989 .954 851 756 624 264 086 004
o 1000 1000 1.000 1000 1000 1000 1000 999 994 .972 944 893 651 401 .09
c.n=15
r
001 005 010 020 025 030 040 050 0.60 070 075 0380 090 095 0.99
o 860 463 206 035 013 005 .000 000 000 000 .000 .000 000 000 000
. 900 829 .549 .17 080 035 005 .000 .000 .000 .000 .000 000 000 000
2 1000 964 816 398 236 127 027 004 000 000 .000 000 000 000 .000
31000 995 944 648 461 297 091 018 002 .000 000 000 .000 000 000
4 1000 999 987 836 686 515 217 059 .009 .001 .000 000 .000 000 000
s 1000 1000 998 939 852 722 403 .51 034 004 001 000 .00G .00 000
6 1000 1000 1.000 982 943 869 .610 304 095 0I5 004 001 .000 .0OC 000
. 7 1000 1000 1000 .99 98 950 .787 .S00 213 050 017 004 000 000 .000
S 1000 1000 1000 999 996 985 905 696 390 .I131 057 018 000 .000 000
o 1000 1000 1000 1000 .999 996 966 849 597 278 148 061 002 .000 .00
10 1000 1000 1000 1000 1000 999 991 941 783 485 314 164 013 001 000
: ~|, : 000 1000 1000 1000 1.000 1.000 998 982 909 .703 539 352 056 .005 .000
1; 000 1.000 1.000 1000 1000 1.000 1.000 .99 973 873 764 602 184 036 .00
l-i : ::l}g : ggo 1000 1.000 1.000 1.000 1.000 1000 995 965 920 833 451 .17 010
: 000 1000 1.000 1.000 1.000 995 965 794 537 .40

1.000 1.000 1.000

987

(continued)
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Table A1 Cumulative Binomial Probabilities (cont.)

13

simp) = S My p)

fogppprtin TEOA

A3

=
d. n=20
P ) ) ) >
— R e = . 7 0.95 0.99
0.01 0.05 0.10 020 025 030 040 050 060 070 075 0-3{ .9._#

=== T ot 00 4 Af
0 818 358 122 012 003 001 000 000 000 000 .ij)f..i LAK) ::;3 '{: : : 000
1 983 736 .392 069 024 00K 001 000 060 000 OO0 000 DA IWJ oK
2 %9 o35 677 206 091 035 004 00 OO 000 00 00 o0 000 B
3 1000 984 867 .41l 225 107 016 001 OO0 000 000 O ;m oA A

4 1.000 997 957 630 415 238 051 006 OO0 OO0 OO0 OO0 KA -
5 1.000 1.000 989 804 617 416 126 021 002 OO0 000 FA (11 SO 5 1] :;::J
6 1.000 1.000 998 913 786 608 250 058 G06 OO0 LD G 000 DA .r .r
7 1000 1000  1.000 968 898 772 416 132 021 001, 00 A 6K il Irﬂﬁ
8 1.000 1000 1.000 990 959  B8T 596 252 05T .05 06] (VLB 1 /) or )’/:.
9 L000 1.000  1.000 997 986 952 755 412 .12% 017 004 o0l 000 OO0 NG

x
10 1.000 1.000 1.000 999 996 983  B72 588 245 048 Gl4 043 000 000 000
111000 1000 1000 1000 99 995 943 748 404 (13 041 0610 O O n¥)
12 1000 1.000 1000 1000 1.000 999 979 468 .Sk4 22 102 32 000 000 (X4
13 1.000 1.000 1000 1.000 1000 1000 994 942 750 392 214 0BT 002 00 OO0
14 1000 1000 1.000 1000 1.000 1.000 998 79 %74 S84 38T 196 011 000 F)
I5 1.000 1000 1000 1.000 1000 1000 1.000 994 949 762 SRS 370 043 003 (¥
16 1000 1.000 1.000 1.000 1.000 1000 1000 999 984 293 775 589 133 016 000
17 1.000 1,000 1.000 1.000 1.000 1.000 100G [.000 99 965 909 794 323, 075 00!
18 1.000 1.000 1.000 1000 1.000 1.000 1000 1060 999 992 976 931 608 264 017
19 1.000 1000 1.000 1000 1.000 1000 1000 1.000 1.000 .999 997  98% 8T 642 182
{ um:;u:d J
T 16 Ce mmmwwmuﬂmuwnwﬁaamh [
t’m::t'\t?"‘x“" o contert coet ol lm““"’""ﬂ“‘""'wf:s";,:..mn:.::!:::*’w“’“m”‘“"dﬁmadﬁw,-
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A4 Appenon Tables

Table A.1 Cumulative Binomial Probabilities (cont.) Blxinmp) = ): By m, p)
vl

e.n=128

060 070 075 080

090 095 0499

0.01 005 010 020 025 030 040 050

778 277 072 004 001 000 000 .000 000 000 000 000 000 000 000
974 642 271 027 007 002 000 .000 000 000 000 000 000 000 000
8 873 S37 098 032 009 000 000 .000 000 000 000 .000 .000 000
1000 966 764 234 .09 033 002 000 000 000 000 000 000 000 000
1000 993 902 421 214 090 009 000 000 000 000 000 000 000 000

1.000 999 967 617 378 193 029 002 000 000 000 000 000 000 00D
1.000  1.000 991 780 561 .341 074 007 000 000 000 000 000 000 000
1.000  1.000 998 891 727 512 154 022 001 000 000 000 000 000 000
1.000  1.000 1.000 953 851 677 274 054 004 000 000 000 000 000 000
1.000  1.000 1.000 983 929 811 425 115 013 000 000 000 000 000  .000

10 1000 1.000 1000 994 970 902 .58 212 034 002 000 000 00O 0O 000
11 1000 1.000 1.000 998 080 956 732 345 078 006 001 000 000 00O .000
+ 12 1000 1000 1.000 1000 997 983 846 500 .154 017 003 000 .000 000 000
13 1000 1.000 1.000 1000 999 994 922 655 268 044 020 002 .000 000 .000
14 1.000 1.000 1000 1000 1.000 998 966 788 414 098 030 006 000 00O .000

15 1.000 1.000 1.000 1000 [.000 1000 987 885 375 .189 071 017 .000 000 000
16 1.000 1.000 1000 1000 [.000 1.000 .996 946 726 323 149 047 000 000 .000
17 1.000 1000 1.000 1.000 1000 1.000 .999 978 846 488 273 .109 002 000 .000
I8 1000 1.000 1000 1000 1.000 1.000 1.000 993 926 .659 439 220 009 000 .000
19 1.000 1000 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 .78 .579 098 007 .000
21 1.000 1000 1.000 1.000 1.000 1000 1.000 1.000 998 967 904 766 236 034 000
22 1000 1.000 1.000 1000 1.000 1.000 1.000 1.000 1.000 991 968 902 463 127 .002
23 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1000 998 993 973 729 358 026
24 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 999 996 928 723 22

O o0 = hon da ted bd o S

Ta. :A.2 Cumulative Poisson Probabilities Lttt
Rxp)y=2—
y=0
I

A o 3 K] 5 6 e 8 . 9 : 1.0

0 .905 819 741 670 607 549 497 449 4{;7_ a -“._168

1 995 982 963 938 910 878 844 809 172 736

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 1.000 990

6 1.000

(contimied)
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A-6 Appendin Tables

Table A.3 Standard Normal Curve Areas () = MZ =8

Standand nonmnl denaity cuyy,

Sl wiwn = ()

1 { 00 01 02 03 04 A8 Ao 07 AN A1)
-34 | 0003 0003 0003 0003 L0003 0003 0003 Oon ooy 00
-33 | 0005 0005 0005 0004 004 0004 0004 004 A4 00
=32 | 0007 0007 0006 0006 006 0006 006 Q004 0004 000
-1 | 0010 0009 0009 0009 Q00K 00K 00K Q00K 0ot ot/
=30 0013 0013 0013 0012 0012 0011 ot 0011 0010 0010
-29 0019 DOIR 0017 0017 0016 0016 001S 0018 o4 ol
-2.8 0026 0025 0024 0023 023 022 o2l 0021 0020 {TI]
-2.7 0035 0034 0033 0032 L0031 0030 0029 0028 noxy 0ol
=26 0047 0045 0044 0043 L0041 0040 0039 KIIRY) 0oy A
=25 0062 0060 20059 0057 0055 0054 0052 0051 0049 00
-24 0082 0080 0078 0075 0073 00N 0069 Q06K 0066 0064
—2:3 0107 0104 0102 0099 0096 0094 0091 LD DOKY OOK4

=22 0139 0136 0132 0129 012§ 0122 0119 Olle 01y 0110
—-2.1 0179 0174 0170 L0166 0162 D158 0154 0150 L 0144
=20 0228 0222 0217 0212 0207 0202 0197 0192 DIKK (1KY

% -1.9 0287 0281 0274 0268 0262 0250 0250 0244 0239 0214
== —1.8 0359 0352 0344 0336 0329 0322 0314 0307 030l 0294
s -1.7 0446 0436 10427 0418 0409 0401 0392 0AR4 0375 (1ATiY
-1.6 0548 0537 0526 0516 505 0495 LD4BS 0475 0465 RN
~15 0668 0655 0643 0630 618 L0606 04594 0582 0871 0454
-1.4 0808 0793 0778 0764 0749 0735 0722 0708 0694 naKl
=1.3 0968 {0951 0934 0918 0901 LORRS 0869 LH5) OR18 K1Y
-1.2 A151 1131 112 1093 1075 1056 1038 1020 003 AOKS
~1L1 1357 1335 1314 1292 A2 1251 1230 A210 1190 AT
-1.0 1587 1562 1539 1515 1492 1469 1446 1423 1401 119
-0.9 1841 1814 1788 1762 1736 A711 JAo8S 1660 J03S A6l
-08 2119 2090 .2061 2033 2005 1977 1949 1922 L1894 1467
-0.7 .2420 2389 2358 2327 2296 2266 2236 2206 2117 A48
=06 - 2743 2709 2676 2643 2611 2578 2546 2514 2483 251
-0.5 3085 3050 3015 2981 12946 2912 2877 2843 2810 2176
-0.4 3446 3409 Aan 3336 3300 3264 J228 192 156 Y21
=03 3821 3783 3745 3707 3669 3632 3594 3557 520 1442
=02 4207 4168 4129 4090 4052 4011 3974 4936 AR HSY
=01 4602 4562 4522 4483 4443 A404 4364 4325 A2R0 4247
-0.0 .5000 4960 4920 ARBO 4840 AR0L A761 AT21 A6K] A641

(¢ omdimieid )
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Appendix Tabias A-7
Table A.3  Standard Normai Curve Areas (cont.) ®(z) = PZ=12)
———— _ e e s R
: 4 01 02 03 04 05 06 07 08 -
_"‘_'[—‘—-———-———-—_._______. . b i e =
3-0 [ -5000 .5040 .5080 5120 5160 5199 .5239 5279 5319 .5359
1| 5308 5438 5478 5517 5557 5596 5636 5675 5714 5753
02 | 5793 5832 5871 5910 5948 5987 6026 6064 6103 6141
03 6179 6217 6255 6293 6331 6368 6406 6443 6480 6517
04 | 6554 6591 6628 6664 6700 6736 67172 6808 6844 6879 =
0.5 | 618 6950 6985 7018 7054 7088 7123 7157 7190 7224 =
06 | 728 7291 7324 7357 7389 7422 7454 7486 7517 7549 ©
0.7 | 7580 7611 7642 7673 7704 7734 7764 7794 7823 7832 O
038 7881 7910 7939 7967 7995 8023 8051 8078 8106 8133 =
09 8159 8186 8212 8238 8264 8289 8315 8340 8365 8389 =
1.0 8413 8438 8461 8485 8508 8531 8554 8577 8599 8621
LI 8643 8665 8686 .8708 8729 8749 8770 8790 8810 8830
12 | 8849 8869 8888 8907 8925 8944 8962 .8980 8997 9015
13 9032 5049 9066 5082 9099 S11s 9131 9147 9162 9177
- 14 9192 9207 9222 9236 9251 9265 9278 9292 9306 9319
s | 933 8345 9357 9370 9382 9394 9406 9418 9429 9441
1.6 | 945 9463 9474 9484 9495 9505 9515 9525 9535 9545
L7 | 9554 8564 9573 9582 9591 9599 9608 9616 9625 0633
18 | 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
19 | 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
22 9861 9864 9868 .987] 9875 9878 9881 9884 9887 9890
23 | 9893 9896 9898 9901 9904 .9906 9909 9911 9913 9916
24 | 9918 9920 9922 9925 9927 9929 993] 9932 9934 9936
25 9938 .9940 9941 9943 9945 9946 5948 9949 9951 9952
26 9953 9955 8956 9957 9959 5960 9961 9962 9963 9964
2.7 9965 9966 9967 9968 9969 9970 9971 9972 9973 9974
23 9974 9975 .9976 9977 9977 9978 9979 9979 9980 9981
29 | 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 | 9987 9987 9987 9988 9988 9989 19989 9989 9990 5990
3.1 9950 .9991 9991 9991 9992 9992 9992 9992 9993 9993
32 9993 9993 9994 9994 9994 9994 9994 9995 9995 19995
33 I 9995 9995 9995 9996 9996 9996 19996 9996 9996 9997
34 | 9997 9997 9997 9997 9997 9997 9997 9997 8997 9998
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Appendie Tanlae A9
Table A.5 Critical Values for t Distributions - /"' cansity ourvw
N
: \ Shaded area = &
| i
- L e
(1] [
o
v ; 10 05 025 01 008 001 L0005
1 3.078 6314 12.706 31821 63 657 3181 63662
2 1.886 2920 430 6.965 9.925 22.326 .59
3 1638 2383 3182 4.541 5841 19:214 ool
4 1.533 2132 2,776 3,747 4.604 7.173 8.610
5 1.476 2015 2,571 3.365 4.032 5.893 g
6 1.440 1.943 2.447 3.143 3.707 5.208 5999
7 1.415 1.895 2.365 2.998 3.490 4,785 5 40K
8 1.397 1.860 2.306 2.896 1355 4501 5.041
9 1.383 1.833 2,262 2.821 3.250 4297 4.781
10 1372 1.812 2.228 2764 31169 4144 4 5¥7
1 1.363 1.796 2.201 2,718 3.106 4025 4417
12 1.356 1.782 2.179 2.681 3055 3.930 431K
13 1.350 1.771 2,160 2.650 3012 1852 4221
14 1.345 1.761 2.145 2,624 2977 1,787 4.140
15 1.34] 1.753 2.131 2.602 2.947 3.733 4073
16 1.337 1.746 2.120 2.583 2921 J.6KR6 4015
17 1.333 1.740 2.110 2.567 2.898 3,646 3.965
18 1330 1.734 2.101 2.552 2 878 31,610 1922
19 1.328 1.729 2,093 2,539 2.861 1579 3883
20 1.325 1.725 2.086 2.528 2.845 3.552 1850
21 1323 1.721 2.080 2.518 2.831 3.527 3819
2 1321 .17 2.074 2.508 2819 3 508 1792
23 1319 1714 2.069 2.500 2.807 3.485 1,767
24 1318 1.711 2.064 2.492 2.797 3.467 1,745
25 1316 1.708 2,060 2.485 2787 3.450 3725
26 1315 1.706 2.056 2479 2,779 3435 3707
27 1.314 1.703 2.052 2473 2771 3421 3.690
28 1313 1.701 2.048 2.467 2.763 1 408 3 674
29 1311 1.699 2045 2462 2.756 3.396 3,659
30 1.310 1.697 2.042 2.457 2,750 1389 1 646
32 1.309 1.694 2.037 2.449 2.738 1165 3622
14 1.307 1.691 2.032 2,441 2728 V348 3,601
36 1.306 1.688 2.028 2434 2719 31333 1582
38 1.304 1.686 2.024 2429 2712 11319 3.566
g :.gg; 1.684 2.021 2423 2.704 3307 3551
{ 1.676 2.009 2.403 2678 1262 1,496
60 1.296 1.671 2,000 2,390 2,660 3232 3 460
120 1289 1.658 1.980 2358 2617 3160 173
1.282 1.645 1.960 2326 2576 ; 3.29)

3.000 1291
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able A7 Critical Values for Chi-Squared Distributions

R R e

b obS b - _
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23
24
25
26
27
28
29
30

3l
32
33
34
35

36
37
38
39,
40

Qa8

0.000
0.010
0.072
0.207
0.412
0.676
0.959
1.344
1.735§
2.156
2.603
3.074
3.568
4.075
4.600

5.142
5.697
6.265
6.843
743
8.033
8.643
9.260
9.886
10.519

11.160
11.807
12.461
13.120
13.787

14.457
15.134
15.814
16.501
17.191

17.887
18.584
19.289
19.994
20.706

Rl

0.000
0.020
0.115
0.297
0.554
0,872
1.239
1646
2,088
2.558
3,083
35N
4.107
4.660
5.229
5.812
6.407
7.015
7.632
8.260
R.897
9.542
10,195
10.856
11,523
12,198
12.878
13.565
14.256
14,954

15.655
16.362
17.073
17.789
18.508

19.233
19.960
20.691
21.425
22.164
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0.001
0,051
0.216
0484
0.831
1.237
1.690
2180
2,700
RIS
A 816
4.404
5.009
5.629
6.262
6.908
7.564
8.23]
5.906
9.591
10.283
10.982
11.688
12.401
{3120
13.844
14.573
15.308
16,147
16.791

17.538
18.291
19.046
19.806
20.569

21.336
22.105
22878
23.654
24.433
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85

0,004
0.103
0.152
0.711

1.145
1.635
2167
2733
3325
1940
4.575
5.226
5.802
6.571
7.261

7.902
8.682
9.390
10117
10.851

11.591
12,338
11,090
13.848
14.611
15.379
16.151
16928
17.708
18.493

19.280
20.072
20.866

. 21.664

22,465
23.269
24.075
24.884
25.695
26.509

90

0.016
0.211
0.584
1.064
1.610
2.204
2833
3,490
4.168
4,865
5578
6.304
7.041
7.790
8.547
9312
10,085
10.865
11.651
12.443
13,240
14,042
14.848
15.659
16473
17.292
18.114
18.939
19.768
20.599
21.433
22.271
23.110
23,952
24,796
25,643
26.492
27.343
28.196
29,050

19

a0

27106
4,605
6251
1.779
9,236
10.645
12,017
13.362
14,684
15987
17.275
18.549
19.812
21.064
22307
21542
24769
25989
27.203
28412
29.615
10.813
32,007
33,196
34.381

15.563
36,741
37916
39,087
40.256
41,422
42,585
41,745
44903
46.059

47212
48363
49,513
50.660
51.805

A5

1.841
5.902
7.818
9,488
11.070
12.592
14.067
15.507
16.919
18.307
19.675
21.026
22,362
23,6858
24,996
26.296
27.587
28.869
30,143
31410
32,670
33.924
35.172
316.415
37.652
IB.8RS
40.113
41.337
42.557
43,773

44 985
46.194
47.400
48.602
49.802

50.998
52.192
53.384
54.572
55.758

025

5.025

7.378

9,348
11.143
12.832
14,440
16.012
17.5M
19.022
20,483
21920
23.337
24.735
26.119
27.488

28,845
30,190

31.526

32.852

34.170
35.478
36.781

38.075
39.364
40.646
41.923
43,194
44.461
45,972
46.979

48.231
49.480
50.724
51.966
53.203

54.437
55.667
56.896
58.119
59.342

Appendix Tatles

X1 density curve

01
6.037
9.210

11.344

13.277
15.085

16.812
18.474
20.090
21.665
23.209

24.724
26.217
27.687
29141
30.577

32.000
33.408
34.805
36.190 -
317.566

38.930
40,289
41.637
42 9R0
44.313

45.642
46.962
48,278
49.586
50.892

52.190
53.486
54,7174
56.061
57.340

58.619
59.891
61.162
62.426
63.691

Shaded area = o

A1 B

A5

7.882
10.597
12.837
14 860
16.748

18.544
20.276
21.954
23.587
25.188

26,755
28.300
29817
31319
32799
34.267
15716
37.156
38.580
39.997

41.399
42.796
44.179
45.558
46.925

48.290
49,642
50.993
52.333
53.672

55,000
56.328
57.646
58,964
60.272

61.581°
62,880
64,181
65473
66.766
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A-12 Appendix Tables

Table A.8 t Curve Tail Areas

0 t
!
_— o N s ) § o

SNy 1203 4 8 6 7 8 9 10 11 12 13 14 15 16 17 18
* e - — s - — - - - -
00 [ 500 .500 500 .500 .500 .500 .500 .500 500 .S00 500 .500 .S00 500 .500 .S00 500 S0
00 1 468 465 463 463 462. 462 462 461 4Gl A6l 461 461 461 461 461 461 461 a6l
02 | 437 430 427 426 425 424 424 423 423 423 423 422 422 422 422 422 422 422
© 03 | 407 396 392 390 388 387 .3B6 38 386 .385 385 385 384 384 384 384 384 I%4
04 | 379 364 358 355 353 350 35| 350 349 .349 348 348 348 347 347 347 347 147
05 352333 326 322 319 317 316 315 315 314 313 313 313 312 312 312 312 312
06 328 305 295 290 287 285 284 283 282 281 .280 280 279 279 279 278 278 278

07 | 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
09 | 267 232 217 210 205 201 .199 .197 .196 195 .194 193 .12 .191 191 191 190 190
10 | 250 211 .19 .187 .182 .178 .175 .173 172 .170 .169 .169 168 .167 167 166 .166 165
L1 | 235 193 176 .167 .162 .157 .154 152 .150 .149 .147 .146 146 144 144 144 143 |43
12 | 221 177 158 148 .142 138 135 132 130 129 .128 127 126 .124 124 124 123 123
13 | 209 .62 .142 132 125 121 .17 .15 .13 11 .10 .109 108 107 107 106 105 10S
1.4 197 148 128 117 110 106 .102 00 098 096 095 .093 .092 .091 .091 .090 090 089
1S | 187 136 115 .104 097 092 089 086 084 082 .081 080 079 077 077 077 07 075
16 | 178 125 104 092 085 080 077 074 072 070 069 068 067 .065 065 065 064 064
L7 | 169 116 094 082 075 070 065 064 062 .060 059 057 056 055 055 054 054 053
18 | 161 .J07 085 073 066 061 .057 055 .053 051 .050 .049 048 046 046 045 045 044
19 | 154 099 077 065 058 053 .00 047 045 043 042 041 040 038 038 038 037 037
20 | 148 092 070 058 051 046 .043 040 038 037 035 034 033 032 032 031 031 030
21 | .41 085 063 052 .045 040 037 034 033 031 030 029 08 027 027 026 025 025
22 | .13 079 058 046 040 035 032 029 028 026 .025 024 023 022 022 021 021 091
23 | 131 074 052 041 035 031 027 025 .023 022 021 020 019 018 018 01§ 017 017
24 | 126 069 048 037 031 027 024 022 020 019 018 017 016 015 015 014 014 014
25 | 120 065 044 033 027 023 020 018 017 016 .015 014 013 012 012 012 o1 ol
26 | 117 061 040 030 024 020 018 016 014 013 012 012 Oll 010 010 010 005 009
27 | 113057 037 027 021 018 015 014 012 011 010 010 009 008 008 008 008 00%
28 | 109 054 034 024 019 016 013 012 010 009 005 008 008 .007 007 006 006 008
29 | 106 051 031 022 017 014 01l 010 009 008 007 007 006 005 005 005 005 o008
30 | 102 048 029 020 015 012 010 009 007 007 006 006 005 004 004 o003 004 004
31| 09 045 027 018 013 011 009 007 006 006 005 .005 004 004 004 003 003 003
32| 0% 043 025 016 012 009 008 006 .005 005 004 004 003 003 003 003 003 002
33 | 094 .040 023 015 011 008 007 005 005 004 004 003 003 002 002 002 002 002
34 | 051 038 021 014 010 .007 006 005 004 003 003 003 002 o002 002 002 002 002
;5 089 036 020 012 009 006 005 .004 003 003 002 002 002 005 002 001 001 .00l
6| 086 035 018 011 008 006 004 004 003 002 002 002 002 o0
371 084 033 017 010 007 .005 .004 003 002 002 002 002 ,m:\! .ou: ﬁ: 'gg: %i gg:
38 | 082 031 016 010 .006 .004 003 003 002 002 001 00| 001 001 001 001 .001 .00l
39 | 080 .030 015 .009 006 .004 .003 002 002 “ ' 001

J 001001 001 001 001 .001 .001 001 001
4.0 078 029 014 008 .005 .004 003 .002 002 .00] 001 .001 001 .001 001 001 000 .000

(continued)
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Table A8 ¢ Curye Tail Areas (cont.)

fcurve Area to the
e i Y

0 {
- - i
[N 19 T ————
; 02 2 23w s 2% 27 2w 3
0.0 5
o1 | 42? 'ig? :00 S00 500 500 500 500 500 500 500 SO0
il 461461 461 461 461 461 461 46 46l 46l
03 | 334 | 422 422 422 4 422 a2 41 41 421 42
o | ‘14 SR L S N TS B T N P UE S % S S S P ST
. 347 347 347 347 3de 346 346 346 346 346 346 346
05 1 310 310 310 310 M1 310 31 3 3 A0 310 310
0.6 278 278 278 277 277 217 277 277 21 211 271 M
0.7 | 246 246 246 246 245 245 245 245 245 245 245 245
0.8 217 217 216 216 216 216 216 215 215 215 215 215
0.9 490 189 189 1RO 189 189 18R .I8K 18§ 188 188 188
1.0 165 165 164 164 164 164 163 163 163 .16} .16} .163
1.1 143 142 142 142 141 141 141 141 141 140 140 140
1.2 122 122 122 120 420 121 121 120 120 120 120 120
1.3 105 104 104 104 103 103 103 103 102 102 102 .102
1.4 | 089 089 088 088 087 087 .O0R7 087 086 086 086 .086
15 | 075 075 074 074 074 073 073 073 073 072 072 072
1.6 | 063 063 062 062 062 061 061 061 061 060 060 060
17 | 053 052 052 052 051 051 .051 051 050 050 .050 .050
18 | 044 043 043 043 042 042 042 042 042 041 041 041
19 | 036 036 036 035 035 035 (035 034 034 034 034 034
20 030 030 029 029 029 (028 028 (028 024 028 027 .027
; ‘ - 023 023 023 022 022 022
-~ i 'gig gf; gﬁ 373 019 018 018 018 018 018
22 | 020 .020 . 6 016 015 015 015 015 015 015 014 .0i4
23 016 016 01 T 02 012 012 012 012 012 012 0N
i il g:é 010 010 010 010 010 009 009 009 009
25 ol A R 008 008 Q0B OUR 007 007 007 007
2.6 009 .009 .008 (008 006 006 006 006 006 006 006 .006
2.7 007 .007 007 .007 i 005 005 005 005 005 005 004
2.8 ‘ 006 006 .005 005 '004 -004 o4 004 004 004 004 003
29 | 005 004 004 004 -[:|03 '003 003 003 003 003 003 003
3.0 i 004 004 003 003 ‘om ‘{}02 002 002 002 002 002 002
31 | .003 003 003 003 i 002 002 02 002 002002 002
e ! 002 002 002 002 e 001 001 001 001 001 001001
ol i 002 - ; : I 001 001
' 2 002 .002 o0l 001 001 .00
33 [ 002 o o) 001 001 . ( 01001
, : o1 o001 001
002 001 001 1001 o0 001
3 001 001 001 001 .00 ool 001 001 001 001 001
> : , 001 .01 00! o 001 001 000 000 000 000
36 | 001 .00] 'u(ll 001 001 001 ‘000 000 000 000 oon 000
3.7 1 001 .00 ol 000 000 000 000 000 000 000 000 000
38 | 001 001 - o 000 000 - 000 000 000 000
000 000 00 000 000 000 i
3.9 I 000 . 0 000 000 oo T i =
a0 | 000 000 =
1y pant tecaromic righta, soeme thin
N o seanend. 00 duplicatad 0 u:‘l':;.”:',?::n:pu
nemarved M4 ““1::1‘::";“ he aversl lewnitd €210

11 Bt
{upyright 20101 Cengage Learning. A o
cmod 1har a0y wupprerscd

Faditovi 1eyiew ban de

15

500
460
421
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Jde
Ao

276
244
215
187
162

139
119
A0l

085
071
059
049
040
033
027

022
o
014
011
009

007
005
004
003
002
02
001
001
001
001

000
000
000

ot

ity combent may be suprevsied fin the ook

00
005
004
003
002

002

001

001
001
001

000
000
000
000
000

Appendiy Tokbe:

o0

500
460
421
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345
309

275
243
213
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161

138
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057
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031
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020
016
012
010
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003
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001
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001
001
000

000
00
000
000
000
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500

460

421
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100

275
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213
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004
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001
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000
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s00
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A-14 Appendix Tables

Table A.9 Critical Values for F Distributions

v, = numerator df
« 1 2 3 4 5 6 7 8 Iy
.100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86
, 050 161.45 199.50 215.71 224.58 230.16 23399 236.77 238.88 240.54
010 | 405220  4999.50 540340  5624.60  5763.60 5859.00  5928.40  5981.10  6022.50
001 | 405284 500000 540379 562,500 576405 585,937 592,873  598.144 602284
.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 1933 1935 19.37 19.38
010 98.50 99.00 99.17 99.25 99.30 99.33 99.36 9937 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 5.25 524
5 050 10.13 9.55 928 9.12 9.01 8.94 8.89 8.85 8.8
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 4.54 432 419 4.11 4.05 4.01 3.98 3.95 3.94
030 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 4966 ' 49.00 48.47
.100 4,06 3.78 1.62 31.52 3.45 3.40 3.37 3.34 332
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 3320 . 31.09 29.75 28.83 28.16 27.65 27.24
s 100 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96
5, 050 5.99 5.14 4.76 4.53 4.39 428 421 4.15 4.10
a 010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98
g .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 .72
W g 050 5.59 4.74 435 412 3.97 1.87 3.79 3,73 3.68
5 010 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
.100 146 311 2.92 2.81 2.73 2.67 2.62 2.59 2.56
g 050 532 446 4.07 3.84 3.69 3.58 3.50 344 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 2.51 247 2.44
g 050 5.12 4.26 3.86 3.63 3.48 137 3.29 3.23 318
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
100 329 292 273 2.61 2.52 2.46 241 2.38 235
I 4.96 4.10 3.71 3.48 333 3.22 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 2.27
a0 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90
010 9,65 721 6.22 5.67 532 5.07 4.89 474 . 4063
.001 19.69 13.81 11.56 10.35 9.58 9.05 8.66 8.35 R.12
.100 3.18 2.81 2.61 2.48 2.39 233 2.28 2.24 2.21
;g 950 4.75 3.89 3.49 3.26 3.1 3.00 2.91 285 2.80
010 9.33 6.93 5.95 541 - 5.06 4.82 4.64 4.50 4.39
001 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.71 748
(rominun'd}
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5
Appendix Tables A-15 F=-

Table A9 Critical Values for F Distributions (cont,)
_-__"_—'——-—_.__-h—-_-—____________ - W - NN SO0 -

¥, = numerator df
PR 1_2._ e — e

15 20 25 30 40 50 60 120 B
60.19 60.71 61.22 -_61.;; o 6205 62.26 6253 62.69 62.79 63.06 AN
24188 2439

245.95 248.01 249.26 250.10 25114 251.77 252.20 253.25 254.19
605580 610630

615730 620870 623980  6260.60  6286.80 630250 6313.00 633940 636270
605,621 610,668 615,764 620908 624,017 626,099 628,712

630285 631,337 633972 636301
9.39 941 9.42 9.44 9.45 9.46 9.47 9.47 9.47 9,48 9.49
19.40 19.4} 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 9947 9945 99,48 99.49 99.50
999.40 99942 99943 99945 99946 999.47 99947 99948 99948 999.49 999.50
5.23 522 5.20 5.18 517 5.17 516 5.15 5.15 514 5.13
8.79 8.74 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8 53 R53
2723 27.05 26.87 26.69 26.58 26.50) 26.41 26.35 26.32 2622 26.14
129.25 128.32 127.37 126.42 125.84 125,45 124.96 124.66 124.47 123.97 123 53
3192 3.90 387 184 3.83 3.82 3.50 3.80 179 3,74 376
5.96 5.91 5.86 5.80 5.77 5.75 5.72 5.70 5.69 5.66 5.63
14.55 1437 14.20 14.02 13.9] 13.84 13.75 13.69 13.65 13.56 13.47
48.05 47.4] 4676 46.10 45,70 45.43 45.09 44.88 44.75 44.40 44.09
3.30 3.27 3.24 321 3.19 317 116 315 314 K b 311
4.74 4.68 4,62 4.56 452 4.50 4.46 4.44 4.43 4.40 437
10.05 9.89 9.72 9.55 9.45 938 929 9.24 9.20 9.11 9.03
26.92 26.42 2591 2539 25.08 24.87 24.60 24.44 2433 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 an 375 3.74 3.70 3.07
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
2.70 267 2.63 2.59 2.57 2.56 2.54 252 2.51 2.40 2.47
3.64 3.57 3.51 3.44 3.40 338 3.34 332 3.30 327 323
6.62 6.47 6.31 6.16 6.06 5.99 591 5.86 5.82 5.74 5.66
14.08 1371 13.32 12.93 12.69 12.53 1233 12.20 12,12 119 11.72
2.54 2.50 2.46 2.42 2.40 2.38 236 2.35 234 2.32 2.30
3.35 328 3.22 3.15 kN 3.08 3.04 3.02 3.01 297 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 9.53 936
2.42 2.38 2.34 2.30 2.27 2.25 223 222 22| 208 216
3.14 3.07 3.01 2.94 2.89 2.6 2.83 2.80 2.79 2,75 2
526 5.11 496 4.81 4.71 4.65 457 452 4.48 4.40 432
9.89 957 9.24 8.90 8.69 B.55 8.37 8.26 8.19 B.00 7.84
2.24 2.20 217 216 2.13 2.12 2.11 2.08 206
i.;g 3;? 2.85 2.77 273 2.70 2.66 2.64 262 2.58 ;,24
485 471 4.56 441 4.; ! ;i{; ;;g 4.12 4.08 4.60 3
8.75 B.45 8.13 7.80 7.60 . 3 7.19 7.12 6.94 6.73
2.91 2.17 2.12 2.10 2.08 2.05 2.04 2.03 2.00 1.98
2.25 25 265 2.60 2.57 253 251 2.49 2.45 241
285 i i 410 401 3.94 386 33 3.78 369 361
;.;; e 732 7.01 6.81 6.68 6.52 6.42 6.35 6.18 6.02
; 210 2.06 2.02 2.01 1.99 1.97 1.96 1.93 1.91
2.19 215 e 254 2.50 2.47 2.43 2.40 2.38 2.34 2.30
275 260 201 186 376 370 362 3.57 3.54 3.45 337
430 .16 ' 6.40 6.22 6.09 5.93 5.83 5.76 5.59 s.44
729 7.00 6.71 :
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A-16 Appendix Tables

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

v, = numerator df
a 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

i3 050 4.67 3.81 341 318 3.03 2.92 2.83 2.17 271

010 9.07 6.70 5.74 521 4.86 4.62 4.44 430 4.19

.001 17.82 12.31 10.21 9.07 8.35 7.86 7.49 7.21 6.98

100 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 212

14 050 4,60 374 334 31 2.96 2.85 2.76 2.70 2.65

010 8.86 6.51 5.56 5.04 4.69 4.46 428 4.14 403

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 2.27 221 2.16 3.4 2,09

i .050 4,54 3.68 3.29 3.06 2,90 2.79 2.7 2.64 2.59

.010 8.68 6.36 542 4,89 4.56 4.32 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 3.05 267 2.46 233 2.24 2.18 2.13 2.09 2.06

» 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 47 4.44 4.20 403 3.89 178

001 16.12 10.97 9.01 7.94 727 6.80 6.46 6.19 598

.100 3.03 2.64 2.44 2.31 2.22 2.15 2.10 2.06 2.03

17 050 4.45 3.59 320 2.96 2.81 270 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
E i .050 4.4 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46
3 010 8.29 6.01 5.09 4.58 4.25 4.01 3.84 171 3.60
| 001 15.38 10.39 8.49 7.46 6.81 635 6.02 5.76 5.56
] 100 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98
= i 050 438 1.52 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 3.77 363 31.52
3 .001 15.08 10.16 8.28 7.2 6.62 6.18 5.85 5.59 539
.100 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96

- .050 4.35 3.49 3.10 2.87 271 2.60 251 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 5.60 5.44 5.24

.100 2.96 2,57 2.36 2.23 2.14 2.08 2.02 1.98 1.95

51 050 4,32 147 3.07 2.84 2.68 2.57 2.49 242 237

010 8.02 578 4.87 417 4.04 381 3.64 351 340

001 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 5.1

.100 295 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93

2 050 430 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34

010 7.95 5.7 482 431 3.99 3.76 3.59 345 ©3,35
001 14.38 9.6l 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
23 050 4,28 342 3.03 2.80 2.64 2.53 2.44 2.37 232
010 7.88 5.66 4.76 426 3.94 3.71 3.54 3.41 3.30
001 14,20 9.47 7.67 6.70 6.08 5.65 5.33 5.09 489

.100 2.93 2.54 233 2.19 2.10 2.04 1.98 1.94 L9l
- .050 426 340 3.01 2.78 2.62 2.51 242 2.36 2.30
010 7.82 5.61 472 422 3.90 3.67 350 3.36 3.26
001 14,03 9.34 7.55 6.59 5.98 5.55 523 4.99 4.80
lc(mﬂ:ﬂfle(“
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Table A9 Critical Values for F Distributions {cont.)
—_— 7

522

1.94
2.35
337
5.08

1.92
2.32
3.31
4.95
1.90
230
3.26
4.83
1.89

2.27
321
4.73
1.88
225
3.17

Copyright 2010 Cengage Learming. All Rights Reserved. May not bg copied, scanned; or duplicated. w1 whale ar in pan. Due 1o elecironic
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kil i

1.87
2.25
.
4.70
1.86
2.23
312
4.58

1.84
2.20
307
448

1.83
2.18
3.03
4.39

15

2.05
2.53
3.82
6.23

2.01
2.46
3.66
5.85
1.97
2.40
3.52
5.54
1.94
2.35
341
527
1.91
231
33t
5.05
1.89
227
3.23
4.87
1.86
2.23
315
4.70

1.84
2.20
3.09
4.56

1.83
2.18
3.03
4.44

.81
2,15
2.98
433

1.80
2.13
293
4.23
1.78
211

2.89
4.14

25

v, = numerator df

20

201

3.66
593
1.96
239
351
5.56
1.92
233
337
5.25
1.89
2.28
3.26
4.99
1.86
223
3.16
4.78
1.84
219
3.08
4,59

1.81
2.16
3.00
443
1.79
2,12
2.94
429
1.78
2.10
2,88
4,17

1.76
2.07
2.83
4.06
1.74
2.05
278
3.96
1.73
2.03
2.74
3.87

25

30 40 50
1.98 1.96 o 1.93 1.92
241 2.38 2.34 231
3.57 351 343 338
5.75 5.63 5.47 5.37
1.93 1.91 1.89 1.87
234 2.31 227 224
341 335 3.27 32z
- 538 5.25 5.10 5.00
1.89 1.87 1.85 1.83
2.28 225 2,20 2.18
3.28 3.21 313 3.08
5.07 4.95 4.80 4.70
1.86 1.84 1.81 1.79
223 2,19 215 2,12
316 j.10 302 297
4.82 4.70 4.54 4.45
1.83 1.81 1.78 1.76
2,18 2.15 2,10 2,08
3.07 3.00 292 287
4.60 4.48 433 4.24
1.80 1.78 175 1.74
2.14 2.11 2.06 2,04
298 292 2.34 2.78
442 4.30 4.15 4.06
1.78 1.76 1.73 1.71
211 2.07 2.03 2.00
291 284 2.76 27
4.26 4.14 399 3.50
1.76 1.74 171 1.69
2.07 2.04 1,99 1.97
2,84 2.78 2.69 2,64
4,12 4.00 1.86 377
1.74 1.72 1.69 1.67
2.05 2.01 1.96 1.94
279 272 2.64 2,58
4.00 3.88 314 3.64
1.73 170 1.67 1.65
2.02 198 1.94 1.91
273 2,67 2,58 2.53
3.89 3.78 3.63 3.54
1.71 1.69 1.66 1.64
2.00 1.96 191 1.88
2,69 2,62 254 248
379 3.68 35 3
1.70 1.67 1.64 1.62
1.97 1.94 1.89 1.86
2.64 2,58 249 244
371 3.5%9 345 3.36

his. soime third party content may be gy
he nght to remove additional contnt a1

60

1.90

2.30
3.34
5.30

1.86
2.22
3,18
4,94

1.82
2.16
3.05
4.64

1.78
2.11
293
4.39
1.75
2.06
2.83
4.18
1.72
2,02
2.75
4.00
1.70
1.98
2.67
3.84

1.68
1.95
2.61
3.70

1.66
1.92
2.55
3.58

1.64
1.89
2.50
348

1.62
1.86
245
338

1.61
1.84
2.40
3.29

Appendix Tables

120

188
2.25
3.25
5.14
1.83
2,18
3.09
477
1.79
2.11
2.96
447
1.75
2.06
2.84
4.23
172
2.01
2.75
4.02
1.69
1.97
2.66
3.84

1.67
1.93
258
3.68

1.64
1.90
2.52
3.54
1.62
1.87
246
342

1.60
1.84
240
332

1.59
1.81
235
322

1.57
1.79
231
14

A-17

1000

1.R5
221
118
4.99
1.80
2.14
3.02
4.62
.76
207
2,88
4,13
1.72
2.2
2.76
4.08
1.69
1.97
2.66
3.87
.66
1.92
2.58
3.69
|.64
|.BR
2,50
3.53
.61
1.85
2.43
340
1.59
1.R2
237
3.28

.57
1.79
232
37
.55
1.76
227
108
1.54
1.74
222
299

(continugd)
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A-18 Appendn Tables

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

v, = namerator df
o 1 2 3 4 5 6 7 8 9
o e, e _
.100 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89
25 050 424 3.39 299 2.76 2.60 2.49 2.40 234 237
.010 177 5.57 4.68 4.18 3.85 3.63 3.46 332 322
.001 13.88 9.22 7.45 6.49 5.89 5.46 5.15 491 4.7
.100 291 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88
26 050 4.23 3.7 2.98 2.74 2.59 2.47 2.39 2.32 227
.010 7.72 5.53 4.64 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 5.07 483 464
.100 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87
27 .050 4.21 3.35 2.96 2.73 257 246 237 23] 225
.010 7.68 5.49 4.60 4.11 3.78 3.56 339 3.26 3.5
.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 1.90 187
28 .050 4.20 3.34 2.95 2.71 2.56 2.45 2.36 229 224
o010 | 764 5.45 4.57 4.07 3.75 3.53 336 3.23 3.12
.001 13.50 8.93 7.19 6.25 5.66 524 493 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 2.22
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
= .100 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85
H 30 050 4.17 3.32 292 2.69 2.53 2.42 2.33 2.27 221
- .010 7.56 5.39 4.51 4.02 3.70 3.47 3.30 317 3.07
‘g .001 13.29 8.77 7.05 6.12 5.53 5.12 482 4.58 439
- .100 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79
'IT 40 .050 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 212
- .010 7.31 5.18 431 3.83 3.51 3.29 3.12 2.99 2.89
2 .001 12.61 8.25 6.59 5.70 5.13 4,73 4.44 421, 402
.100 2.81 2.41 2.20 2.06 1.97 1.90 1.84 1.80 1.76
& .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 .72 341 3.19 3.02 2.89 2,78
.001 1222 7.96 6.34 5.46 490 4.51 422 4.00 382
.100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74
0 .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 3.12 295 2.82 2.72
.001 11.97 7.77 6.17 5.31 4.76 437 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 4.82 398 . 351 3.21 2.99 2.82 2.69 259
001 11.50 7.41 5.86 5.02 4.48 4.11 3.83 361 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 2.06 198 1.93
010 6.76 4.71 3.88 341 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 3.43 326
100 T 2.31 2.09 1.95 1.85 1.78 1.92 1.68 1.64
1000 050 3.85 3.00 2.61 2.38 2.22 2.11 2.02 1.95 1.89
.010 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 243
001 | 10.89 6.96 5.46 4.65 4.14 3.78 3.51 3.30 313

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

27

3.67
1.71
1.99
263
3.54
1.66
1.93
2.50
3.30

1.63
1.58
2.4]
3.12
1.61
1.84
2.34
2.99

¥ = numerator df

1.82
2.16
2.9
431
1.8]
2.15
2.96
424
i.80
2.13
293
417
1.79
212
290
4.11

1.78
210
2.87
4.05
1.77
2.09
2.84
4.00
1.7

2.00
2.66
3.64
1.68

1.95
2.56
3.44

1.66
1.92
2.50
332
1.61
1.85
237
3.07

1.58
1.80
2.27
2.90

1.55
1.76
2.20
2.77

15 20 25 30 40
1.77 1.72 1.68 1.66 1.63
2.09 2,01 1.96 1.92 1.87
2.85 2.70 2.60 2.54 2.45
4.06 379 1.63 352 3.37
1.76 1.71 1.67 1.65 1.61
2.07 1.99 1.94 1.90 1.85
2.81 266 2.57 2.50 242
399 m 3.56 144 330
175 1.70 1.66 1.64 1.60
2.06 1.97 1.92 1.88 1.84
2.78 2.63 2.54 2.47 2.38
3.92 3.66 149 138 3.23
174 1.69 1.65 1.63 159
2.04 1.96 1.91 1.87 1.82
2.75 260 2,51 2.44 235
3.86 3.60 143 332 3.18
1.73 1.68 1.64 1.62 1.58
2.03 1.94 1.89 1.85 1.81
273 2.57 248 2.41 2.33
3.80 3.54 338 327 3.2
i.72 1.67 1.63 1.61 1.57
2.01 1.93 1.88 1.84 1.79
2.70 2.55 245 239 230
3.75 3.49 3.33 3.22 3.07
1.66 1.61 1.57 1.54 151
1.92 1.84 1.78 1.74 1.69
2.52 2.37 227 2.20 2.11
3.40 314 2.98 2.87 2713
1.63 157 153 1.50 1.46
1.87 1.78 1.73 1.69 1.63
2.42 227 217 2.10 2,01
320 2.95 2.19 2.68 2.53
1.60 1.54 150 1.48 1.44
1.84 1.75 1.69 1.65 1.59

235 220 2.10 2.03 1.94
3.08 2.83 2.67 2.55 241
1.56 1.49 1.45 1.42 138
1.77 1.68 1.62 1.57 1.52
222 2.07 1.97 1.89 1.80
2.84 2.59 2.43 2.32 2.17
1.52 1.46 1.41 1.38 1.34
1.72 1.62 1.56 1.52 1.46
2.13 1.97 1.87 179 1.69
2.67 2.42 226 215 2,00
1.49 1.43 138 1.35 1.30
1.68 1.58 152 1.47 1.41
2.06 1.90 1.79 172 1.61
2.54 2.30 214 2.02 1.87

3.03

1.55
1.76
225
2.98
1.48
1.66
2.06
2.64

1.44
1.60
1.95
2.44

1.41
1.56
1.88
232

1.35
1.48
1.74
2.08

1.31
1.41
1.63
1.90

1.27
1.36
1.54
1.77

2.38

1.40
1.53
1.84
225

1.34
1.45
1.69
2,01

1.29
1.39
1.58
1.83

125
1.33
1.50
1.69
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2.92 278 &
1.52 1.48 =
1.71 1.66
2.17 2.08
2.86 2.72
1.51 1.47
1.70 1.65
2.14 2.05
2.81 2.66
1.50 146
1.68 1.63
2.11 2,02
2.76 2.61
142 1.38
1.58 1.52
1.92 1.82
2.41 2.25
1.38 1.33
1.51 1.45
1.80 1.70
221 2.05
1.35 1.30
1.47 1.40
1.73 1.62
2.08 1.92
1.28 1.22
1.38 1.30
1.57 1.45
1.83 .64
1.23 1.16
1.30 1.21
1.45 1.30
1.64 143
1.18 1.08
1.24 111
1.35 116
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A-20

Table A.10 Critical Values for Stude

20

24

30

120

Appendix Tables

5.70
31.46
5.24
3.34
4.95
326
475
3.20
4.60
3.15
4.48

3n
419

3.08
432
3.06
4.26
3.03
421

3.01
4.17

3.00
4.13
2.98
4.10

2.97
4.07

2.96
4.05

2.95
402
2.92
3.96
289
1.89
2,86
38
283
3.76
2.80
170
2.77
3.64

164

4.60
6.98
434
633

4.16
5.92

4.04
5.64
395
5.43

388
5.27

3.82
5.15
.7
5.05
3.73
4.96
3.70
4.89
3.67
4.84

365
4.79
3.63
4.74
3.61
4,70
3.59
4.67
3.58
4.64
3.53
4.55
349
4.45
3.44
4.37
3.40
428
336
4.20
331
4.12

4.40

3.98%
5.05

3.96
5.02

3.90
491

3.85
4.80

3.79
4.70

3.74
4.59

364
4.50

3.63

5

5.67
R42
530
7.56
5.06
7.01
489
6.62
4.76
6.35
4.65
6.14
4.57
5.97
4.51
584
4.45
5.73
4.4
5.63
4.37
5.56
4.33
5.49
4.30
5.43
4.28
5.38
4.25
533
423
529
417
5.17
4.10
5.05
4.04
4.93
3.98
4.82
1.92
4,71
3.86
4.60

e d

28

ntized Range Distributions

m
6

6.03
8.91

5.63
797
536
.37
517
6,96
5.02
6.66
4.91
6.43
4.82
6.25
4.75
6.10
4.69
5.98
4,64
5.88
4.59
5.80
4.56
5.72
4,52
5.66
4.49
5.60
4.47
5.55
4.45
5.51
4.37
5.37
4.30
5.24
4.23
5.1
4.16
4.99
4.10
4.87
4.03
476

5.24
6.9
512
6.67
5.03
6.48
4.95
6.32
4.88
6.19
4.83
6.08
4.78
5.99
474
5.92
4.70
5.85
4.67
5.79
4.65
5.73
4.62
5.69
4.54
5.54
4.46
5.40
439
5.26

431
5.13
424
5.01
4.17
4 88

6 54
967

6.12
K61

582
7.94

5.60
7.47
5.43
7.13
5.30
6.87

520
6.67

5.12
6.51
5.05
6.37
4.99
6.26
4.94
6.16
4.90
6.08
4.86
6.01
4.82
5.94
4.79
5.89
4.77
5.84

4,68
5.69

4.60
5.54
4.52
5.39
4.44
5.25
436
512
429
499

6.80
997

632
BR7
6.00
k17
5.77
7.68
5.59
7.33
5.46
7.05
535
6.84
5.27
6.67
5.19
6.53

513
6.41

5.08
6.31

5.03
6.22
4.99
6.15
4.96
6.08
4.92
6.02
4.90
5.97
4.81

581

4.72
5.65
4.63
5.50
4,55
5.36
447
5.21

4.39
5.08

10

6.99
10.24
649
9.10
6.16
837
5.92
7.86
5.74
7.49
5.60
121
5.49
6.99
5.39
6.81
532
6.67
5.25
6.54
5.20
6.44
5.15
635
5.1
627
5.07
6.20
5.04
6.14
5.01
6.09
492
5.92
4.82
5.76
4.73
5.60
4.65
5.45
4.56
5.30

447
516

Az
10 4%
6.65
9.30
6.30
#.55
6.05
B.03
587
7.65
5.72
7.36
561
7.13

5.51
6.94
543
6.79
5.36
6.66
5.31
655
5.26
6.46
5.21
6.38
5.17
6.3]
5.14
6.25
5.11
6.19
5.01
6.02
492
5.K5
4 ¥2
5.69
4.73
5.53
4.64
537
4.55
5.23

12

732
1070
6.79
948
643
71
615
B1%

5 9%
778
583

| 749
571
7.25
561
7.06
5.53
6.90
5.46
6.77
5.40
6.66
5.35
6.56

5.31
648

527

641

523
| 614
| 520
| 628
[ 510
611
5.00
593
490
5.76
481
5.60
4.7
544
| 4.62
‘ 5.29
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