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Attempt any five of the following: (5x15= 75)

(a) A student is preparing for exams in 2 subjects, A

and B. She cstimates the grades G obtained ineach

subject as a function of time T as:

Gy = 20+ 20Ty

G = —80+ 3Ty

How should she allocate her time if she wishes to

o Ga+G .
maximise her average grade_u, given that she
2

1010 3

has . .
has 60 hours to study?What is the value of the
L T . )

agrange multiplier, and what is its interpretation?

b i i
(b) f\\Nhat 1s the equation of the tangent plane of the
unction z = f (x,y Con V0 Zp)
. ! z ../ (x.v) at (x,v,z,? Prove that if the
unction is linearly homogeneous, then all tangent
planes to the surface of this function pass through
the origin. (8+7)

(F) & o D Awd, A 3k B, @ wher R W@ wW
@ 2 95 Tw RAwa ¥ ww R’ G I @
TS % @ & F e wmd 2:-

Gy =20 +20,/T,

Gp = —80+3,/T,

75 3@ §¢ fF SU 1N swmma @ R 60 W R

Ga+G
uﬁasaw%ﬁhaﬁs4%—%a%mﬁﬁmwamﬂawﬁ
2, @ I U wE W TER smERw e =Ry ?
oRiW Ui (Lagrange multiplier) & 9 =1 8 3R
gga AT (interpretation) T &7
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1010 4

1010 5
(@) T 2= f(x)) at (%¥p2) B TR (tangen (%) 7 AR Fxy) @ R3. T TR Frar T
) + -
p]ane) 1 a1 27 ﬁ?,’ %Q & Ife e =it e o F YRreRe: 99T (linearly homogeneous)
W w9 & @ (linearly hOmOgeneous) 2, @ N v 2, @ =R @@ (levelcurves) & @& (slopes) ot
maﬁm%aﬁwﬁwaﬂ'ngﬁga%m '

N ﬁﬁﬂWy=cx%3@ﬁnmﬁ%l
|

2
(@) fFrafaRes wfewo yorer & T
2. (a) Let F(x,y) be defined on Ri.

Show that jf F is
linearly homogeneous,

then the slopes of the
levelcurves are equal along any ray y = cx.

3xzz:+6wy2—22 +1=0

(b) Given the following system of equations: xz — 42 —3w—2z=0
z

3x%z + 6wy? — 2z + 1

=0 wE afRefid W (exxogenous variable) ® ¥ ¥ A
Y : v, v AR R e siafiRe wee W (implicit
xz—‘4;—3w—z_—_0 5 ) N
X
function theorem) wR] Brm 2, 3R 5, and - at
1
Taking w as the €xogenous variable,check if the x,y,z,w)=(1,2,-1,0) 3R (x,y,2,W) —(1,; ,2,—2)..
implicit function theorem applies and evaluate i A
S : (7+8)
a_zand% at (x,y,z,w)=(1,2,-1,0) and (x,y,z,w)
a1
=(L3.2,-2). (7+8)

3 (a) Find the solution to the following differential

equation: tx + 2x(t) =t? —t + 1, where x(1) = %

P.T.O.
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(b) The output of a good is x4 y wh
- » Where
amount of inputs and a>] jg , para XY are the
Meter

wants tomaximise output subjecy 0 A firg,
constraint 2x+y=12.Solve the firm' Cling the
s
get the optimal output. How oqq " blen, ,
e .
a

output change as the Parameter , va Am Ximyp,
Tes? (g
. +7)

$ , .
(%) PR s whao (differentig) Cquation)
it

T R ¢+ 20(t) = ¢2 —
i| t+l‘mﬁx(l):§

(@) ?ﬁra@wmgz Xy B, XV ¥ 9 Ay
3k a>1 vE Rpfer R TF W amp (constrainy)

2x+y=12ﬁwm%%ﬁwwngzﬁm
mwmﬁmnmam‘mﬁw

() Starting With 3 single

‘ fruit, fruits are growing on
A the rate of:

a tree

f'(t) = 942
<+ 1064+ 100, for ¢ € [0, 5] years.
(1) Delcrrnine the to

tree 4 tal number of fruits on the

A function of .

(b) A firm is engaged i

(i) Over the 5 years, what was the averag¢

number of fruits on the tree?

n animal breeding. The animals

ven nutrition supplements everyday.

are to be gi .
contain

There are two products,l and 2, wiieh

the three required nutrients per kg in the following

way:

— - N ——— T T T N s 1
Iiﬁf'ﬁujufcxﬁ ~ [ NutientA Nuwient B | Nutrient €|
— 0 | 72 o 7(}7_#_7477__”40" |
I I 12 24 | 20 |

L 2
The minimum requirement of each nutrient is A:
216, B: 72, C: 200. The price of products | and 2
is Rs. 40 and Rs. 80, respectively. Set up a Linear
Programming problem and find the least cost
combination of productsl1&2 to be given to provide

the minimum nutritional requirement. (7+8)

(%) T Fd ¥ TEAT wea, 6t T w FrefaRad = @

f'(t) = —2t? + 10t + 100, for t € [0, 5] years.

P.T.O,
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(i) t%m%mﬁ&ngﬁaﬁm
frefRa i

(ii) ﬁﬁsﬁﬁ%wwﬁmmm
a7

(m)wmﬁw&gw%m#w@%lmﬁﬁ
uﬁﬁ#tﬁm@ﬁvaﬁ§|iﬁqmmﬁ

aﬁa‘rw%,wﬂzz,ﬁﬁwﬁ&;ﬁmﬁqﬁ%ﬁ
77 ¥ dww 99 B -

[jﬂﬁl‘ﬁ‘ﬁ?aﬁ/\ 9 J B | 9ivs g7
1 72 6 40

2 12 24 20

mmmﬁwmmm,&n,
C: 200 21 372 1 3% 2 % S T 40 T K
80 T 2| vw Was whnh awE (Linear
Programming problem) wnfie R 3R =g HTTH
T T @ Ry o R 9w 1 9K 2
I T A e wa e A

1010

5. (a) Using  polynomials  of  the

9

form
f(x,y) =ax®+bx* + cy®* + dy*, determine the
value(s) of a,b,c,d and hence the functional form

of f(x,y)such that the function that has the
following at its stationary point (0,0):

(1) A strict maximum.
(i1) A strict minimum.

(ii)) A saddle point where the function f(x,0) has
a strict maximum and f(0,y) has a strict
minimum.

(iv) A saddle point where the function f(x,0) and
f(0,y) both have inflection points.

(b) On a grassland with 1000 deer, the survival rate

is 50%, and 1000 deer migrate each year. Write
the difference equation of the deer population at
t years and solve it. Find the steady state
equilibrium and comment on its stability and

convergence.
(10+5)

(®) = Flry) = ar® + byt + cy® + dy* ¥ B TG T

S TR, a b, ¢, d T AT FefiRe A A

P.T.O.
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6. (a)

10

A, y) o1 i w
Frifts Hifr 5 v R Reg

POint) (()’0) e ﬁ'ﬁlﬁvlﬁd?{ a ﬁg (Stationary

(i) @& s (strict Maximup )

(i) @ AT (strict Minimum_)
(iii) S (saddle) fdg @ oo fix,0) #1 =
st 2 s wo f0.y) #1 wee =gem 2

(iv) =8 fag o %t 11x0) 3 0) 3 3
ferfer &3 (inflection points) B ¥

1000f%mmﬁma‘7ﬁam:‘faﬂﬁazﬁﬁazso
LA RS R o D ———— t au
3 foeoll & srar® HR TNE (difference equation)
e sk @ = fR fer smen wge (steady
state equilibrium) & w1 T 3k Tl e
(stability) 3k srfvaror (convergence) W oot Hhifer

A <
. farmer has 2¢ acres of land on which he grows
ric s
Whe an~d Wheat. The cost per acre for rice and
€ S o
1S Rs. 30 and Rs. 20. He has a budget of

functiong] form) =g TR

11

Rs. 480. Rice needs 1 labourer/day and wheat

needs 2 labourers/day. There are 36 labourers
available. The profit on rice is Rs. 100/acre and
on wheat is Rs. 120/acre. Using Linear
Programming,find the number of acres on which
the farmer should sow each crop to maximise

profit.

(b) Find the present and future value of a constant

stream of income of Rs.10,000 per year, over the
next 10 years assuming an interest rate of r=5%

annually, compounded continuously. (8+7)

(%) Tw fham & T 20 TEE T @ R W 98 e

3R A I 2 TEd @R A F fo Wiy veRe @
30 TR AR 20 T B IqA T 480 TR 2| AEA
& forg wRf 1 o o A @ forg wifeT 2 o
N T AR B 36 A ITR 8| A TR
100 TR TR TS IR M W 120 T A TEHS B
g WA (Linear Programming) 1 ITART &t
7w, W s @ wen 7@ A G v e
R FEw T R @ fw gRE wEd a9

=gl
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PART A
Attempt any six questions.

Is the current account deficit always bad and surplus
always good? Explain your View. (3)
1 e @A e FA g A # SR s s s
B 27 I gfemion e s

(a) Show the equilibrium in the money market and

foreign exchange market simultaneously. 3)

1027 3

(b) Discuss the effect of an increase in the money
supply on the domestic economy on the foreign
exchange market equilibrium. (2)

(%) T TR 3k B @1 AR A v A wqe e

() R srdfegaeen w F71 amaff ¥ gfe @ fRedh @ aow
AT W INE W T g

What is the monetary trilemma? Why do policy-makers
call it the impossible trinity? (5

wAfgew Afua = 287 A - A @ swE BRus =
wEd B

Do you think the Gold standard played the central
role in originating, deepening and spreading the great
depression? (5)

T FH o 2 o @l wme X wEmd @ Iy, e
IR wEr ¥ B ofwew P @

Elaborate on the term “Original sin” coined by

Eichengreen and Hausmann in the context of secular

and systemic indebtedness of developing countries.
(5)

P.T.O.
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frgmsie 3 @ i 3R TOTANTT HURRAE @ ga
¥ e R BvEA E7 e T A 9y R faer
¥ ==t S

Is the current account balance a decreasing function
of output and an increasing function of devaluation of
currency? Explain. (5)
T Ao @A A IcAIeA i Hedl B Fe R AT R
FgHegT o dedl B Hed B¢ R Hfew (s)

Explain the sterilised foreign exchange intervention of
a central bank with suitable examples. (3)
Sqgad IOl @ AT B 3 @ Fenre R g smEy
F e el (5)

What is the ‘managed’ floating exchange rate? Why
do small countries peg their exchange rate against
large and strong countries? Explain with an example.

~ (5)
afR’ AT faf w o 27 OR 3 S AR weEd I
% wEEa FE AR W o 9 A 87 I 9
EEEEe

1027 5

PART B

Attempt any three questions.

(a) Discuss the merits and demerits of the Gold
Standard. (9)

(b) Is a fixed exchange rate relevant in the present
times? Discuss. (6)

(F) @ 77w & o7 3R AW W T

(@) ¥ =" wg ¥ for Rfvm = wEie 27 ==
T

The Asian Economic crisis of 1997 was termed a

“shock and awe” to their economies. Delineate the

major causes and suggest a way out. (15)

1997 & CfimE sffe 6 o ITE sfETend @ R
W SR @ T AT R RO ) i g
R MU w1 IUE g (15)

Discuss “Four-Zone of Economic Discomfort”
referring to determinants of internal and external
balance. Suggest policy options if the economy is facing
underemployment and a current account deficit. Why

is the Expenditure Switching Policy not frequently

P.T.O.
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1027

rec‘,mmcnded as a policyoption under the Bretton

Woods Agrcemcnt? Is fiscal policy hassle-free as a
policy option? (15)
o e A W P @ Sm
o e Efaen # A9 -@a W TR A 2R sefn
FeATA A T A T A xR A A
Wwﬂlﬁ?’{!ﬂm*mmﬁaﬁmaﬁﬁ
mﬁmr},mﬁmmﬂ yawfaa h fam s R0
mmﬁ‘ﬁu:ﬁ\faw-ﬁﬁfaﬁ#mimWiT

omy with the following information

Consider an econ
(S 1S

Gross private domestic saving 40

Government purchase of goods and seryvices 30
GNP 200
Current account balance- -20
Taxes= 60
private

~ < = \mCSUC
Government transfer payments 10 the doc

sector= 2§

1027 ”

Interest payments from the government to the
domestic private sector= 15

Factor income received from the rest of the world= 7
Factor payment paid to the rest of the world= 9

Find the following, assuming that the government
investment is zero:

(a) Consumption

(b) Net exports

(¢) GDP

(d) Net factor payments from abroad

(¢) National saving

frafafeaa sma aet srderara ® fEr Fifwe:

wFe Aot W F9A= 40

AT IR A F WEA @AT= 30

ead= 200
P.T.O.
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T @ A= - 20
= 60

Wy Pt &7 F AR W R WA A ww
WA= 25

WER B W ol A A A e e S =

15
T g W ERE dA= 7
aE g @ e A A IR A= 9

78 W 7Y T W Faw g @, ol s i

(100)
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4. At gy g IERY
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(a) Differentiate between the classical and the

Keynesian approach 1o wage and price adjustment

What is the unified approach of macroeconomics”?

(9)

(b) (1) From the following data, calculate private

savings and government savings

GDP = Rs. 8000

Net factor payment from abroad = Rs (-)100
Consumption = Rs. 2500 -
Government Purchases = Rs. 1500

Interest payment on government debt = Rs. 250

Taxes = 2800

Transfers = 1200

(a) (i) In classical theory, wh

3

(i) Does the price index help to measure the
inflation rate? With the help of the data given
below. calculate the rate of inflation for each

year from 2014 to 2016 considering 2013 as

the base year

YEAR CPI
2013 60.0
2014 61.5
2015 65.0
2016 64.5

(3,6)

at are the factors that
put and

(6)

do not affect the level of out

employment?
(ii) Suppose that in an economy:

C =100+ 0.8Yd

P.T.O.
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(b)

(i) Suppose full employment output (Y *)

I =70

G = 200
TR = 150
t=0.20

(a) Calculate the equilibrium level of income

and multiplier in this model? ()
(b) Calculate the budget surplus (2

(¢) What will be the new cquilibrium level of
income and the new multiphier 1f tincreascs

to 0.25? (2)

1000,
Actual output (Y) = 1100, Government
purchase of goods and services (G) = 200,
Transfer Payment (TR) = 20 and Taxes =

0.20Y (20%).

Compute (a) actual budget surplus and

(b) full employment budget surplus. (2)

6458

(1)

5

Briefly explain balanced budget multiplier?
4)

3. (a) () Explain the differences among the nominal

(b)

(i)

(1)

interest rate, the real interest rate and the
expected real interest rate. Which interest
rate concept is most important for the

decisions made by borrowers and lenders?

Why?

Given the Nominal interest rate of 10%,
calculate the expected real interest rate when

the expected inflation is 4% and 5%.
(5,4)

Justify the statement that bond prices and
the rate of interest are negatively related.
Give reasons for your answer. Suppose a
bond that promises to pay Rs. 100 in a year
and the prices of a bond are Rs. 90, Rs. 95,
and Rs. 98. Calculate the interest rate on the
bond for a year at different levels of prices

of the bond.

P.T.O.
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(ii) Assume that all individuals do not hold
currency and that the reserve ratio (R/D) is
0.25. Also, assume that the monetary base

equals Rs.300 crore. Calculate the amount of
(a) Reserves

(b) Checkable Deposits

(c) The money supply

(d) The. money multiplier. (5.4)

4. (a) How and why does the multiplier and the interest
sensitivity of aggregate demand affect the
slope of the IS curve? Explain with the help of a

diagram. 9)

(b) What explains the fact that the increase in income
is smaller than the increase in autonomous
spending Al times the simple multiplier aG? Explain

with the help of a diagram. )

6458 7

5.

(a) (i) Define the money multiplier. 2)

(ii) Which of the following transactions are
included in India’s GDP? Give reasons in

support of your answer: )
(a) Interest on national debt.

(b) Commission charged by a real estate

agent.

(iii) What are the automatic stabilizers? )

(b) In a three-sector model :

C = 400 + 0.8Yd

I = 1400 - 100i,

Tx = 500

G =500

L = 0.20Y - 50i
M = 1000
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6.

(a)

8

(i) Find the equation of the IS Curve. (2)

(ii) Find the equation of the LM Curve. (2)

(iii) Find the simultancous equilibrium for the
IS and LM Curves. showing output, rate

of interest, consumption and investment

(3)

(iv) Find the IS equation for where government
spending increases from S00 to 800 Also
find the new output, rate of interest,

consumption and investment (S)

(1) What is crowding out effect and when does
it occur? In the face of substantial crowding
out, which will be more successful. fiscal or

monetary policy? (5)

(1) What is the full employment budget surplus?

(4

6458

(b)

9

(1) What is the difference between GDP Deflator
and Consumer Price Index? Calculate the
GDP Deflator if Nominal GDP = § 3280, Real

GDP = 1840. (6)

(i1) Suppose that a person’s yearly income is

$1000 and its money demand function is given
by: MY = $ Y(0.35-1), calculate the person’s
m;mcy demand when the interest rate is 5%
and 7%. Show diagrammatically the effect of

change in income on the money demand curve.

(3)

L () WA W g wwdee A fag wel st AR

W%ﬁammlmmw
oz 37 (9)

(@) (i) frafafea FfFa A, i @99 A @ a9

21 T Ffag

P.T O.
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(ii)

IS = T 8000

10

Ry A g€ FRE WA= = T ()00

I = T 2500

TG @@ = © 1500

TEFN WO W A P = & 250

®T = 2800

BT

W Y T PR T W oW A W
w7 AR Ry my it A wwrmA A 2013

W IUR T WAFT 2014 X 2016 AE AT g

1200

? fRw ErAR @ = N e @

YEAR CPI
2013 60.0
2014 61.5
2015 65.0
2016 645

(3.6)

6458 11
. (@) (i) wein g ¥, 3 W-F wRw § A IEEA
IR R ® W W TG B w@ B?
(6)

(i) 7= AR A B sefreen
C =100 + 0.8Yd
[ =70
G =200

TR = 150

t=0.20

(%) wa dea X @ AR EE B Ao €W B
e e ? (2)

(n)ma&i«aﬁmuﬂﬁml (2)

(u)uﬁtwo.zsﬁmﬁtmmqm

e T A @ E ;OB (2)

P.T.O.
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(®)
3 (=)

(i)

(ii)

(i)

12

T @ gof s IIeqe (Y*) = 1000,
arafas w3eqe (Y) = oo, aegant 3 Aanai
N wE® @i (G) = 200, FEER WEEH

(TR) = 20 3R & = 020Y (20%)!

(3r) arafaw aoe AfEw AR (@) qof Isew
Toie At # woE FfSw (2)

Hqfem woie IUrE W wAY ¥ awEnm AR’
(4)

Afe T @, aElE | W AR s
e @ W @ @ FR A A Hife
JurEFAIHA I JurEEA g e W Ao @
fau #9 @ oA W FaURT qEd qEaqu 37
= 7

10% # Afaas sarw o ) @ 7Y, IfEE
gz 4% I 5% B w afee awafasw

a2 A e #if) (54)

6458

(=)

(i)

(ii)

13

M wa A AR AR F arz A A @
oA W AFAEE &1 A4 Agatua ¥ we At
fx v At M U A A 100 T F FAAA
F7X w1 A FA # A A= A FEA 90 A,
95 T A 98 wIA ¥ A= A A F fafe=
=i W vE A # fAw at= W @mra 27 A e
#Fife

e e & A mfE wz G e F AN
FnfeE FIE (FE/8) 025 2 @g A, A=
Afwe 5 Afzs Fuw 300 FAT T F A

21 of B o A
(%) wwfm B

(@) I% wX dwa AN
(@) H= sy

() ¥ AUH

P.T.O.
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4.

S.

(%) T R G WA A WS AR rdva aw
AT T Y I K WRE =R B? v Ina )
weT ¥ wwaEA| (9)

(&) wwﬁmmiﬁ‘ I X gfe w@Ea =a ¥

gfE Al o0 WS F oG ¥ T 37 T ARE A

wTT A TR (9)

(=) (i) ¥z o @ sl S (2)

(i) PraffEd ¥ ¥ 1 § AFT-IT ARG H FHA
e I ¥ WA F? FOF IW D w0 A
FROT FEATEA : (2)

() T =9 W =S

() Rae TR woie g/ forr 9= A e

(i) wrafem fea@emeor @ &7

6458 15

(@) H- w7 afemr &

C =400 + 0.8Yd
I = 1400 - 100i,
Tx = 500
G =500

L = 0.20Y — 501

M = 1000
(i) FETE aF = ST TG FHQ) (2)
(ii) TOQH TH W FASOT AT HiAC! (2)

(ii'i) FITYT, WA R, ITHA IR AW w I W
IETE AR ToRw T ® W v A FgET A
e (3)

(iv) HETE AT A R T8 ER | 500
A 800 ¥H W B Wy B FW IITYT, A
W, I IR FRw W AN (5)

P.T.O.
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6.

(%)

(i)

16

FIRT AIT VT T ? AR gy wE B R
W FORT AT D WR, T A AR
BRT, T A Wftw ff? (5)

T IR T Afoww w7 27 (4)

R Rocier IR Imviiaw 40 quanias A
Fax 27 9 Al SRR = § 3280, AAE
Waq = 1840-3, A R R = ToE
Hhw (6)

W AR o Bt e o) e S $1000
2 IR TR A A BIE W WER Rar wa
2 M¢= $Y(0.35-1), &1 & 5% IR 7°%
B W AR W YR A A IO W) @
AT TF W I A qRae= 3 INE W JNQ
W ¥ fad (3)

(5500)
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Section 1

All questions in Section I are compulsory.

Let X be the number of words typed by a student in a minute. Suppose the

probability distribution of X is as follows :

X 40 50 60 70
P(X=x)| 0.l 0.4 03 0.2

Obtain the sampling distribution of the average number of words typed in a

minute ()“() by 2 students. Verify that the expected value of X is equal to the

population mean. (10)
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2. (a)

(b)

(b)

3
Suppose the number of hours per week that a college student spends on
social media platforms (X) has a mean of 20 hours and a standard deviation
of 4 hours. If sixty students are selected randomly, what is the probability
that the average hours spent by this group on social media in a week is

between 19.8 and 21.1 hours?

Let the random variables X, Y and Z have the mean as 2, -3 and 4 and the
variances as 1, 5 and 2, respectively. Moreover, the covariance between X
and Y is -2, between X and Z is -1 and between Y and Z is 1. Find the
mean and variance of W = 3X - Y + 2Z, (5+5)

le o o
Show that 6> = — Z (X; — X)? is a biased estimator for o2. Suppose p
n

i=1
is known and does not have to be estimated by X. Show that

o 1y
62 =— Z X; - ﬂ)2 is unbiased for o2,
n .=

i=1

Suppose a random variable has the following pdf :

o1 0+1 . ,
f(x;0) = 0k"( + 'x >k and 0 >

0 otherwise

PToO.
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(@)

)

©

4
(i) Assume k is known, obtain Method of Moments (MOM) estimator for
0.

(i) Assume k is known, obtain a Maximum Likelihood Estimator (MLE)

for 0. (5+10)

Assume that the yield (in tonne per hectare) for paddy (i.e. rice) is normally
distributed with mean p and variance o?. For a random sample of 5 districts
in Punjab, the yields (in tonne per hecthre) in the year 2022-23 were 3.56,
5.25, 4.75, 4.48 and 4.03, resulting in a sample mean of 4.414 and a

sample standard deviation of 0.6506. Find a 90% confidence interval for p.

In a study of habits of programmes watching on OTT platforms, it is desired
to estimate the average number of hours that an undergraduate student spends
watching programmes on OTT platforms. If the investigator believes that
almost all times in the distribution are between 0 hours and 70 hours and
population distribution is not too skewed. What sample size would be
appropriate for estimating the true average time to within 5 hours with a

confidence level of 95%?

For developing countries in Asia and Africa, let p, and p, be the respective
proportions of preschool children with chronic malnutrition (stunting). If
respective random samples of n, = 1300 and n, = 1100 yielded X, =510 and
X, = 385 children with chronic malnutrition, find an approximate 95%

confidence interval for p, — p,. (5+5+5)
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Section 11

Attempt any tWo questions from questions S, 6 and 7.

5. (a) The incidence of a certain type of disease in some tropical country ‘ABC’

is believed to be 1 in 75. A random sample of 800 individuals of a particular

state of that country reveals 16 who have such a disease. Can it be concluded

that the incidence rate of this disease among the residents of that state

differs from the presumed rate for the entire population of the country?

(i) State and test the relevant hypothesis using the significance level of

5%. What type of error might you have committed in reaching this

conclusion?

(ii) What P-value is associated with this test? Based on the p-value

approach, can the null hypothesis be rejected at a significance level of

20%?

the weights of two different glass products are normally distributed

ts p, and W, respectively. A sample from each of the

(b) Suppose

with average weigh

populations is drawn with the following sample statistics

Sample Variance

Sample Size

LI IR M

PToO.
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6. (a)

6

NPT i or
Test whether the mean weights of the two distributions are different

NOt, using the level of significance of 5%. Which test do you use here and

why?

(10+10)

Let X denote the thickness (in mm) of spearmint gum manufactured for

vending machines. Assume that the distribution of X is normal with o = 1.20.

A random sample of 25 observations was drawn resulting in a sample mean

of 7.8.

(1) Test H  : p = 7.5 against H, :p =75 at a significance level 1%.

(i) Using the information in part (i), find the probability of making a type

Il error when p = 7.3,

(i) Using the information in part (i) and (ii), find the appropriate sample

size to ensure that the probability of making a type II error is 10%

when a = 0.01?

(b) Students looked at the effect of a certain fertilizer on plant growth. The

students tested this fertilizer on one group of plants (group A) and did not

give fertilizer to a second group (group B). The growth of plants, in mm,

over six weeks were as follows:

Group A 55 61 33
Group B 31 27 12
— |

57
L_'-_

44

17

46
25

Test at 5% level of significance whether the fertilizer enhanced the growth of

plants or not (assume equal variances),

(15+5)
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7.

(a)

(b)

7
The security department of a factory wants to know whether the true average
time required by the night guard to walk his round is 30 minutes. If, in a
random sample of 25 rounds from a normally distributed population, the time
taken by the night guard averaged 30.8 minutes with a standard deviation of
1.5 minutes, determine whether this sample provides evidence to reject the
null hypothesis of p = 30 minutes in favour of the alternative hypothesis
i >30. Use the p-value to test the hypothesis at a 1% level of significance

and interpret the result.

Determine, based on the sample data shown in the following table, whether
the true proportion of shoppers favouring shampoo A over shampoo B is the

same in the two cities

Number favouring | Number favouring
shampoo A shampoo B To!
Delhi 132 68 200
Pune 160 90 250

()

Use the 0.05 level of significance.

Let X, and X, constitute a random sample from a normal population with

o? = 1. If the null hypothesis p = p, is to be rejected in favour of the

alternative hypothesis p > p, when X > p, + 1, what is the size of the

rejection region (i.e. a)?

PTo.
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N

WA random sample of n_ = 7 bhrand X Light bulbs vielded x = 891 hours

and 57 = 9201 A random sample of n_ = 10 brand Y hght bulbs vielded

Y 7 S92 hours and 87 < 4856 Use this data to test H, ol o = | against

H al'al > 1 Use the level of significance as 005 and state your assumptions

I conducting the test ($+5+545)

Y |
Uy | & Wl vnr vieef ¥

W W X vw fer A v oy T R e wet o W ) e e X w
Wi e w wew @

- 7\7.-
P(\ =X)

2 Rafid g v B A TR0 AT T e o st wem (X)) R g

0 | so | e 1 70
01 | 04 0.3 02

AL A AR s X & e 79 FweEm T R e (10)

(%) W R s v WA T IR AR Fww R M Qe (X ) w A @y
TR U W wem W WH 20 W N ATE R 4 R AR s R v
Wmmw,ﬁmﬁﬂiﬂﬂﬂiﬂiﬂmmw“‘i
A Afve w fEw T TR Sk w2 198 9K 20 W R @ o



6522 9
(@) 7 M agRE® | X, Y IR Z = g wam: 2, -3 K 4 2 AW WS FA

1,53\:2#1@&M,X5ﬁt¥%hm-2i,xahz#.£l=a-l

imYaﬂ(Z!‘mﬂﬂlﬁlW=3X—Y+22mm3ﬂ1mmm'
(5+5)

] .
3 (d) FETE e 62=—Z X, — X )2, o> =1 vw e FEeE B A
n

i=1

ﬁtﬁé & 7w ? 3R T FFEX IR T W A FAEwar T8 8 T

14 3
ﬂﬁﬂﬁ;&”:;Z(X,'_ﬂ)-,o-z T T AT FEE B

i=1

(ﬂ)ﬂﬁtﬁﬁwﬁww:«aﬁﬁaﬁﬁami:

6+1
f(x,g)_{ek"({) cx>kand§ >1
0 otherwise

(i)mﬁmkmi,ﬁeﬁmwmm(m)m
FHifagi
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(i) 7 AW k 7@ R, N 0 @ R sfrraw avflm Jrwes (v
wa R (5+10)

4. (%) 7= A & uwr (il ar) A deEr (o o PR X) T p IR R
o! & wRI w9 & RaRy A 31 vom @ 5 e @ agRew TR % aER,
af 2022-23 ¥ TR (a7 Wy ¥R A) 3.56, 525, 475, 4.48 I 403 R
oraeh TRV T A 4.414 AR A AE R 0.6506 T p R R 90:
FARsE Fe@d AT Ao

(@) RO ACHRT T FHFH J@ B AT D T JeAAT F, TE FA T Mo
2 ff TF FIAE OTF A QCHH T hHA @A A Jae e ue e 2
MATGd M B AT F TR IR o R A 70 R ®
# 3ir s R aga e Rww 78 31 @ 95% B Rvam 7R 99 5 W
@ M TERT Jed T I T D o - T AR Iegw
g’

(T1) W AR p, A p, WRw IR Fdw B e 20 P fene B vl B
T (wfew) ¥ 1R B @ sgme #1 AR w0 =1300 W n,=n00 B
TRed N & x, =520 AR x,=385 TR Afeiforn AT ¥ T WE AT W, A
P, - p, ® forx TV 95% Wif~wEE Feraw AW o) (5+5+5)
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we |1

g¥ 5, 6 7 ¥ 3 AR gy @ 39w Ao

(=) Yar 7 S R 6 R SwreRatia 3w vdd ¥ ot Rfine wER @ dd o
W 75 ¥ 1 B W 21 39 0 @ R e ww @ 00 R R urgRaE
T @ ve goe 2 R 16w ¥ a8 A 21 w7 aw Fred P w2
& 39 o & Fafal & w0 Al Al 8 @ = dw A A e @ frg

AT W & fr 27

5.

(i) 5% & WEE ®R & IR T VRIS TREFeTAT qasy JR IqaT gy
Ffee @ P W g ¥ ao e w9 3R’ & aae

(i) T8 TqGT ¥ P-T FA-A A GE A B? P-A gfewmw B smum
W, T A IREHEA H 20% B HEE TR W FRER A W q@wa

27

(@) 1 AT faF Q FoRT - ST TG IR P WK T w9 A Raia ¥, e stea
YR T p, R p, 31 TS e W A UE R Refafda s ik
% a9 forar man 2

T T R

A W WA

TR W R

T |

22.73

0.027

2

21.95

0.058

PT.O.
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S"n%mﬁmmmmmﬁm&am*mww
o @ Tt W T - vhew a1 (10+10)

6 (F) W AR X Ia wwA B Fe Rl Rewfic 7 9 A (At F) 2 2o 2
T X X w9 6 = 120 @ a9 awF 21 25 FEAEA H OF WGHET
T Yar e wn s Remrrey S e 7.8 W g

(i) W6 &R 1% W H :p=7.5d g H,: p = 7.5 & a0 Filw)

(i) WA (i) ¥ & T TEEQ & IWRT HQ@ G, = 7.3 A, A TR 11
T A N TwE T AR

(iii) AT (i) 3R (i) ¥ @ 7 IFEQ W IWT TR W, o« = 0.01 B,

A 7 ghrm = F v IgE T AER A9 SRR oy
I IR 8= N s 10% 27

(®) 2r 3 Qe 9 gfE WO RS T B v A Fem o X e e

W F v T (T A) W 6w W R (0 B) ) dew R o
TaE ¥ A e, Feilier F, Frerar @ -

(wEAl 55 | 61 [ 33 T
wEB| 3l 27 12 = 25

s%m%ﬁﬂ‘mwﬁm#wmﬁﬁmimﬂﬁmﬁ

WET A e ) | (15+5)
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(%) Wmmwﬂwﬂmmmimmmﬁmwm

i’dﬂmsoﬁwmmmm%maﬂm&mmﬁﬁhﬁam

izsw%WWﬁ.MmmmWWMwW
® W Rae B W0 308 B ¥, A A By 7w aw T At

TR > 30 B vw k=30 e o 31 oReern Y R w3 # T

T W T B1 1% WA B WK W ORFeq i gl I IR o
TR A B Y p- AT W I Fifw

(@) PR wive ¥ Raw e 6 3 @ R w e S 5 5@ 9 B
AT H YA BT T T R Al e A WS § w

1 4]
Y A I T T W B ? W &= L
e # ' T A &
fewtt 132 68 200
T;} 160 90 250
0.05 WEE T 1 IJq@NT T

(n) e AR X, X, ol = | A v W e A U AReE S

L1k i>p0+1i,ﬁl!ﬁmuzlluﬁmmu>u0%
wia@wﬁmmi,ﬁa@gﬁﬁa(aﬂha)ﬂmw%?
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(%) n =7 v aghes XA X iz @ e AW A x = 891 W I s7=9201

W B n_ = 10 B v AgRew A A X AR AR IR Y = 592 9 AR
s, = 4856 = g 81 W ¥ H: /2 > | B e@ H,: o¥/0) = 1 T v
T B e v R 005 B e TR Iw Ao AR TR R I
® WA FR A T (5+5+5+5)



6.01

951

1.000
1.000
1.000

L ]

b.n=10

LD 00 NN b b - S
—_

c.n=18
0.01

1.000

1.000
1.000

1.060
1.000
1.000

10 1.000
1 1.000
12 1.000
13 1.000
14 1.000

L=l RN NN B W —

005

774
977

1.000
1.000

599

914
988

1.000

1.000
1.000
1.000
1.000
1.000

0.05

463
829

995

1.000
1.000

1.000
1.000

1.000
1.000
1.000
1.000
1000

0.10

S90
919
991
1.000
1.000

0.10
349
736

206

549
816

987
998

1.000
1.000

1.000
1.000

1.000
1.000

0.20

328
737
942
993
1.000

0.20

107
376
678
879
967

1.000
1.000

1.000 1.

0.20

035
167
398

836

939
982
996
999
1.000

1.000
1.000
1.000
1.000
1 000

0.25

237
633
896
984

0.25

013

236
461
686
852
943
983
996

1 000
1.000
1 000
1.000
1000

168
528
837
969

998

0.30

028
149
383
650
850
953
989
998
1.000

0.30

.005
035
127
297
SIS

q22
869
950
985
996
999
1.000
1 000
1.000
1000

4
040 050
078 031
337 188
683 500
913 812
990 969

4
040 0.50
006 001
046 011
167 055
382 aAn2
633 377
834 623
945 828
988 945
998 989
1.000 999

P
0.40 050
000 000
005 000
027 004
091 018
217 059
403 181
610 34
787 500
905 69
966 849
991 941
998 982
1000 99
1000 1000
1000 1000

0.60

0to
087
317
663

922

0.60

.002
012
055

618

£E228% %

-t VD =
£ZZ2

'

o
<
1

783
909
973
995
1 000

0.70

002
031
163
4am

832

0.70

002
01t
047
150
350
617
851
972

0.70

000
000

(L1
004
013
030
131
278
483
03
873

995

0.7%

001
016
104
367
763

078

224

474
756

Bir n py
N8y oM
0oon 00D
007 000
058 009
263 081
672 410

0.80 0.9
000 000
000 000
000 000
001 000
006 000
033 002
121 013
322 070
624 264
893 631
080 0.9
000 000
000 00
W0 000
000 000
o 00
(LUUNEENG V)
LU B
o4 0
018 xXx
ol 02
lo4 013
382 0%e
o02 184
833 45
Y03 T

S M onn
nos "9
) o0
onn 00N
L)) )
023 on
26 49
695 099
000 000
000 000
000 000
000 000
[LEY (LEN
000 000
001 000
012 o0
[INYSY 153
401 096
095 099
000 (LAY
(LY 000
LLY 000
(LLY] 000
000 000
(LLY) (LT
(LEY 000
(L] o
(LU (LL]
(LLU (LLH)
(L] o
(LI o
036 (LLY
171 0lo
537 140
(Continued )

Copynight 2010 Cengage Learniog Al Rights Rescrved May not b copied. scanned. or duplicaicd. in whole of it part. Dus 10 elexuomis rights, some third party coaleal sy B suppressed from the cBook and o CCdapiens )

Editorial review has deemed that any suppressed content does not malerially affect the overall leaming expenience Ceagage Leaming resenves the ught o red

move akditondl conient 3t any B i subseyucat nghts restctons regui it

PTO.



6522
16

d =2

00 005 a0 a2 eas 030 g4 050 060 070 075 080 090 095 09
TOONS s m mr w0 000 000 000 000 000 000 000 .000 000
R 4008 001 000 000 000 000 000 000 000 000
TR s 6T 06 0 g3 o0 000000 000 000 000 000 000 000
DR S BT TS s 016 001 000 000 000 000 000 .000 000
TOL000 997 951 e s g 051 006 000 000 000 000 .000 000 000
SOL000 o0 9g0 s 67 A6 126 021 002 000 000 000 000 000 000
1000 1000 gex o3 T8 60X 250 05§ 006 000 000 000 000 000 000
71000 1000 1000 96k sog 772416 132 021 001 000 000 000 .000 .000
10000 1000 1000 990 9s9 87 596 252 057 005 001 000 000 000 .000

¢ 71000 1000 1000 997 ke gsa TS5 412 028 017 004 001 000 000 000
1001000 1000 1000 999 g 983 872 S8R 245 048 014 003 000 000 .000
1000 1000 1000 1000 999 995 943 748 404 113 04 010 000 .000 .000
210000 1000 1000 1000 1000 999 g7 868 S84 228 102 032 000 000 000
51000 1000 1000 1000 1000 1000 994 042 750 392 214 087 002 000 000
1000 1000 1000 1000 1000 1000 998 979 874 sge 38396 011 000 000
1S1000 1000 1000 LOOO  1.000 1000 1 000 994 949 762 58S 370 043 003 .000
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17 1000 1.000 LOOO 1000 1.000 1.000 1000 1000 996 965 909 794 323 075 001
IK- 1000 1000 1000 1000 1000 1000 1000 1000 999 992 976 931 608 264 017
1971000 1000 1000 1000 1000 1000 1000 1000 1000 999 997 988 878 642 82
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A4
Mo np) 2, My np
Con= )8 !
ik
.?‘(‘?;1
ol r
b 001 008 010 020 025 030 040 050 060 070 075 080 090 095 099
0 78 M 072 004001 000 000 000 000 000 000 000 000 000 000
b9 e 2710 027 007 002 000 000 000 000 000 000 000 000 000
20998 RT3 S3T 098 032 009 000 000 000 000 000 000 000 000 000
000966 764 234 096 033 002 000 000 000 000 000 000 000 000
41000993 902 421 214 09 009 000 000 000 000 000 000 000 000
$OL000 999 967 617 378 193 029 002 000 000 000 000 000 000 000
6 1.000 1.000 91 780 561 341 074 007 000 000 000 000 000 00 000
710000 1000 998 R91 727 SI2 0S4 022 001 000 000 000 000 000 000
NO1000 1000 1000 953 BS1 677 274 0S4 004 000 000 000 000 000 000
9 1000 1000 1000 983 929 Bl 425 115 013 000 000 000 000 000 000
01000 1000 1000 994 970 902 S86 202 034 002 000 000 000 000 000
100001000 1000 998 980 956 732 345 078 006 001 000 000 000 000
VOI210000 1000 1000 1000 997 983 846 S00 1S4 017 003 000 000 000 000
31000 1000 1000 1000 999 994 922 655 268 044 020 002 000 000 000
141000 1000 1000 1000 1000 998 966 788 414 098 030 006 000 000 000
IS 1000 1000 1000 1000 1000 1000 987 885 575 189 071 017 000 000 000
16 1000 1000 1000 1000 1000 1000 99 946 726 323 149 047 000 000 000
171000 1000 1000 1000 1.000 1000 999 978 846 488 273 109 002 000 000
18 1000 1000 1000 1000 1.000 1000 1000 993 926 659 439 220 009 000 000
191000 1000 1000 1000 1000 1000 1000 998 971 807 62 383 033 001 000
20 1000 1000 1000 1000 1000 1000 1000 1000 991 910 78 579 098 007 000
2110001000 1000 1000 1000 1000 1000 1000 998 967 904 766 236 034 000
221000 1000 1000 1000 1000 1000 1000 1000 1000 991 968 902 463 127 002
23 1000 1.000 1000 1000 1000 1000 1000 1000 1000 998 993 973 729 358 026
241000 1000 1.000 1000 1000 1000 1000 1000 1000 1000 999 99 928 723 222
Table A.2  Cumulative Poisson Probabilities Flx. ) = 2- &
vvQ
I
A 2 3 4 ] 6 J 8 9 1.0
0 905 819 741 670 607 549 497 449 407 168
| 995 982 963 938 910 878 844 809 m 136
2 1.000 999 996 992 986 977 966 953 937 920
1.000 1,000 999 998 997 994 91 987
X 3 . 98|
4 1.000 1.000 1.000 999 999 998 996
P 1.000 1.000 1.000 999
6 1.000
(Continyed )
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A-5
Tabile A2 Cumulative Poisson Probabilities {cont.)
I
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
0 135 050 018 007 002 001 .000 .000 000
1 406 199 092 040 017 007 .003 .001 .000
2 677 423 238 125 062 030 014 006 .003
3 857 647 433 265 151 082 042 021 010
4 947 815§ 629 440 285 173 .100 055 029
s 983 916 785 616 446 301 191 116 067
6 995 966 889 .762 606 450 313 207 130
7 999 988 949 867 744 .599 453 324 220
8 1.000 996 979 932 847 729 593 456 333 . .
9 999 992 968 916 830 17 .587 458 070 .005
10 1.000 997 986 957 901 816 .06 .583 .18 011
1 999 995 980 947 .888 803 697 185 021
12 1.000 998 .991 973 936 876 792 .268 039
13 999 996 987 966 926 864 363 066
14 1.000 999 994 983 959 917 466 .105
15 999 998 992 978 951 568 157
16 1.000 999 996 989 am 664 221
17 1.000 998 995 986 749 297
18 999 998 993 819 381
x 19 1.000 999 997 875 470
20 1.000 998 917 .559
21 999 947 644
22 1.000 967 721
23 981 787
24 989 843
25 994 .888
26 997 922
27 998 948
28 . 999 966
29 1.000 978
30 987
3] ' 992
32 ’ 995
33 997
34 999
35 999
36

1.000
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(r=MZ=:)
Standard normal density curve
1 s
H Shaded area (2)
| X
! N
p '.) =
H .00 0 02 03 04 08 .06 " 08 K]
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A9
Table A 5 Critical Values for ¢ Distributions 1, density curve
a
/o
/ Shaded urea = «
/ i
) ' ;
L 1
0 Tw
o
v .10 .08 028 .01 008 001 0008
1 3.078 6.314 12.706 31.821 63.657 318.31 636.62
2 1.886 2.920 4.303 6.965 9.925 22326 31.59%
3 1.638 2.353 3.182 4.541 5841 10.213 12.924
4 1.533 2,132 2.776 3.747 4,604 7.173 8610
5 1476 2,015 2.571 3.365 4.032 5.893 6869
6 1.440 1.943 2.447 3.143 3707 5.208 5959
7 1415 1.895 2.365 2,998 3.499 4.785 5.408
8 1.397 1.860 2306 | 2.896 3.355 4.501 5.041
9 1.383 1.833 2262 2.82] 3.250 4297 4,781
10 1372 1812 2228 2.764 3.169 4144 4587
1 1363 1.796 2.201 2718 3.106 4.025 4437
12 1.356 1.782 2.179 2.681 3.055 3.930 4318 © o
13 1.350 1771 2.160 2,650 3.012 3.852 4221
14 1.345 1.761 2.145 2.624 2977 3.787 4140 -
15 1.341 1.753 2.131 2.602 2.947 3733 4.073
16 1337 1.746 2.120 2.583 2.921 3.686 4015
17 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 1.330 1.734 2.101 2.552 2.878 3.610 3922
19 1.328 1.729 2,093 2539 2.861 3579 3.883
20 1.325 1.725 2.086 2528 2.845 3.552 3.850
21 1.323 1.721 2.080 2.518 2.831 3.527 31819
22 1.321 1.717 2.074 2.508 2.819 3.505 3.792
23 1.319 1.714 2.069 2.500 2.807 3485 3.767
24 1.318 1.711 2.064 2.492 2797 3467 3.745
25 1316 1.708 2.060 2.485 2787 3.450 3.725
26 1.315 1.706 2.056 2.479 2179 3435 3.707
27 1314 1.703 2,052 2473 2.771 3.421 3.690
28 1.313 1.701 2.048 2.467 2.763 3.408 3.674
29 1.311 1.699 2.045 2.462 2.756 3396 3.659
. , 2.750 3.385 3.646
30 1310 1.697 2.042 2.457
32 1.309 1.694 2.037 2.449 2.738 3365 3622
34 1307 1.691 2.032 2.44) 2.728 3.348 3601
36 1.306 1.688 2.028 2434 219 3333 3.582
38 1.304 1.686 2.024 ::z; ;; (1: 3319 3.566
1 1.684 2,021 - . 3307 3.551
g 1 ;g; 1.676 2.009 2.403 2678 3.262 3.496
0 1.296 1671 2000 2.390 2.660 3.232 3.460
120 1289 1 658 1.980 2.;;: 2617 3160 3373
‘ ‘ 2. 2,
1.282 1.645 1960 _ 576 3.0% 3291
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A-11
Table 4.7 Valie 40 o xZ density curve
Shaded area =
o/
L " 5
0 e
[/
v 995 99 975 95 90 10 05 025 0 005
1 0.000 0.000 0.001 0.004 0.016 2.706 3.843 5.025 6.637 7.882
; 0010 0020 0.051 0.103 0.21) 4.605 5992 7.378 9.210 10.597
3 0072 0ns 0.216 0.352 0.584 6.251 7815 Y.348 11344 12.837
4 0207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13277 14,860
5 0412 0.554 0.831 1.145 1.610 9.236 11.070 12832 15.085 16748
6 0.676 0.872 1237 1.635 2204 10.645 12592 14.440 16.812 18.548
7 0.989 1239 1.690 2.167 2.833 12017 14.067 16.012 18.474 20276
8 1.344 1.646 2.180 2733 3.490 13.362 15.507 17.534  20.090 21.954
9 1.735 2088 2.700 3.325 4.168 14.684 16919 19022 21665 23.587
10 2.156 2558 3247 3.940 4865 15.987 18307 - 20483 23209 25188
1 2.603 3.053 3816 4575 5578 17.275 19675 21920 24724 26.755
12 3.074 3.571 4.404 5.226 6.304 18549 21026 23337 26217 28.300
13 3.565 4.107 5.009 5.892 7.041 19812 22362 24735 27.687 29817
14 4075 4.660 5.629 6.571 779 21064 23685 26119  29.]4] 31.319
15 4.600 5229 6.262 7.261 8547 22307 24996  27.488 30.577 3279
16 5.142 5.812 6.908 7.962 9312 23542 26296 28845 32000 34267
17 5697 6.407 7.564 8.682 10085 24769 27587  30.190  33.408 35716
265 . 7015 8231 9.390 10.865 25989 28869  31.526 34.805 37.156
18 6.265 0
19 6.843 7.632 8.906 10.117 11.651 27203 30.143 323852 36.190 38580
20 7434 8.260 9.591 10.851 12443 28412 31410 34170 37566 39.997
21 8.033 8.897 10.283 11.591 13240 29615 32670 35478 38930 41399
2 8.643 9.542 10.982 12.338 14042 30813 33924  3678] 40.289 42.79
23 9260 10.195 11.688 13.090 14848 32007 35172 38075 41637 4.179
2 9 886 10.856 12.401 13.848 15659 33196 36415 39364 42980 45558
25 10519 11.523 13.120 14611 16.473 34.381 37.652 40646 44313 46.925
2 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.807 12.878 14.573 16.151 18.114 36.741 40113 43194 46962 49.642
28 12.461 13.565 15.308 16.928 18939 37916 41337  44.46] 48278 50993
29 13.120 14.256 16.147 17.708 19.768 39.087 42.557 45.172 49.586 521333
30 13.787 14.954 16.791 18.493 20599 40256 43773 46979 50802 §3.672
Do e nen lm Leoa@ o owe o am smo o
32 15.134 16.362 18.291 20072 . 4 . 0 53486 56328
33 15814 17.073 19.046 20.866 23.110 43.745 47.400 50.724 54.774 57.646
34 16501 17789 19806 21664 23952 44903 48602 1966 56061 58.964
. : :
Booh e ome me G em em o om n e
21.336 23269 . . . 4 SB.619  61.58)
;3 :; 'ﬁﬂ :35243) 22.105 24.075 26492 48363 52.192 55.667 59891 62.880
38 19.289 20,691 22.878 24.884 27343 49513 53384 56.896  61.162 64.181
39 : 9'99 4 21 ’ 425 23654 25.695 28.196 50.660 54.572 58.119 62.426 65.473
: : 9050  51.805 55
40 20.706 22.164 24.433 26.509 29.05 758 . -59.342 ,(?3_6” 5516(;

'\ 3
Forv > 40,y ~ 2 2
» Xuy =l 1 — ” * g,
v
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227 225 223 222 221 220
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038 135 132 130 129 128
21 117 s H3 0 1 110
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A-13

Table A8 t Curve Tail Areas (cont.)

rewve o Areato the

S\ right of 1

N

S 19 W n ! W M2 2% 27 28 29 30 35 40 60 120 =y

6.0 SO0 500 SO0 SO0 500 S00 S00 .S00 500 500 500 500 .500 500 500 500 500
0.1 461 461 461 461 461 461 46l 461 461 461 461 461 460 460 460 460 460
0.2 422 42) 422 42 422 42 42 42 42 421 421 421 421 421 421 421 42]
0.3 384 384 384 383 383 383 383 383 383 383 383 383 383 383 383 382 382
0.4 347347 347 347 346 346 346 346 346 346 346 346 346 346 345 345 345
6.5 3310 310 31 310 310 310 31 311 310 310 310 310 310 309 309 309
0.6 278 278 278 277 277 277 217 277 277 277 277 271 276 276 215 275 274
0.7 246 246 246 246 245 245 245 245 245 245 245 245 244 244 243 243 242
08 217 217 216 216 216 206 216 215 215 215 215 215 215 214 213 213 212

0.9 190 189 189 189 189 189 .188 .188 188 .188 188 .188 187 187 .18 .185 184
1.0 165 165 164 164 164 164 163 .163 163 .163 .63 163 .162 162 .161 .160 159
11 143 142 142 142 141 041 141 41 041 140 140 140 139 139 138 137 136
1.2 1220122 122 121 g21 21 1210 4200 120 120 2 120 119 19 17016 115

13 105 104 104 104 103 103 .103 .103 102 102 .j02 .102 101 101 099 098 097
14 089 089 088 088 087 087 .087 .087 .086 .086 .86 086 .085 085 083 .082 08I
i35 075 075 074 074 074 073 073 073 073 072 (072 072 071 071 069 068 067

1.6 063 063 062 062 062 061 061 061 061 060 060 059 059 057 056 .055
1.7 053 052 052 .052 051 051 .051 .051 .050 050 050 .049 048 047 .046 .045
18 044 043 043 043 042 042 042 042 042 041 D41 040 040 038 037 036
1.9 036 .03 036 035 035 035 .035 034 .034 034 (34 033 032 031 030 029
20 030 030 029 029 029 028 028 028 .028 027 027 027 026 025 024 023

2.1 025 024 024 024 (023 023 023 023 023 02 02 022 021 020 019 018
22 020 020 02 019 019 019 019 018 018 018 018 017 017 016 0I5 014
23 016 016 016 016 0I5 015 0IS 015 015 014 014 014 013 012 012 01
24 013 013 03 013 012 012 012 012 012 012 0L 011 011 010
2§ 01l 01l 010 010 010 010 010 010 .009

_ , 008 008 008 . . 007 M7 007 007 006
37 007 007 007 007 006 006 006 006 .006
004 06 003 003 003
003 003 002 002 002

3.1 003 003 003 003 003 002 002 002 .002 002 002 002 002 00l

001 001 001 001
01 001 001 001
001 001 001 000

001 000 000 .000

33 002 002 002 002 002 001 001 001 001
34 002 001 001 001 001 001 001 001 .00l
35 001 001 001 001 001 001 001 001 00l

3.6 001 001 001 001 001 001 001 001 .00
3.7 001 001 001 001 001 00I 001 .001 000
38 001 001 001 000 000 000 000 000 .000 . : |
000 500 000 000
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A-14 Appe

O Tabte

Table A9 Critical Values for F Distributions

¥, = numerator df
o 1 2 3 4 5 6 7 8 9
100 3986 4950 53.59 55.83 5724 58.20 58.91 59.44 59.86
1 050 | 6145 199.50 215.71 22458 230.16 233.99 236.77 238.88 240.54

010 1405220 499950 540340 562460 576360 585900 592840  S981 10 6022.50
001 1405284 500000 540379 562500 576405 585937 592873  598.144 602,284

100 gs3 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38

2 050 g5 19.00 19.16 19.25 19.30 19.33 19.35 1937 1938

010 9550 99.00 99.17 99.25 99.30 99.33 99.36 9937 99.39

P01 99850 99900  999.17 99925 99930 99933 99936 99937 99939

00 554 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24

3 0% | o3 9.55 928 9.12 9.01 8.94 8.89 8385 8.81

010 | 342 3082 2946 28.71 2824 2791 27.67 27.49 27.35

001 | 167.03 14850 14111 137.10 13458 132.85 131.58 130.62 129.86

100 | 454 432 419 4.11 4.05 4.01 3.98 395 3.94

s 050 77 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00

010 | 2120 18.00 16.69 15.98 15.52 1521 14.98 14.80 14.66

001 | 7414 61.25 56.18 53.44 51.71 50.53 49.66 49.00 4847

d00 | 406 3.78 3.62 352 345 3.40 337 334 332

s 050 6.61 5.79 5.41 5.19 5.05 495 488 482 477

010 16.26 1327 12.06 11.39 10.97 1067 - 10.46 10.29 10.16

001 47.18 37.12 33.20 31.09 29.75 2883 28.16 27.65 2724

S .100 378 3.46 3.29 3.18 311 3.05 3.01 2.98 2.96

E o 00 59 5.14 4.76 4.53 439 428 421 4.15 4.10

s 010 1375 1092 9.78 9.15 8.75 8.47 8.26 8.10 798

‘g .001 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69
-]

§ .100 3.59 326 3.07 296 2.88 2.83 278 275 272

o, 0s0 5.59 474 435 412 397 3.87 3.79 373 3.68

o 010 | 1225 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 1621 15.52 15.02 14.63 1433

100 3.46 3 292 281 273 2.67 2.62 2.59 2.56

050 5.32 446 407 3.84 3.69 3.58 3.50 344 3.39

8 010 1126 8.65 7.59 7.01 6.63 6.37 6.18 6.03 591

001 | 254 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.77

100 | 336 301 2381 269 261 2.55 251 247 244

050 5.12 426 3.86 3.63 3.48 337 329 323 3.18

% o10 10.56 8.02 6.99 6.42 6.06 5.80 561 547 535

001 | 2286 1639 13.90 12.56 11.71 11.13 10.70 10.37 10.11

100 | 329 292 273 261 2.52 246 241 238 235

050 | 49 4.10 T 3.48 333 322 3.14 3.07 3.02

10 910 1004 7.56 6.55 5.99 5.64 5.39 5.20 5.06 494

001 | 2104 14.91 12.55 11.28 10.48 9.93 9.52 920 3.96

a00 | 323 2.86 2.66 254 245 2.39 234 230 227

050 | 484 3.98 3.59 "3.36 320 3.09 3.01 295 2.90

o100 | 965 7.21 6.22 567 532 5.07 4.89 474 463

001 | 19.69 13.81 11.56 10.35 9.58 9.05 8.66 835 8.12

100 | 38 2.81 261 248 2.39 233 228 224 221

os0 | 475 31.89 349 3.26 EXT) 3.00 291 285 2.80

12 010 | 9.33 693 5.95 541 5.06 482 4.64 4.50 439

001 | 1864 1297 10.80 9.63 8.89 8.38 8.00 77 7.48

(continued)
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Table A9  Critical Values for £ Distributions (cont.)

v, = numerator df
10 12 15 20 25 30 40 50 60 120 1006

60.19 6071 6122 6174 62.05 6226 6253 62.69 62.79 63.06 H3 30
241 88 24399 24595 248 01 24926 250.10 251.14 25117 25220 253.25 254 19
605580 610630 615730 620870 623980 626060 628680 630250 631300 633940 636270
605621 610,668 615764 620908 624017 626,099 628712 630285 631337 633972 636,30)

939 941 942 944 9.45 946 947 947 947 948 949
19.40 19 4} 1943 1945 19.46 19.46 19.47 19 48 19.48 19.49 19.49
99 40 99 42 99.43 9945 99.46 9947 99 47 99.48 99.48 99.49 99.50 ©

999 40 999 42 999.43 999 45 999.46 999 47 999.47 999 48 999 .48 999.49 999.50

523 50 520 518 517 517 5.16 5.15 515 514 513
879 874 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8.55 853
2723 27.05 2687 26.69 26.58 26.50 264 26.35 26.32 2622 2614
12025 12832 12737 12642 12584 12545 12496 12466 12447 12397 12353
3192 390 387 384 383 382 380 380 179 378 376
5.96 591 5.86 5.80 5.77 5.75 572 5.70 569 5.66 563
14.55 1437 14.20 14.02 1391 13.84 13.75 13.69 1365 13.56 1347
48.05 4741 46.76 46.10 4570 4543 4509 44.88 4475 44.40 4409
330 327 324 321 319 317 316 315 314 312 EN TR
474 4.68 462 456 452 450 446 4.44 443 4.40 437
1005 9.89 9.72 955 9.45 9.38 929 9.24 9.20 9.11 9.03
2692 2642 2591 25.39 25.08 2487 24.60 24.44 2433 24.06 2382
294 290 287 284 281 280 278 277 276 274 272
406 400 394 387 3.83 381 377 375 374 370 361
787 172 7.56 740 7.30 .23 714 7.09 7.06 697 689
1841 1799 17.56 17.12 16.85 1667 16.44 1631 16.21 1598 1577
270 267 263 259 257 256 254 252 251 249 247
364 387 351 344 3.40 313 . 334 332 330 327 323
6.62 6.47 631 6.16 6.06 599 591 586 5.82 574 5.66
14.08 13.71 1332 12.93 12.69 1253 12.33 1220 1212 1191 172
254 250 246 242 240 238 236 235 234 232 230
338 328 322 315 3N 3.08 304 3.02 301 297 293
5.81 567 5.52 5.36 5.26 5.20 5.12 5.07 5.03 495 487
11.54 1.19 10.84 10.48 10.26 10.11 992 9.80 9.73 9.53 936
242 238 234 230 227 225 223 222 221 218 216
3.14 3.07 301 294 2.89 2.86 283 280 279 275 271
5.26 511 496 4.8l 471 4.65 457 452 448 440 432
9.89 957 9.24 8.90 8.69 8.55 837 8.26 8.19 8.00 784
232 228 224 220 217 216 213 212 20 208 206
298 291 285 277 27 270 266 264 262 258 254
485 47 456 441 431 425 417 412 408 400 392
875 845 813 780 760 747 730 719 712 694 678
225 221 217 212 210 208 205 204 203 200 198
285 279 272 265 260 257 253 251 249 245 241
454 4.40 425 410 401 3.94 3.86 381 378 369 36l
792 763 732 7.01 681 6.68 652 6.42 635 618 602
219 215 210 2.06 203 201 199 197 1.96 193 191
275 2.69 262 254 2.50 247 243 240 238 234 230
430 416 401 3.86 376 370 362 157 354 345 337
729 7.00 671 6.40 622 6.09 593 583 576 559 544

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

v, = numerator df

p 1 2 3 4 5 6 , 7 8 9
100 314 276 2.56 243 235 228 223 220 216
. 050 467 381 341 318 303 292 283 277 27
010 907 670 5.74 521 486 4.62 444 430 419
001 17.82 1231 1021 907 835 786 749 721 6.98
100 3.10 273 252 239 231 2.24 2.19 215 212
14 .050 4.60 3.74 334 3 296 285 2.76 270 265
010 886 651 5.56 504 469 4.46 428 414 403
001 1714 1178 9.73 8.62 7.92 7.44 7.08 6.80 658
100 307 270 2.49 236 227 221 216 212 209
- 050 454 368 329 3.06 290 279 271 264 259
010 8.68 6.36 542 489 456 432 414 4.00 389
001 16.59 1134 934 825 757 7.09 6.74 6.47 6.26
100 305 267 246 21313 224 218 213 2.09 206
6 050 449 163 324 301 285 274 2,66 259 254
: 010 853 623 529 477 4.44 420 40 389 378
ey 001 1612 1097 901 794 727 6 80 6.46 6.19 5.98
B .100 3.03 264 244 231 222 215 2.10 2.06 203
. 050 4.45 3.59 320 296 281 270 261 255 249
010 8.40 6.11 519 467 434 410 393 379 368
001 1572 10.66 873 768 702 656 6.22 5.96 575
5 100 301 262 242 229 220 213 2,08 204 2.00
O 441 355 316 293 277 266 258 251 246
£ 010 829 601 509 458 425 401 384 371 3.60
4 001 1538 1039 8.49 746 681 635 6.02 576 556
g 100 299 261 240 277 218 211 2.06 202 1.98
= 050 438 152 33 290 274 263 254 248 242
' 010 818 593 501 450 417 394 3.77 363 352
h .001 15.08 1016 8.28 127 662 618 585 559 5.39
100 297 259 2.38 225 216 209 204 2.00 1.96
1050 435 149 310 287 271 260 251 245 239
20 010 810 585 4.94 4.43 410 387 370 3.56 346
001 14.82 995 8.10 710 646 6.02 5.69 5.44 524
100 296 257 236 223 214 208 202 198 {95
050 432 347 3.07 284 2,68 257 249 242 237
a 010 802 578 487 437 404 381 364 351 340
001 1459 9.77 794 695 632 588 556 5.31 s
.100 295 2.56 235 222 213 206 201 1.97 193
050 430 344 3.05 282 266 255 246 240 234
2 010 795 572 482 431 399 376 3.59 3.45 335
001 1438 9.61 780 681 6.19 5.76 544 5.19 499
100 294 255 234 221 211 205 1.99 195 192
050 428 3.42 3.03 280 264 253 244 237 232
23 010 788 5.66 476 426 3.94 371 154 341 330
001 1420 9.47 7.67 6.70 6.08 5.65 533 5.09 489
.100 293 254 233 219 210 204 198 194 1.91
050 426 3.40 301 278 262 251 242 236 230
24 010 782 561 47 422 3.90 367 350 3.36 326
001 14.03 9.34 755 6.59 598 5.55 5.23 499 4.80
(continued )
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Table A9 Critical Values for £ Distributions (cont.)

30

¥, = numerator df

A-17

b} 15 2 2 30 0w = & 120 1000
i:»; 210 205 201 1.98 196 193 192 1.90 188 1 85
%10 260 253 2.46 241 2.38 234 231 230 225 221
6.80 3.96 382 3.66 357 351 3.43 338 334 3.25 318
: 652 6.23 593 5.75 5.63 547 537 5.30 5.14 499
210 205 201 1.96 193 191 1.89 1.87 1.86 1.83 1.80
<] 2.53 2.46 239 2.34 231 227 224 222 2.18 2.14
3.94 380 3.66 351 341 3.35 127 3.22 318 3.09 3.02
6.40 6.13 5.85 5.56 5.38 5.25 5.10 5.00 494 477 462
206 202 197 1.92 1.89 1.87 185 183 1.82 1.79 1.76
254 248 2.40 2.33 228 225 2.20 2.18 2.16 2.1 2,07
3.80 367 352 337 328 321 3.13 3.08 3.05 2.96 288
6.08 581 5.54 525 5.07 495 480 470 464 447 433
2.03 1.99 1.94 1.89 1.86 1.84 1.81 1.79 1.78 1.75 1.72
249 242 2.35 228 223 219 2.15 212 211 206 2.02
3.69 355 341 326 316 3.10 3.02 297 293 2.84 276
5.81 555 5.27 499 482 470 454 445 439 423 408
200 1.96 191 1.86 183 181 1.78 176 175 172 - 1.69
245 238 231 223 218 215 2.10 2.08 2.06 201 197
359 3.46 331 316 307 3.00 292 287 283 2.75 2.66
5.58 532 5.05 478 460 448 433 424 418 402 387
198 193 1.89 1.84 1.80 1.78 175 1.74 1.72 1.69 1.66
241 234 227 219 214 2.11 2.06 2.04 2.02 197 1.92
351 337 323 3.08 298 292 284 278 2.75 2.66 258
539 513 487 459 442 430 415 406 4.00 384 3.69
1.96 191 1.86 1.81 1.78 1.76 1.73 171 1.70 167 1.64
238 231 223 216 211 207 203 2.00 1.98 193 1.88
3.43 330 3.15 3.00 291 284 276 271 267 2.58 2.50
522 497 470 443 426 414 399 3.90 384 368 353
1.94 1.89 1.84 1.79 1.76 1.74 1.71 1.69 1.68 164 1.61
235 228 220 212 207 2.04 1.99 197 195 1.90 1.85
337 3.23 3.09 294 284 278 269 264 261 252 243
5.08 482 456 429 412 4.00 3.86 .77 3.70 354 3.40
192 1.87 1.83 1.78 1.74 1712 1.69 1.67 1.66 162 1.59
232 225 218 2.10 2.05 201 1.96 1.94 1.92 1.87 1.82
331 317 3.03 2.88 279 PR 264 2.58 255 246 237
495 4.70 4.44 417 4.00 388 3:; ?6: 3.58 342 328
X 5 1.81 1.76 1.73 1.70 1. 6 1.64 1.60 1.57
;% ;-ﬁ 2.15 207 2.02 1.98 194 191 1.89 184 179
3.26 312 298 283 2.73 267 258 2.53 250 240 232
w4 BE L 18 e (e 2 s
1.74 1.71 | . . X . 155
53’2’, i‘% i‘f‘,’ 2.05 2.00 1.96 191 1.88 186 1.81 1.76
191 307 293 278 269 2.62 254 248 245 235 227
: : : . 3.44
4m 448 423 3.96 37 ?‘6’: : 2 o l::ili ?3 308
1.73 1.70 X . 62 . . 1.54
lzgg ;ﬁ ;Tf 203 1.97 1.94 1.89 1.86 1.84 179 174
31T 303 289 274 264 2.58 249 244 240 231 222
164 e 14 187 371 3.59 345 1.36 329 314 299
(continued)
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¥, = numerator df

a | 1 2 3 4 5 6 7 8 9
.Q -
a0 | 292 253 232 218 2.09 2.02 1.97 193 189
2 0% | 44 339 299 2.76 260 2.49 2.40 234 228
o7 5.57 468 4.18 385 163 3.46 IR 3122
001 | 1388 922 745 6.49 5.89 546 515 491 471
00 | 201 252 231 217 208 201 196 192 188
2 050 \ 423 337 298 274 259 2.47 239 132 227
00 | 1M 5.53 464 414 182 3.59 3.42 329 318
001 | 1374 9.12 736 641 580 538 5.07 483 4.64
100 | 290 2.51 230 2.17 2.07 2.00 1.95 1.91 1.87
27 05 | 421 335 2.96 273 257 2.46 237 231 225
010 | 768 5.49 4.60 4.1 378 3.56 3.39 326 315
001 1361 9.02 127 6.33 573 531 5.00 476 457
100 | 289 250 229 216 2.06 2.00 1.94 1.90 1.87
g VS0 ‘ 420 334 295 2m 256 245 236 229 224
010 7.64 545 457 407 3.75 353 3.36 3.23 112
001 | 1350 893 709 625 566 524 493 469 450
d00 | 289 250 228 215 2.06 1.99 1.93 1.89 1.86
29 05 | 418 333 293 270 255 2.43 235 2.28 222
010 7.60 5.42 454 404 173 3.50 333 3.20 3.09
001 13.39 8.85 712 6.19 5.59 5.18 487 4.64 445
s 100 288 249 228 2.14 2.0 198 1.93 1.88 1.85
5 - 050 417 332 2.92 2.69 253 242 233 227 221
s 010 7.56 539 451 402 3.70 347 330 317 3.07
k- 001 13.29 8.77 7.05 6.12 553 5.12 482 458 439
g d00 | 284 244 223 2.09 2.00 193 1.87 1.83 1.79
3 - 050 408 123 2.84 261 245 234 2.25 218 212
< 010 731 518 431 3183 3.51 3.29 312 299 2.89
001 12,61 8.25 6.59 5.70 513 47 444 421 402
.100 281 241 220 2.06 1.97 1.90 1.84 1.80 176
050 403 318 2.79 2.56 2.40 229 220 2.13 207
0 010 7.17 5.06 420 3 3.41 3.19 3.02 2.89 278
001 1222 7.96 6.34 5.46 490 451 422 4.00 382
100 2.79 239 218 2.04 195 1.87 182 L7 1.74
050 400 3.15 276 2.53 237 225 2.17 2.10 2.04
60 010 7.08 498 4.13 3.65 334 312 295 282 272
001 11.97 1.1 6.17 531 476 437 409 3.86 3.69
g00 | 276 236 2.14 200 191 1.83 178 1.73 1.69
050 | 394 3.09 2.70 246 231 2.19 2.10 2.03 1.97
100 o010 | 690 482 3.98 351 321 299 282 269 259
001 | 1150 741 5.86 5.02 4.48 4.1 383 3.61 3.44
Joo | 273 23 2.1 1.97 1.88 1.80 175 1.70 1.66
05 | 389 3.04 265 242 226 214 2.06 1.98 193
200 o010 | 676 47 3.88 341 31 2.89 213 2.60 250
001 | ILIS 715 5.63 481 429 392 3.65 3.43 326
q00 | 271 231 2.09 1.95 1.85 1.78 172 1.68 1.64
050 | 385 3.00 261 238 2.2 2.11 202 1.95 1.89
1000 o9 | 666 463 380 334 304 282 266 253 243
001 | 1089 6.96 5.46 465 4.14 378 351 3.30 313
(continued)
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Table A3 Critical Vatues for £ Distributions (cont )

V, = numerator df

10 12 15 20 25 3 40 50 60 120 1000
1.87 182 1.77 1.72 1.68 1.66 163 161 1.59 156 1.52
2.24 216 2.09 201 1.96 1.92 187 184 1.82 1.77 1.72
313 299 2.85 270 2.60 254 245 2.40 236 227 218
456 431 4.06 379 363 352 337 328 322 306 291
1.86 1.81 1.76 1.71 1.67 1.65 161 159 1.58 1.54 151
222 215 2,07 199 194 1.90 1.85 1.82 1.80 1.75 1.70
3.09 2. 2.81 2.66 2.57 2.50 242 2.36 233 223 2.14
448 424 399 372 3.56 344 330 321 315 299 2.84
185 1.80 1.75 1.70 1.66 164 1.60 1.58 1.57 1.53 1.50
220 213 2.06 197 1.92 1.88 1.84 1.81 1.79 1.73 1 68
306 293 2.78 263 254 247 2.38 2.33 229 2.20 2.11
441 417 3.92 3.66 3.49 3.38 3.23 3.14 3.08 292 2.78
1.84 1.79 1.74 1.69 1.65 1.63 1.59 1.57 1.56 1.52 1.48
219 212 204 1.96 1.91 1.87 1.82 1.79 1.77 1.71 1.66
3.03 290 2.75 2.60 251 244 2.35 2.30 2.26 2.17 208
435 411 3.86 3.60 3.43 332 38 3.09 3.02 2.86

1.83 1.78 1.73 1.68 1.64 1.62 1.58 1.56 1.55 1.51

218 2.10 2.03 1.94 1.89 1.85 1.81 1.77 1.75 1.70

3.00 287 273 257 2.48 241 2.33 227 223 214

429 405 3.80 354 3.38 327 3.12 3.03 297 2.81

1.82 1.77 1.72 1.67 1.63 1.61 1.57 1.55 1.54 1.50

2.16 2.09 2.01 1.93 1.88 1.84 1.79 1.76 1.74 1.68

298 2.84 2.70 2.55 245 ° 239 230 225 221 211

424 4.00 3.75 3.49 3.33 322 3.07 298 292 2.76

1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.48 147 1.42 1.38

2.08 2.00 1.92 1.84 1.78 1.74 1.69 1.66 1.64 1.58 1.52

2.80 266 2.52 237 227 220 2.1 2.06 2.02 1.92 1.82

3187 364 340 3.14 2.98 287 2.73 2.64 2.57 241 225

1.73 1.68 1.63 1.57 1.53 1.50 1.46 1.44 1.42 138 1.33

2.03 1.95 1.87 1.78 173 1.69 1.63 1.60 158 1.51 145

2.70 2.56 242 227 217 2.10 201 1.95 191 1.80 1.70

3.67 344 3.20 2.95 2.79 2.68 2.53 244 238 221 205

1.7 1.66 1.60 1.54 1.50 1.48 1.44 1.41 1.40 1.35 130

1.99 192 - 184 1.75 1.69 1.65 1.59 1.56 1.53 147 1.40

2.63 2.50 2.35 220 2.10 2.03 194 1.88 1.84 1.73 1.62

154 332 3.08 283 2.67 255 241 232 2.25 208 192

1.66 161 1.56 1.49 145 1.42 1.38 1.35 1.34 128 122

193 1.85 1.77 1.68 1.62 1.57 1.52 148 145 138 130

250 237 222 2.07 1.97 1.89 1.80 1.74 1.69 1.57 145

330 307 2.84 2.59 243 232 2.17 2.08 2.01 1.83 1.64

1.63 158 1.52 1.46 141 1.38 1.34 1.31 1.29 1.23 1.16

188 1.80 1.72 1.62 1.56 1.52 1.46 1.41 1.39 1.30 121

241 227 2.13 197 1.87 .79 1.69 1.63 158 1.45 1.30

312 290 2,67 242 226 215 2,00 1.90 1.83 1.64 1.43

161 .55 1.49 1.43 1.38 1.35 1.30 127 125 L1 108

1.84 1.76 1.68 1.58 1.52 1.47 141 1.36 133 1.24 L1

234 220 2.06 1.90 179 172 1.61 1.54 1.50 135 1.16

299 277 254 230 214 2.02 1.87 1.77 1.69 1.49 122
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