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1 Answer any four of the following : (4x5=20)

(a) The marginal cost (in lakhs of rupees) of producing
a motor car is given by 6 + 4x? +1.5¢*, where x
is the quantity produced. Determine the total cost
producing 5 motor cars if the fixed cost is Rs. 7

Lakhs. It is given that e* = 0.006.

(b) (i) Suppose Y = Y(t) is national product, C(t) is

consumption at time t, and I is Investment,

which is constant. Suppose Y =a(C+1-Y)
and C = aY + b, where a, b and a are positive

constants with a < 1. Derive a differential

equation for Y.

(i) Find its solution when Y(0) = Y, is given.

What happens to Y(t) as t — o?

(c) Let Y, denote national income, I, total investment,
and S total saving — all in period t. Suppose savings
are proportional to national income, and that

investment is proportional to the change in income

from period t to t+1. Then, for t = 0,1,2
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(i) S, =BY,
(i) Ly, = a(Y,,-Y)
(i) S, =1, o B>0 P<o

Deduce a difference equation determining the path

of Y, given Y, and solve it.

(d) Find the general form of a function f whose second

derivative f"(x) is equal to x2. If we require in

addition that f(0) = —1, what is f(x)?

(¢) Find the area of the region bounded by y = x? and
y = X.

2. Answer any four of the following : (4%5=20)

(a) Show that the production function Y = Ax%yP

where A, a, B > 0 has elasticity of substitution 1

everywhere.

(b) A firm sells 2 brands X and Y of a soap. The
outputs and prices are denoted by x, y, p and q

respectively. The demand functions of the two

P.T.0.
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brands are : x = 100 — 2p + 5q and y = 80 + 4p — 3q.
Suppose brand X sells for rupees 15 per unit and
Y for 12 per unit. Estimate the approximate change
in revenue if the prices are increased by 1 per
unit for X and 1.5 per unit for Y and compare it

with the actual change in revenue.

(c) Draw the level curves for the function

2x —2y
—— . for levels k=0, 1.

f(x,y)z x? +y°+1

[For PWD candidates in lieu of part c]

Find the equation of the tangent plane at a point

(1, 1, 5) to the function x> + 2xy + 2y?

(d) Examine the definiteness of the following quadratic

forms :
(i) f(x,y) = x> + 2xy + y?

(i) —x* + y? subject to 2x — 3y = 5
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(e) Find and sketch the domain of the following

functions :

(1) (x.y) \/\ —y

(1) f(x,y)=yy+4—-x+I

[For PWD candidates in lieu of part e]

Find the domain of the following functions :

(1) f(x,y)=+/x* -y

(i) f(x,y)=yy+4-Vx+l

(iii) f(x,y) = In (y*~-x)

3. Answer any four of the following : (4x7=28)

(a) Based on the table, classify each of the following
points as a local maximum, local minimum, saddle
point, not a critical point, or not enough information

to classify.

P.T.O.
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" ! I 1 " ‘_T
Point fx f}’ xx fxy f_:yy
S e
A | 2 3 4 5
B 0 0 0 0 0
C 0 0 1 2 3
D 0 0 0 1 0
E 0 0 0 -1 0

(b) Find the extreme points of the function f(x,y) =

9x + 8y — 6(x + y)? subject t0 0 < x < 5, 0 <y <3
and x — 2y > -2,

(c) Find all extreme points and/or saddle points of the

function :
3x%y + y3 — 3x2 _ 3y2 + 2

(d) Define quasi-concave and quasi-convex functions.
Prove geometrically or otherwise that y = x> x > 0

is both quasi-concave and quasi-convex,



fx,y) = x +y subject to x> + y? = 4 using

Lagrange multiplier method. Verify the second

order conditions.

Answer any one of the following : (1x7=T7)

(a) The Eco club Econ manufactures eco-friendly
inexpensive notebooks and diaries. Each notebook
takes 4 Kgs of paper pulp and 2 litres of water
solution in its preparation while each diary requires
3 Kgs of paper pulp and 1 litre of water solution.
The club has 240 Kgs of paper pulp and 100 litres
of water solution available with it. Each notebook
sold gives a profit of Rs. 7 and each diary gives
a profit of Rs.5. Using linear programming,
find the optimal combination of notebooks and

diaries to be produced in order to maximize the
profit.

(b) I .
S there , solution to the following linear
DrOgramming problem?

P.T.O.
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Maximize X, + x, subject to

Xy 2 Xy 2

Will a solution exist if the objective function i
changed to z =

Solve wherever possible.
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(a) (i) Are interest payments on National Debt
counted as part of the Gross Domestic

Product? Give reasons.

(ii) A payment of 10,000 is made by an Indian
citizen for dinner at a Thai restaurant in

Thailand by Visa credit card. How is this
transaction accounted for in the balance of

payments account of India? 4

(b) A bond provides to pay X100 in one year :

(i) What is the interest rate on the bond if its
price today is ¥75 and ¥90?
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(11) If the interest rate is 8%, what is the price

of the bond today? (4)

(¢) (1) Analyse the effect of a reduction in the
marginal income tax rate on output,
employment and the price level in the

Classical model with suitable diagrams.

(11) What are the various stages in the monetary

transmission mechanism? (7,3)

(F) (i) =91 UK WU R A WA S Fehel B
IAR D BR & A A w27 FRo 990

(i) T YR ARIRE W AL B TF AqE &
¥ afaie & faw @ @R &€ g@ 210,000
F A R o 31 3@ aF-oF & e
WRE B WA Hgee @I | e fohan W 8 7

(@) v @i ¥ TF ad § 2100 H AR HA H JaL=
:

(i) afe are & 3 HFd 275 3k 290 2 A I
W A W/ A 87

(i) afe = W 8% B, M AT S A A
27

P.T.0,
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@) (i) Wmﬁﬁ%waﬂﬁmﬁ‘mﬁm,
AR AR e W W A FEER A FH_
& yWiE & fAau &

(ii) Aw wowr o1 ¥ R @ 7 87

2. (a) Use the following data to calculate private,
government and national savings :
GDP = 7000
Net factor payments from abroad = -70
Consumption = 4480
Government purchases = 1400
Interest payments on government debt = 210
Taxes = 2450
Transfers = 1050 - . (4)

(b) If the central bénk follows an expansionary open

market operation, how does it affect the money

supply in the economy? Explain. (4)
(c) (i) Given the following information:

Consumption C = 80+0.75Yd

Investment I = 100
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Government Expenditure G = 200
Transfer Payments TR = 100

Tax t = .20

(a) Calculate the equilibrium level of income
and the multiplier.

(b) Write the saving function and calculate
the level of saving.

(c) Calculate the budget surplus.

(d) Suppose that t increases to 0.25, what is
the new equilibrium income and
multiplier?

(i) Using the IS-LM model, derive the aggregate
demand curve. (7,3)

(%) Foh, T 3R T w=a R o & T o
GDP = 7000

fRw ¥ ge I/F WA = -70
JINT = 4480
TWHIY |@liT = 1400

P.T .0
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WEHA F W oS A = 210
FC = 2450
eI = 1050
(@) aR ¥ I vF FEEE G TER TEOEE w0
FTER O 2, W AT e ¥ Y7 A w A
owIfdE @ 27 AR &
(@) (i) PRl SEEd QT
IgHAT (C) = 80+0.75Yd
ffaw (1) = 100
wEl =@ (G) = 200
g IaE (TR) = 100

= T = .20
() @ & GgeF TR IR O F AR R
(T) TG o @ AR TET B TR S A B
(¥) oc SRy R TR W

(7) w7 A B t T 0.25 & wer 2, A T
Yo AT AR T = 27
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(ii) IS-LM #isa &1 I947 T, [t AT a5 W
I

3. (a) What 1s national wealth? How is national wealth
linked to national saving? (4)

(b) How 1s the rate of interest determined by the
demand and supply of money? What happens to
the interest rate if nominal income falls? Use a
suitable diagram. (4)

(c) Given the following information :
Consumption C = 100+0.8Yd
Investment I = 400-50i
Government Expenditure G = 500
Tax t = 0.25
Price level P = 2
Nominal money supply M = 1200
Demand for money L = 0.40Y - 501

(1) Write down the IS-LM equations.

(11) Whét is the equilibrium level of income and

interest rate?

P.T.O.



5137 8

(iii) Derive the fiscal and monetary policy

multipliers.

(iv) How much does an increase in government
spending by 100 increase the income level
in the model, which includes the money
market? What will be the new equilibrium

interest rate? (10)

(=) T A T B T o T A A
27

(@) = w, T A AR g ¥ B PRy A
27 g AT I7 kA 2 A = R F T B
T I7gE ARE@ H AR W
() Pt TR &
3IgE C = 100+0.8Yd
ffaw 1 = 400-50i |
wE @@ G = 500
e t = 0.25
T &P =2
dfgsw 7@ smafd M = 1200
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I W WA L = 0.40Y — 50i
(i) IS-LM wiamor fofag)
(i) 3@ AR =aF R H g w o 27
(i) Torim 3R WM WY UEE " X
(iv) o & % 100 N g ¥ e ¥ IT /N

¥ fFa gfe ot 2, Rl w1 som o wfe
27 7 GgeF AW W T BN |

4. (a) The nominal interest rate is 7%, today’s price level
1s 150, and you expect the price level to be 156
from now. What is the expected inflation rate?
What is the expected real interest rate? (4)

(b) Suppose the ratio of currency to checkable
deposits is 0.25 and the reserve ratio is 0.25, what
is the value of money multiplier? 4)

(¢) (i) Explain the concept of crowding out. Also,
explain the extreme cases with suitable
diagrams :

(a) Full crowding out

(b) No crowding out

P.T.O.
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(i) What are the automatic stabilisers? Explaip

with the help of examples. (7,3)

() AT = W 7% B, A B I W 150 2, Ik
maa%wgawmiﬁaﬁaﬁam%?lmm
Ry @ T 27 e Al e WO RY

(@) w7 df B Fer IR AT R AE T H I
025 ? AR IR FAUA 025 2, A I & o

o 4T 87

@) (i) wefRT A¢e & FAUT H WL I WD
FeMEl, IS @Al @ WY WA AR 9
RN X

(3r) T wRRET ST
(@) = Rk ee

(i) e RaeEeR = 37 Il I gwEd
q qEE)

5. (a) Whhat 1s a GDP deflator? How is it different from

Consumer Price Index? (4)



5137 11

(b) Using the Fisher approach to the Quantity Theory
of Money, explain the relationship between the

quantity of money and price level. (4)

(¢) (1) The marginal propensity to consume is 0.9.
The income tax is one-third of the income.
The government decides to increase spending
to increase GDP by Rs. 750 lakhs. How much
should government spending increase? What
happens to the budget deficit?

(i) Explain the effects of investment subsidy on
the equilibrium interest rate, consumption,

investment and GDP. Use suitable diagram.
(5,5)

(%) FTERERE o 27 98 IUNEd e gadis §
yaR = 27

(@) W%mm%mmmmm
Y, HET T IRATT AR @ T F A9 GG D e

e

@) (i) e I R 09 81 FEERT I T
fEr$ 21 @@R ¥ GDP W & faw @ 750
waar%aﬂ%mﬁm%lwrﬂaﬁﬁﬁm
g WRY? awc W M FT BN

P.T.O.
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(ii) ¥ oo R, I, PR IR T Ry
I W Aaw aRed & ywa & e w5y
Jugea AN W WART W

6. (a) Why do three methods of national income

accounting yield the same measure of GDP?

(4)

(b) The following financial market data is given for

an economy (in rupees) : 4)
Currency = 10,000
Reserves = 2,000

Deposits = 20,000
Calculate the followiqg b
(1) Size of the money multiplier
(1) Monetary Base
(i) Money Supply

(c) (1) “With a decrease in the marginal propensity
to save, the IS curve will become steeper”.

Agree or disagree. Explain the answer.
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(ii) Explain the impact of an autonomous decline
in investment on the overall demand in the

economy in the Classical Model with the help

of a diagram. (5,5)

(%) u@umﬂﬁm%ﬁmﬁﬁ%mvﬁqm

T G WG T W e 2l

(@) v e @ Ry Fefied e STem . st
far wr 2 (TR H):

=1 = 10,000
sRfem Rfr = 2,000
i = 20,000
ffafaa & ToFT &Y
(i) H&T TR H HAER
(i) W EW
(iii) o1 SmIR
™ (i) “maﬁmﬁ%ﬁﬂ%w, IS @&

9 B FOM” | GEHT A FHEAd| I WL H|

P.T.O.
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(ii) Felifiene Aise | geh o WO A 3faramn
¥ g W W R A wdd e & gag 5

et

7. (a) (1) Is 1t correct to say that to finance its current
account balance, a country must increase its

Private Savings? Explain.

(ii) If a country has a current account deficit of
$120 million and a capital account surplus of
$80 million, what is the net change in its

official reserve assets? (4)

(b) What is the demand for Central Bank money?
How is equilibrium determined in the market for
Central Bank money? (4)

(c) (i) Suppose that the government follows a fiscal
policy such that an increase in government
spending is equal to the fall in transfer

payments where :
Consumption = 0.75
Tax = 0.20

Income = 1000

Change in government spending = 20
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Change in transfer payments = —2()
(a) Find the change in equilibrium income,

(b) Find the change in budget surplus,

(11) “As the demand for money becomes more
sensitive to change in income, does the LM
curve become steeper or flatter”. Explain your

answer. (5,5)

() (i) T AT T w2 W Ry g
R ® I F A v D R g B
TG WMt BRN? S

(i) ol & @ = 9w~ @@ e $120 fafee @
AR It @ FfEw $s0 fifm 2, A a
e e aRaafy ¥ w@ RadT w0
27

(@) #d o & 0 A AW R B DI dF D FF D
o arom % dgem % Feifa fmn wmen 27

(M) (i) o Ao fr wwR ow W T AW
T R 2, e e @ ¥ gie s
e ¥ fiae & O/ 8 Tl

P. 1.0,
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I = (.75
= (.20
™ = 1000

WA |G ¥ gRadT = 20
TR FEE § uRadq = 20
(y)ﬂwmﬁqﬁaﬁ?maﬂﬁ?l
(¥) soic AR ¥ qRada 79 Sl
(i) ‘v HE AR A, @ ¥ IR @ wi S

a9 & Wl 8, 991 LM 9 99 41 99T
B W 271 F IR A A Fe
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2. & 9 U fi\ @ud & Ao ?

3. HHURY HawHaed D WRT @ A B

4 T WET-UF H IR e a1 B A v v A A, A
W ITA T AN T B BT ARy |

SECTION A

Attempt any five of the following questions : - (5x8=40)
frfofas % ¥ Rl dfa Wl @ SR AR
_ — \
1. (a) What is the derivative of f(x,y) = x2y° at
P = (3,1) in the direction of the vector Q = (4,-3).
(b) Find the equation of the tangent plane to .
z = e + y%e¥l at (0,1). (4+4)
(F) dFT Q=(4,-3) = feam & p = (3,1) W
f(x,y) = x%y’ & = = B

(?a) e'h'Z‘ ﬁqﬁ % WEFRUT a"?f Z = eX¥y + yze}’—l at (0,1)
W @ |
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2.

3.

(a) When is a set of vectors a,, Bpienn, € R said

“

to be linearly dependent?

2 1 3 7
(b) Prove that the vectors | -1 (4)(3) and (1)
3 4 5 11

are linearly dependent. (3+5)

(@) af & B ¥ (31),(3;),(3) e (I)%ﬁ‘ﬁ

3 2/ 5 Kl

(a) Show that the following production function has

elasticity of substitution 1 everywhere.
Y = Ax%yP, A, o, B >0

(b) The amount x of some good demanded depends
on the price p of the good and the amount a the
producer spends on research and development of
the product: x =f(p, a), with f’p(p,a) < 0 and
f'(p,a) > 0 for all (p, a). '

P.T.O.
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4

The price depends on the weather, mcasured by
the paramecter w, and the tax rate L@ p = g(w, t),
where g'y(w, 1) >0 and g'(w, 1) = 0 for all (w,t).
The amount spent on R&D depends only on

t: a = ht), with h'(t) = 0.

If the tax rate increases does the demand for the
good necessarily increase or necessarily decrease,
(4+4)

or neither?

(%) RRaw f& fA=faiaa e wew o wfdem= 1 &t &

WE A" 8l

Y = Ax%P, A, o, B>0

FO THA A AN x TG B FG p W AR
2 3k fetar I @ FgEuE 3R ReE W ' S
#:x =f(p, a), f'(p,a) < 0 & WA AR ' (p, 2)>0

a9t (p, a) & forw

T Aeq W R Far 3, Wi w SR WO e
2, A F @Rt p=g(w,t), T g'y(w,t)>0
A g(w,t) <0 a1 (w, t) & foro

R&D W @F & 7€ A hael t: a = h(t), h'(t1) >0
FUT AR F@ IR WA R e 9 2 @
T 9Eg F AT FAEE w A @@ R A AT W
& el 2, a1 87
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4.

(a) Define the rank of a matrix.

(b) Find the rank of the following matrix for various

values of p and q:

1 3 1 1
A—(Z p 7 q) (2+6)
4 2 2 3

() T Mww & & @ wfwfa &

(@) p 3 q 2 RAteT = @ R Feafafas W =
Y& @t

(a) Find the equation of a hyperplane through the
origin in the direction of the vectors (1, 2, 2) and
(4,1,-1). Where does the above plane intersect

the line given by

x1=_t+2,?<2=2'[—1andx3:‘[+3

P.T.O.
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(b) Let there exist a non-null vector x such that

AX = AX. where A = (]; ;;) and A ¢ R. Find

A e R and compute A'x for cach value of A and

the associated x. (4+4)

(F) IR (1.2,2) 3R (4,1, 1) & R ¥ &1 & wmzm
A UF TR W SISO @ IWF dd ga
@ W F X, = -t+2, x,=2t-13R
X, =1+ 3 FB Fear 87

(|) ﬁﬁﬁ—@%ﬂi‘(x‘ﬂ'ﬁi%ﬁ%ﬁm‘f\x=lx,

GiET°A=(; g)?sﬁtkeleeR@ﬁsﬂ'{
). GEUd x & Y& 99 @ faw A% &t WoEn X

6. (a) For the following function defined on R’ find the
critical points and classify them as maxima, minima,
saddle:

f(x,y) = 3x* + 3x?’y — y°
(b) Let f(x,,x,) = x> + 2x7 + 2x x, + %x; — 8x, ~2x,~ 8.

Find the sct of ordered pairs of (x, x,) for which

f 1s convex, if any. (4+4)
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(%) ¥R R2 W wffe Pl w@t @ fo, weea
Rg @ o 32 e, <Fa, dew @ W ¥

g -

f(x,y) = 3x* + 3x%y -y

(@) fix,x) =3+ 2x2 + 2x,;x, + 7%} — 8x, —2x, -8

(x,, x,) ® HE g o W T A R e
f Iaa 2, afe ®E B

SECTION B

Attempt any three of the following questions. (3x10=30)

frfofa % @ B & vl & S dm)

7. (a) Consider the system of equations :

x+2y+z=18§.
3x2yz = 12
Show that the 3 variables can be divided into two
sets {x and (y,z)} or {z and (x,y)} of 1 exogenous

and 2 endogenous variables in a neighbourhood of
x=2, y=1, z=1 so that the Implicit Function Theorem

P.T.O.
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is applicable. If the exogenous variable increases
by 0.25, estimate the change in each of the

endogenous variables for either case.

(b) An insect is crawling on a hot surface the
temperature of which at the point x units to the
right of the lower left corner and y units up from

the lower left corner is given by
T(x,y) = 100 — x2 — 3y3

If the insect is at the point (2,1), in what direction
should it move to cool off the fastest? How fast

will the temperature drop in this direction?
(5+5)

() @HFOn & qoRl W RER W=
x+2y+z=25
Ixlyz = 12

e f& 3 =W = x=2, y=1, z=1 %q@qﬁ'll
aReie AR 2 Jashid WD A (x 3 (y,2)} @
{z 3 (x,y)} # forfom e w1 wwar 2 @
FeAtee waI WAa AN Bh Al sRwlw W 0.25 A
9 W R, A N e @ R e st W
# 9RadT & FFAE e
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(@) & S vw T w8 W W, o ameer Frad
ad N @ e R Ry x g o s af w R
q y @ FW T(x,y) = 100 - x? - 3y’ g fear

EICIER

afe e g (2,1) W 2, @ I TR AW A 37 B
7 fow frg R ¥ o wifRe? @ Rwm ¥ amwm
I ¥ fijan?

1 3 4 by
8. (a)Llet A= (-—-4 2 -—6) and h = (bz . Is the
=3 =2 =7 b,

equation Ax = b consistent for all possible values

of b,, b, and b,?

(b) Any square matrix is said to be lower triangular
if all the elements above the main diagonal are
zeros. For any 3x3 lower triangular matrix, find
out a necessary condition under wliich 1t .is

invertible. Show that its inverse is also lower

triangular. (5+5)

P.T.O.
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1 3 4 by
(37) w A::.(.._4 2 ...6) Sﬂ'{ b-—'—'- bz I 22 |
-3 -2 -7 b,
WIFW Ax = b, b, b, 3 b, & W wwfda w=
& fow W 27

(@) &R % =t Maw o Faa Havha w1 w2 aR
T ot & W & o o @ A W 353
et frnit e @ R, v sraws Rafy &0 oo
e S wea a7 weewin 21 <Eie BF gEe
wiae W e Pmerer 2

9. (a) Determine whether the function f(x,y) = ye™ 1is
quasiconcave for the region in which x > 0 and
y 2 0.

(b) A company produces two goods, butter and jelly
and sells them at prices Rs.2 per kg for butter

and Rs.3 per kg for jelly. The cost of production
of x kgs of butter and y kgs of jelly is

Cx,y) = x* + 3xy + y2.

How much butter and jelly should the company

produce to get the maximum profit? (5+5)
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(%) FuiRa = & wem f(x,y) = ye* 30 &3 & for
#fawEDT B e x >0 3Ry > 0 B

(@) v HA A qEH, FREA AR Sl 1 Iewed
2 3R IR wwaw @ fow 2 v vl e sl et
3 fow 3 v iy frctum & Fa w awd 3 x
i W 3k y B St A Iae ane 2

C(x,y) = x% + 3xy + y?

FUFTH AN W T D 0 F 9 T www|
IR AN T IAET FET AqMRY?

10. Consider the function f(x, y) = ax?y + bxy + 2xy? + c.

(a) Determine values of the constants a, b, and ¢

such that f has a local minimum at the point

(2/3, 1/3) with local minimum value of—%.

(b) With the values of a, b, and ¢ found in part (a),
find the maximum and minimum values of f over
the set S = {(X,y): x 20,y >0, 2x +y < 4}.

(5+5)

P.T.0,
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W (X, y) = ax?y + bxy + 2xy* + ¢ W e =i
(¥) R a, b, 3R o & W AuiRa & o B f @

wWﬁg (2/3, 1/3) W —1 & Fa e

AT & 9y 2

(@) W (a) ¥ a@ M@ a, b W c D IA B T, XK
S={(xy):x20,y>0,2x+y<4} Wf=&

SECTION C

Attempt any two of the following questions. (2x10=20)

frafafag § @ &l | 9 & 3w AR

11. (a) A matrix P is said to be orthogonal if P'P = L.
Prove that a necessary condition for an orthogonal

matrix is that any two different columns of this

matrix are orthogonal.
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(b) Find the values of k for which the following system

of equations:

2x+ky+z=2
4x + 2ky + kz = 4
X + 2y +3z=6

has a unique solution, no solution or infinitely many

solutions. (5+5)

(¥) & Tw P w sidfiw we ww 2 AR
P'P =1 9ifa & & sifetmae dfeaw @ forw v
s 9 qE B & 3@ A D A e~ st
Hew it 2

(@) k& 37 7w Ao e fre w2 Feff
m:

| 2x + ky +z=2
4x + 2ky + kz = 4

X+2y+3z2=6

VH AT WU 2, S e A8 2 @ ki
T ¥ TS GO 2

P.T.O.
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ction of a firm is x2y®. Its
100 and currently

technology

current
12. (a) The production fun

level of inputs is Xx=25 and y=

a=b=0.5. The firm adopts a new '
b to 0.504 with no change 1In a.

that changes ;
hich will keep

Estimate the input combination W |
the total output the same and the sum of inputs

the same. Use the following system of equations:
alnx + bln y = In z; x+y= 125

(b) Is the sum of two homogeneous functions

necessarily homogeneous? Is the product of two

homogeneous functions necessarily homogenous?
Prove or provide a counter example. (Note: The
degree of homogeneity of the two functions 1s not

_necessarily equal). (5+5)

(%) T T I B x'y? B TR AT A
TR x=25 A y=100 2 R &= & a=b=0.5 B
T T 7% Il Wl AT @ o a A faer fd
e ® b ¥ 0.504 ¥ Fe@ WA ¥ TAQC wh
H FFAAT TC W H{A AICYE H 0T @M I
TAC B AN WA @ FREO @ Rt
YOt T WART &

alnx +blny=In z Xty =125
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(@) A Foi AT A € A G 27
H A TG FEA H VAT AEAEF T A GAET
- B7 Uw W Semwr @ile a1 e aR) (e ¥
A FE N gaEwar A RN smEEE €7 ¥ e A6
2)1

13. (a) In a competitive market, a firm produces good Q

according to the function

11
Q(K,L) = 8Kz2L*

where, K and L are capital and labour respectively.
Given the unitary prices of Rs.5 for output and
Rs.2 and Rs.10 for inputs, find the optimal values
of K and L which maximise the profit n. Also,

calculate the maximum profit, .

(b) By drawing diagrams (or by making precise
algebraic arguments), determine whether the

following set is convex.

{(x,y): xy 2 1}. (7+3)

() gfaerst TR W, TE B eE @ JFER Al Q &
IqreT w2 'J

11
O(K,L) = 8K2L?

P10,
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wET, K 3R L W goft sk s ) anseqe @ forg
€5 3R T B e w2 3k 610 B vwEe REa
@Y W, K 3N L D geaw qe A" woa am
nw At w B owm B sl @, oo
M W)

(®) @ Weaw (W wde Aol a5 @), a8
Rl = & F=fofag ¥ 3aa 2 o =4

(X, y): xy 2 1},



[This question paper contains 32 printed pages.]

Sr. No. of Question Paper : 5239
Unique Paper Code
Name of the Paper

Name of the Course

2272101203
Intermediate Statistics for Economics

B.A. (H) Economics DSC

Semester S

Duration : 3 Hours

Maximum Marks : 90

Instructions for Candidates

1.

Write your Roll No. on the top immediately on receipt of this question paper.

All questions within each section are to be answered in a contiguous manner on

2.
the answer sheet. Start each question on a new page, and all subparts of a question
should follow one after the other.

3. All intermediate calculations should be rounded off to 3 decimal places. The values
provided in statistical tables should not be rounded off. All final calculations should
be rounded off to two decimal places.

4. The use of a simple non-programmable calculator is allowed.

5. Statistical tables are attached for your reference.

6. In all calculations, figures should be rounded to two decimal places.

7. Answers may be written either in English or Hindi; but the same medium should
be used throughout the paper. '

Bl & fou Adw

1 FETH-9E & e & e Ry av fuiRs e w s e forfg |

2. WOE @2 D W W B I T W oaRy qde & 4R WA W B U Y U6 R
Fford, aﬁimm%aﬁwmﬁﬁw%mw S it
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s 290 ST W A fawy wreqey A

4.

5

L.

2

af o A, R NN A qwprea o) ue e A e @)

o we - T W IW AN o B @) s i A A, A o 3 1w 0w A =T
afRul

(a)

(b)

SECTION 1

Do any two questions.

= & yw=t @1 Ier dfed

Suppose Y, Y,, and Y, are three normally and independently distributed

random variables with expected values p, M, and p,, and variances 67, 67,

1Y

and o°,. respectively. If By =25; §,= 45, p, =50, et =10, c?,= 15, and
6°,=20. calculate P(45< Y <47) where Y = (Y, +Y, +Y.)3.

The time taken by a randomly selected job applicant to fill out a certain form
has a normal distribution with mean value 12 minutes and variance 4 minutes>,

If six individuals fill out a form on one day and seven on another, find the

probability that the sample average amount of time taken on each day is at

most 13 minutes. bESY)

W A fr Y, Y, SRY, A W W R sk g T 3 ek amRes
T o o T W 1, W E I 0 0 e o2, 3 o
4,225, p= 45, 1,750, 0% =10, 0% =15, g o2 _gg 3 o

P(45 < ¢ < 47) @ O FIfe W@ v = (YI+Y3+Y})/3_
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3

(%) v fiftag wF F Ry @ v agRe® W A g et ke W fear
T w12 e @ sted T AR 4 BRe @ famw @ @9 T 9

frawor 21 af? ve R ©F @ UF BW W ¥ sk gw A @ Al

2

13 e =1 ?)

Suppose a certain bike has four models (model 1, model 2, model 3, and model

4). If Y denotes a randomly selected bike purchase, then the probability mass

function (pmf) of Y is given as below :

|

Y |

| S

Suppose a random sample of two customers is selected.

P(y) |

0.4

0.1

0.3

(i) Obtain the sampling distribution of Y.

(ii) Calculate P(Y < 1.5) and P(2 < ¥ < 3.5).

(5+5)

7 oifore fF Rl age @ uR Wied € (WEw 1, WEed 2, HWsA 3 IR HAisA 4)

R Y aghes W ¥ wie are @lde @ i B, A Y & WREd geme

%R (pmf) = fear w2

A WA B Aghew TR W R AR

0.2

0.4

0.1

i

0.3

P.T.O.
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(i) y @ T e wre T

S1LS)IMP2<y *;3.5)%\1Wﬁ1m.maﬁiﬁrwm

(i) P(Y
F G ST Bl
3. LetY, Y, - Y, bearandom sample from a distribution with mean (n) 7.9

and variance () 42 If Y = Y, +Y,+ -+ Y.,
(a) Calculate P (277.5 <Y < 279.7).

(b) If the sample size changes to 32, could the probability of part (a) be
calculated from the given information. If yes, find the probability and if

not, why? Will your answer change if the sample size is 25 instead of 327

Explain. (5+5)

7= e Y, Y, -, Y, EE () 7.9 3R WO (o?) 4.2 9 faewe &
U AgReE WA Bl AR Y =Y, +t Y, o+ -+ Y,

(3t) P (277.5 < Y < 279.7) & WoEw whifw

(@) aft e wER 32 X 9@ W OB, WM FW A W THEER ¥ AR (T) W
HEET Y OET F1 o gl 81 afe B, @ wided W e ek ol a8

& w7 afe AA AER 32 FH TE 25 ¥ W FN FAUE IR G UM

ARAT  FHITC|
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4.

SECTION 11

Attempt any three questions,

A | e @ Ier Ao

Let the fracture strengths (MPa) of ceramic bars be normally distributed with
average fracture strength p and standard deviation . A sample of 10 ceramic

bars is found to have an average strength of 70 MPa and standard deviation (s)
2.3 MPa.

(a) Obtain a two-sided confidence interval for true average fracture strength,
when the level of significance is 1%. Which distribution would you use to

obtain the critical values for the confidence interval and why?

(b) Calculate a two-sided confidence interval for the population standard deviation

when the significance level 1s 5%. (5+5)

R aoal @t BaR qEG (TIHT) H AT €W A ST WaRR aihd p 3R
a9 faem o & @ faaa fear s =g 10 Rl o @ v e A
Jaa AW 70 THOY 3R AHS faued (s) 2.3 6T gmr T @)

(3) @8 39T RFR THEd D fog A T ATEE FWE T AT, T§ wEw
1 ®R 1% Bl FHE Fowae @ fog wEeaql AW W R @ fw s

fea faaor &1 Iwam a1 3k =« ?

(@) TEEn e fauee & fog @ aver fEm sdaaa @ I0ET ST S9 wEe

T 5% Bl

BT O
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> Y . Y-\a il -
(a) LetTr 7 Y, beq fandom sample from a uniform distribution on the
any finite rcal number. Find the moment

interval (0=1, 6- 1), where 0 can be
-2.7,Y,=1.2,Y,=3.9,Y,=2.3,

estimator of 0, 1f Sample size is 4 and b

find the moment Cstimate of ¢

Y, Y., ar s . istributi
(b) Let Y, Y, and Y, bea random sample from a normal distribution where
h populati - -
both population megp H and standard deviation o are unknown. Which of

> following ig » - — : g
the N& 1S an unbiased and more efficient estimator for pu?

Yi+sY, 43V (5+5)

W=

Hl—zyl +‘£YZ +;1-Y3 ﬁi:

() 7 AR Y, Yy - Y, SR (0-1, 0+1) W o @0 Raor ¥ v
WﬁmﬁﬁﬁgﬂﬁﬁBﬁﬁﬁﬁﬁmm%VWmawmﬁ%romrw@
ﬁﬂﬁ?mﬁﬁﬁmzﬁqmnmwraﬁﬁ?Y~Q7‘Y—LLYﬁia

-73§Fﬁ93ﬂanwﬁaﬁwmmaa-ﬁﬁm |

(H)WWYI,YZ,WYJWW%WW%WWM
paﬁrwﬁamcﬁmﬁﬁmﬁrﬁqﬁﬁ%aﬁwu%%qw
e stk siftres o s 27

1 1
+'3'Y2 +'3-Y3

=
28]
[l
W=
-

-

1——

T

1 1
yl +EYZ +ZY3

Lol N

6. (3 Suppose that X, X, ooy X 'be a random sample with the following pdf

x'e™ P

6p"

Find oyt the Maximum Likelihood Estimators for B ifarandom sample of

for x>0

f(x;B)=

Size 3 yielded the measurements 2.3, 1.9, and 4.6



("

(X)

)

(a)

(b)

7

Fhe mean of a tandom sample of' 64 observationy iy [60. Assuming i
population standard deviation of 10, how muny additional observations are
required sothat the halt width of the confidence interval for true population

mean () as L assuming a confidence level of 95%" (5+5)

| W & NN X R Weow & wy v agfa® T
?

b

3 _-x/p
x‘eV

f(x;B)=- 6"

5%%%%%@@@%%?3%@@3@
T AW 23, 19 3R 46 we fFu

for x>0

mm(p)%aﬂmaﬁ?ﬁwmuﬁ,w%ﬁmmﬁg

95% & FR?

A random sample of 700 units from a large consignment showed that 200
were damaged. Estimate the true average proportion of damaged units in the
consignment in a way that conveys information.about precision and reliability.

(Assume 95% level of confidence)

A random sample of 10 bags of nitrogen 'Fertiliiers gives a sample mean of
40 kg and sample standard deviation of 6 kg. If the investigator surveying
these bags wants to be 99% confident that the population mean weight (p)
does not exceed “d”, what would “d” be? (Assume population distribution

to be normal). (o)

PT.0,
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(y)@‘ﬁa?aq%mnm-aﬂwmwﬁm%%mom
A BT R N fe gl @ awafaw tad SO O
ﬁﬂﬂqmﬁaﬁmaﬁ;amﬁmma}aﬁﬂmﬁéw?l (95%
WWWWW)

(@) WW%‘O%WWWWNWWWWWW
bwwmwﬁﬂﬂqéﬂr%mﬁﬁﬁaﬂﬁwaﬂﬁwm
99% I B e # fs e e i (p) 07 A S T,
& d” F AWM (S faaor @) e A= )|

Section III

Attempt any four questions.

fredl a® gu @7 IR dfed |

8. (a) Inacertain type of discolourant, it is very important that a particular solution

that is to be used as a reactant have a pH of exactly 8.20. A method for

determining pH that is available for solutions of this type is known to give

measurements that are normally distributed with a mean equal to the actual

pH and with a standard deviation of .02. Suppose 10 independent

measurements yielded the following pH values :

S15 817 [5.16 815817821822 | 816 8.9 8.18

tistic would be used and why?

(i) Which test sta

(i) What conclusion ¢an be drawn at the o = .10 level of significance

. ‘?
using the p-valuu approach
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(b) Using the 90% confidence interval, for the mean labour time (1) following

information is obtained :

[.— - - R M Sample Standard 90%, Confidence
‘ N Sample lvican Deviation [nterval
52 186462 1.24992 (1.574,2.155) __J
1 e

(i) Decide whether or not to reject H: p = 1.6 in favour of H: p # 1.6

at o = 0.10.
(i) What is your decision in parf (i) if level of significance o = 0.05?

(iii) Based on the example what is the relationship between tests for two-

sided alternatives and confidence intervals? (545)

(H)ﬁﬁfﬁﬁm%ﬁtﬂmﬁ,wa@m@%%wﬁﬂﬂmﬁﬁ%
shERE & w0 A Iwam e @ R, JEw pH facws 820 BN wRQl
@ YER @ @A @ g Sree pH @ Fife w3 @ fow o faf
F AT F D U T T R W GEEE T Y IS pH & S WA
R 02 B T fauew @ @9 faRka e wmen 21 A e & 10 @\
A & f=fafad pH a9 W B R

8.18 8.17!8.16 8.15 | 8.17 8.21'8.22 8.16 [ 8.9 | 8.18

(i) FF ¥ Tqewr st w1 IwEn fRA S S

(ii) @ -3eg ghewIr &1 Iwdr FWE o = .10 TR P B W w o
fAsren w27

RT.0.
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(@) 90% T IR o1 Swar oy gy, st @ @ (p) # Forg, Fferied

FAF TS A S R

I_ o N : I | 1) _f;; -~ »
N : Sample Standard 90% Confidence
SAple Mean Deviation Interval
| 52 1.86462 1.24992 (1.574,2.155)

(i)ﬁ"‘aﬁﬁfﬁ’ﬁ?Ho:szﬁaﬁmm%maﬁ H:p#16%

T A T = 0.10 B
(i) s (i) ¥ o faofa = @ AR =R @ WEA o = 0.05 B7

(iﬁ)mm%mmamﬁﬁaﬂtﬁmmm%ﬁmﬁeﬁf
& 99 O gEy 27

9. (a) Itisdesired to test the null hypothesis p = 30 minutes against the alternative
hypothesis p < 30 minutes on the basis of the time taken by a newly developed

oven for n = 50 cakes baked. The population has ¢ =5 minutes. For what

values of X must the null hypothesis be rejected if the probability of a Type

| error is to be a = 0.05?

(b) Environment experts need to be able to detect small amounts of pollutants
in the environment which usually shows average lead content in the water to
be 2.25 (u g/L). However, experts express concern about spiked
concentration of lead in the water. As a check on current capabilities,

measurements of lead content are taken from twelve water specimens
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[24]25]27 ] 26] 29 20 28 [22[24 34 [ 29|25

Is there strong enough evidence to support the concern of the experts?

Conduct the test at 0.025 level of significance. (5+5)

() = wReew T p = 30 B & fRaomh dsforsds gRaeqar < 30 fFE @
qiay w @ fay ve A¢ QAT T 8w 0 = 50 % aF B¢ 9=
F WA G GG @ R W AMST B R ¥ g = 5 fage 21 dafe ey

[ 3R &t wRwd o = 0.05 2, @ X & o o= & fag 379 TRaEew
F iR fmar e =feg? (5+5)

(7) wafeRor faRiest &t qaiaeor § gQual @t A AET @ oy oo § @EW e
i HEwEEd ? S Sk W sitew @ar await 2,25 (u g/ L) Ram
21 B, fagoe ot ¥ A @ W s @ daw Riar wa 21 adae
mﬁﬁm%mﬁ,ﬁﬁaﬁwmmmmqﬁ%mm

2

[24[29[27]26]29]20]28[22]24]24]20]25]

w1 e @ A W owwdE e @ fov v qem 999 27 wdew @
0.025 WHFA TR W AT FHrgl

10. (a) Breakthroughs by one research group result in the summary statistics for the

stress (MPa) of synthetic silk fibers, where X and y are the sample means |
for small and large diameter respectively and s, and s, are the respective

sample standard deviations.

PTO.
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15.0

Il

gmall diameter n = 7 X = 123.0 s,

21.0

\

Large diameter n = 6 y = 92.0 s,

Use the 0.05 level of significance to test the claim that mean Stress 15 largest

for the small diameter fibers. Assume that both sampled populations have

normal distributions with the same variance.

(b) Data indicates that the variance of measurements made through stampings by
experienced quality- control inspectors is 0.18 (inch)’. Such measurements
made by an inexperienced inspector could have too large a variance (perhaps
because of inability to read instruments properly) or too small a variance
(perhaps because unusually h1gh or low measurements are dlscarded) Ifa
new inspector measures 31 stampings with a variance of 0.13 (inch)?, test
at the 0.05 level of significance whether the inspector is making satisfactory

measurements. Assume normality. (5+5)

(3) fRfes &M v & 999 (Tne) & fu aww e ¥ oh My w9E 5@
ARANA T IR 2, WET X A Y FAW S I W =@ @ fog w0
WA IR s, N s, GERE N WA fwew &1

Il

B HE® n=7 X =123.0 s =150

WEE n=6 y =920 5, = 21.0

W I w1 qREw A B T 005 TR D WES N ITENT Fifee fF i
TR F A @ fore sied T R W R A AR B AR e srard
A W g @ Ay 9 AW B 2
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13

(W)%amhé%mw%wﬁﬁmﬁmw%mm%ﬁw

(b)

T WG H AR 018 (3T)' B UE VAR Mfer g T T O Ay
#a@wmﬁmé(wmﬁiﬁm%mﬁm%
FRUT) AT TEH Sl AR (WEE @O B smerg wg 4 9w @ BE
@ B frar wer ?)1 R vew w M@ 013 (39)? @ faror & 47T 3
WIRGT & Awer ®, W 005 WX OF WD W whew fifew B 9 Al

FANTHE A9 @R T Bl WG W i)

A research group is making great advances using a new type of anode and
they claim that the mean life is greater than 1600 recharge cycles. To support
this claim, they create 50 new batteries and subject them to recharge cycles
until they fail. The claim will be established if the sample mean lifetime is
greater than 1660 cycles. Otherwise, the claim will not be established and
further improvements are needed. Let standard deviation o = 192, and level

of significance a = 0.03. Find the dividing line of the test criterion.

Find the probability of Type II errors for the values of true population mean
u=1620, 1660 1700, 1740 and 1760. Also find the power of test in each

case. Do you observe a relationship between alternative mean and probability

of type II error? (5+5)

UF WY WHE TF AT GHR @ UAR G SYANT Hh wO W W @ R
SR I @@ 2 fF sfed Wied 1600 Ret T ¥ A R oz oeR W
9T FH @ fore, 3 50 9 Fed T ® SR W T F favee W @ o
Tq TH I Al wh @ U W@ Wil 21 Al T SEd e 1660
I A HUE B W wrar e feRar weam s, @l it @ e sk
aﬁgmaﬁm‘énwﬁﬁqmﬁﬁmczwzé,sﬂtwm
e a = 0.03 B e wEd @ e W@ A7\ A

1.0,
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: _ & A
(a) T S w w1620, 1660 1700, 1740 3 1760

P B e ————C L R U
ﬁwlwmmmaﬂtwllaﬁﬁmﬁm%mm%ﬁ%

27

12. (a) Incidence of Pneumonia statistics reported that 35 of 80 randomly selected
cases test positive for bacterial pneumonia, whereas 66 of 80 cases
tested positive for viral pneumonia. Does it appear that the true
proportion of bacterial pneumonia cases differs from that for the viral

pneumonia? Carry out a test of hypotheses using a significance level .01 by

obtaining a p-value.

(b) Itisobserved that municipal sewer pipeline networks across the country is
deteriorating. One technology is proposéd for pipeline rehabilitation through
a tougher and flexible liner through use of chemical in the existing pipe. The

following data on tensile strength (psi) of liner specimens both when a certain

chemical was used and when this chemical was not used is given where X

and y are the sample means for and s, and s, are the respective sample

standard deviations.

No chemical: m = 10 X =2902.8 s =277.3

Chemical Used: n =8  y =3108.1 s, =205.9

fe <}
I

Does the data suggest that the standard deviation of the chemical used

sample is smaller than that for no chemical sample? Carry out a test at

significance level .01. (3+5)
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W PR @ Sl A T T T B 80 ¥ ¥ a5 gy et F AT

Feifar & for womronen aRemT R T, Sy 5o 3 3 o A A A
ﬁﬁﬁm%ﬁwmqﬂwﬁvmW|wﬁmmm?ﬁm
PRty & wwel @1 @8 SuE T P @ g @ FOT 87 O
- 37 W R T AEA TR 01 T IV e ey iy T A

wmw%%ﬁwﬁmmmwmﬁ@?'
A T K W F AT X TE HRA R oy e @ @ TR
Tl # fov vh el el ¥ e @ awm g (T0EE) W
R R e T U ——

T T WA H I A R S oo R g 2 o x Ry PO
T AT # SR s, AR s, HERE e wme frae )
FE WET T :m =10 X = 2902.8 8 = 217.3
TEEHE Jgad i n = 8§ y =3108.1 s, =205.9

w.%m%%mmwmﬁaq@mmmﬁm
fFdt vaaieE T & aeE e ¥ St 27 afea w01 W gl

EdlE i

RTO.
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A2 Appendix Tables

Li

Table Al cumulative Binomial Probabilities Bx; 1, p) = E by; . p)

r=0

o n="5 - —

_.—-—'-_'_--'_'_'_'_._.- T ——— —— — e ——— — Exg =

r e —

. 080- 090 095 099

0.01 0.08 010 0.20 -_0.1_5 030 040 050 0.60 070 075 0.80°
e e R

Sl M S0 M3 23 aes o8 031 010 002 001 000 000 O

O .
X0 97T 919 937 gy 528 337 188 087 03 016 007 .000
L2 10 9% 91 o 405 sy 6w S0 317 163 104 058 o pey
T 100 1000 1000 90} 934 960 913 Iz 663 472 367 263 AL STl
4 1000 1000 1000 1000 .999 998 990 969 922 832 763 672 410 226
bhe= lﬂ
s
. P
001 005 010 020 025 030 040 050 060 070 075 080 090 0.95 099
. )
0 S04 599 349 107 056 028 .006 .001 .000 .000 .000 .000 000 000 .000
| 9% 914 736 376 244 149 046 011 002 000 000 000 .000 000 .000
2 100 988 930 678 .526 383 .67 .055 .012 002 .000 .000 .000 000 .000
3 1000 999 987 879 .776 .650 .382 .72 055 .0l .004 001 000 .000 .000
4 1000 1000 998 967 922 850 .633 377 .166 .047 020 006 000 .000 .000
¥ ¢ 1000- 1000 1000 994 980 953 834 .623 367 .1s0 078 033 002 000 .000
6 1000 1000 1000 999 996 989 945 .828 .618 350 224 .121 013 001 000
2 1000 1.000. 1000 1000 1.000 998 ~ 988 .945 .833 617 474 322 - 070 012 000
§ 1000 1000 1000 1.000 1.000 1000 998 989 .954 851 .756 624 264 086 .004
9 1000 1000 1000 1.000 1.000 1000 1000 .999 994 972 944 .93 651 401 .09
ce.n=15
3 P
001 005 010 020 025 030 040 050 060 070 075 080 090 095 099
0 80 463 206 035 013 .005 .000 .000 .000 000 000 .000 .000 .000 .000
1 90 829 .549 ..167 080 035 005 000 000 .000 .000 .000 .000 .000 .000
2 1000 964 816 398 236 127 027 004 000 .000 .000 000 .000 .000 .000
31000 995 .44 648 461. 297 091 018 002 .000 .000 .000 .000 .000 .000
4 1000 999 987 836 .68 515 217 059 .009 .001. .000 000 .000 000 .000
S 1000 1000 998 939 852 722 403 .IS1 034 004 001 000 .000 .000 .000
6 1000 1000 1000 982 943 869 610 304 095 0I5 004 001 .000 .000 - .000
r 7 1000 1000 1000 996 983 950 787 500 213 050 017 004 .000 .000 .000
§ 1000 1000 1000 999 996 985 905 696 390 .I131 057 018 .000 .000 .000
9 1000 1000 1000 1000 999 996 966 849 597 278 148 061 .002 000 .000
10 1000 1000 1000 1000 1000 999 991 941 783 485 314 164 013 001 .000
I 1000 1000 1000 1000 1000 1000 998 982 909 703 539 352 056 005 .000
12 1.000 1000 1.000 1.000 1.000 1.000 1.000 996 973 873 764 602 .184 036 .000

I3 1000 1000 1000 1000 1000 1000 1000 1000 995 965 920 833 451 171 ° 0
. : - g ; 010
14 1000 1000 1000 1000 1000 1000 1000 1000 1000 995 987 965 .94 537 140

(continued)
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Table A.1  Cumulative Binomial Probabilities (cont.)

17

ﬂu,; ﬂ-!’] - Ej b(}‘: -""P]

Al‘lnundu Taldes

A-3

d n=20
P
R
001 005 010 020 025 030 040 050 060 070 075 050 000 095 099
AT
0 &I8 358 122 012 003 001 000 000 000 .000 000 000 .000 .000 .000
I 98 736 392 069 024 008 001 000 000 000 000 o0 000 .000 000 f
2 9% 95 677 206 .091 035 004 000 .000 000 .000 goo 000 .000 000
3 1000 984 867 41l 225 .107 016 .00l .000 000 .000 o0 .00 .000 000
4 1000 997 957 630 4I5S .238 051 .006 .000 000 .000 Qo0 000 000 .000
5 1000 1000 939 804 617 416 126 021 002 000 .000 Qg0 000 .000 .000
6 1000 1000 998 913 .786 .608 250 .058 006 .000 .000 000 000 .000 .000 f
7 1000 1000 1.000 968 .898 772 416 .132 .02l 001 000 o0 000 .000 .000
§ 1000 1000 1000 .99 959 .887 596 .252 057 .005 .001 .00 00 .000 .000 |
5 9 1000 1000 1.000 997 986 952 .75 . 412 128 017 004 001 000 .000 .000 ¢
10 1000 1000 1000 999 .996 983 872 .588 245 048 014 003 000 .000 .000
I 1000 1000 1000 1.000 .999 .995 .943 748 404 .13 041 010 000 .000 .000
12 1000 1000 1000 1.000 1.000 .999 979 .868 .584 228 102 032" 000 . .000 .000
13 1000 1000 1000 1000 1.000 1.000 .994 942 750 392 214 087 .02 .000 .000 7
14 1000 1000 1.000 1000 1000 1.000 .998 979 874 .584 383 196 .01l .000 .000
15 1000 1000 1000 1000 1.000 1000 1000 .994 949 762 .585 370 043 .003 .000
16 1000 1000 1000 1000 1000 1000 1.000 .999 .984 893 775 .89 .133 .0l6 .000
17 1000 1000 1.000 1000 1.000 1.000 1.000 1.000 996 .965 .909 .794 323 .075 .00l
I8 1.000 1000 1000 1.000 1.000 1.000 1.000 1000 .999 .992 976 931 .608 .264 .017
19 1000 1.000 1.000 1000 1.000 1.000 1.000 1.000 1.000 .999 997 9$8 878 .642 .I82
(continued)
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18
A4 ,Weﬂdiﬂables
lati i .
Table A1 Cumulative Binomja| Probabilities (cont.) Bix;m,p) = = blyimp)
e.n=15 =0
_-—-—“-""——__--"‘—'-'—--_.___________
I R P B
oot 005 010 g o0 030 040 050 060 070 075 080 090 055 059
o 78 21T 0712 o4 001 000 .000 000 000
: . 000 .000 .000 .000 .000
1 I -:‘2 271 021 o ,%2 _330 000 .000 .000 .000 .000 .000 .000 .000
2 9% 06 7 0% om 09 000 .00 000 000 000 .00 000 000 000
301000 986 764 234 g9 033 002 .000 .000 .000 .000 .000 000 .000 .000
4 1000 993 902 421 214 090 009 .000 .00 .000 .000 000 .000 .000 .000
SO0 00 7 67 375 a9y ;o om2 000 000 000 000 000 000 000
¢ 1 :% 991780 s61 341 074 007 000 000 -.000 .000 .000 000 .000
7 1.000 Coud 998 891 727 s12 .4ss .02 .00l 000 000 000 .000 000 .000
8 1000 {1060 1000 953 851 677 274 054 004 000 .000 .000 .000 000 .000
9 100 L 1000 983 920 g1 425 .15 013 000 000 000 .000 000 .00
o 1000 1090 1000 994 970 902 .sg6 212 034 002 000 000 000 000 000
11 1000 10001000 998 980 956 732 345 078 .006 001 000 000 000 .000
12 1000 1000 1000 1000 997 983 .g46 500 .154 017 003 000 .000 .000 .000
13 1000 10001000 1000 999 994 922 655 268 044 020 002 000 000 .000
14 1000 1000 1000 1000 1.000 998 966 .788 414 098 030 006 .000 .000 .000
15 1000 1000 1000 1.000 1000 1000 .987 .885 575 .189 071 017 000 000 .000
167 1000 1000 1000 1000 1.000 1.000. 996 .946 726 323 .149 047 000 000 000
17 1000 1000 1000 1000 1000 1.000 999 978 846 488 273 .109 002 .000 .000
18 1000 1000 1.000 1.000 1.000 1.000 1.000 .93 .926 .650 .439 220 009 000 .000
19 1000 1000 1.000 1.000 1.000 1.000 1000 .998 971 .807 .622 .383 033 .00 .000
20 1000 1000 1.000 1.000 1.000 1.000 1.000 1.000 991 910 .786 579 .098 1000
21 1000 1000 1.000 1.000 1.000 1.000 1.000 1.000 .998 .967 .904 .766 236 034 000
22 1000 1000 1000 1.000 1.000 1.000 1.000 1.000 1.000 .991 .968 .902 463 .127 .002
23 1000 1000 1000 1.000 1.000 1.000 1.000 1.000 1.000 .998 993 973 729 358 .026
24 1000 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 999 996 928 .723 .222
Table A.2 Cumulative Poisson Probabilities ' I et w
- Fem = 2=
n
1 2 3 4 5 6 7 38 9 1.0
0 905 819 741 670 607 549 497 449 407 368
l .995 982 963 938 S10 878 844 809 172 736
2 1.000 999 996 992 986 M 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 ! 1000 1.000 1000 999
6 : 1.000
(continued)
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Appendix Tables A5 ¢
a s I emhut
Table A..Z Cumulative Poisson Probabilities (cont.) AW = En—."'_
[
20 30 4.0 5.0 6.0 7.0 8.0 9.0- 10.0 15.0 20
0 138 050 018 007 002 00l 000 000 000 000 000
1 406 199 092 040 017 007 003 001 000 1000 000 |
2 ‘617 423 238 .25 062 030 014 006 003 000 000
3 857 647 433 265 sL 082 02 01 o0 000 200 B
4 947 815 629 440 285 A7 .100 055 029 001 000 §
5 983 916 .785 616 446 301 191 16 067 .003 -000
6 995 966 389 762 606 450 313 207 .130 008 .000
7 999 988 949 867 144 -599 433 34 220 018 001 E
g8 1000 996 979 932 847 729 593 456 333 037 002
9 999 992 968 916 830 an 587 458 070 005
10 1.000 997 986 957 901 816 706 .583 118
11 C- 999 995 980 947 .888 .803 697 185
12 1.000 998 991 973 936 876 792 268
13 ..999 996 987 966 926 864 363
14 1.000 999 994 .983 959 917 466
15 999 998 992 978 951 568
16 1.000 999 996 989 973 664
17 1.000 998 995 936 749
. 18 999 998 993 819
19 1.000 999 997  .875
20 1.000 998 917
21 2999 .947
2 1.000 967
23 981
24 989
25 994
26 997
27 998
28 999
29 1.000
30
31
32
33
34
35
36

rwmomwmummuq-umt-qunmuu npan D-bcluuukﬂﬂ-“m
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A-6

=30
=29
=28

=26

Appendic

Table A.3 sta
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Tables

ndard Normal Curye Areas

20

(1) = P(Z=12) .
Sandard normal density curve

-

==l e ——

.00 .01 02 03 04 05 06 4 e
0003 0003 0003 0003 0003 0003 0003 0003 m
005 0005 0005  gop4  oo4 0004 004 000
007 007 o6 oo oo 0006 0006 0005 OO
0010 0009 0009 0009 . .0008 0008 {0008 L008 o
0013 0013 0013 0012 0012 0011 0011 0011 .gglz
0019 0018 o017 oo16 o015 0015
6 0025 024 gy 002 o oot o2t 0020
0035 0034 0033 0032 0031 0030 0029 0028 0027
047 0045 0as  ooe3  ooal oo 009 00 OHC
0062 2060 0059 0087 0055 0054 0052 0054 zz::
0082 .0080 0078 j i .0069 .0068 .
007 004 02 0099 0096 004 o091 008y 0087
0139 0136 0132 .0129 0125 0122 0119 0116 0113
0179 0174 0170 o166  .0162 0158 0154 0150 0146
0228 0222 0217 0212 0207 0202 o197 = 0192 0188
0287 .0281 0274 0268 0262 0256 0250 .0244 0239
0359 0352 0344 0336 0329 0322 0314 0307 0301

0446 0436 0427 0418 .0409 0401 0392 0384 0375
0548 0537 0526 0516 0505 0495 0485 0475 0465
0668 0655 .0643 0630 0618 0606 0594 .0582 0571
0803 0793 0778 0764 0749 0735 0722 .0708 0694
0968 0951 0934 0918 0901 0885 0869 0853 0838
1151 131 J112 .1093 1075 1056 1038 .1020 .1003
1357 335 1314 1292 1271 1251 1230 1210 1190
1587 .1562 1539 1515 1492 1469 .1446 1423 .1401
1841 .1814 1788 1762 1736 1711 1685 1660 1635
2119 2090 2061 2033 2005 1977 1949 1922 .1894
2420 2389 2358 2327 2296 2266 2236 2206 211
2743 2709 2676 2643 2611 2578 2546 2514 2483
3085 3050 3015 2981 2946 2912 2877 2843 2810
3446 3409 3372 3336 3300 3264 3228 3192 3156
3821 3783 3745 3707 3669 3632 3594 3557 3520
4207 4168 4129 4090 4052 4013 3974 3936 3897
4602 - .4562 4522 4483 4443 4404 4364 4325 4286
5000 4960 4920 4380 4840 4801 4761 4121 4681

.\/ Shaded area=  (2)

\,
",

.0007
.0010

0014
.0019
.0026
0036
.0038
.0064
.0084
.0110
0143
.0183

0233
.0294
0367
.0455
.0559

.0681
.0823
.0985
1170
1379

1611
.1867
.2148
2451
2776

3121
3482
3859
4247
4641

(continued)
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Table A.3 Standard Normal Curve Areas (cont.)

H .00, 01 0l 03 04 .05 06 07
00 5000 5040 5080 5120 5160 5199 5239 $279
0.1 5398 5438 5478 5517 5557 5596 5636 5675
02 5793 L5832 5871 5910 5948 .5987 6026 16064
03 6179 6217 6255 6293 6331 6368 6406 6443
04 6554 6591 6628 6664 6700 6736 612 6808
0.5 6915 6950 6985 7019 7054 .7088 123 7157
06 7287 791 7324 7387 7389 7402 7454 7486
07 7580 7611 7642 7673 7704 7734 1764 7794
0.8 7881 .10 7919 7967 7995 .R023 8051 8078
09 8159 8186 8212 8238 8264 .8289 8315 8340
1.0 8413 8438 .8461 .8485 .8508 .8531 8554 8577
1.1 8643 8665 .8686 8708 .8729 .874% 8770 8790
12 .§849 8869 8888 .8907 8925 8944 8962 .8980
13 .9032 9049 9066 9082 9099 115 9131 9147
1.4 9192 9207 9222 9236 9251 9265 9278 9292
15 9332 9345 9357 9370 9382 9394 9406 9418
1.6 9452 9463 9474 9484 .9495. 9505 9515 9525
1.7 9554 9564 9573 9582 9591 9599 9608 9616
1.8 9641 9649 9656 9664 9671 9678 9686 .9693
19 9713 9719 9726 9732 9738 9744 9750 9756
20 T 9778 9783 9788 .9793 .9798 .9803 9808
21 9821 5826 9830 9834 9838 9842 .9846 9850
22 9861 9864 9868 9871 9875 9878 .9881 9884
23 9893 .98%6 9898 9901 9904 9906 9909 9911
24 9918 9920 9922 9925 .9927 9929 . .9931 9932
25 9938 9540 9941 .9943 9945 9946 .9943 9949
26 29953 .9955 9956 9957 9959 .9960 9961 9962
27 .9965 9965 9967 .9968 9969 9970 9971 9972
28 5974 9975 9976 - 9977 9977 9978 9979 9979
29 9981 9982 9982 9983 9984 9984 .9985 9985
30 9987 9987 .9987 9988 .9988 .9989 9989 5989
31 9990 5991 .9991 9991 .9992° 9992 9992 9992
32 9993 9593 9994 . 9994 9994 5994 9994 9995
3 9995 .5995 8995 9996 9996 .9996 9996 9996
34 9997 9997 9997 .9997 9997 .9997 .9997 9997

Copyright 2010 Cenpaps Learning. AN Righis Resorved. May st be copied, scammed, or dupbicaed, i whole of in part. Dut 19 elestronic rights. some third party cosicnt ey be seprvesecd from the chook andbior <Chapuerts)
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Appandix Tatides A-9

1, denaity curve

'
] “

/ ! . Shaded prea= o
: .

Table A Critical Values for £ Distributiong

0 fow
——— B _—
P o
o o [ SE——
v \ 10 et 025 o 005 001 0005
(] 6314 12708 = 636.62
1 307 706 31831 :
: 1.886 2.920 4303 ’233 6;3;} 22326 31.59%
3 1638 2383 3182 4541 5.841 10213 12.924
s 1476 2015 2.571 ¢ 4,032 5393 6869
6 1.440 1.943 2447 :::ﬁ 3.707 5.208 5.959
7 1415 1.895 2365 2,998 3499 4.785 5408 &5
§ 1397 1800 2306 2896 1355 4,501 5.041. b
9 1.383 1.833 2262 2821 3250 4297 4T 2
11 1.363 1.796 2201 2718 3.106 : 4.025
12 1356 - 112 2179 2.681 3.055 3930
13 1350 L7 2.160 2.650 3.012 3.852 4221
14 1345 1.761 2.145 2.624 2.977 3.787 4.140 -
15 1341 1.753 2.131 2.602 2.947 3733
16 1337 1.746 2.120 2583 2.921 3.686
17 1333 1.740 2.110 2.567 2.898 3.646
18 1330 1.734 2.101 2.552 2.878 3.610
19 1328 1.729 2.093 2539 2.861 35719
20 1325 1.725 2.086 2528 2.845 3552
21 1323 1.721 2.080 2518 2.831 3.527
2 1321 L.717 2,074 2.508 2819 3505
23 1319 1714 2.069 2.500 2807 3485
24 1318 L711 2.064 2.492 2797 3.467
25 1316 1.708 2.060 2485 - 2.787 3.450
26 1315 1.706 2.056 2479 2779 - 3435
27 1314 1.703 2.052 2473 211 3421
28 1313 - 1.701 2.048 2461 2.763 3.408
29 1311 1.699 2,045 2462 2,756 339
30 1310 - 1.697 2,042 2457 2.750 3.385
32 1.309 1.694 2,037 2,449 o138 3.365
34 1307 1.691 2.032 2.441 2.728 3348
36 1306 1.688 2.028 2434 2719 3333
8 1304 1.686 2.024 2429 2.712 3319
40 1303 1.684 . 2,021 2423 2.704 3.307
50 1299 1.676 2.009 2.403 2.678 3262
60 1296 1.671 2.000 2.390 2.660 1232
120 1289 1.658 1.980 2358 - 2617 3.160
1282 1.645 1.960 2.326 2.576 3.090
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Table A.7  Critical Values for Chi-Squared Distributions

23

ppendix Tables

x} donalty curve

Shaded area = a

N

A-11

0
L l'.!.'
S
@«

1 995 o 978 95 90 .10 05 028 01

1 Q.000 0.000 0.001 0.004 0.016 2,706 3,843 5.025 6.637

2 0.010 0.020 0.051 0.103 0.211 4,605 5.992 7378 9.210

3 0.072 0.115 0216 0352 - 0.584 6.251 7.815 9.348 11.344

4 0207 0.297 0.484 0.711 1.064 1.179 9.488 11.143 13.277

5 0.412 0554 0.831 1.145 1.610 9.236 11.070 12.832 15.085

) 0.676 0.872 1.237 1.635 2,204 10.645 12.592 14.440 16,812

7 0989 1239 1.690 2167 2833 12017 14067 16012 18474

8 134 1.646 2,180 2733 3.4%0 13.362 15.507 17.534 20.090

9 1.735 2.088 2700 3325 4.168 14.684 16919  19.022 . 21.665
10 2156 2458 3.247 3,940 4.865 15.987 18.307 20.483 23209
11 2.603 3.053 3816 4.575 5578 17.275 19.675 21.920 24.724
12 3.074 3.571 4.404 5226 6.304 18.549 21.026 23337 26.217
13 3.565 4.107 5.009 5892 7.041 19.812 22.362 24735 27.687
14 4075 4.660 5.629 6.571 7.790 21.064 23685 26.119 29.141
15 4,600 5229 £262 7.261 8.547 22.307 24996 27.488 30.577 .
16 5.142 5812 6.508 7.962 9.312 23.542 26.295 28.845 32.000 34.267
17 5.697 6.407 7.564 8.682 10.085 24.769 27.587 30.190 33.408 35.716
18 6265 7.015 8231 9.390 10.865 25.989 28.869 31.52% 34.805 37.156
139 5.843 7.632 8.906 10.117 11.651 27.203 30.143 32.852 15.190 - 38.580
20 744 8260 9.591 10.851 12.443 28412 31.410 34.170 17.566 39.997
21 8.033 B.297 10.283 11.591 13.240 29.615 32.670 35478 38.930 41.399
2 8.643 9.542 10.532 12338 14.042 30.813 33924 ) 36.781 40.289 42.796
23 9.269 10.195 11.688 13.090 14.848 32.007 35172 38.075 41.637 44.179
24 9.386 10.856 12.401 13.848 15.659 33.196 36415 39.364 42,980 45.558
25 10.512 11.523 13.120 14.611 16.473 34.381 37.652 4).644 44313 46,925
26 11.160 12.198 13.244 15.379 17.292 ©  35.563 38.885 41.923 45.642 43.290
27 11.807 12.878 14.573 16.151 18.114 36.741 40.113 43.194 46.962 49.642
28 12.461 13565 15303 16.928 18.939 37916 41.337 44461 48273 50.993
29 13.120 14256 16.147 17.708 19.768 39.087 42.557 45712 49.586 52333
30 13.787 14.954 16.791 - 18493 20599 . 40.256 43.773 46.979 50.892 53.672
31 14.457 15.655 17.538 19.280 21433 41.422 44,985 48.231 52.190 55.000
32 15.134 16362 1R.29] 20,072 22.271 42.585 46.194 49.480 53.486 56.328
33 15.814 17.273 19.046 20.866 23.110 43745 47.400 50.724 54714 57.646
34 16.501 17.789 19.206 21.664 23.952 44,903 48.602 51.966 56.061 58.964
35 17.191 18.508 20.569 22,465 24.796 46,059 49.802 53.203 57.340 60.272
36 17.887 19.233 21336 23.269 25,643 47.212 50.998 54.437 58.619 61.581
37 18.584 19.960 22.105 24.073 26.492 48.363 52.192 55.667 59.891 62.380
38 19.289 20.691 22.878 24,8834 27.343 49.513 53.384 56.896 61.162 64.181
39 19.994 21.425 23.654 25.695 28.196 50.660 54.572 58.119 62.426 65.473
40 20.706 22,164 24.433 26.509 29.050 51.805 55758 . 59.342 63.691 66.766

2 f AY
Forv > 40, i, = — =
X »(l > +z, 9v)
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A-12 - Appfndil Tables

Table A8 Curve Tail Areas

24

I enrve F 2 Aren o the
N \\\L tight ol 1
- N/
I i O
0 {
i
8910"1213]415161713
s -
. . =00, 500 .500 .500 . 500 500 .500 .500 .00 .500 .500 500
0 | 468 465 463 463 462 462 462 42? :2? :2? :g? 161 461 461 461 461 461 461
02 | 437 430 827 426 435 4 uns 33 43 423 423 A2z A22 422 422 A22 422 A2
o3 | o 3% 392 300 gy s 3:; 42) 423 423 423 ;2: .;34 AT s
04 | 37 364 358 355 353 357 34 ’;aﬁ ';“ gos '3:5 '333 348 347 347 347 347 347
s | 3% .30 06 3w M i 3 o3 30 e 33 313 312 312 312 312 312
o5 | 3% NS 295 9% an s gn en B oA 480 . o 279 278 278 218
8 ool toily il 258 255 petle ol e 2% 1 aar 247 241 246
- 230 218 217 217
09 | 267 232 217 210 .20 ?{2): jfii jﬁi 'ﬁi 213; '?32 2.5(3' f;; ':ﬂ: .21;? .1;? 190 .190
10 | 25 211 .19 .187 182 178 175 473 172 .70 .16 169 .168 .167 .167 .166 .166 .63
L1 | 235 193 76 167 162 .1s7 154 152 .150 .49 .147 .146 .16 .144 144 144 143 .13
12 221 177 AS8 148 142 138 135 132 .130 1290 128 .127 .126 .124 124 .124 .12} .123
13 | 209 062 42 .32 125 .21 .17 S .03 411 .00 109 .108 107 .107 .106 .10S .10
14 | 197 148 128 .17 110 .06 102 .100 098 096 095 093 092 091 091 090 .090 089
15 | .87 .136 .15 .104 097 092 089 .08 084 082 (08l .080 079 077 077 077 076 .075
16 | .A78 125 104 092 085 .080 .077 074 .072 070 069 068 067 065 .065 .065 .064 .064
17 | 169 .116 094 082 075 070 .065 064 062 .060 .059 .057 056 055 055 .054 .054 .053
18 | .161 .107 085 073 066 061 057 055 053 051 050 .049 048 .046 046 045 .045 .044
19 | .15 099 077 065 058 .053 .050 .047 045 043 042 041 .040 038 038 038 .037 .037
0 | .148 092 070 058 051 .046 .043 040 038 037 .035 034 033 032 032 .031 .031 .030
141 085 063 .052 .045 .040 037 034 033 031 030 .029 028 027 .027 .026 .25 .025
136 079 058 .046 .040 .035 .032 .029 .028 .026 025 024 023 .022 022 .021 .021 .021
131 074 052 041 .035 .031 .027 025 .023 022 .021 .020 019 018 018 .018 .017 017
126 069 .048 037 031 027 .024 022 020 019 018 017 016 .015 015 014 014 014
121 065 .044 033 027 .023 020 018 .017 016 .015 014 013 012 .012 .012 01l 0l
117 061 040 030 .024 .020 .018 016 .014 013 012 012 011 010 010 010 .009 .009
13 057 037 027 .021 .018 .015 014 .012 .01 .010 .010°.009 .008 .008 .008 .008 .007
‘109 054 034 024 019 016 013 012 010 009 .009 .008 .008 .007 .007 .006 .006 .006
; 106 051 031 022 017 014 0Ll .010 .009 .008 .007 .007 .006 .005 .005 .005 .005 .005
30 | .02 048 029 020 015 .012 010 .009 .007 .007 .006 .006 .005 .004 .004 .004 .004 .004
31 | 099 .045 027 018 013 .01l .009 .007 006 .006 .005 .005 .004 .004 .004 .003 .003 .003
32 | 09 .043 025 016 .012 .009 008 .006 .005 .005 .004 004 .003 .003 .003 .003 .003 .002
7 33 | .94 040 023 .015 .01l .008 .007 005 .00 004 .004°.003 .003 002 .002 .002 .002 .002
34 | 091 038 021 .014 .010 007 006 .005 .004 .003 .003 .003 .002 .002 .002 002 .002 .002
35 | 089 036 020 012 .009 .006 005 .004 .003 .003 .002 .002 .002 .002 .002 .00 .00 001
36 | 086 035 018 .01l .008 .006 ,004 .004 .003 .002 .002 .002 .002 .00L .00l 001 " .001 .00l
37 | 084 033 017 .010 .007 .005 .004 003 .002 .002 .002 .002 .00l 001 001 .001 .001 .00l
38 | 082 031 016 .010 .006 004 003 003 .002 .002 .00 001 001 .001 .001 .001 .001 .00
39 | 080 030 oIS .009 006 .004 003 .002 002 .001 .001 .001 001 .001 .00L .001 .00l .00l
40 | 078 020 .014 008 .005 .004 .003 .002 002 .001 .001 .001 .001 .001 .00l .001 .000 .000-
{continved)
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Table A.8 t Curve Tall Areas (cont.) e —

f enive . Area to the
w \ right ol
___________ E— _._,i::':.:L
0

' n e 25 26 1 28 29 3 35 4 0 120 (=2

0.0 S00 .00 500 SO0 .S00 .$00 500 500 .500 300 .500 .500 .500 .500 .300 500 500
ol 461 481 461 461 461 461 A6l 461 461 461 461 461 460 460 460 A60  A60
02 Q) 422 422 422 422 422 4 A2 A1 @21 421 a2l 421 421 21 421
03 384 iS4 384 383 383 383 383 383 383 383 383 383 383 383 383 .382
0.4 347 347 347 347 346 46 346 346 346 346 346 W36 346 346 345 345 345
0L 311 a1 311 310 310 310 31 31 3 31003100 310 310 310 309 309 309

06 | 278 278 am 2m am am o2m o am o an 21 2m am 26 216 215 205 278
07 | 245 245 246 246 245 245 245 245 245 245 245 245 244 244

08 | 27 217 216 216 216 206 216 215 215 215 215 215 215 214 213
09 | 190 189 189 189 .189 .189 .18 .188 .I88 .188 .188 .188 .87 .87 .1g6 .I185 184
10 | 165 165 164 .164 164 164 163 .163 .163 163 .163 .I63 .162 .12 .161 ".160 159

1.1 | 143 142 142 142 .41 141 141 141 141 140 140 140 139 .139 138 JA37 136
12 | a2 .2 a2 .21 J20 21 a20 120 120 .20 120 120 119 .19 117 A6 115
13 105 .104 .104 104 .103 103 .103 .103 .102 .102 .102 .102 .101 .101 .099 098 .097
1.4 08 089 088 .088 .087 .087 .087 .087 .086 .086 .086 .086 .085 .085 .08) .082 081
15 075 075 074 074 074 073 .073 073 073 072 072 072 071 071 .069 .068 .067

1.6 053 063 062 062 062 .06 .061 .061 .06l .060 .060 .060 .059 .059 .057 .056 055
1.7 053 052 052 052 051 .051 .051 051 .050 .050 050 050 .049 048 047 .046 .045
J 043 043 043 042 042 042 042 042 041 .041 "041 .040 040 038 037 036
19 036 036 036 035 035 035 035 .034 034 034 .034 034 033 032 031 .030 .029
2.0 030 030 029 029 029 028 028 028 028 .028 .027 027 027 026 .025 024 023

1 025 024 024 024 023 023 .023 .023 023 022 022 022 022 021 .020 .019 .0I%
22 0% 020 020 019 .019° 019 .019 018 018 .018 .018 018 .017 .017 .016 015 .0l4
3 016 016 016 016 .015 .015 .015 .015 015 .015 .014 014 014 013 .012 012 011
4 013 013 013 013 .012 .012 012 012 012 012 .012 0l .01l .01 .00 .009  .003
15 oI 0Il .00 010 .010 .010 .00 .010 .009 .009 .009 .009 .09 .008 .00R .007  .006
26
7
28
29

009 009 .008 .008 .008 .008 .008 .008 .007 .007 .007..007 .007 .007 .006 .005 005
007 .007 007 007 006 .006 .006 .006 .006 .006 .006° !

006 006 005 .005 .005 .005 .005 .005 005 005

006

005 004

4 J 3 . B . J 004 .004 003
30 004 004 003 .003 .003 .003 .03 .003 .003 .003 003 .003 .002 .002 .002 .002 .00I
31 003 003 .003 .003 .03 002 .002 .002 .002 .02 .002 .002 .02 .002 .001 .001 .00
32 002 002 .002 .002 .002 .002 -.002 .002 .02 .002 .002 .002 .001 .001 .001 -001 .0Oi
33 002 .002 .002 .002 .002 001 .001° 001 .001 .001 .00l .00l .001 .001 .001 .00l °.000
34 002 .001 .001 .00l .001 .00l .001 .001 .00l .001 .00t .00l .00l .001 .001 .000 .000
35 001 001 .001 .00l .001 .001 .001 .000 .001 .001 .00L .00l .00 .00l .000 .000 .000
36 001 001 .001 .001 .00l .00I .001 001 .00l .001 .001 .001 .000 .000 .000 .000 .000
37 001 .001 001 .001 .001 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000
iz 001 .001 .001 .000 .000 .000 .000° .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
39 000 .000 .000 .000 ..000 .000- .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

.000
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A-14

¥, = denominator df

10

12
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Appendix Tables

010
001

.100
050
010

o1

1

39.86
161.45
405220
405,284
8.53
18.51
98.50
998.50
5.54
10.13
34.12
167.03
4.54
771
2120
74.14
4.06
6.61
16.26
47.18

3.78

13.75
35.51

3.59
3.59
12.25
29.25

346
5.32
11.26
2541

3.36
5.12
10.56
22.86

329
4.96
10.04
21.04
3.23
4.84
9.65
19.69
3.18

4.75
9.33

18.64

Table A.9 Critical Values for F Distributions
—_— e

-

2

49.50
199.50
4999.50
500,000

9.00
19.00
99.00
999.00
546
9.55
30.82
148.50

432
6.94
18.00
61.25

3.78
5.79
1327
3112
3.46
5.14
10.92
27.00

3.26
4,74
9.55
21.69

311
4.46
8.65
18.49
301
426
8.02
16.39
2.92

4.10 .

1.56
1491

2.86

398
721

1381

2.81
3.89
6.93
12.97

26

¥, = numerator df

3 4 5 6 7 3 ?
59.86
53.59 55.83 57.24 58.20 58.91 s 240.54
99 236.77 238.88 )
215.71 22458  230.16 233 oR110  6022.50
540340 . 562460 5763.60  5859.00° 592840 e
540,379 562,500 576,405 585937 592,873 o oo
9.16 9.24 9.29 9.33 9.35 9.
19.35 19.37 19.38
19.16 19.25 19.30 19.33 $a 5050
99.17 99.25 99.30 99.33 99.36 w5a57 s
999.17 99925  999.30 999.33 999.36 ; 5-24
539 534 531 5.28 5.27 :;g e
9.28 9.12 9.01 8.94 8.89 Bt S8
29.46 28.71 28.24 2791 27.67 g helseed
141.11 137.10 . 134.58 132.85 131.58 130. .
419 411 4.05 401 3.98 3.3: z.s;
6.59 6.39 6.26 6.16 6.09 6. L
16.69 15.98 15.52 1521 14.98 14.80 1400
56.18 53.44 5171 50.53 49.66 49.00 z
3.62 3.52 3.45 3.40 337 334 332
541 5.19 5.05 495 438 482 477
12.06 11.39 10.97 10.67 10.46 10.29 10.16
33.20 31.09 29.75 23.83 28.16 27.65 27.24
3.29 3.18 3.11 3.05 3.01 2.98 2.96
476 4.53 4.39 428 421 4.15 4.10
9.78 9.15 3.75 8.47 8.26 8.10 7.98
23.70 21.92 20.80 20.03 19.46 19.03 18.69
3.07 296 2.88 2.83 2.718 2.75 e iy )
435 4.12 397 3.87 3.79 3.73 168
8.45 7.85 7.46 7.19 6.99 6.84 6.72
18.77 1720 1621 15.52 15.02 14.63 14.33
2.92 2.81 273 2,67 2.62 2.59 256
4.07 3.84 3.69 3.58 3.50 344 339
7.59 7.01 6.63 6.37 6.18 6.03 5.91
15.83 1439 13.48 12.86 12.40 12.05 11.77
2.81 2.69 2.61 2.55 251 247 2.44
3.86 3.63 348 3.37 329 323 3.18
6.99 6.42 6.06 5.80 5.61 547 535
13.90 12.56 11.71 1113 10.70 10.37 10.11
2.73 2.61 252 246 241 2.38 2.35
3T 3.48 333 322 3.14 3.07 3.02
6.55 5.99 5.64 -5.39 5.20 5.06 494
12.55 11.28 10.48 9.93 9.52 9.20 8.96
2.66 2.54 245 2.39 234 230 227
359 3.36 3.20 3.00 3.01 2.95 2.90
6.22 5.67 5.32 5.07 489 4.74 4.63
11.56 10.35 9.58 9.05 8.66 8.35 8.12
2.61 248 239 233 228 224 231
3.49 3.26 311 3.00 291 285 2.80
5.95 541 5.06 482 4.64 4.50 4.39
10.80 9.63 8.89 8.38 8.00 " 1171 748
(continued)
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Table A.9  Critical Values for F Distributions (cont.) _

w, = numerator df

10 12 15 20 b1 a0 40 50 60
60,19 60,71 1.2 61.74 62,08 62.26 6253 62,69
; . ; ; . 62.19
24188 24391 24595, 24801 24926 25010  25L14 25177 zsz,;o :
60SS.80 610630 615730 620870 621980  6260.60 628680 630250  6313.00
605,621 © 610,668 615764 620908 624017 626099 628,712 630,285 631,337
9.39 9.41 9.42 9.44 9.45 9.46 9.47 947 947
19.40 19.41 19.43 19.45 19.46 19.46 19.47 19.48 19.48
9940 9942 9943 9945 9946 9947 9947 9948 9948
099.40 99942 99943 99945 99946 99947 99947 99948 99948
53 s 520 518 5.17 517 5.16 5.15 5.15
&£79 874 8.70 '8.66 8.63 8.62 8.59 8.58 8.57
27123 27.05 26.87 26.69 26.58 2650 2641 26.35 26.32
12925 12832 12737 12642 12584 12545 124.96 12466 12447
392 3.90 3.87 3.84 3.83 182 3.80 3.80 3.79
5.96 591 5.86 5.80 877 5.75 572 5.70 5.69
14.55 14.37 1420 14.02 13.91 13.84 13.75 13.69 13.65
48.05 4741 46.76 46.10 45.70 4543 45.09 44.88 44,75
330 327 3.24 321 3.19 317 316 315 314
474 4.68 4.62 4.56 4.52 4.50 446 4.44 4.43
10.05 9.89 9.72 9.55 9.45 9.38 929 9.24 9.20
2692 26.42 2591 25.39 25.08 24.87 24.60 24.44 24.33
2594 290 2.87 2.84 2.81 2.80 2.78 277 2.76
406 4.00 3.94 3.87 3.83 3.81 3.77 3.75 174
7.87 .1 71.56 7.40 1.30 7.23 7.14 7.09 7.06
18.41 17.99 17.56 17.12 16.85 16.67 16.44 16.31 16.21
2.70 2.67 263 2.59 2.57 2.56 2.54 2.52 2.51
3.64 3.57 3.51 3.44 3.40 3.38 3.34 R 3.30
6.62 6.47 6.31 6.16 6.06 599 5.91 5.86 5.82
14.08 13.71 13.32 12.93 12.69 12.53 12.33 12.20 12.12
2.54 250 246 242 2.40 238 2.36 235 2.34
335 328 322 3.15 kR 3.08 3.04 3.02 3.01
5.81 5.67 5.52 536 5.26 520 5.12 5.07 503
11.54 11.19 10.84 10.48 10.26 10.11 9.92 9.30 9.73
242 238 234 2.30 227 225 223 2.22 2.21
314 3.07 3.01 2.94 2.89 2.86 2.83 2.80 2.79
526 5.11 4,96 481 471 4,65 4.57 452 448
9.89 9.57 924 8.90 8.69 8.55 8.37 8.26 8.19
232 228 224 2.20 217 2.16 213 2.12 2.11
298 291 2.85 2.1 2.73 2.70 2.66 2.64 2,62
4.85 471 4.56 441 431 425 4.17 4.12 4.08
8.75 8.45 8.13 7.80 1.60 7.47 7.30 1.19 7.12 ]
225 221 2.17 2.12 2.10 2,08 2.05 2.4 2.03 200 1.98
2.85 2.79 2.72 265 2.60 2.57 2.53 2.51 2.49 2.45 241
454 4.40 425 4.10 4,01 3.94 3.86 331 378 3.69 3.61
7.92 7.63 7.32 7.01 6.81 6.68 6.52 6.42 6.35 6.18 6.02
2.19 215 2.10 2.06 2.03 201 1.99 1.97 1.96 1.93 1.91
275 2.69 2.62 2.54 2.50 247 243 240 238 234 2.30
430 4.16 4.01 3.86 3.76 3.70 3.62 3.,5? 354 3.45 337
7.29 7.00 6.71 6.40 6.22 6.09 593 5.83 5.76 5.59 5.44
(continued)
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A-16  Appendix Tables

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

v, = numerator df

R —

. - 2 3 4 5 6 7 8 9
—
100 kAP 2.76 2.56 2.43 2.35 228 2.23 :-ig §-16
050 4.67 381 341 3.18 3.03 292 2.83 o4 -71
13 010 9.07 6.70 5.74 5.21 486 4.62 444 43 4.19
001 17.82 1231 10.21 9.07 8.35 7.86 7.49 721 6.98
2.15 212
100 .10 273 252 239 231 2.24 2.19

050 4.60 374 134 111 2.96 2.85 2.76 270 2.65
4 010 8-86 . 6.51 5.56 5.04 4.69 4.46 428 4,14 4.03
St LG B T 973 862 192 744 708 680 633
.100 3.07 2.70 249 2.36 2.27 2.21 2.16 2.12 209
.050 4.54 3.68 329 3.06 2.90 2,79 271 264 2.59
15 010 8.68 6.36 542 489 456 432 4.14 4.00 3.89
-001 16.59 11.34 9.34 8.25 7.57 7.09 6.74 6.41 6.26
100 3.0 2,67 246 233 224 218 213 2.09 2.06
-050 4.49 3.63 324 3.01 2.85 2.74 2.66 2.59 2.54
15 Lor0 8.53 623 529 477 444 420 403 38  3m
001 16.12 10.97 9.01 794 727 6.80 6.46 6.19 5.98
100 3.03 2.64 244 231 222 2.15 2.10 2.06 2.03
g 050 445 3.59 320 29 281 270 26l 2.5 249
1 010 8.40 6.11 519 467 434 4.10 3.93 3.79 3.68
001 15.72 10.66 8.73 7.68 7.02 6.56 622 5.96 5.75
. 100 3.01 2.62 242 229 220 2.13 2.08 2.4 2.00
= o, 0 441 355 316 293 277 266 258 251 246
=5 S 010 829 6.01 5.09 458 425 4.01 3.84 37 3.60
e S 001 1538 10.39 849 7.46 6.81 6.35 6.02 5.76 5.56
e 100 2.99 261 240 227 218 21 206 202 1.98
=3 050 438 3.52 313 2.90 2.74 263 2.54 2.48 242
B 1 010 8.18 5.93 5.01 4.50 4.17 394 377 3.63 3.52
= A 001 15.08 10.16 8.28 7.27 6.62 6.18 5.85 559 539
= 100 297 2.59 238 225 2.16 2.09 2.04 2.00 1.96
2% 050 435 349 3.10 2.87 27 2.60 2.51 245 2.39
010 8.10 5.85 494 443 4.10 3.87 3.70 3.56 3.46
.001 14.82 9.95 8.10 7.10 6.46 6.02 5.69 5.44 524
Ay 100 2.96 2.57 236 2.23 2.14 2.08 2.02 1.98 1.95
5 . 050 432 347 3.07 2.84 2.68 257 249 242 237
S Q010 8.02 5.78 487 437 4.04 381 3.64 3.51 3.40
001 14.59 9.77 7.94 6.95 632 588 556 5.31 5.11
.100 295 2.56 238 2.22 213 2.06 2,01 1.97 1.93
2 050 430 344 -3.05 282 2.66 2.55 246 2.40 234
010 7.95 572 482 431 3.99 376 . 359 ‘345 335
.001 14.38 9.61 7.80 6.81 6.19 5.76 5.44 5.19 499
00 | 294 2.55 234 221 211 205 1.99 1.95 1.92
2 050 4.8 3.42 3.03 2.80 2.64 253 - 244 237 232
010 |- 788 5.66 476 426 3.94 371 3.54 341 330
-.001 14.20 9.47 767 6.70 6.08 5.65 533 5.09 4.89
_ .100 293 254 233 219 2.10 2.04 .1.98 1.94 1.91
9 . 050 4.26 3.40 3.01 2.78 2.62 251 242 2.36 2.30
010 7.82 5.61 412 422 3.90 3.67 3.50 336 3.26
*,001 14.03 9.34 7.55 6.59 5.98 555 - 523 499 4.80.
(continued)
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adin Tables A7 |

e
Table A.9 Critical Values for F Distributions (cont.) o —
w, = numerator dr s ;‘ ;
/ — r—— 1000 5%
L 15 20 25 30 40 50 60__..151—-"”_ o
— 1.85
2.14 2.10 2.05 2,01 1.98 1.96 1.93 192 190 1.88 221 M
2.67 2.60 2.53 2.46 241 238 2.34 231 230 2.25 318
4.10 3.96 382 3.66 3.57 3.5l 343 3.38 3.34 3.25 4.99
6.80 6.52 6.23 5.93 5.75 5.63 547 537 530 5.14 150
2.10 2.05 2.01 1.96 1.93 1.91 1.89 1.87 1.86 1.83 2-14
2.60 2.53 2.46 2.39 2.34 2.31 227 2.24 2.22 2.18 102
394 3.80 3.66 3.51 341 3.35 327 322 318 3.09 i
6.40 6.13 5.85 556 5.38 5.25 5.10 5.00 . 4.94 4,77 1.76
2.06 2.02 1.97 1.92 1.89 1.87 1.85 1.83 1.82 1.79 2'01
2.54 2.48 2.40 233 2.8 225 2.20 2.18 216 2.11 4
3.80 3.67 352 337 3.28 3.21 313 3.08 3.05 2.96 4’ 13
6.08 581 5.54 5.25 5.07 4.95 4.30 470 4.64 4.47 4. "
203 1.99 1.94 1.89 1.86 1.84 181 1.79 178 1.75 e
249 242 235 228 223 2.19 215 2.12 2.11 2.06 2'7;'
3.69 3.55 341 3.26 3.16 il 3.02 2.97 293 2.84 4‘ 08
5381 5.55 527 4.99 482 4.70 4.54 4,45 439 4.23 -
2.00 1.96 191 1.86 1.83 1.81 1.78 1.76 175 1.72 ‘-gg
245 238 231 2.23 2.18 2.15 2.10 2.08 2.06 2.01 i A
3.59 3.46 331 3.16 3.07 3.00 2.92 2.87 2.83 275 2.6 ;
5.58 5.32 5.05 4.78 4.60 4.48 433 4.24 418 4.02 38
198 193 1.89 1.84 1.80 178 175 1.74 1.72 1.69 1-"’:‘;
241 2.34 227 2.19 2.14 2.1 2.06 2.04 2.02 1.97 1.92
3.51 3.37 3N 3.08 2.98 292 2.84 2.78 2.75 2.66 2.58
539 5.13 487 4.59 4.42 430 415 4.06 4.00 3.84 3.69
1.96 191 1.86 181 1.78 1.76 1.73 171 1.70 1.67 1.64
238 231 223 2.16 2.11 2.07 2.03 2.00 1.98 1.93 188
3.43 3.30 3.15 3.00 291 2.84 2.76 271 2.67 2.58 2.50
522 497 470 443 426 4,14 399 3.90 3.84 3.68 3.53
1.94 1.89 1.84 1.79 1.76 1.74 171 1.69 1.68 1.64 1.61
2.35 228 220 2.12 2,07 2.04 1.99 1.97 1.95 1.90 1.85
337 3.23 3.09 2.94 2.84 2.78 2.69 2.64 2.61 2.52 2.43
5.08 4.82 4.56 4.29 412 4.00 3.86 377 3.70 3.54 3.40
1.92 1.87 1.83 1.78 1.74 1.72 1.69 1.67 1.66 1.62 1.59
232 2.25 2.18 2.10 2.05 2.01 1.96 1.94 1.92 1.87 1.82
331 3.17 3.03 2.88 2.79 2.72 2.64 2.58 2.55 2.46 237
495 4.70 444 4.17 4.00 3.88 3.74 1.64 3.58 343 3.28
1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.60 1.57
2.30 2.23 2.15 2.07 2.02 1.98 1.94 191 1.89 1.84 179
3.26 .12 298 2.83 2.73 267" 2.58 2.53 2.50 2.40 232
4.83 458 433 4.06 3.89 3.78 3.63 3.54 3.48 3.32 3.17
1.89 1.84 1.80 1.74 171 1.69 1.66 1.64 1.62 1.59 1.55
227 220 213 2.05 2.00 1.96 191 1.88 1.86 1.81. 1.76
321 3.07 2.93 2.78 269 - 262 2.54 2.48 2.45 2.35 2.27
473 4.48 423 3.96 3.79 3.68 153 3.44 1.38 322 3.08
1.88 1.83 1.78 1.73 170 1.67 1.64 1.62 1.61 1.57 1.54
225 2.18 2.11 2.03 1.97 1.94 1.89 1.86 1.84 1.79 1.74
3.17 3.03 2.89 2.74 2.64 2.58 249 2.44 2.40 231 222
4.64 439 4.14 3.87 371 3.59 3.45 3.36 3.29 3.14 2.99
(comtinued)
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Ads  Apedahde
Critical Values for .
Tale A3 L YAS o FOstbtons (o)
e v, = numerator of
a 1 L}
_ o ! 3 < s
I 100 = ' '
oo i"‘ 3 am w209 2 -
* 0 ao " ::: 29 276 ::g S8
-:; LY I ::: 589 346
0%0 & 2 217 2.08
% o oW o oaw 29 1Y
po N 8.8 464 404 1802 ).59
'w. 1374 912 736 6.4 5.80 538
50 N g 230 217 207 200
bl o1 421 138 296 213 2.5 246
- 7.68 549 460 4l 178 3.56
"Im 13.61 2.02 727 633 5.7 531
% 189 2.50 229 216 206 2.00
3 P 420 334 295 271 2.56 245
s e 7 548 457 401 375 3.53
2 el 1350 893 709 625  s66 S
b ‘g 289 25 228 215 206 1.99
3 o ;g :.33 293 270 2.55 i-;g
; 42 454 4.04 31 :
X 01 1339 8.85 7.12 6.19 5.59 5.18
. -100 288 249 228 214 2.05 1.98
e 5 3 -850 a 332 292 2,69 2.53 242
= = 010 7.56 539 451 4.0 370 347
g E M1 1329 g7 705 612 583 SN2
=F S 100 284 244 223 209 200 1.93
= «© -050 4.08 3 2.84 261 245 234
% < 210 731 518 431 38 351 329
i =1 001 12.61 825 6.59 5.70 5.13 41
100 2381 241 220 2.06 197 1.90
p 050 4.03 318 2.719 2.56 2.40 229
010 7.17 5.06 420 M 341 3.19
001 1222 7.96 634 5.46 4.9 451
.100 2.79 2.39 2.18 2.04 1.95 1.87
» 050 4.00 3.15 2.6 2.53 237 225
010 7.08 498 4.13 3.65 334 3.12
01 1197 .77 6.17 531 476 437
100 2.76 236 214 2.00 1.91 1.83
e 050 394 3.09 2.70 2.46 231 2.19
010 6.90 482 3.98 351 321 2.99
001 11.50 741 5.86 5.02 448 4l
.100 2.73 2.33 211 197 1.88 1.80
200 050 3.89 3.04 265 242 2.26 214
010 6.76 4.7 3.88 341 an 2.89
001 1115 .15 5.63 481 429 392
100 2.71 231 2.09 1.95 1.85 1.78
b 050 3.85 3.00 261 2.38 222 211
010 6.66 4.63 3.80 33 3.04 282
.001 10.89 696 546 4.65 414 378

"WNIOE-"L-*“.*.-“”-““M'WH‘M o b parl. Due 1o clectronic rights. some thind porly contens
Editcrial review has docmod hat mry ppressed cosicat doey not metcrially ffoct e overalllearning expcricnce. Cengage Loaming revmrves the right Yo remove silitional

—
S ';, 8 [']
1.9 1.89
;:g 234 228
146 13 in
5.15 491 471
1.92 1.88
2 am am
1.42 1.29 J.18
5.07 4.8) 4.64
1.95 1.91 1.87
237 231 228
139 3.26 318
5.00 4.76 457
1.94 1.90 1.87
236 229 2.24
336 323 32
4.93 4.69 4.50
1.93 1.89 1.86
235 2.28 222
333 320 3.09
487 464 445
1.93 1.88 1.85
233 227 221
330 317 3.07
4.82 4.58 439
1.87 1.83 1.79
225 2.18 2,12
3.12 2.99 2.89
4.4 421 4.02
1.84 1.80 1.76
220 213 2,07
3.02 2.89 2.78
4.22 4,00 3.82
1.82 1.77 1.74
217 2.10 2.04
295 2.82 272
4.09 3.86 3.69
178 1.73 1.69
2.10 2.03 1.97
282 2.69 2.59
383 3.61 3.44
© LTS 1.70 1.66
2.06 1.98 1.93
273 2.60 2.50
3.65 343 3.26
-1.72 1.68 1.64
2.02 1.95. 1.89
2.66 253 243
351 3.30 313

(continued)
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fpprendia Tables  A-19 IJ
Table A9 i =
——-——__ETIEI_“_IUES for F Distributions (cont.) KR
», ™ numerator af I :
lo — — — %
i 18 20 25 30 40 50 60 120 1ooe P
187 1.82 Y B
224 5 177 172 1.68 1.6 1.63 161 159 1.56 I
313 T 20 201 1.96 1.92 1.87 1.84 182 1.7 k2
456 99 285 270 260 254 245 240 236 227
I' 431 4.06 379 163 3.52 337 328 12 3.06
zﬁ? 1.81 1.76 171 1.67 1.65 1.61 1.59 1.58 1.54
o 218 2,07 1.99 1.94 1.90 1.85 1.82 1.80 1.75
i 2.96 281 2.66 2.57 2,50 242 2.36 233 223
. 424 39 n 3.56 344 3.30 321 115 2.99
m 1.80 1.7 1.70 1.66 1.64 1.60 1.58 1.57 1.53
e 2.13 2,06 197 1.92 1.88 184 181 1.79 1.73
‘.‘-“ 293 2.78 2.63 2.54 247 238 233 229 220 .
L 417 392 3.66 3.49 338 3.23 3.14 3.08 292 278
1.84 1.79 1.74 1.69 1.65 1.63 1.59 1.57 1.56 1.52 148
219 212 2.04 1.96 1.91 1.87 1.82 1.79 .77 171 1.66
303 290 275 2.60 251 . 244 235 2.30 226 217 2.08
435 411 386 3.60 3.43 332 318 3.09 3.02 286 2.712
1.83 1.78 173 1.68 1.64 1.62 1.58 1.56 155 151 147
218 2.10 2.03 1.94 1.89 1.85 1.81 1.717 1.75 1.70 1.65
3.00 287 273 2.57 248 241 233 227 2 2.14 2.05
429 4.05 3.80 3.54 3.38 327 312 3,03 297 2.81 2.66
1.82 1.77 1.712 167 . 163 1.61 1.57 1.55 1.54 1.50 1.46
2.16 2.09 201 1.93 1.88 1.84 .79 1.76 1.74 1.68 1.63
298 2.34 2.70 2.55 245 2.39 230 2.25 221 211 2.02
424 4.00 375 3.49 333 322 3.07 2,98 2.92 2.76 2.61
1.76 L.71 1.66 1.61 1.57 1.54 151 148 . 147 142 1.38
208 2,00 1.92 1.84 1.78 1.74 1.69 1.66 1.64 1.58 1.52
2.80 266 252 237 227 2.20 21 2.06 202 1.92 1.82
3.87 364 3.40 3.14 2.98 287 273 264 - 257 241 2.25
1.73 1.68 1.63 1.57 1.53 1.50 1.46 144 1.42 1.38 1.33
2,03 1.95 1.87 1.78 .73 1.69 1.63 1.60 1.58 151 - 145
2.70 2.56 242 227 2.17 2.10 201 1.95 191 1.80 1,70
367 3.44 320 295 2.79 2.68 2.53 244 238 221 2.05
1.71 1.66 1.60 1.54 1.50 148 1.44 141 1.40 1.35 130
1.99 1.92 1.84 1.75 1.69 1.65 1.59 1.56 1.53 147 1.40
2.63 2.50 235 © 220 2.10 2.03 1.94 1.88 1.84 1.713 1.62
3.54 332 3.08 283, 267 2.55 241 232 225 2,08 1.92
1.66 1.61 1.56 1.49 1.45 1.42 1.38 1.35 1.34 1.28 1.22
1.93 1.85 1.77 1.68 1.62 1.57 152 148 1.45 138 1.30
2.50 237 2.22 207 1.97 1.89 1.80 1.74 1.69 1.57 1.45
330 3.07 284 259 243 232 217 2.08 2,01 1.83 1.64
1.63 1.58 1.52 1.46 141 1.38 1.34 1.31 1.29 1.23 116
1.88 1.80 1.72 1.62 1.56 1.52 1.46 141 1.39 130 121
241 227 2.13 1.97 1.87 179 . 169 1.63 1.58 145 130
312 2.90 267 242 226 215 2.00 190 . 183 1.64 11.43
1.61 1.55 1.49 143 1.38 1.35 1.30 1.27 1.25 LI8 108
1.84 1.76 1.68 1.58 1.52 147 141 1.36 133 124 L1l
234 220 2.06 1.90 1.79 1.72 1.61 1.54 1.50 1.35 116
2.99 277 2.54 230 2.14 2.02 1.87 1.77 1.69 149 . 1.2

(‘wwﬁmWuﬂumwﬂwdkmmwwi‘“’“mm“mi‘m“m”’mw’&wm"hmm‘w“
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Appendix Tables

32

Table A.10 Critical Values for Studentized Range Distributlons
____,_.-—-—'-'_'—'_'_'__‘_‘—-—-—-—.__

m
v Tﬁ_ s T 6 7 8 9 10 i 2
- 364 | 460 | 522 | 732
s | 08 522 | 567 | 603 | 633 | 658 | 680 6.99 717

oL (570|698 | 780 | ga2 | go1 [ 932 | 967 | 997 | 1024 | 1048 | 1070

6 |05 | 346 | 434 | 490 | 530 | 563 | 590 | 612 | 632 | 649 | 665 | 670
o (524 | 633 | 703 | 756 | 797 | 832 | sel | 887, | 910 | 930 [ 948

7 [ 05 | 3M 416 | 468 | 506 | 536 | 561 | s82 | 600 | 616 | 630 643
O [ 495 S92 | 654 | 701 | 737 | 768 | 794 | 817 | 837 | 835 a7

g |05 | 326 | 404 | 453 | 489 | s17 | s40 | se0 | sm | se2 | 605 | 618
O [ 475 564 | 620 | 662 | 696 | 724 | 747 | 768 | 786 | 803 | BM8

9 | 05 [ 320 | 395 | 441 | 476 | s02 | 524 | 543 | 559 | 574 5.87 5.98
ot | 460 | 543 | 596 | 635 | 666 | 691 | 713 | 733 | 749 7.65 7.78

1o |05 | 305 | 388 | 433 | 465 | 491 | 512 | 530 | Sd6 | 560 572 | 583
Ol | 448 | 527 | 577 | 614.| 643 | 667 | 687 | 7.0 721 7.36 749

no| 05 | 31 382 | 426 | 457 | 482 | 503 | 520 | 535 5.49 5.61 5.71
C| o1 | 439 505 | s62 | 597 | 625 | 648 | 667 | 684 6.99 7.13 125
12 |05 | 308 377 | 420 | 451 | 475 | 495 | 502 | 527 5.39 5.51 5.6
01 | 432 | 505 | 550 | 584 | 610 | 632 | 651 6.67 6.81. 694 |- 7.06

13 05 3.06 KRk} 415 445 4,69 4.88 5.05 5.19 532 543 553
01 426 4.96 5.40 5.73 5.98 619 | 637 6.53 6.67 6.79 6.90

14 | 05 3.03 3.70 4.1 441 4.64 4.83 499 5.13 5.25 5.36 5.46
01 | 421 | 489 | 532 | 563 | 58 | 608 | 626 | 64l 6.54 6.66 6.77

15 | 05 | 301 | 367 | 408 | 437 | 459 | 478 | 494 | 508 5.20 531 5.40
01 | 417 | 484 | 525 | S556. | 580 | 599 | 616 | 631 6.44 6.55 6.66

16 |05 | 300 | 365 | 405 | 433 | 456 | 474 | 49 | 503 5.15 5.26 5.35
o [ 413 | 479 | 519 | 549 | 572 | s92 | 608 | 622 635 6.46 6.56

17 |05 | 298 | 363 | 402 | 430. | 452 | 470 | 48 |[°499 5.1 521 531
Ol | 410 | 474 | 514 | 543 | 566 | 58 | 601 | 6.15 6.27 638 6.48

18 | 05 | 297 | 361 | 400 | 428 | 449 | 467 | 48 | 49 | 507 5.17 5.27
01 | 407 | 470 | 509 | 538 | 560 | 579 | 594 | 608 620 631 6.41

19 [ 05 | 296 | 359 | 398 | 425 | 447 | 465 | 479 | 492 5.04 5.4 523
01 | 405 | 467 | s05 | 533 | 555 | 573 | 58 | 6.02 6.14 6.25 6.34

20 [ .05 | 295 | 358 | 396 | 423 | 445 | 462 | 477 | 490 5.01 ER T 520
01 | 402 | 464 | 502 | 529 | 551 | 569 | 584 | 597 6.09 6.19 6.28

24 | 05 | 292 | 353 | 39 | 417 | 437 | 454 | 468 | 481 | 492 5.01 5.10
01 | 396 | 455 | 491 | 517 [ 537 | 554 | 569 | 581 5.92 6.02 6.11

30 |05 | 28 | 349 | 385 | 410 | 430 | 446 | 460 | 472 482 492 5.00
01 | 38 | 445 | 480 | 505 | 524 | 540 | 554 | 565 5.76 5.85 5.93
4 |05 | 28 | 344 | 379 | 404 | 423 | 439 | 452 | 463 47 482 4.90
o | 38 | 437 | 470 | 493 | 511 | 526 | 539 | 550 5.60 5.69 576
60 | 05 | 28 | 340 | 374 | 398 | 416 | 431 | 444 | 455 4.65 473 4.81
01 | 376 | 428 | 459 | 482 | 499 | 513 | 525 |.536 545 5.53 5.60

120 |05 | 280 | 336 | 368 | 392 | 410 | 424 | 436 | 447 4.56 4.64 471
201 3.70 420 4.50 4.71 487 5.01 5.12 5.21 5.30 5.37 5.44 .
05 | 277 | 331 | 363 | 38 | 403 | 417 | 429 | 439 447 4.55 4.62

o | 364 | 412 | 440 | 460 | 476 | 488 | 499 | 508 5.16 5.23 529
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