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Part L. Microeconomics (each question 2 points): choose the best answer. ?_‘l{ ) fg.:"/fg?ﬁj;g
1. Moral hazard arises in disability insurance because -

A. There is adverse selection.

B. Itis difficult to check the truth of all claims.

C. Offering insurance reduces the observed rate of disability claims.

D. People buy too much insurance. b
2. Suppose there are many firms selling a homogenous product X with four different b
prices ($1,$2,$3,34) and each occurs with the same probability: 1 in 4. Each customer I
knows the probability distribution of possible prices. The marginal benefit of search

—— - =

——

for the customer who has only found a store with a price of $4 is: i h 4
A. 50. ’”
B. $0.25. : '
C. $150. ' b
D. $2.75. |

3. According to Walras’ Law, if all markets but the corn market are in equilibrium
A, corm prices are incorrect.

B. The demand curve for corns is upward-sloping. ‘ |
C. The corn market must also be in equilibrium.

D. The excess supply of corn market is positive. r}
4. Barbara and Rick have the utility fanction U=XY. Barbara has 50 units ofX and 20 i
units of Y while Rick has an endowment of 20 units of X and 120 units of Y. What i
' will be the competitive equilibrium, Py /Py ? g
A, 2.

B. 4, ' ) il

C. 6.
D. 8. Y
5. Suppose there are five people considering construction of a new public park. Each
one values the park at a certain amount (per year):

A B C D E ‘ E
$90 $80 $70 $60 50 -

A. the major voting results in a park. i
The median voteris D. '
The average voter is greater than the median voter. ‘::

|

(

|

Suppose the park would cost each $65 per year in added taxes, then }l
. . - » - l'

From a strict efficiency point of view, the park is necessary. |

0w
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6. Which job would you prefer (interest rate, r = 0.10)?
A, $100,000 in year one and. 110,000 in year 2.
B. $50,000 in year one and 170,000 in year 2.
C. $70,000 in year one and 130,000 in year 2.
D. $60,000 in year one and 150,000 in year 2.
7. Consider the business of ditch digging, which uses labor and machines. The
demand for, ditch:as is given by Q = 24 - 0.4P. The two inputs L and M have
marginal products MP| = 4 — 0.4L and MPy= 2 — 0.4M, in the production process Q
=4L+2M-0.21> —0.2M% If labor costs $90 per unit and machines $16 per unit of
time, how many units will be hired?
A. L=1 and M=3,
B, L=2and M=2.
C. L~Il and M=2,
D. L=2and M=3.

8. Suppose the utility function is U=CL, where L is leisure. The worker’s
consumption is given by C=$5(12 — L)), where 12 may be considered available
hours. How many hours does she work?

A. 6hours. )

B. 4 hours. .
"~ C., 8hours.

D. 5 hours,
' 9, Which market in the following will have‘less price dispersion?

A. Cars.

B. Soaps.

C. Toothpastes.

D. Apples. '

10. If good A is a “neutral,” what is its marginal rate of substitution for good B
(which is normal)?

A. Infinity.
B. -1

C. L

D. 0.

11. When we assume that averages are preferred to extremes for a consumer, we
mean his preference is .

A. Monotonic. B. Convex.

C. Concave. D. Neutral.

N
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12. On a certain island there are only two goods, wheat and milk. The only scare

resource is land. There are 1000 acres of land. An acre of land will produce either

16 units of milk or 37 units of wheat. The citizens of this island all have utility

functions of the form UM, W)=MW. At every Pareto optimal allocation,

A. The number of units of milk produced equals the number of units of wheat
produced.

B. Total milk production is 800.

C. All citizens consume the same commodity bundle.

D. Every consumer’s marginal rate of substitution between milk and wheat is —1.

" 13. The town of Brass Monkey has population 500, Brass Monkey has a single

public good, the town skaling rink and a single private good, Labatt’s ale.

Everyone’s utility function is Uj (X;,Y)=X; —64/Y, where X; is the number of bottles

of ale consumed by ; and Y is the size of the skating rink in square meters. The price

of ale is $1 per bottle. The cost of skating rink to the city is $5 per square meter.

Everyone has income of at least $5000, What is the Pareto efficient size for the

town skating rink?

A, 80 square meters.

B. 200 square meters.

C. 100 square meters.

D. 165 square meters,

14. If you have an income of $12 to spend, if commodity 1 costs $2 per unit, and if

commodity 2 costs $6 per unit, then the equation for your budget line can be written

Xi2+X/6=12.

Xy +X2)/(8)=12.

X1 +3X,=6.

8(Xi+Xa)=12.

15. Charlie’s indifference curves have the equation Xpg=constant/X, where larger

Caweph

constants correspond to better indifference curves. Charlie strictly prefers the
bundle (7,15) to the following bundle

A, (15,7).

B. (8,14).
C. (11,11).
D. (10,10).
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16. Mary measures the departure of any bundle from her favorite bundle by the sum
of the absolute values of the differences. Her favorite bundle is (2,7), that is, 2
cookies and 7 glasses of milk. Mary’s indifference curve that passes through the
point (c,m)=(3,6) also passes through

k|

A (4,5).
B. The points (2,5),(4,7), and (3,8).
C. 2,7

D. The points (3,7),(2,6),and (2,8).

17. Ambrose has the utility function U(X;,X2)=4X;"*+X,. If Ambrose were initially
consuming 81 units of nuts and 14 units of betters, then what is the largest number
of berries that he would be willing to give up in return for an additional 40 units of

nuts,

A 11,
B. 25.
C. &
D. 4.

18. Elmer’s utility function is U(X,Y)=min{X,Y?}. If the price of X is 15, the price
ofY is 10, and Elmer chooses to consume 7 units of Y, what must Elmer’s income

be? -
A. 1610.

B. 175.

C. 90s. '

D. 805.

19. Bartholomew has a utility function U(Xl,Xz)=8X1m+X2. His income is 23, the
price of nuts is 2 and the price of berries is 1. How many units of berries will

Bartholomew demand?
A, 15,

B. 4.

C. 30

D. 10

20, If Abishag owned 9 quinces and 10 kumquats, and if the price of kumquats is 3
times the price of quinces, how many kumquats could she afford if she spent all of
her money on kumquats?

A. 26.

B. 19
C. 10
D. 13.

"
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21. A consumer has the utility function U(C;,C2)=C;Cz, There is no inflation, the
interest rate is 10%, and the consumer has income 100 in period and 121 in period 2.

The optimal intertemporal choice is

A, C=105, C=120.

B. Ci=106, C;=110.

C. C=105, C=115.5.

D. C;=100, C;=125.

22, Let the production function be f{x,xz2)=min{x; x,}. It follows that the
production function has

A. Increasing return to scale. : "
B. Constant return to scale.
C. Decreasing return to scale.
D. Diminishing return.

23. A firm has the production function f{x1,xz)=x;"*x,'2. Suppose that this firm is ﬂl" '
using 16 units of factor 2 and is unable to vary this quantity in the short run. Let the !
price of the firm’s output be p, and let the price it pays per unit of factor 1 be w, ‘
What is the optimal income level of x,? ‘ |
A (_?.p/W|)ln. R ‘ 'i Ji
B. (2p/wi)
C. (pw)'e.
D. @pw)™.

24, A firm has the production function f{X),X;)= (JZ + 3.\/;:: ). The price of factor 1

is wy=1 and the price of factor 2 is w,=1. What is the cheapest cost to produce 16
units of output? ) i
A. 25, B. 4.0 l !
C. 15 D. 16.

25. A parent has two children living in cities with different costs of living. The cost |
of living in city B is 3 times the cost of living in city A. The child in city A has an

income $3000 and the child in.city B has an income of $9000. The parent wants to |
give a total of $4000 to her two children. Her utility finction is U{Ca,Cp)=CaCp, : “
where C, and Cpg are the consumptions of the children living in cities A and B | .
respectively. She will choose to i
A, give each child $2000.

Give the child in city B 3 times as much money as the child in city A. i
Give the child in city A 3 times as much money as the child in city B.

Give the child in city B 1.5 times as much money as the child in city A.

B | E—
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Part I, Macroeconomics (2.5 points for each question): choose the best answer

26.Assume that each apple costs $0.5 in 1992 and $1 in 1997, while each orange costs
$1in 1992 and $1.5 in 1997. If 4 apples were produced in 1992 and 5 in 1997,
while 3 oranges were produced in 1992 and 5 in 1997, then the GDP deflator in-
1997, using a base year of 1992, was approximately:

(A) 1.5
*(B) L.7
(©) 1.9
T (D20
27.In a given month in the United States, 100 million people are working,”10 million
_ are not working but are looking for work, and 20 million are not working and have
" given up looking for work. The official unemployment' rate is
(A)7.7%
(B) 9.1%
(C) 10%
(D) 23%

28.The Pigou Effect:

(A) suggests that as prices fall and real money balances rise, consumers should feel
less wealthy and spend less.

(B) suggests that as prices fall and real money balances rise, consumers should feel
wealthier and spend more.

(C) sﬁggests that as prices fall and real money balances fall, consumers should feel
less wealthy and spend less.

(D) suggests that as prices fall and real money balances fall, consumers should feel
wealthier and spend more. ]

29, If the investment demand function is 7 =c—dr and the quantity of real money
demandedis M? =eY — fi, where ¢, d, e,and f are constant,then '
monetary policy (compared io fiscal policy) is relatively potent in influencing
aggregate demand when:

(A) d islargeand f issmall.

(B) d issmalland f is alsosmall

(C) d issmalland f Islarge. . :
(D) d islargeand f is also large.

I | (| [
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30.The relationship between short-run aggregate supply curves and Phillips curves is
that there: |
(A) is no relationship between short-run aggregate supply curves and Phillips )
curyes.
(B) are several short-run aggregate supply curves for each Phillips curve, i
(C) are several Phillips curves for each short-run aggregate supply curve,
(D) is exactly one Phillips curve corresponding to each short-run aggregate supply

curve.
31.Assume that an economy has the Phillips curve z, =z, , —0.5(u, - 0.06), where
7, and u, respectively are the rate of inflation and the rate of unemployment at

e — o

tine t. The natural rate of unemployment is: -
(A) 0.5
(B) 0.12
(C) 0.06 *
(D) 0.03 . i
32.The Lucas critique argues that because the way people form expectation is based I
on government policies, economists predict the effect of a

[P ——

change in policy without taking changing expectations into account.

- (A) partly; cannot
(B) only partly; can ’ . ‘ ’
« (C) in no way; can ' i
(D) in no way; cannot
33. The Golden Rule level of capital accumulation tells how to find the steady state e
with the highest level of; ' : {1 |
(A) output per worker ' [
(B) capital per worker |
(C) savings, per worker l'1
(D) consumption per worker - |
34. Assume that interest parity holds. If the U.S. interest rate is 5.% while.the Gertan
interest rate is 7%, then the deutschemark is expected to: .
(A) depreciate by 12%. I’
(B) depreciate by 2%.
(C) appreciate by 2%. ) _
(D) appreciate by 12%. . ol

d g

J [
B |
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35.Assume that the production function of an economyis Y = 4K**I** where Y,
A, K,and L are respectively output, technology, physical capital, and labor. If
A, K,and L areall 100, then the marginal production of physical capital is:
(A) 50 '

(B) 100

(C) 200

(D) 1000

36.Assume that the per-worker production function is given by y = &'"?, where y

is per-worker output and £ is ratio of capital to labor, If the saving rate is 0.2 and
the capital depreciation rate is 0.1, then the steady-state ratio of capital to fabor
is:
A1
B)2
©) 4
D)9

37. Fluctuations in output in the short run are the result of changes in.
according to the real-business-cycle theory and the result of changes in. *
according to new Keynesian economics.

(A) aggregate demand; aggregate demand.

(B) the natural rate of output; the natural rate of output
(C) aggregate demand, the natural rate of output

(D) the natural rate of E)utput; ‘aggregate demand

38.Total factor productivity may be measured by:.

(A) subtracting the rate of growth of capital input and the rate of growth of labor
input from the rate of growth of output.

(B) subtracting the rate of growth of capital input, multiplied by capital’s share of
output, plus the rate of growth of labor input, multiplied by labor’s share of
output, from the rate of growth of output. . )

(C) adding the rate of growth of capital input to the rate of growth of labor input.

(D) adding the rate of growth of capital input, multiplied by capital’s share of
output, to the rate of growth of labor input, multiplied by labor’s share of
output.

a

I (| |
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39.According to recent new growth theories, what is probably most important to
worldwide output growth?
(A) an increase of saving rates.
(B) an increase of the accumulation of physical capital.
(C) an increase of the accumulation of knowledge.
(D) an increase of population.
40. According to recent new growth theories, what is probably central to explain the
cross-country differences of income per person?
(A) differences in saving rates across countries.
(B) differences in institutions and policies (or named in social infrastructure) across
countries.
(C) differences in population across countries.
(D) differences in depreciation rates of physical capital across countries
4], If Fed A cares only about keeping the price level stable and Fed B cares only
about keeping output at its natural level, then in response to an €Xogenous
increase in the price of oil: .
(A) both Fed A and B should increase the quantity of money.
(B) Fed A should increase the quantity of money while Fed B should keep it stable.
(C) Fed A should keep the quantity of money stable while Fed B should increase it.
(D) both Fed A and B should keep the quantity of money stable.
42.In a small open economy with a floating exchange rate, if the government adopts
ansexpansionary fiscal policy, in the new short-run equilibrium:
(A) income and the exchange rate will both rise.
(B) the exchange rate will rise, but income will remain unchanged.
(C) income will rise, but the exchange rate will remain unchanged.
(D) both income and the interest rate will rise.
43.In Irving Fisher’s two period consumption model, if the income of period one
Y, =20,000, the income of period two Y, =15,000, and the interest rate is 50%,
the maximum possible consumption in period two is;
(A) 15,000 '

(B) 25,000
(C) 35,000
(D) 45,000
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44.If Tobin’s q is greater than one, managers should:
(A) increase the capital stock of the firm.
(B) maintain the existing capital stock of the {irm.
‘ (C) allow inventories to run down,
(D) decrease the capital stock of the firm.

45 If the monetary base is denoted by B, rr is the ratio of reserves to deposits, and
* ¢r is the ratio of éurrepcy to deposit, then the money supply is equal tp'
divided by multiplied by B. -
YT (A) (rr 1) (e er)
(B) (cr+1); (rr+er)
(C) (rrver); (rr+1) S .
(D) (rr+cr); (cr+l) )

*

I | (17 7
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This test consists of two parts. Part 1 has 8 multiple-choice questions (40 points) and Part 2 has 6

fill-in-blank questions (60 points}.

T

Part 1: Multiple-Choice Questions (5 points each). Choose the best answer for each question.

1. Yvonne Yang, VP of Finance at Discrete Components, Inc. (DCI), theorizes that the
discount level offered to credit customers affects the average collection period on credit
sales. Accordingly, she has designed an experiment to test her theory using four sales
discount rates (0%, 2%, 4%, and 6%) by randomly assigning five customers to each sales
discount rate. An analysis of Yvonne’s data produced the following ANOVA table.

Sources of Variation SS df MS F
Treatment 1844.2 3 614.7333 7.568277
Error 1299.6 16 81.225
Total 3143.8 19

Using a =0.0], the appropriate decision is

Qw e

D. do not reject the null hypothesis p = o, = py = p, = g,

reject the null hypothesis g =, = p, = 1,
reject the null hypothesis pr, = ) == p, =

do not reject the null hypothesis p ==y, = p, = p, = i,

*

2. A researcher wishes to determine the difference in two population means. To do this, she
randomly samples 9 items from each population and computes a 90% confidence interval.
The sample from the first population produces a mean of 780 with a standard deviation of
240. The sample from the second population produces a mean of 890 with a standard
deviation of 280. Assume that the values are normally distributed in each population. The
degrees of freedom from this are

A 8
B. 17
C. 16

D. 7
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3. In performing a hypothesis test where the null hypothesis is that the population mean is
6.9 against the alternative hypothesis that the population mean is not equal to 6.9, a
random sample of 16 items is selected. The sample mean is 7.1 and the sample standard
deviation is 2.4. It can be assumed that the population is normally distributed. The level
of significance is selected as 0.05. The decision rule for this problem is to reject the null
hypothesis if the computed “t” value is
A, less than —1.761 or greater than 1.761
B. less than —2.131 or greater than 2.131
C. less than —1.753 or greater than 1.753
D. less than —2.120 or greatér than 2,120

4. A random sample of 64 items is selected from a population of 400 items, The sample
mean is 200 and the sample standard deviation is 48. From this data, a 95% confidence
interval to estimate the population mean can be computed as
A. 18824 t0211.76
B. 189.21 to 210.79
C. 190.13 to 209.87
D. 150.94 to 209.06

5. A study s going to be conducted in which a population mean will be estimated using a
92% confidence interval. The estimate needs to be within 12 of the actual population
mean, The population variance is estimated to be around 2500. The necessary sample size

should be at least
A 15
B. 47
C. 53 i
D. 638
6. The standard deviation of the sampling distribution of X is commonly called the
of the mean.
. standard error

uniform spread
statistical margin
statistical leverage

vow

I (| (|
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7. The E.P.A. has reported that the average fuel cost for a particular type of automobile is }
$800 with a standard deviation of $80. Fuel cost is assumed to be normally distributed. If '
, one of these care cars is randomly selected, what is the probability that the fuel cost for ﬂ
' this car exceeds $760? |
A. 0.1915 !
B. 0.6915
C. 0.3085
D. 0.8085

8. Carlos Cavazos, Director of Human Resources, is exploring employee absenteeism at the
Plano Piano Plant. Ten percent of all plant employees work in the finishing department; 3
20% of all plant employees are absent excessively; and 7% of all plant employees 4'
working in the finishing department and are absent excessively. A plant employee is
selected randomly; F is the event “works in the finishing department;” and A is the event
“ is absent excessively.” P(F|A) = . b
A, 0.35 K
B. 0.70 . |
C. 0.13 ‘ : -
D. 0.37 '

Part 2: Fill-In-Blank Questions (10 points each) “a'
1. Let the moments of X be defined by E(X")=0.8, r=1,2,3,...What is P(X=0)? . ' l,

2. Find the variance of X if the distribution function of X is i
0, x<0,

F(x )= {1 - (_i_)e-x :0 £x, l {

The variance is

3. Suppose that for a particular population of students SAT mathematics scores are N(529, 5732) o\
and SAT verbal scores are N(474, 6368). Select two students at random, and let X equal the b}
first student’s math score and Y the second student’s verbal score. b ‘

Find P(X>Y) = " { et
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4. Let X,,X,,...,X,, be arandom sample of size n=19 from the normal distribution N(z,& ).
. Find the approximate value of £, the probablhty of type II error, for the critical region
C(a=0.05, for testing H, 0' =30, H,:0* =80).
The approximate value of ﬁ the probability of type I error, is

5. Roll a pair of four-sided dice for which the outcome is 1,2, 3, or 4 on each die, Let X denote
the smaller and Y the larger outcome on the dice. Then the joint p.d.f. on X and Y is

L

—1— JU<x= ys4
f(x:y)'_ 2
—,1sx<y<4.
16°

Find the least square regression line.

6. We have the following data for (Y ,X) variables: (3,7), (6,8), (5,2), (6,6), (10,9). We want to
fit a regression line of Y on X without the intercept.
Compute the estimate slope.

I | ([ |
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TABLE " Normal curve areas

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

0.00  .0003 0040 0080 0120 0160 0199 0239 0279 0319 0359
0.10 0398 0438 478 0517 0557 0596 0636 0675 0714 0753
020 .0793 0832 .0871 0910 0948 0987 026 1064 Nalic 1141
0.30 A179 J217 1255 1293 .1331 1368 1406 1443 480 1547 -
' 0.40 1554 ,1591 1628 1664 K700 1736 A772 1808 1844 1879
0.50 1915 1950 1985 2019 2054 2088 2123 2187 2180 2224 i

0.60 2257 2291 2324 2357 2389 2422 2454 2486 2517 2549 ]] |
0.70  .2580 2611 2642 2673 2704 2734 2764 2714 2823 .2852

- 0.80 2881 2910 2939 2967 2995 13023 .Jos1 3078 3106 3133
0.90 3159 3186 3212 3238 3264 3289 3315 3340 3365 L3389 i 1
.00 3413 3438 W61 3485 23508 383k .3554 3571 J599 a6

|
110 3643 3665 J686 3708 A729 3749 A0 3% J810 L3830 l
1.20 3849 3868 3388 .3907 3925 3944 3962 3980 3997 A0LS
130 4032 4049 4066 4082 4099 4115 4131 A147 4162 MTT {
1.40 4192 4207 4222 4236 4251 4265 A279 4292 A306 4319

150 4332 4345 A357 4370 4382 4394 4406 4418 4429 4441

1.60 4452 4463 4474 4484 4495 4503 4515 AS2S 4535 4345
1.70 4354 A564 4573 4582 4591 A599 4608 4616 4625 4633 |t
1.80 4641 A649 4656 4664 4671 4678 4686 4693 4699 4706
1.90 4713 4719 4726 4732 4733 4744 4750 4756 4761 4767
2.00 4772 AT78 4783 4788 4793 4198 4803 4808 4812 4817 I

2,10 4821 4826 A830 4834 4838 A842 4846 4850 4854 4857 {,
220 4861 4864 4868 4871 4875 4878 4881 AB84 4887 4850
230 4893 4896 4898 4901 4904 A%06 4909 4911 4913 4916 !
240 4918 4920 4522 4925 4927 4929 4931 4932 4934 4936
.50 4938 A0 4941 A3 45845 4946 4948 4549 4951 4952

260 4953 4955 4956 4957 4959 4960 A961 4962 4963 4964 :
.70 4965 4956 4967 4968 4969 A970 4971 4972 4973 4974 [}
2.80 4974 A975 4976 AFT7 A977 4978 4979 4979 A980 4981 !

2.90 4981 4982 4982 4983 4984 4984 4985 A985 4986 4986

300 4987 4987 4987 4988 4988 .4989 4989 4980 490 4990 i \
|

T area
350 49976737 - v
400 49996833 :
450" 49999660 [,{
500 49999971

* Sources Comp “b)‘P.I."'” brand l‘”
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TABLE 2. Percentage points of the ¢~distribution -

df a=,l a=,05 a=.025 a=.01 a =.005 a= .00l

, 1 3078 63l 12706 31821 3 63.657 318309
2 1886 2920 4303 -6.965 9.925 22.327
= 3 1638 2393 3.182 4.541 5841 10215
t, 4 153 21:2 2,776 3.747 4.604 7173
51476 2015 2.571 3.365 4,032 5.893
6 1440 1543 2.447 3.143 3707 5.208
7 1415 1895 2.365 2998. 3499 4,785
8 - 1397 1860 2.306 2.896 3355 4.501
9 1383 1833 2262 2.821 3250, 4.297
10 13712 1312 2,228 2.764 3,169 4044
1 136 1796 2.201 2,718 3.106 4,025
12 135 1182 2,179 2,681 3.055 3.930
13 1350 L7 2,160 2,650 3.012 3.852
14 LMs L1761 2,145 2,624 2977 3787
SRR | R - "V RR K 2 2,131 2.602 2947 3733
16 1.337 L.746 2,120 2.583 232} 3.686
17 1333 1740 2,110 2.567 2,898 3.646
18 1330 1734 2.101 2.552 2.878 3610 .
: 19 1328 1729 2.093 2539 2,861 3.579
20 1325 LTS 2.086 2528 2,845 3.552
' . 21 133 L 2,080 2518 2831 3527
2 1321 L7 2.074 2508 ° 2819, 3.0
.23 1319 L7 2.069 2.500 2807 3485
ok 24 1318 1711 2.064 2492 27997 ° 3467 -
25 1316 1708 2,060 2.485 2.787 3450
26 1315 1706 2,056 2,479 2719 3,435
- .27, 1314 1703 2,052 2473 2771 3421
2 2% 1313 1701 2048 2467 2763 3,408
2% L3l 1699 2,045 2462 2.756 3.396
. ‘ 00 1310 1697 2.042 2457 2.750 3.385
40 1303 1684 2.021 2423 2704 3307
60 1296 1671 2.000 2.390 2.660 3232
. . ) 120 L1289 1658 1.980 2358 2,617 3160
40 1285 1651 1970 2342 2.596 3,125
=) 1.282 1.645 1.560 . 232 2,575 3.090

Source: Computed by P. J, Hildebrand.

A




% HEE 2050

B EHBEAE
N REEEETHAREESEHAGTE

AR HER
BLE  Gates

TRBLE 3 Percentage points of the chi-square distribution (z > .5)

df a==.939 a=.995 a=.,99 a=.975 , a=.95 d=.9
a 1 000002 .000039 000157 000982 003932 01579
2 002001 81003 02010. 05064 1026 2107
3 02430 07172 1148 2158 3518 5844

4 09080 2070 2971 A844 7107 1.064

1 5 2102 A117 5543 8312 1145 1610

4 6 3811 £157 8721 1237 1.635 2204

7 .5985 9893 1.239 1.690 2167 2833

3 8571 1344 1.646 2180 2733 3,450

9 1152 1735 2.088 2,700 3325 4.168

10 1479 2.156 2558 3247 1940 4.865

1 1.834 2603 3,053 1818 4.575 5578

12 2214 3.074 151 4.404 5.226 6304

13 2.617 1565 4.107 5.009 5892 7.042

14 3.041 4,075 4.660 5.629 6571 7.190

15 3.483 4.601 5219 6.262 7.261 8.547

16 3.942 5142 5812 6.908 7.962 9312
17 4416 5.697 6.408 7.564 8.672 10.09
18 4.905 6.265 7.015 8211 9390 10.86
19 5.407 6.844 7.633 3907 10.12 1165
20 5921 744 8.260 9591 10.85 1244
21 6.447 8.034 8.897 1023 11.59 13.24
22 6.983 8.643 9.542 10.98 1234 14.04
23 7.529 9.260 1020 11.69 13.09 14.85
24 8.085 9.886 10.86 12,40 13.35 15.66
25 8.649 10.52 1.s2 | 13.12 t4.51 1647
26 9222 1116 1220 13.84 1538 1729
27 9.303 1181 12.88 14.57 16.15 18,11
28 1039 1246 13.56 15.31 1693 1854
2% 1099 13.12 14,26 16.03 17.71 1917
0 1159 13.79 1495 16.19 18.49 20,60

40 1792 20.71 2216 24.43 26.51 2905,
S0 2467 27.99 2971 236 34.76 37.69
60 3174 33.53 3748 4048 43,19 46.46
0 3904 4328 4544 48.76 5174 5533
80 4652 5147, 5354 51.15 60.39 64.28
90 5416 5920 61.75 64.65 69.13 7329
. 100 6192 6733 70.06 74.22 77.93 82,36
120 7736 83.85 8692 91.57 95.70 100.62
240 17795 187.32 191.59 198.98 205,14 21239

- -‘1\
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TABLES (continued) Percentage points of the chi-square distribution (@ < .5)

. a=.l a=.03 =.,025 a=.01 a =005 a=.001 df
2.706 3.841 5024 6.635 7.879 10.83 1
a 4,605 5991 7.378 9210 10.60 13.82 2
6251 7.815 9.348 11.34 12.84 1627 3
2 7.179 9,488 1114 13.28 14.86 18.47 4
%a 9.236 1197 12.83 15.09 1675 20.52 5
10.64 12.59 14.45 16.81 18.55 2246 6
N 12.02 14,07 16,04 18.48 2028 24.32 7
1336 15.51 17.53 20,09 2195 26.12 8
14.68 16,92 19.02 21.67 " 23.59 27.88 9
. 1599 1831 20.48 23.21 25,19 29.59 lo
- 17.28 19,68 2192 24.72 2676 31.27 il
s 18.55 21.03 23.34 26.22 28.30 3291 12
19.81 22.36 24.74 27.69 29.82 34,53 13
21,06 2368 26.12 29,14 L3132 36.12 14
031 25.00 27.49 30.58 32.80 37.70 15
23.54 26.30 28.85 32,00 3427 39,28 16
2477 21.59 30,19 3341 kL 73 40.79 17
2599 28.87 31.53 34.81 31.16 42,31 18
27.20 30.14 32.85 16,19 38.58 43,82 19
28.41 3141 34.17 1.57 40.00 45.31 20 '
29.62 32.67 35.48 38,93 41,40 46,80 21
30.81 3392 36,78 40.29 42.80 48,27 n
3201 35,17 38.08 41.64 44,18 49.73 23
33.20 36.42 39.36 42.98 45.56 5118 24 -
3438 37.65 40.65 4431 46.93 52,62 25
35.56 33.89 41.%2 45.64 48.29 54,05 26
36.74 40.11 43,19 46.96 49.65 5548 27
3792 4134 44,46 48.28 5099 56.89 28
39.09 42356 4572 49.59 5234 5830 29
. 4026 4377 46,98 50.89 53.67 5970 30
) 5181 55.76 59.M 63.69 6677 7340 40
. 6317 67.50 7142 76.15 79.49 86.66 50
74.40 79.08 83.30 88.38 91.95 99.61 60
85.53 90.53 95.02 100.43 104.21 112,32 70
96.58 101.88 106.63 112.33 116.32 124.84 80
107.57 113,15 11814 124.12 12830 137.21 90

118.50 124.34 129.56 135.81 140.17 149.45 100
140.23 146.57 152.21 158.95 163.65 1713.62 120
268.47 27114 284.80 293.89 300.18 M3 e« D

. Source; Computed by F, 1. Hildebrand
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TABLE q- Percentage points of the F-distribution (df, between 1 and 6)

d'rl

d, a 1 2 3 4 5 6 7 8 9 10
L B 583 750 820 858 882 898 910 919 926 932
40 3986 4950 5339 5583 5724 5820 5891 5944 598§ 609
£, 05 1614 1995 2187 2246 2302 2340 2368 2389 2405 2419
025 6478 795  B642 8996 9218 931 %482 9567 9633 9686
Ol 4052 5000 5403 S625  S764 3859 s928 98l 6022 6056

2 38 257 300 35 323 328 331 334 335 337 338
10 853 900 916 924 929 933 935 937 938 939
05 1851 1900 1906 1925 1930 1933 1935 1937 1938 1940
025 3851 3900 3947 3925 3930 3933 3936 3937 3939 3940
Ol 9850 9900 %917 9925 9930 9933 9936 9937 9939  99.40
005 1985 1990 1992 1992 1993 1993 1994 1994 1994 194
00F 9985 9990 9992 9992 993 9993 994 9994 9994 9994
3 28 202 228 236 239 241 242 243 244 244 244
10 554 546 539 s} 531 S28 527 525 524 52}
05 1043 . 935 928 94z 901 834 889  BES B8l &79
025 1744 1604 1544 1510 1488 1473 1462 1454 1447 1442
Ol 3412 3082 2946 2871 2824 2791 2167 2749 2135 2123
008 5555 4980 4747 4619 4539 4484 4443 4413 4388 4369
001 1670 1485 MLl 131 136 128 136 1306 1299 1292
4 25 181 200 205 206 207 208 208 208 208 208
10 454 432 419 411 408 401 398 395 3M 1
03 7271 6% 659 639 626 616 609 604 600 396
025 1222 1065 998 960 936 920 907 898 8% 884
o 22 3 1669 1598 1552 1521 1498 1480 1466  14.58
005 3133 2628 2436 2315 246 2197 2162 2135 2L14 2097
001 7414 6135 3618 S344  SLT1 50353 4966 4900 4847 4808

5 3 169 185 188 189 189 18 1.8 18 18 ° 189
10 406 378 362 3s2 348 340 337 33 332 330
03 661 579 sS4l 519 505 495 488 482 47T 4T
025 1001 843 176 139 715 698 685 616  G6B 662
01 1626 1327 1206 1139 1097 1067 1046 1029 1006 1005
008 2278 1831 1653 1586 1494 14351 1420 1396 137 1362
001 4708 312 3320 309 2975 2883 2816 2165 2724 2692
6 25 162 L7 11’ L9 179 L7 L8 138 L\ L7
A0 378 346 329 308 311 305 301 298 196 2%
It 599 514 476 453 439 428 421 415 410 406
025 881 726 660 623 599 58 570 560 8552 346
oL 1375 j0s2 978 945 875 847 826 310 198 7.7
005 1863 1454 1292 1203 1146 1107 W79 1057 1039 10.25
001 3551 2700 2370 2192 2080 2003 1946 1903 1869 1841

=€
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d
12 15 .20 24 30 40 60 120 240 a a
oAl 949 958 96 967 7. 976 980 om3 , 985 |
sl 612 674 6200 626 6253 €19 606 ey 6333 .10
s3e 2459 2480 2490 2501  28L1 2522 2833 838 2343 .08
i3 s 9931 9972 10l 1006 1010 104 016 018 O3S
o6 6157 69  6:3S 6.6l 6287 6313 69 63 6366 O
35 341 343 343 3 345 346 347 31 34882
Sal 942 944 945 946 947 941 94k 949 949 IO
o4l 1943 1945 1945 1946 1947 1948 1949 1949 1950 .0
o4l 3943 945 3946 3946 3947 348 949 94 3930 005
42 9941 9945 M6 9941 AT Map w49 9949 9950 01
o4 1994 1994 1995 185 1995 i995 995 1985 1995 .08
9904 0994 0994 9993 905 9995 ' 9995 9995 995 9995 O
s 246 246 246 247 247 247 247 247 247 28 3
S5 520 sis 58 s17T si6 sus sM4 sl 51300
74 870 866 864  Be 85 857 s BM o 85 0
at 1425 1417 412 1408 1404 1399 1385 13sz 1390 0B
705 2687 2669 2660 2650 2641 2632 2622 2607 261 .0
S D08 4278 a6 4247 @3t 415 4L99 491 4LE3 008
Y 174 164 1259 1254 1250 1245 140 37 1233 M
o8 208 208 208 208 208 208 208 208 208 .25 4
50 387 38+ 383 1&g A 3@ a7 336 10
s91 58 580  s; 315 s s& 56 e A8 05
375 Ee6  8s6 851 845 &4l 836 83 828 826 0B
437 1420 1402 1393 1384 1375 1365 1356 1S 1346 01
36 2044 2047 2003 1989 1975 1961 1947 1940 1932 008
WAL 4676 4610 4577 4543 4500 4475 M40 M W05 001
T s> lss 188 1 s 1y 1 L& L& 23
Y21 324 321 9. 34 316 34 3 3l 340 .10
igs 462 456 45 450 446 443 440 438 a3 0
€% 64 613 6 62 618 e 67 604 602 0%
S3  om 985 947 9 92 9, oul oo 902 0l
1338 1315 129 1278 j266 Q283 sy 1221 FRO 1214 008
Yeds 2591 2529 2543 2487 2460 2433 2406 .2  u79 M
L77 6 176 175 LIS 173 L4 174 174 L 258
Yoo 287 284 282 280 278 276 274 113 272 MO
S%0 394 187 s 3s  3am 3] a0 36 367 (08
3 52 si7 si2 se1 501 496 4% 488 485 03
T 7s6 740 731 13 14 706 6s7  6; 6880
oo 9Bl 959 947 93 94 o1l 900  Bs 888003
1995 1756 1712 1690 1667 644 1621 1598 1386 1575 .00L
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TABLE 4. (continued) Percentage points of the F-distribution (df, between 7 and 12)

_ X
df, a ! 2 3 4 5 6 1 8 9 10
4 7 235 1.57 1.70 .72 172 L7l 171 L70 170 1.69 1.68
.10 3.59 3.26 07 296 2.88 283 .18 295 272 .70 |l N
Fn 05 5.59 4.74 435 4.12 397 3.87 3719 ENE] 3.68 364 Wt
025 8.07 6.54 589 5.52 529 512 4.99 4.90 4.82 4.76 1
. 01 12.25 9.55 8.45 1.85 746 719 699 6.84 6,72 6.62 1k
005 16.24 12.40 10.88 10,05 9.52 916 8.89 8.68 851 338
0ol 20.25 21.69 18,77 17.20 16.21 15.52 15.02 14.63 1433 14.08 I
8 25 1.54 1.66 1.67 1.66 1.66 1.65 L.&4 1.64 1.63 1.63 "
10 346 i 292 2.81 273 2.67 2,62 2.59 256 .54 N
05 532 4.46 4,07 .84 .69 3.58 3.50 144 339 335
025 7.57 6.06 542 508 4.82 465 4.53 443 4.36 4.30 .

{0l 11.26 845 7.59 7.01 6.63 6.37 6.18 6.03 581 5.81 | !
005 14.69 1104 9.60 a8l 830 7.95 769 150 ) 721
.00l 2541 18.49 15.83 14.39 13.48 12.86 1240 12.05 1.77 11.54

9 25 L51 1.62 1.63 1.63 1.62 1.6l 1.60 1.60 1.59 159 !
A0 3.36 101 2.81 2.69 2.6 255 251 247 244 242 ‘ | |
05 5.12 4,26 386 363 348 137 329 323 318 .14
023 1.21 51 5.08 4.72 4.48 4.32 4.20 4.10 .4.03 3.96 T
01 10.56 8.02 699 642 6.06 5.80 5.61 547 535 526
005 13.61 10.11 an 19§ 147 713 6.88 6.59 6.54 6.42 N
001 22.86 16.39 13.90 12.56 171 1L13 10.70 10.37 10,14 9.3% j'\ 1

10 25 149 .60 1.60 1.59 1.59 1.58 1.57 1.56 156 1.55 .
.10 3.29 2.9 273 2.61 252 245 241 238 235 232 t
05 4,96 4,10 371 348 333 122 114 3.07 .02 298 '

025 6.94 546 4.83 4.47 4.24 4.07 3.95 3.85 378 an
Ot 10.04 7.56 655 5.99 564 539 520 506 4.94 4.85
005 12.83 9.43 808 71.34 6.87 6.54 6.30 6.12 597 585

001 2104 1491 1255 1128 1048 993 9.52 920 896 875 ‘ l
.25 1.47 1.58 158 1.57 1.56 1.55 1.54 153 1.53 1.52 1”
10 323 286 266 254 245 239 2} 230 227 225 | \
05 484 398 359 3.36 320 3.09 301 295 250 2485 !
025 6.72 526 463 - 428 44 3.88 3.76 3.66 3.59 3.5
01 9.65 721 6.22 5.67 532 5.07 489 474 463 454 '
005 1223 891 7.60 6.88 642 610 536 5.68 554 542 . L]
00L 1969 1381 11356 1035 9.58 9.05 .66 .35 8.12 7.92 b |
1z .25 1.46 1.56 1.56 1.55 1.54 153 152 1.51 151 1.50 e
10 318 2.81 261 248 2,39 233 228 224 22 2.19 Y
05 475 3.9 349 3.26 all 3.00 2.9 2.85 2.80 275 :
025 655 500 447 4.12 1.89 373 361 3.51 344 137 |l |
01 933 693 595 541 5.06 4.82 464 45 439 4.30 - L | [

005 1175 851 723 652 607 576 552 535 520 509 - |
001 1864 1267 1080 963 889 838 8O0 171 148 729 1
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Tkl F distribatiden

[ 5]

12 15 20 24 30 40 60 120 240 oc a df,

1.68 1.68 1.67 1.67 1.66 1.66 1.65 1.65 1.65 1.65 25 7
2.67 2.63 259 258 2.56 2.54 251 249 248 247 10
3.57 35l 344 341 i 134 330 327 -3.25 ki x] 05
4.67 4.57 447 4.41 4.36 4.3 425 4.20 4.17 4,14. 025
B 647 6.31 6.16 6.07 599 591 5.82 534 5.69 5.65 01
8.18 797 1.5 7.64 7.53 742 731 7.19 7.13 7.08 005
13.71 13.32 12.93 1273 12.53 1233 12.12 11.91 i1.80 11.70 001

1.62 1.62 1.61 1.60 1.60 1.59 1.59 1.58 1.58 1.58 25 8
2.50 2.46 242 2,40 2.38 2.36 234 232 2.30 2.29 .10
B 322 KNE] RV 3.08 34 lol 297 295 2.93 {05
4.20 4.10 4.00 3.95 .89 3.84 318 i1 L0 3.67 025
5.67 5.52 5.36 5.28 520 512 5.03 4.95 4.90 4.86 01 .
7.0l 6.81 6.61 6.50 6,40 6.29 6.18 6.06 6,01 5.95 005

1L.19 10.84 10.48 10.30 10.11 9,92 913 9,53 9.43 9.33 2001

158 1.57 L.56 1.56 1.55 t.54 1.54 1.53 153 1.53 25 9

2.38 234 230 228 225 2.23 221 2.18 217 216 .40

.07 301 2.94 290 2.6 2.83 79 275 273 271 05

387 377 367 16l 3.56 3.51 345 339 336 333 025

5.1l 4.96 4.81 4.73 4.65 457 4.48 4,40 4.35 4.31 .01

6.23 6.03 5.83 5.73 5.62 5.52 541 530 5.24 519 005

9.57 9.24 8.90 8.72 8.55 837 8.19 8.00 7.91 7.81 .00t -

154 £.53 152 1.52 151 1.51 L50 149 1.49 f48 25 10
228 2.24 2.20 218 2,16 213 211 2,08 207 2.06 .10

291 285 27 274 2,70 2.66 2.62 2,58 2.56 254 05

362° 332 342 3.37 331 126 320 314 3l 3.08 025

470 4.56 441 4.33 4,25 4,17 4,08 4.00 395 391 01

5.66 547 527 517 5.07 497 4.86 4.5 4.69 4.64 005

845 8.13 1.80 7.64 747 7.30 712 6.94 6.85 676 0L

151 150 149 1.49 148 147 1.47 1.44 145 145 25 11
2.21 2.17 2.12 210 2.08 2.05 2.03 2.00 1.99 1.97 10

2719 292 2.65 2.61 2.57 2.53 2.49 245 243 2.40 .05

343 an 323 3.17 312 3.06 3.00 294 291 2,38 025

440 4.25 4.10 4.02 394 3.86 3.7 169 3.65 3.60 0l

5.24 5.05 4.86 4,76 4.65 4,55 445 4,34 4,28 4.23 005

7.63 732 7.01 6.85 6.68 6.52 6.35 6.18 6.09 6.00 001

149 1.48 1.47 146 1.45 1.45 1.44 143 143 142 25 12
2,15 2,10 2.06 2,04 201 1.99 1.96 1.93 1.92 1.90 A0

2.69 2.62 254 251 247 243 238 2314 2.32 230 .05

328 3138 .07 3.02 2,96 291 2,85 279 236 272 025

4,16 4.01 3.86 378 3N 3.62 3s4 345 341 3.36 01

4.91 472 4,53 443 4.33 423 4.12 4,01 396 .90 005

7.00 671 640 6.25 6.09 593 5.76 5.59 5.51 542 .00l

]
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TABLE Z,L (continued) Percentage points of the F-distribution (df, between 13 and 18) 1;
dr £
dfz a 1 2 3 4 5 6 7 8 9 10 ]
a 13 .25 1.45 1.55 1.55 1.53 152 . 18I 1.50 149 149 1,48 i<|
.10 114 276 2.56 243 235 228 223 220 216 2.14 )
F, 05 4.67 1381 341 3,18 3,03 292 2.8 277 271 267
025 6.41 497 435 4,00 77 360 348 339 331 325 .
01 9.07 670 74 521 4.36 462 444 430 419 410 N
005 1137 8.19 6.93 6.23 579 548 525 508 494 482 L
001 17.82 1231 1021 9,07 8.35 7.86 749 - 721 6.98 6.80 1
I
14 .25 1.44 1.53 1.53 1.52 1.51 1.50 149~ 148 147 146 l
' 10 3.10 273 252 239 2.31 224 219 215 212 219 b
05 4.60 374 134 all 296 2.85 276 270 265 2,60 ke
025 630 486 424 389 3.66 350 338 129 321 318 i
01 B.86 6.51 5.56 504 468 446 428 414 403 3.94
005 1106 792 6.68 600 556 5.26 5.03 486 472 460
. 001 1704 1L78 9.73 8.62 792 744 .08 6.80 6.58 6.40

15 25 1.43 1.52 1.52 1.51 149 1.48 147 * 146 1.46 145 i
10 3.07 2,70 249 2.36 227 221 216 ° a2 209 206 i
05 4.54 1.63 329 106 290 2,79 271 2.64 2.59 2.54 i
025 6.20 417 4.15 3.80 358 341 3.29 320 342 306 i
.01 8.68 6.36 5.42 4,89 4.56 432 4,14 4.00 3.89 380 {Ir
005 10.80 7.70 648 5.80 537 5.07 4.85 147 4.54 4.42 !
001 1659 1134 9.34 2.25 7.57 709 6.74 6.47 6.26 6.08

16 25 142 1.51 1.51 150 148 147 1.46 145 144 144 l
10 3.0 267 2.46 2.33 2.24 2.18 2.13 209 2,06 2.03 -
05 4,49 3.63 324 a0l 2.85 274 2.66 259 2.54 249 !
025 6.12 4.69 4,08 373 350 334 322 3.12 3.08 259 {
01 8.53 623 529 4T 444 420 4.03 3.89 178 169

005 10.58 7.51 630 5.64 5.21 491 4.69 4.52 4,38 4.27
001 16.12 10.97 9.01 7.54 7.27 6.80 6,46 6,19 5598 5.81

17 25 1.42 1.51 150 1.49 147 1.46 1.45 1.44 1.43 1.43
10 3.03 2.64 244 231 222 2,15 210, 2.06 2.03 2.00
05 445 359 320 296 2.81 270 2.61 2.55 249 245
025, 60 4.62 4.01 .66 344 k¥ 316 3.06 2.98 292
01 8.40 6,11 5.18 4.67 4,34 4.10 39 N 368 159

.005 10.38 7.35 6.16 550 507 4.78 4.56 439 4.25 4.14
001 15.72 10.66 8.73 7.68 7.02 6.56 622 5.96 575 558

18 25 141 1.50 149 1.48 1.46 1.45 1.44 143 1.42 142
10 3.0l 262 242 2.2% 2.20 2.13 208 2,4 200 1.98
05 4.41 3.55 316 293 2,77 2.66 2,58 251 246 241 |
025 5.98 4.56 395 © 36l 338 322 310 ol 293 287 1
01 8.2 6.01 .09 4.58 4.25 4.0t .84 k) 3.60 s i
005 10.22 7.21 6.03 537 496 4.66 4.44 4.28 4.14 4.03 k!

001 15.38 10.39 349 7.46 6.81 6.35 6.02 5.76 556 539
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12 15 0 ) 30 40 60 120 240 ] a af,
147 146 145 144 143 142 142 1.41 1.40 140 25 13
2.10 2,05 201 1.98 1.96 1.93 1.90 1.88 1.86 1.85 .10
2.60 2.53 2,46 242 238 234 2.30 225 223 2.2 05
115 .05 295 2.89 2.84 278 .72 2.66 263 2.60 025
3.96 3,82 3.66 3.59 351 343 3134 325 3.2 .17 01
4.64 4,46 427 4.17 .07 397 1.87 37 3.70 3.65 005
6.52 6.23 59 578 5.63 547 5.30 514 5.05 497 001
1.45 144 143 1.42 1,41 141 140 139 1.38 1.38 25 14
205 201 1.96 1.94 151 1.89 1.86 1.83 1.8} 1.80 .10
2.53 246 239 235 231 227 222 2,18 2.15 213 Qs
3.05 295 2.84 279 2,73 267 2,61 2,55 2.52 249 025
3.80 3.66 351 34 335 3.27 3.8 309 3.05 3.00 01
443 4.25 4.06 3.96 3.86 376 3.66 3.55 349 344 005
6.13 585 5.56 541 525 510 4,94 477 4.69 4.60 001
144 143 141 141 140 1.39 1.38 137 136 136 25 15
2.02 197 192 1.90 1.87 1.85 1.82 173 L77 1.76 .10
248 240 233 229 225 220 2,16 211 205 207 .05
296 2.86 276 270 .64 2.59 252 246 243 240 025
3.67 352 337 329 3.21 3.13 3.05 296 291 287 01
4.25 4.07 3.88 379 3.69 3.58 348 337 332 3.26 005
5.81 554 525 5.10 4.95 480 464 447 4.39 4.31 001
1.43 141 140 1.39 138 1.37 136 135 1.35 1.4 25 16
1.9% i.94 1.49 1.87 1.84 1.81 173 175 1.73 1.72 10
242 235 228 2.24 2,1% 215 211 2,06 2,03 201 L5
.89 2,79 2.68 2.63 257 251 245 2.38 2.35 232 025
3.55 341 3.26 318 310 3.02 293 2.84 2,80 275 01
4,10 ER-7) 373 3.64 354 344 333 32z 317 1l 005
5.55 527 4.99 4.85 4.70 4.34 4.39 423 414 4.06 .001
141 140 1.39 1.38 1.37 1.36 135 1.34 1.33 1.33 23 17
L.96 191 1.86 1.84 1.81 1.78 175 .72 L70 1.69 10
238 2.31 223 219 2,15 2,10 206 2.0} 1.99 1.96 .05
2.82 272 262 256 2.50 .44 238 232 2.28 225 025
346 331 3.16 3.08 3.00 292 283 275 2.70 2.65 01
397 379 361 3.51 341 331 321 310 304 298 005
532 5.05 4.78 463 448 4,33 418 402 393 385 001
1.40 139 1.38 1.37 1.36 135 1.3 133 132 132 25 18
1.93 1.89 1.84 1,81 1.78 1.75 1.72 169 1.67 1.66 10
2.34 227 .19 2.15 21 206 202 197 1.94 1.92 5
277 2.67 2.56 250 2.44 238 232 226 222 219 025
337 323 308 300 292 2384 235 266 261 257 01
3.86 3.68 3.50 340 330 320 3.10 299 2.93 2.87 005
513 4.87 4.59 445 4.30 4.15 4.00 3.84 3.75 3.67 001
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TABLE 4 (continued) Percentage points of the F-distribution (df, between 19 and 24)

df, . a 1 2 3 4 3 6 7 8 9 10
a 1% 25 141 149 1.49 147 1.46 144 143 .42 141 L4l
0 2,99 261 240 227 2.18 211 2.06 202 1.98 1.96
F, .03 4,38 3.52 13 2.90 274 2.63 2.54 248 242 238
025 552 4.51 150 3.56 333 kR 305 296 2.88 282
.0l 8.18 593 5.0t 4.50 4,17 194 i 3.63 32 343
005 10.07 7.09 592 5.27 4.85 4.56 4.34 4.18 4.04 393
. .00l 15.08 10.J6 828 1.27 6.62 6.18 5.85 559 539 22
20 235 140 149 148 147 1.45 144 1.43 142 1.4l 1.40
.10 297 .59 238 225 216 209 204 200 1.96 L.94
05 4.35 349 10 2.87 271 2.60 251 245 239 235
025 5.87 4,46 3.86 351 329 s ot 291 2,84 277
01 8.10 5.85 4.94 4.43¢ 4.10 387 %0 156 346 337
005 9.54 6.99 5.82 517 476 447 4.26 4.09 396 385
.00} 14.82 995 8.10 710 646 6.02 5.69 544 A 5.08
3} 25 140 [.48 1.48 1.46 144 1.43 142 141 140 139
.10 296 257 236 3 214 208 202 1.98 1.95 1.92
.05 4.32 47 307 284 2,68 257 249 242 237 232
025 5.8 4.42 3382 343 125 309 297 287 280 273
Rile 8.02 578 4.87 4.37 4.04 351 364 351 340 331
005 9.83 6.89 573 509 4.63 439 4.18 4.01 388 AT
004 14.59 9.77 7.94 6.95 6.32 5.88 5.56 531 511 4.95
n 25 1.40 148 147 1.45 1.44 142 141 140 139 139
10 2.95 2.56 235 222 2.13 206 201 1.97 1.93 1.90
.05 4,30 344 3.05 2.82. 266 .55 246 2.40 234 2.30
{025 579 438 378 344 k v.r] o 293 284 276 270
01 795 572 4.82 4.31 399 3.76 3.59 345 335 3326
L0035 973 6.81 5.65 502 4.61 432 4,11 354 agt 370
\ .001 14,38 9.61 7.80 6.81 6.19 576 544 519 459 4.83
3 25 139 147 1.47 1.45 1.43 142 141 140 139 1.38
10 294 2.55 2.34 221 211 2,05 1.99 1.95 192 1.89
05 4.28 342 3.03 2.80 2.64 2,53 244 237 232 227
025 5,75 4,35 3.75 34 318 302 290 281 —273 2.67
01 7.88 5.66 4.76 4.26 3N 7 354 341 3.30 321
005 9.63 6.73 358 4.95 4.54 4.26 4.05 3.88 3.75 164
001 14,20 9.47 1.67 6.70 6.08 5.65 533 5.09 4.89 4.73
24 25 1.39 LAY 146 144 143 L4l L40 1.39 1.38 1.38
.10 293 254 233 2.19 2.10 204 1.98 1.94 191 1.88
L5 4.26 340 3.01 78 2,62 251 242 236 230 2.25
{025 5.7z 432 in 338 15 299 287 2,78 270 2.64
0l 7.82 5.61 4.72 422 190 3.67 .50 336 3.26 317
005 9.55 6.66 5.52 4.89 449 4.20 199 333 3.69 359
001 14,03 9.34 1.55 659 5.98 5.53 523 4.99 4.80 4.64
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L I,

df,

12 15 20 24 30 40 60 120 240 o a df,

140 1.38 1.37 1.36 1.35 L34 1.33 132 L.31 130 25 19
1.91 1.86 1.81 179 1.76 1.73 1.7¢ 1.67 165  .1.63 N1y

231 223 2.16 24! 2.07 2.03 1.98 193 190 188 ¢ 05

272 2.62 2,51 245 239 2.33 2,27 220 2,17 2,3 025

3.30 345 3.00 292 2.84 276 2.67 258 2.54 249 K1)

76 359 340 331 3.21 311 3.00 2,89 2.83 2.78 .005

4.97 430 4.43 429 4.14 3.9 3.84 3.68 3.60 351 .00l

139 1.37 136 1.35 1.34 L33 132 131 1,30 129 25 20
1.89 1.84 .79 177 1.74 171 1.63 1.64 1.62 1.61 Jo
2.28 220 2,12 208 2.04 1.99 1.95 150 1.87 1.84 05
2.68 2.57 246 241 235 2.29 .22 216 212 209 025
- 323 X1 2.94 2.86 278 269 2.61 2.52 247 242 .01,
368 3.50 332 322 12 3.02 2.92 231 2.35 2,69 005
4.82 4.56 429 4.15 4.00 3.86 370 3.54 348 3.38 001

138 1.37 1.35 1.34 133 132 131 1.30 L29 1.28 25 21
1.87 1.83 1.78 L75 172 1,69 1.66 1.62 160 1.59 .10

225 2.18 2.10 205 201 1.96 1.92 1.87 1.84 1.81 05

2.64 2.53 242 237 rnl | 225 2,18 211 2.08 204 025

17 303 288 2.80 272 .64 2.55 246 241 2.36 0

3.60 343 324 315 305 295 2.84 273 2,67 2.61 0G5

4.70 4.54 417 4.03 3.88 374 3.58 342 334 32 001

137 1.36 1.34 1.33 132 131 1.30 129 1.28 1.28 25 2
1.86 181 1.76 1.73 170 1.67 1.64 1.60 1.59 1.57 10

223 215 207 203 1.98 1.94 1.89 1.84 1.81 1.78 05

2,60 2.50 2.39 233 227 221 2.14 2.08 2.4 2.00 025

312 2,98 2.83 275 2.67° 258 2.50 2.40 235 P21} 01

354 136 3.18 3.08 298 2,88 2777266 2.60 2.55 005

458 4.33 4.06 N 378 363 3.48 332 323 315 .001

1.37 135 134 1.33 132 1.31 130 1.28 1.28 1.27 25 23
184 1.80 174 172 169 1.66 1.62. 1.59 1.57 L35 10

2.20 2.13 2.05 2,01 1.96 1.91 1.86 1.81 179 1.76 05

2.57 247 2.36 2,30 224 .18 21 24 201 1.97 025

307 253 2,78 2,70 2.62 254, 245 235 231 226 0l

347 330 a1 3.02 2.92 2.82 271 260 254 248 005

448 4.23 3.96 la 3.68 3.53 3.38 iz 314 3.05 001

L.36 1.35 133 132 1.31 130 1.29 128 127 1.26 25 24

1.83 1.78 L73 C170 167 1.4 1.61 1.57 155 1.53 10

218 211 203 1.98 194 1.89 1.84 179 1.76 1.7 05

2.54 2.4 233 2.27 221 2,15 2.08 20 1.97 1.94 025 4
303 2.89 274 2.66 258 249 240 231 226 2.21 01

3.42 3.25 3.06 2.97 2.87 2,77 2.66 255 249 2.4) 005

4.39 4,14 .87 374 3.59 345 3.29 314 3.05 297 001

NRG
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TABLE 4. (continued) Percentage points of the F-distribution (df, between 25 and 30)
df, - \
d, a 1 2 3 4 5 6 7 8 9 10
: a 25 25 139 147 L4614 142 14 140 L3 138 1:
Ao 292 253 232 218 209 202 187 193 188 187
F, 05 424 339 299 276 260 249 240 234 228 224
025 569 429 369 335 313 297 285 275 268 26l
o1 777 557 468 418 385 36 346 332 322 303
005 948 660 546 484 443 415 354 278 364 354 s
Q001 1388 922 745 649 589 546 SIS 481 471 456
26 28 138 146 145 144 142 141 139 138 137 137
- .10 291 25 231 217 208 201 1% 192 188 186
05 423 33 288 274 25 247 239 2R 221 A:
025 566 427 367 333 310 294 282 273 265 259
01 772 SS53 464 404 3B 359 342 329 318 309 :
005 941 654 541 479 438 410 3839 373 360 349 -
) 000 1374 912 736 641 580 538 507 483 464 448 e
725 1338 146 145 143 142 140 13 138 137 136
10 290 251 230 217 207 200 185 191 187 LS
05 421 335 286 273 257 246 237 231 225 220 ;
05 563 424 365 331 308 292 280 2T 263 257 i
0l 768 549 460 41l 378 356 339 326 LI5S 306
005 934 649 536 474 434 406 385 369 356 345 aR%
001 1361 902 727 633 5T 531 500 476 457 44l
<28 25 138 146 145 143 141 140 139 138 137 136
10 289 250 229 216 206 200 194 150 187 L4 .
05 420 334 295 271 256 245 236 - 219 224 219
025 561 422 363 329 306 250 278 260 261 255
01 7.64 545 457 407 375 353 336 323 312 303
005 928 644 532 470 430 402 381 365 352 34l
001 1350 B3 719 625 566 524 433 469 450 435
2 25 138 145 1457 143 L4 140 138 137 136 135
A0 289 250 228 215 206 199 183 189 186 183 '
05 418 333 293 270 255 243 235 228 222 218
025 5% 420 361 327 34 288 276 267 259 253
01 760 542 454 404 373 350 333 320 309 300
005 923 640 528 466 426 158 377 sl 348 1%
000 1339 885 U2 619 559 SI8 487 464 445 429
r
B .25 138 145 144 142 141 13® 138 137 136 135
: 10 288 249 228 204 205 198 L93 188 185 L&2 ,
05 417 332 252 269 253 24z 233 227 221 216 o
025 557 418 359 325 303 287 275 265 257 251
01 756 53 451 402 370 347 330 307 307 298 !
.005 938 , 635 524 462 423 335 374 358 345 1M I

00 13.29 B77 - 705 6,12 5.53 512 4.82 4.58 4.39 4.24
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12 13 20 24 30 40 60 120 240 ] a df,

. 1.36 1.34 1.33 1.32 131 129 1.28 .27 126 L2528 23
1.82 L.77 172 L.69 1.66 1.63 1.59 156 154 152 .10
216 209 2.01 1.96 192 1.87 1.82 177 1,74 1.7t 03
2.51 241 230 .24 2,18 212 208 1.98 194 191 025
.9 285 270 262 254 245 236 227 m 217 01
3.37 3.20 301 292 282 272 261 250 244 238 005
4.31 4.06 i) 3.66 3.52 iy 32z 306 298 -2.89 00}

1.35 1.34 132 1.3t 130 1.29 .28 1.26 1.26 1.25 25 26
1.81 1.76 L1 1.68 1.65 .61 t.58 154 1.52 1.50 10

2.15 2,07 1.99 1.95 1.50 L.85 1.80 175 172 1.8 .05

249 .39 2.28 22 2216 209 203 1.95 192 1.88 023

296 281 266 2.58 250 242 233 123 .18 2.13 .01

33 315 29 287. 217 267 256 245 239 233 005

4.24 i n 35 344 330 318 299 290 282 .00l

1.35 1.33 132 131 1.30 1.28 1.27 126 125 1.24 25 27
180 L75 170 1.67 1.64 1.60 157 L33 151 1.49 Nl

213 206 197 193 1.38 1.84 L79 L73 1.70 1.67 .03

247 2,35 228 .19 213 pliz) 200 193 i.89 1.83 025

29 278 263 255 247 2.3 229 220 .13 210 .01

328 EBY] 293 233 27 263 252 241 235 229 .005

4,17 392 de6 352 338 3.23 3.08 292 234 275 001

- 134 . 133 131 1.30 1.29 128 - .27 1.25 124 1.24 23 28
179 1.74 L&9 1.66 1.63 1.59 1.56 1.52 1.50 148 10
212 4 196 1.91—- 187 1.82 177 1.7 1.68 L65 05
" 245 2,34 223 .17 1 205 1.98 191 1.87 1.83 025
290 215 W60 252 244 233 22600 217 2212 206 .01
325 307 289 LM 269 259 248 237 2 225 005
4,11 .86 3.60 345 332 a8 am 28 278 2.69 oot

1.34 1.32 131 1.30 1.29 127 1.26 125 L.24 1.23 25 29
1.78 173 1.68 1,65 1.62 1.58 1.55 151 149 147 10
2.10 203 1.94 1,90 1.83 [¥:11 175 130 1.67 164 03
243 232 221 2,15 209 203 1.96 1.89 1.85 LBt 025
2.87 2,73 257 249 241 233 223 .14 208 203 .01
N 32t X 2.86 2,76 266 256 245 233 .77 221 005
4.05 3.80 354 34l 327 a1 29 281 73 264 00}

134 1.32 1.30 1.29 1.28 L27 1.26 124 123 1.23 25 30
L7 172 167 © 164 1.61 1.57 1.54 1.50 148 146 Jde
209 .01 1.93 189 1.34 L7 L4 1,68 1.65 1.62 03
241 231 220 .14 2.07 2.01 194 1.87 1.83 179 {025
. .84 270 2.55 2,47 2.3¢ 2,30 221 211 206 201 0l
.18 301 282 73 2.63 2.52 242 230 2.4 2.18 .005
4.00 375 349 336 a2 07 292 276 268 259 001 .
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Table §  (continued) Percentage points of the F-distribution (df, at least 40) 1

dfl '
df, a 1 2 3 4 5 § 7 8 ) 10 I
a 0 a5 136 144 142 1.40 139 .37 1.36 135 134 133 |
10 2.84 244 2.23 2,09 2.00 1.93 187 .83 179 1.76 l
F 05 4.08 an 284 2.6 245 234 2.2% 218 212 2.08
a 025 542. 405 3,45 3.13 2.90 274 262 2.53 245 239 !
.01 7.31 518 431 3.83 251 3.29 12 29 2.89 2.30 1,
005 8.83 6.07 498 4.37 199 an 151 135 122 A
001 1261 8.25 6.59 5.0 513 47 444 421 4.02 3.87 1
6 .25 135 142 1.41 138 1,37 1.35 133 132 131 130 ]
10 279 2.39 2.18 2.04 1.95 1.87 1.82 77 174 17
.05 4.00 3,15 276. 253 23 225 217 2.10 204 1.99 '
025 529 3.93 334 101 279 2.63 251 241 2.33 2.27 1
o1 7.08 498 4,13 165 3.34 312 295 2.82 272 263 It
005 8.49 579 473 4.14 176 349 329 an 301 2.90 ]
001 1197 777 6.17 531 476 4.37 409 136 269 154 i 1
90 25 1.34 141 1.39 1.37 135 133 132 1.31 130 129 'I{
Jo 276 236 2.15 2.0l 1.9! 184 1.78 174 1.70 1.67 t
.05 1,95 1.10 27 247 232 220 211 2.04 1.99 1.94 ! 4
025 520 384 326 293 27 2.5 2.43 2.34 2.26 219
.01 693 - 4.85 4.0 333 2 101 2.84 2n 2.61 piL7) I .
005 8.28 5.62 4,57 39 3.62 335 315 3.00 2.87 277

001 11.57 747 > 591 3.06 4353 4.15 .87 3.65 348 3134 '

120 25 1.34 [.40 1.39 1.37 .35 133 L) 1.30 1.29 [.28 l
Jd0 275 235 213 1.99 1.90 1.82 L7 L72 1.68 1.65 !
05 in 3.07 268 245 229 2.18 209 202 1.96 19 k4
{025 5.13 3.80 i 2.89 2.67 252 2.39 130 e 216
.0l 6.85 4.79 395 348 i 296 .19 2.66 256 247 '

2005 18 5.54 4.50 392 355 328 .09 293 281 2
001 1138 7.32 578 4.95 442 4.04 T 355 338 324

240 .25 133 1.)9 1.38 1.36 1.34 1.32 130 1.29 127 1.27
10 273 232 2,10 1.97 1.87 1.80 1.74 L70 165 1.63
a5 3.88 3.03 264 24) 225 2,14 204 1.98 192 1.87
025 5.09 375 17 28 2.62 245 M 225 217 210 ‘
0l 6,74 4.69 86 340 109 2.88 27 259 248 240 H ! l
003 8.03 542 4,38 3.82 345 kN | 299 184 7 261 ]
001 110 7.11 5.60 4.78 4.25 3.89 152 34 324 309 |

o

-] 25 132 139 1.37 135 133 131 1.29 1.28 127 1.25 A1 I
.10 71 230 2,08 194 1.85 LT L2 L.57 163 1.60 o
05 .84 3.00 260 237 221 210 2.01 1.54 1.88 1.8 i
02§ 5.02 368 312 279 2.57 241 229 219 1 205 |
.01 6.63 4.61 378 12 kZivd 2,80 264 2.51 241 232 ! l
.005 7.88 5.30 4.28 in 335 3.09 290 274 2.62 252 |
001 10.83 6.91 542 4.62 4.10 3.94 4 327 10 296
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d,"{ er l‘Lut‘-'ew

’ r
df,
12 15 20 24 30 40 60 120 240 0 a df,
131 130 128 L6 L2514 12 121 120 119 28 40
L7 166 161 157 154 1S5I 14T 142 140 138 .10
200 192 184 119 174 169 L&+ 158 <14 151 .05
229 218 207 200 194 188 180 L 172 168 164 .02
266 252 237 229 220 210 202 192 igs 180 Ot
295 278 260 250 240 230 218 206 200 193  .005
364 340 314 301 287 273 257 241 232 223 .00
129 127 125 124 122 W21 L1917 L6 115 .25 60
166 160 154 151 148 144 140 135 132 129 .10
192 L84 175 L0 165 159 153 147 143 139 05
207 206 184 188 182 LM 167 158 (S} 148 025
250 235 2200 242 203 LM 184 13 167 160 01
274 257 239 229 219 208 196 183 176 169  .005
332 308 283 269 255 241 225 208 199 189 001
127 L2 123 122 120 L9 L7 L1s 113 L1z oas 90
- 162 156 150 147 143 139 L3S L2 126 123 .10
186 L78 169 164 159 133 146 139 135 130 05
209 198 1.8 180 173 L66 158 148 43 137 .025
) 239 224 209 200 192 182 L2 160 153 146 01
261 244 225 215 205 194 182 168 161 152  .005
301 288 263 250 236 221 205 L8 1717 166 .001
126 124 122 121 L9 LIS LI6  LI13 L1210 25 120
160 155 j48 145 141 137 132 126 123 LIS .10
183 175 166 161 155 150 143 135 L3t 125 .05
205 194 182 L7+ 169 161 153 143 L33 131 025
234 219 203 195 186 176 66 153 146 138 .0l
254 237 219 209 198 187 175 L&l 152 143 .05
302 278 253 240 226 211 185 LT 166 154 .00l
25 123 121 L1 TLIE 116 L4 LIl 109 LT 25 240
157 152 145 142 138 133 128 122 L8 113 10
179 171 L6l 156 151 144 137 129 124 L1705
200 189 177 L7 163 155 146 135 129 121 .025
226 21F 19 187 178 168 157 143 135 125 0L
245 228 209 199 189 177 164 149 140 L2800
288 265 240 226 212 197 130 L6l 149 135 .00l
124 122 419 L18 L1614 L12 108 106 L0025 o
155 149 142 138 134 L3I0 124 17 L1210 10
175 167 157 152 146 139 132 122 LIS 100 08
194 183 171 164 157 148 139 127 L9 L0025
218 204 188, L9 170 189 147 132 1227 100 01
. 236 219 200 18 L79 L67 153 136 k25 100 .005
274 251 227 213 199 184 166 145 131 L0000l
Source: Computed by P, J, Hildebrand
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