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3. LFEERE
(1) flypaper effect (5%)
(2) capitalization (5%)
(3) rent seeking (5%)

(4) Coase theorem (5%)
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1. (10%) A firm uses 2 inputs to produce 1 output. The production function is f(x,,%,) = max{x,x,}.

(8) Calculate the cost-minimizing factor demands to produce 1 unit of output when the vector of factor
ptices is (w), w,) = (L1) . (2%)

(b) Another firm wuses 4 inputs to produce 1 output The production function is
Ff(x, %y, %5, x,) =min{x,,2x,} + min{2x;, x, 3. _Calculate the cost-minimizing factor demands to
produce 1 unit of output when theé vector of factor Pricesis (w,, w,, w;, w,) = (1,2,3,4). (4%)

() A third firm also uses | 4/ inputs to produce 1 ‘output. The production function is
F(xy, %y, %4, %, )= min{x, +2x,,2%; + x,}. Calculate the cost-minimizing.factor demands to produce 1

unit of outpht when the vector of#factor prices is (w;, w,,W,, Wy) = (1,2,3,4),. (470)

2. (10%) Ayako is an economist currently lives and works in (Washington) D.C. The job pays her §150, and

Ayako has no other income. Het utility function is #(x, ) =min{x, y} , where xand y are two goods that she

consumes. Let (p,, p, )} =L Ariko's boss isasking her to move to New Yotk where (p,, p,) =(1L2). There

is no change in the szlary. Ayako is veryrangry so she went to talk to her boss: “Although I do not mind
moving to New York, but this move is as bad as a cut in the salary of $A inD.C. T wouldn't mind moving to

New York if I receive a raise of at least §B.> What are A and B? (5%, 5%)

3. (10%) Fish farmers culture a certain kind of fish using land and labor. The labor cost in dollars to

produce y tons of fish isc(y) = »*. There are 100 identical fish farms which all behave competitively.
J

(2) What is the individual fish farmer’s supply curve of fish y(p)? (3%)

(b) What is the market supply of fishY(p)? (2%)

(c) Suppose the demand curve of fish is D(p) =200—50p . What is the equilibrium price and quantity sold?
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(2%)

(d) What is the equilibrium rent on the land? (3%)

4. (10%) Two teenagets (Players A and B) decided to settle a dispute through playing Chicken. They would drive
their cars towards each other at maximutn speed on 2 one-lane road. Each has two strategies: stay on the road
ot swerve to the roadside. If one player giGoses to swer¥eto the roadside he loses face; if both swerve to the
roadside, they both lose face. Howeyet, if both choose to . stay on the road, they will both be killed in a

head-on collision. The payoff matrix of this Chicken game is as follows:

Player B
Stay on the Swerve toithe
road roadside
Stay on the
Pléyer road -3,-3 - 2,0
A Swetve to
the roadside 4| 0,2 1,1

(@) Find all pure strategy equilibtia. (4%)
(b) Find all missed strategy equilibria. (3%)

(c) What is the probability that both teenagerswill. surviver (3%)

5. (10%) A restaurant that you often geo in your sieichbothood is for sale. Suppose the restaurant is currently
making x >0 dollars, and you ate the only person who is seriously thinking about buying the restaurant. Since
you are a more efficient manager, once taking over the restaurant, you will be able to make €k dollars,
where § >1. You and the current owner would reach an agreement as long as (expected) profits ate
nonnegative.

(2) Suppose you know the exact amount of x . Maximizing profit, what is your total willingness to pay for the

restaurant and why? (3%)
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(b) Suppose the exact amount of xis a private information of the current owner but you know it is drawn
from uniform distribution with range [0,100]. Find out the parametet value @, below which you should

never buy the restaurant. (7%)

(16%) 6. Consider the following set up:
a. Aggregate supply (AS) is perfectly flat;
b. Taxes are lump sum: T=70;
c. Consumption function: C = 120P +£0.9*Y®s, YP is disposable income
d. Government expenditure: & =70, Net ExportiNX= 0;
€. Investment function: 1= 60 —2.5%; 1 is the real interest rate,
f. Money supply.is: _M=350;
g.Money demandis: M = 100 —5*:;

Answer the following questions:

1) Suppose that the output gap (the difference between full employment and equilibrium
output) isy100. The Central Bank’s target is to' make the gap equal to zero. Should the
Central Bank increase or decrease the money supply? (3% ) By how much? (6%) Show
your work.

2) Suppose now that aggregate supply is upward sloping. Its function is: P = 50+Y. Would
the policy you found at 1) be.entough to close'the output gap? Explain. (5%)

(16%) 7.  Imagine that the tax system in country A prescﬁbes (#.52 ) that no taxes are levied on
income below $20,000 and a tax 0f'30% is levied on.all the income above $20,000.

The tax system in country B instead prescribes that no taxes are levied on income below
$5,000 and a tax of 30% is levied on all the income above $5,000.

1)Imagine that Luca has an income of $25,000. What is the marginal tax rate and the
 average tax rate that he would face in country A and in country B? (4%) What happen to
his labor supply if he moves from country A to country B? (4%)
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2) Now imagine that Marco lives in country B, but the tax system suddenly changes and no
taxes are levied on income below $20,000 and a tax of 32% is levied on all the income
above $20,000. At the same time Marco find a very good job and his income becomes
$80,000. What is the marginal tax rate and the average tax rate that he would face now
in country B? (4%) How do these changes affect his labor supply? (4%)

(18%) 8. How would each of the following changes affect the steady-state values of the
capital-labor ratio, output per worker, and conSumption per worker?

1) A change in the composition of the capital stock raises the depreciation rate. (6%)
2) Government tax‘policies.change to encourage a higher saving rate. (6%)
3) A supply shock reduces productivity sharply..(6%)
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L. Buppose that lin% =b, find o + &
T

A 1
2. Find 1 .
: "E'gﬂgl 2n+ 3k

(W]

. Let f{z) be a positive differentiable function, and for any real numbers z,7, f(rz) = (f (x))". If
F(1) =2, find f(1).

4. Let g(z) = f:s te” dt. Find g"(0).
5. Find the smallest positive number A such that lnz < Az® for allz > 0.

6. Ewvaluate the following:
(a) /e-.r (lnz)ﬂdm
1

3
(b) [- i z[|z%]|dz: where [[y]] denotes the (Yaussian function, that,is the largest infeger that is less

than or equal to v.

|

B Lo / 1 n
. Find the Maclaurin series for f(z) = (TI—)Q Use thissseries to find the sum > (n- 1) (;) .
- n=1 =

o0

. Solve the differential equation g* = %’ with ¢'(0) = y(0) = e.
0 g r— \ . A : 9z Oz
9. Suppose that z = f for some differentiable funetion f. Show that o—— + vy

d f . .
10. Suppose that the rate _Pt_ at which the consumer price index (CPI) changes is proportional to p with

dP : .
constant inflation rate &, thatis o kP. Find p(t) when p(0) = pp. About how many years will
it take the CPI to increase 50% ifthe inflation rate 190.057
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Do All Questions.

Question 1: (10 points, 5/5)

If the joint probability distribution of X and Y is given by:

Flx, ) = ela®+ v*) Forx = ~1,0, L3pei= —1,2,3

(1) Find the value of c.
(2) Find P(x +Y > 2).

IQuestion 2: (15 points)

Suppose that a random variable X has the probability density function (pdf):
y = [Bx{1— x) 0=<x <1
flx) { 0 elsewhere

Let Y be a second random variable funetionallyrelated to X accordingto Y= 2X + 1.
Find the pdf for Y.

@gestion 3: (10 points, 5/ “_;

Let X and Y be random variables with

- _ {1 - y<a<y, O0<yval
fo, yi= - N
0 elsewhere

(1) Find Cav{X,¥Y) =?
(2) Are X and Y independent?
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Question 4: (25 points, 10/15)|

MEABT THRELZ V422 A0R  HHMRBHE SO B FZ AL -
90 95 73 65 52 62 95 80 73 30
60 45 65 75 90 66 57 60 70 50

60 70 63 95 80 84 68 65 80 75
40 80 66 45 80 42 25 45 48 60
55 70 80 84 58 LY 70 80 86 90

(1) 2 Esfidbsh A4 L A &= 80 404k » B &5F 70779 4 » C5& 5% 60769 %4 » D &5~ 59 4-2AF »
HEMR AL G 2RRA B Co D ERXLHRE 48 F? (o= 0.05)

(2) R3F Ll A4 REAME AR a2 R AL BA =66 ; 0=16 K BoE? (a=0.05)

IQuestion 5: (25 points; 5/ 10/5/8) ,

FNNBEEBAL  BAEBBENE S HHlott  BRBE 25 Ny 0 5H# F ML S0 A
FEEsHH 168 g - '

() BI%BEERET EREEBAENTHSBRTAH 163 20 7 (5 H LB A K G AN 163 27)
Q) EHBES 160,165,170,195 .07 BF k4 Wah T 71 ok B eheR -

() ARQ) I AEEHREX T EEHAHRAE 100 5 0 A &R 7EIL?

4) ARQ)Y A AREEEREZT » ZEHRAEA 100 B - T HEH TEAL?
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|Question 6: (15 points, 5/5/5)%

REBHNDAATRTAREECHEAEHAETIEI L2 MGG MAERT R 15
HHER RHAHEEAFTH LEABEQIEEE M RE IR BROBE T2
AR MERL AU TEOE RS A

$RARR | FHESS) B & EdD MAMS)  FREM
WE | 4,034.415] (d) (e)
®E | (a) (©) 16879093

wf (b)

(1) RKH(a) E(e)ey B M B E -
(2) RKH £ 4d -
(B) M X BHEBRATALE - (R a=0.05

i} =R M M OB # X




BiggR2 At SEEHAEP

5

S48 4 4 A

#( 7~ R
_ S ATRE E#5R
# % # B%hHS o BB ECAT # W% )
A\ (Bt
; B.1 Areas under the Normal Curve
8
]
Example:
If z=1.96, thep .
P10 2) = Mii/.'
27—
z 0.00 ol 0.02 0.03 0.04 Ol = 0,06 0.07 0.08 0.09
0.0 0.0000 0.0040 0.0080 0:0120 0.0160 0.0199 0.0238 0.0279 0.0319 0.0359
0.1 0.0398 0,0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.2 0.0793 0.0832 0.0871 0.0910 0.0848 0.0887 0.1026 0.1064 0.1103 0.1141
0.3 0.1179 0.1217 0.1255 0.1293 0.1331 0.1388 0.1406 0.1443 0.1480 0.1517
0.4 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 01772 0.1808 0.1844 0.1879
0.5 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
0.7 0.2580 0.2611 0.2642 0.2673 0,2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2339 0.2967 0.2895 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 0.3159 03186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3388
1.0 | 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
1.1 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
1.2 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
1.3 0.4032 0,4049 0.4066 0:4082 0.4099 04115 0.4131 0.4147 0.4162 0.4177
1.4 0.4192 0.4207 0.4222 08.4236 0.4251 0.4265 0.4278 0.4292 0.4306 0.4319
1.5 0.4332 0.4345 0.4357 0.4370 0.4382 0.4384 0.4406 0.4418 0.4429 0.4441
1.6 0.4452 0.4483 0.4474 0.4484 0.4495 0.4505 04515 0.4525 0.4535 0.4545
1.7 0.4554 0.4564 0.4573 0.4582 0.4591 0.4589 0.4608 0.4616 0.4625 0.4633
1.8 0.4641 0.4649 {.4656 B 4664 0.4671 0.4678 0.4686 0.4693 0.4699 047086
1.9 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767
2.0 | 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817
2.1 0.4821 0.4825 0.4830 0.4834 (1.4838 0.4842 0.48486 0.4850 0.4854 0.4857
2.2 0.4861 0.4864 0.4868 0.4871 0.,4875 0.4878 0.4881 0.4884 0.4887 0.4890
2.3 ‘ 0.4893 0.4896 0.4898 0.4501 0.4904 0.4806 0.4909 0.4911 0.4913 0.4916
2.4 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 ' 0.4931 0.4932 0.4834 0.4836
25 0.4938 0.4940 0.4941 0.4843 0.4945 0.4946 0.4948 0.4943 0.4851 0.4952
2.6 0.4953 0.4955 0.4956 0.4957 0.4859 0.4960 0.4961 0.4962 0.4963 0.4964
27 | 0.4965 0.4956 0.4967 0.4968 0.4969 0.4870 0.4971 0.4972 0.4973 0.4974
2.8 0.4874 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4881
2.9 0.4981 0.4982 0.4982 0.4983 0.4984 | 0.4984 0.4985 0.4985 0.4988 0.4886
3.0 0.4987 0.4987 0.4887 0.4988 0.4588 0.4989 0.4989 0.4989 0.4980 0.4980
% 2= O m M A5 # oz
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B.2 Studant’s t Distribution

Confidence interval Lefi-tailed test Right-tailed test Two-tailed test

Confidence intervals)c _Confidence Intervals, ¢

80% | 0% | 95%| 8% | eo% | o9a9% 80% = S0% | 5% | 98% | 99% | 99.9%
Lavel of Significance for One-Tailed Test, o Leyel of Significance for One-Tailed Test, «
dgf | o100 | o050/ 0025 | 0010 | 0.005+" 0.0005 af | oa00 | 0.050 0,025 | o010 | o005 | 0.0005
Level of Significance for Two-Tailed Test, o - Level of Significance for Two-Talled Test, a
0200 | od0 0.05 ooz /1 oot 0.001 | 0200 | 040 0.05 0.02 0.01 0.001
1 | 3078 | 6814 | 12708 | 31821 | 63657 | 635.619 360 1306 | 1888 | 2028 | 2434 | 2719 3.582
2 | 1.886 | 2820 | 4303 | 65965 | | ©.925 ks 31.599 37 ‘ 1305 | 1.687 | 2026 | 2431 | 2715 3.574
3 | 1638 | 21353 | 2482 | 4541 | | Ea4i 12.924 38 | 1.304 [ 1886 | 2024 | 2428 | 2712 3.566
4 | 1533 | 24202776 £ 3747 | (4504 | 85610 39 | 1.304 | 1685 | 2023 | 2426 | 2708 3.558
5 | 1476 | 2085 || 2.571 3365 | 4082 6,869 40" | 1.303 | 1.884 | 2.021 2.423 | 2704 3,551
6 | 1.440 | 1943% 2447 | 3143 | 8707 5.959 4 | 1303 | 1888 | 2020 | 242 2701 | 3544
7 | 1415 | 1895 %235 | 288 | 843 5.408 42 | 1302 | 1882 #2018 | 2418 | 2698 3.538
8 | 1.397 | 1.860 | [2.308 | 2.886 | | 3.355 5.041 43 | 1302/ 18814 2017 | 24168 | 269 3.532
9 | 1383 | 1833 | 2282 | 2821 | 3.250 4.781 44 | 4304 | 1880 2015 | 2414 | 2692 3.526
10 | 1.372 | 1812 || 2228 | 2784 I 3169 4.587 45 471301 | 1679 | 2014 | 2412 | 2890 3.520
11 | 1.363 | 1796 |1l 2200 2718 [4,3. 108y, 4.437 46 40 1300 | 1675 [| 2013 | 2410 | 2687 3515
12 | 1356 | 1782 | 2179 | 2681 | 3055 4318 47 | 1.300 | 1678 | 2012 | 2408 | 2685 3510
13 | 1350 | 1771 | ‘2180 | 2650 | 3.012 4.221 48 | 1299 | 1677 | 2011 2407 | 2682 3.505
14 | 1345 | 1761 | 2u45 | 2624 | 2977 4140 48 | 1299 | 1877 | 2010 | 2405 | 2680 3.500
15 | 1341 | 1753 | 2.13 2602 | 2947 4073 50 | 1299 | 1675 | 2009 | 2408 | 2678 | 3.49
| |
16 | 1.337 1746 | 2120 ' 2.583 2.921 4,018 o 1.298 | 1.675 2.008 2.402 2.676 3.492
17 | 1333 | 1740 | 2110 | 2.567lmuoi808 3.965 52w 1298 | 1675 | 2007 | 2400 | 2674 3.488
18 | 1330 | 1734 | 2101 2552 | 2878 3.922 53 | 1298 | 1674 | 2006 | 2399 | 2672 3.484
19 | 1328 | 1729 | 2083 | 2539 | 2.861 3.883 54 | 1287 | 1674 | 2005 | 2397 | 2670 3.480
20 | 1325 | 1725 | 2086 | 2528 | 2845 |  3.850 55 | 1297 | 1673 | 2004 | 2396 | 2668 | - 3.478
21 | 1323 | 1.721 2080 | 2518 | 2.831 3.819 56 | 1297 | 1673 | 2003 | 2395 | 2.667 3.473
22 | 1321 | 1717 | 2074 | 2508 | 2819 3.782 57 | 1207 | 1672 | 2002 | 2334 | 2665 3.470

23 1.318 1.714 2.068 2.500 2.807 3.768 58 | 1.296 1.672 2.002 2.392 2.663 3,466
24 1.318 1.711 2.064 2492 2.797 3.745 58 | 1.296 1.671 2.001 2.391 2.662 3.463

25 | 1316 | 1708 | 2080 | 2485 | 2787 3.725 60 | 1.296 | 1671 | 2000 | 2390 | 2660 | 3.460
|
26 | 1315 | 1706 | 2056 | 2479 | 2779 3.707 61 | 129 | 1670 | 2000 | 2.389 | 2658 | 3.457
27 | 1314 | 1703 | 2052 | 2473 | 277 3.690 62 | 1295 | 1670 | 1.993 | 2.388 | 2657 | 3454
28 | 1.313 | 1701 | 2048 | 2467 | 2783 3.674 63 1205 | 1669 | 1.998 | 2387 | 2856 | 3452
29 | 1.311 | 1699 | 2.045 | 2462 | 2756 3.659 B4 | 12957| 1669 | 1998 | 2386 | 2655 | 3449
30 | 1310 | 1.697 | 2042 | 2457 | 2750 3.646 65 | 1295 | 1669 | 1.997 | 2385 | 2654 | 3.447
|
81| 1809 | 1885 | 2040 | 2453 | 2744 3.633 65 | 1285 | 1668 | 1997 | 2384 | 2652 | 344
32 | 1309 | 1694 | 2037 | 2449 | 2738 | 3622 67 | 1284 | 1668 | 1.99% | 2383 | 2651 3442 |
33 | 1308 | 1.692 [ 2035 | 2445 | 2733 | 3611 68 | 1.204 | 1668 | 1.995 | 2382 | 2650 | 3.439

34 1.307 | 1.891 | 2032 2.441 | 2.728 3601 ° 68 | 1.284 1.667 ‘ 1.895 | 2.382 2.648 3.437

35 1.306 | 1.680 | 2.030 2438 | 2724 3.591 70 | 1.204 1.667 1.954 i 2.381 2.648 3.435 ]

L. _ (eontinued) |
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]
P
Confidence Intervals, ¢ * Gonfidence Intervals, ¢
B0% | 90% | 9% | .G8% | 99% | 99.8% g0% | s0% | o5% | 88% | 9% | g09%
Leve!l of Significance for One=Talled Test, -y Levelof Significance for One-Talled Test, o
df | 0100 | 0050 | 0025 | 0010 | 0005 | 00005 #F | 0400 | 0058, | w025 | 0.010 | 0005 | 0.0005
Level of Significance for Two-Taifed Test, « | Leve! of Significance for Two-Tafled Test, o
e = = :
0200 | 0.0 0.05 Y | o 0:001 6,200 | 010 005, | 002 0.01 0.001
71 | 1204 | 1887 | 1.994 | 2380 | 2847 | 3.433 B9 | 1281|1862 | 1.967 | 2369.| 2632 3.403
72 | 1203 | 1666 | 1,883 | 2370 | 2646 | 3431 90| 1291 | 1662 | 1887 || 2368 | 2632 3.402
73 | 1203 | 1.666 | 1.883 | 2375 | 2645 | 23429 A o | o san
74 | 1293 | 1686 | 1.883 | 2378 | 2644 | 3427 - . : |2 : :
75 1,293 1.665 1.982 0877 2.643 2405 92 1.291 1| 1.662 1.986 | 2.368 2.630 3.399
, 93 | 1291 1661 | 1988 ‘ 2.357 | 2.630 3.398
76 | 1203 | 1665 0882 | 0376 | 26427118423 oag| 1201 861 | 1086 | 2367 | 2620 3.397
77 | 1203 | 1665 [%. 1.991 odge | 2641 |D 3421 95| 1291 | (1861 | 1885 | 2386 | 2629 3.396
78 | 1282 | 1665 | ‘ool 2375 | 2640 | 3.420 - '
79 1.092 1.664 1090 2374 I 2 640 3.418 o6 1.290 1.661 1.885 | 2.366 2.628 3.395
80 | 1202 | 164 | [1.980 | 2874 ¥, ‘2639 |7 3.416 gg qggg ]gg} 1332 [ gggg ggg gggg
g1 | 1202 | 1664 | (1980 | 2373 |u 2633 | 3.415 oo 1280 | 1680 | 198 | 2365 | 2626 | 3.3
82 | 1202 | 1664 | 11989 | 2373 | 2637 3413 To0. 1280 | 1660 | 1.984 | 2364 | 2626 3.390
83 | 1202 | 1663 | 1988 | 2372 | 263603412 .
84 | 1292 | 1883 | 1889 2372 2 838 3410 120 | 1.283 | 1658 | 1.880 2.358 2,617 | 3373
BS | 1282 | 1663 | 1988 | 2371 2635 | 3.400 lég 1323 1222 i 12% gggg 322}17 ggg;
86 | 1201 | 1663 | 1.088 [Wy2370° 112834 | _afny 180 | 1285 .53 | 1.973 | 2347 | 2603 3,345
87 | 1201 | 1663 | 1988 | 287263491  3.406 200 | 1.286" | 1653 | 1972 | 2345 | 2601 3.340
88 | 1.291 | 1662 | 1.987 | 2.369 | 2633 | 3.405 ® 1 1282 | 1645 | 1960 | 2326 | 2.576 3.291
] R O824 B A2 # %
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B.3 Critical Values of Chi-Square

This table contains the values of ¥? that correspond to a specific right-tail area and
specific number of degrees of freedom.

Example: With 17
dfand a.02 area in
the upperail, 2 = 30.995

Degrecs of | Righi-Tail Area
Freedom, B |
df 0.18 0.05 0.02 0.01

1 | 2.706 3.841 5.412 6.635
2 | 4,605 5.991 7.824 9.210
3 | 6.251 7.815 0.837 11.345
4 ! 7.779 0.488 11.668 13.277
5 ] 9,236 11.070 13.388 15.086

6 10.645 12.582 | 15.033 16.812
b | 12017 14.067 | 16.622 ; 18.475
8 | 13.362 15.507 184168 20.090
9 14.684 16.919 _19.678  21.666
0 I, 15.987 18.307¢ 24,161 23.209

11 17.275...19675 22618 24725
12 18540  21.026 24054 26217
13 19.812 22362 25472  27.688
14 21064 23685 26,873 29441
15 " 22307, 24896 2825 480578
16 ‘ 23542 2620629533  32.000
17 24760  27.587  30.995  33.409
18 25089  28.860  32.346  34.805
19 27204 30144  33.687  36.191
20 28.412 31410 35020  37.586
21 29615 32671 36343 38932
22 30813  33.924  37.659  40.289
23 32007 35172  38.968  41.638
24 33196 36415 40270  42.980
25 34382 37652 41566  44.314
26 35563  38.885  42.856  45.642
27 38741 40113 447140  46.963
28 37.916 41337 45419  48.278
29 39.087  42.557 46,693  49.588
30 40256 43773  A7.962  50.892

# R O M 5 o %
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B.4 Critical Values of the F Distribution
at a 5 Percent Level of Significance

Degrees of Freedom for the Nﬁmeratur

1 | of | 8 4 5| 6| 7 | 8 a0 | 40 | 12 f 15| 20 | 24 | 30 | 4

1| 161 | 200 | 216 | 228 | 230,124, 257 | 23 | 24%, 242 | 264 | 245 248 | 240 | 250 | 251
2| 185 | 18.0/f 182 | 192 | 193 | 193 | 194 | 194 | {94 §194 | 194 | 194 | 194 | 195 | 195 | 185
3| 101 | 855|828 | g2 | G0 | 894 | .89 | B85.( 861 | 879 | 874 | 870 | 885 | 854 | 862 | 859
4| 771 | Bo4 | 658 | 638 |[626 | 6.16 ‘ 609 | 6.04 | 800 | 596| 591 | 586 | 580 | 577 | 575 | 572
5| 661 | 5.79 | 541 | 548 | 505 | 495 | 488 | 4820 477 | 474 | 488 | 462 | 456 | 453 | 450 | 445

i |
6 | 599 | 5H4'| 476 | 483 | 430 | A28 a1 PgEs | o ‘ 406 | 400 | 394 | 387 | 384 | 381 | 377
7| 559 | 474 [1488 | 442 || 397 |.a87 } 379|678, 358 | 354 | 857 | @51/ 344 | 341 | 338 | 334
B | 532 | 446% 407 | 88 | 369 | 358 | a50 | 344 | 330 | 385 [ 1828|522 | 315 | 312 | 308 | 304
9| 512 | 426 a6 | 368 IL348 | 337 | 320 | 323 | 88 | 314/ 807 | 301 | 294 | 280 | 285 | 283
10 | 496 | 470 | 37170848\ a3 | 322 |34 | Bo7 | 802 | Pog (1261 47285 | 277 | 274 | 270 | 268
11| 484 | 398 | (858 | 338 (k3% | 208 [V301 | 2os | 280 £ AR | 285 | 261 | 257 | 253
12 | 475 | 3.89 | f2.480 0 @2E | Bt Wea.00 | 285 | 280 4f275 | 260 | 262 | 254 | 251 | 247 | 243
13 | 467 | 381 | 341 | 348 | 208y 202 | ozl o7l| 267 | 260 | 253 | 245 | 242 | 238 | 23
14 | as0 | 374 | B34 311 | 296 |M2ss | 1570 1965 | 260 | 253 | 246 | 239 | 235 | 231 | 227
15 | 454 | 368 | 20| 306 | 280 | 278 Na7iulia6a | 258 | 254 | 2480 240 | 233 | 220 | 225 | 220
|

16 | 449 | 363 | 328, 301 | 285 | 274 | 266 | 250 | 254 | 249 242 | 235 | 228 | 224 | 219 | 215
17 | 445 | 359 3.20\ 206 | 281 | 270 255 | 249 | 245 #0238 | 231 | 223 | 218 | 215 | 210
18 | 4.41 | 355 | 3.6 | 208.| 277 | 2566 Baf, 251 1246 | 240" 234 | 227 | 218 | 215 | 241 | 206
19 | 438 | 352 | 313 | 2.00 | 274miw93 | 254 | 248mm2e4200°2.38 | 231 | 223 | 216 | 211 | 207 | 2.03
20 | 435 | 349 | 3.10 ‘ 287 | 271 | 260 245 | 239 | 2.35 228 | 220 | 212 | 208 | 204 | 199

CNEn

a1

Degrees of Freedom for the Denominator
P
c_.r;l C

21 432 | 347 | 307 | 284 | 288 | 257 | 249 | 242 | 237 | 232 | 225 | 278 | 210 { 205 | 201 | 1.96
22 | 430 | 344 | 305 | 282 | 266 | 255 | 246 | 240 | 234 | 230 223 235 | 207 | 203 | 108 | 164
23 | 428 | 342 | 3.03 | 280 | 2.64 | 253 | 244 | 237 | 232 | 227 | 220 | 213 | 205 | 201 | 196 | 181
24 | 426 | 3.40 | 301 | 278 | 262 | 2.51 2472 | 236 | 230 | 225 | 218 | 211 | 2.03 | 198 | 1.94 | 1.89
25 | 424 | 339 | 299 | 276 | 260 | 249 | 240 | 2.34 | 228 | 224 | 216 | 208 | 2.01 196 | 1.92 E 1.87
|
|
|

40 | 4.08 | 323 | 2.84 | 261 245 | 234 | 225 | 218 | 212 | 208 | 200 | 182 | 1.84 | 179 | 1.74 | 1.69
60 | 400 | 315 | 276 | 253 | 237 | 225 | 217 | 210 | 204 | 1.99 i 184 | 175 | 1.70 | 1.65 | 189
120 | 392 | 307 | 268 | 245 | 229 | 218 | 2.09 | 202 | 196 | 181 | 183 | 1.75 | 1.66 { 167 | 1.55 | 1.50
w | 384 | 3.00 | 260 | 237 | 2.21 2,10 | 2.01 ] 104 | 188 | 183 | 175 | 1.67 | 157 | 152 | 1.46 | 1.39

-1.92

|
30 | 417 | 332 | 292 | 269 | 253 | 242 | 233 | 227 | 221 | 216 | 209 I 207 | 1.83 | 189 | 1.84 | 1.79
|

# o OB M % # R




. e oF 28
BILEHERE At BEEHEA e BB A R IAA
N %7 R &
N
] 3A T8 Exma |
. R E Ffr z| : %ﬁ B%‘ Faﬂ sk
£ ® # 8% | BB ) [* (i)
B.4 Critical Values of the F Distribution at a
< & ; H om0 : -
| Percent Level of Significance {concluded)
V N\ |
0 £
Degrees of Freedom for the Numeratnf_ __
1 | 2 3 4 5 6 | 7 | } . 8 10 12 15 | 20 24 | ap 40
1 4052 | 5000 5403 | 5625 5764j 5858 | 5928 | 5981 } 8022 | 6056 6106 6157 | 6209 6235 | 6261 6287
2 98.5 38.0 99.2 99.2 99.3 99.3 09,4 994 | 99.4 99.4 99.4 994 | 994 985 98.5 99.5
3 34.1 30.8 28.5 28.7 28.2 278 277 | 215 27.3 27.2 271 26.9 | 26.7 26.6 26.5 26.4
4 21.2 18.0 16.7 16.0° | 15.5 15.2 I 15.0 | 14.8 14.7 14.5 14.4 14.2 | 14,0 13.9 13.8 13.7
5 16.3 13.3 12.1 114 | 11.0 10.7 | 10.5 | 10.3 10,2 101 9.88 972 9.55 9.47 9.38 9.29
5] 137 10.8 8.78 8.16 8.75 } 8.47 l 8.26 | 8.0 7.98 . 7.87 7.72 7.56 7.40 7.31 7.23 714
7 12.2 | "8.55 8.45 7.85 7.46 [ 7.18 | B.99 6.84 6.72 | 6.62 5.47 6.31 6.16 6.07 5.99 5.91
8 1.3 8.85 7.59 7.01 6.63 i 6.37 | 6.18 6.03 5.91 5.81 S | 46.52 5.36 5.28 5.20 5.12
9 10.6 B.02 £.99 8,42 6.06 | 5.80 | 5.81 5.47 5.35 5.28 e 11 | 4.96 4.81 473 4.65 4,57
L 10 10.0 7.56 6.55 5.9 | 5.64 5.39 5.20 5.06 494 51 485 41 4.58 4,41 4,33 4,25 417
kS !
g 11 9.65 7.21 6.22 5.67 L %rd 5.07 4.89 4,74 4.63 4,54 4.40 4.25 4,10 4.02 3.94 3.86
g 12 9.33 | 6.93 5.95 5.41 5.06 482 | 464 | 450 438 4.30 4,18 4,01 3.86 3.78 3.70 3.62
2 13 5 9.07 | 8.70 574 5.21 486 4,62 | 4 44 | 4:30 4,19 410 3.96 3.82 3.66 3.59 3.51 3.43
g 14 B.86 | 6.51 5.56 5.04 4,69 4,46 | 428 | 444 4,03 3.94 3.80 3.66 3.51 3.43 3.35 3.27
5 i5 868 | 6.36 5.42 4,89 4,56 4,32 4.14 4.00 3.89 3.80 3.67 3.52 3.37 3.28 3.21 3.13
E 16 8.53 '. 6.23 529 1 477 4,44 4.20 4.03 3.89 3.78 3.69 3.55 3.41 3.26 3.18 3.10 3.02
§ 17 | 8.40 | 8.11 5.18 l 467 4.34 410 3,93 3.79 3.68 . 3.59 3.46 3,31 3.16 3.08 3.00 2.82
= 18 8.29 6.01 | 5.09 |58 4.25 4.01 384 3.71 3.60 o1 3.37 3.23 3.08 3.00 2.92 2.84
5’, 19 8.18 | 5.93 | 501 | 450 J 473 94 | 3.77 3.63 352 3.43 3.30 | 315 3.00 2.2 2.84 2.76
@ 20 8.10 5.85 4,94 ‘ 4.43 410 3.87 3.70 3.56 3.45 3.37 3.23 3.09 2.94 2.86 2.78 2.59
fer)
a 21 8.02 5.78 487 | 437 4,04 3.81 3.64 3.51 3.40 3.31 3.17 3.03 2.88 2.80 272 | 264
22 795 | 572 4.82 4,31 3.99 3.76 3.58 3.45 3.35 3.26 3.12 2.98 2.83 2.75 2.67 2.58
23 7.88 5.66 4,76 4.26 3.94 3.71 3.54 3.41 3.30 3.21 3.07 2.893 2.78 2.70 2.62 2.54
24 7.82 561 | 472 4,22 3.80 3.67 3.50 3.36 3.26 3.17 3.03 2.88 2.74 2.66 2.58 2.49
25 7.77 5.57 4.68 418 3.85 | 3.83 3.46 3.32 3.22 3.13 2.99 2.85 2.70 2.62 2.54 2.45
30 7.56 5.38 4,51 4.02 3.70 | 3.47 3.30 3.17 3.07 2.98 2.84 2.70 2.55 2.47 239 | 230
40 7.31 | 5.18 4,31 3.83 3.51 | 3.29 3.12 2.99 2.89 2.80 | 268 2.52 2.37 2.29 2.20 1 211
60 7.08 4.98 413 3.65 3.34 3.12 2.85 2.82 272 2.63 ‘ 2.50 2.38 2.20 232 2.03 1.94
120 6.85 4,78 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 ‘ 2.34 2.18 2.03 1.85 1.86 1.76
o 6.63 4.61 3.78 3.32 3.02 2.80 |' 2.64 2.51 2.41 2.32 2.18 2.04 1.88 1.78 1.70 ; 1.59
5 A OB M A # 3%




