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1. Consider adding a third factor of production to our standard model of production.
Denote the third factor as M, and let this represent land that is in fixed supply.
Assume the aggregate production function is Cobb-Douglas

Y=KeI’!M"™* %, d+p<1

Assume population grows at rate..»; depreciation is zero and saving is a constant
fraction of output, s. Show that per capita output and capital approach zero in this

economy. (20 points)

2. Suppose the production possibility frontier for X and Y is tepresented by the
quarter ellipse:
X? +4Y% =800
and that the communities’ preferences can be represented by

utility = U(X,¥) =~/ XY .

Calculate the communities’ utility in this problem. (20 points)

3. Consider the following two period of consumption and saving. For brevity, we
assume no investment, no foreign sector, and no govermnment. Income is
exogenous and two types of agents inhabit this world. Type one agent receives
income equal to X"in period oneand income equal'to 3X in period two. Type
two agent receives 3X in the first period and X in the second period. There
are equal numbers of each type of agent. Both types of agents have the same
utility function :

U=InC, +8InC,.
The budget constraints for each type of agent are as follows:
A=, - CI)
C,=(1+rA4+Y,
Solve for the optimal choice of A4 for each of the two types of agents. (20 points)
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4. Suppose that the production possibility frontier for an economy that produces one
public good (Y ) and one private good (X ) is given by

X?*+100Y? =20,000.
This economy is populated by 100 identical individuals, each with a utility

function of the form

utility = \J XY

where X, is the individual’s share of private good production (= X /100). Notice
that the public good is nonexclusive and that everyone benefits equally from its level
of production.

(@ If \the market for X' and Y were perfectly competitive, what would the typical
individual’s utility be in this situation? (10 points)

(b) What are the optimal production levels for X and Y ? (5 points) What would
the typical individual’s utility level be? (5 points)

S. If the marginal propensity to save (MPS) is the following function of income,
S'(Y)=0.4-0.1Y7"2, and if the aggregate savings S is zero when income Y is 100,
find the saving function S(¥). (20 points)
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DO ALL QUESTIONS!

Question 1 (15 points)

If the probability density of X is given by:
ks
f(x) = (1+2x)°

0, elsewhere

for x>0

where k is an appropriate constant, find the probability density of the random variable Y = l—i‘% .

Identify the distribution of Y, and thus determine the value of .

Question 2 (15 points, 5/5/5)

BB EH X A TETRYES LRLIE YR ATYU RS EEY THEE > MmAB K

B4 F AT —_—
Y (%)
o) i 10 20 30
5 0.1 0.2 0.1
15 0.1 0.1 0.1
SEE

(1) Cov(X,Y).
(2) E(X | y=20) and V(X | y=20).
B ERAXYZTAB/IL?

Question 3 (10 points)

If & is an unbiased estimator of § and var(d) = 0, prove whether §2 is an unbiased estimator of

62 or not.
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Question 4 (10 points)

In the comparison of two kinds of paint, a consumer testing service finds that four 1-gallon cans of

one brand cover on the average 546 square feet with a standard deviation of 31 square feet, whereas

four 1-gallon cans of another brand cover on the average 492 square feet with a standard deviation

of 26 square feet. Assuming thaf two populations sampled are normal and have equal variances, test

the null hypothesis p, — u, = 0 against the alternative hypothesis u, — g, > 0 at the 0.05 level

of significance.

Question S (10 points)

The following sample data pertain to the shipments received by a large firm from three different

vendors:
Numbe‘rm T Number imperfect Number
rejected ] but acceptable perfect
Vendor A By = = 89
VendorB | 8 | 12 I
VendorC | 2 | 30/, 119

Test at the 0.01 level of significance whether the three vendors ship products of equal quality.

Question 6 (20 points, 5/10/5)
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Question 7 (20 points, 10/10)
Ehath A AT -
x | 30 31 29 30 32 31
y | 10 100 140 125 95 120
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Standard Normal Distribution Table

.

| o

|
[z [ 00 [ 01 [ 02 | 03/ .04 [ 05.] 06 [ 07 [ .08 [ .09
0.0 | .0000 | .0040 | .0080 | .0120 | .0160 | .0199 | .0239 | .0279 | .0319 | .0359
0.1 | .0398 | .0438 | .0478 | .0517 | .0557 | .0596 | .0636 | .0675 | 0714 | .0753
0.2 | .0793 | 0832 | .0871 | 0910 | .0948 | .0987 | .1026 | .1064 | .1103 | .1141
0.3 | .1179 | 1217711255 | .1293 | .1331 | .1368 | .1406 | .1443.] .1480 | .1517
0.4 | .1554 | 1591 | .1628 | .1664 | .1700 | .1736 | .1772 | .1808 | .1844 | .1879
0.5 | .1915 | .1950 | .1985 | 201912054 | .2088+( .2123 | .2157 | 2190 | .2224
0.6 | .2257 | 2291 | .2324 [ 2357 | 2389 | 2422 | 2454 | 2486 | 2517 | .2549
0.7 | 2580 | 2611 | .2642 | 2673 | 2704 | 2734 | .2764 | .2794 | 2823 | .2852
0.8 | .2881 | .2910 | .2939 | 2967 | .2995 | .3023 | .3051 | .3078 | .3106 | .3133
0.9 | 3159 | .3186 | .3212 | .3238 | .3264 | 3289 | 3315 | .3340 | 3365 | .3389
1.0 | 3413 | .3438 | .3461 | 3485 | 3508 | .3531 | .3554 | .3577 | 3599 | .3621
1.1 | 3643 | .3665 | .3686 | .3708 | .3729 | .3749 | .3770 | .3790 | .3810 | .3830
| 1.2 | .3849 | 3869 | 3888 | 3907 | 3925 | .3944 | 3962 | 3980 | 3997 | .4015
1.3 | .4032 | 4049 | 4066 | 4082 | 4099 | 4115 | .4131 | 4147 | 4162 | 4177
14 | 4192 | 4207 | 4222| 4236 | 4251 | 4265 | 4279 | 4292 | 4306 | 4319
1.5 | 4332 | .4345 | .4357 | 4370 | 4382 | 4394 | 4406 | .4418 | 4429 | 4441
1.6 | .4452 | 4463 | 4474 | 4484 | .4495 | 4505 | 4515 | 4525 | 4535 | .4545
1.7 | .4554 | 4564 | 4573 | 4582 | 45914599 | 4608 | 4616 | 4625 | 4633
1.8 | 4641 | 4649 | 4656 | 4664 | 4671 | 4678 | 4686 | 4693 | 4699 | 4706
1.9 | 4713 | 4719 | 4726 | .4732 | .4738 | .4744 | 4750 | 4756 | 4761 | 4767
20| .4772 | 4778 | 4783 | 4788 | 4793 | 4798 | 4803 | 4808 | 4812 | 4817
2.1 | .4821 | 4826 | 4830 | .4834 | 4838 | .4842 | .4846 | 4850 | 4854 | .4857
2.2 | .4861 | 4864 | .4868 | 4871 | 4875 | .4878 | 4881 | .4884 | 4887 | .4890
2.3 | .4893 | .4896 | .4898 | .4901 | .4904 | 4906 | .4909 | 4911 | .4913 | .4916
2.4 | 4918 | 4920 | 4922 | .4925 | 4927 | .4929 | 4931 | .4932 | .4934 | 4936
2.5 | .4938 | .4940 | 4941 | 4943 | 4945 | 4946 | 4948 | 4949 | 4951 | .4952
2.6 | 4953 | 4955 | 4956 | 4957 | .4959 | 4960 | 4961 | .4962 | .4963 | 4964
2.7 | 4965 | 4966 | 4967 | .4968 | .4969 | 4970 | .4971 | 4972 | .4973 | 4974
2.8 | 4974 | 4975 | 4976 | 4977 | 4977 | 4978 | .4979 | .4979 | 4980 | .4981
2.9 | 4981 | 4982 | 4982 | 4983 | .4984 | 4984 | .4985 | .4985 | .4986 | .4986
| 3.0 | 4987 | 4987 | 4987 | 4988 | .4988 | .4989 | .4989 | .4989 | 4990 | .4990
3.1 | .4990 | .4991 | 4991 | .4991 | .4992 | 4992 | .4992 | .4992 | .4993 | 4993
3.2 | 4993 | 4993 | 4994 | 4994 | 4994 | 4994 | 4994 | 4995 | 4995 | .4995
3.3 | 4995 | 4995 | 4995 | 4996 | 4996 | .4996 | .4996 | 4996 | 4996 | .4997
3.4 | 4997 | 4997 | 4997 | 4997 | 4997 | .4997 | 4997 | 4997 | 4997 | 4998
3.5 | 4998 | .4998 | .4998 | 4998 | 4998 | .4998 | 4998 | 4998 | 4998 | 4998
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t-Distribution Table
Pkt
t
The shaded area is equal to « for t = t,.

i df t.100 t.0a0 I t.025 to1n t 005
1 3.078 6.314 12.706 ~31.821 63.657
2 1.886 2.920 4,303 6.965 9.925
3 1.638 2.353 3.182 4,541 5.841
4 1.533 2.132 2.776 3.747 4.604
5 1.476 2.015 2.571 3.365 14.032
6 1.440 1.943 2.447 3.143 - 3.707
7 1.415 1.805 2.365 2.998 3.499
8 1.397 1.860 2.306 2.896 3.355
9 1.383 1.833 2.262 2.821 3.250
10 1.372 L.812 2,998 2.764 3.169
11 1.363 1.796 2.201 2.718 3.106
12 1.356 1782 2.179 2.681 3.055
13 1.350 1.7271 2.160 2,650 3.012
14 1.345 1.76% 2.145 2.624 ? 2.977
15 1.341 1.753 2.131 | 2.602 2.947
16 1.337 1.746 ST 2.583 I 2.921
17 1.333 1.740 2.110 2.567 2.808
18 1.330 1.734 2.101 2.552 , 2.878
19 1.328 1.729 2.093 2.539 2.861
20 1.325 1.725 21086 2:528 2.845
21 1.323 . 1.721 2.080 2.518 2.831
22 1.321 1.717 2.074 2.508 2.819
23 1.319 1.714 2.069 2.500 2.807
24 1.318 1.711 2.064 2.492 2.797
25 1.316 1.708 2.060 2.485 2.787
26 1.315 1.706 2.056 2.479 2.779
27 1.314 1.703 2.052 2.473 2.771
28 1.313 1.701 2.048 2.467 2.763
29 1.311 1.699 2.045 2.462 2.756
30 1.310 1.697 2.042 2.457 2.750
32 1.309 1.694 2.037 2.449 2.738
34 1.307 1.691 2.032 2.441 2.728
36 1.306 1.688 2.028 2.434 2.719
38 1.304 1.686 2.024 2.429 2.712
0 1.282 1.645 1.960 2.326 2.576
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Chi-Square Distribution Table

The shaded area is equal to o for x2 = x2.

af X.2995 X.2990 X.2975 X.2950 X.Zgoo X.Zwo | X.zoso X.2025 I X.2010 X.2005
[ 1 0.000 0.000 | 0.001 0.004 0.016 2706 | 38.841 | 5.024 | 6.635 7.879
2 0.010 0.020 0.051 0.103 0.211 4,605 5.991 7.378 9.210 10.597
3 0.072 0.115 | 0.216 0.352 0.584 6.251 7.815 |9.348 11.345 | 12.838
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 | 13.277 | 14.860
5 0.412 0.554 0.831 1145 | 1610 | 9'286 | 11.070 | 12:833 15.086 | 16.750
6 0.676 0.872 1.237 1.635 | 2.204 | 10.645 | 12.592 14.449 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 | 14.067 | 16.013 | 18.475 | 20278
8 1.344 1.646 2.180 2.733 3.490 13.362 | 15507 | 17.535 | 20.090 | 21.955
9 1.735 2.088 2.700 3.325 4.168 | 14.684 N 16.919 | 19.023 | 21.666 | 23.589
10 | 2.156 2.558 3.247 3.940 4.865 15.987 | 18307 | 20.483 | 23.209 | 25.188
11 2.603 3.053 3.816 4575 | 5.578 17.275 | 19.675 | 21.920 | 24.725 | 26.757 |
12 3.074 3.571 4.404 5226 | 6.304 18.549 ‘| 21.026 | 23.337 | 26.217 | 28.300 |
13 3.565 4.107 5.009 5.802 7.042 19.812 | 22362 | 24.736. | 27.688 | 29.819
14 | 4.075 4.660 l 5.629 6.571 7.790 21.064 | 23.685 | 26.119 | 29.141 | 31.319
15 4.601 5229 | 6.262 7.261 8.547 22.307 | 24996 | 27.488 | 30.578 | 32.801
16 5.142 5.812 | 76.908 7.962 9312 | 23542 | 26.296 | 28845 | 32.000 | 34.267
17 5.697 6.408 7.564 8.672 10.085 | 24.769 | 27.587 | 30.191 | 33.400 | 35.718
18 6.265 7.015 8.231 9.390 10.865 l 25.989 | 28.869 | 31.526 | 34.805 | 37.156
19 | 6.844 7.633 8.907 10.117 | 11651 | 27.204 | 30.144 | 32.852 | 36.191 | 38.582
20 7.434 8260 | 9.591 10.851 12.443 | 28.412 | 31.410 | 34.170 | 37.566 | 39.997
21 8.034 8.897 10.283 | 11.591 13.240 | 29.615 | 32671 | 35.479 | 38.932 | 41.401
22 8.643 9.542 10.982 | 12.338 | 14.041 | 30.813 | 33.924 | 36.781 | 40.289 | 42.796
23 9.260 10.196 | 11.689 | 13.091 14.848 ’ 32.007 | 85.172 | 38.076 | 41.638 | 44.181
24 9.886 10.856 12.401 | 13.848 | 15659 | 33196 | 86.415 | 39.364 | 42.980 | 45.559
25 | 10.520 11.524 13.120 | 14.611 16.473 | 34.382 | 37.652 | 40.646 | 44.314 | 46.928
726 | 11.160 | 12.198 | 13.844 | 15.379 | 17.292 | 35.563 | 38.885 | 41.023 | 45.642 | 48.290
27 | 11.808 | 12.879 14573 | 16.151 18.114 | 36.741 | 40.113 | 43.195 | 46.963 | 49.645
28 | 12.461 13.565 15.308 | 16.928 | 18.939 | 37.916 | 41.337 | 44.461 | 48278 | 50.993
29 | 13.121 14.256 16.047 | 17.708 10.768 | 39.087 | 42.557 | 45722 | 49.588 | 52.336
30 | 13.787 | 14.953 16.791 18.493 | 20.599 | 40.256 | 43.773 | 46979 | 50.802 | 53.672
40 | 20.707 | 22.164 | 24.433 | 26.509 | 29.051 51.805 | 55.758 | 59.342 | 63.691 | 66.766
50 | 27.991 | 29.707 | 32.357 | 34.764 | 37.6890 | 63.167 | 67.505 | 71.420 | 76.154 | 79.490
60 | 35.534 | 37.485 | 40.482 | 43.188 | 46.459 | 74.397 | 79.082 | 83208 | 88.379 | 91.952
70 | 43275 | 45.442 | 48.758 | 51.739 | 55.329 | 85.527 | 90.531 | 95.023 | 100.425 | 104.215
80 | 51.172 | 53.540 | 57.153 | 60.391 | 64.278 | 96.578 | 101.879 | 106.620 | 112.329 | 116.321
90 | 59.196 | 61.754 | 65.647 | 69.126 | 73.291 | 107.565 | 113.145 | 118.136 | 124.116 | 128.299
100 | 67.328 | 70.065 | 74.222 | 77.929 | 82.358 | 118.498 | 124.342 | 120.561 | 135.807 | 140.169
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f-Table Upper Tall Area of .05
Numerator df
1 2 3 4 5 6 7 8 9 10 11 12 15 20 24 a0 60 120 E
1 1614 1995 2157 224.6 2302 2340 2368 2389 2405 2419 2430 2439 2459 2430 248.1 2501 252.2 253.3 254.3
2 i85 15.0 18.2 19.2 193 19.3 19.4 15.4 19.4 19.4 19.4 154 19.4 194 19.5 19.5 195 18,5 195
3 10.1 9.6 9.3 9.1 8.0 8.9 8.9 8.8 88 8.8 8.8 87 87 87 8.6 8.6 8.6 8.5 8.5
4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5,96 5.94 591 5.86 5.80 577 5.75 5.69 5.66 5.63
5 6.61 579 5.41 5.19 5.05 4.95 4388 4.82 477 474 4.70 468 4.62 4.56 453 4.50 4.43 4.40 4.37
6 5.99 5.14 4.76 4.53 439 428 4.2% 4,15 4.10 4.06 403 400 394 387 3.84 3.81 3.74 3.70 3.67
7 5.59 4.74 4.35 4,12 3.97 3.87 3875 3.73 3.68 364 3.60 3.57 3.51 3.44 3.41 3.38 3o 3.27 3.23
8 5.32 4.46 4,07 3.84 3.69 3.58 3.50 344 3.38 3535 331 328 322 3.15 3.12 3.08 3.01 297 293
9 5,12 4.26 3.86 3.63 3.48 3.37 3.29 323 3,18 314 3.10 3.07 301 2.94 2.90 2.86 2.7% 275 271
10 496 4.10 371 3.48 3.33 3.22 3.14 3.07 3.02 2.98 294 291 285 2.77 2.74 2.70 2.62 2,58 2.54
11 4,84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 290 2.85 2.82 278 2,72 .65 2.61 2.57 249 245 2.40
12 4.75 3.89 3.49 3.26 311 3.00 2,91 2.85 2.80 275 272 2.69 262 254 2.51 2.47 2.38 234 230
13 4,67 3.81 3.41 318 3.03 292 2.83 27 2.71 267 2,63 260 253 246 2.42 2.38 230 225 2.21
3 14 4.60 3.74 3.34 ERE] 296 285 2.76 2.70 2.65 2.60 2.57 2,53 2.46 239 2.35 231 2.22 218 213
% 15 4.54 3.68 3.29 3.08 2.90 2.79 271 2.64 2.59 2.54 251 2.48 2.40 233 2.29 225 2.16 211 2.07
‘E 16 4.4% 3.63 324 3.01 285 2.74 2.66 2.58 2.54 2.49 246 2.42 235 2.28 2.24 219 2n 206 2.01
§ 17 4,45 3.59 3.20 296 2,81 2.70 2.61 2.55 243 245 241 2.38 231 223 218 2.15 2.06 2.01 1.96
18 4.41 3.55 3.16 293 277 2.66 2.58 251 246 2.41 237 2.34 2.27 2.19 215 211 2.02 1.97 1.92
19 438 3.52 313 2.90 274 2.63 2.54 248 2.42 2.38 234 2,31 2.23 216 211 2.07 1.98 193 188
20 435 348 310 287 | 27% 260 251 245 239 235 231 228 220 212 208 204 1.95 1.90 184
21 432 3.47 3.07 2.84 268 257 2.4% 2.42 2.37 232 228 225 2.18 210 2.05 201 192 187 181
22 430 3.44 3.05 2.82 2.66 2.55 246 240 234 2.30 226 2.23 2.15 207 203 1.98 189 1.84 178
23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 232 2.27 224 2.20 2.13 205 2.01 1.96 186 181 176
24 4.26 3.40 3,01 278 262 251 2.42 2.36 2.30 2235 222 218 211 2.03 198 194 184 1.79 1.73
25 4.24 339 2.99 276 280 249 2.40 2.34 2.28 2.24 220 216 2.03 201 1.9¢ 192 1.82 1.77 171
26 4,23 3.37 298 2.74 259 2.47 239 2.32 2.27 222 218 215 2.07 1.93 195 190 1.80 175 1.69
30 4.17 332 292 2,68 2.53 2,42 233 2.27 2.21 2.16 2.13 2.09 2.01 193 1.89 1.84 174 1.68 1.62
40 4.08 3.23 2.84 2,61 2.45 2.34 225 218 212 208 204 2.00 192 1.84 179 1.74 164 1,58 151
60 4.00 3.15 276 2.53 2.37 2.25 2.17 2.10 2.04 .99 1.95 192 1.84 1.75 1.70 1.65 153 1.47 139
| 120 392 3.07 2.68 2.45 229 2.18 2.09 2.02 196 181 187 183 1.75 166 161 1.55 1.43 135 1.25
L © 3.84 3.00 260 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.79 1.75 1.67 1.57 1.52 1.46 132 1.22 1,00
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[ F-Table Upper Tall Area of .025 B
Numerator df
1 2 3 ] 5 6 7 8 9 10 1 12 15 20 24 30 60 120 "
[ 1] ess 799 864 B899 921 937 948 956 963 968 973 976 984 993 997 1001 1009 1014 1018
2| 385 300 291 392 393 393 393 393 393 394 394 394 394 394 394 334 394 394 395
3| 174 160 154 151 148 147 146 145 144 144 143 143 142 141 141 140 139 139 139
al 122 106 ©59 96 93 92 90 83 89 88 . 87 87 86 B85S B85 8.4 83 83 8.2
5| 100 543 776 739 715 698 685 676 668 662 657 652 643 633 628 623 612 607 602
6| 882 726 660 623 599 582 570 560 552 546 541 537 527 517 512 507 49 490 485
7| 807 658 589 552 525 512 499 490 482 476 471 467 457 447 441 436 425 420 418
8| 757 606 542 505 482 465 | 453 443 436 430 424 420 410 400 395 389 378 373 367
9| 721 571 508 472 448 432 420 410 403 395 391 387 377 367 361 356 345 339 333
10| 694 546 483 447 424 407 395 385 378 372 366 362 352 342 337 331 320 314 308
1| 672 s26 463 428 404 388 376 366 359 353 347 343 333 323 317 312 300 294 288
12| 655 $10 447 412 388 373 361 351 344 337 332 328 318 307 302 29 28 279 272
13| 641 497 435 400 377 360 348 339 331 325 320 315 305 295 289 28 272 286 260
- 14| 630 486 424 389 366 350 338 328 321 315 309 305 295 284 279 273 261 255 249
‘; 15| 620 477 415 380 358 341 329 320 312 306 301 2965 286 276 270 264 252 246 240
2 16| 612 469 408 373 350 334 322 312 305 299 293 28 279 268 263 257 245 238 232
§ 17| 604 462 401 386 344 228 316 306 298 292 287 282 272 262 256 = 250 238 232 225
a 18| ses8 456 395 361 338 322 310 301 293 287 281 277 267 256 250 244 232 226 219
19| 592 451 390 356 333 317 305 296 288 282 276 272 262 251 245 239 227 220 213
20| 587 446 386 351 329 313 301 291 284 277 272 268 257 246 241 235 222 216 209
21| 583 442 382 348 325 309 297 287 280 273 268 264 253 242 237 231 218 211 204
2| 579 438 378 344 322 305 293 284 276 270 265 260 250 239 233 227 214 208 200
23| 575 435 375 341 348 302 280 281 273 267 2862 257 247 236 230 224 211 208 197
4| 572 432 372 338 315 299 287 278 270 264 259 254 244 233 227 221 208 201 194
25| se9 420 369 335 313 287 28 275 268 261 256 251 241 230 224 2148 205 188 19
26| 566 427 367 333 310 294 282 273 265 259 254 249 239 228 222 216 203 185 188
30| 557 418 359 325 303 287 275 265 257 251 246 241 231 220 214 207 134 187 179
a0 | s5.42 405 346 313 2090 274 262 253 245 239 233 229 218 207 201 194 180 172 164
60| s5.29 393 334 301 279 263 251 241 233 227 222 217 206 194 188 18 167 158 148
120 | 515 380 223 289 267 252 239 230 222 216 210 205 194 18 176 169 153 143 131
| 502 369 312 279 257 241 229 215 211 205 199 194 183 171 164 157 139 127 100
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1. Consider adding a third factor of production to our standard model of production.
Denote the third factor as M, and let this represent land that is in fixed supply.

Assume the aggregate production function is Cobb-Douglas
Y=KeI!M"™7?, d+p<1

Assume population grows at rate.-n, depreciation is zero and saving is a constant
fraction of output, s. Show that per capita output and capital approach zero in this

economy. (20 points)

2. Suppose the production possibility frontier for X and Y is represented by the
quarter ellipse:
X? +4Y7 =800
and that the communities’ preferences can be represented by

utility = U(X, ¥) =~ XY .

Calculate the communities’ utility in this problem. (20 points)

3. Consider the following two period of consumption and saving. For brevity, we
assume no investment, no foreign sector, and no government. Income is

exogenous and two types of agents inhabit this world. Type one agent receives
income equal to X “in period one and income equal to 3.X in period two. Type
two agent receives 3X in the first period and X in the second period. There
are equal numbers of each type of agent. Both types of agents have the same
utility function :

U=InC, +InC,.
The budget constraints for each type of agent are as follows:

A= (Yl - Cl)

C,=(1+r)4+7,
Solve for the optimal choice of 4 for each of the two types of agents. (20 points)

i§ sy — ~EBERNKBLEH A TFHH e
T = A ALK
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4. Suppose that the production possibility frontier for an economy that produces one
public good (Y ) and one private good ( X ) is given by

X? +100Y* = 20,000.
This economy is populated by 100 identical individuals, each with a utility
function of the form

utility = \J XY

where X, is the individual’s share of private good production (= X /100). Notice
that the public good is nonexclusive and that everyone benefits equally from its level
of production.

(@ If \the market for X and Y were perfectly competitive, what would the typical
individual’s utility be in this situation? (10 points)

(b) What are the optimal production levels for X and Y ? (5 points) What would
the typical individual’s utility level be? (5 points)

S. If the marginal propensity to save (MPS) is the following function of income,
S'(Y)=0.4—0.1Y 7%, and if the aggregate savings S is zero when income Y is 100,
find the saving function S(¥’). (20 points)

L | T MERRELE S AFHH -
. — o BAHRE AR -
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# & # 8 it % A % 7 Bl At % & FREM2A 188(G%) £ w &
>

HBEA
— BB CGHERBALE  BHS 0 440 D)

128 X1 £ A& X2 4 12 A 31 86575 RARMA 7 £$800,000 £51,880,000 » B AH RIS 3] B
$800,000 & $840,000 - X2 % A #4544 5 s A £$10,000,000 » £.4] % & 38% o B F 28 X2 F A%
BAERAXMSIRE? N
(A) $5,160,000 (B) $6,120,000, . (C) $6,160,000 (D) $7,240,000

2P AN AERGHE 12 A3 BRTABEY AR EHLT
(1) 11 B30 BRITHEHBRPH KRR X £825,500 -
Q) 2ARLXEE 12 Aty % 2&5£55150,000 P - BHEE$22,500 ¢ X 2 3R12 252,250 -
(3) BATHRE LY X EARLIEAS175500 P a4 FRNIMILH X 2812,500-
AN B/FTHEGTRPZIAARIZLEAS

(A) $ 32,750 (B) $ 37,500 (C) $20,250 D) $ 4,750

FAALERERXHALTZNE X1 FERLBETATAA 300 1€ - AGEH 450 18 > i
RMA A 750 48 - T35 X1 FEAF 300 & > eFBATIR 20 L - X FAIRLEFTRE
60 EALBR ' AIRRRERAER FEAERBBRE AT ?

(A) 1525 7% ~13.50 © (B) 1425 & - 11.75 =&
(C) 1444 7% -~11.11 7% (D) 28.75 7t ~ 12.50 &

4.9 28 X1 £ Rz $#1% $300,000 - 348 245 $1,400,000 + 34 & 4 $600,000 + #] & % A
$48,193 > M E 17%  RIBEMENFE A
A) 12.6% (B) 13% (C) 17% (D) 13.6%

5. F 28 X1 44 %A 584,000,000 - £4) %2 40% » $AAn MUK A $960,000 - K9 KM i
A $640,000 » #3477% ¥ % $800,000 - #% 77 %% A $480,000 - — f1x 365 K3t Bl F AT 44

¥RBERES
(A) 17033 % (B) 180.07 % (C) 186.35 & (D) 192.14 %
6. FNE) X4 12A31 BAAMARBIELT !

) Xk & $ 1,800,000
BAZE XSES5A1 824 3,000,000
). Lol 8i: 600,000
BIEPFIFHEHE 900,000
SREHE 4,800,000
BArnetk XS4#9 A1 8354 6,000,000

BERERETZIRE K 0 FEIR k£ 584254,800,000 £$12,000,000 2P » AR X6 £ 3 BT

AR - B BELNBEMEBRAEBLN X7 FHER - RS X4 £AMBREAPAHE
RS !

. | AEARELE TS
t : = AR A MK o




RIstie RE o, RHEE AP BAERRA

F2R %4 F
£ W) # 8 #it g i% Fi B pE# % AR 28 188G £ m #
I
(A) $6,300,000 (B) $10,200,000 (C) $11,400,000 (D) $16,200,000
TFRARKX6FIABRARE FRAEERLT LM ERERE 55453224 £$100,000 -

FTHAZNEEMEs%k :

iR $300,000

BRI19A4 &4 98298 FOB RELX

#1877 5 $152,000 1,592,000

5 1,920,000
BUFRABAARENENNRA 2% DI TIBE A
(A) $ 256,000 (B) $104,000 (€)$200,000 (D) $352,000

B.FRXAM X4 7 A1 BAHLNIARR—BEER LW TAAZBETEBLIERLL
$1,200,000 % 3t47 % #3840,0000 ik B 2 2 4K 15 %$400,000 3 5 7 2, 2 3] i B3, 4-$10,000 «
BERLERHAEBTE  AFRARAI AL A EERTHIBRAL A ¢
(A) $350,000 ~ X#I8% $0 (B) $370,000 - #kIRHE $0
(C)$ 410,000 ~ 3 #] 25 $40,000 (D) $ 390,000 - & ¥&H % $40,000

= T8 X2 5 REH %8280,000 0 a N ARA R R 0 A EBHEE RSB EREERE S
THERBFALRLEN BEATFLOI X2 EEZRMBLTFENREEL KR ERAUEHEA

HERREEDEAR
iR $ 50,000
MR 50,000
HEAER 40,000
WREA 25,000
WHERBA K 15,000
HEER 20,000
FEHRIZEHEIA G 25,000
B 150,000

R B

N 8] 73 #]$280,000 ¥ 4%
(1) 24 X1 44 i | o8 B A& ££$40,000 -
(2) X3 £ W8 % A FE4F2$30,000 »

RAE D F 28 X2 £ R AR Tayie# 235 - (15%)
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HRELEBFANXAF12 A3 8aE& BRTFDFAKRB LA HEMARAMAFUIRE
MARE - ZRAFAXIE1 B BASSHABRHMBERKEH 4T !

¥ R #4 (48) R A
Xl %4 $2,000,000 $800,000
X2 &8 60,000 200,000
X3 &4 (400,000) 200,000
X4 55 1,000,000 400,000

WA (14%)
(D) BHEFRA TGO RFLRRGMBEXIEE AL G BE
(2) BBRXAFE H KR R W SR BUAGMERE E Nk -

W FRAXIZAX2 HERUBREEABAM T T

% E ) 5]
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12318 ¥4 #E+%HFn
X1#& X2
Re $ 120,000 $ 890,000
). T E 0 80,000
#R 0 200,000
LR 1,600,000 800,000
FEMRETEAA 400,000 400,000
poXR - 1 0 (200,000)
HBEE 2,120,000 2,170,000
JE A HE AR 0 50,000
#H 2,120,000 2,120,000
ERAER 2,120,000 2,170,000

T oA BX2E LA RERA $300,000F 70> ARLHERTRHERMRERA LEREIHEHE -
RO RIFF2IX2EREBHZRARLHA © (15%)

E-THEHAFL2IX2E 2 A3 82 LA AL - EBRERT BRBIRAE BB X2
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360 % it o
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DO ALL QUESTIONS!

Question 1 (15 points)

If the probability density of X is given by:

ka3 et o 35 T
f(,\) ={ (1 + 2{)6 » or X =

0, elsewhere
where k is an appropriate constant, find the probability density of the random variable Y = —1—% .

Identify the distribution of Y, and thus determine the value of #.

Question 2 (15 points, 5/5/5)

BEEREH X ATERRYEH ELERLE YRRATEZH S EEN TEEE > mABAK

X e X
R Bk T RATT - e
w
_ 9
X (%) 10 20 30
5 0.1 0.2 0.1
10 | 0.1 0.1 0.1
'. 71 B
15 | 0.1 'I 0.1 | 0.1
T

(1) Cov(X,Y).
(2) E(X | y=20) and V(X | y=20).
G ERXYAFTAB/IL?

Question 3 (10 points)

If @ is an unbiased estimator of 8 and var(d) = 0, prove whether §2 is an unbiased estimator of

62 or not.

" o | T EERRELE . AT
: A AR -
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Question 4 (10 points)

In the comparison of two kinds of paint, a consumer testing service finds that four 1-gallon cans of
one brand cover on the average 546 square feet with a standard deviation of 31 square feet, whereas
four 1-gallon cans of another brand cover on the average 492 square feet with a standard deviation
of 26 square feet. Assuming thaf two populations sampled are normal and have equal variances, test
the null hypothesis p, — u, = 0 against the alternative hypothesis u; — p, > 0 at the 0.05 level

of significance.

Question S (10 points)

The following sample data pertain to the shipments received by a large firm from three different

vendors:
| Number Number imperfect Number
rejected but acceptable perfect
VendorA | 1 -~ BN J 89
Vendor B 8 1 1 2 62
VendorC | B N 30 119

Test at the 0.01 level of significance whether the three vendors ship products of equal quality.

Question 6 (20 points, 5/10/5)

XA UL ERE4LANAEB R ABE) TR 25E » # 4o =38 » BfTE B

g B ESE -

(1) Bt W B 308 2% FHBAFHEHA 23 E - R o= 002 BHEkL—K
ERHEHAER/RET L -

Q) E5m& BT TITEE 23 E 24 2af o B2 BE2L8A%5 0 2(84a=0.02)

B) £ 0=3» a=002 HATRZIT  FHRBREHFLEp=24"265 > F 80%e9 & -TH & p b
7258 0 AR A K n JE Bt ?
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Question 7 (20 points, 10/10)

RRFULAHEDE T PR

D) RKEBR IRz @EF 2K Y=F+[X -
(2) £a=005T » A GHFHEL AT IR0

otk AR T :
x | 30 31 29 30 32 31
Yy | 110 100 140 125 95 120
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Standard Normal Distribution Table

APy Y|
[z 700 [ .o [ .02 [ 03 =04 ["05_[ 06 [ 07 [ 08 [ .09 |
0.0 ] .0000 | .0040 | .0080 | .0120.} .0160 | .0199 [.0239 | .0279 | .0319 | .0359
0.1 | .0398 | .0438 | .0478 | .0517 | .0557 | .0596 | .0636 | .0675 ! 0714 | .0753
0.2 | .0793 | .0832 | .0871 | .0910 | .0948 | .0987 | .1026 | .1064 | .1103 | .1141
0.3 |.1179 | .1217. 41255 | .1293 | .1331 | .1368 | .1406 {1443 | .1480 E 1517
0.4 | .1554 | 1591 [ 1628 | .1664 | .1700 | 1736 | .1772 | .1808 | 1844 | .1879
0.5 | .1915 |.1950 | .1985 | 2019 |..2054 | 2088 | .2123 | .2157 |.2190 | .2224
0.6 | 2257 | .2291 | .2324 | 2357 | 2389 | 2422 | 2454 | 2486 | .2517 | 2549
| 0.7 | 2580 | 2611 | 2642 |.2673 | 2704 | 2734 | 2764 | 2794 | 2823 | .2852
| 0.8 | .2881 | .2910 | .2939. | 2967 | .2995 | .3023 | .3051 | .3078 | .3106 | .3133
0.9 | .3159 | .3186 | .3212 | .3238 | 3264 | .3289 | .3315 | .3340 | .3365 | .3389
1.0 | .3413 | 3438 | 3461 | .3485 | .3508 | .3531 | .3554 | .3577 | 3599 | .3621
1.1 | .3643 | .3665 | .3686 | .3708 | 3729 | .3749 | .3770 | .3790 | .3810.] .3830
1.2 | .3849 | .3869 | .3888 | .3907 | .3925 | .3944 | 3962 | .3980 | .3997 | .4015
1.3 | .4032 | 4049 [ 4066 | .4082 | .4099 | 4115 | 4131 | 4147 | 4162 | 4177
1.4 | 4192 | 4207 | 4222 i 4236 | 4251 | 4265 | 4279 | 4292 | 4306 | 4319
1.5 | 4332 | .4345 | 4357 [.4370 | 4382 | 4394 | 4406 | 4418 | 4429 | 4441
1.6 | 4452 | 4463 | 4474 | 4484 | 4495 | 4505 | 4515 | 4525 | 4535 | .4545
1.7 | 4554 | 4564 | 4573 | 4582 14591 | .4599 | 4608 | 4616 | 4625 | 4633
1.8 | 4641 | 4649 | 4656 | 4664 | 4671 | .4678 | 4686 | 4693 | 4699 | .4706
1.9 | 4713 | 4719 | .4726 | .4732 | 4738 | 4744 | 4750 | 4756 | 4761 | 4767
2.0 | 4772 | 4778 | 4783 | 4788 | 4793 | 4798 | 4803 | .4808 | 4812 | .4817
2.1 ] .4821 | 4826 | 4830 | 4834 | 4838 | .4842 | 4846 | 4850 | 4854 | .4857 |
2.2 | 4861 | 4864 | 4868 |4871| 4875 | 4878|4881 | 4884 | 4887 | .4890
2.3 | 4893 | 4896 | .4898 | .490]1 | .4904 | .4906 | .4909 | 4911 | .4913 | .4916
2.4 | 4918 | 4920 | 4922 | 4925 | 4927 | 4929 | .4931 | 4932 | 4934 | .4936
2.5 | 4938 | .4940 | 4941 | 4943 | 4945 | .4946 | 4948 | 4949 | 4951 | .4952
2.6 | .4953 | 4955 | 4956 | 4957 | .4959 | 4960 | .4961 | .4962 | .4963 | .4964
2.7 | 4965 | 4966 | 4967 | 4968 | 4969 | .4970 | .4971 | .4972 | 4973 | 4974
2.8 | 4974 | 4975 | 4976 | 4977 | 4977 | 4978 | 4979 | 4979 | 4980 | .4981
2.9 | 4981 | .4982 | 4982 | .4983 | .4984 | 4984 | .4985 | 4985 | .4986 | 4986
3.0 | .4987 | .4987 | 4987 | .4988 | 4988 | .4989 | .4989 | .4989 | .4990 | .4990
3.1 | .4990 | .4991 | .4991 | .4991 | 4992 | .4992 | 4992 | .4992 | 4993 | 4993
3.2 | 4993 | 4993 | 4994 | 4994 | 4994 | 4994 | 4004 | 4995 | 4995 | 4995
3.3 | 4995 | 4995 | 4995 | .4996 | 4996 | .4996 | 4996 | 4996 | 4996 | .4997
3.4 | 4997 | 4997 | 4997 | 4997 | 4997 | 4997 | 4997 | 4997 | 4997 | 4998
3.5 | .4998 | 4998 | 4998 | 4998 | 4998 | .4998 | 4998 | .4998 | 4998 | .4998
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t-Distribution Table
e~
t
The shaded area is equal to a for ¢ = {,.
; -

i df t.100 t 050 ' t.025 to10 t.005
1 3.078 6.314 12.706 31.821 ~ 63.657
2 1.886 2.920 4.303 6.965 9.925
3 1.638 i 2.353 3.182 4.541 5.841
4 1.533 2.132 2.776 3.747 4.604
5 1.476 2.015 2.571 3.365 4.032

6 1.440 1.943 2.447 3.143 3707 |
7 1.415 1.895 2.365 2.998 3.499
8 1.397 1.860 2.306 2.896 3.355
9 1.383 1.833 2.262 2.821 3.250
10 1.372 1.812 2.228 2.764 3.169
11 1.363 1.796 | 2201 2.718 3.106
12 1.356 1.782 2.179 2.681 3.055
13 1.350 1.771 2.160 2.650 3.012
14 1.345 1.761 f 2.145 2.624 ‘! 2.977
15 1.341 1.753 | 2.131 2.602 ! 2.947
16 1.337 1.746 2.120 2583 | 2921
| 17 1.333 1.740 2.110 2.567 2.898
| 18 1.330 1.734 2.101 2.552 ? 2.878
| 19 1.328 1.729 2.093 2.539 2.861
; 20 1.325 1.725 2.086 2.528 2.845
i 21 1.323 [ 1.771e. 2.080 2.518 2.831
22 1.321 1.717 2.074 2.508 2.819
23 1.319 1.714 2.069 2.500 2.807
24 1.318 1.711 2.064 2.492 2.797
25 1.316 1.708 2.060 2.485 2.787
26 1.315 1.706 2.056 2.479 2.779
27 1.314 1.703 2.052 2.473 2.771
28 1.313 1.701 2.048 2.467 2.763
29 1.311 1.699 2.045 2.462 2.756
30 1.310 1.697 2.042 2.457 2.750
32 1.309 1.694 2.037 2.449 2.738
34 1.307 1.691 2.032 2.441 2.728
36 1.306 1.688 2.028 2.434 2.719
38 1.304 1.686 2.024 2.429 2.712
00 1.282 1.645 1.960 2.326 2.576
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Chi-Square Distribution Table
." ~\\
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The shaded area is equal to a for x2 = x2.
, . g .

df X.2995 X.2990 ! X.2975 X?QSO X.Zgoo X.2100 X.2050 X.zozs X.201o X.2005
1 0.000 | 0.000 | 0.001 0.004 0.016 2706 | 3.841 | 5024 | 6.635 7.879
2 0.010 0.020 0.051 0.103 0.211 4.605 5.991 7.378 | 9.210 10.597
3 0.072 0.115 0,216 0.352 0.584 6.251 7.815 9.348 11.345 | 12.838
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 | 13.277 | 14.860
5 0.412 0.554 0.831 1.145 1610 | 9:236 11.070 12.833 | 15.086 | 16.750
6 0.676 0.872 1.237 1.635 2.204 | 10.645 12.592 14.449 | 16.812 | 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 | 14.067 | 16.013 18.475 | 20.278
8 1.344 1.646 2.180 2.733 | 3.490 13.362 15.507 | 17.535 | 20.090 | 21.955
9 1.735 2.088 2.700 3.325 4.168 14.684 | 16.919 19.023 | 21.666 | 23.589
10 2.156 2.558 3.247 3.940 4.865 15.987 | 18307 | 20.483 | 23.200 | 25.188
11 2.603 3.063 3.816 4.575 5.578 | 17.275 19.675 21.920 | 24.725 | 26.757
12 3.074 3.571 4.404 5.226 6.304 18.549 | 21.026 | 23.337 | 26.217 | 28.300
13 3.565 4.107 [V 5.009 || 5.8920 7" 7042 19.812 | 22362 | 24.736 | 27.688 | 29.819
14 4.075 4.660 | 5.629 | 6571 | 7.790 21.064 | 23.685 | 26.119 | 20.141 | 31.319
15 4.601 5.229 6.262 7.261 8.547 22.307 | 24996 | 27.488 | 30.578 | 32.801
16 5.142 5.812 | 6.908 7.962 0.312 | 23.542 | 26.206 | 28.845 | 32.000 | 34.267
17 5.697 6.408 7.564 8.672 10.085 | 24.769 | 27.587 | 30.191 | 33.409 | 35.718
18 6.265 7.015 8.231 9.390 10.865 | 25.989 | 28.869 | 31.526 | 34.805 | 37.156
19 6.844 7.633 8.907 10.117 | 11.651 | 27.204 | 30.144 | 32.852 | 36.191 | 38.582
20 7.434 8.260 9.591 10.851 12.443 | 28.412 | 31.410 | 34.170 | 37.566 | 39.997
21 8.034 8.897 | 10.283 11.591 13.240 | 29.615 | 32.671 35.479 | 33.932 | 41.401
22 8.643 9.542 10.982 | 12.338 14.041 | 30.813 | 33.924 | 36.781 | 40.289 | 42.796
23 9.260 10.196 11.689. | 13.091 14.848 | 32.007 | 35.172 | 38.076 | 41.638 | 44.181
24 9.886 10.856 | 12.401 13.848 15.659 | 33:196.{-836.415 | 39.364 | 42.980 | 45.559
25 | 10.520 | 11.524 13.120 | 14.611 16.473 | 34.382 | 37.652 | 40.646 | 44.314 | 46.928
26 | 11.160 12.198 13.844 15.379 17.292 35.563 38.885 | 41.923 | 45.642 | 48.290
27 | 11.808 | 12.879 14.573 16.151 18.114 | 36.741 | 40.113 | 43.195 | 46.963 | 49.645
28 | 12.461 13.565 15.308 16.928 | 18.939 | 37.916 | 41.337 | 44461 | 48.278 | 50.993
20 | 13.121 14.256 16.047 | 17.708 | 19.768 | 39.087 | 42.557 | 45.722 | 49.588 | 52.336
30 | 13.787 | 14.953 16.791 18.493 | 20599 | 40.256 | 43.773 | 46.979 | 50.892 | 53.672
40 | 20.707 | 22.164 | 24.433 | 26.509 | 29.051 51.805 | 55.758 | 59.342 | 63.691 | 66.766
50 | 27.991 20.707 | 32.357 | 34.764 | 37.689 | 63.167 | 67.505 | 71.420 | 76.154 | 79.490
60 | 35534 | 37.485 | 40.482 | 43.188 | 46.459 | 74.397 | 79.082 | 83.298 | 88.379 | 91.952
70 | 43275 | 45.442 | 48758 | 51.739 | 55.329 | 85.527 | 90.531 | 95.023 | 100.425 | 104.215
80 | 51.172 | 53.540 | 57.153 | 60.391 64.278 | 96578 | 101.879 | 106.629 | 112.329 | 116.321
90 | 59.196 | 61.754 | 65.647 | 69.126 | 73.291 | 107.565 | 113.145 | 118.136 | 124.116 | 128.299
| 100 | 67.328 | 70.065 [ 74.292 | 77.929 | 82.358 | 118.498 | 124.342 | 120.561 | 135.807 | 140.169
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F-Table Upper Tall Area of .05
Numerator df
1 2 3 4 5 1] 7 8 9 10 11 12 15 20 24 30 60 120 «©

1 1614 1935 2157 2246 2302 2340 2368 2389 2405 2418 2430 2439 2459 2480 2431 2501 252.2 2533 2543

2 18.5 15,0 19.2 19.2 123 19.3 19.4 15.4 19.4 154 19.4 19.4 19.4 19.4 19.5 19.5 19.5 185 19.5

3 10.1 EX 9.3 5.1 9.0 89 EX:| B.& 88 8:8 B.8 8.7 B.7 B.7 BE 8.6 8.6 B.S B5

a 771 694 659 639 626 616 BOIS 604 6.00 598 584 591 586 5.80 577 5.75 5.69 5.66 5.63

5 661 579 5.41 519 505 455 488 (4B 477 474 ATD, 468  4B2 458 453 4,50 4.43 4.40 437

6 593 514 476 453 43% 428 0 221 415 410 406 403 400 394 387 3.84 3.81 3.74 370 3.67

7 558 474 435 412 397 387 @79 393 3.68 364 380 357 351 344 3.41 3.38 330 3.27 3.23

& 5.32 4.46 a.07 3,84 .69 3.58 350 3.44 3.39 235 331 228 322 3.15 3.12 3.08 3.01 2.97 2,93

9 312 4.26 3.86 2.63 .48 337 329 3.23 218 314 310 .07 3.01 284 2.90 2.86 278 .75 271

10 4.96 4.10 371 3.43 333 3.22 ERE] 3.07 an? 288 4.9 291 8L 237 2.74 2.70 2.62 2.58 .54

11 484 398 3.59 338 330 3.0% 3.01 2.95 2.80 2.85 282 273 27z 2.65 261 257 243 2,45 240

12 475 3.89 3.49 3.26 311 3.00 481 2.85 2.80 275 272 2.69 262 2.54 2.5¢ 247 238 2.34 230

13 467 3.81 3.41 3.18 3.03 292 .83 287 2 .67 2,62 B0 253 2.46 2.42 2.38 2.30 2.25 21

= 14 4,860 .74 334 2131 2386 283 2,76 270 265 1.60 257 153 2.46 239 235 231 242 218 213
% 15 454 368 329 306 280 279 271 264 2.58 254 . 281 2480 240 233 205 2.25 2.16 211 2.07
'_E 16 443 383 324 3,01 @&BS 24 2656 2.59 2.54 2.49 0 248 242 | 285 Q2@ 224 219 21 2,06 0
E 17 4,45 3.59 3.20 285 281 170 2.61 255 2.49 2.45 241 238 § 237 &35 2:18 215 .08 .01 1.96
18 441 355 316 283 277 2866 2.58 XEL 206 ZeTNEay 234 | @1 218 285 211 202 1.87 182

15 438 352 313 2,90 2.74 2.63 2.54 248 2.42 238 234 1.31 223 2,16 11 2,07 158 193 1.88

20 435 349 310 289, 231 2s0%, 231 245 | 239 235 231 228 230 217 208 104 1.95 190 1.84

21 432 3.47 3.07 2.84 2.68 57 2.49 242 237 2:82 228 225 2.18 2.10 2,05 201 132 1.87 1.81

n 430 3.44 3.05 282 2.66 2.55 .46 2.40 2.34 230 2.26 223 215 2.07 2.03 198 1.89 184 1.78

23 4328 342 3,03 280 | 284 253 244 237 232 227 284 _AS0IASED 05 2.01 1.96 1.86 1.81 1.76

24 426 3.40 3.01 .78 282 2351 242 2.36 2:30 2.2% 1.2 218 211 2.08 198 194 1.84 1.7 1.73

25 4,24 339 2.99 .78 2.60 249 2.40 2.34 228 2.24 2200 248 2.09 2,81 i8¢ 182 1.82 177 1.71

26 423 337 2,98 .74 259 2.47 233 2.32 227 2322 2.18 2415 2.07 155 1.95 190 1.80 1.75 1.69

30 417 332 292 269 253 242 333 227 221 16 213 208 201 4193 1,88 1.84 174 168 162

40 408 323 2.B4 261 245, 234 2325 218 238 208 204 200 187 184 1.79 174 1.64 1.58 151

&0 4.00 3a.15 276 2.53 237 235 247 2.10 204 x82 1.85 1,53 184 175 170 185 53 147 133

120 382 307 268 245 229 238 209 202 158 191 187 183 175 188 1.81 155 1.43 1.35 125

@ 3.84 3.00 2.60 2.37 2.21 2.10 2,01 1.84 1.83 1.83 179 175 1.67 1.57 152 1.46 1,32 1.22 1.00
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! F-Table Upper Tall Area of 025
Numerator df
1 2 3 a 5 3 7 8 [] 10 11 12 15 20 24 30 60 120 ®
1| 848 759 8B4 ges 921 937 948 956 963 968 973 976 ag4 993 997 1001 1008 1014 1018
2| 385 je¢ 391 32 393 393 393 393 393 394 394 394 394 394 34 13.4 39.4 394 9.5
3| 174 160 154 151 148 147 146 145 144 144 163 143 142 141 143 140 139 139 139
4| 122 106 9.9 9.6 93 9.2 9.0 8.9 B9 8.8 87 8.7 86 85 8.5 8.4 83 83 8.2
5| 100 843 776 738 745 698 685 0676 688 662 657 652 642 6533 628 6.23 6.12 6.07 6.02
6| 8B1 726 660 623 5989 582 570 560 552 548 s41 W.537 527 517 512 507 4.96 450 4.85
7| 807 654 589 552 529 512 /493 480 482 476 471 467 457 647 44l 436 4,25 4.20 414
B} 757 606 542 505 AaBz 465 | 453 443 436 430 424 . 420 430 400 385 389 3.78 3.73 367
9| 7.21 571 508 472 448 432 420 430 4p3 386 381 =87 377 367 361 3.56 3.45 3.39 333
10| 654 546 483 44707424 407 395 385 378 372 386 362 352 W3az 337 331 3.20 3.14 3.08
n/| &7z 526 463 425 444 388 376 366 3303 53 347 343 333 3237 317 3.12 3.00 2.94 2.88
12| 655 si0 447 4 412 389 373 3Bl a8 344 337 332 328 318 307 02 296 2.8% 279 w72
13| 641 487 435 4D0 377 360 348 339 331 325 3200, 335 305 285 289 184 172 246 2.60
- 14 | 530 a8 474 |3a8s 386 350 4sse 328 321 | 315 309 305 295 288 279 273 261 2.55 2.49
g 15 | 6.20 a77 445 @ 380 358 34 329 320 312 | 3bBbgd0i, 295 286 27 270 264 .52 2,46 2.40
% 16| B.12 ags 4fs | 33 350 834 3220 31200805 295 283 2890, 279 268 263 257 245 2.38 232
g 17| 6.04 a6z 401 | 366 344 328 315 306 298 292 287 282 || 272 262 256 1.50 238 232 2.2%
a 18| S98 456 398 ‘3Gl a38 33 3200 EEOTN203 ST 7R, 277 267 256 250 244 13 2.26 119
19| 592 451 sg00. 386 383 317 305 235 288, 282 276 272 282 251 245 239 .27 2.20 .13
20| 5.87 sa5 385 HasTRNSESEN 3018 291 W84 2@ 27E 268 2857 246 241 235 wn 216 209
21| 583 442 382 348 325 309 297 287 280 AR 2 6B 264, 283 242 4137 231 218 211 206
2| 579 438 378 344 @22 BEs ' 293 284 [ 276 X0 265 260 250 238 2233 .27 2.14 208 2.00
23| 575 435 375 341 (348 308 250 281 273 267 262 257 4 247 238 230 224 211 2,04 187
24| 572 432 372 338 315 289 L28%, 278 270 264 258 258 244 233 227 nn 2.08 2.01 194
25| 569 479 360 335 | 313 287 285 295 268 2610256 251 241 230 24 2.18 .05 158 1.81
26| 566 427 367 333 /320 294 282 2@3 265 255 58 2439 238 228 12 2.16 1.02 185 1.88
30| 557 418 350 2325, 303 287 275 265 257 251 248 241 Zay " 220 214 207 1.34 1.87 1.79
40 | s.a2 605 346 313 250, 274 262 253 245 235 233 229 2IF 207 201 1.94 1.80 1.72 164
60| 5.29 393 334 30 279 263 251 241 233 27 22 217 i06) 154 188 182 1E7 1.58 1.48
120 | 515 360 323 289 267 waS2 239 230 227 216 240 20s 494 1BZ LT76 169 153 143 131
w| 502 369 332 279 257 241 Sggowe@ s 211 205m@deeTSd 183 171 164 1.57 1.39 127 1.00
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