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1. A bowl contains two red balls, two white balls, and fifth ball that is either red or white.
Let p denote the prohability of drawing a red ball from the bowl. We shall test the
simple null hypothesis Hy: p =3/5 against the simple alternative hypothesis H;: p =2/5.
Draw four balls at random from the bowl, one at a time and with replacement. Let.X
equal the number of red balls drawn.

(a) Define a critical region C for this test in terms of X. (3%)

(b) For the critical region C defined in part (a), find the values of « (the probability of

type I error) and S (the probability of type II error). (12%)

2. Assume that the birth weight in grams of a baby born in the United States is N(3200,
5007), boys and girls combined. Let X equal the weight of a baby girl who is born at

home in Ottawa County and assume that the distribution of Xis M 14, 0 2.
(a) Using 11 observations of X, give the test statistic and critical region for testing Hy:
i x= 3200 against the alternative hypothesis H;= g, > 3200 (home-born babies

are heavier) if a=0.05. (3%)

(b) Calculate the value of the test statistic and give your conclusion using the following

weights:
3119 2657 3459 3629 3345 3629 3515 3856 3629 3345 3062 (3%)

(c) What is the approximate p-value of the test? (3%)

(d) Give the test statistic and critical region for testing Hy: o = 5007 against the

alternative hypothesis H; = o ,* < 500 (less variation of Weights of home-born

babies) ifa = 0.01. (3%)

(e) Calculate the value of your test statistic and state your conclusion. (3%)
(f) What is the approximate p-value of this second test? (3%)

3. Let p equal the proportion of college students who favor a new policy for alcohol
consumption on campus. How large a sample is required to estimate p so that with
90% confidence the maximum error of the estimate of p is 0.03 when the size of the
student body is = 2000? (10%)
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4. The six numbers 1, 2, 3, 4, 5, and 6 are written, respectively, on six disks of the same
size and placed in a hat. Two disks are drawn without replacement from the hat, and

the numbers written on them are observed.
(a) List all the possible outcomes for this experiment as pairs of numbers (order not

important). (5%) |
(b) If each of the possible outcomes has equal probability, assign a value to the
probability that the sum of the two numbers drawn is (i) 4 and (ii) between 5 and 7

~ inclusive. (10%)

5. You are a member of a class of 20 students. A bowl] contains 20 chips, 1 blue and 19
red. Each student is to take 1 chip from the bow] without replacement. The student

who draws the blue chip is guaranteed an A for the course.
(a) If you have a choice of drawing first, fifth, or last, which position would you choose?

Justify your choice using probability. (2%)
(b) Suppose that the bowl contains 2 blue and 18 red chips. What position would you

now choose? (3%)

6. Bowl A contains two red chips and two white chips; bowl B contains one red chip and
three white chips; bowl C contains three red chips and one white chip. A bowl is
selected at random (with equal probabilities), and one chip is taken at random from the
bowl. |
(a) Compute the probability of selecting a white chip, say P(W). (5%)

(b) If the chip selected is white, compute the conditional probability that the other chips

in the bowl contain at least one white chip. (10%)

7. Let X be the smaller outcome when a pair of four-sided dice is rolled.

(a) Find the p.d.f. of X. (5%)
- (b) Find the mean, variance, and standard deviation of X. (5%)

8. The moment-generating function of X is
Mx(t) = (1/4)(e' + & + & + &),
the moment-generating function of Y is
My(t) = (1/3)(e' + € + e*);
X and Y are independent random variables. Let W=X+Y.
(2) Find the moment-generating function of W. (5%)
(b) Give the p.d.f. of W. (7%)
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P(Fsf)= ‘[j
The F Distribution

Den. Numerstor Degrees of Freedom, r,
_ d.f. . —
a P(Fsf r 1 2 3 4 5 ] 7 8 9 40
" 005 0.95 1 161.4 199.5 215.7 224.6 230.2 © 2340 236.8 2389 240.5 2419
0.025 0.975 647.79 799.50 864.16 899.58 921.85 937.11 948.22 956.66 963.28 968.63
0.01 0.99 4052 4999.5 5403 5625 5764 5859 5928 5981 6022 6056
0.05 0.95 2 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38 19:40
0.025 0.975 38.51 39.00 39.17 39.25 39.30 39.33 39.36 39.37 39.39 39:40
0.01 0.99 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39 99.40
0.05 0.95 3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79
0.025 0.975 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 14.47 1442
0.01 0.99 34.12 30.82 . 29.46 28,71 28.24 27.91 27.67 . 27149 27.35 1§ <)
0.05 0.95 4 7.7 6.94 659 . 639 6.26 L 6.16 6.09 6.04 6.00 596
0.025 0.975 12.22 10.65 9.98 9.60 936 9.20 9.07 898 890 884
0.01 0.9 21.20 18.00 16.69- - 1598 - (1552 15.21 14.98 14.80 14.66 1455
0.05 0.95 5 6.61 5.79 . 5.41 5.19 5.08 495 = 488 4.32 4.77 4.74
0.025 0.975 10.01 8.43 " 176 1.39 7.15 6.98 6.85 6.76 6.68 662
0.01 0.99 : 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16 10.05
0.05 0.95 6 5.9 5.14 " 476 453 4.39 4.28 421 4.15 4.10 4,06
0.025 0.975 8.81 7.26 6.60 6.23 5.99 582 . 5.70 5.60 5.52 5.46
0.01 0.99 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87
0.05 0.95. 7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 7 3.68 3.64
0.025 0.975 8.07 6.54 5.89 - 552 5.29 5.12 4.99 4.90 4.82 4.76
0.01 0.99 12.25 - 9.55 B.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62
0.05 0.95 ] 532 4.46 4.07 T 384 3.69 3.58 3.50 3.44 3.39 3.35
0.025 0.975 1.57 6.06 5.42 5.08 482 4.65 4.53 4.43 4.36 430
0.01 0.9 11.26 8.65 - 1.5 1.0 6.63 6.37 6.18 6.03 5.9 5.81
0.05 0.95 9 5.12 4.26 3.86 3.63 3.48, 3.37 3.29 3.23 3.18 3.14
0.025 0.975 121 5.71 . 5.08 472 4.48 4.32 4.20 4.10 - 4.03 3.96
0.01 0.99 ‘ 1056 8.02 6.99 6.42 6.06 '5.80 5.61 5.47 535 5.26
0.05 0.95 10 4.96 4.10 3.71 3.48 3.33 2 . 3.4 3.07 3.02 2.98
0.025 0:975 6.94 5.46 4.83 4.47 4.24 407 3.95 -3.85 378 3.72
0.01, 0.99 10.04 7.56 655 5.99 5.64 539 5.20 5.06 4.94 485
0.05 0.95 [}] 475 3,89 3.40 3.26 3at 3.00 © 291 2.8% 2.80 2.75
0028 0.975 6.55 5.10 4.47 4.12 3.89 3.7 361 3.51 3.44 3.37
0.01 0.9 9.33 6:93 5.95 5.41 5.06 4,82 464 4.50 4.39 4,30
0.05 0.95 15 4.54 3.68 3.29 3.06 2.90 L2719 an 2.64 2.59 2.54
0.025 0.975 ! 6.20 4TI 415 3.80 3.58 341 3.29 3.20 3.12 3.06
0.01 0.99 8.68 6.36 5.42 4.89 4.56 432 414 4.00 3.89 3.80
0. 0.95 20 435 3.49 . 3.10 2.87 27 2.60 2.51 2.45 239 2.35
g g.s 0.975 5.87 4.46 . 3.86 3.51 3.29 3.13 3.01 2.9 ‘2.84 2.7
0.01 0.99 ‘8.10 .5.85 4.94 443 4.10 3.87 3.70 3.56 3.46 3.37
0.65 0.95 24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25
0.025 " 0.975 5.72 432 in 3.38 3.15 2.99 2.87 2.78 2.70 2.64
00t | 09 7.82 5.61 472 422 3.90 3.67 3.50 336 3.26 3.17
0.05 0.95 30 417 332 292 2.69 2.53 . 2.82 2.33 2.27 221 2.16
0.025 0.975 : 5.57 4,18 1.59 . 3.5 3.03 287 275 2.65 2.57 2.51
0.0l 0.99 7.56- 5.39 451 42 - 30 3.47 3.30 .17 3.07 2.98
0.05 0.95 40 . 4,08 3.3 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.08
0.025 0.975 , 542 4.05 3.46 3.13 2.90 2.74 2.62 2.53 2.45 2.39
0.01 0.99 7.31 5.18 431 3.83 3.51 3.29 3.12 2.9 2.89 2.80
8.05 0.95 60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 204 1.99
0.025 0.975 5.29 3.93 3.34 3.0 2.79 2.63 2.51 241 2.33 2.27
0.01 0.99 7.08 .4.98 4.13 3.65 3.34 112 2.95 2.82 272 2.63
0.05 0.95 1 120 3.9 3.07 2.68 2.45 2,29 2.17 2.09 2.02 1.96 1.91
0.025 0.975 5.15 3.80 kW] 2.89 2.67 2.52 2.39 2.30 222 2.16.
0.01 0.99 6.85 4.719 3.95 3.48 3.17 2.96 2.79 2:66 2.56 2.47
0.05 0.95 ™ 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83
0.025 0.975 -5.02 3.69 3.12 2.9 z 57 z 41 2.29 2.19 2.11 2.05
0.01 0.9 663 46l 3.78 3.32 264 . 251 2.41 232
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Den. ‘Numerator Degrees of Freedom, r,
df. - :

a PFsf) n 12 15 20 %4 30 a0 60 120 ®
0.05 0.95 | 2439 245.9 248.0 249.1 250.1 251.1 252.2 2533 254.3
0.025 0.975 976.71 984.87 993.10 997.25 1001.4 1005.6 1009.8 1014.0 1018.3
6.01 0.9 6106 6157 6209 6235 6261 6287 6313 6339 6366
0.05 0.95 2 19.41 19.43 19.45 19.45 19.46 1947 " 19.48 19.49 19.50'
0.025 0.975 39.42 39.43 39.45 39.46 39.47 39.47 39.48 39.49 39.50
0.01 0.99 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.49 99:50
0.05 0.95 3 8.74 .70 8.66 “8.64 8.62 8.59 8.57 8.55 843
0.025 0.975 14.34 14.25 14.17 14.12 14.08 14.04 13.99 . 13.95 13.90
0.01 0.99 27.05 26.87 26.69 26.60 26.50 26.41 26.32 26.22 26.13
0.05 0.95 4 5.91 5.86 5.80 5.77 5.75 572 5.69 5.66 5:63
0.025 0.975 8.75 8.66 8.56 8.51 8.46 8.41 8.36 8.31 826
0.0 0.99 14.37 14.20 14.02 13.93 13.84 13.75 13.65 13.56 13.46
0.05 0.95 s 4.68 4.62 4.56 453 4.50 4.46° 4.43 4.40 4.36
0.025 0.975 6.52 6.43 6.33 6.28 1 6.23 6.18 6.12 6.07 6.02

0.0 0.99 9.89 9.72 9.55 "9.47 9.38 9.29 9.20 9.11 9.02
0.05 0.95 6 4.00 3.94 3.87 3.84 3.81 3.77 3.74 3.70 3.67
0.025 0.975 537 5.27 s.17 512 5.07 5.01 4.96 4.90 4.85
0.01 0.99 .72 7.56 7.40 7.31 7.23 7.14 7.06 6.97 6.88
0.05 0.95 7 3.57 3.51 3.41 3.41 3.38 3.34 3.30 3.27 3.23
0.025 0.975 4.67 4.57 4.47 4.42 436 431 425 4.20 4.14
0.01 0.99 6.47 6.31 6.16 6.07 5.99 5.91 5.82 5.74 5.65
0.05 0.95 ] 3.28 3.22 3.15 o 3.08 3.4 3.01 2.97 2.93
0.025 0.975 4.20 4.10 4.00 3.95 3.89 3.84 3.78 3.73 3.67
0.0 0.99 5.67 5.52 5.36 5.28 5.20 512 . 5.03 495 4.36
~8:08 0.95 9. 3.07 3.01 294 2.9 2:86 2.83 2.7 2.75 21
0:025 0.975 : 387 3T 3.67 3.61 3.56 3.51 345 3.39 3.38
0,01 0.99 5.11 4:96 4.81 4.73 4:65 457 21.43_ 4.40 _ ;g
o 0.95 10 2:91 2.85 2.7 2.74 270 2:66 262 2.58 ;
g-.gsz 0.975 3.62 3.5 3.42 3.37 3.31 3.26 3.20 3.4 308
901 0.9 4n- - 4.96 441 433 A2 4,17 408 400 3.91
S 0.95 12 2.69 2.62. 2.5 281 247 2.43 2.38 2.34 2:30
g.g;.s "0.975 3.28 3.18 3.07 3.0 2.96 2.91 2.85 2.19 272
0.01 0.99 4.16 401 3.86 7 3.70 3.62 3.54 3.45 3.36
0.08 0.95 15 2.48 2.40 2.33 2.29 225 2.20 2.16 2.11 2.07
o.gzs 0.975 2.96 28 . 2% .2.70 2.64 2.59 2.52 246 2.40
0.01 0.99 3.67 -~ 3.52 C3er 3.29 3.21 3.13 3.05 2.96 2.87
; .95 20 2.28 2.20 202 2.08 2.04 199 . 1.95 1.90 . 1.84
g ?ﬁ 3.975 2.68 2.57 2.46 2.41 2.35 2.29 2.22 2.16 2.09
0.01 0.9 3.23 3.09 2.94 2.86 2.78 2.69 2.61 2.52 2.42
X 0.95 % 2.18 2.11 2.03 1.98 1.4 1.89 1.84 1.79 1.73
gg;s 0.975 2.54 2.44 2.33 2.27 221 2.15 2.08 2.01 1.94
0.01 0.99 3.03 2.89 274 2.66.. 2.58 2.49 2.40 2.31 2.21
0 95 30 2.09 2.0t 1.93 1.89 1.84 L1 1.74 1.68 1.62
g.:;s g.sns 241 2.31 2.20 2.14 2.07 2.01 1.94 1.87. L7
0.01 0.9 2.84 .70 2.55 2.47 2.39 2.30 2.21 211 2.01
0. 0.95 40 2.00 1.92 1.84 L9 1.74 1.69 1.64 1.58 1.51
o.& 0.975 : 2.29 2.18 2.07 201 1.94 1.88 1.80 1.72 1.64
0.01 0.99 2.66 252 - 2.37 2.29 2.20 21 2.02 1.92 1.80
0.05 095 . 60 1.92 1.84 1.75 1.70 1.65 1.59 1.53 1.47 1.39
0.025 0.975 . 2.17 2.06 1.94 1.88 1.82 1.74 1.67 1.58 1,48
0.01 0.95 _ 2.50 2.35 2.20 2.12 2.03 1.94 1.84 1.73 1:60
0. 0.95 120 1.83 175 1.66 1.61 1.58 1.50 1.43 1.38 128
‘8.3;5 0.975 2.05 195 1.82 1.76 1.69 -1.61 1.53 1.43 131
0.01 0.99 234 2.19 2.03 1.95 1.86 1.76 1.66 1.53 138
095 w 175 1.67 1.7 1.52 1.46 1.9 1.32 1.22 1.00
g'gs 0.975 1.94 1.83 n 1.64 1.57 1.48 1.39 1.27 1.00
0:61 0:99 2.18 2.0¢ 1.88 1.9 1.70 1.5 1.47 1.32 1.00






