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b) It actually has risen in 73% of all years. Not much difference 
from their strategy. 

19. $240 
20. a) 0.240 b) 0.050 c) 0.383 
21. a) 0.717 b) 0.588 
22. a) 36 b) 5.02 

c) Because both np = 36 10 and nq = 84 10. 
d) There is a 68% chance between 30.98 and 41.02 (31 and 

41 students); 95% chance between 25.96 and 46.04 (26 and 
46 students); 99.7% chance between 20.94 and 51.06 
(21 and 51 students). 

23. a) tr, = 100, a == 8 b) 1000,0 = 60 
c) p 100, a = 8.54 d) j.L = -50,o = 10 
e) = 100, o =-- 11.31 

   

24. Assuming policies are independent, we add the profit variances. 
The resulting standard deviation of total profit is less than the 
sum of the SDs of individual profits. This means the profit for the 
large company will be less variable than the total of profits for 
the smaller companies. ' 

25. a) Many do both, so the two categories can total more than 100%. 
b) No. They can't be disjoint. If they were, the total would be 

100% or less. 
c) No. Probabilities are different for boys and girls. 
d) 0.0524 

26. a) p, = $27.00, a = $9.90 
b) Spending on different days is independent. This might not be 

reasonable, since a student may be more likely to spend less 
on a day after he had spent a lot. 

c) = $94.50, o- = $18.52 
d) No. $50 is 2.4 SDs below the mean. We assumed independence 

of costs each day. 
27. a) 21 days b) 1649.73 som 

c) 3300 som extra. About 157-som "cushion" each day. 
28. a) 4 lb b) 3.20 lb c) 0.894 
29. No, you'd expect 541.2 homeowners, with an SD of 13.56. 523 is 

1.34 SDs below the mean; not unusual. 
30. at.t = $2.54, a $0.94 
31. a) 0.018 b) 0.300 c) 0.26 
32. a) 0.0156 b) 0.0039 

c) Answer b would become 0.0026. 
33. a) 6 b) 15 c) 0.402 
34. a) 3 

b) Expect to lose 1/6 of your current score. c) 18 
d) Roll until you score 18 points, then stop. 

35. a) 34% b) 35% c) 31.4% 
d) 31.4% of classes that used calculators used computer assign-

ments, while in classes that didn't use calculators, 30.6% used 
computer assignments. These are close enough to think the 
choice is probably independent. 

36. a) 0.5929 b) 0.407 c) 0.053 d) 0.0025 
37. a) 1/11 b) 7/22 c) 5/11 d) 0 e) 19/66 
38. a) tr. --= 18, o- = 3 b) 6 c) No, o-  is now 5. d) 10 or more 

e) What appears "surprising" in the short run becomes expected 
in a large number of trials. 

39. a) Expected number of stars with planets. 
b) Expected number of planets with intelligent life. 
c) Probability of a planet with a suitable environment having 

intelligent life. 
d) If a planet has a suitable environment, the probability that 

life develops. 
fi: If a planet develops life, the probability that the life evolves 
intelligence. 
L: If a planet has intelligent life, the probability that it devel-
ops radio communication. 

40. a) 0.017 b) 0.824 41. 0.991 
42. a) 0.01 b) 0.0098 c) 0.366 d) First 

e) The chance of winning is 0.01 anywhere in line, so position 
does not matter. 

CHAPTER 18 

1. All the histograms are centered near 0.05. As n gets larger, the 
histograms approach the Normal shape, and the variability in the 
sample proportions decreases. 

2. All the histograms are centered near 0.85. As n gets larger, the 
histograms approach the Normal shape, and the variability in  the 
sample proportions decreases. 

3. a) 

n 
Observed 

mean 
Theoretical 

mean 
Observed 
st. dev. 

Theoretica 
st. dev. 

20 0.0497 0.05 0.0479 0.0487 
50 0.0516 0.05 0.0309 . 0.0308 

100 0.0497 0.05 0.0215 0.0218 
200 0.0501 0.05 0.0152 0.ni ra 

b) They are all quite dose to what we expect from the theory. 
c) The histogram is unimodal and symmetric for n = 200. 
d) The success/failure condition says that np and nq should both 

be at least 10, which is not satisfied until 11 200 for p = 0.05. 
The theory predicted my choice. 

4. a) 

n 
Observed 

mean 
Theoretical 

mean 
Observed 

st. dev. 
Theoretica 

st. dev. 

20 0.8481 0.85 0.0803 0.0798 
50 0.8507 0.85 0.0509 0.0505 
75 0.8481 0.85 0.0406 0.0412 

100 0.8488 0.85 0.0354 0.0357 

b) They are all quite close to what we expect from the theory. 
c) The histogram is unimodal and symmetric for n = 75. 
d) The success/failure condition says that np and nq should bo 

be at least 10, which, for p --- 0.85 and q = 0.15, would be sa 
isfied at a sample size of about 67. So my choice of n = 75 is 
reasonable. 

5. a) Symmetric, because probability of heads and tails is equal 
b) 0.5 c) 0.125 d) np = 8 < 10 

6. a) Probability skewed right. 
b) No. np = 5 <10 c) 0.10 d) 0.042 

7. a) About 68% should have proportions between 0.4 and 0.6, 
about 95% between 0.3 and 0.7, and about 99.7% between 
0.2 and 0.8. 

b) np = 12.5, nq = 12.5; both are 10. 
c) 

0.3125 0.3750 0.4375 0.5000 0.5625 0.6250 0.6875 

Proportion 

np = nq = 32; both are 10. 
d) Becomes narrower (less spread around 0.5). 

8. a) np = 20, np = 180; both are 10. 
b) About 68% will be between 7.9% and 12.1%, about 95° 

between 5.8% and 14.2%, and about 99.7% should be 

3.7% and 16.3%. 
c) Same center, less spread. 

9. This is a fairly unusual result: about 2.26 SDs below the 

The probability of that is about 0.012. So, in a class of 10 

certainly a reasonable possibility. 
10. No. It's only 1.49 SDs above the mean. 

11. a) 

b: 

12. T 
e: 

s; 

a 
13. a 

14. 
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a) 
18. 

  

0.335 0.370 0.405 0.440 0.475 0.510 0.545 

Binge Drinking 

 

0.547 0.598 0.649 0.700 0.751 0.802 0.853 

Proportion Speeding 

 

b) Both np = 56 and nq = 24 10. Drivers may be independent 
of each other, but if flow of traffic is very fast, they may not 
be. Or weather conditions may affect all drivers. In these cases 
they may get more or fewer speeders than they expect. 

12. There is a 68% chance that between 20.2% and 32.6% are smok-
ers, 95% chance between 14% and 38.8%, and 99.7% chance 
between 7.8% and 45%. The 50 adults would have to be a random 
sample whose choice to smoke is independent of the others in the 
sample. The Success/Failure Condition is satisfied, np = 13.2, 
and nq = 36.8. Both are 10. 

13, a) Assume that these children are typical of the population. They 
represent fewer, than 10% of all children. We expect 20.4 near-
sighted and 149.6 not; both are at least 10. 

b) 

0.045 0.070 0.095 0.120 0.145 0.170 0.195 

Proportion 

c) Probably between 12 and 29. 
14. a) Assume that this bank's mortgages are typical of the pop-

ulation. They're fewer than 10% of all mortgages. We ex-
pect 27.7 foreclosures and 1703.3 "failures"; both are at 
least 10. 

b) 

0.007 0.010 0.013 0.016 0.019 0.022 0.025 

Proportion 

c) Probably between 17 and 38. 
15. a) p„ = 7%, = 1.8% 

b) Assume that clients pay independently of each other, that we 
have a random sample of all possible clients, and that these 
represent less than 10% of all possible clients. np -= 14 and 
nq = 186 are both at least 10. 

c) 0.048 
16. a) Normal, p, = 30%, a = 4.6%; SRS, np = 30, nq = 70 10, 

b) 0.234 
17. 

0.674 0.696 0.718 0.740 0.762 0.784 0.806 

Retention Rate 

These are not random samples, and not all colleges may be typi-
cal (representative). np = 296, nq = 104 are both at least 10. 

Conditions are met: It's a random sample, with np = 88 and 
nq = 112, both at least 10. 

19. Yes; if their students were typical, a retention rate of 522/603 = 
86.6% would be over 7 standard deviations above the expected 
rate of 74%. 

20. Probably not; his sample proportion of 39.3% is less than 1.5 stan-
dard deviations below the national result of 44%. 

21. 0.212. Reasonable that those polled are independent of each other 
and represent less than 10% of all potential voters. We assume the 
sample was selected at random. Success/Failure Condition met: 
np -= 208, nq = 192. Both 10. 

22. 0.081. Assume the seeds are a random sample, germinate inde-
pendently of each other, and represent less than 10% of all seeds 
of this type. Since the seeds are in the same pack, they may not be 
independent of each other, or be a random sample. Success/ 
Failure Condition met: np = 147.2, nq = 12.8. Both 10. 

23. 0.088 using N(0.08, 0.022) model. 
24. 0.960 using N(0,04, 0.007) model. 
25. Answers will vary. Using p. + 3o-  for "very sure," the restaurant 

should have 89 nonsmoking seats. Assumes customers at any 
time are independent of each other, a random sample, and repre-
sent less than 10% of all potential customers. np = 72, nq = 48, 
so Normal model is reasonable (pc = 0.60, o- = 0.045). 

26. Answers will vary. Using p., + 2o- for "pretty sure," he should 
plan on having at least 47 steak specials (p. = 0.20, = 0.030). 

27. a) Normal, center at p, standard deviation 
b) Standard deviation will be smaller. Center will remain the 

same. 
28. a) Skewed left, center at A, standard deviation al Wt. 

b) Becomes more Normal, center at AL, standard deviation crpin. 
c) Becomes more like the population-skewed to the left. 

29. a) The histogram is unimodal and slightly skewed to the right, 
centered at 36 inches with a standard deviation near 4 inches. 

b) All the histograms are centered near 36 inches. As n gets 
larger, the histograms approach the Normal shape and the 
variability in the sample means decreases. The histograms are 
fairly normal by the time the sample reaches size 5. 

30. a) The histogram is unimodal, but strongly skewed to the right 
with several large outliers. 

b) All the histograms are centered near 10,000 ($1000). As n gets 
larger, the variability in sample means decreases and his-
tograms approach a Normal shape; however, they are still 
visibly skewed, with the possible exception of the last one at 
n = 200. 

c) The rule of thumb doesn't seem to account for highly skewed 
distributions. 

31.a) 

n 
Observed 

mean 
Theoretical 

mean 
Observed 
st. dev. 

Theoretical 
st. dev. 

2 36.314 36.33 2.855 2.842 
5 36.314 36.33 1.805 1.797 

10 36.341 36.33 1.276 1.271 

20 36.339 36.33 0.895 0.899 

b) They are all very close to what we would expect. 
c) For samples as small as 5, the sampling distribution of sample 

means is unimodal and very symmetric. 



33. 

3.19 326 3.33 3.40 3.47 3.54 3.61 
Mean SPA 

Normal, pt = 3.4,0 = 0.07. We assume that the students are ran-
domly assigned to the seminars and represent less than 10% of all 
possible students, and that individual's GPAs are independent of 
one another. 

34. 

122 128 134 140 146 152 158 
Mean Value ($1000) 
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d) The distribution of the original data is nearly unimodal and 
symmetric, so it doesn't take a very large sample size for the 
distribution of sample means to be approximately Normal. 

32. a) 

n 
Observed 

mean 
Theoretical 

mean 
Observed 
st dev. 

Theoretical 
st. dev. 

30 10,251.73 10,307.31 3359.64 3279.88 
50 10,343.93 10,307.31 2483.84 2540.58 

1.00 10329.94 10,30731 1779.18 179646 
ZOO 10,340.37 10,307.31 1260.79 1270.29 

b) They are all reasonably close to what we would expect. 
c) All the sampling distributions are still quite skewed, with the 

possible exception of the sampling distribution for n = 200, 
which is still somewhat skewed. 

d) The distribution of the data is strongly skewed, so it will take 
a very large sample size before the sampling distribution of 
the mean is approximately normal. 

35. a) As the CLT predicts, there is more variability in the smaller 
outlets. 

b) If the lottery is random, all outlets are equally likely to sell 
winning tickets. 

36. The standard deviation of the sampling distribution model for 

the mean is -
a 

. So cities in which the average is based on a 

smaller number of drivers will have greater variation in their 
averages and will be more likely to be both safest and least safe. 

37. a) 21.1% b) 276.8 days or more 
c) N(266, 2.07) d) 0.002 

38. a) 13.7% b) 31.9" 
c) N(35.4, 2.1) d) 0.005 

39. a) There are more premature births than very long pregnancies. 
Modern practice of medicine stops pregnancies at about 
2 weeks past normal due date. 

b) Parts (a) and (b)-yes-we can't use Normal model if it's very 
skewed. Part (c)-no-CLT guarantees a Normal model for 
this large sample size. 

40. a) Some people work far longer than the mean +2 or 3 SDs. 
b) The CLT says y is approximately Normal for large sample 

sizes, but not for samples of size 1 (individuals).  
41. a) p, = $2.00, a = $3.61 

b) p. = $4.00, o = $5.10 
c) 0.191. Model is N(80, 22.83). 

  

42. a) Amount won 40 0 -10 
P(amount won) 1/6 5/36 25/36 

b) p. = -$0.28, o = $18.33 
d) 0.56 

c) p. = -$1.40, o = $40.99 

43. a) p. = 2.859, 0 = 1.324 
b) No. The score distribution in the sample should resemble that 

in the population, somewhat uniform for scores 1-4 and about 
half as many 5's. 

c) Approximately N(2.859, 1324) 
-01-6 • 

44. a) p. = $137.50, o = $148.56 
b) No. These 50 members will probably make donations typkai 

of the current member population, and that's skewed to the 
right. 

c) Approximately N(137.5, 
148.56  
V ST) ) • 

45. About 20%, based on N(2.859, 0.167). 
46. Nearly 99%, based on N(137.5, 16.61). 
47. a) N(2.9, 0.045) b) 0.0131 c) 2.97 gm/mi 
48. a) 0.0478 b) 0.863 c) 0.0019 d) Essentially 0 
49. a) Can't use a Normal model to estimate probabilities. The 

distribution is skewed right-not Normal. 
b) 4 is probably not a large enough sample to say the average 

follows the Normal model. 
c) No. This is 3.16 SDs above the mean. 

50. a) Can't use a Normal model to estimate probabilities. The 
distribution is skewed right-not Normal. 

b) Probably not. 10 is not a large sample. It depends on the 
amount of skewness of the distribution. 

c) No. With 50 customers, y is N(32, 2.83). The probability is 
0.0023. 

51. a) 0.0003. Model is N(384, 34.15). b) $427.77 or more. 
52. a) 0.482. Model is N(9984, 353.27). b) $9531.27 or less. 
53. a) 0.734 

b) 0.652. Model is N(10, 12.81). 
c) 0.193. Model is N(120, 5.774). 
d) 0.751. Model is N(10, 7.394). 

54. a) 0.309 
b) 0.696. Model is N(4, 7.810). 
c) 0.037. Model is N(43, 1.118). 
d) 0.325. Model is N(4, 2.202). 

CHAPTER 19 

1. She believes the true proportion is within 4% of her estimate, 
with some (probably 95%) degree of confidence. 

2. He believes the true proportion is within 3% of his estimate, with 
some (probably 95%) degree of confidence. 

3. a) Population-all cars; sample-those actually stopped at the 
checkpoint; p-proportion of all cars with safety problerds; 
fl-proportion actually seen with safety problems (10.4%);If, 
sample (a cluster sample) is representative, then the method 

of this chapter will apply. 
b) Population-general public; sample-those who logged o 

the Web site; p-population proportion of those who favo 

prayer in school; p-proportion of those who voted in the 

who favored prayer in school (81.1%); can't use methods o 

this chapter-sample is biased and nonrandom. 
c) Population-parents at the school; sample-those who r 

turned the questionnaire; p-proportion of all parents w 

favor uniforms; p-proportion of respondents who favo 

forms (60%); should not use methods of this chapter, siP 

SRS (possible non-response bias). 
d) Population-students at the college; sample--the 1632.6 

dents who entered that year; p-proportion of all sfx-d" 

who will graduate on time; p-proportion of that year 

dents who graduate on time (85.0%); can use methods 

chapter if that year's students (a cluster sample) are. 

a representative sample of all possible students at the 
9: 

4. a) Population-people who recently bought new cars!! 

167 people surveyed; p-proportion of all new car°, 
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