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4.55. (a) Histogram on the right. (b) “At least one nonword
error” is the event “X ≥ 1” (or “X > 0”). P(X ≥ 1) =
1 − P(X = 0) = 0.9. (c) “X ≤ 2” is “no more than two
nonword errors,” or “fewer than three nonword errors.”

P(X ≤ 2) = 0.7 = P(X = 0) + P(X = 1) + P(X = 2)

= 0.1 + 0.3 + 0.3

P(X < 2) = 0.4 = P(X = 0) + P(X = 1) = 0.1 + 0.3 0.0
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4.56. (a) Curve on the right. A good procedure is to draw
the curve first, locate the points where the curvature
changes, then mark the horizontal axis. Students may at
first make mistakes like drawing a half-circle instead of
the correct “bell-shaped” curve or being careless about
locating the standard deviation. (b) About 0.81: P(Y ≤ 280) = P

(
Y−266

16 ≤ 280−266
16

)
=

P(Z ≤ 0.875). Software gives 0.8092; Table A gives 0.8078 for 0.87 and 0.8106 for 0.88 (so
the average is again 0.8092).
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4.57. (a) The pairs are given below. We must assume that we can distinguish between,
for example, “(1,2)” and “(2,1)”; otherwise, the outcomes are not equally likely.
(b) Each pair has probability 1/36. (c) The value of X is given below each pair. For
the distribution (given below), we see (for example) that there are four pairs that add to
5, so P(X = 5) = 4

36 . Histogram below, right. (d) P(7 or 11) = 6
36 + 2

36 = 8
36 = 2

9 .

(e) P(not 7) = 1 − 6
36 = 5

6 .
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4.58. The possible values of Y are 1, 2, 3, . . . , 12, each with probability 1/12. Aside from
drawing a diagram showing all the possible combinations, one can reason that the first
(regular) die is equally likely to show any number from 1 through 6. Half of the time, the
second roll shows 0, and the rest of the time it shows 6. Each possible outcome therefore
has probability 1

6 · 1
2 .
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4.59. The table on the right shows the additional columns to add to the table
given in the solution to Exercise 4.57. There are 48 possible (equally-likely)
combinations.

Value of X 2 3 4 5 6 7 8 9 10 11 12 13 14

Probability 1
48

2
48

3
48

4
48

5
48

6
48

6
48

6
48

5
48

4
48

3
48

2
48

1
48

(1,7) (1,8)
8 9

(2,7) (2,8)
9 10

(3,7) (3,8)
10 11

(4,7) (4,8)
11 12

(5,7) (5,8)
12 13

(6,7) (6,8)
13 14

4.60. (a) W can be 0, 1, 2, or 3. (b) See the top two lines of the table below. (c) The
distribution is given in the bottom two lines of the table. For example, P(W = 0) =
(0.73)(0.73)(0.73)

.= 0.3890, and in the same way, P(W = 3) = 0.273 .= 0.1597. For
P(W = 1), note that each of the three arrangements that give W = 1 have probability
(0.73)(0.73)(0.27) = 0.143883, so P(W = 1) = 3(0.143883)

.= 0.4316. Similarly,
P(W = 2) = 3(0.73)(0.27)(0.27)

.= 0.1597.

Arrangement DDD DDF DFD FDD FFD FDF DFF FFF
Probability 0.3890 0.1439 0.1439 0.1439 0.0532 0.0532 0.0532 0.0197
Value of W 0 1 2 3
Probability 0.3890 0.4316 0.1597 0.0197

4.61. (a) P(X < 0.6) = 0.6. (b) P(X ≤ 0.6) = 0.6. (c) For continuous random variables,
“equal to” has no effect on the probability; that is, P(X = c) = 0 for any value of c.

4.62. (a) P(X ≥ 0.30) = 0.7. (b) P(X = 0.30) = 0. (c) P(0.30 < X < 1.30) =
P(0.30 < X < 1) = 0.7. (d) P(0.20 ≤ X ≤ 0.25 or 0.7 ≤ X ≤ 0.9) = 0.05 + 0.2 = 0.25.
(e) P(not [0.4 ≤ X ≤ 0.7]) = 1 − P(0.4 ≤ X ≤ 0.7) = 1 − 0.3 = 0.7.

4.63. (a) The height should be 1
2 since the area under

the curve must be 1. The density curve is at the right.
(b) P(Y ≤ 1.6) = 1.6

2 = 0.8. (c) P(0.5 < Y < 1.7) =
1.2
2 = 0.6. (d) P(Y ≥ 0.95) = 1.05

2 = 0.525. 0.5 1 1.5 20

4.64. (a) The area of a triangle is 1
2 bh = 1

2(2)(1) = 1. (b) P(Y < 1) = 0.5.
(c) P(Y > 0.6) = 0.82; the easiest way to compute this is to note that the unshaded area is
a triangle with area 1

2(0.6)(0.6) = 0.18.

0.5 1 1.5 20 0.5 1 1.5 20
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5.17. (a) x is not systematically higher than or lower than µ; that is, it has no particular
tendency to underestimate or overestimate µ. (In other words, it is “just right” on the
average.) (b) With large samples, x is more likely to be close to µ because with a larger
sample comes more information (and therefore less uncertainty).

5.18. (a) P(X ≥ 23)
.= P

(
Z ≥ 23 − 19.2

5.1

)
= P(Z ≥ 0.75) = 0.2266 (with software:

0.2281). Because ACT scores are reported as whole numbers, we might instead compute
P(X ≥ 22.5)

.= P(Z ≥ 0.65) = 0.2578 (software: 0.2588). (b) µx = 19.2 and
σx = σ/

√
25 = 1.02. (c) P(x ≥ 23)

.= P
(

Z ≥ 23 − 19.2
1.02

)
= P(Z ≥ 3.73) = 0.0001. (In

this case, it is not appropriate to find P(x ≥ 22.5), unless x is rounded to the nearest
whole number.) (d) Because individual scores are only roughly Normal, the answer to (a) is
approximate. The answer to (c) is also approximate but should be more accurate because x
should have a distribution that is closer to Normal.

5.19. (a) µx = 0.5 and σx = σ/
√

50 = 0.7/
√

50 .= 0.09899. (b) Because this distribution
is only approximately Normal, it would be quite reasonable to use the 68–95–99.7 rule
to give a rough estimate: 0.6 is about one standard deviation above the mean, so the
probability should be about 0.16 (half of the 32% that falls outside ±1 standard deviation).
Alternatively, P(x > 0.6)

.= P
(

Z > 0.6 − 0.5
0.09899

)
= P(Z > 1.01) = 0.1562.

5.20. (a) µ = (4)(0.33) + (3)(0.24) + (2)(0.18) + (1)(0.16) + (0)(0.09) = 2.56 and

σ 2 = (4 − 2.56)2(0.33) + (3 − 2.56)2(0.24)

+ (2 − 2.56)2(0.18) + (1 − 2.56)2(0.16) + (0 − 2.56)2(0.09) = 1.7664,

so σ = √
1.7664 .= 1.3291. (b) µx = µ = 2.56 and σx = σ/

√
50 .= 0.1880. (c) P(X ≥ 3) =

0.33 + 0.24 = 0.57, and P(x ≥ 3)
.= P

(
Z ≥ 3 − 2.56

0.1880

)
= P(Z ≥ 2.34) = 0.0096.

5.21. Let X be Sheila’s measured glucose level. (a) P(X > 140) = P(Z > 1.5) = 0.0668.
(b) If x is the mean of three measurements (assumed to be independent), then x has a
N (125, 10/

√
3 ) or N (125 mg/dl, 5.7735 mg/dl) distribution, and P(x > 140) = P(Z >

2.60) = 0.0047.

5.22. (a) µX = ($500)(0.001) = $0.50 and σX = √
249.75 .= $15.8035. (b) In the long run,

Joe makes about 50 cents for each $1 ticket. (c) If x is Joe’s average payoff over a year,
then µx = µ = $0.50 and σx = σX/

√
104 .= $1.5497. The central limit theorem says that

x is approximately Normally distributed (with this mean and standard deviation). (d) Using
this Normal approximation, P(x > $1)

.= P(Z > 0.32) = 0.3745 (software: 0.3735).
Note: Joe comes out ahead if he wins at least once during the year. This probability is

easily computed as 1 − (0.999)104 .= 0.0988. The distribution of x is different enough from a
Normal distribution so that answers given by the approximation are not as accurate in this
case as they are in many others.

5.23. The mean of three measurements has a N (125 mg/dl, 5.7735 mg/dl) distribution, and
P(Z > 1.645) = 0.05 if Z is N (0, 1), so L = 125 + 1.645 · 5.7735 .= 134.5 mg/dl.
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5.24. x is approximately Normal with mean 1.3 and standard deviation 1.5/
√

200 .=
0.1061 flaws/yd2, so P(x > 2)

.= P(Z > 6.6) = 0 (essentially).

5.25. If W is total weight, and x = W/25, then:

P(W > 5200) = P(x > 208)
.= P

(
Z > 208−190

5/
√

25

)
= P(Z > 2.57) = 0.0051

5.26. (a) Although the probability of having to pay for a total loss for one or more of the 12
policies is very small, if this were to happen, it would be financially disastrous. On the other
hand, for thousands of policies, the law of large numbers says that the average claim on
many policies will be close to the mean, so the insurance company can be assured that the
premiums they collect will (almost certainly) cover the claims. (b) The central limit theorem
says that, in spite of the skewness of the population distribution, the average loss among
10,000 policies will be approximately Normally distributed with mean $250 and standard
deviation σ/

√
10,000 = $1000/100 = $10. Since $275 is 2.5 standard deviations above the

mean, the probability of seeing an average loss over $275 is about 0.0062.

5.27. (a) The mean of six untreated specimens has a standard deviation of 2.2/
√

6 .=
0.8981 lbs, so P(xu > 50) = P

(
Z > 50−57

0.8981

)
= P(Z > −7.79), which is basically 1.

(b) xu − xt has mean 57 − 30 = 27 lbs and standard deviation
√

2.22/6 + 1.62/6 .=
1.1106 lbs, so P(xu − xt > 25) = P

(
Z > 25−27

1.1106

)
= P(Z > −1.80)

.= 0.9641.

5.28. (a) The central limit theorem says that the sample means will be roughly
Normal. Note that the distribution of individual scores cannot have extreme outliers
because all scores are between 1 and 7. (b) For Journal scores, y has mean 4.8 and
standard deviation 1.5/

√
28 .= 0.2835. For Enquirer scores, x has mean 2.4 and

standard deviation 1.6/
√

28 .= 0.3024. (c) y − x has (approximately) a Normal
distribution with mean 2.4 and standard deviation

√
1.52/28 + 1.62/28 .= 0.4145.

(d) P(y − x ≥ 1) = P
(

Z ≥ 1 − 2.4
0.4145

)
= P(Z ≥ −3.38)

.= 0.9996.

5.29. (a) y has a N (µY , σY /
√

m ) distribution and x has a N (µX , σX/
√

n ) distribution.
(b) y − x has a Normal distribution with mean µY − µX and standard deviation√

σ 2
Y /m + σ 2

X/n.

5.30. We have been given µX = 9%, σX = 19%, µY = 11%, σY = 17%, and ρ = 0.6.
(a) Linda’s return R = 0.7X + 0.3Y has mean µR = 0.7µX + 0.3µY = 9.6% and standard
deviation σR = √

(0.7σX )2 + (0.3σY )2 + 2ρ(0.7σX )(0.3σY )
.= 16.8611%. (b) R, the average

return over 20 years, has approximately a Normal distribution with mean 9.6% and standard
deviation σR/

√
20 .= 3.7703%, so P(R < 5%)

.= P(Z < −1.22)
.= 0.1112. (c) After a

12% gain in the first year, Linda would have $1120; with a 6% gain in the second year, her
portfolio would be worth $1187.20. By contrast, two years with a 9% return would make
her portfolio worth $1188.10.

Note: As the text suggests, the appropriate average for this situation is (a variation
on) the geometric mean, computed as

√
(1.12)(1.06) − 1

.= 8.9587%. Generally, if the
sequence of annual returns is r1, r2, . . . , rk (expressed as decimals), the mean return is
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