
BIOS 600 – Fall 2010 Homework 2 Solution

1. (5.8) (p. 97)

(a) Let X be the age of mothers of newborns in the United States. Then,

Pr(X ≤ 19) = Pr(X ≤ 14) + Pr(14 < X ≤ 19) = 0.003 + 0.1 = 0.103

Thus, if we select a birth at random, the probability that the mother is less than
or equal to 19 years of age is 0.103.

(b) Pr(X ≥ 30) = 0.3 + 0.097 = 0.397

If we select a birth at random, the probability that the mother is at least 30 years
of age is 0.397.

(c) The expected age of mothers of newborns in the U.S. is 28.91 years.

µ =
∑

x

x · Pr(X = x)

= 12.5(0.003) + 17.5(0.1) + 25(0.5) + 35(0.3) + 42.5(0.097) + 47.5(0.000)

= 0.0375 + 1.75 + 12.5 + 10.5 + 4.1225 + 0

= 28.91 years

(d) The variance in age of mothers of newborns in the U.S. is 50.5119 years2.

σ2 =
∑

x

(x− µ)2 · Pr(X = x)

= (12.5− 28.91)2(0.003) + (17.5− 28.91)2(0.1) + (25− 28.91)2(0.5) +

+ (35− 28.91)2(0.3) + (42.5− 28.91)2(0.097) + (47.5− 28.91)2(0.000)

= 0.8079 + 13.0188 + 7.6441 + 11.1264 + 17.9147 + 0

= 50.5119 years2

2. (5.10) (p. 99)

Pr(individual self-identifies as Hispanic) = 0.000 + 0.003 + 0.060 + 0.062 = 0.125

3. (5.12) (p. 103) - Refer to Figure 5.7

(a) Pr(X ≥ 0.6) = base× height = (1− 0.6)(1) = 0.4

(b) Pr(X ≤ 0.6) = base× height = (0.6)(1) = 0.6
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4. (7.2) (p. 139) Using the 68−95−99.7% approximation rule, we calculate the following.

1) The middle 95% of heights are captured by the range

µ± 2(σ) = 138± 2(7) = (124, 152) cm.

2) The tallest 2.5% are taller than µ+ 2(σ) = µ+ 2(7) = 152 cm.

Alternatively, we can base the calculations on Table B (exact).

1) The middle 95% of heights are captured by the range

µ± 2(σ) = 138± 1.96(7) = (124.28, 151.72) cm.

−3 −2 −1 0 1 2 3Z

117 124 131 138 145 152 159X (cm)

−1.96 1.96

0.95

2) The tallest 2.5% are taller than µ+ 1.96(σ) = µ+ 1.96(7) = 151.72 cm.

−3 −2 −1 0 1 2 3Z

117 124 131 138 145 152 159X (cm)

1.96

0.025
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5. (7.4) (p. 143)

(a) Pr(Z < −0.64) = 0.2611

−3 −2 −1 0 1 2 3Z
−0.64

0.2611

(b) Pr(Z > −0.64) = 1− 0.2661 = 0.7339

−3 −2 −1 0 1 2 3Z
−0.64

0.7389
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(c) Pr(Z < 1.65) = 0.9505

−3 −2 −1 0 1 2 3Z
1.65

0.9505

(d) Pr(−0.64 < Z < 1.65) = Pr(Z< 1.65)−Pr(Z< −0.64) = 0.9505−0.2611 = 0.6894

−3 −2 −1 0 1 2 3Z
−0.64 1.65

0.6894
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6. (7.6) (p. 145) - Sketch curves for parts a,b

(a) Let X represent the heights of 20 year old males such that X ∼ N(176.9, 7.1).

The quantity of interest is Pr(X > 183).

The standardized quantity is Pr(Z > 183−176.9
7.1

) = Pr(Z > 0.86).

The sketch of this probability is

−3 −2 −1 0 1 2 3Z

155.6 162.7 169.8 176.9 184 191.1 198.2X (cm)

0.86

0.1949

Thus from Table B, Pr(Z > 0.86) = 0.1949 (about 19.49%).

Therefore, 19.49% of U.S. men are at least 6 ft tall by age 20.

(b) Let Y be the height of 20 year old women such that Y ∼ N(163.3, 6.5).

The quantity of interest is Pr(Y > 183).

The standardized quantity is Pr(Z > 183−163.3
6.5

) = Pr(Z > 3.03).

The sketch of the probability is
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−3 −2 −1 0 1 2 3Z

143.8 150.3 156.8 163.3 169.8 176.3 182.8X (cm)

3.03

0.0012

From Table B, Pr(Z > 3.03) = 0.0012.

Therefore, only 0.12% of U.S women are taller than 6 ft at age 20.

(c) One out of every 5 20-year old U.S. men are at least 6 ft tall, while only 1 out of
every 1000 20-year-old U.S. women are at least 6 ft tall.

7. (7.10) (p. 147) - Sketch curves for both questions

Let X be the Wechsler Adult Intelligence Score such that X ∼ N(100, 15).

1) The quantity of interest is a such that Pr(X > a) = 0.1. Equivalently, we want a
such that Pr(X ≤ a) = 0.9.

The standardized quantity is a such that Pr(Z ≤ a−100
15

) = 0.9.

The sketch of the probability is

−3 −2 −1 0 1 2 3Z

55 70 85 100 115 130 145X

1.28

0.1003
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From Table B, z0.9 = 1.28.

Unstandardization yields a = µ+ z0.9σ = 100 + 1.28(15) = 119.2.

Therefore, scores above 119.2, or 120, are in the top 10% of scores.

2) The quantity of interest is a such that Pr(X > a) = 0.01. Equivalently, we want a
such that Pr(X ≤ a) = 0.99.

The standardized quantity is a such that Pr(Z ≤ a−100
15

) = 0.99.

The sketch of the probability is

−3 −2 −1 0 1 2 3Z

55 70 85 100 115 130 145X

2.33

0.0099

From Table B, z0.99 = 2.33.

Unstandardization yields a = µ+ z0.99σ = 100 + 2.33(15) = 134.95.

Therefore, scores above 134.95, or 135, are in the top 1% of scores.
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8. (7.12) (p. 153) - Sketch curves

(a) Pr(Z < −1.42) = 0.0778

−3 −2 −1 0 1 2 3Z
−1.42

0.0778

(b) Pr(Z > 1.42) = 1− Pr(Z ≤ 1.42) = 1− 0.9222 = 0.0778

−3 −2 −1 0 1 2 3Z
1.42

0.0778
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(c) Pr(Z < 1.25) = 0.8944

−3 −2 −1 0 1 2 3Z
1.25

0.8944

(d) Pr(−1.42 < Z < 1.25) = Pr(Z< 1.25)−Pr(Z< −1.42) = 0.8944−0.0778 = 0.8166

−3 −2 −1 0 1 2 3Z
−1.42 1.25

0.8165

9. (7.14) (p. 153) - Sketch curve

Let X be the coliform level in a site such that X ∼ N(10, 2).

The quantity of interest is Pr(X > 15).

The standardized quantity is Pr(Z > 15−10
2

) = Pr(Z > 2.5).

The sketch of the probability is
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−3 −2 −1 0 1 2 3Z

4 6 8 10 12 14 16X (orgs/L)

2.5

0.0062

From Table B, Pr(Z > 2.5) = 1− 0.9938 = 0.0062.

Therefore, there are 0.62% of samples with more than 15 organisms.
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10. (8.6) (p. 166) Let X represent the serum cholesterol (mg/dl) in undergraduate men,
such that X ∼ N(190, 40).

(a) The quantity of interest is Pr(X ≤ 180)

The standardized quantity is Pr(Z ≤ −0.25)

The sketch of the probability is

−3 −2 −1 0 1 2 3Z

70 110 150 190 230 270 310X (mg/dl)

−0.25

0.4013

From Table B, Pr(Z ≤ −0.25) = 0.4013

Therefore, the probability of randomly selecting an undergraduate man with serum
cholesterol less than 180 is 0.4013.

(b) To obtain the sampling distribution of x̄, first calculate the standard deviation of
x̄.

σX̄ =
40√
49

=
40

7
= 5.7143

By Chapter 8 results, we know that X̄ ∼ N
(
190, 40

7

)
.
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172.9 178.6 184.3 190 195.7 201.4 207.1x−bar (mg/dl)

(c) The quantity of interest is Pr(X̄ ≤ 180)

The standardized quantity is Pr(Z ≤ −1.75)

The sketch of the probability is

−3 −2 −1 0 1 2 3Z

172.9 178.6 184.3 190 195.7 201.4 207.1X−bar (mg/dl)

−1.75

0.0401

From Table B, Pr(Z ≤ −0.25) = 0.0401

Therefore, the probability of getting a sample mean less than 180 is 0.0401.

11. (8.8) (p. 167)

(a) X̄ ∼ N

(
50,

5√
25

)
≡ N

(
50,

5

5

)
≡ N(50, 1). That is, the sample mean X̄ is

distributed Normally with mean µ = 50 and standard deviation SEX̄ = 1. The
inflection points (µ±σ) are at 49 and 51 and the µ± 2σ landmarks are 48 and 52.
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A sketch of the sampling distribution of X̄:

47 48 49 50 51 52 53x−bar

(b) Yes, a sample mean of 47 would be surprising because it is 3σx̄ units below the
mean, so it is an unlikely observation.

(c) A sample mean of 51.5 would not be very surprising, since it is 1.5σx̄ units to the
right of center. This would not be too unusual under the stated conditions.
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