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guarantee on the Grear Tire normal distribution. To find the value of x corresponding to
z � �1.28, we have

With μ � 36,500 and σ � 5000,

Thus, a guarantee of 30,100 miles will meet the requirement that approximately 10%
of the tires will be eligible for the guarantee. Perhaps, with this information, the firm will
set its tire mileage guarantee at 30,000 miles.

Again, we see the important role that probability distributions play in providing deci-
sion-making information. Namely, once a probability distribution is established for a par-
ticular application, it can be used quickly and easily to obtain probability information about
the problem. Probability does not establish a decision recommendation directly, but it pro-
vides information that helps the decision maker better understand the risks and uncertain-
ties associated with the problem. Ultimately, this information may assist the decision maker
in reaching a good decision.

Exercises

Methods
8. Using Figure 6.4 as a guide, sketch a normal curve for a random variable x that has a mean

of μ � 100 and a standard deviation of σ � 10. Label the horizontal axis with values of
70, 80, 90, 100, 110, 120, and 130.

9. A random variable is normally distributed with a mean of μ � 50 and a standard devia-
tion of σ � 5.
a. Sketch a normal curve for the probability density function. Label the horizontal axis

with values of 35, 40, 45, 50, 55, 60, and 65. Figure 6.4 shows that the normal curve
almost touches the horizontal axis at three standard deviations below and at three stan-
dard deviations above the mean (in this case at 35 and 65).

b. What is the probability the random variable will assume a value between 45 and 55?
c. What is the probability the random variable will assume a value between 40 and 60?

10. Draw a graph for the standard normal distribution. Label the horizontal axis at values of
�3, �2, �1, 0, 1, 2, and 3. Then use the table of probabilities for the standard normal dis-
tribution to compute the following probabilities.
a. P(0 � z � 1)
b. P(0 � z � 1.5)
c. P(0 � z � 2)
d. P(0 � z � 2.5)

11. Given that z is a standard normal random variable, compute the following probabilities.
a. P(�1 � z � 0)
b. P(�1.5 � z � 0)
c. P(�2 � z � 0)
d. P(�2.5 � z � 0)
e. P(�3 � z � 0)

x � 36,500 � 1.28(5000) � 30,100

x � μ � 1.28σ
x � μ � �1.28σ

z �
x � μ

σ � �1.28

With the guarantee set at
30,000 miles, the actual
percentage eligible for the
guarantee will be 9.68%.
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因此，哩程標準訂在 30,100 哩，約有 10% 的輪胎未達到此保證哩程數，或許 

Grear 公司會根據此項資訊而將哩程保護訂在 30,000 哩。

在此我們可以看到，機率分配在提供決策參考資訊時所扮演的重要角色。也就

是說，一旦一個特定個案可以建立其機率分配，將可快速且簡便地獲得有關的機率

值。機率並不直接提供決策建議，但它可提供決策者瞭解問題的風險和不確定性，

此資訊則可協助決策者制定良好的決策。

　習　題

方法

8. 請參照圖 6.4 畫出具有平均數 µ＝100 與標準差 σ＝10 的常態曲線，並在水平軸

上標示 70, 80, 90, 100, 110, 120 和 130 等值。

9. 某隨機變數是平均數為 µ＝50 及  標準差為 σ＝5 的常態分配。

a. 繪製該機率密度函數的常態曲線，並在橫軸上標示 35, 40, 45, 50, 55, 60 與 65 

等值。圖 6.4 顯示平均數上下 3 個標準差位置的常態曲線幾乎接近水平軸 (在

此即指 35 與 65 兩點的情況)。

b. 隨機變數值介於 45 到 55 的機率為何？

c. 隨機變數值介於 40 到 60 的機率為何？

10. 繪製標準常態分配圖，並在水平軸上標示 －3,－2,－1, 0, 1,  2, 3 等值，再利用

標準常態分配表計算下列機率值。

a. P(z # 1.5)。

b. P(z # 1)。

c. P(1 # z , 1.5)。

d. P(0 , z , 2.5)。

11. 已知 z 為標準常態隨機變數，計算下列機率值。

a. P(z # 1.0)。

b. P(z $ －1)。

c. P(z $ －1.5)。

d. P(－2.5 # z)。

e. P(－3 , z # 0)。

哩程保證若設定在 
30,000 哩，則將有
接近 9.68% 的輪胎
未達到此標準。

我們要找的保證哩

程數是平均值以下 
1.28 個標準差，因
此 x＝μ－1.28σ。
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12. 已知 z 為標準常態隨機變數，計算下列機率值。

a. P(0 # z # 0.83)。

b. P(－1.57 # z # 0)。

c. P(z . 0.44)。

d. P(z $ －0.23)。

e. P(z , 1.20)。

f. P(z # －0.71)。

13. 已知 z 為標準常態隨機變數，計算下列機率值。

a. P(－1.98 # z # 0.49)。

b. P(0.52 # z # 1.22)。

c. P(－1.75 # z # －1.04)。

14. 已知 z 為標準常態隨機變數，求以下情況的 z 值。 

a. z 值的左邊面積為 0.9750。

b. 落於 0 與 z 值之間的面積為 0.4750。

c. z 值的左邊面積為 0.7291。

d. z 值的右邊面積為 0.1314。

e. z 值的左邊面積為 0.6700。

f. z 值的右邊面積為 0.3300。

15. 已知 z 為標準常態隨機變數，求下列各情況下的 z 值。

a. z 值的左邊面積為 0.2119。

b. 介於－z 值到 z 值的面積為 0.9030。

c. 介於－z 值到 z 值的面積為 0.2052。

d. z 值的左邊面積為 0.9948。

e. z 值的右邊面積為 0.6915。

16. 已知 z 為標準常態隨機變數，求下列各情況的 z 值。

a. z 值的右邊面積為 0.01。

b. z 值的右邊面積為 0.025。

c. z 值的右邊面積為 0.05。

d. z 值的右邊面積為 0.10。

應用

17. 對信用狀況良好的借款人而言，分期付款的平均借款金額是  $ 1 5 , 0 1 5 

(BusinessWeek, March 20,2006)。假定標準差是 $3540，借款金額是常態分配。 

a. 隨機選擇一位信用狀況良好的借款人，借款金額超過 $18,000 的機率為何？ 

b. 隨機選擇一位信用狀況良好的借款人，借款金額少於 $10,000 的機率為何？

c. 隨機選擇一位信用狀況良好的借款人，借款金額介於 $12,000 到 $18,000 之間

的機率為何？ 

d. 隨機選擇一位信用狀況良好的借款人，借款金額不超過 $14,000 的機率為

testSELF

testSELF
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何？

18. 名列 S&P 500 的企業其平均股價為 $30，標準差為 $8.20 (BusinessWeek, Special 

Annual Issue, Spring 2003)。假定股價是常態分配。

a. 企業的股價至少為 $40 的機率為何？

b. 企業的股價不足 $20 的機率為何？

c. 企業的股價必須是多少才能排名在前 10%？

19. 美國德州達拉斯市 4 月的平均降雨量是 3.5 吋 (The World Almanac, 2000)。假定

月降雨量是常態分配，標準差是 0.8 吋。

a. 4 月降雨量超過 5 吋的機率是多少？

b. 4 月降雨量低於 3 吋的機率是多少？

c. 月降雨量若是落在機率分配的前 10%，該月份就被歸類為「濕度極高」。如

果 4 月份被歸類為「濕度極高」的月份，降雨量至少是多少？

20. 2003 年 1 月，美國勞工登入網際網路的平均時間為 77 小時 (CNBC, March 15, 

2003)。假定登入網際網路的時間呈常態分配，標準差是 20 小時。

a. 2003 年 1 月隨機選擇一位勞工，其登入網際網路時間少於 50 小時的機率是

多少？

b. 2003 年 1 月勞工登入網際網路時間大於 100 小時的機率是多少？

c. 2003 年 1 月勞工登入網際網路時間若位於機率分配的前 20% 即被認定為重度

使用者。一位勞工登入網際網路的時間至少是多少，才會被認定為重度使用

者？

21. Mensa 是一個由高智商人士所組成的國際性社團，要成為其會員，IQ 測驗的成

績要在前 2% (US Airways Attaché, September 2000)。如果 IQ 成績呈常態分配且

平均數為 100、標準差為 15，請問 IQ 多少才有資格取得 Mensa 的會員資格？

22. 美國中北部地區的財務經理的平均時薪是 $32.62，標準差是 $2.32 (Bureau of 

Labor Statistics, September 2005)。假定薪資是常態分配。

a. 財務經理的時薪介於 $30 至 $35 的機率是多少？ 

b. 如果時薪要排名在前 10%，必須是多少？ 

c. 隨機選擇一名財務經理，時薪在 $28 以下的機率是多少？

23. 大學某課程學生答完期末考試題目的時間呈常態分配，平均數為 80 分鐘，標準

差為 10 分鐘，請問：

a. 在一個小時內答題完畢的機率為何？

b. 學生會在 60 分鐘到 75 分鐘內答題完畢的機率為何？

c. 假設共有 60 位學生，而考試時間為 90 分鐘，則有多少學生不能在此時間內

完成考試？

24. 紐約證交所的每日交易尖峰時段是開盤後半小時及收盤前半小時。某 13 個交

易日的開盤後半小時交易量 (單位：百萬股) 如下 (Barron’s, January 23, 2006; 

February 13, 2006; February 27, 2006)。 

testSELF
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6.3 Normal Approximation of Binomial Probabilities 243

22. The mean hourly pay rate for financial managers in the East North Central region is $32.62,
and the standard deviation is $2.32 (Bureau of Labor Statistics, September 2005).  Assume
that pay rates are normally distributed.
a. What is the probability a financial manager earns between $30 and $35 per hour?
b. How high must the hourly rate be to put a financial manager in the top 10% with re-

spect to pay?
c. For a randomly selected financial manager, what is the probability the manager earned

less than $28 per hour?

23. The time needed to complete a final examination in a particular college course is normally
distributed with a mean of 80 minutes and a standard deviation of 10 minutes. Answer the
following questions.
a. What is the probability of completing the exam in one hour or less?
b. What is the probability that a student will complete the exam in more than 60 minutes

but less than 75 minutes?
c. Assume that the class has 60 students and that the examination period is 90 minutes

in length. How many students do you expect will be unable to complete the exam in
the allotted time?

24. Trading volume on the New York Stock Exchange is heaviest during the first half hour
(early morning) and last half hour (late afternoon) of the trading day. The early morning
trading volumes (millions of shares) for 13 days in January and February are shown here
(Barron’s, January 23, 2006; February 13, 2006; and February 27, 2006).

214 163 265 194 180
202 198 212 201
174 171 211 211

The probability distribution of trading volume is approximately normal.
a. Compute the mean and standard deviation to use as estimates of the population mean

and standard deviation.
b. What is the probability that, on a randomly selected day, the early morning trading vol-

ume will be less than 180 million shares?
c. What is the probability that, on a randomly selected day, the early morning trading vol-

ume will exceed 230 million shares?
d. How many shares would have to be traded for the early morning trading volume on a

particular day to be among the busiest 5% of days?

25. According to the Sleep Foundation, the average night’s sleep is 6.8 hours (Fortune,March
20, 2006). Assume the standard deviation is .6 hours and that the probability distribution
is normal.
a. What is the probability that a randomly selected person sleeps more than 8 hours?
b. What is the probability that a randomly selected person sleeps 6 hours or less?
c. Doctors suggest getting between 7 and 9 hours of sleep each night. What percentage

of the population gets this much sleep?

6.3 Normal Approximation of Binomial
Probabilities
In Section 5.4 we presented the discrete binomial distribution. Recall that a binomial experi-
ment consists of a sequence of n identical independent trials with each trial having two pos-
sible outcomes, a success or a failure. The probability of a success on a trial is the same for
all trials and is denoted by p. The binomial random variable is the number of successes in the
n trials, and probability questions pertain to the probability of x successes in the n trials.

fileCD
Volume
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 交易量的機率分配接近常態。

a. 以上述資料算出平均數及標準差作為母體平均數及標準差的估計值。 

b. 某交易日的成交量不足 1 億 8 千萬股的機率為何？ 

c. 成交量超過 2 億 3 千萬股的機率為何？ 

d. 如果交易所打算在成交量排名前 5% 的交易日發布訊息，這個成交量至少為

何？

25. 睡眠基金會指出，晚上平均睡眠時間是 6.8 小時 (Fortune, March 20, 2006)。假定

睡眠時間是常態分配，標準差是 0.6 小時。 

a. 隨機選擇一人，其睡眠時間超過 8 小時的機率為何？ 

b. 隨機選擇一人，其睡眠時間不到 6 小時的機率為何？

c. 隨機選擇一人，其睡眠時間介於 7 小時到 9 小時的機率為何？有多少比例的

人口的睡眠時間介於 7 小時到 9 小時？

6.3　二項機率的常態分配近似值

5.4 節曾介紹離散二項分配。二項實驗包括 n 個相同的獨立試驗，每個試驗都

有 2 種可能的結果，即成功或失敗。每次試驗成功的機率在不同試驗中是維持不變

的，以 p 表示。二項隨機變數則是 n 個試驗中成功的次數，二項機率關心的是 n 個

試驗中成功次數 x 的機率。

如果試驗的次數很大，不論是用手算或是使用計算機，要求得二項機率函數的

計算都很困難。在 np $ 5 及 n(1－p) $ 5 時，使用常態分配可很容易地求出二項分

配的近似值，我們令 μ＝np 及 
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x

μ  = 10
11.5 

12.5

σ  = 3 

P(11.5     x     12.5)≥ ≥

FIGURE 6.8 NORMAL APPROXIMATION TO A BINOMIAL PROBABILITY
DISTRIBUTION WITH n � 100 AND p � .10 SHOWING THE PROBABILITY
OF 12 ERRORS

When the number of trials becomes large, evaluating the binomial probability function
by hand or with a calculator is difficult. In cases where np � 5, and n(1 � p) � 5, the nor-
mal distribution provides an easy-to-use approximation of binomial probabilities. When
using the normal approximation to the binomial, we set μ � np and σ � in the
definition of the normal curve. 

Let us illustrate the normal approximation to the binomial by supposing that a particu-
lar company has a history of making errors in 10% of its invoices. A sample of 100 in-
voices has been taken, and we want to compute the probability that 12 invoices contain
errors. That is, we want to find the binomial probability of 12 successes in 100 trials. In
applying the normal approximation in this case, we set μ � np � (100)(.1) � 10 and σ �

� A normal distribution with μ � 10 and σ � 3 is shown
in Figure 6.8.

Recall that, with a continuous probability distribution, probabilities are computed as
areas under the probability density function. As a result, the probability of any single value 
for the random variable is zero. Thus to approximate the binomial probability of 12 successes,
we compute the area under the corresponding normal curve between 11.5 and 12.5. The .5
that we add and subtract from 12 is called a continuity correction factor. It is introduced
because a continuous distribution is being used to approximate a discrete distribution. Thus,
P(x � 12) for the discrete binomial distribution is approximated by P(11.5 � x � 12.5) for
the continuous normal distribution.

Converting to the standard normal distribution to computeP(11.5 � x � 12.5), we have

and

z �
x � μ

σ
�

11.5 � 10.0

3
� .50  at x � 11.5

z �
x � μ

σ
�

12.5 � 10.0

3
� .83  at x � 12.5

�(100)(.1)(.9) � 3.�np(1 � p)

�np(1 � p)

71883_06_ch06_p225-256.qxd  12/27/09  3:43 PM  Page 244

 來定義常態曲線。

我們以下列例子說明如何以常態分配求二項機率的近似值。假定有一家公司根

據過去的資料發現，有 10% 的發票會出現錯誤。如果以 100 張發票為樣本，要計

算 12 張發票有錯誤的機率。也就是說，我們想找出 100 次試驗中，12 次成功的機

率。我們令 μ＝np＝(100)(0.1)＝10 及 
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FIGURE 6.8 NORMAL APPROXIMATION TO A BINOMIAL PROBABILITY
DISTRIBUTION WITH n � 100 AND p � .10 SHOWING THE PROBABILITY
OF 12 ERRORS

When the number of trials becomes large, evaluating the binomial probability function
by hand or with a calculator is difficult. In cases where np � 5, and n(1 � p) � 5, the nor-
mal distribution provides an easy-to-use approximation of binomial probabilities. When
using the normal approximation to the binomial, we set μ � np and σ � in the
definition of the normal curve. 

Let us illustrate the normal approximation to the binomial by supposing that a particu-
lar company has a history of making errors in 10% of its invoices. A sample of 100 in-
voices has been taken, and we want to compute the probability that 12 invoices contain
errors. That is, we want to find the binomial probability of 12 successes in 100 trials. In
applying the normal approximation in this case, we set μ � np � (100)(.1) � 10 and σ �

� A normal distribution with μ � 10 and σ � 3 is shown
in Figure 6.8.

Recall that, with a continuous probability distribution, probabilities are computed as
areas under the probability density function. As a result, the probability of any single value 
for the random variable is zero. Thus to approximate the binomial probability of 12 successes,
we compute the area under the corresponding normal curve between 11.5 and 12.5. The .5
that we add and subtract from 12 is called a continuity correction factor. It is introduced
because a continuous distribution is being used to approximate a discrete distribution. Thus,
P(x � 12) for the discrete binomial distribution is approximated by P(11.5 � x � 12.5) for
the continuous normal distribution.

Converting to the standard normal distribution to computeP(11.5 � x � 12.5), we have

and

z �
x � μ
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3
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(100)(0.1)(0.9) 。μ＝10 

及 σ＝3 的常態分配見圖 6.8。

欲求連續機率分配的機率值，必須算出機率密度函數下方的圖形面積。因此，

任一特定隨機變數值的機率為 0。所以，要以常態近似法求出 12 次成功的二項機

率近似值，要求算的是介於 11.5 到 12.5 之間的常態曲線下方面積。而我們稱由 12 

加減的 0.5 為連續校正因子 (continuity correction factor)。因為要以連續分配來近

似離散分配的值，因此要以連續校正因子校正之。所以，離散二項分配的機率值 

P(x＝12) 可以利用連續常態分配的 P(11.5 # x # 12.5) 來近似之。

將常態分配轉換為標準常態分配，以計算 P(11.5 # x # 12.5)。我們可以利用

下列的式子：
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