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率。由於 15 分鐘內平均來車數為 10 輛，因此每分鐘平均來車數為 10/15＝2/3 輛，

而每 3 分鐘平均來車為 µ＝(2/3)(3 分鐘)＝2 輛。因此，3 分鐘內來車 x 輛的機率為：
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μ

x 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10
0 .0001 .0001 .0001 .0001 .0001 .0001 .0001 .0001 .0001 .0000
1 .0010 .0009 .0009 .0008 .0007 .0007 .0006 .0005 .0005 .0005
2 .0046 .0043 .0040 .0037 .0034 .0031 .0029 .0027 .0025 .0023
3 .0140 .0131 .0123 .0115 .0107 .0100 .0093 .0087 .0081 .0076
4 .0319 .0302 .0285 .0269 .0254 .0240 .0226 .0213 .0201 .0189

5 .0581 .0555 .0530 .0506 .0483 .0460 .0439 .0418 .0398 .0378
6 .0881 .0851 .0822 .0793 .0764 .0736 .0709 .0682 .0656 .0631
7 .1145 .1118 .1091 .1064 .1037 .1010 .0982 .0955 .0928 .0901
8 .1302 .1286 .1269 .1251 .1232 .1212 .1191 .1170 .1148 .1126
9 .1317 .1315 .1311 .1306 .1300 .1293 .1284 .1274 .1263 .1251

10 .1198 .1210 .1219 .1228 .1235 .1241 .1245 .1249 .1250 .1251
11 .0991 .1012 .1031 .1049 .1067 .1083 .1098 .1112 .1125 .1137
12 .0752 .0776 .0799 .0822 .0844 .0866 .0888 .0908 .0928 .0948
13 .0526 .0549 .0572 .0594 .0617 .0640 .0662 .0685 .0707 .0729
14 .0342 .0361 .0380 .0399 .0419 .0439 .0459 .0479 .0500 .0521

15 .0208 .0221 .0235 .0250 .0265 .0281 .0297 .0313 .0330 .0347
16 .0118 .0127 .0137 .0147 .0157 .0168 .0180 .0192 .0204 .0217
17 .0063 .0069 .0075 .0081 .0088 .0095 .0103 .0111 .0119 .0128
18 .0032 .0035 .0039 .0042 .0046 .0051 .0055 .0060 .0065 .0071
19 .0015 .0017 .0019 .0021 .0023 .0026 .0028 .0031 .0034 .0037

20 .0007 .0008 .0009 .0010 .0011 .0012 .0014 .0015 .0017 .0019
21 .0003 .0003 .0004 .0004 .0005 .0006 .0006 .0007 .0008 .0009
22 .0001 .0001 .0002 .0002 .0002 .0002 .0003 .0003 .0004 .0004
23 .0000 .0001 .0001 .0001 .0001 .0001 .0001 .0001 .0002 .0002
24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0001 .0001

TABLE 5.9 SELECTED VALUES FROM THE POISSON PROBABILITY TABLES 
EXAMPLE: μ � 10, x � 5; f (5) � .0378

we see that the probability of five arrivals in a 15-minute period is found by locating the value
in the row of the table corresponding to x � 5 and the column of the table corresponding to
μ � 10. Hence, we obtain f (5) � .0378.

In the preceding example, the mean of the Poisson distribution is μ � 10 arrivals per 15-
minute period. A property of the Poisson distribution is that the mean of the distribution and
the variance of the distribution are equal. Thus, the variance for the number of arrivals dur-
ing 15-minute periods is σ 2 � 10. The standard deviation is σ �

Our illustration involves a 15-minute period, but other time periods can be used. Sup-
pose we want to compute the probability of one arrival in a three-minute period. Because
10 is the expected number of arrivals in a 15-minute period, we see that 10/15 � 2/3 is the
expected number of arrivals in a one-minute period and that (2/3)(3 minutes) � 2 is the ex-
pected number of arrivals in a three-minute period. Thus, the probability of x arrivals in a
three-minute time period with μ � 2 is given by the following Poisson probability function.

The probability of one arrival in a three-minute period is calculated as follows:

Probability of exactly
1 arrival in 3 minutes

� f(1) �
21e�2

1!
� 0.2707

f (x) �
2 xe�2

x!

�10 � 3.16.

A property of the Poisson
distribution is that the
mean and variance are
equal.
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欲求 3 分鐘內 1 輛來車的機率，可利用上述公式：

 3 分鐘內恰有 1 輛來車的機率
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we see that the probability of five arrivals in a 15-minute period is found by locating the value
in the row of the table corresponding to x � 5 and the column of the table corresponding to
μ � 10. Hence, we obtain f (5) � .0378.

In the preceding example, the mean of the Poisson distribution is μ � 10 arrivals per 15-
minute period. A property of the Poisson distribution is that the mean of the distribution and
the variance of the distribution are equal. Thus, the variance for the number of arrivals dur-
ing 15-minute periods is σ 2 � 10. The standard deviation is σ �

Our illustration involves a 15-minute period, but other time periods can be used. Sup-
pose we want to compute the probability of one arrival in a three-minute period. Because
10 is the expected number of arrivals in a 15-minute period, we see that 10/15 � 2/3 is the
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我們曾計算 15 分鐘內有 5 輛來車的機率是 0.0378，請注意這個機率值與 3 分鐘內 

1 輛來車的機率 0.2707 並不相同。要計算不同時間區間的卜瓦松機率時，必須先將

平均值轉換成新的時間區間的平均值，再計算機率。

一個包含長度或距離區間的例子

以下舉一個非時間區間應用卜瓦松分配的例子。假如我們有興趣的是某一段高

速公路路段，經重新鋪設路面一個月後，發現重要瑕疵的數量。假設在此路段的任

何兩個區間中，發現一個瑕疵的機率皆相同，且各區間發現瑕疵與否為獨立事件。

因此可以應用卜瓦松分配。

假設在重新鋪設路面一個月後，每哩發現重大瑕疵的平均數目為 2 個，則在 3 

哩內沒有發現重大瑕疵的機率為何？因為我們有興趣的長度區間為 3 哩，因此 3 哩

的平均瑕疵數為 µ＝(2 個/哩)(3 哩)＝6 個，利用式 (5.11)，f (0)＝60e－6＝0.0025，

可得 3 哩內沒有重大瑕疵數的機率為 0.0025，表示在 3 哩內沒有重大瑕疵的可能

性非常小。事實上，在 3 哩長的路段裡至少有 1 個重大瑕疵的機率為 1－0.0025＝

0.9975。

　習　題

方法

38. 考慮一卜瓦松分配，其 µ＝3。

a. 寫出適當的卜瓦松機率函數。

b. 求 f (2)。

c. 求 f (1)。

d. 求 P(x $ 2)。

39. 考慮一卜瓦松分配，單位時間平均發生的次數為 2 次。

a. 寫出適當的卜瓦松機率函數。

b. 3 個單位時間的平均發生次數為何？

c. 寫出 3 個單位時間內發生 x 次的卜瓦松機率函數。

d. 求出 1 個單位時間內發生 2 次的機率。

testSELF
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207Chatper 5　離散機率分配

e. 求出 3 個單位時間內發生 6 次的機率。

f. 求出 2 個單位時間內發生 5 次的機率。

應用

40. Regional 航空公司的訂位櫃台每小時平均接到 48 通預約電話。

a. 求 5 分鐘內接到 3 通的機率。

b. 求 15 分鐘內接到 10 通的機率。

c. 假設現在沒有電話在等待中，若服務人員花 5 分鐘完成目前這通電話的預約

工作，則在該段時間中打電話進來的期望通數為何？在該段時間中沒有電話

打進來的機率為何？

d. 假設現在沒有電話打進來，服務人員也沒有在電話中，請問此時服務人員可

以休息 3 分鐘而不被干擾的機率為何？

41. 某大學在電話註冊期間的來電頻率為每 2 分鐘 1 通電話。

a. 1 小時平均來電數為何？

b. 5 分鐘來電 3 通的機率為何？

c. 5 分鐘內沒有任何來電的機率為何？

42. 每年有超過 5000 萬遊客利用民宿 (B&Bs) 過夜。每分鐘大約有 7 個人瀏覽北

美民宿協會的網頁 (www.bestinns.net)。許多民宿業者透過網頁即可吸引來客 

(Time, September 2001)。

a. 請計算 1 分鐘內沒有人瀏覽網頁的機率。

b. 請計算 1 分鐘內有 2 人 (含) 以上瀏覽網頁的機率。

c. 請計算 30 秒內有 1 人 (含) 以上瀏覽網頁的機率。

d. 請計算 1 分鐘內有 5 人 (含) 以上瀏覽網頁的機率。

43. 搭乘飛機的旅客是隨機且獨立地抵達登機門的檢驗區。平均的到達率是每分鐘 

10 人。

a. 請計算 1 分鐘內無人到達的機率。

b. 請計算 1 分鐘內到達的旅客不超過 3 人的機率。

c. 請計算 15 秒鐘內無人到達的機率。

d. 請計算 15 秒鐘內至少 1 人到達的機率。

44. 每年平均發生 15 起飛機意外事故 (The World Almanac and Book of Facts, 2004)。 

a. 計算每個月發生飛機意外事故的平均值。 

b. 計算一個月內沒有發生飛機意外事故的機率。 

c. 計算一個月內恰好發生一起飛機意外事故的機率。 

d. 計算一個月內發生一起以上飛機意外事故的機率。

45. 國家安全委員會 (NSC) 的調查報告指出， 下班後的意外事故每年造成美國產業

生產力的損失高達 $2000 億 (National Safety Council, March 2006)。根據 NSC 的

估計，擁有 50 名員工的企業，每年在下班後發生意外事故的平均人數是 3 人。

請針對擁有 50 名員工的企業回答以下問題。

testSELF
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a. 一年內沒有員工在下班後發生事故的機率是多少？ 

b. 一年內至少兩名員工在下班後發生事故的機率是多少？ 

c. 六個月內員工在下班後發生事故的人數的期望值是多少？

d. 半年內沒有員工在下班後發生事故的機率是多少？

5.6　超幾何機率分配

超幾何機率分配 (hypergeometric probability distribution) 與二項分配關係相

當密切。兩者主要的差別有二，其一是超幾何分配的各試驗並不獨立；再者是超幾

何分配成功的機率隨試驗而有不同。

一般在應用超幾何分配時，皆令 r 為母體中成功的個數，而整個母體元素的

總數為 N，故失敗的個數為 N－r。超幾何機率函數 (hypergeometric probability 

function) 被用來計算 n 個隨機樣本中有 x 個成功、n－x 個失敗的機率。在 n 個樣

本中選出 x 個成功個數，這表示要從母體總成功個數 r 中抽出 x 個，從母體總失敗

個數 N－r 中抽出 n－x 個。下列的超幾何機率函數可以用來計算 n 個隨機樣本中有 

x 個成功個數的機率 f (x)。

超幾何機率函數

 

Note that represents the number of ways a sample of size n can be selected from a 

population of size N; represents the number of ways that x successes can be selected 

from a total of r successes in the population; and represents the number of ways 

that n � x failures can be selected from a total of N � r failures in the population.
To illustrate the computations involved in using equation (5.12), let us consider the

following quality control application. Electric fuses produced by Ontario Electric are pack-
aged in boxes of 12 units each. Suppose an inspector randomly selects 3 of the 12 fuses
in a box for testing. If the box contains exactly 5 defective fuses, what is the probability
that the inspector will find exactly 1 of the 3 fuses defective? In this application, n � 3
and N � 12. With r � 5 defective fuses in the box the probability of finding x � 1 defec-
tive fuse is

Now suppose that we wanted to know the probability of finding at least 1 defective
fuse. The easiest way to answer this question is to first compute the probability that the in-
spector does not find any defective fuses. The probability of x � 0 is

With a probability of zero defective fuses f (0) � .1591, we conclude that the probability of
finding at least 1 defective fuse must be 1 � .1591 � .8409. Thus, there is a reasonably high
probability that the inspector will find at least 1 defective fuse.
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HYPERGEOMETRIC PROBABILITY FUNCTION

(5.12)

where

f (x) �

n �

N �

r �

probability of x successes in n trials

number of trials

number of elements in the population

number of elements in the population labeled success

f (x) �
�r

x��
N � r

n � x�
�N

n �
    for 0 � x � r
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(5.12)

　

其中

 f (x) ＝n 次試驗中 x 次成功的機率

 n ＝試驗的次數

 N ＝母體大小

 r ＝母體中成功的個數

注意 Note that represents the number of ways a sample of size n can be selected from a 

population of size N; represents the number of ways that x successes can be selected 

from a total of r successes in the population; and represents the number of ways 

that n � x failures can be selected from a total of N � r failures in the population.
To illustrate the computations involved in using equation (5.12), let us consider the

following quality control application. Electric fuses produced by Ontario Electric are pack-
aged in boxes of 12 units each. Suppose an inspector randomly selects 3 of the 12 fuses
in a box for testing. If the box contains exactly 5 defective fuses, what is the probability
that the inspector will find exactly 1 of the 3 fuses defective? In this application, n � 3
and N � 12. With r � 5 defective fuses in the box the probability of finding x � 1 defec-
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Now suppose that we wanted to know the probability of finding at least 1 defective
fuse. The easiest way to answer this question is to first compute the probability that the in-
spector does not find any defective fuses. The probability of x � 0 is

With a probability of zero defective fuses f (0) � .1591, we conclude that the probability of
finding at least 1 defective fuse must be 1 � .1591 � .8409. Thus, there is a reasonably high
probability that the inspector will find at least 1 defective fuse.
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HYPERGEOMETRIC PROBABILITY FUNCTION

(5.12)

where

f (x) �

n �

N �

r �

probability of x successes in n trials

number of trials

number of elements in the population

number of elements in the population labeled success

f (x) �
�r

x��
N � r

n � x�
�N

n �
    for 0 � x � r

ASW_SBE_9e_Ch_05.qxd  10/31/03  2:13 PM  Page 213

 表示從母體大小為 N 中，選出 n 個樣本的可能組合；

Note that represents the number of ways a sample of size n can be selected from a 

population of size N; represents the number of ways that x successes can be selected 

from a total of r successes in the population; and represents the number of ways 

that n � x failures can be selected from a total of N � r failures in the population.
To illustrate the computations involved in using equation (5.12), let us consider the

following quality control application. Electric fuses produced by Ontario Electric are pack-
aged in boxes of 12 units each. Suppose an inspector randomly selects 3 of the 12 fuses
in a box for testing. If the box contains exactly 5 defective fuses, what is the probability
that the inspector will find exactly 1 of the 3 fuses defective? In this application, n � 3
and N � 12. With r � 5 defective fuses in the box the probability of finding x � 1 defec-
tive fuse is

Now suppose that we wanted to know the probability of finding at least 1 defective
fuse. The easiest way to answer this question is to first compute the probability that the in-
spector does not find any defective fuses. The probability of x � 0 is

With a probability of zero defective fuses f (0) � .1591, we conclude that the probability of
finding at least 1 defective fuse must be 1 � .1591 � .8409. Thus, there is a reasonably high
probability that the inspector will find at least 1 defective fuse.
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 表示從母體總

成功個數 r 中，選出 x 個成功個數的可能組合；

Note that represents the number of ways a sample of size n can be selected from a 

population of size N; represents the number of ways that x successes can be selected 

from a total of r successes in the population; and represents the number of ways 

that n � x failures can be selected from a total of N � r failures in the population.
To illustrate the computations involved in using equation (5.12), let us consider the

following quality control application. Electric fuses produced by Ontario Electric are pack-
aged in boxes of 12 units each. Suppose an inspector randomly selects 3 of the 12 fuses
in a box for testing. If the box contains exactly 5 defective fuses, what is the probability
that the inspector will find exactly 1 of the 3 fuses defective? In this application, n � 3
and N � 12. With r � 5 defective fuses in the box the probability of finding x � 1 defec-
tive fuse is

Now suppose that we wanted to know the probability of finding at least 1 defective
fuse. The easiest way to answer this question is to first compute the probability that the in-
spector does not find any defective fuses. The probability of x � 0 is

With a probability of zero defective fuses f (0) � .1591, we conclude that the probability of
finding at least 1 defective fuse must be 1 � .1591 � .8409. Thus, there is a reasonably high
probability that the inspector will find at least 1 defective fuse.
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HYPERGEOMETRIC PROBABILITY FUNCTION

(5.12)

where

f (x) �

n �

N �

r �

probability of x successes in n trials

number of trials

number of elements in the population

number of elements in the population labeled success

f (x) �
�r

x��
N � r

n � x�
�N

n �
    for 0 � x � r
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 表示從母體總失敗個數 

N－r 中，選出 n－x 個失敗個數的可能組合。

現在舉例說明如何利用式 (5.12)，以下是個品管的例子。某家公司生產保險

絲， 12 個保險絲包裝成一盒。品管檢驗員隨機從一盒產品中抽出 3 個檢驗。假定

該盒恰有 5 個瑕疵品，檢驗員抽出的 3 個保險絲中恰有 1 個是瑕疵品的機率為何？

在此例中，n＝3 且 N＝12，每盒裡有 r＝5 個瑕疪品，要計算抽出的瑕疵品個數 x

＝1 的機率，計算公式為：
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