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互斥事件

兩事件互斥，表示兩事件沒有共同的樣本點。

若事件 A 和 B 互斥，表示當一事件發生時，另一事件必不發生。事件 A 和 B 

互斥的必要條件是其交集是空集合，也就是它們的交集中不含樣本點。圖 4.7 的范

氏圖表示兩互斥事件 A 與 B。在這種情況下，可知 P(A∩B)＝0，加法律可表達如

下。

互斥事件的加法律
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two years does so because of dissatisfaction with salary, dissatisfaction with the work as-
signment, or both?

Let

We have P(S ) � .30, P(W ) � .20, and P(S � W ) � .12. Using equation (4.6), the addition
law, we have

We find a .38 probability that an employee leaves for salary or work assignment reasons.
Before we conclude our discussion of the addition law, let us consider a special case

that arises for mutually exclusive events.

P(S � W ) � P(S) � P(W) � P(S � W ) � .30 � .20 � .12 � .38.

S �

W �

the event that the employee leaves because of salary

the event that the employee leaves because of work assignment

Events A and B are mutually exclusive if, when one event occurs, the other cannot oc-
cur. Thus, a requirement for A and B to be mutually exclusive is that their intersection must
contain no sample points. The Venn diagram depicting two mutually exclusive events A and
B is shown in Figure 4.7. In this case P(A � B) � 0 and the addition law can be written as
follows.

Event A

Sample Space S

Event B

FIGURE 4.7 MUTUALLY EXCLUSIVE EVENTS

MUTUALLY EXCLUSIVE EVENTS

Two events are said to be mutually exclusive if the events have no sample points in
common.

ADDITION LAW FOR MUTUALLY EXCLUSIVE EVENTS

P(A � B) � P(A) � P(B)
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　習　題

方法

22. 假設一樣本空間有五個實驗結果 E1, E2, E3, E4, E5，每一實驗結果出現的可能性

皆相等。令
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Exercises

Methods
22. Suppose that we have a sample space with five equally likely experimental outcomes: E1,

E2, E3, E4, E5. Let

a. Find P(A), P(B), and P(C).
b. Find P(A � B). Are A and B mutually exclusive?
c. Find Ac, Cc, P(Ac), and P(Cc).
d. Find A � Bc and P(A � Bc).
e. Find P(B � C ).

23. Suppose that we have a sample space S � {E1, E2, E3, E4, E5, E6, E7}, where E1, E2, . . . ,
E7 denote the sample points. The following probability assignments apply: P(E1) � .05,
P(E2) � .20, P(E3) � .20, P(E4) � .25, P(E5) � .15, P(E6) � .10, and P(E7) � .05. Let

a. Find P(A), P(B), and P(C).
b. Find A � B and P(A � B).
c. Find A � B and P(A � B).
d. Are events A and C mutually exclusive?
e. Find Bc and P(Bc).

Applications
24. Clarkson University surveyed alumni to learn more about what they think of Clarkson. One

part of the survey asked respondents to indicate whether their overall experience at Clark-
son fell short of expectations, met expectations, or surpassed expectations. The results
showed that 4% of the respondents did not provide a response, 26% said that their experi-
ence fell short of expectations, and 65% of the respondents said that their experience met
expectations (Clarkson Magazine, Summer 2001).
a. If we chose an alumnus at random, what is the probability that he or she would say

their experience surpassed expectations?
b. If we chose an alumnus at random, what is the probability that he or she would say

their experience met or surpassed expectations?

25. Data on the 30 largest bond funds provides 1-year and 5-year percentage returns for the
period ending March 31, 2000 (The Wall Street Journal, April 10, 2000). Suppose we con-
sider a 1-year return in excess of 2% to be high and a 5-year return in excess of 44% to be
high. One-half of the funds had a 1-year return in excess of 2%, 12 of the funds had a 
5-year return in excess of 44%, and six of the funds had both a 1-year return in excess of
2% and a 5-year return in excess of 44%.
a. Find the probability of a fund having a high 1-year return, the probability of a fund

having a high 5-year return, and the probability of a fund having both a high 1-year
return and a high 5-year return.

b. What is the probability that a fund has a high 1-year return or a high 5-year return 
or both?

c. What is the probability that a fund has neither a high 1-year return nor a high 5-year return?

A �

B �

C �

{E1, E4, E6}

{E2, E4, E7}

{E2, E3, E5, E7}

A �

B �

C �

{E1, E2}

{E3, E4}

{E2, E3, E5}

testSELF
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a. 求 P(A), P(B) 和 P(C)。

b. 求 P(A∪B)，請問 A 和 B 是否互斥？

c. 求 Ac, C c, P(Ac) 和 P(C c)。

d. 求 A∪Bc 及 P(A∪Bc)。

e. 求 P(B∪C)。

23. 假設一樣本空間 S＝ {E1, E2, E3, E4, E5, E6, E7}，其中 E1, E2, ... , E7 是樣本點且

機率指派如下：P(E1)＝0.05, P(E2)＝0.20, P(E3)＝0.20, P(E4)＝0.25, P(E5)＝0.15, 

P(E6)＝0.10, P(E7)＝0.05。令

互斥事件圖 4.7

Event A

Sample Space S

Event B事件 A 事件 B 

樣本空間 S

testSELF
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Exercises

Methods
22. Suppose that we have a sample space with five equally likely experimental outcomes: E1,

E2, E3, E4, E5. Let

a. Find P(A), P(B), and P(C).
b. Find P(A � B). Are A and B mutually exclusive?
c. Find Ac, Cc, P(Ac), and P(Cc).
d. Find A � Bc and P(A � Bc).
e. Find P(B � C ).

23. Suppose that we have a sample space S � {E1, E2, E3, E4, E5, E6, E7}, where E1, E2, . . . ,
E7 denote the sample points. The following probability assignments apply: P(E1) � .05,
P(E2) � .20, P(E3) � .20, P(E4) � .25, P(E5) � .15, P(E6) � .10, and P(E7) � .05. Let

a. Find P(A), P(B), and P(C).
b. Find A � B and P(A � B).
c. Find A � B and P(A � B).
d. Are events A and C mutually exclusive?
e. Find Bc and P(Bc).

Applications
24. Clarkson University surveyed alumni to learn more about what they think of Clarkson. One

part of the survey asked respondents to indicate whether their overall experience at Clark-
son fell short of expectations, met expectations, or surpassed expectations. The results
showed that 4% of the respondents did not provide a response, 26% said that their experi-
ence fell short of expectations, and 65% of the respondents said that their experience met
expectations (Clarkson Magazine, Summer 2001).
a. If we chose an alumnus at random, what is the probability that he or she would say

their experience surpassed expectations?
b. If we chose an alumnus at random, what is the probability that he or she would say

their experience met or surpassed expectations?

25. Data on the 30 largest bond funds provides 1-year and 5-year percentage returns for the
period ending March 31, 2000 (The Wall Street Journal, April 10, 2000). Suppose we con-
sider a 1-year return in excess of 2% to be high and a 5-year return in excess of 44% to be
high. One-half of the funds had a 1-year return in excess of 2%, 12 of the funds had a 
5-year return in excess of 44%, and six of the funds had both a 1-year return in excess of
2% and a 5-year return in excess of 44%.
a. Find the probability of a fund having a high 1-year return, the probability of a fund

having a high 5-year return, and the probability of a fund having both a high 1-year
return and a high 5-year return.

b. What is the probability that a fund has a high 1-year return or a high 5-year return 
or both?

c. What is the probability that a fund has neither a high 1-year return nor a high 5-year return?

A �

B �

C �

{E1, E4, E6}

{E2, E4, E7}

{E2, E3, E5, E7}

A �

B �

C �

{E1, E2}

{E3, E4}

{E2, E3, E5}

testSELF
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a. 求 P(A), P(B) 和 P(C)。

b. 求 A∪B 及 P(A∪B)。

c. 求 A∩B 及 P(A∩B)。 

d. 事件 A 和 C 是否互斥？

e. 求 Bc 及 P(Bc )。

應用

24. Clarkson 大學對校友進行調查，以瞭解畢業校友對母校的觀感。調查中問到校

友對母校的整體印象是不如預期、符合預期或超乎預期。調查結果顯示，4% 

的受訪者沒有回答，26% 回答不如預期，65% 為符合預期 (Clarkson Magazine, 

Summer 2001)。

a. 如果隨機選擇一位校友，回答超乎預期的機率為何？

b. 如果隨機選擇一位校友，回答符合預期或是超乎預期的機率為何？

25. 美國人口普查局提供了 18-24 歲的年輕成人與父母同住的相關資料。*令

 　　　　　　　　　M＝與父母同住的成年男性的事件

 　　　　　　　　　F＝與父母同住的成年女性的事件

 假定我們隨機選取一位年輕成年男性及一位年輕成年女性，人口普查局資料顯

示 P(M)＝0.56 和 P(F)＝0.42 (The World Almance, 2006)。兩者均與父母同住的機

率是 0.24。

a. 兩位被選中的年輕成人中，至少一位與父母同住的機率是多少 ？

b. 兩位被選中的年輕成人中，皆未與父母同住的機率是多少 ？

26. 30 支最大的股票基金提供至 2000 年 3 月 31 日為止的一年期及五年期投資報

酬率 (The Wall Street Journal, April 10, 2000)。假定我們認為一年期報酬率超過 

50% 且五年期報酬率超過 300%，可視為高報酬。有 9 支基金的一年期報酬率超

過 50%，7支基金的五年期報酬率超過 300%，有 5 支基金的一年期報酬率超過 

50% 且五年期報酬率超過 300% 。

a. 一年期報酬率屬於高報酬的機率為何？五年期報酬率屬於高報酬的機率為

何？

b. 一年期的報酬率超過 50% 且五年期報酬率超過 300% 的機率為何？

c. 一年期及五年期報酬率都不是高報酬的機率為何？

27. 2001 年 NCAA 的一項季前預測，請受訪者回答「你認為今年的決賽隊伍是 Big 

Ten 聯盟的隊伍或是 Pac-10 聯盟的隊伍？」共計 13,429 位受訪者中，有 2961 

人看好決賽隊伍出自 Big Ten，4494 人則認為是 Pac-10，另外有 6823 位受訪者

* 資料中亦包含住在大學宿舍者，假定這些年輕人在放假時離開宿舍，回到父母家。
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認為兩個聯盟都沒有希望 (www.yahoo.com, August 30, 2001)。

a. 請問受訪者回答「兩個聯盟都沒有希望」的機率為何？

b. 受訪者認為決賽隊伍出自 Big Ten 或是 Pac-10 其中之一的機率為何？

c. 受訪者認為決賽隊伍分別出自 Big Ten 與 Pac-10 的機率為何？

28. 一針對某雜誌訂戶所做的調查顯示，過去 12 個月中，45.8% 的訂戶因業務上的

理由而租車，54%  的訂戶因個人理由而租車，30% 的訂戶兩者皆有。試問：

a. 因業務或個人理由而租車的機率為何？

b. 並沒有因為業務或個人理由租車的機率為何？

29. 每年都有許多優秀的高中應屆畢業生申請頂尖大學，由於申請入學的學生人數

很穩定，所以某些學校會拒絕提早入學的申請。以賓州大學為例，他們收到 

2851 份提早入學的申請，其中有 1033 位申請者被接受，854 位被拒絕，964 位

則被延期至正規入學時再審核。申請提早入學未被許可，但將申請資格保留到

正常申請程序再予考慮的申請者中，過去，賓州大學約同意其中的 18% 取得

入學資格。若將提早入學及在正常入學程序中取得入學資料的申請者都計算在

內，共有2375人。(USA Today, January 24, 2001)。令 E, R, D 分別表示提早申請

入學中被接受、被拒絕或被延期至正規入學時再審核的事件。

a. 試以上述資料估計 P(E), P(R) 和 P(D)。

b. 事件 E 與 D 是否互斥？試求出 P(E∩D)。

c. 由 2375 位取得入學許可的新生中隨機選取一位，他是提早申請入學的機率為

何？

d. 假定有位學生申請提早入學，請問他被接受或是在正規許可程序時才被接受

入學的機率為何？

4.4　條件機率

某一事件發生的機率常受其他相關事件是否發生所影響。假設事件 A 發生的

機率為 P(A)，如果取得某些新訊息，得知相關事件 B 已發生，我們想利用此一資

訊重新計算事件 A 發生的機率。這個事件 A 的新機率稱為條件機率 (conditional 

probability) 記作 P(A｜B)。「｜」此一符號表示在給定事件 B 發生的情況下求事

件 A 發生的機率。因此符號 P(A｜B) 讀作「已知 B 發生時，A 發生的機率」。

茲舉一例說明條件機率。美國某大都市警察局的人事升遷狀況如表 4.4 所示。

警官總人數為 1200 人，男性 960 人，女性 240 人。過去兩年中，有 324 人升遷，

testSELF

過去兩年警官升遷的狀況表 4.4

information by calculating a new probability for event A. This new probability of event A
is called a conditional probability and is written P(A � B). We use the notation � to indicate
that we are considering the probability of event A given the condition that event B has oc-
curred. Hence, the notation P(A � B) reads “the probability of A given B.”

As an illustration of the application of conditional probability, consider the situation of
the promotion status of male and female officers of a major metropolitan police force in the
eastern United States. The police force consists of 1200 officers, 960 men and 240 women.
Over the past two years, 324 officers on the police force received promotions. The specific
breakdown of promotions for male and female officers is shown in Table 4.4.

After reviewing the promotion record, a committee of female officers raised a discrim-
ination case on the basis that 288 male officers had received promotions but only 36 female
officers had received promotions. The police administration argued that the relatively low
number of promotions for female officers was due not to discrimination, but to the fact that
relatively few females are members of the police force. Let us show how conditional proba-
bility could be used to analyze the discrimination charge.

Let

Dividing the data values in Table 4.4 by the total of 1200 officers enables us to summarize
the available information with the following probability values.

Because each of these values gives the probability of the intersection of two events, the
probabilities are called joint probabilities. Table 4.5, which provides a summary of the
probability information for the police officer promotion situation, is referred to as a joint
probability table.

The values in the margins of the joint probability table provide the probabilities of each
event separately. That is, P(M ) � .80, P(W ) � .20, P(A) � .27, and P(Ac) � .73. These

P(W � Ac) � 204/1200 � .17 �
 

probability that a randomly selected officer
is a woman and is not promoted

P(W � A) � 36/1200 � .03 �
 

probability that a randomly selected officer
is a woman and is promoted

P(M � Ac) � 672/1200 � .56 �
 

probability that a randomly selected officer
is a man and is not promoted

P(M � A) � 288/1200 � .24 �
 

probability that a randomly selected officer
is a man and is promoted

M �

W �

A �

Ac �

event an officer is a man

event an officer is a woman

event an officer is promoted

event an officer is not promoted
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Men Women Totals

Promoted 288 36 324
Not Promoted 672 204 876

Totals 960 240 1200

TABLE 4.4 PROMOTION STATUS OF POLICE OFFICERS OVER THE PAST TWO YEARS
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男性

　升遷

　未升遷

女性 總和

總和
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