
241Chatper 6　連續機率分配

連續指數機率分配與離散卜瓦松分配是彼此相關的。如果卜瓦松分配適合用來表示

某一區間內的事件發生次數的機率，指數分配就可以描述二次事件發生的時間間隔

的機率。

為了說明這種關係，我們假設洗車場的來車數量呈卜瓦松機率分配，平均每小

時 10 輛汽車，則以 x 表示到達車數的卜瓦松機率函數將是
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In the preceding example, the mean time it takes to load a truck is μ � 15 minutes. A
property of the exponential distribution is that the mean of the distribution and the standard
deviation of the distribution are equal. Thus, the standard deviation for the time it takes to
load a truck is σ � 15 minutes. The variance is σ 2 � (15)2 � 225.

Relationship Between the Poisson and Exponential
Distributions
In Section 5.5 we introduced the Poisson distribution as a discrete probability distribution
that is often useful in examining the number of occurrences of an event over a specified in-
terval of time or space. Recall that the Poisson probability function is

where

The continuous exponential probability distribution is related to the discrete Poisson dis-
tribution. If the Poisson distribution provides an appropriate description of the number of
occurrences per interval, the exponential distribution provides a description of the length
of the interval between occurrences.

To illustrate this relationship, suppose the number of cars that arrive at a car wash dur-
ing 1 hour is described by a Poisson probability distribution with a mean of 10 cars per hour.
The Poisson probability function that gives the probability of x arrivals per hour is

Because the average number of arrivals is 10 cars per hour, the average time between cars
arriving is

Thus, the corresponding exponential distribution that describes the time between the ar-
rivals has a mean of μ � .1 hour per car; as a result, the appropriate exponential probability
density function is

f (x) �
 1
0.1

   e�x/0.1 � 10e�10x

1 hour

10 cars
� 0.1 hour/car

f (x) �
10 xe�10

x!

μ �

 
expected value or mean number of
occurrences over a specified interval

f (x) �
μxe�μ

x!

If arrivals follow a Poisson
distribution, the time
between arrivals must
follow an exponential
distribution.

NOTES AND COMMENTS

As we can see in Figure 6.10, the exponential dis-
tribution is skewed to the right. Indeed, the skew-
ness measure for exponential distributions is 2. In
Chapter 3, we stated that any distribution with a

skewness measure above 2 is badly skewed. So the
exponential distribution gives us a good idea what
a badly skewed distribution looks like.

A property of the
exponential distribution is
that the mean and standard
deviation are equal.
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由於平均到達車數為每小時 10 輛，則連續到達的 2 輛汽車之間的時間間隔為
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1 小時

10 輛車
 小時/車

因此，對應的指數分配是平均數為 µ＝0.1 小時/車；而指數機率密度函數為
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評  註

如圖 6.10 所示，指數分配是右偏分配。事實上，指數分配的偏度是 2。指數分配恰好可以讓我們瞭

解嚴重右偏的資料分配的形狀。

　習　題

方法

32. 已知指數機率密度函數為
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Exercises

Methods
32. Consider the following exponential probability density function.

a. Find P(x � 6).
b. Find P(x � 4).
c. Find P(x � 6).
d. Find P(4 � x � 6).

33. Consider the following exponential probability density function.

a. Write the formula for P(x � x0).
b. Find P(x � 2).
c. Find P(x � 3).
d. Find P(x � 5).
e. Find P(2 � x � 5).

Applications
34. Internet Magazine monitors Internet service providers (ISPs) and provides statistics on

their performance. The average time to download a web page for free ISPs is approximately
20 seconds for European web pages (Internet Magazine, January 2000). Assume the time
to download a Web page follows an exponential distribution.
a. What is the probability it will take less than 10 seconds to download a Web page?
b. What is the probability it will take more than 30 seconds to download a Web page?
c. What is the probability it will take between 10 and 30 seconds to download a Web page?

35. The time between arrivals of vehicles at a particular intersection follows an exponential
probability distribution with a mean of 12 seconds.
a. Sketch this exponential probability distribution.
b. What is the probability that the arrival time between vehicles is 12 seconds or less?
c. What is the probability that the arrival time between vehicles is 6 seconds or less?
d. What is the probability of 30 or more seconds between vehicle arrivals?

36. The lifetime (hours) of an electronic device is a random variable with the following expo-
nential probability density function.

a. What is the mean lifetime of the device?
b. What is the probability that the device will fail in the first 25 hours of operation?
c. What is the probability that the device will operate 100 or more hours before failure?

37. Sparagowski & Associates conducted a study of service times at the drive-up window of
fast-food restaurants. The average time between placing an order and receiving the order
at McDonald’s restaurants was 2.78 minutes (The Cincinnati Enquirer, July 9, 2000). Wait-
ing times, such as these, frequently follow an exponential distribution.
a. What is the probability that a customer’s service time is less than 2 minutes?
b. What is the probability that a customer’s service time is more than 5 minutes?
c. What is the probability that a customer’s service time is more than 2.78 minutes?

f (x) �
1

50
 e�x /50     x � 0

f (x) �
1

3
 e�x /3     x � 0

f (x) �
1

8
 e�x /8     x � 0

testSELF

testSELF
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a. 求 P(x # 6)。

b. 求 P(x # 4)。

c. 求 P(x $ 6)。

d. 求 P(4 # x # 6)。

33. 已知指數機率密度函數為
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a. 寫出 P(x # x0) 的公式。

b. 求 P(x # 2)。

c. 求 P(x $ 3)。

d. 求 P(x # 5)。

若汽車到達呈卜瓦

松分配，到達的間

隔時間將呈現指數

分配。

testSELF
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e. 求 P(2 # x # 5)。

應用

34. 在機場通過安全檢查所耗用時間已成為旅客困擾。辛辛那堤／北肯德基國際機

場的尖峰時段，旅客平均等候時間是 12.1 分鐘 (The Cincinnati Enquirer, February 

2, 2006)。假定通過安全檢查所需時間為指數分配。 

a. 尖峰時段通過安全檢查所需時間不超過 10 分鐘的機率是多少？ 

b. 尖峰時段通過安全檢查所需時間超過 20 分鐘的機率是多少？ 

c. 尖峰時段通過安全檢查所需時間介於 10 分鐘到 20 分鐘的機率是多少？

d. 假定尖峰時段的早上 8 時，你剛開始排隊等候安全檢查，你必須在 30 分鐘之

內到達登機門。假定安全檢查結束到登機門需 12 分鐘，你趕不上飛機的機率

是多少？

35. 在某一十字路口，車輛到達的間隔時間呈指數分配且平均數為 12 秒。

a. 繪出此指數機率分配。

b. 車輛到達的間隔時間少於 (含) 12 秒的機率為何？

c. 車輛到達的間隔時間少於 (含) 6 秒的機率為何？

d. 車輛到達的間隔時間會超過 (含) 30 秒的機率為何？

36. 某電子設備的壽命 (小時) 是一個具有下列指數機率密度函數的隨機變數。
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a. What is the mean lifetime of the device?
b. What is the probability that the device will fail in the first 25 hours of operation?
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a. 電子設備的平均壽命為何？

b. 電子設備在前 25 小時運轉失敗的機率為何？

c. 電子設備能持續運轉 100 小時 (含) 以上才故障的機率為何？

37. Sparagowski & Associates 對速食店的得來速購餐車道進行研究。結果顯示，麥

當勞的得來速由點餐到取餐的服務時間共需 2.78 分鐘 (The Cincinnati Enquirer, 

July 9, 2000)。諸如此類等待時間常常都是指數分配。

a. 顧客服務時間超過 2 分鐘的機率為何？

b. 顧客服務時間超過 5 分鐘的機率為何？

c. 顧客服務時間超過 2.78 分鐘的機率為何？

38. 工作時受到干擾降低你的效率嗎？加州大學爾灣分校的研究指出，商務人士每

小時內約被干擾 
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c. What is the probability that the arrival time between vehicles is 6 seconds or less?
d. What is the probability of 30 or more seconds between vehicle arrivals?

36. The lifetime (hours) of an electronic device is a random variable with the following expo-
nential probability density function.

a. What is the mean lifetime of the device?
b. What is the probability that the device will fail in the first 25 hours of operation?
c. What is the probability that the device will operate 100 or more hours before failure?

37. Sparagowski & Associates conducted a study of service times at the drive-up window of
fast-food restaurants. The average service time at McDonald’s restaurants was 2.78 min-
utes (The Cincinnati Enquirer, July 9, 2000). Service times such as these frequently follow
an exponential distribution.
a. What is the probability that a customer’s service time is less than 2 minutes?
b. What is the probability that a customer’s service time is more than 5 minutes?
c. What is the probability that a customer’s service time is more than 2.78 minutes?

38. Do interruptions while you are working reduce your productivity? According to a Univer-
sity of California–Irvine study, businesspeople are interrupted at the rate of approximately
51⁄2 times per hour (Fortune, March 20, 2006). Suppose the number of interruptions fol-
lows a Poisson probability distribution.
a. Show the probability distribution for the time between interruptions.
b. What is the probability a businessperson will have no interruptions during a 15-minute

period?
c. What is the probability that the next interruption will occur within 10 minutes for a

particular businessperson?

Summary

This chapter extended the discussion of probability distributions to the case of continuous
random variables. The major conceptual difference between discrete and continuous proba-
bility distributions involves the method of computing probabilities. With discrete distribu-
tions, the probability function f (x) provides the probability that the random variable x
assumes various values. With continuous distributions, the probability density function f (x)
does not provide probability values directly. Instead, probabilities are given by areas under
the curve or graph of the probability density function f (x). Because the area under the curve
above a single point is zero, we observe that the probability of any particular value is zero
for a continuous random variable.

Three continuous probability distributions—the uniform, normal, and exponential
distributions—were treated in detail. The normal distribution is used widely in statistical
inference and will be used extensively throughout the remainder of the text.

Glossary

Probability density function A function used to compute probabilities for a continuous
random variable. The area under the graph of a probability density function over an inter-
val represents probability.
Uniform probability distribution A continuous probability distribution for which the
probability that the random variable will assume a value in any interval is the same for each
interval of equal length.

f (x) �
1

50
 e�x /50    for x � 0
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 次 (Fortune, March 20, 2006)。假定受到干擾的次數是卜瓦

松機率分配。 

a. 請說明兩次干擾的間隔時間之機率分配。 

b. 對某商務人士而言，15 分鐘內都沒有受到干擾的機率是多少？ 

c. 對某商務人士而言，下一次的干擾會在 10 分鐘內發生的機率是多少？

testSELF
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