Math 10 Chapter 5 Notes: Continuous Random Variables

Some Terms

· Probability density function f(X): f(X) ( 0.  
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· The area between f(X) and the x-axis is equal to a probability
· Continuous random variable: You measure the values X can take on

1. Let X = the amount of time a customer 

stands in line for the ATM machine
2. Let X = a baseball major league batting average
3. Let X = the age of a high school senior the day he/she graduates
4. Let X = the cost of maintenance of a car during its first year

· Compare discrete to continuous

1. Discrete graph: height = probability
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2. Continuous graph: area = probability
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Chapter 5 continuous probability distributions

2. Uniform

3. Exponential

Uniform

· Function is f(X) = 1/(b – a)  where  a < X < b  (or a ( X ( b)
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· All values of X are equally likely
· Notation:  X ~ U(a, b)

· Probability = area of a rectangle = (base)(height)
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Example:  The amount of time a college student waits in line at the college cafeteria during lunch time is uniformly distributed in the interval from 0 to 10 minutes – each time is equally likely and all times cannot be listed.

Let X = the amount of time, in minutes, a De Anza student waits in line at the college cafeteria.
X ~ U(0, 10)  
a = 0 
b = 10  
f(X) = 1/(10 – 0) = 1/10  where 0 < X < 10
General graph:
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Maximum area = (base)(height) 

      = (10 – 0)(0.1) = 1
Find the long term average, (.       
( =  a + b = 0 + 10 = 5 minutes
          2            2
Find the standard deviation, σ
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      ≈     2.9 minutes   
Find the probability that a college student must wait less than 3 minutes.
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P(X < 3) = (base)(height) = (3 – 0)(1/10) = 3/10
Find the probability that a college student must wait between 3 and 7 minutes.
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P(3 < X < 7) = (base)(height) 

= (7 – 3)(1/10) = 4/10

Find the probability that a college student must wait more than 8 minutes.
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P(X > 8) = (base)(height) 
        = (10 – 8)(1/10) = 2/10

Find the probability that a college student waits exactly 8 minutes
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P(X = 8) = (base)(height) = (0)(1/10) = 0
Find the probability that a college student must wait more than 8 minutes when the college student has already waited more than 5 minutes. (Conditional: The graph starts at 5 minutes so the base of the rectangle is 
10 – 5 = 5.  This makes the height 1/5 since the maximum area is 1.)  1/5 = 0.2
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P(X > 8 | X > 5) = (base)(height)





      = (10 – 8)(1/5) = 2/5

Find the 90th percentile (find the waiting time that has 90% of the other waiting times falling below it): 
Let k = the 90th percentile.  The area to the left of k is 0.90.
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Area = (base)(height)

0.90 = (k – 0)(1/10)


0.90 = (k)(1/10) so (.90)(10) = (k)(1/10)(10)


9 minutes = k

Exponential

· Function is  f(X) =  me-mx  
where  m > 0 and X > 0
e = 2.71828182846…
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· Notation:  X ~ Exp(m)      
m is called the parameter of decay 

m = 1/( (m and ( are reciprocals)
(  =  (   (mean = standard deviation)
Maximum Area = 1
· Probability:  
Area to the left of x:   P(X < x) = 1 - e-mx 
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Area to the right of x: P(X > x) = e-mx  
[image: image20.png]



Area between a and b: 

P(a < X < b) = e-ma - e-mb
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Example:  The length of time a randomly chosen 11-year old child spends playing video games per day is approximately exponentially distributed with a mean equal to 1.5 hours.
Let X = the length of time, in hours, a chosen 11-year old child spends playing video games per day.

( = 1.5 hours;  m = 1/1.5 = 2/3 hours

X ~ Exp(2/3)  or Exp (1/1.5) 

f(X) = (2/3) e-(2/3)x  
Find the standard deviation, (.   
( = ( = 1.5 hours      

Find the probability that a randomly chosen 11-year old spends more than 1.5 hours playing video games per day.
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P(X > 1.5) = e-(2/3)(1.5)  = 0.3679
Find the probability that a randomly chosen 11-year old spends less than 1.5 hours playing video games per day.
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P(X < 1.5) = 1 – e-(2/3)(1.5)  = 0.6321


(Notice that 0.6321 = 1 – 0.3679)

Find the probability that a randomly chosen 11-year old spends between 1 and 1.5 hours playing video games per day.
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P(1 < X < 1.5) = e-(2/3)(1)  - e-(2/3)(1.5)  = 0.1455

Ninety percent of the 11-year olds spend how long playing video games per day? 
(Find the 90th percentile: 
Let k = the 90th percentile).  

P(X < k) = 0.90.)
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Formula for k:  This formula is the inverse of


P(X < x) = 1 – e-mx;   AreaToTheLeft = P(X < x);

LN is the natural log.



k = LN(1 – AreaToTheLeft ) / (-m)

Since we want to find the 90th percentile, 


AreaToTheLeft = 0.90.  So,


k = LN(1 – 0.90 ) / (-2/3) = 3.45 hours

Ninety percent of 11-year olds spend less than 3.45 hours playing video games per day.
