
Homework: Chapter 8, # 45b, 59b, 67a 
Sections 8.5 to 8.7: CONTINUOUS RANDOM VARIABLES 
Find probabilities for intervals, not single values.  
X = a continuous random variable, can take any value in one or more intervals. 
P(a < X < b) = proportion of the population with values in interval (a to b). 
 
We consider 3 cases: 
1. Uniform random variable 
2. Normal random variable 
3. Normal approximation for a binomial random variable 
 
For each of these, you should be able to find probabilities like the following, 
where a and b are given numbers and X is a random variable of specified type: 
P(a < X < b) 
P(X < a) 
P(X > b) 
 
Note that for continuous random variables, > and ≥ are the same because the 
probability of X equally an exact value is essentially 0.  
For a discrete random variable (such as binomial) approximated by normal, 
that’s not the case. It will matter whether it is > or ≥. 



UNIFORM RANDOM VARIABLES 
 
EX: What time of day a child is born.  
 
Let X = exact time a randomly selected child is born (Natural, not Cesarean!). 
Assume equally likely to be anytime in 24 hours.  
 
SO, e.g. P(midnight < X < 6am) = 6 hours/24 hours = ¼. 
 
We can draw a picture to illustrate this. (Picture and formulas on board.) 
 
GENERAL DEFINITION OF CONTINUOUS RANDOM VARIABLE: 
 
The probability density function (A different pdf abbreviation!) for a continuous 
random variable X is denoted as f(x), and is the formula for a curve such that: 
 
1. Total area under the curve = 1 
2. P(a < X < b) = area under the curve between a and b. 



NOTATION : f(x) is the pdf for the random variable X. It is a function such that  
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The mean µ, variance σ2 and standard deviation σ for X are given by: 
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Won’t need calculus, will use tables and R commander (and/or Excel). 
 
UNIFORM DISTRIBUTION between c and d: 
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   and area between any two numbers a and b is cd
ab
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Ex: X = birth time, c = 0 and d = 24, f(x) = 1/24; P(midnight to 6am) = 
P(0<X<6) = 6/24 = 1/4. 
Mean and standard deviation for a uniform random variable on board 



NORMAL RANDOM VARIABLES 
 
Completely defined once you know mean and standard deviation. f(x) on board 
 
Write down the following for yourself: 
1. How many hours of sleep you got last night. 
2. Your height. 
3. Your verbal SAT score. 
 
These are all approximately normal random variables, so you can determine 
where you fall relative to everyone else if you know µ and σ. 
 
Random variable:       µ    σ 
Sleep hours for students:     6.9 hours,   1.7 hours 
Women’s heights:     65 inches  2.7 inches 
Men’s heights      70 inches  3.0 inches 
Verbal SAT scores for UCI students 569*   75 
Verbal SAT scores for population  500    100 
*Note that SAT means differ by school at UCI. You can see them here: 
http://www.oir.uci.edu/adm/IA24-fall-fr-mean-sat-by-school-2000-2008.pdf



Pictures of these: 
 

Hours of sleep Female heights 

Male heights UCI Verbal SAT scores 

 

 
What is the same and what is different about these pictures?



HOW TO FIND PROBABILITIES FOR NORMAL RANDOM VARIABLES 
 
Two methods; in both cases you need to know mean, standard deviation, and 
value(s) of interest: 
 
1. Convert value(s) of interest to z-scores, then use computer or Table A.1 
2. Use computer directly. 
 
Often you will need to use Rules 1 and/or 2 from Chapter 7 as well. 
 
Always draw a picture so you know if your answer makes sense! 
 
Method 1 (k is a value of interest; µ  and σ are the mean and standard deviation):  
Step 1: Convert k to a z-score, which is standard normal with µ=0 and σ=1: 

σ
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Step 2: Look up z in Table A.1, or use R Commander or Excel. 



Table A.1 gives areas below z. Here is a small part of the table: 

 
 
Examples (on board): 
P(z < –2.21)  
P(z > +2.21) 
P(–2.21 < z < 2.21) 
P(–1.96 < z < 1.96) 



Some pictures for hours of sleep, mean = 6.9 and standard deviation = 1.7 
 
Probability X > 8 = proportion who sleep more than 8 hours = .259 
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Probability 7 < X < 9 = proportion who sleep between 7 and 9 hours = .368 
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Some useful relationships for normal curve probabilities (a, b, d are numbers): 
Illustrate on board, with examples: 
 
P(X > a) = 1 – P(X ≤ a)  
P(a < X < b) = P(X ≤ b) – P(X ≤ a)  
P(X > µ + d) = P(X < µ – d) 
P(X < µ) = .5 
 
Using R Commander: 
Distributions → Continuous distributions → Normal distribution →  
Normal probabilities 
Enter variable value, mu, sigma, then choose lower tail or upper tail. 
Result shown in output window. 
 
Example: For sleep hours, with mean mu = 6.9 and sigma = 1.7. 
1. What proportion of students sleep more than 8 hours? 
Use value = 8, mu = 6.9, sigma = 1.7, upper tail.  
Result: 0.2587969 (about 26%) 
2. What proportion of students get the recommended 7 to 9 hours of sleep? 
Picture showed that it was about .368, or 36.8%. Show calculation on board. 



Working backwards: We want to know the cutoff for a certain proportion 
 
Example: What z-value has 95% of the standard normal curve below it? 
 
Method 1: Use Table A.1. Find .9500 in the body of the table, then read z. 

 
… 

  
 
Result: z = 1.645  
What is the amount of sleep that only 5% of students exceed? (On board) 
In general, X = zσ + µ 
 
Using R Commander:  
Distributions → Continuous distributions → Normal distribution →  
Normal quantiles 
Enter proportion of interest, mean, standard deviation, and upper or lower tail. 
Ex: Height with 30% of women above it. Enter .3, 65, 2.7, upper. Get 66.41588. 



NORMAL APPROXIMATION FOR BINOMIAL RANDOM VARIABLE 
 
If X is a binomial random variable with n trials and success probability p, and if 
n is large enough so that np and n(1-p) are both at least 5 (better if at least 10), 
then X is approximately a normal random variable with:  
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In other words, these are almost equivalent: 
 
• Adding probabilities for all values from 0 to k for binomial with n, p 
• Finding area under curve to the left of k for normal with µ = np, σ = )1( pnp −  
 



Comparing the two distributions for some values of n and p: 
 
n = 100, p = .2; µ = np = 20, σ = 4  n = 25, p = .5; µ = np = 12.5, σ = 2.5 
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Shaded rectangles show the binomial probabilities for each value on the x axis; 
smooth bell-shaped curves show the normal distribution with the same mean and 
standard deviation as the binomial.



Example from last lecture, where we found exact binomial probability:  
 
A poll samples 1000 people from a population with 48% who have a certain 
opinion. X = number in the sample who have that opinion. What is the 
probability that a majority (at least 500) of the sample have that opinion?  
 
Binomial with n = 1000 and p = .48, µ = 480 and 8.15)52)(.48(.1000 ==σ  
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So there is about a 10% chance that a majority of the sample have the opinion.  
Much easier than adding up P(X=500) + P(X=501) + ….. + P(X=1000). 
 
Picture on next page….



Comparing exact binomial and normal approximation: n = 1000 and p = .48 
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Example with smaller n: n = 100, p = .2 so µ = 20 and σ = 4 
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One final note about this: A more accurate place to start is either 0.5 above or 
below k, depending on the desired probability. Note that binomial starts at 24.5. 
 
Ex: For n = 100 and p = .2, what is the probability of at least 25 successes? 
Find P(X > 24.5) for normal X with µ = 20 and σ = 4.  
Exact binomial probability of at least 25 successes is 0.1313. 
Normal P(X > 25) = 0.1056, but P(X > 24.5) = 0.1303. 


