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Lecture 10 
 
Continuous Random Variables 
 
Continuous random variable →  
 
 
 
 
When the random variable is continuous, the intervals of values for the bars of the probability 
histogram become very narrow. 
 
The key here is that we want each bin to only have 1 possible value in a probability histogram.  
 
As the number of intervals increase with more possible values in the interval, the bin width 
narrows, and the shape of the histogram gradually approaches a smooth curve.  
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This smoothed curve is called a 
 
 
 
Density curves portray the probability distributions of continuous variables.  
 
So, how can we use the density curve to find probabilities? We take the area under the curve:  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Based on the interval that we are interested in (from an inequality), we find the probability that 
X takes a value in that interval by finding the area from the density curve down to the x-axis.  
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Let’s take a look now at 2 special cases of continuous random variables, the Uniform and 
Normal Distributions… 
 

The Uniform Distribution  
 
We first saw the term uniform when we discussed modality and peakedness. A dataset with 1 
mode was termed unimodal, a dataset with 2 modes was termed bimodal, and a dataset with 
no mode is termed uniform. 
 
Now, let’s shift into the world of random variables. When a random variable X is said to have 
the uniform distribution, we use the notation: 
 
 
 
 
 
Visually:  
 
 
 
 
 
 
 
 
 
 
 
When a RV X is defined as 𝑋~𝑈(𝑎, 𝑏), we can define the distribution formulaically:  
 
 
 
 
 
 

 
Intuitively:  
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So, how can we find probabilities? Same way as every continuous distribution → Area under 
the curve. 
 
Example – Weight Gain 
The average amount of weight gained by a person over the winter months is uniformly 
distributed from 0 to 30 pounds.  
 

a) What is the probability that a person will gain between 10 and 20 pounds during the 
winter months? 
 
 
 
 
 
 
 
 
 
 
 

b) What is the probability that a person will gain between 5 and 25 pounds during the 
winter months? 

 
 
 
 
 
 
 
 
 
 
 
 

c) What is the probability that a person will gain between 0 and 30 pounds during the 
winter months? 
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Of course, as with every distribution, we can describe the center and spread.  
 
For a RX X such that 𝑋~𝑈(𝑎, 𝑏), we can formulaically define the expectation of X as 
 
 
 
 
 
 
 
and the standard deviation of X as  
 
 
 
 
 
 
 
 
 
Example – Weight Gain (cont.) 
Find the expected amount of pounds gained during the winter months along with the standard 
deviation.  
 
 
 
 
 
 
 
 
  

 

The Normal Distribution 
 
The Normal Distribution is Bell-shaped →  
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Consider the 3 following density curves for 3 different Normal Distributions:   
 
 
 
 
 
 
 
 
 
 
 
 
What do we notice about the black and red distributions?  
 
 
 
 
 So, the _______ distribution has a larger standard deviation.  
 

Why? 
 
 
 
 
 
 
What about the black and green distributions?  
 
 
 
 
 So, the _______ distribution has a larger mean. 
 
 Why? 
 
 
 
 
 

So, knowing only 1 does not fully specify a Normal distribution → we need both! 
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In practice, if we know the distribution of the random variable X is Normal, we use the notation 
 
 
 
 
 
If we know that 𝑋~𝑁(𝜇, 𝜎2), we can define the distribution formulaically as 
 
 
 

 
 

 
 
So, how can we use this to find probabilities? 
 
Well, in the beginning of the course, we discussed the Empirical Rule that stated:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example – iPhone Area 
Let the RV X represent the area of an iPhone. Suppose we know that the area of an iPhone 
follows a bell-shaped curve with a mean of 8 square inches and a standard deviation of 0.25 
square inches.  
  

a) Draw the situation described above. 
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b) What is the probability that a randomly chosen iPhone has an area between 7.75 and 

8.25 square inches? 
 
 
 
 
 
 
 
 
 

c) What proportion of iPhones have an area above 8.25 square inches? 
 
 
 
 
 
 
 
 
 

d) What is the probability that a randomly chosen iPhone has an area above 7.75 square 
inches? 
 
 
 
 
 
 
 
 

e) 2.5% of iPhones have an area above what value? 
 
 
 
 
 
 
 
 
 
 

f) What proportion of iPhones have an area below 8.30 square inches? 
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The Normal Table  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
What does this table find? 
 
 
 
 
 
 
 
Example – Using the Normal Table 
Consider the above table to answer the following questions: 
 

a) In any normal distribution, what is the probability of getting a value that is less than .5 
standard deviations above the mean (i.e falls below μ+ .5σ)?  
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b) In any normal distribution, the probability of getting a value that is less than 1.35 
standard deviations above the mean (i.e falls below 𝜇 + 1.35𝜎) is: 

 
 
 
 
 
 
 
 
Example – iPhone Area (cont.) 
Recall that the RV X is bell-shaped with a mean of 8 square inches and standard deviation of 
0.25 square inches.  
 

a) What proportion of iPhones have an area below 8.30 square inches? 
 
 
 
 
 
 
 
 
 
 

 
 

We need a way to determine the number of standard deviations each point is away 
from the mean! 

 

Z-Score 
 
Intuitively:  
 
 
 
 
Formulaically:  
 
 
 
 
 
This process of calculating a z-score for a given value of x is called standardization.  
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Visually, here is what is happening:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) What is the probability that a randomly chosen iPhone has an area above 7.70 square 
inches? 
 
 
 
 
 
 
 
 
 
 

 
 

c) What proportion of iPhones have an area between 7.70 square inches and 8.30 square 
inches? 
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d) 20% of iPhones have an area below what value? (In other words, what is the 20th 
percentile of the iPhone area distribution?) 
 
 
 
 
 
 
 
 

 
 

e) In order for Steve Jobs not to throw the iPhone into an Aquarium, the iPhone has to be 
in the highest 2% of the distribution. What is the actual area above which the iPhone is 
“safe”?  
(OR 2% of iPhones have an area above what value?  
OR What is the 98th percentile of the iPhone area distribution?) 
 
 
 
 

 
 
 
 
 
 
 
Let’s look at another application of z-scores… 
 
Example – Comparing SAT and ACT Scores 
When you applied to college, you scored 650 on the SAT exam, which had a mean of 500 and 
standard deviation of 100. Your friend took the comparable ACT, scoring 30. For that year, the 
ACT had a mean score of 21 with standard deviation of 4.7. How can we compare these scores 
to tell who did better? 
 
 
 Visually:  
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 Mathematically:  
 
 
 
 
 
 
 
 

Note: If you get a z-score below -3.4, then the corresponding probability is assumed to be 0. 
Likewise, if you get a z-score above 3.4, then the corresponding probability is assumed to be 

1. 
 
 
 
 
 
 
 PROBABILITY ENDS 
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