
6.1 Graphs of Normal 

Probability Distributions 
 

 

________________________ – one of the most important examples of a 

continuous probability distribution, studied by Abraham de Moivre 

(1667 – 1754) and Carl Friedrich Gauss (1777 – 1855).  (Sometimes 

called the ___________________ distribution.) 
 

 

We could look at a very complicated formula which speaks of the 

normal distribution; however, we will just look at the graph of a normal 

distribution to get a better idea of what we are discussing.  
 

Graph of a Normal Distribution 

 

 

 



 

 

Examples: 

 
 

Some Facts to Realize About Normal Curves: 

1) The mean and standard deviation have ____________________ on each 

other.  So, a curve with a large mean need not have a large standard 

deviation. 

  

2) If a curve is very spread out, it then has a large standard deviation, and 

vice versa. 
 

 

 



Examples: 

Sketch the following curves given the information below.  Label everything, 
including transition points: 

  

a) Mean of 24 and Standard Deviation of 11 

 

 

 

 

 

 

 
 

b) Mean of 19 and Standard Deviation of 6. 

  

 

 

 

 

 

 
 

c) Mean of 111 and Standard Deviation of 10. 

  

 

 

 

 

 

 
 
 

 



d) Mean of 107.5 and Standard Deviation of 9. 

  

 

 

 

 

 

 
 

e) Mean of 20 and Standard Deviation of 6.2. 

  

 

 

 

 

 

 
 
 

 

 

 

 

 

 



 
 

 

 
 

 

 

 

 

 

 

 



Examples: 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 
 

 

 

 

 

 

 



 

 

 
 



 

 
 

Examples: 

 

 



6.1 Homework 
 

1) μ = 78 σ = 3 

 

 

 

 

 

 

 

2) μ = 19 σ = 4.6 

 

 

 

 

 

 

3) What percent of the data lies within 1 standard deviation of a normal 
distribution? 

 

 

 

4) What percent of the data lies within 2 standard deviations of a normal 
distribution? 

 



5) What percent of the data lies within 3 standard deviations of a normal 
distribution? 

 

 

 

 

6) Create a Control Chart for the following data. 

μ = 44  σ = 6 

 

1 2 3 4 5 6 7 8 9 10 

50 36 28 45 40 48 51 46 33 48 

 

 

 

 

Is the above data in control? Why or why not? 

 

 

 



7) Create a Control Chart for the following data. 

μ = 82  σ = 4 

 

1 2 3 4 5 6 7 8 9 10 

90 71 80 85 83 90 77 75 73 70 

 

 

 

 

 

Is the above data in control? Why or why not? 

 

 

 

 

 

 

 

 

 



6.2 Standard Units and Areas 

Under the Standard Normal 

Distribution 
 
There is a simple formula that we can use to compute the number z of standard 

deviations between a measurement x and the mean µ of a normal distribution with 
standard deviation σ: 

 

 

 

 

 

Definition: The z value or ____________________ tells us the number of standard 
deviations the original measurement is from the mean.  The z value is in standard 

units. 

 

The mean of the original distribution is always zero, in standard units, which 

makes sense because the mean is zero standard deviations from itself. 

  

An x value in the original distribution that is above the mean μ has a corresponding 

z value that is __________________.  Again, this makes sense because a 
measurement above the mean would be a positive number of standard deviations 

from the mean.  Likewise, an x value below the mean has a ____________ z value.  
(See below!) 

 

 



Examples: 

1) Lewis earned 85 on his biology midterm and 81 on his history midterm.  
However, in the biology class the mean score was 79 with standard deviation 5.  In 

the history class the mean score was 76 with standard deviation 3. 

 a) Convert the biology score to a standard score. 

  

 

 

 

 

 

 b) Convert the history score to a standard score. 

 

 

 

 

  

 

 c) Which score was higher with respect to the rest of the class? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2) Bill earned an 88 on his math final exam and an 85 on his history final exam.  
The mean score in the math class was 85 and the mean score in the history class 

was 88.  The standard deviation in the math class was 3 and in the history class 
was 6.   

 a) Convert the math score to standard units. 

  

 

 

 

 

 

 b) Convert the history score to standard units. 

 

 

 

 

  

 

 c) Which score was higher with respect to the rest of the class? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3) Pam earned a 124 on his psychology midterm and an 87 on his foreign language 
midterm.  The average score in accounting was a 102 with a standard deviation of 

4.5.  The average score in foreign language was 85 with a standard deviation of 2. 

 a) Convert the psychology score to standard units. 

  

 

 

 

 

 

 b) Convert the foreign language score to standard units. 

 

 

 

 

 

  

 

 c) Which score is higher with respect to the rest of the class? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4) Sal is on two bowling teams.  On his first team, he scored a 212.  This team had 
a team average of 242 with a standard deviation of 10.  For his second team, Sal 

bowled a 197.  This team averaged 174 with a standard deviation of 3. 

 a) Convert Sal’s first score to standard units. 

  

 

 

 

 

 

 

 

 b) Convert Sal’s second score to standard units. 

  

 

 

 

 

 

 

 

 c) Which score is higher with respect to the rest of the team?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Raw Score: 

We can convert our formula for z score to a different formula that is helpful when 
we already know the z score but are looking for the __________________: 
 

    

 

 

 

In many testing situations we hear the term raw score and z score.  The raw score 
is just the score in the original measuring units, and the z score is the score in 
standard units. 

 

Examples: 

1) Troy took a standardized test to try to get credit for first-year Spanish by 
examination.  If he got credit by exam, he would not need to take the courses.  The 

standardized score was reported.  His standardized score was 1.9.  The mean score 
on the exam was 100 with standard deviation 12.   

 

a) What was Troy’s raw score? 

 

 

 

 

 

b) The language department requires a raw score of 117 to get credit by 

examination for first-year Spanish.  Will Troy get credit based on this exam? 

 

 

 

 

2) Sam’s z score on her college entrance exam is 1.7.  If the raw scores have a 
mean of 364 and a standard deviation of 60 points, what is her raw score? 

 

 

 

 

 

 

 



3) On a standardized test, Phil’s z score is 1.75.  If the raw scores have a mean of 
364 and a standard deviation of 22 points, what is his raw score? 

 

 

 

 

 

 

4) Amanda is a court reporter.  She currently types 1.2 as a z score.  If the raw 

scores of all court reporters across the nation average 222 with a standard deviation 
of 4, what is her raw score? 

 

 

 

 

 

Standard Units and Raw Scores: 

 
When looking at a range of scores, you should calculate the z score for both the 
upper limit and lower limit, and then set up an inequality to evaluate your data. 

 

Examples: 

1) In a class the final exam scores are normally distributed with a mean score of 82 
and a standard deviation of 6.  What percent of the exams are between 76 and 88?  

 

 

 

 

 
2) In a class the final exam scores are distributed with a mean score of 85 and a 

standard deviation of 10 points.  The B exams have scores ranging from 76 to 89.  
What are these scores in standard units?  Indicate the possible z scores on a number 

line. 

 

 

 

 

 



3) A professor gives A’s to students in the class who have scores ranging from 91 
to 99.  The average score in the class is 88 with a standard deviation of 3.  What 

are the z scores for the A students?  Indicate the possible z scores on a number line. 

 

 

 

 

 

 
4) Students in Dr. Z’s class receive D’s if they have grades of 66 to 74.  The 

average score in the class is 90 with a standard deviation of 2.  What are the z 
scores of the D students?  Indicate the possible z scores on a number line.  

 

 

 

 

 

 

 
5) Let x represent the life of a 60-watt light bulb.  The x distribution has a mean of 

1,000 hours with standard deviation of 75 hours.  Convert each of the following x 
intervals into standard z intervals.  

a) 450 < x <1,350  b) 900 < x <1,100  c) 990 < x <1,010 

 
  

 

 
 

 
  

 
d) 500 < x    e) x < 300    f) x < 1,200 

 

 

 

 

 

 



6) Let x represent the average miles per gallon of gasoline that owners get from 
their new Nissan automobile.  For this model the mean of the x distribution is 

advertised to be 44 mpg, with standard deviation of 6 mpg.  Convert each of the 
following x intervals to standard z intervals. 

a) x > 44    b) 40 < x < 50   c) 32 < x < 39 

 

 

 

 

 

 

 

 
7) A high school counselor was given the following z intervals concerning a 

vocational training aptitude test.  The test scores had a mean of 450 points and a 
standard deviation of 35 points.  Convert each x interval into an x test score 
interval. 

a) -1.14 < z < 2.27  b) z < -2.58   c) 1.645 < z  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Areas Under the Standard Normal Curve: 
 

The advantage of converting any normal distribution to the ________________ 

normal distribution is that there are extensive tables that show the area under the 
standard normal curve for almost any interval along the z-axis.  The areas are 
important because they are equal to the probability that the measurement of an item 

selected at random falls in this interval.  Thus the standard normal distribution can 
be useful. 

 

 
 

We must know how to use this Table shown below.  To do so take the highest 

value of z and break it down into two parts,  the first part being the whole number, 
the decimal, and the tenths digit (ex. 2.9), and the second part being the hundredths 

digit (ex. 0.07).  Now, just look it up on the chart using the first part in the vertical  
column and the second part in the horizontal column. Since the normal curve is 
symmetrical about its mean, we can use the table to find an area under the curve 

between a negative z value and 0 just in the same way we do positive values. 

 

 

 

 



 



 

 



Find the Areas Using the Table 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6.2 Homework 
1) Convert each of the following to z-scores: 

a) µ = 85, σ = 3.8, x = 92     b) µ = 225, σ = 11.4, x = 208 

 
 

 

 

 

 

 

 

 

 

2) Convert each of the following to x-scores: 

 

a) µ = 1100, σ = 40, z = -2.1    a) µ = 920, σ = 55, x = 3.4 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 



3) Find the areas for the following using the table. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6.3 Areas Under Any Normal 

Curve 
  
Converting Normal Distributions to Standard Normal: 

 In many applied situations, the original normal curve is not the 
________________________________________.  Generally, there will not be a 
table of areas available for the original normal curve.  This does not mean that we 

cannot find the probability that a measurement x will fall in an interval from a to b.  
What we must do is ________________ original measurements x, a, and b to z 

values. 

 



Calculator Instructions 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Examples: 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 
 

 

 

 

 

 

 

 

 



Left Tail Case 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Center Case: 

 
 

 

 



Right Tail Case 

 
 

Calculator Instructions 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Examples 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6.3 Homework 
1) Use your calculator to find the PERCENT of the data between the given values. 

Given a mean of 84 and a standard deviation of 5.5, find: 

a) P(between 81 and 90)    b) P(between 66.5 and 81) 

  

 

 

 

c) P(less than 77)     d) P(more than 95) 

 

 

 

 

2) Use your calculator to find the DATA VALUE for the given percents. *READ 

CAREFULLY 

Given a mean of 850 and a standard deviation of 30, find: 

a) the bottom 16%    b) the top 22%     

 

 

 

c) the middle 40% 

 

 
 



3) A person’s blood glucose level and diabetes are closely related. Let x be a 
random variable measured in milligrams of glucose per deciliter (1/10 of a liter) of 

blood. After a 12-hour fast, the random variable x will have a distribution that is 
approximately normal with mean μ = 85 and standard deviation σ  = 25.What is the 

probability that, for an adult after a 12-hour fast, 
(a) x is more than 60? 

 
 

 
 

 
(b) x is less than 110? 

 
 

 
 
 

(c) x is between 60 and 110? 
 

 

 

 

 

(d) x is greater than 140 (borderline diabetes starts at 140)? 

 

 
 

 
 

 
 

 
 

 
 

 
 

 



4) Accrotime is a manufacturer of quartz crystal watches. Accrotime researchers 
have shown that the watches have an average life of 28 months before certain 

electronic components deteriorate, causing the watch to become unreliable. The 
standard deviation of watch lifetimes is 5 months, and the distribution of lifetimes 

is normal. 
(a) If Accrotime guarantees a full refund on any defective watch for 2 years after 

purchase, what percentage of total production will the company expect to replace? 
 

 
 

 
 

 
 

(b) If Accrotime does not want to make refunds on more than 12% of the watches 
it makes, how long should the guarantee period be (to the nearest month)? 
 

 
 

 
 

 
 

5) The resting heart rate for an adult horse should average about m _ 46 beats per 
minute with a (95% of data) range from 22 to 70 beats per minute. Let x be a 

random variable that represents the resting heart rate for an adult horse. Assume 
that x has a distribution that is approximately normal.  

(a) Estimate the standard deviation of the x distribution.  
 
 

 
 

(b) A horse whose resting heart rate is in the upper 10% of the probability 
distribution of heart rates may have a secondary infection or illness that needs to be 

treated. What is the heart rate corresponding to the upper 10% cutoff point of the 
probability distribution? 

 
 

 
 



6.4 Normal Approximation to 

the Binomial Distribution 

 
 
 

 
 

 
 
 

 
 

 
 

 
 

 
 



 
n = 3       n = 10 

 
 

 
 

 
n = 25     n = 50 

 
 

 
 
 

 
 

 
 



Converting r Values to x Values 

Remember that when using the normal distribution to approximate the binomial, 
we are computing the areas under bars. The bar over r goes from r – 0.5 to r + 0.5.  

If r is _____________ endpoint of an interval, we ____________________ to get 
the corresponding normal variable x. If r is a ______________ endpoint of an 

interval, we __________________ to get the corresponding variable x.   

 

 
 



 
 
 

 
 

 
 

 
 

 
 

 



 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 



 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 
 



6.4 Homework 
 

1) A recent survey shows that 52% of American Households own an Xbox Game 

Console. A random sample of 85 students was looked at. What is the probability 

that at least 44 people own an Xbox? 

 
 

 
 

 
 

2) It is estimated that 3.5% of the general population will live past their 90th 
birthday. In a graduating class of 753 high school seniors, what is the probability 

that: 
(a) 15 or more will live beyond their 90th birthday? 
 

 
 

 
 

(b) 30 or more will live beyond their 90th birthday? 
 

 
 

 
 

(c) between 25 and 35 will live beyond their 90th birthday? 
 

 
 
 

 
 

 
 



3) Ocean fishing for billfish is very popular in the Cozumel region of Mexico. In 
World Record Game Fishes, it was stated that in the Cozumel region about 44% of 

strikes on the line resulted in a catch. Suppose that on a given day a fleet of fishing 
boats got a total of 24 strikes. What is the probability that the number of fish 

caught was 
(a) 12 or fewer? 

 
 

 
 

 
(b) 5 or more? 

 
 

 
 
 

(c) between 5 and 12? 
 

 
 

 
 

4) More than a decade ago, high levels of lead in the blood put 88% of children at 
risk. A concerted effort was made to remove lead from the environment. Now, 

according to the Third National Health and Nutrition Examination Survey 
conducted by the Centers for Disease Control, only 9% of children in the United 

States are at risk of high blood-lead levels. 
(a) In a random sample of 200 children taken more than a decade ago, what is the 
probability that 50 or more had high blood-lead levels? 

 
 

 
 

 
(b) In a random sample of 200 children taken now, what is the probability that  

50 or more have high blood-lead levels? 


