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The Normal Distribution is a very frequently occurring continuous variable distribution. 
In models, for example, the heights of people, the weights of similar animals, and measurements on machine produced items are all normally distributed.

For example, if a coin is thrown 20 times the most likely number of Heads is 10, followed by 9or 11 Heads, then 8 or 12 Heads and so on. Getting something like 5 or 15 Heads is relatively unlikely. The full bar chart for throwing a coin 20 times is shown below, and is overlaid with the normal curve.



The distribution is symmetrical about the mean, which is also the median and the mode.
· The curve is symmetrical about the mean
· 50% of values are below the mean
· 50% of values are above the mean
· 68% of values fall within 1 standard deviation
· 95% of values fall within 2 standard deviations
· 99.5% of values fall within 3 standard deviations


Example: The height of women in the UK follows a normal distribution. The mean is 161cm and the standard deviation is 6cm.
Complete the graph below showing the heights for 68%, 95% and 99.5% of the data.
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68% between 155 and 167
95% between 149 and 173
99.5% between 143 and 179





Example: The life of a food mixer is normally distributed with mean 90 months and standard deviation of 15 months.
(a) What proportion of mixers last less than 90 months
(b) What proportion of mixers last between 75 and 105 months
(c) What proportion of mixers last less than 60 months?
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(a) 50% are less than 90
(b) 68% are betwen75 and 105
(c) 2 s.d = 95% between 60 and 120, 5% outside this so 2.5% is less than 60. 





















Exercise: Normal Distribution

 Sketch a normal curve for each distribution. Label the x-axis at one, two, and three standard deviations from the mean. 
1. Mean = 95; standard deviation = 12 

2. Mean = 100; standard deviation = 15 
3. Mean = 60; standard deviation = 6 
4. Mean = 23.8; standard deviation = 5.2 


5. A set of data has a normal distribution with a mean of 5.1 and a standard deviation of 0.9. 
(a) Sketch a normal curve for the distribution. 
Find the percent of data within each interval.

(b) Between 4.2 and 6.0
68% between 4.2 and 6

(c) Greater than 6.9 
95% between 3.3 and 6.9
5% outside this
2.5% greater than 6.9

(d) Less than 4.2 
68% between 4.2 and 6
32% outside that
16% below 4.2

(e) Less than 4.2 

6. Test scores are normally distributed with a mean of 76 and a standard deviation of 10. 
a. In a group of 230 tests, how many students score above 96? 
2.5% of 230 = 5.75 = 6
b. In a group of 230 tests, how many students score below 66? 
16% of 230 = 36.8 = 37
c. In a group of 230 tests, how many students score within one standard deviation of the mean?
68% of 230 = 156.4 = 156

7. The number of nails of a given length is normally distributed with a mean length of 5.00 in. and a standard deviation of 0.03 in. 
a. Find the number of nails in a bag of 120 that are less than 4.94 in. long
2.5% of 120 = 3
b. Find the number of nails in a bag of 120 that are between 4.97 and 5.03 in. long. 
81.6 = 82
c. Find the number of nails in a bag of 120 that are over 5.03 in. long.
19.2 = 19

8. The actual weights of bags of pet food are normally distributed. 


The mean of the weights is 50.0 lb, with a standard deviation of 0.2 lb. Use the graph for a – c. 
a. About what percent of bags of pet food weigh less than 49.8 lb? 
16%
b. In a group of 250 bags, how many would you expect to weigh more than 50.4 lb? 
2.5%
c. In a group of 50 bags, how many would you expect to be within 1.5 standard deviations of the mean?

9. A machine is used to put bolts into boxes. It does so such that the actual number of bolts in a box is normally distributed with a mean of 106 and a standard deviation of 2. 


a) Draw and label the Normal curve from the information. 
b) What percentage of boxes contain more than 104 bolts? 
84% above
c) What percentage of boxes contain more than 110 bolts?
2.5% 
d) What percentage of boxes contain less than 108 bolts? 
84%
e) What percentage of boxes contain less than 100 bolts? 
0.25%
f) What percentage of boxes contain between 102 and 112 bolts? 
95%
g) What percentage of boxes contain between 100 and 106 bolts?
49.75%

Normal Distribution Z-Table

Normal Distribution tables use the standard normal distribution with a mean of 0 and a standard deviation of 1. 
The table shows the values of z which measures the distance from the mean in standard deviations. 
The shaded area, A, gives the probability of data that is less than the given value z.

For the following you will need the use of a z-table
Example: Calculate P(Z<0.24)
This is the percentage of data that is below 0.24 standard deviations away from the mean.
	P(Z<0.24) = 0.5948 = 59.48%







Example: Calculate P(Z<-1.3)
	P(Z<-1.3) = 0.0968 = 9.68%







Example: Calculate P(Z>0.75)
	P(Z<0.75) = 0.7734 = 77.34%
P(Z>0.75) = 100% - 77.34% = 22.66%







Example: Calculate P(Z > -2.34)
	P(Z<-2.34) = 0.0096 = 0.96%
P(Z>-2.34) = 100% - 0.96% = 99.04%






Exercise: Z Tables
1. Find the following probabilities as a percentage.
(a) P(Z < -0.01) 49.6%
(b) P(Z < -0.13) 44.83%
(c) P(Z < – 0.54) 29.46%
(d) P(Z< -0.72) 23.58%
(e) P(Z< -0.83) 20.33%
(f) P(Z < -1.02) 15.39%

2. Find the following probabilities as a percentage.
(a) P(Z > 0.03) 48.5%
(b) P(Z > 0.10) 46.02%
(c) P(Z > 0.22) 41.29%
(d) P(Z > 0.33) 37.07%
(e) P(Z > 0.52) 30.15%
(f) P(Z > 0.94) 

Z Table Exam Questions.

The formula to calculate the Z number is as follows



Example: Most graduate schools of business require applicants for admission to take the Graduate Management Admission Council’s GMAT examination. Scores on the GMAT are roughly normally distributed with a mean of 527 and a standard deviation of 112. What is the probability of an individual scoring above 500 on the GMAT?
	X = 500

Sd = 112




P(Z<-0.24) = 40.52%

100% - 40.52% = 59.48%




(b) How high must an individual score on the GMAT in order to score in the highest 5%?
	Top 5% = 0.95
0.95% -> Z = 1.65



X = 711.8




Example: The average number of acres burned by forest and range fires in a large New Mexico county is 4,300 acres per year, with a standard deviation of 750 acres. The distribution of the number of acres burned is normal. What is the probability that between 2,500 and 4,200 acres will be burned in any given year?
	X = 4200 and 2500

Sd = 750






44.83 – 0.82%  = 44.01%




Exercise: Z Table Exam Questions 

1. The weights of bags of gravel may be modelled by normal distribution with mean of 25.8kg and standard deviation 0.5kg.
Determine the percentage of a bags that weight
(a) Less than 25kg 
5.48%
(b) Between 25.5kg and 26.5kg.
19.35%
(c) Determine to two decimal place the weight exceeded by 75% of bags.
26.135kg


2. The time taken for a company to install a satellite dish is normally distributed, with mean 134 minutes and standard deviation 16.
(a) Determine P(X < 150)
84.13%
(b) Determine to one decimal place the time exceeded by 10% of the installations
154.48kg

3. The length of eels in a river is assumed to be normally distributed with mean 48 and standard deviation 8.
Determine the probability that the length of an eel selected at random is;
(a) Less than 60cm.
93.32%
(b) Within 5% of the mean length.
23.58

