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A normal distribution of data is one in which the majority of data points are relatively similar, meaning they occur within a small range of values 
with fewer outliers  on the high and low ends of the data range.

When data are normally distributed, plotting them on a graph results a bell-shaped and symmetrical image often called the bell curve. 
In such a distribution of data, mean, median, and mode are all the same value and coincide with the peak of the curve.

https://www.thoughtco.com/measures-of-central-tendency-3026706


Learning Objectives

You will learn:

• To compute probabilities from the normal distribution.

• To use the normal probability plot to determine whether a set of data is 

approximately normally distributed.



Continuous Probability Distributions

• A continuous random variable is a variable that can assume any value on a 
continuum (can assume an uncountable number of values)

• These can potentially take on any value, depending only on the ability to measure 
precisely and accurately.
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The Normal Distribution 

• The Normal Distribution

✓ Closely approximates the probability distribution of a 
wide range of random variables, such as the:

• Heights and weights of newborn babies

• Scores on SAT

• Cumulative debt of college graduates

✓ Serves as the cornerstone of statistical inference.

LO 6.3

Explain the characteristics of the normal distribution.



• Characteristics of the Normal Distribution

✓ Bell-shaped and Symmetric about its mean

• Mean = Median = Mode

✓ Asymptotic - that is, the 
tails get closer and 
closer to the 
horizontal axis, 
but never touch it.

P(X < ) = 0.5 P(X > ) = 0.5

x

Normal Distribution 



The Normal Distribution
Density Function
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▪ The formula for the normal probability density function is

Where e = the mathematical constant approximated by 2.71828

 π = the mathematical constant approximated by 3.14159

 μ = the population mean

 σ = the population standard deviation

 X = any value of the continuous variable



Example: Suppose the ages of employees in Industries A, B, and C are normally 

distributed. 

✓ The relevant parameters are:

✓ Compare industries using the Normal curves:

σ is the same,  is different.  is the same, σ is different.LO 6.3

Normal Distribution 



`
•Properties of Normal Distribution

     1.  Bell Shaped

2  Symmetrical    

3. Mean, Median and Mode are equal

4  Location is characterized by the mean, μ

5  Spread is characterized by the standard deviation, σ 

6 The random variable has an infinite theoretical range: -  to  +

7 It is unimodal

8  μ ± 1 σ  will cover 68.26 % area , μ ± 2 σ  will cover  95.43 % area & μ ± 3 σ  will cover 99.73 % area 

9 For std Normal curve , Mean 0 & s.d  is  1



Normal Distribution 

• The Normal Transformation

✓ Any normally distributed random variable X with 
mean  and standard deviation σ can be transformed 
into the standard normal random variable Z as:

✓ By construction:  E(Z) = 0 and SD(Z) = 1.
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LO 6.4

Calculate and interpret probabilities for a random variable 
that follows the normal distribution.



• Standard Normal Table (z Table).

✓ Gives the cumulative probabilities P(Z < z) for 

positive and negative values of z.

✓ Since the random variable Z is symmetric about 

its mean of 0, 

                       P(Z ≤ 0) = P(Z ≥ 0) = 0.5. 

✓ To obtain the P(Z ≤ z), read down the z column 

first, then across the top.

LO 6.3

Normal Distribution 



• A z value specifies by how many standard deviations the corresponding x 
value falls above (z > 0) or below (z < 0) the mean.

✓ A positive z indicates by how many standard deviations the 
corresponding x lies above .

✓ A zero z indicates that the corresponding x 
equals 

✓  A negative z indicates by how many standard deviations the 
corresponding x lies below 

LO 6.4

Normal Distribution 





Z=0

0.5

=NORM.S.DIST(1,TRUE)

When z=1

0.841345 

=NORM.S.DIST(1.64,TRUE)

When z=1.64

0.949497 

To  Find the Area under Normal curve  for various Z value  Using Excel

When z=1.09

=NORM.S.DIST(1.09,TRUE)

0.862143 

TABLE -1

TABLE -2



• Characteristics of the Normal Distribution

✓ The normal distribution is completely described by 
two parameters:  and σ2.

•  is the population mean which describes the 
central location of the distribution.

• σ is the population variance which describes the 
dispersion of the distribution.

LO 6.3

The Normal Distribution 



The Standardized Normal Distribution: 
Density Function
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▪ The formula for the standardized normal probability 

density function is

Where e = the mathematical constant approximated by 2.71828

 π = the mathematical constant approximated by 3.14159

 Z = any value of the standardized normal distribution



• Example: Finding Probabilities for a Standard Normal Random Variable Z.

✓            Find P(-1.52 < Z < 1.96) =

P(Z < 1.96) − P(Z < -1.52 ) = 

P(Z < 1.96) = 0.9750

P(Z < −1.52 ) = 0.0643

0.9750 − 0.0643 = 0.9107

LO 6.3

Normal Distribution 

USING  EXCEL



• Example: Use Excel  to find a z value for a given probability.
✓ For a standard normal variable Z, find the z values that satisfy P(Z < z) = 0.6808.

LO 6.3

Normal Distribution



• Use the Inverse Transformation to compute probabilities 
for given x values.

✓ The standard normal variable Z can be transformed to the 
normally distributed random variable X with mean  and 
standard deviation σ as:

X Z = + with corresponding values x z = +

LO 6.4

Normal Distribution 



Scores on a management aptitude exam are normally distributed with a mean of 72 

() and a standard deviation of 8 (σ).

             What is the probability that a randomly selected manager will score 
above 60?

• METHOD 2 :First transform the random variable X to Z using the transformation 
formula:

• Using the standard normal table, find 
60 72

1.5
8

x
z





− −
= = = −

LO 6.4

Normal Distribution - EXAMPLE

THE TABLE VALUE FOR Z=1.5 IS 0.9332
60 72

P( X > 60) USING EXCEL : =1-NORM.DIST(60,72,8,1)

P( X > 60) = 0.9332

P(Z > -1.5) IS SAME AS P( Z <1.5)



5350 60 6650 60
5850 60 =  =

 =
= NORM.DIST(60,53,4.7,1)-NORM.DIST(50,53,4.7,1)

0.670164 0.161656 0.562944

APPLICATION OF NORMAL DISTRIBUTION

What is the probability of getting a 
job between 50,000 to 60,000 
dollars in the following cities ,if 
mean & s.d is known for each city
  (1) Seattle (2)  USA (3) Oakland



Example
• Average salary  offered to student in Great lake is Rs 80,000 p.m  standard deviation is Rs 5000 What is 

the probability  of getting  a salary  between Rs 70,000 & Rs 90,000 

Find  Z score when x= Rs 70,000

Data Given:  µ =  Rs 80,000    =

To Find  Z score when x= Rs 90,000

70−80

5
 = - 2= 0.5 -NORM.DIST(70,80,5,1)Table value when z =2 is 0.4772

Table value when z = 2 is  0.4772X1 =70 X2= 90µ =80

0.4772 0.4772

P(70 ≤ x ≤  90) = Probability of getting a salary  between Rs 70,000 & Rs 90,000 =0.4772+ 0.4772 =0.9544
 (i.e) 95.44  % chance of getting a salary between Rs 70,000  &  Rs  90,000

=NORM.DIST(90,80,5,TRUE)-NORM.DIST(70,80,5,TRUE)

Using  Excel

P(70 ≤ x ≤  90) = 0.9545 



Problem

• The average daily sales of 500 branch ofices  was Rs 150 thousands and the standard 
deviation Rs 15 thousands .Assuming  the distribution to be normal , indicate how many 
branches  have sales between 

•  (1) Rs 120 thousand  and Rs 145 thousands (2)Rs 140 & Rs  165 thousands

Z score when x= 120

Data Given:  µ = 150    =

Z score when x= 145

120120 145

150
-2

Table value when z =2 is 0.4772 Table value when z =0.33 is 0.1293

Expected no of branches having sales between Rs 120 & 145 thousands

       = 500 * ( 0.4772-0.1293) = 500* 0.3479 =173.93  say  174 branches

=NORM.DIST(145,150,15,TRUE)-NORM.DIST(120,150,15,TRUE)

Using Excel

=0.346691 No of Branches= 600 * 0.346691 = 173 



Chap 6-26

PROBLEM

You score  80 % in  QT 1  assessment test  and your close friend also scored 80 % on their test 
in another section. If the average of both the tests is 75  and the standard deviation is 5 and 
10 respy . Who do you think did  better on their test? Why do you think so ?

Z score for your test 

Data Given:

X= 80     µ = 75       =
 

Z score for your  Friend’s test 

Data Given:

X= 80     µ = 75      =
 

75µ = 75   = µ = 75     
 =

The 
table 
value is 
0.8413

Your mark is at the 84 th percentile

The table value is 0.6915

Your friends mark is at the 69th 

percentile

What if your Mark is 55%
1.Calculate the Z score ?
2.What % of students have a score below 
your score & above your score
 





Problem
• A wholesale distributor of fertilizer products finds that the annual demand for 

one type of fertilizer is normally distributed with a mean of 120 tonnes and 
standard deviation of 16 tonnes . If he orders only once a year,what quantity 
should be ordered to ensure that there is only  a 5 percent  chance of running 
short ?

Data Given:  µ = 120    =

Find  x   when z = 1.64

x=  120+16*1.64 =  146.24

Wholesale distributor should order  147 units

0.05

0.5-0.05 = 0.45

When area is 0.45 , the table value of  z is 1.64

X =NORM.INV(0.95,120,16) =  146.3177 



Problem
• There are 600 business students in the graduate department of a university , and the probability for 

any student to need a copy of a particular text book from the library on any day is 0.05 . How many 
copies of  the book should be kept in the university library so that the probability may be greater  
than 0.90 that none of the students needing a copy from the library has to come back disappointed ( 
Use Normal approximation to the binomial probability law)

Find  x   when z = 1.28

x=  30+5.3*1.28 =  36.784

37 copies of the text book are required any day

0.10

0.5-0.1 = 0.40

When area is 0.40 , the table value of  z is 1.28

X =NORM.INV(0.9,30,5.3) = 36.79222 

Using Excel  :



Akiko is concerned about buying the right amount of salmon for Little Ginza. The daily 
consumption is normally distributed with a mean of 12 pounds and a standard 
deviation of 3.2 pounds.

• What proportion of days was demand above 20 pounds?

•        What proportion of days was demand below 15 pounds?

P(x > 20) = P Z >
20 -12

3.2

æ

èç
ö

ø÷
= P(Z > 2.5) = 1- P(Z £ 2.5) = 1- 0.9938 = 0.0062

P(x <15) = P Z <
15 -12

3.2

æ

èç
ö

ø÷
= P(Z < 0.94) = 0.8264

LO 6.4

Normal Distribution - Example 



•  Akiko is concerned about buying the right amount of salmon for Little Ginza. The daily 
consumption is normally distributed with a mean of 12 pounds and a standard 
deviation of 3.2 pounds.

• How much salmon should be bought so that it meets customer demand on 90% of 
the days?

In order to answer this, solve for the z-score of a 90% probability and then plug that z 
into the equation: 𝑥 = 𝜇 + 𝑧𝜎

𝑃 𝑍 ≤ 𝑧 = 0.90 ⇒ 𝑧 = 1.28

𝑥 = 12 + 0.28 ∙ 3.2 = 16.10

LO 6.4

 Normal Distribution Example 



• Akiko is concerned about buying the right amount of salmon for Little Ginza. The daily 
consumption is normally distributed with a mean of 12 pounds and a standard 
deviation of 3.2 pounds.

• How much salmon should be bought so that it meets customer demand on 90% of 
the days?

• Using Excel:

LO 6.4

Normal Distribution - Example 
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