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Introduction to normal probabilities

Starter
Download and print the starter activity here.

1. The heights of  Hong Kong  year olds was measured to the nearest cm and the 
data is collated in the table below.

(a) Explain why frequency density of the first group is .
(b) Complete the table.
(c) Draw a histogram using the axes on the worksheet.

Hint:

1000 18

Frequency Lower bound Upper bound Class width Frequency density

158–159 1 0.5

160–161 4

162–163 22

164–165 35

166–167 79

168–169 119

170–171 131

172–173 176

174–175 133

176–177 117

178–179 83

180–181 61

182–183 22

184–185 14

186–187 1

188–189 2

Height, h

0.5

Frequency density =
Frequency
Class width
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Notes
The normal distribution is probably the most important distribution in statistics.  Its shape is the 
famous bell-shaped curve.

Its equation is , where  is 

the mean of the data and  is the standard deviation 
of the data.

Properties of the normal distribution
The distribution is symmetrical about the mean.
Mean = Mode = Median due to the symmetrical nature of the curve.
The domain of the curve is .
The curve is asymptotic to the axis (it gets closer and closer but does not touch).
The total area under the curve is .

The fact that the area under the curve is  is paramount in making it useful to statisticians since the 
sum of the probabilities adds up to .

Notation
 is used for a probability density function, , which is normally distributed with mean 

 and standard deviation .

Note that it is , not , so  has a mean of  and a standard deviation of .

Link to histograms
From the raw data of the heights used in the Starter, the mean is  cm and the standard 
deviation is  cm.
Therefore, the distribution of the heights could be  and the normal curve is 
superimposed over the histogram in Graph 1 below.

Imagine your company manufactures clothes for young people in Hong Kong.  The company 
makes sizes small (S), medium (M), large, (L) and extra-large (XL). How many of each size should 
be produced?  In Graph 2, the area under the normal distribution curve has been split into  areas 
to represent S, M, L and XL, which would represent the proportion of items of clothes made in that 
size.  Using the normal distribution, we can calculate these areas.

f (x) =
1

σ 2π
e− (x − μ)2

2σ2 μ

σ

−∞ < x < ∞
x−

1

1
1

X ∼ N(μ, σ2) X
μ σ

σ2 σ X ∼ N(5, 7) 5 7

172.8
4.92

H ∼ N(172.8, 4.922)

4
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Mean = μ

Graph 1 Graph 2

https://www.mathspanda.com


www.mathspanda.com
Comparing graphs with different means and standard deviations

Different means Different standard deviations
Let  and  be Let  and  be
such that .  Notice that an increased such that .  Notice that an increased
mean translates the curve to the right. standard deviation means greater spread.

Calculating probabilities using a calculator
In the past, statisticians used tables of data to calculate probabilities but nowadays a modern 
calculator can do it.

On the Classwiz: Menu >> 7:Distribution >> 2:Normal CD

Input screen Normal CD
  Lower: type a large number like  if 
  Upper: type a large number like  if 
  : square root to get standard deviation if 
  : you may need to scroll down to see this

Once the data has been entered, press = to calculate the probability.
Press AC to return to data input screen.

Lower:     Lower:     Lower:     
Upper:     Upper:     Upper:     

When calculating , the “Upper” needs to be about the mean plus ten times the standard 
deviation.  To avoid such a calculation just type in a large number like .  Similarly for 

 but use a large negative number for the “Lower”.

N.B.
Due to symmetry, .
It is useful to have a second calculator at hand to do subsequent calculations so you don’t 
have to keep returning to the menu.

E.g. 1 For , use your calculator to find:
(a) (b)
(c) (d)
Give your answers to  d.p..

Working: (a)   (4 d.p.)

X1 ∼ N(μ1, σ2) X2 ∼ N(μ2, σ2) Y1 ∼ N(μ, σ2
1 ) Y2 ∼ N(μ, σ2

2 )
μ1 < μ2 σ1 < σ2

−99999 P(X < x)
99999 P(X > x)

σ X ∼ N(5, 7)
μ

x1 x −99999
x1 99999 x

P(X > x)
99999

P(X < x)

P(X > x) = P(X ≥ x)
P(X > μ) = P(X < μ) = 0.5

X ∼ N(8, 6)
P(9 < X ≤ 10) P(X > 7)
P(X ≤ 6) P(X < 6.5, X ≥ 9.1)

4

P(9 < X ≤ 10) = 0.1344
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μ1 μ2

X1 X2

μ

Y1

Y2

μ x

P(X < x)

μ x

P(X > x)

μx1 x2

P(x1 < X < x2)
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Video (Classwiz): Finding probabilities for the normal distribution

Probabilities within multiples of the standard deviation

About  of the area is within  standard deviation.
About  of the area is within  standard deviations. 
About  of the area is within  standard deviation.

E.g. 2 For , state the values of:
(a) (b)
(c) (d)
Give your answers to 2 d.p..

Working: (a)

Location of the points of inflexion on the normal curve
E.g. 3 The equation of the normal curve with mean of zero and standard deviation  could be 

written as  .  Find the coordinates of the points of inflexion.

Video: Normal distribution
Video: Normal cumulative distribution

Solutions to Starter and E.g.s 

Exercise
p381 17A Qu 1i, 2-4

Summary
 is used for a probability density function, , which is normally distributed with mean 

 and standard deviation .

Properties of the normal distribution:
The distribution is symmetrical about the mean.
Mean = Mode = Median due to the symmetrical nature of the curve.
The domain of the curve is .
The curve is asymptotic to the axis (it gets closer and closer but does not touch).
The total area under the curve is .

About  of the area is within  standard deviation.
About  of the area is within  standard deviations. 
About  of the area is within  standard deviation.
The points of inflexion occur at 

68 % 1
95 % 2
99.7 % 3

X ∼ N(μ, σ2)
P(X < μ + σ) P(X < μ − 2σ, X ≥ μ + 2σ)
P(X ≥ μ + 2σ) P(μ − σ < X < μ + 2σ)

P(X < μ + σ) ≈ 0.68 +
1 − 0.68

2
= 0.84

σ

f (x) = ke− x2
2σ2 x−

X ∼ N(μ, σ2) X
μ σ

−∞ < x < ∞
x−

1

68 % 1
95 % 2
99.7 % 3

x = ± σ
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μμ − 3σ μ + 3σ

Area ≈ 0.997
μ μ + σμ − σ

Area ≈ 0.68

μ − 2σ μ μ + 2σ

Area ≈ 0.95
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