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XX. Normal (Gaussian) Distribution

Normal (Gaussian) Distribution

• The normal distribution (also known as the
Gaussian distribution) is the most common
continuous distribution. It is the famous
“bell curve”.

• Fixed parameters:

µ := mean

σ := standard deviation

Formula for the Normal Distribution

• Density function:

f(y) :=
1

σ
√

2π
e−

(y−µ)2

2σ2 ,−∞ < y <∞

• P (a ≤ Y ≤ b) =

∫ b

a

f(y) dy, but this can’t

be integrated in general.

Standard Normal Distribution

• The standard normal distribution has mean
µ = 0 and standard deviation σ = 1.

• We use Z ∼ N(0, 1) to indicate that Z has
the standard normal distribution.
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• We can find probabilities for a standard
normal variable Z using charts, calculators,
computer algebra systems, or online
applications.

Standard Normal Distribution

Nonstandard Normal Distribution

• When you have a nonstandard normal
variable Y ∼ N

(
µ, σ2

)
, then you can form

the associated standard normal:

Z :=
Y − µ
σ
∼ N(0, 1)
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• Convert your range for Y into a range for Z:

P (a ≤ Y ≤ b) = P

(
a− µ
σ
≤ Z ≤ b− µ

σ

)
• Then you can look up probabilities for Z.

Example I

What is the chance that a standard normal
variable will land between 1 and 2?
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P (1 ≤ Z ≤ 2) = P (Z ≥ 1)− P (Z ≥ 2)

≈ 0.1587− 0.0228

= 0.1359

Example II

If a set of data is normally distributed, then what
proportion of the data lies within two standard
deviations of the mean?
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1 − 2(0.0228) ≈ 95.44% of the data lies within
two standard deviations of the mean.)

Example III

Scores on an exam are normally distributed with
a mean of 76 and variance of 64.

A. What proportion of scores are between 72
and 96?

B. The minimum passing score is 60. Find the
proportion of students that will pass.

A. Z :=
Y − 76

8
is a standard normal variable.

P (72 ≤ Y ≤ 96) = P (−4 ≤ Y − 76 ≤ 20)

= P

(
−0.5 ≤ Y − 76

8
≤ 2.5

)
≈ (0.5− 0.3085) + (0.5− .0062)

from the standard normal
table

= 68.53%

B.

P (Y > 60) = P (Y − 76 ≤ −16)

= P

(
Y − 76

8
≤ −2.0

)
≈ 1− 0.0228

from the standard normal
table

= 97.72%
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Example IV

Daytime high temperatures in Long Beach are
normally distributed with a mean of 75 and a
standard deviation of 9. What percentage of days
have high temperatures over 88?

µ = 75, σ = 9. We want P (Y ≥ 88). Z :=
Y − 75

9
is standard normal:

z(88) =
88− 75

9

=
13

9
≈ 1.44
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Chart: P (Z ≥ 1.44) ≈ 0.0749

So the probability is ≈ 0.0749 = 7.49% .

Example V

Scores on an exam are normally distributed with
a mean of 70 and variance of 16.

A. What percentage of the scores are between
68 and 78?

B. What is the minimum score to be in the top
10% of students?
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Let Z :=
Y − 70

4
, a standard normal variable.

A. 68 < Y < 78 iff −1

2
< Z < 2,

which occurs with probability

≈ 1− 0.3085− 0.0228 ≈ 67% .

B. The 10% cutoff is at Z > 1.28, which
translates into ≈ Y > 75 .


