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ECE 342: Probability and Statistics Spring 2025

Lecture 8.1: Normal/Gaussian Random Variables
Lecturer: Yuanzhang Xiao

Read BT Chapter 3.3.

Learning Objectives:

• Understand the properties of normal/Gaussian random variables;

• Know how to convert an arbitrary normal random variable to a standard normal random variable.

8.1 Normal Random Variables

Normal / Gaussian random variable X:

fX(x) =
1√
2πσ

e−
(x−µ)2

2σ2

Figure 8.1: PDF and CDF of a normal random variables with µ = 1 and σ2 = 1 (Figure 3.9 in the book).

properties of normal random variables:

• E[X] = µ and var(X) = σ2

– a normal random variable’s mean and variance completely specifies its statistical properties

• if X is a normal random variable, Y = aX + b is also a normal random variable

standard normal random variable: a normal random variable with zero mean and unit variance

• write the CDF as Φ:

Φ(y) = P(Y ≤ y) =
1√
2π

∫ y
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• Φ(−y) = 1− Φ(y)

• standardize a general normal random variable X: Y = (X − µ)/σ

• we can look up values of Φ(y) from the standard normal table (shown at the end)

Exercises: Examples 3.7 and 3.8, Problems 11–13 in Chapter 3 of BT.

Solution to Problem 11:
(a) X is a standard normal random variable. Therefore, we have

P(X ≤ 1.5) = Φ(1.5) = 0.9332 and P(X ≤ −1) = Φ(−1) = 1− Φ(1) = 1− 0.8413 = 0.1587.

(b) (Y − 1)/2 is a standard normal random variable.
(c) We have

P(−1 ≤ Y ≤ 1) = P(−1 ≤ (Y − 1)/2 ≤ 0)

= Φ(0)− Φ(−1) = Φ(0)− [1− Φ(1)] = 0.5− (1− 0.8413) = 0.3413.

Solution to Problem 12:
The random variable X/σ is a standard normal random variable. Therefore, we have

P(X ≥ kσ) = P(X/σ ≥ k) = 1− Φ(k).

From the standard normal table, we get

P(X ≥ σ) = 0.1587, P(X ≥ 2σ) = 0.0228, P(X ≥ 3σ) = 0.0014.

Similarly, we have

P(|X| ≤ kσ) = P(|X/σ| ≤ k) = P(−k ≤ X/σ ≤ k) = Φ(k)− Φ(−k) = Φ(k)− [1− Φ(k)] = 2Φ(k)− 1.

From the standard normal table, we get

P(|X| ≤ σ) = 0.6826, P(|X| ≤ 2σ) = 0.9544, P(|X| ≤ 3σ) = 0.9972.

Solution to Problem 13:
First, note that 59 degrees Fahrenheit is (59 − 32) × 5

9 = 15 degrees celsius. Let X be the temperature in
Celsius. We need to calculate P(X ≤ 15). We have

P(X ≤ 15) = P

(
X − 10

10
≤ 15− 10

10

)
= P

(
X − 10

10
≤ 0.5

)
= Φ(0.5) = 0.6915.
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Figure 8.2: The standard normal table.


