
Expectation and variance of continuous variables
Lesson 43 · Module 3 — Continuous Random Variables · Probability & Statistics · daily-
maths.uk/probstat

Practice problems

1. A continuous random variable X has the PDF f(x) = 3
2x

2 for 0 ≤ x ≤ 1 and 0 otherwise. Find
the mean E[X] and the variance V ar(X).

2. A random variable X has a PDF f(x) = 2− 2x for 0 ≤ x ≤ 1. Calculate the expectation E[X].

3. For a random variable X with PDF f(x) = 1
2e

−x/2 for x ≥ 0, find the variance V ar(X).
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Solutions

1. A continuous random variable X has the PDF f(x) = 3
2x

2 for 0 ≤ x ≤ 1 and 0 otherwise. Find
the mean E[X] and the variance V ar(X).

• Compute the mean: E[X] =
∫ 1
0 x(32x

2) dx =
∫ 1
0

3
2x

3 dx = [38x
4]10 =

3
8 .

• Compute the second moment: E[X2] =
∫ 1
0 x2(32x

2) dx =
∫ 1
0

3
2x

4 dx = [ 310x
5]10 =

3
10 .

• Compute variance: V ar(X) = E[X2]− (E[X])2 = 3
10 − (38)

2 = 3
10 − 9

64 .

• Find common denominator: 96
320 − 45

320 = 51
320 .

Answer: E[X] = \frac38, Var(X) = \frac51320

2. A random variable X has a PDF f(x) = 2− 2x for 0 ≤ x ≤ 1. Calculate the expectation E[X].

• Set up the integral: E[X] =
∫ 1
0 x(2− 2x) dx.

• Expand the integrand:
∫ 1
0 (2x− 2x2) dx.

• Integrate: [x2 − 2
3x

3]10.

• Evaluate: 1− 2
3 = 1

3 .

Answer: E[X] = \frac13

3. For a random variable X with PDF f(x) = 1
2e

−x/2 for x ≥ 0, find the variance V ar(X).

• Find E[X] using integration by parts:
∫∞
0 x1

2e
−x/2 dx = 2.

• Find E[X2] using integration by parts twice:
∫∞
0 x2 12e

−x/2 dx = 8.

• Apply variance formula: V ar(X) = E[X2]− (E[X])2 = 8− 22 = 8− 4 = 4.

Answer: Var(X) = 4

The Calculus Course — dailymaths.uk/course

2


