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Probability and Random Variables

What we will cover

1 Randomness and probability

2 Probability rules

3 Conditional and independence

4 Random variables

5 Combining variables

6 Binomial and geometric

trials

p̂

p



Probability and Random Variables
Randomness

Randomness and probability

Probability is the long-run
relative frequency of an
outcome.

short runs vary by
chance
simulation estimates a
hard probability

Law of large num-
bers : more trials
⇒ p̂ settles toward the true
p. Playing cards



Probability and Random Variables
Conditional

Conditional probability and independence
A conditional probability restricts
to the times B happens:

P(A | B) = P(A ∩ B)
P(B)

The multiplication rule :
P(A ∩ B) = P(A)P(B | A). The chance of A once
you know B happened. Two-way tables make these
easy: restrict to B’s row or column, then find A’s share.

Independent : P(A | B) = P(A), so
P(A ∩ B) = P(A)P(B). Not the same as
mutually exclusive!

girl boy

sport

none

24 36

16 24

P(girl | sport) = 24
60
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Exercises 2.1·2.3

AP STATISTICS • EXERCISE SHEET

4.3 Introduction to Probability

Name: Class: Date: Total: 9 marks

KEY WORDS complement补 • sample space样本空间 • probability概率 • random随机

Objective
Build the skills to answer exam questions on the basics of probability.

You must be able to:

• identify the sample space 样本空间 of a random process

• calculate P (E) =
outcomes in E

total outcomes for equally likely outcomes
• use that a probability is between 0 and 1

• find the complement, P (E ′) = 1− P (E)

1 Key knowledge and worked examples
Study these first. Each one shows the method for a question type used later.

Basic probability
The sample space is the set of all possible outcomes. If all are equally likely:

P (E) =
number of outcomes in E

total number of outcomes .

Range and complement
Every probability satisfies 0 ≤ P (E) ≤ 1. The complement (not E) has P (E ′) =
1− P (E). A probability is the long-run relative frequency of the event.

Example

A fair die: P (even) = 3

6
= 0.5.

2 Practice
2.1 State the range of any probability. [1]
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2.2 A fair die is rolled. Find P (rolling a 4). [1]

2.3 If P (rain) = 0.3, find P (no rain). [2]

3 Exam-style questions
3.1 The probability of the complement of E is [1]

A P (E)

B 1− P (E)

C 1 + P (E)

D 0

3.2 A probability must be between [1]

A −1 and 1

B 0 and 1

C 0 and 100

D any two values

3.3 A bag has 3 red and 7 blue balls, drawn at random.

(a) Find P (red). [2]

(b) Find P (not red). [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• between 0 and 1 (inclusive)

2.2

• 1

6
≈ 0.167

2.3

• P (no rain) = 1− 0.3 = 0.7

3.1 B

• 1− P (E).

3.2 B

• 0 and 1.

3.3

(a)

• P (red) = 3

10
= 0.3

(b)

• 1− 0.3 = 0.7
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AP Statistics

Exercise 3.3 (a)

2.2 A fair die is rolled. Find P (rolling a 4). [1]

2.3 If P (rain) = 0.3, find P (no rain). [2]

3 Exam-style questions
3.1 The probability of the complement of E is [1]

A P (E)

B 1− P (E)

C 1 + P (E)

D 0

3.2 A probability must be between [1]

A −1 and 1

B 0 and 1

C 0 and 100

D any two values

3.3 A bag has 3 red and 7 blue balls, drawn at random.

(a) Find P (red). [2]

(b) Find P (not red). [1]
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Exercise 3.3 (a)
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Exercise 3.3 (b)

2.2 A fair die is rolled. Find P (rolling a 4). [1]

2.3 If P (rain) = 0.3, find P (no rain). [2]

3 Exam-style questions
3.1 The probability of the complement of E is [1]

A P (E)

B 1− P (E)

C 1 + P (E)

D 0

3.2 A probability must be between [1]

A −1 and 1

B 0 and 1

C 0 and 100

D any two values

3.3 A bag has 3 red and 7 blue balls, drawn at random.

(a) Find P (red). [2]

(b) Find P (not red). [1]
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Exercise 3.3 (b)
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