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The general multiplication rule is a fundamental theorem in probability theory that allows us to

precisely determine the probability that two events, Event A and Event B, will both occur. This rule

is essential because it accounts for situations where the outcome of the first event influences the

likelihood of the second, a concept known as dependency.

The mathematical formulation for the general multiplication rule is defined as:

P(A and B) = P(A) * P(B|A)

This formula introduces the crucial concept of conditional probability, represented by P(B|A).

The vertical bar (|) translates to "given that." Therefore, P(B|A) is read as "the probability that Event

B occurs, given that Event A has already occurred." This conditional structure is what distinguishes

the general rule from the simpler multiplication rule.

However, if events A and B are statistically independent--meaning the outcome of A has no effect

on B--the conditional probability P(B|A) simplifies directly to P(B). In this special case, the general

rule reduces to the simple multiplication rule:

P(A and B) = P(A) * P(B)

Understanding when and how to apply the conditional component is vital. We will now walk through

a few illustrative examples involving both dependent and independent events to demonstrate the

practical application of this powerful general multiplication rule.

The General Multiplication Rule for Dependent Events

The general multiplication rule is most frequently utilized when analyzing dependent events.

Events are considered dependent if the occurrence of the first event (A) alters the conditions or the

sample space for the second event (B). This is common in real-world scenarios, particularly when

sampling or selection occurs "without replacement," meaning the item chosen first is permanently

removed from the selection pool.

These examples demonstrate how P(B|A) requires us to recalculate the probability of B based on

the new environment created by the confirmed occurrence of A. This ensures the joint probability

calculated is accurate and reflective of the changing conditions.

Example 1: Sequential Selection from an Urn

Imagine an urn containing a total of 7 balls: 4 red balls and 3 green balls. Bob randomly selects 2

balls from the urn, but does so without replacement. We want to find the probability that both

balls chosen are red.
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Solution: Since the first ball is not replaced, the events are dependent. We must use the general

rule P(A and B) = P(A) * P(B|A).

We first calculate the probability of the first event (A: selecting a red ball first), which is 4/7. Once

that red ball is removed, the total number of balls decreases to 6, and the number of red balls

decreases to 3.

The conditional probability of the second event (B|A: selecting a red ball second, given the first was

red) is 3/6.

Thus, the probability that he selects 2 red balls is calculated as:

P(Both red) = 4/7 * 3/6 = 12/42 ≈ 0.2857

Example 2: Drawing Cards from a Standard Deck

A full deck of cards contains 52 cards, typically broken down into 26 black cards and 26 red cards.

Debbie is going to randomly select 2 cards from the deck, again without replacement. What is the

probability that she chooses 2 red cards consecutively?

Solution: The selection process dictates that these are dependent events, necessitating the

general multiplication rule.

We determine the probability of the first card being red (Event A): 26/52.

If the first card was red and not replaced, the deck now holds 25 red cards and 51 total cards. The

conditional probability of the second card being red (Event B|A) is 25/51.

The probability that she selects 2 red cards can be calculated as:

P(Both red) = 26/52 * 25/51 = 650/2652 ≈ 0.2451

The General Multiplication Rule for Independent Events

When events are independent, the general multiplication rule simplifies considerably.

Independence implies that the outcome of Event A does not alter the probability of Event B

occurring; in other words, P(B|A) is equivalent to P(B). This occurs when the sample space

remains constant between trials (e.g., when sampling with replacement, or when distinct physical

objects are involved, such as separate dice or coins).

In independent scenarios, we utilize the simplified form P(A and B) = P(A) * P(B). The following

examples demonstrate how the rule is applied when the events are mutually exclusive in their

influence.
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Example 3: Flipping Two Coins

Suppose a person flips two coins simultaneously. What is the probability that both coins land on

heads? Since the outcome of the first coin does not affect the physical outcome of the second coin,

these are independent events.

Solution:

The probability that the first coin lands on heads (P(A)) is 1/2. Regardless of the outcome of the

first flip, the probability that the second coin lands on heads (P(B)) remains 1/2.

Applying the simplified multiplication rule for independent events:

P(Both land on heads) = P(A) * P(B) = 1/2 * 1/2 = 1/4 = 0.25

Example 4: Rolling Two Dice

Suppose we roll two standard, six-sided dice at once. We want to calculate the specific probability

that both dice land on the number 1. Since the two dice rolls are physically separate events, they

are independent.

Solution:

The probability that the first die lands on "1" (P(A)) is 1/6. Similarly, the probability that the second

die lands on "1" (P(B)) is also 1/6.

Applying the multiplication rule for these independent events:

P(Both land on "1") = 1/6 * 1/6 = 1/36 ≈ 0.0278
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