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Hello crackbitswilp.in learners!

We're going to dive into a part of math called probability. That sounds fancy, but
it’s really just the study of “what are the chances?” We’ll be looking at two big
ideas: Mutually Exclusive Events and Independent Events.

Don’t worry if those names sound complicated. My promise to you is that by the
end of these notes, you’ll understand them so well you could explain them to anyone.
We'll use analogies about food, games, and everyday life to make it all click. Let’s
get started!

1 What Is This, Anyway?

Imagine you're at a food court.

You have enough money for one main course. You can choose a pizza slice OR a
taco. Can you get both? Not in this case. Choosing one excludes the other. This is the
basic idea behind mutually exclusive events. They can’t happen at the same time.

Now, imagine you order your pizza slice. You also need to get a drink. Does your
choice of pizza (say, pepperoni) change the chances of the soda machine having your
favorite drink in stock? Nope. The pizza choice and the soda availability are totally
separate. They don’t affect each other. This is the core idea of independent events.

In probability, we are just putting numbers to these ideas. We're figuring out the
chances of things happening, especially when we’re looking at more than one thing at a
time.

2 Key Definitions (The Building Blocks)

Let’s get a little more specific. In math, we call things that can happen ”events.”
e Flipping a coin and getting heads is an event.
e Rolling a die and getting a 4 is an event.
e Picking a red card from a deck is an event.

Now, let’s define our two big ideas.

2.1 Mutually Exclusive Events

Think of a single light switch. It can be ON or it can be OFF'. It cannot be both
ON and OFF at the exact same time. These two events are mutually exclusive.

Definition 2.1. Two events are mutually exclusive if they cannot happen at the same
time. If one happens, the other is impossible.

e Examples:
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— Turning left and turning right at an intersection.
— Rolling a die and getting a 1 and a 6 on the same roll.

— Your favorite sports team winning and losing the same game.

The Math Lingo: In math, we say the "overlap” between these events is zero.
There’s no outcome where both happen. We write this as:

P(Aand B) =0
e P stands for ”"Probability,” or the chances of something happening.

e A and B are just labels for our two events (like "Event A = Turning Left” and
"Event B = Turning Right”).

e This formula just says: ”"The probability of Event A and Event B both happening
at the same time is zero. Impossible!”

2.2 Independent Events

Imagine you flip a coin and it lands on heads. Then, you pick up a die and roll
it. Does the coin’s result have any magical power to make the die more likely to
land on a 67 Of course not! The two events are completely separate. They are

independent. |
I ACKDILD

Definition 2.2. Two events are independent if the outcome of one event does mot
change the probability of the other event.

e Examples:

— Flipping a coin and rolling a die.

— Drawing a card from a deck, putting it back, and then drawing another card.
(Putting it back is key!)

— The weather in Paris today and the color of the shirt you decide to wear.
The Math Lingo: We write this relationship like this:
P(A|B) = P(A)
e This looks tricky, but it’s easy once you learn the secret code!

e The little vertical line | means ”given that” or ”knowing that.”

e So, P(A|B) is read as " The probability of A happening, given that we know B has
already happened.”

e The formula P(A|B) = P(A) is just a fancy way of saying: ”The probability of A
happening, even when we know B happened, is just the same old probability of A.
Knowing about B gave us no new information.”
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3 Core Rules (The Recipes)

Now that we have our ingredients (the definitions), let’s look at the recipes we use to
combine them. In probability, the two most important words are OR and AND.

3.1 The ”OR” Rule (The Addition Rule)

When you see the word ”OR”’, it means you want to find the chances of at least one of
the events happening. Think: ”What are the chances I get A, or I get B?”

3.1.1 Case 1: For Mutually Exclusive Events

If you're rolling a die, what’s the probability you roll a 2 OR a 57 Since you can’t get
both at once, you just add their probabilities together!

e The Rule: P(A or B) = P(A) + P(B)

e Symbol Check: Sometimes you’ll see this written with a U symbol, which stands
for "union”: P(AU B) = P(A)+ P(B). Think of U for Union like U for Uniting
them together.

3.1.2 Case 2: For Events That Are NOT Mutually Exclusive

What’s the probability of drawing a card that is a King OR a Heart? Uh oh. These
events can happen at the same time (the King of Hearts!). If we just add them, we count
the King of Hearts twice. It’s like paying for the same thing twice at the store+we nded
to fix that!

e The Rule: P(Aor B) = P(A)+ P(B) — P(A and B)

e Why? We add the probability of getting a King and the probability of getting a
Heart. Then, we subtract the overlap (the probability of getting a King and a
Heart) so we only count it once.

e Symbol Check: The ”AND” part is often written with an N symbol, which stands
for "intersection”: P(AU B) = P(A) + P(B) — P(AN B). Think of the N symbol
as a bridge connecting the two events in their overlap.

3.2 The ”AND” Rule (The Multiplication Rule)

When you see the word ” AND”’, it means you want to find the chances of both events
happening one after the other. Think: "What are the chances I get A, and then 1 get B?”
3.2.1 Case 1: For Independent Events

What’s the probability you flip a coin and get heads AND roll a die and get a 47 Since
the events don’t affect each other, you just multiply their probabilities.

e The Rule: P(A and B) = P(A) x P(B)
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3.2.2 Case 2: For Dependent Events (Not Independent)

Imagine a bag with 5 red and 5 blue marbles. What’s the probability you draw a red
marble, AND then draw another red marble without putting the first one back? The first
draw changes everything! After you take out one red marble, there are fewer red ones
and fewer marbles overall. The events are dependent.

e The Rule: P(A and B) = P(A) x P(B|A)

e Why? We find the probability of the first event, P(A). Then, we multiply it by
the new probability of the second event, P(B|A) — the probability of B happening,
knowing that A already happened.

4 Step-by-Step Method (Your Game Plan)

When you see a probability problem, don’t panic! Just follow these four simple steps.

1. What are the events?
First, just identify the different things that are happening. Give them labels like A
and B.
Example: Event A = Drawing a Queen. Event B = Drawing a Diamond.

2. What’s their relationship?
Ask yourself two questions:
1. 7Can they happen at the same time?”

e NO? They are mutually exclusive.
e YES? They are NOT mutually exclusive.

2. "Does the first event change the chances for the second one?”

e NO? They are independent.
e YES? They are dependent.

3. What’s the magic word?
Look for ”OR” or ”AND?” in the question.

e "OR” tells you to get ready to ADD.
e "AND?” tells you to get ready to MULTIPLY.

4. Pick your recipe and solve!
Based on your answers from Steps 2 and 3, choose the correct formula from the
"Core Rules” section and plug in the numbers.

5 Worked Examples (Let’s Do It Together!)

Example 5.1 (Mutually Exclusive OR). Problem: You roll a single siz-sided die. What
is the probability of rolling a 1 or a 67

e Step 1 (Events):
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— FEvent A = rolling a 1.
— Fvent B = rolling a 6.

e Step 2 (Relationship):

— Can you roll a 1 and a 6 on the same roll? No. So, they are mutually
exclusive.

e Step 3 (Keyword):
— The word s ”or”. This means we’ll be adding.
e Step 4 (Calculate):
— The probability of rolling a 1 is 1 out of 6 sides. So, P(A) = %.
— The probability of rolling a 6 is also 1 out of 6 sides. So, P(B) = %.
— Since they are mutually exclusive, we use the simple addition rule:
P(A or B) = P(A) + P(B)

1 1
P(A or B) = -+ =
(AorB)=5+5=%
— Always simplify your fraction! % simplifies to %
Answer: The probability of rolling a 1 or a 6 is %

Example 5.2 (Independent AND). Problem: You flip a fair coin and roll a sixz-sided
die. What is the probability of getting a head and a number greater than 4 ¢

e Step 1 (Events):

— Fvent A = getting a head.

— Event B = rolling a number greater than 4 (that means a 5 or a 6).
e Step 2 (Relationship):

— Does the coin flip affect the die roll? No. So, they are independent.
e Step 3 (Keyword):

— The word is ”and”. This means we’ll be multiplying.
e Step 4 (Calculate):

— The probability of getting a head is 1 out of 2 sides. So, P(A) = 3.
— The probability of rolling a 5 or a 6 is 2 outcomes out of 6. So, P(B) = % = %

— Since they are independent, we use the simple multiplication rule:
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Answer: The probability of getting a head and a number greater than /4 is %.

Example 5.3 (Dependent AND). Problem: A bag has 5 red marbles and 8 blue marbles.
You draw two marbles without replacement. What is the probability that both are red?

e Step 1 (Events):

— FEvent A = the first marble is red.

— FEvent B = the second marble is red.
e Step 2 (Relationship):

— Does the first draw affect the second? Yes! Because we don’t put the first
marble back, the number of marbles in the bag changes. They are dependent.

e Step 3 (Keyword):

— The question asks for the first and the second to be red. This means we’ll be
multiplying.

e Step 4 (Calculate):

— First, let’s find P(A). There are 8 marbles total (5+3), and 5 are red. P(A) =
g
— Now, we need to find P(B|A). This means "the probability the second is red,

knowing the first was red.” After taking one red marble, there are only 7 marbles
left. And only 4 of them are red. So, P(B|A) = 2.

— Now we use the rule for dependent events:
P(A and B) = P(A) x P(B|A)

4 2
P(A andB)=§><—:—O
8 7 56
— Let’s simplify that fraction. Both numbers are divisible by 4. 20 +~ 4 = 5.

56 — 4 = 14. So, the answer is %.

Answer: The probability of drawing two red marbles is %.

6 Common Mistakes (And How to Avoid Them!)

Every student makes these mistakes at first. Let’s get ahead of them!

Common Mistake

Confusing ”Mutually Exclusive” and ”Independent”.

The Mistake: Thinking these are similar. They are actually opposites!

How to Avoid: Think of it this way: Mutually exclusive events are like two people
who refuse to be in the same room. If one shows up, the other definitely won'’t.
Their behavior is highly dependent on each other! Independent events are like two
people living in different countries—what one does has zero impact on the other.
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Common Mistake

Forgetting to Subtract the Overlap.

The Mistake: When you see "OR” for events that can happen together (like King
or Heart), you just add P(A) + P(B) and forget to subtract the overlap.

How to Avoid: Always ask yourself, ”Can these happen at the same time?” If
the answer is yes, you MUST subtract the ”AND” part. Don’t double-count!

Common Mistake

Assuming Independence When It’s Not There.

The Mistake: Multiplying probabilities for events that are actually dependent.
This is super common in problems that say ”without replacement.”

How to Avoid: Always ask, "Did the situation change after the first event?”
If you're drawing cards or marbles and not putting them back, the situation has
changed. The events are dependent!

Common Mistake

The Gambler’s Fallacy.

The Mistake: Believing that past events can influence future independent events.
"T’'ve flipped five heads in a row, so a tail is due to happen!”

How to Avoid: Remember: coins and dice have no memory! For a fair coin, the
chance of getting heads is always 50%, no matter what happened before. Every flip
is a fresh start.

7 Practice Problems (Your Turn!)

Give these a try using the 4-step method. The answers are below, but try your best first!

1. A spinner is divided into 8 equal sectors, numbered 1 through 8. What is the
probability of spinning an even number or a 77

2. A quality control inspector finds that the probability of a defective chip is 0.05.
Assuming defects are independent, what is the probability that the first two chips
inspected are both defective?

3. From a standard 52-card deck, one card is drawn. What is the probability that the
card is a face card (Jack, Queen, King) or a heart?

4. A committee of 2 people is to be selected from a group of 4 men and 6 women.
What is the probability that the committee consists of 2 women?

Solutions

Solution 1: e Events: A = even number {2, 4, 6,8}, B=a 7.

Relationship: Mutually exclusive (a number can’t be even and 7).
Keyword: "or” — Add.

Calculation: P(A) = %. P(B) =
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o Answer: g.

Solution 2: e Events: A = 1st chip is defective, B = 2nd chip is defective.
¢ Relationship: Stated to be independent.
e Keyword: "both” (which means "and”) — Multiply.

e Calculation: P(A) = 0.05. P(B) = 0.05. P(A and B) = 0.05 x 0.05 =
0.0025.

e Answer: 0.0025 (or 0.25%).

Solution 3: e Events: A = face card, B = heart.
e Relationship: NOT mutually exclusive (Jack, Queen, King of Hearts).
e Keyword: "or” — Add, but subtract the overlap.
e Calculation: P(A) = 5. P(B) = 2. The overlap, P(A and B), is the 3 face

3 12,13 3 _2_1
cards that are hearts = . P(Aor B) = 55 + 5 — 5 = 55 = 56-
11

e Answer: ;.
Solution 4: e Events: A = 1st person is a woman, B = 2nd person is a woman.
¢ Relationship: Dependent (selection is without replacement).

e Keyword: 72 women” (means 1st is a woman AND 2nd is a woman) —
Multiply using the dependent rule.

e Calculation: Total people = 10. P(A) = 1%. After picking one woman, there
are 9 people left, and 5 are women. So, P(B|A) = 2. P(A and(B)EHE XS

30 _ 1
90 — 3°
o Answer: %

8 Summary (The Cheat Sheet)

Here’s everything in a nutshell.

If you see the word... And the events... Then you... Using the rule

OR Cannot happen together ADD P(A)+ P(B)
(Mutually Exclusive)

OR Can happen together ADD then SUBTRACT P(A)+ P(B) —
(Not Mutually Exclusive) the overlap

AND Do not affect each other MULTIPLY P(A) x P(B)
(Independent)

AND Do affect each other MULTIPLY by the P(A) x P(B|A)
(Dependent) new probability
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