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Binomial Distribution

A discrete random variable X is said to follow a binomial distribution with parameters n and p if it
assumes only a finite number of non-negative integer values and its probability mass function is
given by:

P(X = x) =
(n
x

)
pxqn−x , x = 0, 1, 2, ..., n

where:

n is the number of independent trials,

x is the number of successes in n trials,

p is the probability of success in each trial,

q = 1− p is the probability of failure in each trial.
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Example 1: Binomial Probability
Example 1: The chances of catching cold by workers working in an ice factory during winter
are 25%.

What is the probability that out of 5 workers, 4 or more will catch cold?

Let catching cold be the success and p = 0.25, q = 0.75.

n = 5, using binomial distribution:

P(X = x) =
(5
x

)
(0.25)x (0.75)5−x

Required probability:
P(X ≥ 4) = P(X = 4) + P(X = 5)

Compute:

P(X = 4) =
(5
4

)
(0.25)4(0.75)1 = 5(0.002930) = 0.014650

P(X = 5) =
(5
5

)
(0.25)5(0.75)0 = 1(0.000977) = 0.000977

Final answer:
P(X ≥ 4) = 0.014650 + 0.000977 = 0.015627
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Example 2: Sum of Two Binomial Random Variables
Example 2: Let X and Y be two independent random variables such that

X ∼ B(4, 0.7), Y ∼ B(3, 0.7)

Find P(X + Y ≤ 1).

Since X and Y are independent binomial variables:

X + Y ∼ B(4 + 3, 0.7) = B(7, 0.7)

Required probability:
P(X + Y ≤ 1) = P(Z = 0) + P(Z = 1)

where Z ∼ B(7, 0.7).

Compute:

P(Z = 0) =
(7
0

)
(0.7)0(0.3)7 = 1(0.0002187) = 0.0002187

P(Z = 1) =
(7
1

)
(0.7)1(0.3)6 = 7(0.7)(0.000429) = 0.0035721

Final answer:
P(X + Y ≤ 1) = 0.0002187 + 0.0035721 = 0.0037908
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Example 3: Binomial Probability
Example 3: The probability of a man hitting a target is 1

4
. He fires 5 times. What is the

probability of hitting the target at least twice?

Let hitting the target be a success. So, p = 1
4
, q = 3

4
.

n = 5, using binomial distribution:

P(X = x) =
(5
x

)(
1

4

)x (3

4

)5−x

Required probability:
P(X ≥ 2) = 1− [P(X = 0) + P(X = 1)]

Compute:

P(X = 0) =
(5
0

)(
1

4

)0 (3

4

)5

= 1 · 1 ·
243

1024
=

243

1024

P(X = 1) =
(5
1

)(
1

4

)1 (3

4

)4

= 5 ·
1

4
·
81

256
=

405

1024

Final answer:

P(X ≥ 2) = 1−
(
243 + 405

1024

)
= 1−

648

1024
=

376

1024
=

47

128
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Example 4: Binomial Probability
Example 4: A policeman fires 6 bullets on a dacoit. The probability that the dacoit will be
killed by a bullet is 0.6. What is the probability that the dacoit is still alive?

Let the event ”a bullet kills the dacoit” be considered a success.

So, probability of success: p = 0.6

Probability of failure (bullet does not kill): q = 1− p = 0.4

Number of independent trials (bullets fired): n = 6

The number of successful hits (kills) follows a Binomial distribution:

P(X = x) =
(6
x

)
(0.6)x (0.4)6−x

The dacoit is alive only if none of the bullets kill him, i.e., X = 0.

Required probability:
P(dacoit is still alive) = P(X = 0)

Compute:

P(X = 0) =
(6
0

)
(0.6)0(0.4)6 = 1 · 1 · (0.4)6 = 0.0041

Final Answer:
P(dacoit is still alive) = 0.0041
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