
Stat 311-Lecture 03, Conditional Probability

Sept 13, 2005

1. For two eventsA andB with P (B) > 0, thecon-
ditional probabilityof A given that B has occurred
is defined as

P (A|B) =
P (A ∩B)

P (B)
.

2. A family has two children. At least one of them is
a boy. What is the probability that both are boys?
Solution.Let X be the number of boys. Then

P (X = 2|X ≥ 1) =
P (X = 2, X ≥ 1)

P (X ≥ 1)

=
P (X = 2)

1− P (X = 0)
=

1/4
1− 1/4

.

3. n balls will be chosen sequentially from a box con-
tainingr red balls andb black balls. Given thatk
balls are black, what is the probability that the first
ball chosen is black?

Solution. k
n . See the textbook.

4. The law of total probability.For disjoint eventsA1

andA2 with S = A1 ∪A2,

P (B) = P (B|A1)P (A1) + P (B|A2)P (A2).

5. Bayes’ theorem.

P (A1|B) =
P (B|A1)P (A1)

P (B|A1)P (A1) + P (B|A2)P (A2)
.

6. 1/10 of men and 1/7 of women are color-blind.
A person is chosen at random and that person is
color-blind. What is the probability that the per-
son is male. Assume males and females to be in
equal numbers.
Solution. Let M=male,F=female,C=color-blind.
Then

P (M |C) =
P (M ∩ C)

P (C)

=
P (C|M)P (M)

P (C|M)P (M) + P (C|F )P (F )

=
1
10 · 1

2
1
10 · 1

2 + 1
7 · 1

2

.

7. A box containsw white balls,b black balls orr red
balls. A ball is chosen at random and if it is either
black or red then it is replaced by a white ball and
if it is white then it is replaced by a red ball. Now
again draw a ball. What is the probability that the
second ball drawn is red when the first ball drawn
is red ? What is the probability that the second ball
drawn is white?
Solution.Let Wi, Bi, Ri be the event that thei−th
draw is a white, black and red ball respectively.
The sample space is given by

S = W1 ∪B1 ∪ C1 = W2 ∪B2 ∪ C2.

P (R2|R1) =
r − 1

w + b + r
.

P (W2) = P (W2|W1)P (W1)
+ P (W2|B1)P (B1) + P (W2|R1)P (R1)

=
w − 1

w + b + r

w

w + b + r

+
w + 1

w + b + r

b

w + b + r

+
w + 1

w + b + r

r

w + b + r
.

Notice. The due date for HW 1 changed from Sept
20 8:00am to Sept 22 8:00am. HW 2 due Oct 6. First
midterm Oct. 13 (Thursday).


