
TOPIC 11
The binomial distribution

11.1 Overview
11.1.1 Introduction
The Bernoulli or binomial dis-
tribution is named after the
Swiss mathematician Jakob
Bernoulli (1654–1705). This
distribution is a type of dis-
crete probability distribution
and involves Bernoulli trials
where there are only two out-
comes, success or failure. Each
trial is independent of the pre-
vious one and the probability
of success remains fixed for
each trial. Researchers may use
the binomial distribution when
interested in the occurrence of
an event, rather than the effect
of an event. For example, in
the public health sector, medi-
cal researchers might focus on
whether a drug cures a particular illness or not (success or failure), rather than whether the illness reduces in
severity. The binomial distribution can also be used in the manufacturing industry, for example in analysing
the probability of a batch containing a defective item. Other areas that utilise the binomial distribution are
computing (the distribution of IP addresses), economics (prediction of the way the economy will perform
over the next couple of years) and engineering (calculation of time and costs of big projects).

LEARNING SEQUENCE
11.1 Overview
11.2 Bernoulli trials
11.3 The binomial distribution
11.4 Applications
11.5 Review: exam practice

Fully worked solutions for this topic are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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11.1.2 Kick off with CAS
Exploring binomial probability distributions
The binomial distribution is a type of discrete probability distribution. There are only two possible outcomes
— success and failure. For example, if success is rolling a 2 on a standard die, then failure is rolling a 1, 3, 4, 5
or 6. The pronumeral n represents the number of independent trials, and p represents the probability of success.

To find the probability of each possible scenario, the binomial probability function on CAS can be used.
1. Six balls are in a bag — 1 red ball and 5 yellow balls. A ball is selected from the bag, its colour recorded,

and then it is returned to the bag. This is repeated until 5 balls have been selected. n = 5, p =
1
6

a. Using CAS, complete the table below by finding the probabilities for each possible number of selected
red balls.

Number of red balls selected 0 1 2 3 4 5

Probability

b. Graph the number of red balls against the probability. Describe the shape of the graph.
2. Six balls are in a bag — 3 red balls and 3 yellow balls. A ball is selected from the bag, its colour

recorded, and then it is returned to the bag. This is repeated until 5 balls have been selected. n = 5, p =
1
2

a. Using CAS, complete the table below.

Number of red balls selected 0 1 2 3 4 5

Probability

b. Graph the number of red balls against the probability. Describe the shape of the graph.
3. Six balls are in a bag — 5 red balls and 1 yellow ball. A ball is selected from the bag, its colour recorded,

and then it is returned to the bag. This is repeated until 5 balls have been selected. n = 5, p =
5
6

a. Using CAS, complete the table below.

Number of red balls selected 0 1 2 3 4 5

Probability

b. Graph the number of red balls against the probability. Describe the shape of the graph.
4. Compare your answers for parts 1–3. How does the value of p relate to the shape of the graph?
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11.2 Bernoulli trials
11.2.1 Introduction
In probability theory, the Bernoulli distribution is a discrete probability distribution of the simplest kind.
The term ‘Bernoulli trial’ refers to a single event that has only 2 possible outcomes, a success or a failure,
with each outcome having a fixed probability. The following are examples of Bernoulli trials.

• Will a coin land Heads up?
• Will a newborn child be a male or a female?
• Are a random person’s eyes blue or not?
• Will a person vote for a particular candidate at the next local council elections or not?
• Will you pass or fail an examination?
The Bernoulli distribution has only one controlling parameter: the probability of success, p. The alternative

to success is failure, which is denoted by 1 − p (and can also be denoted by q).

For a discrete probability distribution that has a Bernoulli random variable, X:

Pr (X = x) = {
p if x = 1
1− p if x = 0

11.2.2 The mean and variance for a Bernoulli distribution
If X is a Bernoulli random variable with the following distribution,

x 0 1

Pr(X = x) 1 − p p

then

E (X) = ∑
all x

xPr (X = x)

= 0 (1 − p) + 1 × p
= p

E (X2) = 02 (1 − p) + 12 × p

= p
Var (X) = E (X2) − [E(X)]2

= p − p2

= p (1 − p)
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For a Bernoulli distribution:
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WORKED EXAMPLE 1

Determine which of the following can be defined as a Bernoulli trial.
Interviewing a random person to see if they have had a flu injection
this year

a.

Rolling a die in an attempt to obtain an even numberb.

Choosing a ball from a bag which contains 3 red balls, 5 blue balls and
4 yellow balls

c.

THINK WRITE

a. Check for the characteristics of a Bernoulli trial. a. Yes, this is a Bernoulli trial, as there
are 2 possible outcomes. A person
either has or has not had a flu injection
this year.

b. Check for the characteristics of a Bernoulli trial. b. Yes, this is a Bernoulli trial, as there
are 2 possible outcomes. The die will
show either an odd number or an even
number.

c. Check for the characteristics of a Bernoulli trial. c. No, this is not a Bernoulli trial, as
success has not been defined.

WORKED EXAMPLE 2

A new cream has been developed for the treatment of dermatitis. In laboratory trials the cream
was found to be effective in 72% of the cases. Hang’s doctor has prescribed the cream for her. Let
X be the effectiveness of the cream.
Construct a probability distribution table for X.a.

Find E(X).b.

Find the variance and the standard deviation of X, correct to 4 decimal places.c.

THINK WRITE

a. Construct a probability distribution table and clearly
state the value of p.

a. p = success with cream = 0.72

x 0 1

Pr(X = x) 0.28 0.72

b. 1. State the rule for the expected value. b. E(X) = ∑
all x

xPr(X = x)

2. Substitute the appropriate values and evaluate. E(X) = 0 × 0.28 + 1 × 0.72
= 0.72

c. 1. Find E(X2). c. E(X2) = 02 × 0.28 + 12 × 0.72

= 0.72
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2. Calculate the variance. Var(X) = E(X2) − [E(X)]2

Var(X) = 0.72 − (0.72)2

= 0.2016

3. Calculate the standard deviation. SD(X) =
√

0.2016
= 0.4490

 

Interactivity: The Bernoulli distribution (int-6430)

Exercise 11.2 Bernoulli trials

Technology free

1. WE1 Determine which of the following can be defined as a Bernoulli trial.
a. Spinning a spinner with 3 coloured sections
b. A golfer is at the tee of the first hole of a golf course. As she is an experienced golfer, the chance of

her getting a hole in one is 0.15. Will she get a hole in one at this first hole?
c. A card is drawn from a standard pack of 52 cards. What is the chance of drawing an ace?

2. Determine which of the following can be defined as a Bernoulli trial.
a. A new drug for arthritis is said to have a success rate of 63%. Jing Jing has just been prescribed the

drug to treat her arthritis, and her doctor is interested in whether her symptoms improve or not.
b. Juanita has just given birth to a baby, and we are interested in the gender of the baby, in particular

whether the baby is a girl.
c. You are asked what your favourite colour is.
d. A telemarketer rings random telephone numbers in an attempt to sell a magazine subscription and has

a success rate of 58%. Will the next person he rings subscribe to the magazine?
3. State clearly why the following are not Bernoulli

trials.
a. A bag contains 12 balls, 5 of which are black,

3 of which are white and 4 of which are red.
Paul has just drawn a ball from the bag
without returning it. Now it is Alice’s turn to
draw a ball from the bag. Does she get a red
one?

b. A die is tossed and the outcome is recorded.
c. A little penguin colony at Phillip Island in

Victoria is being studied by an ecologist. Will
the habitat be able to sustain the colony in the
future?
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4. A discrete random variable, Z, has a Bernoulli distribution as follows.

z 0 1

Pr(Z = z) 0.4 0.6

Find E (Z).a. Find Var (Z).b.

5. Cassandra is sitting for a Mathematics examination. She has just started question , which is a
multiple choice question with 5 possible answer choices. Cassandra plans to randomly guess the answer
to the question. Let X be the discrete random variable that Cassandra answers the question
correctly.
a. Construct a probability distribution table for X.
b. Find E (X).
c. In total the test has 5 multiple choice questions to be answered. What is the probability that Cassandra

answers all five questions correctly?

Technology active

6. WE2 Caitlin is playing basketball for her local club. The chance that Caitlin
scores a goal is 0.42. The ball has just been passed to her and she shoots for a
goal. Let X be the random variable that defines Caitlin getting a goal. (Assume
X obeys the Bernoulli distribution).

a. Set up a probability distribution for this discrete random variable.
b. Find E (X).
c. Find:

i. Var (X)
ii. SD (X)

7. MC Eli and Jacinta are about to play a game of
chess. As Eli is a much more experienced chess
player, the chance that he wins is 0.68. Let Y be
the discrete random variable that defines the fact
that Eli wins.

Var (Y) is:
A. 1
B. 0.2176
C. 0.32
D. 0.68
E. 0.4665

8. During the wet season, the probability that it rains on any given day in Cairns in northern Queensland is
0.89. I am going to Cairns tomorrow and it is the wet season. Let X be the chance that it rains on any
given day during the wet season.
a. Construct a probability distribution table for X.
b. Evaluate:

i. E (X)
ii. Var (X)
iii. SD (X)

c. Find Pr(𝜇 − 2𝜎 ≤ X ≤ 𝜇 + 2𝜎).
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9. It has been found that when breast ultrasound is combined with a common mammogram, the rate in
which breast cancer is detected in a group of women is 7.2 per 1000. Louise is due for her two-yearly
mammography testing, which will involve an ultrasound combined with a mammogram. Let Z be the
discrete random variable that breast cancer is detected.
a. What is the probability that Louise has breast cancer detected at this next test?
b. Construct a probability distribution table for Z.
c. Find Pr(𝜇 − 2𝜎 ≤ Z ≤ 𝜇 + 2𝜎).

10. A manufacturer of sweets reassures their customers
that when they buy a box of their ‘All Sorts’ choco-
lates there is a 33% chance that the box will contain
one or more toffees. Kasper bought a box of ‘All
Sorts’ and selected one. Let Y be the discrete random
variable that Kasper chose a toffee.
a. Construct a probability distribution table for Y.
b. Find E (Y).
c. Find Pr(𝜇 − 2𝜎 ≤ Y ≤ 𝜇 + 2𝜎).

11. X is a discrete random variable that has a Bernoulli distribution. It is known that the variance for this
distribution is 0.21.
a. Find the probability of success, p, where p > 1 − p.
b. Find E (X).

12. Y is a discrete random variable that has a Bernoulli distribution. It is known that the standard deviation
for this distribution is 0.4936.
a. Find the variance of Y correct to 4 decimal places.
b. Find the probability of success, p, if p > 1 − p.
c. Find E (Y).

13. Z is a discrete random variable that has a Bernoulli distribution. It is known that the variance of Z is
0.1075.
a. Find the probability of success, correct to 4 decimal places, if Pr(success) > Pr(failure).
b. Construct a probability distribution table for Z.
c. Evaluate the expected value of Z.

14. Y is a discrete random variable that has a Bernoulli distribution. It is known that the standard deviation
of Y is 0.3316.
a. Find the variance correct to 2 decimal places.
b. Find the probability of success correct to 4 decimal places if Pr(success) > Pr(failure).

11.3 The binomial distribution
11.3.1 Introduction
When a Bernoulli trial is repeated a number of times, we have a binomial distribution. A binomial
distribution is characterised by the following rules:

• It is made up of n Bernoulli trials or n identical trials.
• Each trial is an independent trial.
• There are two possible outcomes for each trial, a success, p, and a failure, 1 − p.
Consider again Question 5 from Exercise 11.2. Cassandra has 5 multiple choice questions to answer on

her mathematics examination. Each question has 5 different choices for the correct answer, and she plans
to randomly guess every question. Cassandra can get all 5 questions incorrect; 1 correct and 4 incorrect; 2
correct and 3 incorrect; 3 correct and 2 incorrect; 4 correct and 1 incorrect; or all 5 correct. This situation
represents a binomial distribution and can be analysed as follows.
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If X represents the number of questions answered correctly, then p = 1
5 and 1 − p = 4

5 .
Let I = an incorrect answer and C = a correct answer
0 correct answers: outcome = IIIII

Pr (X = 0) = (
4
5)

5

=
1024
3125

= 0.3277

1 correct answer: outcomes = IIIIC, IIICI, IICII, ICIII, CIIII

Pr (X = 1) = 5 × (
4
5)

4

(
1
5)

=
1280
3125

= 0.4096

2 correct answers: outcomes = IIICC, IICIC, ICIIC, CIIIC, IICCI, ICICI, CIICI, ICCII, CICII, CCIII

Pr (X = 2) = 10 × (
4
5)

3

(
1
5)

2

=
640

3125

= 0.2048
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3 correct answers: outcomes = IICCC, ICICC, CIICC, ICCIC, CICIC, CCIIC, ICCCI, CICCI,
CCICI, CCCII

Pr (X = 3) = 10 × (
4
5)

2

(
1
5)

3

=
160

3125

= 0.0512

4 correct answers: outcomes = ICCCC, CICCC, CCICC, CCCIC, CCCCI

Pr (X = 4) = 5 × (
4
5) (

1
5)

4

=
20

3125

= 0.0064UNCORRECTED PAGE PROOFS



5 correct answers: outcome = CCCCC

Pr (X = 5) = (
1
5)

5

=
1

3125

= 0.0003

This can then be represented in a table:

x 0 1 2 3 4 5

Pr(X = x) 0.3277 0.4096 0.2048 0.0512 0.0064 0.0003

where ∑
all x

Pr(X − x) = 1.

It can be quite tedious to work out all the possible outcomes, especially when the number of trials is large.
However, we usually just want to know how many different ways there are of obtaining each number of correct
answers, not the actual specific order of the incorrect and correct answers.

From your probability studies in Units 1 and 2, you will recall that the number of ways of obtaining x

successes from n independent trials is given by nCx, which can also be written as (
n
x ).

nCx = n!
(n − x) ! x!

If a discrete random variable, X, has a binomial distribution, we say that
X ~ Bi (n, p)

where n is the number of independent trials and p is the probability of success.
If X ~ Bi(n, p), then Pr(X = x) = Cn x(1− p)n−xpx, where x = 0, 1, 2, 3 ... n.

 

Note: If the order is specified for a particular scenario, then the binomial probability distribution rule cannot
be used. The probabilities need to be multiplied in the given order.

Units 3 & 4 AOS 4 Topic 2 Concept 1

Binomial probability distributions Summary screen and practice questions

11.3.2 Graphing the binomial distribution
The probability distribution for the previous example, where Cassandra answered 5 questions on a mathemat-
ics exam, can be graphed as follows:

x 0 1 2 3 4 5

Pr(X = x) 0.3277 0.4096 0.2048 0.0512 0.0064 0.0003
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The shape of this graph (Figure 1) is positively skewed. It indicates that the probability of success is
low (in this case p = 0.2), as the larger x-values (number of successful outcomes) have corresponding low
probabilities.

If the value of p was higher, for example if Cassandra was 80% sure of getting a question right (p = 0.8),
then the graph would look like Figure 2. The shape of this graph is negatively skewed. It indicates that the
probability of success is high (in this case p = 0.8), as the larger x-values (number of successful outcomes)
have corresponding high probabilities.

If the value of p was 0.5, for example if Cassandra was 50% sure of getting a question right, then the graph
would look like Figure 3. The shape of this graph is symmetrical. It indicates that the probability of success
is equal to the probability of failure. If the number of trials increased, the graph would approach the shape of
a bell-shaped curve.

WORKED EXAMPLE 3

It is known that 52% of the population participates in sport on a regular basis. Five random
individuals are interviewed and asked whether they participate in sport on a regular basis. Let X
be the number of people who regularly participate in sport.
Construct a probability distribution table for X.a.

Find the probability that 3 people or less play sport.b.

Find the probability that at least one person plays sport, given that no more than 3 people
play sport.

c.

Find the probability that the first person interviewed plays sport but the next 2 do not.d.

THINK WRITE

a. 1. Write the rule for the probabilities
of the binomial distribution.

a. X ~ Bi(5, 0.52)
Pr(X = x) = Cn x(1 − p)n−xpx

2. Substitute x = 0 into the rule and
simplify.

Pr(X = 0) = C5
0(0.48)5

= 0.025 48

3. Substitute x = 1 into the rule and
simplify.

Pr(X = 1) = C5
1(0.48)4(0.52)

= 0.138 02

4. Substitute x = 2 into the rule and
simplify.

Pr(X = 2) = C5
2(0.48)3(0.52)2

= 0.299 04

5. Substitute x = 3 into the rule and
simplify.

Pr(X = 3) = C5
3(0.48)2(0.52)3

= 0.323 96

6. Substitute x = 4 into the rule and
simplify.

Pr(X = 4) = C5
4(0.48) (0.52)4

= 0.175 48
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7. Substitute x = 5 into the rule and
simplify.

Pr(X = 5) = C5
5(0.52)5

= 0.038 02

8. Construct a probability
distribution table and check
that ∑

all x

Pr(X = x) = 1.

x Pr(X = x)
0 0.025 48

1 0.138 02

2 0.299 04

3 0.323 96

4 0.175 48

5 0.038 02

∑
allx

Pr(X = x) = 1

b. 1. Interpret the question and write
the probability to be found.

b. Pr(X ≤ 3)

2. State the probabilities included in
Pr(X ≤ 3).

Pr(X ≤ 3) = Pr(X = 0) + Pr(X = 1) + Pr(X = 2) + Pr(X = 3)
Pr(X ≤ 3) = 1 − (Pr(X = 4) + Pr(X = 5))

3. Substitute the appropriate
probabilities and evaluate.

Pr(X ≤ 3) = 1 − (0.175 48 + 0.038 02)
Pr(X ≤ 3) = 0.7865
Note: CAS technology can be used to add up multiple
probabilities.

c. 1. State the rule for conditional
probability.

c. Pr(X ≥ 1|X ≤ 3) = Pr(X ≥ 1 ∩ X ≤ 3)
Pr(X ≤ 3)

= Pr(1 ≤ X ≤ 3)
Pr(X ≤ 3)

2. Evaluate Pr(X ≥ 1 ∩ X ≤ 3). Pr(X ≥ 1 ∩ X ≤ 3) = Pr(X = 1) + Pr(X = 2) + Pr(X = 3)

= 0.138 02 + 0.299 04 + 0.323 96
= 0.761 02

3. Substitute the appropriate values
into the rule.

Pr(X ≥ 1|X ≤ 3) = Pr(X ≥ 1 ∩ X ≤ 3)
Pr(X ≤ 3)

=
0.761 02
0.7865

4. Simplify. Pr(X ≥ 1|X ≤ 3) = 0.9676

d. 1. Order has been specified for this
question. Therefore, the binomial
probability distribution rule
cannot be used. The probabilities
must be multiplied together in
order.

d. S = plays sport, N = doesn tplaysport
Pr(SNN) = Pr(S) × Pr(N) × Pr(N)

2. Substitute the appropriate values
and evaluate.

Pr(SNN) = 0.52 × 0.48 × 0.48
= 0.1198
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TI | THINK WRITE CASIO | THINK WRITE

a.1. On a Calculator page, press
MENU then select
5: Probability
5: Distributions
A: Binomial Pdf …
Complete the fields as
Num Trials, n:5
Prob Success, p: 0.52
then select OK.

a.1. On a Statistics screen, select
• Calc
• Distribution

Select “Distribution” and
“Binomial PD” from the
drop-down menus, then select
NEXT.
Complete the fields asx:0
Numtrial: 5
pos: 0.52
then select NEXT.

2. The probability distribution
appears on the screen.

A probability distribution table
can be drawn from the
probabilities listed on the screen.

2. Select the ‘Graph’ icon to view
the probability distribution. Use
the left/right arrows to view the
probability for each X.

3 The probability distribution
appears on the screen.

A probability
distribution table can be
drawn from the
probabilities in the
graph.
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x Pr (X= x)
0 0.025 48
1 0.138 02
2 0.299 04
3 0.323 96
4 0.175 48
5 0.038 02

x Pr (X= x)
0 0.025 48
1 0.138 02
2 0.299 04
3 0.323 96
4 0.175 48
5 0.038 02
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b.1. On a Calculator page, press
MENU then select
5: Probability
5: Distributions
B: Binomial Cdf …
Complete the fields as
Num Trials, n:5
Prob Success, p: 0.52
Lower Bound: 0
Upper Bound: 3
then select OK.

b.1. On the Main screen, select
• Interactive
• Distribution/Inv. Dist
• Discrete
• binomial CDfComplete the

fields as
Lower: 0
Upper: 3
NumTrial: 5
pos: 0.52
then select OK.

2. The answer appears on the
screen.

Pr(X ≤ 3) = 0.7865 2. The answer appears on the
screen.

Pr(X ≤ 3) = 0.7865

Interactivity: Graphing the binomial distribution (int-6431)

Units 3 & 4 AOS 4 Topic 2 Concept 3

Effects of n and p Summary screen and practice questions

11.3.3 The mean and variance of the binomial distribution
If X~Bi(n, p), then Pr(X = x) = Cn x(1 − p)n−xpx, where x = 0, 1, 2, 3 … n.

Suppose n = 3:

Pr(X = 0) = C3
0(1 − p)3p0

= (1 − p)3

Pr(X = 1) = C3
1(1 − p)2p

= 3p(1 − p)2

Pr(X = 2) = C3
2(1 − p)p2

= 3p2(1 − p)
Pr(X = 3) = C3

3(1 − p)0p3

= p3
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E (X) = 𝜇 = ∑
all x

xPr(X = x)

= 0(1 − p)3 + 1 × 3p(1 − p)2 + 2 × 3p2(1 − p) + 3p3

= 0 + 3p(1 − p)2 + 6p2(1 − p) + 3p3

= 3p[(1 − p)2 + 2p(1 − p) + p2]
= 3p[(1 − p) + p]2

= 3p(1 − p + p)2

= 3p
Suppose now n = 4:

Pr (X = 0) = C4
0(1 − p)4p0

= (1 − p)4

Pr (X = 1) = C4
1(1 − p)3p

= 4p(1 − p)3

Pr (X = 2) = C4
2(1 − p)2p2

= 6p2(1 − p)2

Pr (X = 3) = C4
3(1 − p)p3

= 4p3(1 − p)
Pr (X = 4) = C4

4(1 − p)0p4

p4

E (X) = 𝜇 = ∑
all x

xPr (X = x)

= 0(1 − p)4 + 1 × 4p(1 − p)3 + 2 × 6p2(1 − p)2 + 3 × 4p3(1 − p) + 4p

= 0 + 4p(1 − p)3 + 12p2(1 − p)2 + 12p3(1 − p) + 4p4

= 4p[(1 − p)3 + 3p(1 − p)2 + 3p2(1 − p) + p3]
= 4p[(1 − p) + p]3

= 4p(1 − p + p)3

= 4p
In both cases the expected value of X is the number chosen for n multiplied by p. The same result can be
achieved for any value of n.

If X ~ Bi(n, p), then E(X) = 𝜇 = np.

Consider again n = 3:

E (X2) = 02(1 − p)3 + 12 × 3p(1 − p)2 + 22 × 3p2(1 − p) + 32p3

= 0 + 3p(1 − p)2 + 12p2(1 − p) + 9p3

= 3p(1 − p)2 + 12p2(1 − p) + 9p3
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Var (X) = E (X2) − [E (X)]2

= 3p(1 − p)2 + 12p2(1 − p) + 9p3 − (3p)2

= 3p(1 − p)2 + 12p2(1 − p) + 9p3 − 9p2

= 3p(1 − p)2 + 12p2(1 − p) − 9p2(1 − p)

= 3p(1 − p)2 + 3p2(1 − p)

= 3p(1 − p)(1 − p + p)

= 3p(1 − p)
Consider again n = 4:

E (X2) = 02(1 − p)4 + 12 × 4p(1 − p)3 + 22 × 6p2(1 − p)2 + 32 × 4p3(1 − p) + 42p4

= 0 + 4p(1 − p)3 + 24p2(1 − p)2 + 36p3(1 − p) + 16p4

= 4p(1 − p)3 + 24p2(1 − p)2 + 36p3(1 − p) + 16p4

Var (X) = E(X2) − [E(X)]2

= 4p(1 − p)3 + 24p2(1 − p)2 + 36p3(1 − p) + 16p4 − (4p)2

= 4p(1 − p)3 + 24p2(1 − p)2 + 36p3(1 − p) + 16p4 − 16p2

= 4p(1 − p)3 + 24p2(1 − p)2 + 36p3(1 − p) + 16p2(p2 − 1)

= 4p(1 − p)3 + 24p2(1 − p)2 + 36p3(1 − p) − 16p2(1 − p2)

= 4p(1 − p)3 + 24p2(1 − p)2 + 36p3(1 − p) − 16p2(1 − p)(1 + p)

= 4p(1 − p)[(1 − p)2 + 6p(1 − p) + 9p2 − 4p(1 + p)]

= 4p(1 − p) (1 − 2p + p2 + 6p − 6p2 + 9p2 − 4p − 4p2)

= 4p(1 − p)

Again, in both cases, the variance of X is the number chosen for n times p(1 − p). This same result can be
shown for any value of n.

If X ~ Bi(n, p), then Var(X) = 𝜎2 = np(1− p) and SD(X) = 𝜎 =
√
np(1− p) .

 
 

WORKED EXAMPLE 4

A test consists of 20 multiple choice questions, each with 5 alternatives for the answer. A student
has not studied for the test so she chooses the answers at random. Let X be the discrete random
variable that describes the number of correct answers.
Find the expected number of correct questions answered.a.

Find the variance of the correct number of questions answered.b.
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THINK WRITE

a. 1. Write the rule for the expected value. a. 𝜇 = np

2 Substitute the appropriate values and simplify. n = 20, p =
1
5

𝜇 = np

= 20 ×
1
5

= 4

3. Write the answer. The expected number of questions
correct is 4.

b. 1. Write the rule for the variance. b. 𝜎2 = np(1 − p)

2. Substitute the appropriate values and evaluate. Var(X) = 20 ×
1
5

×
4
5

=
16
5

= 3.2
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WORKED EXAMPLE 5

A binomial random variable, Z, has a mean of 8.4 and a variance of 3.696.
Find the probability of success, p.a.

Find the number of trials, n.b.

THINK WRITE

a. 1. Write the rules for the variance and expected value. a. 𝜇 = np
Var(Z) = np(1 − p)

2. Substitute the known information and label the two
equations.

8.4 = np [1]
Var(Z) = np(1 − p)
3.696 = np(1 − p) [2]

3. To cancel out the n, divide
equation [2] by equation [1].

[2] ÷ [1]:
np(1 − p)

np
=

3.696
8.4

4. Simplify. 1 − p = 0.44
p = 0.56

5. Write the answer. The probability of success is 0.56.

b. 1. Substitute p = 0.56 into E(Z) = np and solve for n. b. 𝜇 = np
8.4 = n × 0.56
n = 15

2. Write the answer. There are 15 trials.
UNCORRECTED PAGE PROOFS



WORKED EXAMPLE 6

The probability of an Olympic archer hitting the centre of the target is 0.7. What is the smallest
number of arrows he must shoot to ensure that the probability he hits the centre at least once is
more than 0.9?

THINK WRITE

1. Write the rule for the probabilities of the binomial
distribution.

X~Bi(n, 0.7)
Pr(X ≥ 1) > 0.9

2. The upper limit of successes is unknown, because n is
unknown. Therefore, Pr(X ≥ 1) cannot be found by adding
up the probabilities. However, the required probability can
be found by subtracting from 1 the only probability not
included in Pr(X ≥ 1).

Pr(X ≥ 1) = 1 − Pr(X = 0)

3. Substitute in the appropriate values and simplify. Pr(X ≥ 1) = 1 − Pr(X = 0)
1 − Pr(X = 0) > 0.9

1 −n Cx(1 − p)n−xpx > 0.9
1 −n C0(0.3)n(0.7)0 > 0.9

1 − 1 × (0.3)n × 1 > 0.9
1 − (0.3)n > 0.9

4. Solve for n using CAS. n > 1.91249

5. Interpret the result and answer the question. n = 2 (as n must be an integer)
The smallest number of arrows
the archer needs to shoot in
order to guarantee a probability
of 0.9 of hitting the centre is 2.

TI | THINK WRITE CASIO | THINK WRITE

1. Re-write the probability
statement.

Pr(X ≥ 1) > 0.9
1 − Pr(X = 0) > 0.9
Pr(X = 0) < 0.1

1. Re-write the probability
statement.

Pr(X ≥ 1) > 0.9
1 − Pr(X = 0) > 0.9
Pr(X = 0) < 0.1
Cn 0 × (0.3)n(0.7)0 < 0.1

2 On a Calculator page, press
MENU then select
5: Probability
5: Distributions
D: Inverse Binomial N …
Complete the fields as
Cumulative Prob: 0.1
Prob Success, p: 0.7
Successes, x:0
then select OK.

2. On the Main screen,
complete the entry line as
solve(nCr(n, 0) ×
(0.3)n(0.7)0 < 0.1, n)
then press EXE.
NOTE: the Cn r template
can be found in the
Advance tab of the
Keyboard menu.

3. The answer appears on the
screen.

n = 2. 3. The answer appears on the
screen.

n = 2.
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Units 3 & 4 AOS 4 Topic 2 Concept 2

Mean, variance and standard deviation Summary screen and practice questions

Exercise 11.3 The binomial distribution

Technology free

1. Chiara has a 0.5 chance of being late to school each day. For the next week:
a. what is the probability she is late 3 out of 5 days?
b. what is the probability she is late less than 2 days?
c. what is the probability Chiara is late the first 2 days and on time the next 3 days?

2. Surveys show that 25% of adults read a daily newspaper. If 4 people are selected at random, calculate
the probability that:
a. all 4 of them read the daily newspaper
b. at least one person reads a newspaper every day
c. two people read the newspaper daily, given that at least one person does.

3. Consider a woman with the genotype XX and a man with the genotype XY. Their
offspring have an equal chance of inheriting one of these genotypes.

=

XX

XX

XY

XY

What is the probability that 6 of their 7 offspring have the genotype XY?
4. WE4 A science test consists of 60 multiple choice questions with 4 possible options,

A–D. If a student selected each answer at random, calculate:
a. the expected number of correct answers
b. the variance of the number of correct answers.

5. WE5 A binomial random variable, X, has a mean of 12 and a variance of 3. Calculate:
a. the probability of success, p
b. the number of trials, n.

Technology active

6. WE3 Jack is an enthusiastic darts player and on average is
capable of achieving a bullseye 3 out of 7 times. Jack will com-
pete in a five-round tournament. Let Y be the discrete random
variable that defines the number of bullseyes Jack achieves.
a. Construct a probability distribution table for Y, giving your

answers correct to 4 decimal places.
b. Find the probability that Jack will score at most 3 bullseyes.
c. Find the probability that Jack will score at least 1 bullseye,

given that he scored at most 3 bullseyes.
d. Find the probability that his first shot missed, his second shot

was a bullseye and then his next 2 shots missed.
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7. At a poultry farm, eggs are collected daily and classified as
large or medium. Then they are packed into cartons contain-
ing 12 eggs of the same classification. Experience has enabled
the director of the poultry farm to know that 42% of all eggs
produced at the farm are considered to be large. Ten eggs are
randomly chosen from a conveyor belt on which the eggs are to
be classified. Let Z be the discrete random variable that gives the
number of large eggs.

a. Find Pr(Z = 0), Pr(Z = 1) . . . Pr(Z = 9), Pr(Z = 10) for this binomial distribution.
b. Construct a probability distribution table for Z.
c. Find Pr(Z ≥ 5|Z ≤ 8).

8. A particular medication used by asthma sufferers has been found to be beneficial if used 3 times a day.
In a trial of the medication it was found to be successful in 63% of the cases. Eight random asthma
sufferers have had the medication prescribed for them.
a. Construct a probability distribution table for the number of sufferers who have benefits from the

medication, X.
b. Find the probability that no more than 7 people will benefit from the medication.
c. Find the probability that at least 3 people will benefit from the medication, given that no more than 7

will.
d. Find the probability that the first person won’t benefit from the medication, but the next 5 will.

9. If X has a binomial distribution so that n = 15 and p = 0.62, calculate:
Pr(X = 10)a. Pr(X ≥ 10)b. Pr(X < 4|X ≤ 8)c.

10. Jenna is selling raffle tickets for cancer research outside her local supermarket. As people pass her table,
there is a probability of 0.45 that they will stop and buy a ticket. During the course of 15 minutes,
15 people walked past her table. Let X be the binomial random variable for the number of people who
stopped and bought a ticket. Find:
a. the expected value for the number of people who will stop and buy a ticket
b. the probability that 4 people will stop and buy a ticket
c. the probability that no more than 8 people will buy a ticket
d. the probability that the first 2 people will buy a ticket but the next 2 won’t.

11. The executive committee for an independent school consists of 12 members. Find the probability that
there are 8 or more women on the executive committee if:
a. it is equally likely that a man or a woman is chosen for the executive position
b. women have a 58% chance of being chosen for an executive position.

12. For each of the following binomial random variables, calculate:
i. the expected value
ii. the variance.

X~Bi(45, 0.72)a. Y~Bi (100,
1
5)b. Z~Bi (72,

2
9)c.

13. A fair die is tossed 25 times. Let X be the discrete random variable that represents the number of ones
achieved. Find, correct to 4 decimal places:
a. the expected number of ones achieved
b. the standard deviation of the number of ones achieved.

TOPIC 11 The binomial distribution 535

UNCORRECTED PAGE PROOFS



14. At midday at the local supermarket, three checkouts are in oper-
ation. The probability that a customer can walk up to a register
without queuing is 0.32. Larissa visits the supermarket at noon
on 7 different occasions.
a. Construct a probability distribution table for the number of times

Larissa doesn’t have to queue to pay for her purchases, Z.
b. Find E(Z) and Var(Z).
c. Find Pr(𝜇 − 2𝜎 ≤ Z ≤ 𝜇 + 2𝜎).

15. A large distributor of white goods has found that 1 in 7 people who buy goods from them do so by using
their layby purchasing system. On one busy Saturday morning, 10 customers bought white goods. Let X
be the number of people who use the lay-by purchasing system to buy their goods.
a. Find E(X) and Var(X).
b. Find Pr(𝜇 − 2𝜎 ≤ X ≤ 𝜇 + 2𝜎).

16. A binomial random variable, Z, has a mean of 32.535 and a variance of 9.021 95.
a. Find the probability of success, p, correct to 3 decimal places.
b. Find the number of trials, n.

17. A binomial random variable has an expected value of 9.12 and a variance of 5.6544.
a. Find the probability of success, p.
b. Find the number of trials, n.

18. MC A binomial random variable has an expected value of 3.8325 and a variance of 3.41284215. The
probability of success, p, is:

1.1230A. 0.8905B. 0.0286C. 0.7644D. 0.1095E.
19. MC A binomial experiment is completed 16 times and has an expected value of 10.16. The standard

deviation is closest to:
0.635A. 2.4886B. 1.9257C. 3.7084D. 0.365E.

20. The tram that stops outside Maia’s house is late 20% of the time.
If there are 12 times during the day that the tram stops outside
Maia’s house, find, correct to 4 decimal places:
a. the probability that the tram is late 3 times
b. the probability that the tram is late 3 times for at least 6 out of

the next 14 days.

21. WE6 The probability of winning a prize in a particular competition is 0.2. How many tickets would
someone need to buy in order to guarantee them a probability of at least 0.85 of winning a prize?

22. Lizzie and Matt enjoy playing card games. The probability that
Lizzie will beat Matt is 0.67. How many games do they need to
play so that the probability of Matt winning at least one game is
more than 0.9?

23. Lilly knows that the chance of her scoring a goal during a basketball
game is 0.75. What is the least number of shots that Lilly must
attempt to ensure that the probability of her scoring at least 1 goal in a
match is more than 0.95?
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11.4 Applications
11.4.1 Applications of the binomial distribution
The binomial distribution has important applications in medical research, quality control, simulation and
genetics. In this section we will explore some of these areas.

WORKED EXAMPLE 7

It has been found that 9% of the population have diabetes. A sample of 15 people were tested for
diabetes. Let X be the random variable that gives the number of people who have diabetes.
Find Pr(X ≤ 5).a. Find E(X) and SD(X).b.

THINK WRITE

a. 1. Summarise the information using binomial notation. a. X~Bi(15, 0.09)
2 Use CAS technology to add up the required

probabilities.
Pr(X ≤ 5) = 0.9987

b. 1. State the rule for the expected value. b. E(X) = np

2. Substitute the appropriate values and simplify. E(X) = 15 × 0.09
= 1.35

3. Find the variance. Var(X) = np(1 − p)
= 15 × 0.09 × 0.91
= 1.2285

4. Find the standard deviation. SD(X) =
√

Var(X)

=
√

1.2285

= 1.1084

Exercise 11.4 Applications

Technology active

1. WE7 It is thought that about 30% of teenagers receive their
spending money from part-time jobs. Ten random teenagers
were interviewed about their spending money and how they
obtained it. Let Y be the random variable that defines the num-
ber of teenagers who obtain their spending money by having a
part-time job.

Find Pr(Y ≥ 7).a. Find E(Y) and SD(Y).b.

2. A mobile phone manufacturer has a relatively simple but important quality test at the end of the
manufacturing, which is that the phone should be dropped onto a hard surface. If the phone cracks or
breaks in any way it is rejected and destroyed. The probability that a phone is rejected and destroyed is
0.01. Let Z be the number of mobile phones that are dropped and broken when 5 mobile phones are
tested.
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a. Find Pr(Z ≤ 3).
b. Find:

E(Z)i. SD(Z).ii.

c. Find Pr(𝜇 − 2𝜎 ≤ Z ≤ 𝜇 + 2𝜎).
3. In Australia, it is estimated that 30% of the population over the age of 25 have hypertension. A

statistician wishes to investigate this, so he arranges for 15 random adults over the age of 25 to be tested
to see if they have high blood pressure. Let X be the random variable which defines the number of adults
over the age of 25 with hypertension.
a. Find Pr(X ≤ 5).
b. Find:

E(X)i. SD(X).ii.

4. It is estimated that about 8% of men and 1% of women have colour blindness. Six men and six women
are checked for any signs of colour blindness. Let Y be the discrete random variable that defines the
number of men who have colour blindness, and let Z be the discrete random variable that defines the
number of women who have colour blindness.
a. Find:

E(Y)i. SD(Y).ii.

b. Find Pr(𝜇 − 2𝜎 ≤ Y ≤ 𝜇 + 2𝜎).
c. Find:

E(Z)i. SD(Z).ii.

d. Find Pr(𝜇 − 2𝜎 ≤ Z ≤ 𝜇 + 2𝜎).
e. Compare the two distributions.

5. Suppose that 85% of adults with allergies report systematic relief with a new medication that has just
been released. The medication has just been given to 12 patients who suffer from allergies. Let Z be the
discrete random variable that defines the number of patients who get systematic relief from allergies
with the new medication.
a. Find the probability that no more than 8 people get relief from allergies.
b. Given that no more than 8 people get relief from allergies after taking the medication, find the

probability that at least 5 people do.
c. Find:

E(Z)i. SD(Z).ii.

6. Silicon chips are tested at the completion of the fabrication process. Chips
either pass or fail the inspection, and if they fail they are destroyed. The
probability that a chip fails an inspection is 0.02. What is the probability
that in a manufacturing run of 250 chips, only 7 will fail the inspection?

7. The probability of a person in Australia suffering anaemia is 1.3%. A group of
100 different Australians of differing ages were tested for anaemia.
a. Find the probability that at least 5 of the 100 Australians suffer from

anaemia. Give your answer correct to 4 decimal places.
b. Find the probability that 4 of the 100 Australians suffer from anaemia, given that less than 10 do.

Give your answer correct to 4 decimal places.
c. Find the value of Pr(𝜇 − 2𝜎 ≤ X ≤ 𝜇 + 2𝜎) and interpret this value.
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8. Edie is completing a multiple choice test of 20 questions. Each
question has 5 possible answers.
a. If Edie randomly guesses every question, what is the

probability, correct to 4 decimal places, that she correctly
answers 10 or more questions?

b. If Edie knows the answers to the first 4 questions but must
randomly guess the answers to the other questions, find the
probability that she correctly answers 10 or more questions.
Give your answer correct to 4 decimal places.

9. Six footballers are chosen at random and asked to kick a football. The probability of a footballer being
able to kick at least 50 m is 0.7.
a. Determine the probability, correct to 4 decimal places, that:

i. only the first three footballers chosen kick the ball at least 50 m
ii. exactly three of the footballers chosen kick the ball at least 50 m
iii. at least three of the footballers chosen kick the ball at least 50 m, given that the first footballer

chosen kicks it at least 50 m.
b. What is the minimum number of footballers required to ensure that the probability that at least one of

them can kick the ball 50 m is at least 0.95?
10. A manufacturer of electric kettles has a process of randomly testing the kettles as they leave the

assembly line to see if they are defective. For every 50 kettles produced, 3 are selected and tested for
any defects. Let X be the binomial random variable that is the number of kettles that are defective so that
X ~ Bi(3, p).
a. Construct a probability distribution table for X, giving your probabilities in terms of p.
b. Assuming Pr(X = 0) = Pr(X = 1), find the value of p where 0 < p < 1.
c. Find:

𝜇i. 𝜎.ii.

11. Lori is a goal shooter for her netball team. The probability of her scoring a goal is 0.85. In one particular
game, Lori had 12 shots at goal. Determine the probability, correct to 4 decimal places, that:
a. she scored more than 9 goals
b. only her last 9 shots were goals
c. she scored 10 goals, given that her last 9 shots were goals.

12. The chance of winning a prize in the local raffle is 0.08. What is the
least number of tickets Siena needs to purchase so that the chance of
both her and her sister each winning at least one prize is more than 0.8?

13. A regional community is trying to ensure that their local water supply
has fluoride added to it, as a medical officer found that a large num-
ber of children aged between eight and twelve have at least one filling
in their teeth. In order to push their cause, the community representa-
tives have asked a local dentist to check the teeth of ten 8 − 12-year-old
children from the community.

Let X be the binomial random variable that defines the number of 8 − 12-year-old children who have
at least one filling in their teeth; X ~ Bi(10, p). Find the value of p, correct to 4 decimal places, if
Pr(X ≤ 8) = 0.9.
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11.5 Review: exam practice
A summary of this topic is available in the Resources section of your eBookPLUS at www.jacplus.com.au.

Short answer: technology free
1. One-third of all customers at a particular bookstore buy non-

fiction books. If 5 customers purchase a book on a particular day,
what is the probability that 3 of them purchased a non-fiction
book?

2. Natalie is a goal shooter for her local netball team. During her matches,
she has many attempts at scoring a goal. Assume that each attempt at
scoring a goal is independent of any other attempt. In the long run her
scoring rate has been shown to be 80%. Find:
a. the probability that her first 4 attempts at scoring a goal in a match are

successful
b. the probability that exactly 3 out of her first 4 attempts at scoring a

goal in a match are successful
c. the probability that her first shot is a goal, her next 2 shots miss, and

her fourth is a goal.

3. It is known that 50% of customers who enter a restaurant order a
cup of coffee. Assume that what any customer orders is
independent of what any other customer orders.
a. If 4 customers enter the restaurant, what is the probability that

more than 1 of these customers will order coffee?
b. If 12 customers enter the restaurant, what is the expected

number of customers who will order a cup of coffee?

4. A particular binomial random variable has a mean of 24 and a variance of 6. Calculate the probability of
success, p, and the number of independent trials, n.

5. The probability that Dineesha will answer any question independently of her answer to any other
question is p where p > 0. Let the random variable X be the number of questions that Dineesha answers
correctly in any set of 20 questions.

a. If Pr(X > 18) = 6 Pr(X = 20), show that the value of p is
4
5

.

b. Find E(X) and Var(X).
6. A barrel contains 100 balls, some of which have a zebra pattern painted on them. Five balls are randomly

selected from the barrel with replacement after each ball has been withdrawn. Let p be the proportion of
zebra-patterned balls in the barrel such that 0 < p < 1.
a. Write an expression for the probability that exactly 1 of the 5 balls selected has a zebra pattern.
b. Use calculus to find the exact value of p for which this probability will be a maximum.
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Multiple choice: technology active
1. MC A Bernoulli random variable, X, has a probability of failure of 0.35. The expected value and

variance of X are respectively:
0.35 and 0.2275A. 0.35 and 0.65B. 0.65 and 0.2275C.
0.65 and 0.35D. 0.65 and 0.65E.

2. MC On Hugo’s drive towards the city, he initially has to go through a set of traffic lights at his local
shopping centre. As the lights are for people to cross the main road from one side of shops to the other,
they are frequently red. Hugo estimates that they are red 80% of the time. Over a period of a week, he
drives through these lights twice a day. The probability that these lights are red on exactly 13 occasions is:

C14
13(0.2)(0.8)13A. C14

13(0.8)(0.2)13B.
C14

13(0.2)(0.8)13 + (0.8)14C. C14
13(0.8)(0.2)13 + (0.2)14D.

1 − (0.8)14E.
3. MC Joop takes the bus to and from school each school day

over a period of a week. The probability that the bus is late on 4
occasions is given by C10

4(0.7)6(0.3)4.
The mean and variance of the number of times that Joop

finds the bus is late respectively are:
3 and 0.21A. 7 and 0.21B. 0.3 and 2.1C.
7 and 2.1D. 3 and 2.1E.

4. MC A ticket inspector at the Australian Tennis Open has observed that in the long run 65% of all tickets
viewed are full-price tickets and the remaining 35% are concession tickets. The ticket inspector takes
note of the next 25 tickets he views. The probability that the sample contains exactly 14 full-price tickets
is equal to:

1A. C25
14(0.35)11(0.65)14B. C25

14(0.65)11(0.35)14C.
(0.35)14(0.65)11D. (0.65)14(0.35)11E.

5. MC A soccer player is practising his goal kicking. He has a

probability of
4
7

of scoring a goal with each independent attempt.

He has 8 attempts at kicking a goal. The probability that the
number of goals he scores is less than 4 is:
A. 0.4717
B. 0.2518
C. 0.2199
D. 0.4728
E. 0.2210

6. MC A fair coin is tossed 7 times. The probability, correct to 4 decimal places,
that at most 3 Heads are obtained is:

0.2734A. 0.2266B. 0.2188C.
0.5000D. 0.0625E.

7. MC Let X be a discrete random variable with a binomial distribution. The mean is 3.5 and the variance
is 1.05. The values of n (the number of independent trials) and p (the probability of success) are:
A. n = 4, p = 0.3
B. n = 4, p = 0.7
C. n = 3, p = 0.5
D. n = 5, p = 0.3
E. n = 5, p = 0.7
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8. MC During a holiday Matt and Airi play a total of n games of golf.
The probability that Airi wins any independent game is 0.45. No
games are drawn. If the probability that Airi wins no games is 0.0152,
then the total number of games played is:

A. 1
B. 2
C. 5
D. 7
E. 10

9. MC A random variable, Z, has the following probability distribution,
where 0 < p < 1.

z 0 1

Pr(Z = z) 1 − p p

The standard deviation of Z is:

p − 1A.
√
p(1 − p)B. 1 − pC.

√
p(p − 1)D. p(1 − p)E.

10. MC The number of defective computer parts in a box of computer parts ready for sale is a random
variable with a binomial distribution that has a mean of 12 and a standard deviation of 2. The
probability of success, p, is equal to

1
3

A.
1
6

B.
1
2

C.
5
6

D.
2
3

E.

Extended response: technology active
1. It has been found in the past that 8% of the DVDs produced in a certain factory are defective. A sample of

12 is drawn randomly from each hour’s production and the number of defectives in the sample is noted.
When a DVD is chosen, it is tested for defectiveness, and it is returned to the production line if it is not
defective.
a. In what percentage of these hourly samples would there be at least 2 defective DVDs?
b. Find the mean and standard deviation of the number of defective DVDs noted and calculate 𝜇 ± 2𝜎.
c. A particular sample is found to contain 3 defectives. Would this cause doubts about the production

process?
2. For a large population of people, it is fair to assume that the dates

of birth are evenly distributed throughout the year, so that the

probability of having your birthday in a particular month is
1

12
.

a. Find the probability that of 8 people randomly chosen, exactly
3 will have their birthday in August.

b. Find the probability that of the 8 randomly chosen people, at
least 1 will have their birthday in November.

c. If n people are chosen at random, find the smallest value of n
so that the probability that at least 1 will have their birthday in
March is greater than 0.9.
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3. Australia has the highest incidence of melanoma in the world. One in 17 Australians will be diagnosed
with melanoma before the age of 85. In fact, 1 in 14 males are at risk of being diagnosed with a
melanoma before the age of 85, because men are 2.5 times more likely to die from melanoma compared
to women. Fifty randomly chosen men were asked if they had ever been diagnosed with a melanoma.
a. State the expected number of melanoma cases for this sample if X is the random variable that defines

the number of melanoma cases.
b. Find the probability that fewer than 6 men are diagnosed with melanoma.
c. Find the probability that at least 3 men are diagnosed with melanoma, given that fewer than 6 are.
d. Find the variance and standard deviation for X.

4. The game of two-up is thought to have originated in the UK in
the 18th century, but it became historically well-known because it
was played by Australian soldiers during World War I. The game
is now played at casinos because it is illegal to play it anywhere
else in Australia, except on Anzac Day, when it can be played in
all states except Queensland.

The usual rules for two-up are quite straightforward. The ringkeeper
controls the spinner and the conduct of the game. The spinner places
two pennies on a wooden plank called a kip and tosses them.

The pennies must have spun at least 2 metres over the head of the spinner. Players bet on either two
Heads or two Tails coming uppermost when the pennies land. To make the outcomes perfectly clear, the
Tails side of the pennies is marked with a white or yellow cross.

If the pennies show two Heads, the result is Heads. If the pennies show two Tails, the result is Tails. If
the pennies show one Tail and one Head, the result is ‘odds’.

A spinner bet means a wager by the spinner. If the spinner nominates to spin for Heads, they win if they
spin Heads 3 times without spinning any Tails and without spinning 5 consecutive odds.

Gus has just accepted the roll of the spinner and has nominated Heads to win. He now has 5 spins to try
to achieve Heads 3 times.
a. Draw a tree diagram of the possible outcomes of the two coins from one spin. State the accompanying

probabilities.
b. Let X be the random variable of both coins showing Heads when a spin occurs. State the values of p

and n.
c. Gus successfully completes his 5 spins and did not achieve Heads in 3 consecutive spins. Construct a

probability distribution table for X.
d. Find 𝜇 and 𝜎, and hence find Pr(𝜇 − 2𝜎 ≤ X ≤ 𝜇 + 2𝜎).
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Answers
Topic 11 The binomial distribution
Exercise 11.2 Bernoulli trials
1. a. No b. Yes c. Yes

2. a. Yes b. Yes c. No d. Yes

3. a. No replacement of ball
b. There are 6 outcomes, not 2.
c. Success unknown

4. a. 0.6 b. 0.24

5. a. x 0 1

Pr(X = x) 4
5

1
5

b.
1
5

c. 0.000 32

6. a. x 0 1

Pr(X = x) 0.58 0.42

b. 0.42

c. i. 0.2436 ii. 0.4936

7. B

8. a. x 0 1

Pr(X = x) 0.11 0.89

b. i. 0.89 ii. 0.0979 iii. 0.3129
c. 0.89

9. a. 0.0072
b. z 0 1

Pr(Z = z) 0.9928 0.0072

c. 0.9928

10. a. y 0 1

Pr(Y = y) 0.67 0.33

b. 0.33
c. 1

y 0 1 2 3 4 5

Pr(Y = y) 0.0609 0.2285 0.3427 0.2570 0.0964 0.0145

z 0 1 2 3 4 5

Pr(Z = z) 0.0043 0.0312 0.1017 0.1963 0.2488 0.2162

z 6 7 8 9 10

Pr(Z = z) 0.1304 0.0540 0.0147 0.0024 0.0002

x 0 1 2 3 4 5 6 7 8

Pr(X = x) 0.0004 0.0048 0.0285 0.0971 0.2067 0.2815 0.2397 0.1166 0.0248

11. a. 0.7 b. 0.7
12. a. 0.2436 b. 0.58 c. 0.58

13. a. 0.8775
b. z 0 1

Pr(Z = z) 0.1225 0.8775

c. 0.8775

14. a. 0.11 b. 0.8742

Exercise 11.3 The binomial distribution

1. a.
5
16

b.
3
16

c.
1

32

2. a.
1

256
b.

175
256

c.
54

175

3.
7

128

4. a. 15 b. 11.25

5. a.
3
4

b. 16

6. a. See the table at the foot of the page.*
b. 0.8891
c. 0.6745
d. 0.0800

7. a. Pr(Z = 0) = 0.0043,
Pr(Z = 1) = 0.0312,
Pr(Z = 2) = 0.1017,
Pr(Z = 3) = 0.1963,
Pr(Z = 4) = 0.2488,
Pr(Z = 5) = 0.2162,
Pr(Z = 6) = 0.1304,
Pr(Z = 7) = 0.0540,
Pr(Z = 8) = 0.0147,
Pr(Z = 9) = 0.0024,
Pr(Z = 10) = 0.0002
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#

$

6. a.

7. b.

8. a.

b. See the table at the foot of the page.#

c. 0.4164

8. a. See the table at the foot of the page.$

b. 0.9752
c. 0.9655
d. 0.0367
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9. a. 0.1997 b. 0.4665 c. 0.0034

10. a. E(X) = 6.75 b. 0.0780
c. 0.8182 d. 0.0613

11. a. 0.1938 b. 0.3825

12. a. i. 32.4 ii. 9.072
b. i. 20 ii. 16
c. i. 16 ii. 12.4̇

13. a. 4.1667 b. 1.8634

b. E(Z) = 2.24, Var(Z) = 1.5232
c. 0.9620

15. a. E(X) = 1.4286, Var(X) = 1.2245
b. 0.9574

16. a. 0.723 b. 45

17. a. 0.38 b. 24

18. E

19. C

20. a. 0.2362 b. 0.0890

21. 9 tickets

22. 6 games

23. 3 shots

Exercise 11.4 Applications
1. a. 0.0106 b. E(Y) = 3, SD(Y) = 1.4491

2. a. 1
b. i. 0.05

ii. Var(Z) = 0.0495, SD(Z) = 0.2225
c. 0.9510

3. a. 0.7216
b. i. 4.5 ii. 1.7748

4. a. i. 0.48 ii. 0.6645
b. 0.9227
c. i. 0.06 ii. 0.2437
d. 0.9415
e. There is a probability of 0.9228 that a maximum of 1

male will have colour blindness, whereas there is a
probability of 0.9415 that no females will have colour
blindness.

5. a. 0.0922
b. 0.9992
c. i. 10.2 ii. 1.2369

6. 0.1051

7. a. 0.0101
b. 0.0319
c. 0.9580. This means there is a probability of 0.9580 that a

maximum of three people will suffer from anaemia per
100.

8. a. 0.0026
b. 0.0817

z 0 1 2 3 4 5 6 7

Pr(Z = z) 0.0672 0.2215 0.3127 0.2452 0.1154 0.0326 0.0051 0.0003

9. a. i. 0.0093 ii. 0.1852 iii. 0.9692
b. 3

10. a.

b. p = 1
4

c. i.
3
4

ii.
3
4

11. a. 0.7358 b. 0.0008 c. 0.0574

12. 37

13. 0.6632

11.5 Review: exam practice
Short answer

1.
40
243

2. a.
256
625

b.
256
625

c.
16

625

3. a.
11
16

b. 6

4. p = 3
4

, n = 32

5. a. X~Bi(20, p)
Pr(X > 18) = Pr(X = 19) + Pr(X = 20)
Pr(X > 18) = C20

19(1 − p)p19 + p20

Pr(X > 18) = 20(1 − p)p19 + p20

Pr(X = 20) = p20

Pr(X = 20) = 6 Pr(X > 18)
20 (1 − p) p19 + p20 = 6p20

0 = 6p20 − p20 − 20 (1 − p) p19

0 = 5p20 − 20p19 + 20p20

0 = 25p20 − 20p19

0 = 5p19 (5p − 4)
p = 0 or 5p − 4 = 0

5p = 4

p = 4
5

As p > 0, p = 4
5

.

b. E(X) = 16, Var(X) = 3.2

6. a. 5p(1 − p)4 b. p = 1
5
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Multiple choice

*

x 0 1 2 3

Pr(X = x) (1 − p)3 3(1 − p)2p 3(1 − p)p2 p3

14. a.

14. a. See the table at the foot of the page.*

C1. A2. E3. B4. E5.
D6. E7. D8. B9. E10.
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Extended response

1. a. 24.87%
b. 𝜇 = 0.96, 𝜎 = 0.9398, 𝜇 − 2𝜎 = −0.9196,

𝜇 + 2𝜎 = 2.8396
c. The result lies outside the 95% limit, so there would be

concerns about the production process.

2. a. 0.021 b. 0.5015 c. 27

3. a. 3.5714
b. 0.8554
c. 0.6523
d. Var (X) = 3.3163, SD(X) = 1.8211

x 0 1 2 3 4 5

Pr(X = x) 0.2373 0.3955 0.2637 0.0879 0.0146 0.0010

4. a. Pr(HH) = 1
4

, Pr(HT) = 1
4

, Pr(TH) = 1
4

, Pr(TT) = 1
4

H

T

1–
2

1–
2

1–
2

1–
2

1–
2

1–
2

H

T

T

H

b. X~Bi (5, 1
4 )

∴ n = 5, p = 1
4

c. See the table at the foot of the page.*
d. 𝜇 = 1.25, 𝜎 = 0.9682,

Pr(𝜇 − 2𝜎 ≤ X ≤ 𝜇 + 2𝜎) = 0.9844
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