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The following three themes have been fully integrated throughout the Pearson Edexcel International 
Advanced Level in Mathematics series, so they can be applied alongside your learning.

1. Mathematical argument, language and proof 

• Rigorous and consistent approach throughout

• Notation boxes explain key mathematical language and symbols

2. Mathematical problem-solving 

• Hundreds of problem-solving questions, fully integrated  
into the main exercises

• Problem-solving boxes provide tips and strategies

• Challenge questions provide extra stretch 

3. Transferable skills

• Transferable skills are embedded throughout this book, in the exercises and in some examples

• These skills are signposted to show students which skills they are using and developing

The Mathematical Problem-Solving Cycle

specify the problem

interpret results
collect information

process and
represent information

vi ABOUT THIS BOOK

ABOUT THIS BOOK

Each chapter starts with 
a list of Learning objectives

The Prior knowledge 
check helps make sure 
you are ready to start the 
chapter

Glossary terms will 
be identified by bold 
blue text on their first 
appearance.

The real world applications of 
the maths you are about to learn 
are highlighted at the start of the 
chapter.

Finding your way around the book

Each chapter is mapped to the 
specification content for easy 
reference
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viiABOUT THIS BOOK

Each section begins 
with explanation and 
key learning points

Exercise questions are carefully 
graded so they increase in 
difficulty and gradually bring 
you up to exam standard

Transferable skills are 
signposted where 
they naturally occur 
in the exercises and 
examples

Each chapter ends with a Chapter review 
and a Summary of key points

Problem-solving boxes provide hints, 
tips and strategies, and Watch out 
boxes highlight areas where students 
often lose marks in their exams

Exercises are packed  
with exam-style 
questions to ensure you 
are ready for the exams

Exam-style questions 
are flagged with

Problem-solving 
questions are flagged 
with

E

P

A full practice paper at the back of 
the book helps you prepare for the 
real thing

After every few chapters, a Review exercise 
helps you consolidate your learning with 
lots of exam-style questions

Step-by-step worked 
examples focus on the 
key types of questions 
you’ll need to tackle
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viii QUALIFICATION AND ASSESSMENT OVERVIEW

QUALIFICATION AND 
ASSESSMENT OVERVIEW
Qualification and content overview
Statistics 2 (S2) is an optional unit in the following qualifications:

International Advanced Subsidiary in Further Mathematics

International Advanced Level in Mathematics

International Advanced Level in Further Mathematics

Assessment overview
The following table gives an overview of the assessment for this unit.

We recommend that you study this information closely to help ensure that you are fully prepared for 
this course and know exactly what to expect in the assessment. 

Unit Percentage Mark Time Availability

S2: Statistics 2

Paper code WST02/01

33    1 
_ 3    % of IAS

16    2 
_ 3    % of IAL

75 1 hour 30 mins January, June and October 

First assessment June 2020

IAS: International Advanced Subsidiary, IAL: International Advanced A Level.

Assessment objectives and weightings Minimum 
weighting in 
IAS and IAL

AO1
Recall, select and use their knowledge of mathematical facts, concepts and techniques in a 
variety of contexts.

30%

AO2

Construct rigorous mathematical arguments and proofs through use of precise statements, 
logical deduction and inference and by the manipulation of mathematical expressions, 
including the construction of extended arguments for handling substantial problems 
presented in unstructured form.

30%

AO3

Recall, select and use their knowledge of standard mathematical models to represent 
situations in the real world; recognise and understand given representations involving 
standard models; present and interpret results from such models in terms of the original 
situation, including discussion of the assumptions made and refinement of such models.

10%

AO4
Comprehend translations of common realistic contexts into mathematics; use the results of 
calculations to make predictions, or comment on the context; and, where appropriate, read 
critically and comprehend longer mathematical arguments or examples of applications.

5%

AO5
Use contemporary calculator technology and other permitted resources (such as formulae 
booklets or statistical tables) accurately and efficiently; understand when not to use such 
technology, and its limitations. Give answers to appropriate accuracy.
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ixQUALIFICATION AND ASSESSMENT OVERVIEW

Relationship of assessment objectives to units

S2

Assessment objective

AO1 AO2 AO3 AO4 AO5

Marks out of 75 25–30 20–25 10–15 5–10 5–10

% 33   1 
_ 3   –40 26   2 

_ 3   –33   1 
_ 3   13   1 _ 3   –20 6   2 

_ 3   –13   1 
_ 3   6   2 

_ 3   –13   1 
_ 3   

Calculators
Students may use a calculator in assessments for these qualifications. Centres are responsible for 
making sure that calculators used by their students meet the requirements given in the table below.

Students are expected to have available a calculator with at least the following keys: +, –, ×, ÷, π, x2,

  √ 
__

 x   ,    1 __ x   , xy, ln x, ex, x!, sine, cosine and tangent and their inverses in degrees and decimals of a degree, 

and in radians; memory. 

Prohibitions
Calculators with any of the following facilities are prohibited in all examinations:

• databanks 

• retrieval of text or formulae

• built-in symbolic algebra manipulations

• symbolic differentiation and/or integration 

• language translators

• communication with other machines or the internet
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x EXTRA ONLINE CONTENT

Whenever you see an Online box, it means that there is extra online content available to support you.

 Extra online content

SolutionBank
SolutionBank provides worked solutions for questions in the book. Download the 
solutions as a PDF or quickly find the solution you need online.

Use of technology 
Explore topics in more detail, visualise 
problems and consolidate your understanding. 
Use pre-made GeoGebra activities or Casio 
resources for a graphic calculator.

 Find the point of intersection 
graphically using technology.

Online
x

y

GeoGebra-powered interactives Graphic calculator interactives

Interact with the maths 
you are learning using 
GeoGebra's easy-to-use 
tools

Explore the maths you are learning and gain 
confidence in using a graphic calculator

Interact with the maths you are learning 
using GeoGebra's easy-to-use tools

Calculator tutorials
Our helpful video tutorials will 
guide you through how to use 
your calculator in the exams. 
They cover both Casio's scientific 
and colour graphic calculators.

Step-by-step guide with audio instructions 
on exactly which buttons to press and what 
should appear on your calculator's screen

 Work out each coefficient quickly using 
the nCr and power functions on your calculator.

Online
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2 POISSON 
DISTRIBUTIONS

The Poisson distribution is 
used to model the number of 
times an event occurs within a 
fixed period of time. Scientists 
use Poisson distributions 
to model the frequency of 
meteor strikes.

After completing this chapter you should be able to:

● Use the Poisson distribution to model real-world situations  → pages 18–26

● Use the additive property of the Poisson distribution → pages 26–29

● Understand and use the mean and variance of the Poisson  
distribution  → pages 29–31

1.1
1.2

1 A biased dice is modelled by a random variable X with the 
following probability distribution.

x 1 2 3 4 5 6

P(X = x) 0.2 0.1 0.1 0.2 0.1 0.3

Find: 

a E(X) b E(X2)

c Var(X) ← Statistics 1 Sections 6.3, 6.4

2 The random variable X ~ B(35, 0.4). Find:

a P(X = 20) b P(X , 6) 

c P(15 < X , 20)  ← Statistics 2 Section 1.1

Prior knowledge check

Learning objectives
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POISSON DISTRIBUTIONS18 CHAPTER 2

2.1 The Poisson distribution

In the binomial expansion, there are a fixed number of trials with only two possible outcomes for 
each trial – success and failure. We count the number of successes.

Let us consider a different situation. 

A small company is looking at how many complaints it receives by telephone each day.  
The company has just one phone line. Data is collected over 100 days, as shown in this table:

Number of 
calls per day 0 1 2 3 4 5 6 7 8 9 10 11 12

Frequency 4 17 25 23 18 10 2 0 0 0 0 0 1

The phone calls:

■ occur singly in time – only one phone call occurs at any given time

■ are random

■ occur independently in a given timeframe. 

There are 6 or fewer calls per day, except one day when there were 12. In theory, the maximum 
number of calls could be infinite, but numbers much bigger than the mean are not anticipated.

We analyse these data further by calculating the mean and variance.

For these data, ∑ fx = 282, ∑ fx2 = 1078 and n = 100

The mean number of calls per day is therefore    
∑ fx

 ____ n    =    282 ____ 
100

    = 2.82

And the variance is    
∑ fx2

 _____ n    −    ̄  x   2 =    1078 _____ 
100

    − 2.822 = 2.8276

Here, the mean and variance are very close in value.

In this situation, the data can be modelled by a Poisson distribution.  

For a Poisson distribution, the mean and variance are assumed to be the same and so there is only 
one parameter, the rate at which the calls are made per day. This is equivalent to the mean and is 
represented by λ.

■ Letting X ∼ Po(λ), the Poisson distribution is given by:

P(X = x) =    e
−λ λx

 _______ 
x!

   , where x = 0 ,1, 2, …

We can confirm this by looking at the data above:

Let X ∼ Po(2.76)

Number of 
calls per day 0 1 2 3 4 5 6 7 8 9 10 11 12

Relative
frequency 0.04 0.17 0.25 0.23 0.18 0.1 0.02 0 0 0 0 0 0.01

P(X = x) 0.063 0.175 0.241 0.222 0.153 0.084 0.039 0.015 0.005 0.002 0.000 0.000 0.001
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19CHAPTER 2POISSON DISTRIBUTIONS

Example 1

The random variable X ∼ Po(2.1). Find:
a P(X = 3)
b P(X > 1)
c P(1< X < 4)

a P(X = 3) =     e   −2.1  × 2. 1   3   __________ 
3 !

    

= 0.189011…
= 0.1890 (4 d.p.)

b P(X > 1) = 1 − P(X = 0)
= 1 − e−2.1

= 1 − 0.1224….
= 0.8775 (4 d.p.)

c P(1 < X < 4) 
= P(X = 2) + P(X = 3) + P(X = 4)

=     e   −2.1  × 2. 1   2   __________ 
2 !

    +     e   −2.1  × 2. 1   3   ___________ 
3 !

    +     e   −2.1  × 2. 1   4   ___________ 
4 !

   

= 0.2700… + 0.1890… + 0.0992…
= 0.5583 (4 d.p.)

Use the formula P(X = x) =     e   −λ  λ   x  _____ 
x !

     

with x = 3 and λ = 2.1

X can only take positive integer values.

Round probabilities to 4 decimal places.

You can work this out using the Poisson 
probability distribution function on your 
calculator.

SKILLS INTERPRETATION

To show that this is a probability distribution, ∑P(X = x) = 1 , consider each term:

∑P(X = x) = P(X = 0) + P(X = 1) + P(X = 2) + P(X = 3) + …

= e−λ + e−λλ +    e
−λλ2

 ____ 
2!

    +    e
−λλ3

 _____ 
3!

    + …

This can be factorised to:

∑P(X = x) = e−λ (1 + λ +   λ
2
 __ 

2!
   +   λ

3
 __ 

3!
   + …)  

The term in the brackets is the series expansion of eλ:

eλ =   (1 + λ +   λ
2
 ___ 

2!
   +   λ

3
 __ 

3!
   + …)  

and so:

∑P(X = x) = e−λeλ

= 1 as required

 You are not required to derive these 
in an exam. ← Further Pure 2 Section 7.2

Links

Add together all the possible probabilities. 
The positive integers that satisfy the inequality 
are 2, 3 and 4.

 Explore the Poisson distribution  
using GeoGebra.

OnlineSAMPLE
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POISSON DISTRIBUTIONS20 CHAPTER 2

 1 The discrete random variable X ~ Po(2.5). Find:
a P(X = 3) b P(X > 1) c P(1 < X < 3)

 2 The discrete random variable X ~ Po(3.1). Find:
a P(X = 4) b P(X > 2) c P(1 < X < 4)

 3 The discrete random variable X ~ Po(4.2). Find:
a P(X = 2) b P(X < 3) c P(3 < X < 5)

 4 The discrete random variable X ~ Po(0.84). Find:
a P(X = 1) b P(X > 1) c P(1 < X < 3)

 5 The discrete random variable X ~ Po(λ). Given that P(X = 2) = P(X = 3), find λ.

 6 The discrete random variable X ~ Po(λ). Given that P(X = 4) = 3 × P(X = 2), find λ.

Calculations involving the Poisson distribution can often be made simpler by using the cumulative 
distribution tables given on page 144. These tables will be given in the Mathematical Formulae and 
Statistical Tables booklet in your exam. These will give you P(X < x) for values of λ between 0 and 10, 
in steps of 0.5, and for values of x from 0 to 10.

P

P

Exercise 2A

Example 2

The random variable X ~ Po(5). Find, using tables:
a P(X < 3) b P(X > 2) c P(1 < X < 4)

a P(X < 3) = 0.2650

b P(X > 2) = 1 − P(X < 1) = 1 − 0.0404 
= 0.9596

c P(1 < X < 4) = P(X < 4) − P(X < 0)
= 0.4405 − 0.0067 
= 0.4338

 λ = 0.5 4.5 5.0

 x = 0 0.6065 0.0111 0.0067
 1 0.9098 0.0611 0.0404
 2 0.9856 0.1736 0.1247
 3 0.9982 0.3423 0.2650
 4 0.9998 0.5321 0.4405

SKILLS INTERPRETATION

Be careful. The inequality is X > 2 so you need to 
work out 1 − P(X < 1).

Example 3

The random variable X ~ Po(7.5). Find the values of a, b and c such that:
a P(X < a) = 0.2414   b P(X , b) = 0.5246   c P(X > c) = 0.3380

a P(X < a) = 0.2414
so a = 5

Use tables with λ = 7.5 
P(X < 5) = 0.2414

SKILLS PROBLEM-SOLVINGSAMPLE
 C
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21CHAPTER 2POISSON DISTRIBUTIONS

b P(X < b) = P(X < b − 1) = 0.5246
so b − 1 = 7

b = 8

c P(X > c) = 1 − P(X < c − 1) = 0.3380
so P(X < c − 1) = 1 − 0.3380

= 0.6620
so c − 1 = 8

c = 9

Use tables with λ = 7.5 
P(X < 7) = 0.5246

Use tables with λ = 7.5 
P(X < 8) = 0.6620

Use the Poisson cumulative distribution tables to answer these questions.

 1 The discrete random variable X ~ Po(5.5). Find:
a P(X < 3) b P(X > 6) c P(3 < X < 7)

 2 The discrete random variable X ~ Po(10). Find:
a P(X > 8) b P(7 < X < 12) c P(4 < X < 9)

 3 The discrete random variable X ~ Po(3.5). Find:
a P(X > 2) b P(3 < X < 6) c P(2 < X < 5)

 4 The discrete random variable X ~ Po(4.5). Find:
a P(X > 5) b P(3 < X < 5) c P(1 < X < 7)

 5 The discrete random variable X ~ Po(8). Find the values of a, b, c and d such that:
a P(X < a) = 0.3134 b P(X < b) = 0.7166 c P(X < c) = 0.0996 d P(X > d) = 0.8088

 6 The discrete random variable X ~ Po(3.5). Find the values of a, b, c and d such that:
a P(X < a) = 0.8576 b P(X > b) = 0.6792 c P(X < c) > 0.95 d P(X > d) < 0.005

Exercise 2B SKILLS PROBLEM-SOLVING

2.2 Modelling with the Poisson distribution

You need to be able to recognise situations that can be modelled with a Poisson distribution.  
The Poisson distribution is used to model the number of times, X, that a particular event  
occurs within a given interval of time or space. 

■ In order for the Poisson distribution to be a good  
model, the events must occur:

● independently

● singly, in space or time

● at a constant average rate so that the mean  
number in an interval is proportional to the  
length of the interval.

 We can see that in the 
example given at the start of the chapter, 
the phone calls occur singly in time, are 
random, and occur independently in a 
given time frame. In fact, these are the 
requirements to model using a Poisson 
distribution.

NotationSAMPLE
 C
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POISSON DISTRIBUTIONS22 CHAPTER 2

The parameter λ in the Poisson distribution is the average number of times that the event will 
occur in a single interval.

Examples of where a Poisson distribution might be appropriate are:

• the number of radioactive particles being emitted (sent out) by a certain  
source in a 5-minute period

• the number of telephone calls to a switchboard in a 10-minute interval

• the number of spelling mistakes on a page of a newspaper

• the number of cars passing the front of a school in a 3-minute interval

• the number of raisins in a fruitcake.

Example 4

An internet service provider has a large number of users regularly connecting to the internet.
On average, 4 users every hour fail to connect to the internet on their first attempt.
a Give two reasons why a Poisson distribution might be a suitable model for the number of  

failed connections every hour.

b Find the probability that in a randomly chosen hour:
i 2 users fail to connect on their first attempt
ii more than 6 users fail to connect on their first attempt.

c Find the probability that in a randomly chosen 90-minute period:
i 5 users fail to connect on their first attempt
ii fewer than 7 users fail to connect on their first attempt.

a Failed connections occur singly and at a 
constant rate of 4 users per hour.

b X represents the number of failed connec-
tions in one hour
X ~ Po(4)

i P(X = 2) = 0.1465

ii P(X > 6) = 1 − P(X < 6)
= 1 − 0.88932…
= 0.1107 (4 d.p.)

c Y represents the number of failed connec-
tions in 90 minutes
Y ~ Po(6)
i P(Y = 5) = 0.1606
ii P(Y < 7) = P(Y < 6)

= 0.6063 (4 d.p.)

Define your random variable, and write down the 
model you are using.

Because the failures occur at a constant average 
rate, the value of the parameter λ will be 

   90 ___ 
60

   × 4 = 6   for a 90-minute period.

Problem-solving

Use the tables, or your calculator, with λ = 4 to 
find P(X < 6).

SAMPLE
 C
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23CHAPTER 2POISSON DISTRIBUTIONS

Example 5

The number of patients visiting a clinic that treats insect bites can be modelled as a Poisson 
distribution with a rate of 3 patients per day.  
a Find the probability that there are more than 4 patients on a given day.
b An extra doctor is required at the clinic, if  within a 5 day period, at least 4 days have more  

than 4 patients. Find the probability that an extra doctor is required.

SKILLS PROBLEM-SOLVING; INTERPRETATION

Let X represent the number of patients 
visiting the clinic per day: X ∼ Po(3)

a We are finding:

P(X > 4) = 1 − P(X < 4)

= 1 − 0.8153

= 0.1847

b We are now talking about the number  
of days in which there are more than  
4 patients visiting the clinic.

Let Y represent the number of days when 
there are more than 4 patients visiting the 
clinic in a 5 day period.

Y ∼ B(5, 0.1847)

We are finding:

P(Y > 4) = P(Y = 4) + P(Y = 5)

=   (  
5 
4
  )     (0.1847)  4  (0.8153)  

+   (  
5 
5
  )    (0.1847)  5

= 0.004744113 + 0.000214949

= 0.00496

 1 The maintenance department at a school receives requests for replacement light bulbs  
at a rate of 3 per week. The number of requests, X, in a given week is modelled as X ~ Po(3). 
a Find the probability that, in a randomly chosen week, the number of requests for 

replacement light bulbs is:
i exactly 4 ii more than 5.

b Find the probability that, in a randomly chosen  
two week period, the number of requests for  
replacement light bulbs is: 
i exactly 6
ii no more than 4.

 The number of requests, Y, 
in a given two week period can be 
modelled as Y ~ Po(6).

Hint

Exercise 2C SKILLS PROBLEM-SOLVING

Always define the variable. 

Using tables

Write the answer to 3 s.f.

Using the formula

Define the variable. This can now be modelled as 
a binomial distribution.

SAMPLE
 C

OPY
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 2 A botanist suggests that the number of weeds growing in a field can be modelled  
by a Poisson distribution.
a Write down two conditions that must apply for this model to be suitable.
Assuming this model and that weeds occur at a rate of 1.3 per m2, find:
b the probability that, in a randomly  

chosen plot of 4 m2, there will be  
fewer than 3 weeds

c the probability that, in a randomly  
chosen plot of 5 m2, there will be more  
than 8 weeds.

 3 An electronics company manufactures a component for use in computer hardware. At the 
end of the manufacturing process, each component is checked to see if  it is faulty. Faulty 
components are detected (discovered) at a rate of 2.5 per hour.
a Suggest a suitable model for the number of faulty components detected per hour.
b Describe, in the context of this question, two assumptions you have made in part a  

for this model to be suitable.
c Find the probability of 2 faulty components being detected in a 1-hour period.
d Find the probability of at least 6 faulty components being detected in a 3-hour period.
e Find the probability of at least 7 faulty components being detected in a 4-hour period.

 4 A call-centre agent handles telephone calls at a rate of 15 per hour.
a Find the probability that, in a randomly selected 20-minute interval, the agent handles:

i exactly 4 calls ii more than 8 calls.
b Find the probability that, in a randomly selected 30-minute interval, the agent handles:

i at least 6 calls ii no more than 10 calls.

 5 The average number of cars crossing over a bridge is 180 per hour.  
Assuming a Poisson distribution, find the probability that:
a more than 5 cars will cross in any given minute
b fewer than 4 cars will cross in any 2-minute period.

 6 A café serves breakfast every morning. Customers arrive for breakfast at random at an average 
rate of one every 4 minutes. 
Find the probability that on a Friday morning between 10 am and 10:20 am:
a fewer than 3 customers arrive for breakfast
b more than 10 customers arrive for breakfast.

The number of weeds, X, in a  
plot of 4 m2 can be modelled as  
X ~ Po(4 × 1.3), i.e. X ~ Po(5.2).

Problem-solving

SAMPLE
 C
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 7 An estate agent has been selling houses at a rate of 1.8 per week.
a Find the probability that in a particular week she sells:

i no houses ii 3 houses iii at least 3 houses. (6 marks)
The estate agent meets her weekly target if   
she sells at least 3 houses in one week.
b Find the probability that over a period of  

4 consecutive weeks she meets her weekly  
target exactly once. (3 marks)

 8 Patients arrive at a hospital Accident and Emergency department at random  
at a rate of 5 per hour.
a Find the probability that, during any 30-minute period, the number of  

patients arriving at the Accident and Emergency department is:
i exactly 4 ii at least 3. (5 marks)

A patient arrives at 11:00 am.
b Find the probability that the next patient arrives before 11:15 am. (3 marks)

 9 The elevator in an apartment building breaks down at random at a mean rate of  
three times per four-week period.
a Find the probability that the elevator breaks down:

i at least once in one week
ii exactly twice in one week. (5 marks)

In one particular week, the elevator broke down twice.
b Write down the probability that the elevator will break down at some point in  

the next week. Give a reason for your answer. (2 marks)

10 Flaws (mistakes) occur at random in a particular type of material at a mean rate of 1.5 per 50  m.
a Find the probability that, in a randomly chosen 50 m length of this material,  

there will be exactly 3 flaws. (2 marks)
This material is sold in rolls of length 200 m.
b Find the probability that a single roll has fewer than 4 flaws. (3 marks)
Priya buys 5 rolls of this material.
c Find the probability that at least two of these rolls will have fewer than 4 flaws.  (5 marks)

11 A company produces chocolate chip biscuits. The number of chocolate  
chips per biscuit has a Poisson distribution with mean 5.
a Find the probability that one of these biscuits, selected at random,  

contains fewer than 3 chocolate chips. (2 marks)
A packet contains 6 of these biscuits, selected at random.
b Find the probability that exactly half  of the biscuits in the packet  

contain fewer than 3 chocolate chips. (4 marks)

E/P

SKILLS
ADAPTIVE 
LEARNING

Use a binomial model for part b. 
 ← Statistics 2 Section 1.1

Problem-solving

E

E

E/P

E/P SAMPLE
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OPY



POISSON DISTRIBUTIONS26 CHAPTER 2

12 A company has buses that can only be hired for a week at a time. All hiring starts on a Sunday. 
During the summer, the mean number of requests for buses each Sunday is 5.
a Calculate the probability that fewer than 4 requests for buses are made on a particular 

Sunday in the summer. (2 marks)
The company wants to be at least 99% sure they can fulfil all requests on any particular Sunday.
b Calculate the number of buses the company must have to satisfy this condition. (3 marks)

13 On a typical summer day, a boat company hires out rowing boats at a rate of 9 per hour.
a Find the probability of hiring out at least 6 boats in a randomly selected 30-minute  

period. (2 marks)
The company has 8 boats and decides to hire them out for 20-minute periods.
b Show that the probability of running out of boats is less than 1%. (3 marks)
c Find the number of boats that the company should have in order to be 99% sure of 

meeting all demands if  the hiring period is extended to 30 minutes. (3 marks)

14 Breakdowns on a particular machine occur at a rate of 1.5 per week.
a Find the probability that no more than 2 breakdowns occur in a randomly chosen week. (2 marks)
b Find the probability of at least 5 breakdowns in a randomly chosen two-week period. (3 marks)
A maintenance firm agrees to repair breakdowns over a six-week period.  
The firm will give a full refund if  there are more than n breakdowns in a six-week period. 
The firm wants the probability of having to pay a refund to be 5% or less.
c Find the smallest possible value of n. (3 marks)

E/P

E/P

SKILLS
ADAPTIVE 
LEARNING

E/P

2.3 Adding Poisson distributions

If two Poisson variables X and Y are 
independent, then the variable Z = X + Y also 
has a Poisson distribution.

■ If X∼ Po(λ) and Y ∼ Po(  µ), then  
X + Y ∼ Po(λ + µ)

 For X + Y to be meaningful in this 
context, the random variables X and Y must 
both model events occurring within the same 
interval of time or space.

Watch out

Example 6

If  X ∼ Po(3.6) and Y ~ Po(4.4), find:
a P(X + Y = 7) b P(X + Y < 5)

X + Y ∼ Po(3.6 + 4.4)

X + Y ∼ Po (8)

a P(X + Y = 7) =     e   −8  ×  8   7  _________ 
7 !

    = 0.1396 (4 d.p.)

b P(X + Y < 5) = 0.1912 (4 d.p.)

Add the parameters.

Use the tables, or your calculator, with λ = 8.

SAMPLE
 C

OPY
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Example 7

The number of cars passing an observation point in a 5-minute interval is modelled by a Poisson 
distribution with mean 2. The number of other vehicles passing the observation point in a 
15-minute interval is modelled by a Poisson distribution with mean 3.
Find the probability that:
a exactly 5 vehicles, of any type, pass the observation point in a 10-minute interval
b more than 8 vehicles, of any type, pass the observation point in a 15-minute interval.

a X1 represents number of cars passing in  
a 10-minute interval
Y1 represents number of other vehicles 
passing in a 10-minute interval
X1 ∼ Po(4), Y1 ∼ Po(2)
X1 + Y1 ∼ Po(4 + 2)
X1 + Y1 ∼ Po(6)
P(X1 + Y1 = 5) = 0.1606 (4 d.p.)

b X2 represents number of cars passing in  
a 15-minute interval
Y2 represents number of other vehicles 
passing in a 15-minute interval
X2 ∼ Po(6), Y2 ∼ Po(3)
X2 + Y2 ∼ Po(6 + 3)
X2 + Y2 ∼ Po(9)
P(X2 + Y2 > 8) = 1 − P(X2 + Y2 < 8)

= 1 − 0.45565…
= 0.5443 (4 d.p.)

You need to model the number of cars passing 
in a 10-minute interval, and the number of other 
vehicles passing in a 10-minute interval. The time 
intervals must be the same before you can add 
the parameters.

Problem-solving

SKILLS PROBLEM-SOLVING

 1 X and Y are independent random variables such that X ∼ Po(3.3) and Y ∼ Po(2.7). Find:
a P(X + Y = 5) b P(X + Y < 7) c P(X + Y > 4)

 2 A and B are independent random variables such that A ∼ Po(3.25) and B ∼ Po(4.25). Find:
a P(A + B = 7) b P(A + B < 5) c P(A + B > 9)

 3 X and Y are independent random variables such that X ∼ Po(2.5) and Y ∼ Po(3.5). Find:
a P(X = 2 and Y = 2) 
b P(both X and Y are greater than 2)
c P(X + Y = 5) 
d P(X + Y < 4)

P

Exercise 2D

This can be calculated using the tables, with λ = 9.

Define new random variables for the number 
of cars, and other types of vehicle, passing in a 
15-minute interval.

SAMPLE
 C

OPY
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 4 The number of emissions (gas that is sent out into the air) per minute from two different 
sources of radioactivity are modelled as independent Poisson random variables X and Y,  
with parameters of 3 and 5 respectively (in the same order as mentioned before). 
Calculate the probability that, in a given one-minute period:
a the number of emissions from each source is at least 3
b the total number of emissions from the two sources is no more than 6.

 5 During a weekday at a certain point on a road, cars pass by at a rate of 24 per minute,  
while vans pass by at a rate of 8 per minute.
a Find the probability that, in any 15-second period:

i at least 4 of each type of vehicle passes by
ii the total number of cars and vans that pass by is no more than 9.

b Write down one assumption that you have made in your calculations.

 6 A taxi company supplies two particular organisations independently. 
Company A orders taxis at a rate of 1.25 cars per day. 
Company B orders taxis at a rate of 0.75 cars per day.
a On a given day, find the probability that 2 cars are ordered by company A. (2 marks)
b On a given day, find the probability that the total number of cars ordered by both 

companies is 2. (2 marks)
c In a given 5-day working week, find the probability that the total number of cars  

ordered by both companies is less than 10. (2 marks)

 7 A restaurant has two coffee machines, C and D. Machine C breaks down at a rate of 0.1 times  
per week while, independently, machine D breaks down at a rate of 0.05 times per week. 
Find the probability that, in a 12-week period:
a machine C breaks down at least once (2 marks)
b each machine breaks down at least once (3 marks)
c there will be a total of 3 breakdowns. (2 marks)

 8 An office worker receives internal calls at a rate of one call every 5 minutes, and external calls  
at a rate of two calls every 5 minutes. 
Calculate the probability that the total number of calls is:
a three, in a 4-minute period (2 marks)
b at least two, in a 2-minute period (2 marks)
c no more than five, in a 10-minute period. (2 marks)

 9 An office is situated on three floors of a building. There is a photocopier on each floor. 
The ground-floor photocopier breaks down at a rate of 0.4 times per week, the first-floor 
photocopier breaks down at a rate of 0.2 times per week and the second-floor photocopier 
breaks down at a rate of 0.8 times per week. Find the probability, in a given week, that:
a each photocopier will break down exactly once (3 marks)
b at least one photocopier breaks down (3 marks)
c there will be a total of two breakdowns. (2 marks)

P

P

E

E/P

E

E/P SAMPLE
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10 During the working day, the emails arriving to the account of a company director are organised 
into three types: personal, business and advertising. Personal emails arrive at a mean rate of 
1.8 per hour, business emails arrive at a mean rate of 3.7 per hour and advertising emails arrive 
at a mean rate of 1.5 per hour. Find the probability that she receives:
a at least one of each type of email during a 30-minute period of the working day (3 marks)
b more than 50 emails in an 8-hour working day. (3 marks)
c Find the probability that she receives 

more than 50 emails on exactly two 
days out of a 5-day working week.

 (3 marks)

E/P

 Use a binomial model for part c. 
 ← Statistics 2 Section 1.1

Hint

X ∼ Po(λ) and Y ∼ Po(µ). The random variable Q = X + Y.

a Show that P(Q = 0) = e−(λ + µ)

b Show that P(Q = 1) = (λ + µ)e−(λ + µ)

Challenge

2.4 Mean and variance of a Poisson distribution

It can be shown that if the random variable X has a Poisson distribution with parameter λ,  
then the mean and variance of X are both equal to λ. 

■ If X ∼ Po(λ)

• Mean of X = E(X ) = λ
• Variance of X = Var(X ) = σ2 = λ

The fact that the mean is equal to the variance is an important property of a Poisson distribution.  
The presence or absence of this property can be a useful indicator of whether or not a Poisson 
distribution is a suitable model for a particular situation.

 If you wish to prove this, which is beyond 
the scope of this course, you can research 
probability generating functions which will then 
lead you to a proof.

Hint

Example 8

A botanist counts the number of daisies, x, in each of 80 randomly selected squares within a field. 
The results are summarised below.

Σx = 295, Σx2 = 1386
a Calculate the mean and the variance of the number of daisies per square for the 80 squares. 

Give your answers to 2 decimal places.
b Explain how the answers from part a support the choice of a Poisson distribution as a model.
c Using a suitable value for λ, estimate the probability that exactly 3 daisies will be found in a 

randomly selected square.

SKILLS REASONING

SAMPLE
 C

OPY
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a Mean =    ̄  x    =    Σx ___ 
80

    =   295 _____ 
80 

   = 3.69 (2 d.p.)

Variance = σ2 =    Σx2
 ____ 

80
    −    ̄  x   2 

=   1386 _____ 
80

   −    (  
295 _____ 
80

  )    
2 

  

= 3.73 (2 d.p.)

b Both the mean and the variance are 3.7 
correct to 1 decimal place. The fact that 
the mean is close to the variance supports 
the choice of a Poisson distribution as a 
model.

c Using λ = 3.7
X = the number of daisies per square
X ∼ Po(3.7)
P(X = 3) = 0.2087 (4 d.p.) This can be calculated using the tables, or your 

calculator, with λ = 3.7

Use λ = 3.7, which is the mean and variance from 
part b.

Exercise 2E

 1 A student is investigating the number of cherries in a fruitcake. A random sample  
of 100 fruitcakes is taken and the results are summarised as:

Σx = 143, Σx2 = 347
a Calculate the mean and the variance of the data.
b Explain why the results in part a suggest that a Poisson distribution may be a suitable model 

for the number of cherries in a fruitcake.
c Using a suitable value for λ, estimate the probability that exactly 3 cherries will be found in a 

randomly selected fruitcake.

 2 The number of cars passing a checkpoint during 200 periods of 5 minutes is recorded.

Number of cars 0 1 2 3 4 5 6 7 8 > 9
Frequency 7 21 30 41 36 29 21 11 4 0

a Calculate the mean and the variance of the data.
b Explain why the results in part a suggest that a Poisson distribution may be a suitable model 

for the number of cars passing the checkpoint in a 5-minute period.
c Using a suitable value for λ, estimate the probability that no more than 2 cars will pass the 

checkpoint in a given 5-minute period. 
d Compare your answer to part c with the relative frequency of obtaining no more than 2 cars 

from the sample.

SKILLS REASONING

SAMPLE
 C

OPY
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If X ~ Po(λ), then the distribution of X can be written as:

x 0 1 2 3 … r …

P(X = x)   e   −λ      e   −λ  λ   1  _____ 
1 !

       e   −λ  λ   2  _____ 
2 !

       e   −λ  λ   3  _____ 
3 !

       e   −λ  λ   r  _____ 
r !

   

Using this distribution, show that E(X ) = λ and Var(X ) = λ.

Challenge

 3 Tests for flaws are carried out on 120 pieces of cloth made in a textiles factory. 
The results of the tests are shown in the table.

Number of flaws 0 1 2 3 4 5 6 7 > 8
Number of pieces 8 19 28 25 19 11 7 3 0

a Calculate the mean and the variance of the data. (4 marks)
b Explain why the results in part a suggest that a Poisson distribution may be  

a suitable model for the number of flaws on a piece of cloth. (1 mark)
The factory produces 10 000 pieces of cloth each week, and wants to estimate  
the number that will have 8 or more flaws.
c Explain why an estimate based on the observed relative frequencies would not be useful. 

 (1 mark)
d Use a Poisson distribution to estimate the number of pieces of cloth with 8 or more flaws. 

 (3 marks)

E

 1 On a particular road, accidents occur at a rate of 0.7 per month. 
Find the probability of: 
a no accidents in the next month (2 marks)
b exactly two accidents in the next 3-month period (2 marks)
c no accidents in exactly 2 of the next 6 months. (3 marks)

 2 The random variable X is the number of mistakes per chapter in the first edition  
of a new textbook.
a State two conditions under which a Poisson distribution is a suitable model for X. (2 marks)
The number of mistakes per chapter has a Poisson distribution with mean 2.25.  
Find the probability that:
b a randomly chosen chapter has no more than one mistake (3 marks)
c the total number of mistakes in two randomly chosen chapters is more than 6.  (3 marks)

E/P

E

Chapter review 2
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 3 The random variable Y ~ Po(λ). 
Find the value of λ such that P(Y = 5) is 1.25 times the value of P(Y = 3). (3 marks)

 4 A company receives emails at a mean rate of 3 emails every 5 minutes.
a Give two reasons why a Poisson distribution could be a suitable model for  

the number of emails received. (2 marks)

b Calculate the probability that, in a 10-minute period, the company receives:
i exactly 7 emails (2 marks)
ii at least 8 emails. (2 marks)

 5 a State the conditions for which the Poisson distribution may be used as an approximation 
to the binomial distribution. (2 marks)

Left-handed people make up 8% of a population. A random sample of 50 people is taken from 
this population. The discrete random variable X represents the number of left-handed people in 
the sample.
b Calculate P(X < 3). (3 marks)

c Using a Poisson approximation, estimate P(X < 3). (3 marks)

d Calculate the percentage error in using the Poisson approximation. (2 marks)

 6 The number of telephone calls per hour  
received by a small business is a random  
variable with distribution Po(λ), where λ is  
an integer. Natalia records the number of calls, Y, received in an hour.  
Given that P(Y > 10) < 0.1, find the largest possible value of λ. (3 marks)

 7 An angler is known to catch fish at a mean  
rate of 2 per hour. The number of fish  
caught by the angler in an hour follows a  
Poisson distribution. 
The angler takes 5 fishing trips, each lasting 2 hours. 
Find the probability that the angler catches at least 5 fish on exactly 3 of these trips. (5 marks)

 8 The number of cherries in a Megan’s fruitcake follows a Poisson distribution with mean 2.5. 
A Megan’s fruitcake is to be selected at random. Find the probability that it contains:
a i exactly 4 cherries (2 marks)

ii at least 3 cherries. (2 marks)

Megan’s fruitcakes are sold in packets of four.
b Calculate the probability that there are more than 12 cherries, in total, in a randomly  

selected packet of Megan’s fruitcakes. (3 marks)

Eight packets of Megan’s fruitcakes are selected at random.
c Find the probability that exactly two packets contain more than 12 cherries. (3 marks)

E/P

E

E

E/P
 Use the Poisson distribution tables.Hint

E/P  Find P(X > 5) using a Poisson variable. 
Then use this value as the parameter p in a 
binomial model.

Hint

E/P
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 9 A car salesman sells cars at a mean rate of 6 per week.
a Suggest a suitable model to represent the number of cars sold in a randomly chosen week. 

Give two reasons to support your model. (2 marks)
b Find the probability that in any randomly chosen week the salesman sells exactly  

5 cars. (2 marks)
c Find the probability that in a period of 4 consecutive weeks there are exactly 2 weeks in 

which the salesman sells exactly 5 cars. (3 marks)

10 Aisha and Biyu share a house. Aisha receives letters at a mean rate of 1.2 letters per day while 
Biyu receives letters at a rate of 0.8 letters per day. Assuming their letters are separate, calculate 
the probability that on a particular day:
a each receives at least 1 letter (3 marks)
b they receive a total of 3 letters between them. (2 marks)
Given that post is delivered to the house from Monday to Friday:
c find the probability that in one particular week they receive a total of three letters  

on at least 3 of the days. (4 marks)

11 An electronics shop sells desktop and laptop computers. The desktops are sold at a mean rate 
of 2.4 per day and the laptops are sold at a mean rate of 1.6 per day. Calculate the probability 
that on a particular day the shop sells:
a at least 2 desktops and at least 2 laptops (3 marks)
b a combined total of 6 computers. (2 marks)
c Calculate the probability that over a two-day period they sell a combined total of no more 

than 6 computers. (3 marks)

12 Accidents occur randomly at a roundabout at a rate of 15 every year.
a Find the probability that there will fewer than 5 accidents at the  

roundabout in a 6-month period. (2 marks)
b Find the probability that there will be at least 1 accident in a single month.  (2 marks)
c Find the probability that there is at least 1 accident in exactly 4 months of a 6-month period.

 (3 marks)

13 An office photocopier breaks down randomly at a rate of 8 times per year.
a Find the probability that there will be exactly 2 breakdowns in the next month. (2 marks)
b Find the probability of at least 2 breakdowns in 3 of the next 4 months. (3 marks)

14 A holiday website receives visits at a rate of 240 per hour.
a State a distribution that is suitable to model the number of visits during a  

one-minute interval, and justify your choice of distribution. (3 marks)
Find the probability of:
b eight visits in a given minute (2 marks)
c at least 10 visits in 2 minutes. (2 marks)

E/P

E/P

E/P

E/P

E/P
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During normal operational hours, planes land at an airport at 
an average rate of one plane every four minutes. 

Given that exactly 10 planes landed at the airport between  
2 pm and 3 pm, find the probability that:

a exactly 5 planes landed between 2 pm and 2:30 pm

b more than 7 planes landed between 2 pm and 2:30 pm

Challenge

1 If X ∼ Po(λ), then the Poisson distribution is given by:

P(X = x) =      e   −λ  λ   x  _____ 
x !

    , where x = 0, 1, 2, 3, …

2 In order for the Poisson distribution to be a good model, the events must occur:

• independently

• singly, in space or time

• at a constant average rate so that the mean number in an interval is proportional to the 
length of an interval.

3 If two Poisson variables X and Y are independent, the variable Z = X + Y also has a Poisson 
distribution. If X ∼ Po(λ) and Y ∼ Po(µ), then X + Y ∼ Po(λ + µ)

4 If X has a Poisson distribution with X ~ Po(λ), then:

• Mean of X = E(X ) = λ
• Variance of X = Var(X ) = σ2 = λ

Summary of key points

15 The number of policies sold by a life insurance company employee each week over a 150-week 
period is recorded.

Number of policies sold 0 1 2 3 4 5 6 7 8
Number of weeks 10 23 35 33 24 14 7 3 1

a Calculate the mean and the variance of the data. (3 marks)
b Explain why the results in part a suggest that a Poisson distribution may be a suitable 

model for the number of policies sold in a week. (1 mark)

E
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