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1. Probability

A2 Conditional Probability

Conditional probability is the probability of an event occurring given that another event has occurred.

Consider the following GCSE question:

[image: ]A clown has seven pairs of shoes, one pair in each of the colours of the rainbow.  The shoes are kept in a trunk in a dark room.  The clown selects two shoes at random.

a. What is the probability that the clown selects one left shoe and one right shoe? 
b. What is the probability of selecting a matching pair of shoes?

This is best approached using a tree diagram


















In general, for two events, A and B, the probability of B occurring given that A has already occurred is written as P(B|A).  This can be usefully represented on a tree diagram:

















This leads to the conditional probability formula for dependent events

P(A ∩ B) = P(A)P(B|A)
which is often more usefully written

it also holds that
P(A ∩ B) = P(B)P(A|B)

Depending on the nature of the information you are given, problems involving conditional probability can be supported by drawing tree diagrams, Venn diagrams or two-way tables.  We need to become familiar with each.

[image: ]Tree Diagrams

Eg4	Two events A and B occur such that P(A’) = 0.6, P(B|A) = 0.7, P(B|A’) = 0.4
(a) Represent this information on a tree diagram
(b) Use your tree diagram to find
i. P(A ∩ B)
ii. P(A’ ∩ B’)
iii. P(B’|A)











[image: ]
Eg5	Two events A and B occur such that P(B|A) = 0.55, P(B|A’) = 0.5 and P(A) = 0.65
(a) Represent this information on a tree diagram
(b) Use your tree diagram to find
i. P(A ∩ B)
ii. P(B)
iii. P(A|B)













Eg6	The turnout of spectators at a motor rally is dependent on the weather.  On a rainy day the probability of a big turnout is 0.4, but if it does not rain, the probability of a big turnout increases to 0.9.  The weather forecast gives a probability of 0.75 that it will rain on the day of the race.
(a) [image: ]Draw a tree diagram to represent this information.
(b) Find the probability that
i. there is a big turnout and it rains
ii. there is a big turnout









Exercise 1
1. A and B are two events such that P(A|B) = 0.1, P(A|B’) = 0.6 and P(B) = 0.3
(a) Draw a tree diagram to represent this information
(b) Find
i. P(A ∩ B)
ii. P(A ∩ B’)
iii. P(A)
iv. P(B|A)
v. P(B|A’)
[image: ]
2. 









3. [image: ]






4. [image: ]
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5. 
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6. 
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7. 
















Numerical Answers
(1b) (i) 0.03 (ii) 0.42 (iii) 0.45 (iv) 1/15 (v) 27/55		(2a) 5/8 (b) ½ (c) 1/6 (d) 5/9

(3a) 15/92 (b) 35/69				(4) 0.36	(5a) ¼ (b) 1/3 	

(6b) 0.015 (c) 0.0452 (d) 0.332		(7a) 0.2 (b) 0.5 (c) 49/200 (d) 4/7

	 













Conditional Probability & Venn Diagrams
[image: ]
Eg7	C and D are two events such that P(C) = 0.2, P(D) = 0.6 and P(C|D) = 0.3.  Find
(a) P(D|C)
(b) P(C’ ∩ D’)
(c) P(C’ ∩ D)




















[image: ]Eg8	Let A and B be events such that P(A) = 0.3, P(B) = 0.4 and P(A  B) = 0.5.  Find
(a) P(B|A)
(b) P(B|A’)
(c) P(A)P(B|A) + P(A’)P(B|A’) 
Comment on your answer to (c)

















[image: ]Eg9	A and B are two events such that P(A|B) = 0.1, P(A|B’) = 0.6 and P(B) = 0.3.  Find
(a) P(A ∩ B)
(b) P(A ∩ B’)
(c) P(A)
(d) P(B|A) 
(e) P(B|A’)

















Exercise 2
[image: ]
1.  





[image: ]
2. 





[image: ]
3. 








[image: ]
4. 







[image: ]
5. 





[image: ]
6. 












[image: ]
7. 














[image: ]
8. 

. 
[image: ]
9. Numerical Answers
(1a) 0.7  (b) 2/3  (c) 0.8  (d) 0.4	(2a) 0.5  (b) 0.3  (c) 0.3	(3a) 0.3  (b) 0.35  (c) 0.4

(4a) 1/12  (b) 3/20  (c) 7/30  (d) 5/14		(5c) 1/3	(6b) 0.3  (c) 0.14  (d) 0.25

(7b) 0.3  (c) 0.25  (d) 0.2		(8a) 0.5  (c) 17/19	(9b) 0.2  (c) 0.82  (d) 40/93 (e) 0.169 
	

	 













































Conditional Probability & Two-way tables

Eg10	In a college there are 100 students taking A level French, German or Spanish.  Of these students, 64 are female and the rest are male.  There are 50 French students of whom 40 are female and 30 German students of whom 10 are female.

	Find the probability that a randomly chosen student
(a) is taking Spanish
(b) is male, given that the student is taking Spanish

College records indicate that 70% of the French students, 80% of the German students and 60% of the Spanish students have applied for University.

A student is chosen at random.
(c) Find the probability that this student has applied for University.
(d) Given that the student had applied to University, find the probability that the student is studying French
[image: ]



































If the information is provided in terms of percentages, care must be taken when considering the probabilities:

Eg11	In a town 40% of the people are male
	20% of males are left-handed
	26% of the people in the town are left-handed

[image: ]A person is selected at random.  Given that this person is a female, what is the probability that she is left-handed?


[bookmark: _GoBack]

Exercise 3

1. Debbie counts the videos and DVDs she has and places them into categories.

	
	Videos
	DVDs
	TOTAL

	Film
	43
	16
	

	Comedy
	
	5
	17

	Sport
	21
	
	

	TOTAL
	
	24
	100



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]a) 	Complete the table above.

One of the items is chosen. Calculate the probability of choosing

b)	a DVD.
c)	a comedy on video.
d)	it being sport, given that it is a dvd
e)	it is a video, given that it is not a film


2. Jamie investigated hair and eye colour.

	
	Fair hair
	Dark hair
	TOTAL

	Blue eyes
	8
	
	13

	Other
	
	10
	

	TOTAL
	15
	15
	



a)	Complete the table above.

One of the people is chosen. Calculate the probability of choosing

b)	someone with blue eyes.
c)	someone with fair hair and blue eyes.

Given that a person with dark hair is chosen.  Calculate the probability of 

d)	them having blue eyes. 
e)	them not having blue eyes.











3.  A travel agent recorded the bookings made on one Saturday.

	
	France
	Spain
	Germany
	TOTAL

	Car/Ferry
	15
	8
	
	28

	Plane
	
	
	
	

	TOTAL
	18
	14
	
	40



a)	Complete the table above.


One of the bookings is chosen. Calculate the probability of choosing

b)	a booking for Germany.
c)	it being to France given that it is by plane
d)	a ferry journey, given it is to Germany

4. Carol records some cars that pass by her house.

	
	Volvo
	Renault
	Ford
	TOTAL

	Grey
	
	9
	14
	31

	Red
	4
	11
	
	23

	Blue
	
	
	
	

	TOTAL
	12
	
	25
	60



a)	Complete the table above.

One of the cars is chosen. Calculate the probability of choosing

b)	a red car.
c)	a Volvo given that it is a grey car
d)	it being blue given that it is a Ford

5. An electrical store records the following information.

	
	Under 21
	21 -45
	Over 45
	TOTAL

	Satellite
	48
	
	19
	90

	Terrestrial
	28
	
	
	60

	Cable
	
	
	86
	

	TOTAL
	97
	
	116
	300



a)	Complete the table above.

One of the records is chosen. Calculate the probability of choosing
	
b)	someone under 21 with cable.
c)	them not having cable given they are over 45


6. Put the following information into a two-way table.

Ford – Blue				Ford – Red			Rover – Silver
Vauxhall – Red				VW – Blue			Rover – White
Vauxhall – White			Ford – Green			VW – Silver
Ford – Blue				Nissan – White		VW – Blue
Ford – Red				Ford – Green			Ford – Silver
 

























Numerical Answers
(1b) 24/100  (c) 12/100  (d) 3/24  (e) 33/41

(2b) 13/30  (c) 8/30  (d) 5/15  (e) 10/15

(3b) 8/40  (c) 3/12  (d) 5/8

 (4b) 23/60  (c) 8/31  (d) 3/25

(5b) 21/300  (c) 30/116
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image5.png
A bag contsns fve ved snd four blus tokens. A token i chosen st random, the colows racorded snd the token s not
seplacad. A second token i choen and the colous recordad. Find the probability that

 thesecond token i d given the fist oken s blue,
b the second token i blue given the firttoken i red,
 both tokens chosen e bine,

@ e red token s one blue token are chozen.




image6.png
A box of 24 chocolates contains 10 dark and 14 milk chocolates. Lind chooses 2 chocolate 2t random and eats it,
Folloved by anotber one. Find the probability that Linda eats

 two daxk chocalitez,

b one dark and one milk chocalate




image7.png
Jean aisways goes to work by bus orfakes  taxi.If one day she goes fo work by bus, the probabiliy she goes towork by
s the next day i 0.4 fane day she goes to work by taxi the probability she goes o work by bus the next dayis 0.7

(Given that Jean takes the bus o work on Monday, fnd the probabiltythat she takes 2 axi to work on Wednesday.




image8.png
‘Sue has two coins. Oneis far, with 3 head on one side 2nd 2 il on the ofher
The second i 2 wick coin and has 2 il on both sides. Sue picks up one of the coins 3t random 2nd ips it
 Find the probability that it lands heads up.

b Given that i Lands ol up, ind the probabiliy hatshe picked wp the fircoin.




image9.png
In s factory, machines 4, B and C produce lectronic components. Machine A produces 16% of the component; machine.
B produces 50% of the components 21d machine C produces he est Some of the components re defective. Machine 4
produces 4%, machine 5 3% snd machine C 7% defectve componest.

2 Draw 2 e dizgram to represent this information.

Find the probsbiliy that 3 rndously elected componestic

b produced by machine B and i defective,

© defuctive.

(Given that  randomly selected component s defctive,

@ find the probabilty that i was produced by machine 5.




image10.png
A garage sl thrse ypes of sl U9S, USS snd dissel. In s srvey of 200 motorits buying fuel s he garsge, S0 are
female and the rest are male. Of the 90 moforits buying ‘U9S” fue, 50 were fomale 2nd of the 70 motoriss buying.
esel 60 were mle. A motorictdoss not buy mor than o ype of el

Find the probabiliy hat  randomly chosen motorist

2 buys U98 fuel,

b iz male, gives that the motorizt by U9 fusl.

(Garage records indicatethat 10% of the motorists buying U9 fuel, 30% of the motorists buying U98 fusl 2nd 40% of the
motorsts buying disel have theircar serviced by the garage.

A motorictis chosen st random.
 Find the probabilit that this motorist has his or he car serviced by the garage

@ Given the motorist hashisor her car serviced by the garage, find the probabiliy tat he motorist buys disel sl
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image14.png
A and B are two events such that P(4) = 0.6,P(B) = 0.5 and P(4 N B) = 0.4, find

aP(AUB),  bP(B|A), ¢P(4 | B), dP( | B).




image15.png
A and B are two events such that P(4) = 0.4,P(B) = 0.5 and P(4 | B)=0.4, find

aPB|4). bPU NB), cPU NB)




image16.png
Let 4 and B be events such that P(4) = % P(B)=— and P(4UB)= %
Find

aPA|B), bPU NB), <P B




image17.png
C and D are two events and P(C | D) = % P(C| D,) = %and P(D)= % find

aP(CND), bPCAD) PO
dPD | O), P |0), tP(C).




image18.png
The events 4 and B are such that P(4) = 7 P(B) = % and P(4 U B) = %
3
a Show that 4 and B are independent.

b Represent these probabilities in a Venn diagram.

¢ Find P4 | B).




image19.png
An online readers’ club has 50 members. Glasses are worn by 15 members, 18 are left handed and 21 are female. There
are four females who are left handed, three females who wear glasses and five members who wear glasses and are left
handed. Only one member wears glasses, 1s left handed and female.

a Draw a Venn diagram to represent these data.

A member is selected at random. Find the probability that the member
b is female, does not wear glasses and is not left handed.

¢ 1s male, does not wear glasses and 1s not left handed,

d wears glasses given that she 1s left handed and female.




image20.png
For the events J and K,

PJUK)=05P(J NK)=02PUJNK")=025.

a Draw a Venn diagram to represent the events J and K and the sample space S.
Find

b P().

¢ P(X).

dP(J|K).




image21.png
A survey of 2 group of students revealed that §5% hve 2 mobile phone, 60% have 3n MP3 player and 5% have neither
phone nor MP3 player

 Find the proportion ofstadents who have both gadgets.
b Drave 3 Vesn dingrom to represent thi informtion.
Giventhat 3 randoraly selected stadent b 3 phose or  MP3 pliyer,

 find the probabiliy that the stadent has 2 mobile phone.




image22.png
A study was made of a group of 150 children to determine which of three cartoons they watch on television. The following
results were obtained:

35 watch Toontime

54 watch Porky

62 watch Skellingtons

9 watch Toontime and Porky

14 watch Porky and Skellingtons

12 watch Toontime and Skellingtons

4 watch Toontime, Porky and Skellingtons

a Draw a Venn diagram to represent these data.

Find the probability that a randomly selected child from the study watches
b none of the three cartoons,

¢ no more than one of the cartoons.

A child selected at random from the study only watches one of the cartoons.
d Find the probability that it was Skellingtons.

Two different children are selected at random from the study.

e Find the probability that they both watch Skellingtons.
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1. Probabiliies relating to the events A and 5 are given in the diagram below:

P=05 P®)=035

N
ANV

P(4B)=02

‘Find the probability that both 4 and B occur.
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2. The number of students selecting English and History is as follows:

THistory Not History Tol
“English 9 21 30
Not English [ it} 20
Total 5 35 50

Let E be the event that the student studies English
Let Hbe the event that the student studies History.

Are E and H independent events?





image27.png
3 A student regularly has to take two train joumeys on a Sunday.
‘Over a long period of e she has worked out the probability that the firs train is late is
04.
Ifthe first train is late, the probability that the second train s late is 0.5
Ifthe first train is not late, the probability that the second train is late is 0.3.
() Drawa tree diagram to show the possible outcomes for her next 2 journeys ona

(i) Using the tree diagram calculate the probability
(4) that exactly one joumey is on time,
(B) that both trains are on time, given that the second journey is on time.




image28.png
4. Ofa group of students studying at a particular college, 56% are male. The probability that
2 male student i studying maths is + and the probability that a female student is studying
maths is & -

A student is chosen at random from the college. Find the probability that this student is
(@ afemale student who is studying maths
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(i) astudent who does not study maths
(if) amale student given that it i 2 student who is studying maths




image30.png
5. Tnthe build up to the Olympics a high jumper measured her success at a particular height
‘She has a maximum of 3 attempts a this height: once she has jumped successfully she
does not jump that height again.

On 60% of occasions she clears it at the first attempt.
‘When she aftempts the height for the second time, she is successful in 75% of the
a
wnmmnmmpumhngmfmmmam,smssmssﬁnmmnyswuomc
attempts
() Draw a tree diagram to show the possible outcomes
(i) From the tree diagram calculate the probability

(&) that she successfully clears the height in her three attempts.

(B)  that, given she clears the height, that she does so successfully at the

first attempt.
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A clown has seven pairs of shoes, one pair in each of the colours


 


of the rainbow.  The shoes are kept in a trunk in a dark 


room.  The clown selects two shoes at random.


 


 


a.


 


What is the probability that the clown selects one left shoe and one right shoe?


 


 


b.


 


What is the probability of selecting a matching pair of shoes?


 


 


This 


is best approached using a tree diagram


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


In general, for two events, A and B, the probability of B occurring given that A has already occurred is written as P(B|A).  


This can be usefully represented on a tree diagram:
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