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           Paradigm Specialising in O & A Level Mathematics 

Maths Secrets  

MUST KNOW QUESTIONS TO ACE 
Probability 

Word Problems 

1 [Q1 DHS/2023/P2/Q7] 

 

In a supermarket lucky draw, a participant will first spin a wheel, followed by throwing 

a fair six sided die.  

The wheel has 9 sections and an arrow which has an equal chance of coming to rest 

over any of the 9 sections. The wheel has one section labelled "$100", three sections 

labelled "$4" and five sections labelled "$1" (see diagram). 

The fair six-sided die has two faces labelled "0.02", three faces labelled "0.5'' and one 

face labelled "2".  

The amount of money that the participant wins is calculated by taking the 

multiplication of the outcomes of the wheel and die. 

(a) Find the probability that a participant wins $2.            [2] 

(b) If a participant wins $2, find the probability that the wheel came to rest over 

"$100.                         [1] 

(c) A participant plays three consecutive lucky draws. Find the probability that a 

participant wins $6 in total, such that the die shows a different face value each 

time.                      [2] 

(d) Another participant plays one lucky draw. He is now given an option to either end 

the game by taking the amount based on the section that the wheel came to rest 

over, or to proceed to throw the die. Explain, with justification, which option 

should he take.                    [1] 
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2 [Q2 HCI/2023/P2/Q9] 

 

Players A and B play against each other in a racquet match consisting of at most 3 sets. 

Each set is won by either Player A or B, and the match is won by the first person to 

win two sets. Player A has a probability of  
௔ି௞

଼
  , where 𝑎 is a real positive constant, of 

winning at the 𝑘௧௛ set where 𝑘 = 1, 2, 3. 

(a) (i) Show that the probability that player A will win the match  

is 
ି௔యାଵ଼௔మିହଽ௔

ଶହ଺
.                     [3] 

(ii) Find all the values of 𝑎 for the two players to have an equal chance of 

winning. Hence explain why only one value is suitable in this context.   [3] 

(b) Given that 𝑎 = 7 and player A wins the match, find the probability  

that player A wins the second set.        [2] 

3 [Q3 NYJC/P2/Q6]  

 

In a funfair, a vendor sells lucky draw tickets at $1 per ticket. He accepts payment 

using $l or $2 notes only. In the queue for tickets, there are 𝑚 people each paying with 

a single $1 note and 𝑛 people each paying with a single $2 note. Each person in the 

queue wants to buy a single ticket and each arrangement of people in the queue is 

equally likely to occur. Initially, the vendor has no money but a large supply of tickets. 

The vendor will stop selling tickets if he cannot give the required change. 

(a) In the case of 𝑚 ≥ 1 and 𝑛 = 1 , find the probability that the vendor can  

sell one ticket to each person in the queue.       [2] 

(b) By considering the first three people in the queue in the case of 𝑚 ≥ 2 and 𝑛 = 2, 

(i) show that the probability that the vendor is able to sell one ticket to each 

person in the queue is 
௠ିଵ

௠ାଵ
,           [3] 

(ii) find the probability that the vendor is unable to sell any ticket to the third 

person, given that the vendor is unable to sell tickets to the first three  

people in the queue.                    [3] 
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4 [Q4 RVHS/2023/P2/Q8] 

A blind box series named MathBots includes 4 bots and 4 number sets as accessories 

for the bots. Bots are named 𝑎, 𝛽 and 𝛾 with 𝜔 as the special character bot. The number 

sets are ℝ, ℤ, ℚ, and ℕ. Each box of the series contains one of the bots and one of the 

number sets. 

The data in the table below shows the probabilities of getting boxes with the specified 

contents. 

 ℝ ℤ ℚ ℕ 

𝑎 1
8ൗ  1

8ൗ  0 1
20ൗ  

𝛽 0 1
8ൗ  1

8ൗ  1
20ൗ  

𝛾 1
8ൗ  0 1

8ൗ  1
20ൗ  

𝜔 0 0 0 1
10ൗ  

(For example, there is a 1 10ൗ  probability that a randomly chosen box contains 𝜔 and 

ℕ.) 

A collector randomly chooses 4 boxes for purchase. 

(i) Show that the probability of the collector getting all the bots and number  

sets is 
ଷ

ଷଶ଴
.                       [2] 

(ii) Find the probability that the collector gets all the bots given he manages to get all 

the numbers sets.                [3] 

(iii) Determine if the event that he gets all the bots and the event that he gets all the 

number sets are independent.         [2] 
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5 [Q5 N2019/P2/Q8] 

 

Gerri collects characters given away in packets of breakfast cereal. There are four 

different characters: Horse, Rider, Dog and Bird. Each character is made in four 

different colours: Orange, Yellow, Green and White. Gerri has collected 56 items; the 

numbers of each character and colour are shown in the table. 

 Orange Yellow Green White 

Horse 1 1 3 4 

Rider 1 1 7 5 

Dog 3 7 1 6 

Bird 4 5 6 1 

 

(i) Gerri puts all the items in a bag and chooses one item at random. 

(a) Find the probability that this item is either a Horse or a Rider.     [1] 

(b) Find the probability that this item is either a Dog or a Bird but the item is not 

White.                         [1] 

 

(ii) Gerri now puts the item back in the bag and chooses two items at random. 

(a) Find the probability that both of the items are Horses, but neither of  

the items is Orange.                 [1] 

(b) Find the probability that Gerri's two items include exactly one Dog and  

exactly one item that is Yellow.        [3] 

 

(iii) Gerri has two favourites among the 16 possible colour/character combinations. 

The probability of choosing these two at random from the 56 items is 
ଵ

଻଻
 .  

Write down all the possibilities for Gerri's two favourite colour/character 

combinations.                  [3] 
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6 [Q6 N2020/P2/Q6] 

 

In this question, you should assume that 𝑇, 𝑊 and 𝐷 follow independent normal 

distributions. James leaves home to go to work at 𝑇 minutes past 8 am each day, where 

𝑇 follows the distribution N (5, 1.22). 

(i) Sketch this distribution for the period from 8 am to 8.10 am.       [2] 

(ii) Find the probability that, on a randomly chosen day, James leaves for work later 

than 8.06 am.                   [1] 

When the weather is fine, James walks to work. The time, 𝑊 minutes, he takes to walk 

to work follows the distribution N (21, 32). James is supposed to start work at 8.30 am. 

(iii) Find the probability that, on a randomly chosen day when James walks, he is late 

for work.                   [2] 

When the weather is not fine, James drives to work. He still leaves at 𝑇 minutes past 8 

am each day; the time, 𝐷 minutes, he takes to drive to work follows the distribution N 

(19.62). 

On average, the weather is fine on 70% of mornings. 

(iv) One day, James is late for work. Find the probability that the weather is  

fine that day.                         [5] 
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Venn Diagrams 

1 [Q7 EJC/2023/P2/Q6] 

For the events 𝐴, 𝐵 and 𝐶 it is given that P(𝐴) = P(𝐴 ∩ 𝐵) =
ଵ

ହ
 and P(𝐵) = 2P(𝐴). It 

is also given that P(𝐵 ∩ 𝐶) =
ଷ

ଵ଴
. 

(a) Find the greatest and least possible values of P(𝐴 ∩ 𝐶).         [4] 

(b) Draw a Venn diagram showing all 3 events representing the case where  

the value of P(𝐴 ∩ 𝐶) is the greatest.         [1] 

It is now known that P(𝐴ᇱ ∩ 𝐵ᇱ ∩ 𝐶ᇱ) =
ଵ

ଵଶ
. 

(c) If A and C are independent events, calculate the value of P(𝐴 ∩ 𝐶)      [2] 

2 [Q8 JPJC/2023/P2/Q8] 

The events 𝐴 and 𝐵 are such that P(𝐴) = 𝑎 and P(𝐵) = 𝑏. 𝐴 and 𝐵 are mutually 

exclusive events. 

(i) Find an expression for P(𝐴′ ∩ 𝐵′).        [1] 

(ii) Draw a Venn diagram to illustrate the case where 𝐴’ and 𝐵’ are also mutual 

exclusive events. Hence, state an equation relating 𝑎 and 𝑏.     [2] 

For the rest of the question, 𝐴’ and 𝐵’ are not mutually exclusive events. The event 𝐶 is 

such that P(𝐶) = 𝑐. 𝐴 and 𝐶 are independent events. It is also given that 𝑎 = 0.2, 𝑏 =

0.3 and P(𝐵 ∩ 𝐶)  = 0.14. 

(iii) Find an expression for P(𝐴 ∪ 𝐵 ∪ 𝐶).        [2] 

(iv) Find an expression for P(𝐴′ ∩ 𝐵′ ∩ 𝐶)         [1] 

(v) Use your answers to part (iii) and (iv) to find the range of values of 𝑐.    [2] 

3 [Q9 RI/2023/P2/Q7] 

For two independent events 𝐴 and 𝐵, it is given that P(𝐴) = 𝑎 and P(𝐵) = 𝑏. 

(a) Show that 𝐴’ and 𝐵’ are independent events.       [2] 

It is given that 𝑃(𝐴 ∪ 𝐵) = 0.7 and 𝑏 = 0.5. 

(b) Show that 𝑎 = 0.4.           [2] 

For a third event C, it is given that 𝑃(𝐶) = 0.3 and events 𝐴 and 𝐶 are independent. 

(c) If events B and C are mutually exclusive, find P(𝐴′ ∩ 𝐵′ ∩ 𝐶′).     [2] 

(d) If events B and C are not mutually exclusive, find the greatest possible value of 

P(𝐴′ ∩ 𝐵′ ∩ 𝐶′), showing your working clearly.       [3] 

 

 



 

Page 7 
 

           Paradigm Specialising in O & A Level Mathematics 

Maths Secrets  

4 [Q10 N2013/P2/Q8] 

For events 𝐴 and 𝐵 it is given that P(𝐴) = 0.7, P(𝐵 | 𝐴′) = 0.8 and P(𝐴 |𝐵′) = 0.88. 

Find 

(a) P(𝐵 ∩ 𝐴′).             [1] 

(b) P(𝐴′ ∩ 𝐵′).             [2] 

(c) P(𝐴 ∩ 𝐵).              [3] 

5 [Q11 N2018/P2/Q7] 

The events 𝐴, 𝐵 and 𝐶 are such that P(𝐴) = 𝑎, P(𝐵) = 𝑏 and P(𝐶) = 𝑐. 𝐴 and 𝐵 are 

independent events. 𝐴 and 𝐶 are mutually exclusive events. 

(i) Find an expression for P(𝐴ᇱ ∩ 𝐵ᇱ) and hence prove that 𝐴’ and 𝐵’ are  

independent events.                       [2] 

(ii) Find an expression for P(𝐴ᇱ ∩ 𝐶ᇱ). Draw a Venn diagram to illustrate the case 

when 𝐴’ and 𝐶’ are also mutually exclusive events. (You should not show  

event 𝐵 on your diagram.)                                    [2] 

You are now given that 𝐴’ and 𝐶’ are not mutually exclusive, 𝑃(𝐴) =
ଶ

ହ
, P(𝐵 ∩ 𝐶) =

ଵ

ହ
 

and P(𝐴ᇱ ∩ 𝐵ᇱ ∩ 𝐶ᇱ) =
ଵ

ଵ଴
. 

(iii) Find exactly the maximum and minimum possible values of P(𝐴 ∩ 𝐵).      [4] 
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Solutions 

1 [Q1] 

(a) Probability 

=
ଵ

ଽ
∙

ଶ

଺
+

ଷ

ଽ
∙

ଷ

଺
+

ହ

ଽ
∙

ଵ

଺
  

=
ଵ଺

ହସ
=

଼

ଶ଻
  

(b) Probability 

=
భ

వ
∙
మ

ల
ఴ

మళ

=
ଵ

଼
  

(c) To win $6 in total for 3 games, each game he must win $2. 

Probability 

=
ଵ

ଽ
∙

ଶ

଺
×

ଷ

ଽ
∙

ଷ

଺
×

ହ

ଽ
∙

ଵ

଺
× 3!  

=
ହସ଴

ଵହ଻ସ଺ସ
  

=
ହ

ଵସହ଼
 or 0.00343  (3 s. f) 

(d) The participant should end the game by taking the first option because if he 

proceeds to throw the die, there is only a one-sixth chance that he will take home 

a higher amount. 

OR 

ଶ

଺
(0.02) +

ଷ

଺
(0.5) +

ଵ

଺
(2) = 0.59  

For the throw of die, the expected factor is 0.59 which is less than 1. This means 

that the participant is unlikely to take home a higher amount if he were to proceed 

to throw the die. 

2 [Q2] 

(i) (i) P (A Wins) 

= ቀ
௔ିଵ

଼
ቁ ቀ

௔ିଶ

଼
ቁ + ቀ

௔ିଵ

଼
ቁ ቀ

ଵ଴ି௔

଼
ቁ ቀ

௔ିଷ

଼
ቁ + ቀ

ଽି௔

଼
ቁ ቀ

௔ିଶ

଼
ቁ ቀ

௔ିଷ

଼
ቁ     

=
௔మିଷ௔ାଶ

଼మ +
ି௔యାଵସ௔మିସଷ௔ାଷ଴

଼య +
ି௔యାଵସ௔మିହଵ௔ା

଼య   

=
଼௔మିଶସ௔ାଵ଺

଼య
+

ିଶ௔యାଶ଼௔మିଽସା଼

଼య
  

 =
ିଶ௔యାଷ଺௔మିଵଵ଼௔ାଵ଴଴

ହଵଶ
 

=
ି௔యାଵ଼௔మିହଽ௔ାହ଴

ଶହ଺
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(ii) For the match to be fair, 

ି௔యାଵ଼௔మିହଽ௔

ଶହ଺
=

ଵ

ଶ
  

𝑎ଷ − 18𝑎ଶ − 59𝑎 + 78 = 0  

From the GC, 𝑎 = −1, 6 or 13 

𝑎 = 6  

Since 𝑎 > 0 , we reject 𝑎 = −1. 

When 𝑎 = 13, for 𝑘 = 1, 2, 3, we have 10 ≤ 𝑎 − 𝑘 ≤ 12  

ଵ଴

଼
≤

௔ି௞

଼
≤

ଵଶ

଼
  

Since probability > 1, we reject 𝑎 = 13. 

When 𝑎 = 6, for 𝑘 = 1, 2, 3, we have 3 ≤ 𝑎 − 𝑘 ≤ 5. 

ଷ

଼
≤

௔ି௞

଼
≤

ହ

଼
  

(b) Using part (a) with substitution of 𝑎 = 7, P(A wins 2nd set | A wins the match) 

=
ల

ఴ
×

ఱ

ఴ
ା

మ

ఴ
×

ఱ

ఴ
×

ర

ఴ
భళల

మఱల

  

=
ଷହ

ସସ
= 0.795 (3 s. f)  

3 [Q3] 

(a) P(1st person has $2 note) =
ଵ

௠ାଵ
 

∴ Required prob = 1 −
ଵ

௠ାଵ
 

          =
௠

௠ାଵ
  

(b) (i) 

 

 

 

 

 

2

𝑚 + 2
 

𝑚

𝑚 + 2
 

2

𝑚 + 1
 

𝑚 − 1

𝑚 + 1
 

1

𝑚
 

𝑚 − 1

𝑚
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Method 1 

Required prob =
௠

௠ାଶ
×

௠ିଵ

௠ାଵ
+

௠

௠ାଶ
×

ଶ

௠ାଵ
×

௠ିଵ

௠
 

=
௠మା௠ିଶ

(௠ାଵ)(௠ାଶ)
  

=
(௠ିଵ)(௠ାଶ)

(௠ାଵ)(௠ାଶ)
  

=
௠ିଵ

௠ାଵ
    (shown) 

Method 2 (Complement) 

Required prob = 1 − P($2) − P($1, $2, $2) 

= 1 −
ଶ

௠ାଶ
− ቀ

௠

௠ାଶ
×

ଶ

௠ାଵ
×

ଵ

௠
ቁ  

=
௠మା௠ିଶ

(௠ାଶ)(௠ାଵ)
  

=
(௠ାଶ)(௠ିଵ)

(௠ାଶ)(௠ାଵ)
  

=
௠ିଵ

௠ାଵ
   

(ii) P(Vendor unable to sell tickets to the first three people in the queue) 

= 1 −
௠ିଵ

௠ାଵ
  

=
ଶ

௠ାଵ
  

P($1, $2, $2) =
௠

௠ାଶ
×

ଶ

௠ାଵ
×

ଵ

௠
=

ଶ

(௠ାଶ)(௠ାଵ)
  

∴ Required prob =
మ

(೘శమ)(೘శభ)
 

మ

೘శభ

=
ଵ

௠ାଶ
 

4 [Q4] 

(i) P(Get all Bots ∩  Get all number sets) 

= P(box contain 𝛼 and ℝ) × P(box contain 𝛽 and ℤ)  

× P(box contain 𝛾 and ℚ) × P(box contain 𝜔 and ℕ)    

+P(box contain 𝛼 and ℤ) × P(box contain 𝛽 and ℚ)  

× P(box contain 𝛾 and ℝ) × P(box contain 𝜔 and ℕ)  

= ቀ
ଵ

଼
×

ଵ

଼
×

ଵ

଼
×

ଵ

ଵ଴
ቁ (4!) + ቀ

ଵ

଼
×

ଵ

଼
×

ଵ

଼
×

ଵ

ଵ଴
ቁ (4!)  

=
ଶସ

ଶହ଺଴
  

=
ଷ

ଷଶ଴
  (shown) 
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(ii) P(Get all Bots | Get all number sets) 

=
୔(ୋୣ୲ ୟ୪୪ ୆୭୲ୱ ∩ ୋୣ୲ ୟ୪୪ ୬୳୫ୠୣ୰ ୱୣ୲ୱ)

୔(ୋୣ୲ ୟ୪୪ ୬୳୫ୠୣ୰ ୱୣ୲ୱ)
  

=
య

యమబ
భ

ర
×

భ

ర
×

భ

ర
×

భ

ర
×ସ!

  

=
ଵ

ଵ଴
  

(iii) P(Get all Bots)= 0.3 × 0.3 × 0.3 × 0.1 × 4! 

= 0.0648  

≠ 0.1  

=  P(Get all Bots|Get all number sets)  

The event that he gets all the bots and the event that he get all the number sets are 

not independent. 

OR 

P(Get all Bots ∩  Get all number sets) =
ଷ

ଷଶ଴
  

P(Get all bots) ×  P(Get all number sets)  

= ൫0. 3ଷ × 0.1 × (4!)൯ ൬
ଵ

ସర
(4!)൰ = 0.006048  

P(Get all Bots ∩  Get all number sets)  

≠ P(Get all bots)  ×  P(Get all number sets)  

The event that he gets all the bots and the event that he get all the number sets are 

not independent. 
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5 [Q5] 

 Orange Yellow Green White Total  

Horse  1 1 3 4 9 

Rider  1 1 7 5 14 

Dog  3 7 1 6 17 

Bird  4 5 6 1 16 

Total  9 14 17 16 56 

 

(i) (a)  
ଽାଵସ

ହ଺
=

ଶଷ

𝟓𝟔
 

(b)  
ଵ଻ାଵ଺ି଻

ହ଺
=

ଵଷ

ଶ଼
 

(ii) (a) 
଼×଻

ହ଺×ହହ
=

ଵ

𝟓𝟓
 

(b) Case 1: Dog is yellow, the other item is a non-yellow Horse/Rider/Bird  

 Probability =
଻

ହ଺
×

ଷଶ

ହହ
× 2 

Case l: Dog is not yellow, the other item is a yellow Horse/Rider/Bird 

Probability =
ଵ଴

ହ଺
×

଻

ହହ
× 2 

Required probability =
଻

ହ଺
×

ଷଶ

ହହ
× 2 +

ଵ଴

ହ଺
×

଻

ହହ
× 2 =

ଶଵ

ଵଵ଴
 

(iii) 
௔

ହ଺
×

௕

ହହ
× 2 =

ଵ

଻଻
 

where 𝑎, 𝑏 refer to the number of his first and second favourites 

∴ 𝑎𝑏 = 20 = 1 × 20  or 2 × 10   or   4 × 5  

Reference to the table, only 4,5 is possible 

Thus, possible combinations are as follows  

4 5 

White Horse White Rider 

White Horse Yellow Bird 

Orange Bird White Rider 

Orange Bird Yellow Bird 
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6 [Q6] 

(i)  

(ii) P(𝑇 > 6) = 0.202 

(iii) 𝑇 + 𝑊~N(5 + 21, 1. 2ଶ + 3ଶ) = N(26, 10.44)  

P(𝑇 + 𝑊 > 30) = 0.108  

(iv) 𝑇 + 𝐷~N(24, 37.44) 

P(Day is fine | James is late)  

=
୔(ୈୟ୷ ୧ୱ ୤୧୬ୣ ୅୒ୈ ୎ୟ୫ୣୱ ୧ୱ ୪ୟ୲ୣ)

୔(୎ୟ୫ୣୱ ୧ୱ ୪ୟ୲ୣ)
  

=
଴.଻×୔(்ାௐவଷ )

଴.଻×୔(்ାௐவଷ )ା଴.ଷ×୔(்ା஽வଷ )
  

= 0.606  
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Venn Diagrams 

1 [Q7] 

(a) Let P(𝐴 ∩ 𝐶) = 𝑥. 

P(𝐴 ∩ 𝐶′) =
ଵ

ହ
− 𝑥  

P(𝐴′ ∩ 𝐵 ∩ 𝐶) =
ଷ

ଵ଴
− 𝑥  

P(𝐴′ ∩ 𝐵 ∩ 𝐶′) = 2 ቀ
ଵ

ହ
ቁ −

ଵ

ହ
− ቀ

ଷ

ଵ଴
− 𝑥ቁ = 𝑥 −

ଵ

ଵ଴
  

ଵ

ହ
− 𝑥 ≥ 0               and              

ଷ

ଵ଴
− 𝑥 ≥ 0               and               𝑥 −

ଵ

ଵ଴
≥ 0  

𝑥 ≤
ଵ

ହ
               and              𝑥 ≤

ଷ

ଵ଴
               and               𝑥 ≥

ଵ

ଵ଴
  

Hence, 
ଵ

ଵ଴
≤ 𝑥 ≤

ଵ

ହ
. 

Greatest value of P(𝐴 ∩ 𝐶) =
ଵ

ହ
  

Least value of P(𝐴 ∩ 𝐶) =
ଵ

ଵ଴
 

(b)  

(c) P(𝐴) =
ଵ

ହ
 

P(𝐵ᇱ ∩ 𝐶) = 1 −
ଵ

ଵଶ
− 2 ቀ

ଵ

ହ
ቁ =

ଷଵ

଺଴
  

P(𝐶) =
ଷଵ

଺଴
+

ଷ

ଵ଴
=

ସଽ

଺଴
  

For 𝐴 and 𝐶 to be independent, 

P(𝐴 ∩ 𝐶) = P(𝐴) × P(𝐶) =
ଵ

ହ
×

ସଽ

଺଴
=

ସଽ

ଷ଴଴
  

3

10
− 𝑥 

𝑥 
1

5
− 𝑥 𝑥 −

1

10
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2 [Q8] 

(i)  

P(𝐴′ ∩ 𝐵′) = 1 − P(𝐴) − P(𝐵) = 1 − 𝑎 − 𝑏  

 

(ii)  

 

If 𝐴’ and 𝐵’ are mutually exclusive events, then P(𝐴′ ∩ 𝐵′) = 1 − 𝑎 − 𝑏 = 0 

𝑎 + 𝑏 = 1  

(iii) Since 𝐴 and 𝐶 are independent events, P(𝐴 ∩ 𝐶) = 𝑎𝑐  

= P(𝐴) + P(𝐵) + P(𝐶) − P(𝐴 ∩ 𝐶) − P(𝐵 ∩ 𝐶)  

= 𝑎 + 𝑏 + 𝑐 − 𝑎𝑐 − 0.14  

= 0.2 + 0.3 + 𝑐 − 0.2𝑐 − 0.14  

= 0.36 + 0.8𝑐  

(iv) P(𝐴ᇱ ∩ 𝐵ᇱ ∩ 𝐶) 

= P(𝐴 ∪ 𝐵 ∪ 𝐶) − P(𝐴) − P(𝐵)  

= 0.36 + 0.8𝑐 − 0.2 − 0.3  

= 0.8𝑐 − 0.14  

OR 

P(𝐴ᇱ ∩ 𝐵ᇱ ∩ 𝐶)  

= 𝑃(𝐶) − P(𝐴 ∩ 𝐶) − P(𝐵 ∩ 𝐶)  

= 𝑐 − 𝑎𝑐 − 0.14  

= 𝑐 − 0.2𝑐 − 0.14  

= 0.8𝑐 − 0.14  

(v) P(𝐴 ∪ 𝐵 ∪ 𝐶) = 0.36 + 0.8𝑐 ≤ 1 

0.8𝑐 ≤ 0.64  

𝑐 ≤ 0.8  

and 

P(𝐴ᇱ ∩ 𝐵ᇱ ∩ 𝐶) = 0.8𝑐 − 0.14 ≥ 0  

0.8𝑐 ≥ 0.14  

𝑐 ≥ 0.175  

or 
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9 [Q9] 

 

(a) Given that 𝐴 and 𝐵 are independent events,  

P(𝐴 ∩ 𝐵) = P(𝐴)P(𝐵) = 𝑎𝑏  

Since P(𝐴′ ∩ 𝐵′) = 1 − P(𝐴 ∪ 𝐵) 

= 1 − [P(𝐴) + P(𝐵) − P(𝐴 ∩ 𝐵)]  

= 1 − [𝑎 + 𝑏 − 𝑎𝑏]  

= (1 − 𝑎)(1 − 𝑏)  

= P(𝐴ᇱ)P(𝐵)  

∴ 𝐴’ and 𝐵’ are independent events, (shown)            [2] 

(b) P(𝐴 ∪ 𝐵) = 0.7 

P(𝐴) + P(𝐵) − P(𝐴 ∩ 𝐵) = 0.7  

𝑎 + 𝑏 − 𝑎𝑏 = 0.7  

𝑎 + 0.5 − 0.5𝑎 = 0.7  

0.5𝑎 = 0.2  

𝑎 = 0.4  (shown)           [2] 

(c) Given P(𝐴) = 0.4, P(𝐵) = 0.5, P(𝐶) = 0.3 

Since A and B are independent events, P(𝐴 ∩ 𝐵) = 0.4 × 0.5 = 0.2 

Since A and C are independent events, P(𝐴 ∩ 𝐶) = 0.4 × 0.3 = 0.12 

Events B and C are mutually exclusive: 

 

P(𝐴′ ∩ 𝐵′ ∩ 𝐶′) = 1 − P(𝐴) − 0.18 − 0.3 = 1 − 0.4 − 0.18 − 0.3 = 0.12      [2] 
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(d) Given P(𝐴) = 0.4, P(𝐵) = 0.5, P(𝐶) = 0.3 

Since A and B are independent events, P(𝐴 ∩ 𝐵) = 0.4 × 0.5 = 0.2 

Since A and C are independent events, P(𝐴 ∩ 𝐶) = 0.4 × 0.3 = 0.12 

Events B and C are mutually exclusive: 

 

P(𝐴′ ∩ 𝐵′ ∩ 𝐶′) = 1 − P(𝐴) − 0.18 − (0.3 − 𝑥) = 0.12 + 𝑥  

Since probabilities are all non-negative, 0 ≤ 𝑥 ≤ 0.18. 

When 𝑥 is greates, i.e when 𝑥 = 0.18, P(𝐴′ ∩ 𝐵′ ∩ 𝐶′) is greatest.  

∴ greatest possible value of P(𝐴′ ∩ 𝐵′ ∩ 𝐶′) is 0.12 + 0.18 = 0.3. 

 

OR: 

 

P(𝐴′ ∩ 𝐵′ ∩ 𝐶′) = 1 − P(𝐴 ∪ 𝐵 ∪ 𝐶)  

To maximize P(𝐴′ ∩ 𝐵′ ∩ 𝐶′), we need to minimize P(𝐴 ∪ 𝐵 ∪ 𝐶). Since B and C 

are not mutually exclusive, we need to have 𝐶 ⊆ 𝐴 ∪ 𝐵 (see diagram below). 

Max P(𝐴ᇱ ∩ 𝐵ᇱ ∩ 𝐶ᇱ) 

= 1 − P(𝐴 ∪ 𝐵 ∪ 𝐶)  

= 1 − P(𝐴 ∪ 𝐵)  

= 1 − 0.7  

= 0.3              [3] 

 

 

 

 

 

P(𝐴 ∩ 𝐶)

= 12 P(𝐴 ∩ 𝐵)

= 0.2 

𝑥 
0.18 − 𝑥 0.3 − 𝑥 
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10 [Q10] 

(i) P(𝐵|𝐴′) =
୔൫஻∩஺ᇲ൯

୔(஺ᇲ)
  ⇒   P(𝐵 ∩ 𝐴ᇱ) = P(𝐵 | 𝐴′)𝑃(𝐴′) 

= (0.8)(1 − 0.7)  

= 0.24  

(ii) We have P(𝐴 ∪ 𝐵) = P(𝐵 ∩ 𝐴ᇱ) + P(𝐴) = 0.24 + 0.7 = 0.94, so  

P(𝐴′ ∩ 𝐵ᇱ) = 1 − P(𝐴 ∪ 𝐵) = 1 − 0.94 = 0.06  

(iii) P(𝐴 | 𝐵′) =
୔൫஺∩஻ᇲ൯

୔(஻ᇲ)
= 0.88  ⇒   P(𝐴 ∩ 𝐵ᇱ) = 0.88 P(𝐵′) 

Therefore 

P(𝐴 ∪ 𝐵) − P(𝐵) = 0.88[1 − P(𝐵)]  

⇒ 𝑃(𝐵) =
଴.ଽସି଴.଼଼

଴.ଵଶ
= 0.5  

This gives  

P(𝐴 ∩ 𝐵) = P(𝐴) + P(𝐵) − P(𝐴 ∪ 𝐵)  

= 0.7 + 0.5 − 0.94 = 0.26. 

11 [Q11] 

(i) P(𝐴) = 𝑎, P(𝐵) = 𝑏, P(𝐶) = 𝑐 

𝑃(𝐴ᇱ ∩ 𝐵ᇱ) = 1 − 𝑃(𝐴 ∪ 𝐵)  

= 1 − 𝑃(𝐴) − 𝑃(𝐵) + P(𝐴 ∩ 𝐵)  

= 1 − 𝑎 − 𝑏 + 𝑎𝑏  

Since 𝐴 and 𝐵 are independent, so P(𝐴 ∩ 𝐵) = P(𝐴)P(𝐵)  

= 1 − 𝑎 − 𝑏(1 − 𝑎)  

= (1 − 𝑎)(1 − 𝑏)  

= 𝑃(𝐴′)𝑃(𝐵′)  

Thus, A’ and B’ are independent. 

(ii) P(𝐴ᇱ ∩ 𝐶ᇱ) = 1 − P(𝐴 ∪ 𝐶) 

= 1 − 𝑃(𝐴) − 𝑃(𝐶) + P(𝐴 ∩ 𝐶)  

= 1 − 𝑎 − 𝑐  

Since A and C are mutually exclusive, so P(𝐴 ∩ 𝐶) = 0 

Below is a possible venn diagram where 

(𝐴 ∪ 𝐶) = Ω with 𝐴ᇱ = 𝐶 and 𝐶’ = 𝐴 

𝐴ᇱ ∩ 𝐶′ = 𝐶 ∩ 𝐴 = 𝜙  

𝐴 𝐶 
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Note that if 𝐴’ and 𝐶’ are mutually exclusive, 

P(𝐴′ ∩ 𝐶′) = 0  

1 − 𝑎 − 𝑐 = 0  

P(𝐴) + P(𝐶) = 1  

Note also 

𝐶 ∩ 𝐴 = 𝜙  

⟹ 𝐶 ⊆ 𝐴′       (1) 

𝐴′ ∩ 𝐶′ = 𝜙  

⟹ 𝐴ᇱ ⊆ (𝐶ᇱ)ᇱ = 𝐶       (2) 

(1), (2)   𝐴′ = 𝐶  

P(𝐴) =
ଶ

ହ
, P(𝐵 ∩ 𝐶) =

ଵ

ହ
, P(𝐴ᇱ ∩ 𝐵ᇱ ∩ 𝐶ᇱ) =

ଵ

ଵ଴
  

P(𝐴ᇱ ∩ 𝐶ᇱ) =
ଷ

ହ
− 𝑐  

(iii) P(𝐴ᇱ ∩ 𝐵ᇱ ∩ 𝐶ᇱ) =
ଵ

ଵ଴
 

⟹ 1 − P(𝐴 ∪ 𝐵 ∪ 𝐶) =
ଵ

ଵ଴
  

⟹ 1 − P(𝐴 ∪ 𝐵 ∪ 𝐶) =
ଽ

ଵ଴
⋯ (1)  

P(𝐴 ∩ 𝐵) = 𝑎𝑏(∵ 𝐴, 𝐵 are independent)  

=
ଶ

ହ
𝑏   ⋯ (2)  

Method 1 

Maximum value of P(𝐴 ∩ 𝐵) occurs when bis maximum 𝑏 and 𝑐 is minimum, ie 

when 𝐶 ⊆ 𝐵. 

 

P(𝐴 ∪ 𝐵 ∪ 𝐶) = 𝑃(𝐴) + 𝑃(𝐵) − P(𝐴 ∩ 𝐵) =
ଶ

ହ
+ 𝑏 −

ଶ

ହ
𝑏 =

ଽ

ଵ଴
  

⟹ 𝑏 =
ଵ

ଶ
ቀ

ହ

ଷ
ቁ =

ହ

଺
  

∅ 
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So maximum value of P(𝐴 ∩ 𝐵) =
ଶ

ହ
ቀ

ହ

଺
ቁ =

ଵ

ଷ
 

Minimum value of P(𝐴 ∩ 𝐵) occurs when 𝑏 is minimum and 𝑐 is maximum, 

ie when 𝐵 ∩ (𝐴ᇱ ∩ 𝐶ᇱ) = 𝜙. 

 

So 𝑃(𝐵) = P(𝐴 ∩ 𝐵) + P(𝐵 ∩ 𝐶) ⇒ 𝑏 =
ଶ

ହ
𝑏 +

ଵ

ହ
⇒ 𝑏 =

ଵ

ଷ
 

Minimum value of P(𝐴 ∩ 𝐵) =
ଶ

ହ
ቀ

ଵ

ଷ
ቁ =

ଶ

ଵହ
 

Method 2 

Let P(𝐴 ∩ 𝐵) = 𝑥. From (2), 𝑏 =
ହ

ଶ
𝑥. 

Since all the probabilities are nonnegative, we have 

𝑥 ≥ 0, 0.4 − 𝑥 ≥ 0,1.5𝑥 − 0.2 ≥ 0 and 0.5 − 1.5𝑥 ≥ 0. 

Thus we have 𝑥 ≥ 0, 𝑥 ≤ 0.4, 𝑥 ≥
ଶ

ଵହ
 and 𝑥 ≤

ଵ

ଷ
. 

Combining all together we have 
ଶ

ଵହ
≤ 𝑥 ≤

ଵ

ଷ
 . 

Minimum and maximum value of P(𝐴 ∩ 𝐵) is 
ଶ

ହ
  and 

ଵ

ଷ
  respectively. 

 

∅ 

0.4 − 𝑥 

1.5𝑥 − 0.2 

0.5 − 1.5𝑥 0.2 
𝑥 

(∗):
ହ

ଶ
𝑥 − 𝑥 − 0.2  

(∗∗): 0.9 − ቂ0.4 +
ହ

ଶ
𝑥 − 𝑥ቃ   


