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Learning Objectives:

VCE Mathematical Methods 2

Addition Rule

0 MM12[3.1.1] - Understand Probabilities in Terms of Favourable Outcomes From a Sample SpaceC

0 MM12 [3.1.2] -Basic Probability Operations. Use Venn diagrams and/or Karnaugh Maps and Apply the

O MM12[3.1.3] - Understand the Meaning Behind Independent and Mutually Exclusive Events

0 MM12 [3.1.4] - Understand Conditional Probability and Make use of Tree Diagrams

o«
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Section A: Introduction to Probability

| )
O |
Sub-Section: Sample Space and Uncertainty o

Aad
b o

Discussion: What is probability?

Prolaabih‘y messures anone / Wcarz'(fnﬁd

Exploration: Understanding Probability %‘
» In probability, we are aiming t qua-rw VV‘ GMC(\V)T(‘/’,

(]

Sample space, S

» Sample Space (¢) = Set of a“ p0$$|b|‘6 outcomes.
» Probability of an event = croportia oﬁaw\,olf SP”'CQ thatthe Mt

takes up.
—_— P

\
» The probability of an event must always take a value between O aVM , inclusive.
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eaméle SE@

» The set of a'“ peﬂg ;b L2 in an experiment.

» For tossing two coins in a row, the sample space is:

o {HH\ LAY HT!TH’ZS

» Forrolling a standard 6-sided dice, the sample space is:
s:*{ (12159 6 j

» Total probability@

e ——\

Definition

Discussion: What is wrong with the probability statement “I have a 60% chance of picking a dark
chocolate from this bag and a 50% chance of picking a milk chocolate"?

L

adds (0% X

'i&
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VCE Mathematical Methods 2

Question 1 Walkthrough.

Using the sample space for tossing two coins in a row, find:
I

a. The probability of both tosses being heads. 'La X e 1N
(g =l i

[

C—

LI-

b. The probability of tossing exactly one head and one tail.

w'\.

brlHT)tP(TH) = 1
-2

c. The probability of tossingfa head, And then a tail.
e ————

Py (HT) = “zf»

Space for Personal Notes

MM12 [3.1] - Probability - Workbook




(S4ONTOUREDUCATION

VCE Mathematical Methods 2

Question 2
Using the sample space for rolling a standard 6-sided dice, find:

a. The probability of rolling a 6.

S

(

=

Z

b. The probability of rolling a number less than 3.
N

[, 2 7
3

¢. The probability of rolling an odd numbeg,

Space for Personal Notes
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0

|

O
Sub-Section: Equally Likely Events @

F

Discussion: How can we calculate probabilities if all events are equally likely? E.g., Each number on
the dice.

b I o

Calculating Probabilities for Equally Likely Outcomes Definition

» When there is some number of equally likely outcomes, the probability of a “successful” outcome can

be calculated as:
wmberof- debived puzomes
hwbey of —fota|  owccomes

Pr(success) =

Question 3 Walkthrough.

You have signed up for a trial for experimental medication, in which participants are randomly assigned with 400
people in the test group (that receive the medication), and 500 in the control group (that receives a placebo).

What is the probability that you are receiving the actual medication?

wanf Yoo _ kL
o 0 1
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Question 4

A fair 20-sided die (as shown) is rolled.

ﬂ/ 6,1% (¥

What is the probability that the result is a number divisible by’6?

EX
20

Question 5 Extension.
Two fair six-sided dies are rolled.

What is the probability that the sum of the result is divisible by 3?

L> 36,9, 12>

(ha) €2,1) pre3) = £X (Zt)=%

CLEXED (2, P (4a)c3,3) Pris) = 5X (& E) = 37

£5,6)(6:3)(45)(5%) pre)= tx (8= %
L6) pre) = (% (83 = 4
B o1
Total = 33 2

MM12 [3.1] - Probability - Workbook
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Section B: Venn Diagrams and Karnaugh Tables
o>

O |
-
Let’s take a look at the relationship between two events! .

Union, Intersection, and Complement

Sub-Section: Union, Intersection, and Complement

» AUB=
@'Q. called +the Wi 7N
¢ Keqd worel 1 Vg 1 gitien Y ClL/
(V4 —
» ANB-=
L palleol +ne  intersectioys )
« Fey wool ' gk &.,Q_,/)J/
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sa- (&, R )
L calleg the :  complenen
¢ Fey woved 0 Mot®
U

Question 6
Let event G = a student wears glasses, and an event F = a student is a female.
Write an expression for the probability of each of the following events, without doing any calculations:

a. A student is a female who wears glasses.

En &
b. A student is either a female or doesn’t wear glasses.
c. A student wears glasses and is not a female.

- nF

Space for Personal Notes

MM12 [3.1] - Probability - Workbook ‘1 0




G.ONTOURE[)UC ATION VCE Mathematical Methods ¥,

0

Sub-Section: Venn Diagram

Q
®
a

Definition

Venn Diagram

» Venn diagram is useful to visualise the two events.

Space for Personal Notes
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Question 7 Walkthrough.

b

female be % The probability that a random student is a female who wears glasses is 1—12

Find the probability of each of the following events:

a. A randomly picked student is a female who does not wear glasses.
‘/\/\ VYV a S o e

-

b. A randomly picked student wears glasses and is not a female.

c. A randomly picked student is either a female or doesn’t wear glasses.

= 2
C{a

o . 1 . .
Let the probability that a random student wears glasses in a class be > and the probability that a random student is

NOTE: Drawing a Venn diagram can help a lot!

Space for Personal Notes
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Question 8

Out of 1000 engineers, 200 like Mercedes as an automaker. Out of the same 1000 engineers, 600 like Airbus as
an aeroplane manufacturer. Exactly 100 engineers like both Mercedes and Airbus.

a. How many engineers neither like Mercedes, nor Airbus?
[ 309
102

@sf"

b. Find the probability that a randomly picked engineer from the group likes Mercedes but not Airbus.

c. Find the probability that a randomly picked engineer from the group does not like Mercedes, but likes Airbus.

Space for Personal Notes
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VCE Mathematical Methods 2

Sub-Section: Karnaugh Tables

I
-

Are using Venn diagrams the only method to attempt the questions above? .

Karnaugh Tables

» We can also represent probability problems using a Karnaugh Map.

& The rows and columns add up to the last cell value.

» Remember the total probability must always add to 1.

B B’
A Pr (A N B) Pr (AN B") Pr(A)
a Pr (A’ N B) Pr (A’ n B") Pr(4’)
Pr(B) Pr(B) K 1)
N~

Space for Personal Notes
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Question 9 Walkthrough. E n /V‘

The probability that a student will pass the final examination in both English and Method@nd the
<s 0.1. )

probability of passing neither 5 'n M )

the probabNity of passing the English examination is 0.75, what is the probability of passing th
examinatiop#

(3

Use the Karnaugh map.
E' |
M |05 045 | 0.6T

92 001 | 035 065
0751 6-29 (

Question 10
The probability that a person is tall and skinny is 0.4 and the probability of being neither is 0.1.

If the probability of being tall is 0.55, what is the probability of being skinny?

S 0-F>
T |6.¢ |oB] 0.55
! [0:35|o | | o %5
0%l oz

Use the Karnaugh map.

MM12 [3.1] - Probability - Workbook
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VCE Mathematical Methods 2

Question 11 Extension.

that he wins only one event in terms of w.
H=wing pigh jump
L= wing I‘M\? Jurap

H | H

L | W | 0.

wto.)

L' |pbw| 03

0-1-w

0-b | 0%

At the athletics carnival, the probability that Subu wins both the high jump and the long jump is w, and the
probability that he wins neither event is 0.3. The probability that he wins the high jump is 0.6. Find the probability

Priony one)

= 0.] +(0.6W)
= 0.7 -/

Space for Personal Notes
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VCE Mathematical Methods 2

Sub-Section: Addition Rule

0

The Addition Rule

» So, we must subtract one of them to get the probability of AU B.

» When we add the probabilities of A and B, we count the outcomes contained in A twice.

prauB) = PCA) * Pr(B) — PranB)

Q
®
a

Definition

Space for Personal Notes
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Question 12 Walkthrough.

If E and F are events such that Pr(E) = %, Pr(F) = %, Pr(ENF) = %, find:

——
C—

a. Pr(EUF)

= P& tPF) — W(EnFE)

L N
¢t T ' ’ N

= G
g
b. Pr(neither E nor F)

L J

= —PrlguF)

_1-2
= -3

\

z
g

Space for Personal Notes

Do mogan S Lacw
Pris'nF') = | —Pr(EUR)

L> E'nF’ (euF)
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Question 13
A and B are events such that Pr(4) = 0.42, Pr(B) = 0.48 and Pr(ANB) = 0.16.

Determine:

a. Pr(4") _ / __—0"?)—

b. Pr(B)

¢ PrAUR) = Fr(ﬁ')‘(" R/CB)
_ o.q1<0-6Q —olb

= o.3Y

Space for Personal Notes
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Question 14 Extension.
A and B are events such that Pr(4A U B) = a, Pr(B) = 0.4 and Pr(ANB) = b.

Determine Pr(A4") in terms of a and b .

PrecAuviz) = Prea) + Pr(R) — Pr(ANi3)
A = fPa) to-y —b
Prea) = atb—0.%

PreA') = | — (xtb—o-%) = |-4¢—a—b

Space for Personal Notes
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Section C: Mutually Exclusive Events and Independent Events

o>
O |
Sub-Section: Mutually Exclusive Events o ‘
What are mutually exclusive events? .

Exploration: Mutually Exclusive Events

» Consider the event of getting 50RAW in Methods and 25RAW in Methods.

50 RAW 25 RAW

» (an these two events occur simultaneously? [Yes@

» These two events are hence called ﬂ ”E«l a“ A ﬁ'eh |s|“ e .

\

Mutually Exclusive Events Definition

» Two events A and B are mutually exclusive if they cannot occur at the same time.
» Probability of both 4 and B happening together is

pranB) = O

\ ‘”U\V\,

Space for Personal Notes
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Question 15

State whether each of the following events would be mutually exclusive or inclusive.

Event 1 Event 2 Exclusive / Inclusive

Getting 50RAW in Methods. Getting 48RAW in Methods. W] V"e

L)
Going to the beach. Going to St. Kilda. (V\_&V\g\ w

Question 16 En F

Events E and F are such that Pr(E’ U F") = 0.25. State whether E and F are mutually exclusive.
wV\AAAA -

Y

P ((enF)' ) =0.5%

Py(,éf“g? _ l—*O.Zg /

Ve
£0.79 1

Question 17

It is known that events A and B are mutually exclusive. If Pr(4) = 0.2 and Pr(B) = 0.5, find Pr(4. U B").

MovGan © —
rCﬁ‘(/Gj K oF Q O

i((A1B)) | Prpurt) = | Na
(— PrAng)

(—O = |

MM12 [3.1] - Probability - Workbook ‘22
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W
Q
Sub-Section: Independent Events @
What about independent events?
9
Exploration: Independent Event %

» Consider the event of Qing (Contour Tutor) wearing a swimsuit and Subu teaching an MM12 Class.

» Are these two things related? [Yes@

» Hence, if you saw Qing walking down/the\oad wearing a swimsuit, does that change the likelihood
of Subu teaching a MM12 class? [Yes 0]

Definition

Space for Personal Notes ldcte/ j
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Question 18

State whether each of the following events would be independent or dependent.

Event 1 Event 2 Independent / Dependent

Wearing a swimsuit. Going to the beach. MWW‘(

Doing homework for Methods. Getting 50RAW in Methods. MU\I\M

Doing homework for English. Getting 50RAW in Methods. \V\M’W

o A J
Rolling a 6 on first dice roll. Rolling a 6 on second dice roll. \V\d(jv W

oeionrs I incepevetert  BCAnRI < Cr4) B (B)

Given that Pr(A) = 0.1, Pr(B") = 0.5, and Pr(A N B) = 0.03, are the events A and B independent?

Pre)=(-os=at
PriA) xfr( B)= 6-(¥0.T =0.-0T

Pria) w(R) # Pr(ang

@xlgeb ically check independence.

4

P

7 }7 1
Question 20 Extensiyn ﬂ-’(ﬂlc A ‘/B)) S % .._3 ff(ﬁtlr.’a) > %

Let Pr(4") = g, Pr(B') = %, and Pr(A'NB") = % Are A and B independent? Show using calculations.

Pria)=% Bodition Pule
a3 3

Feve)=2  Prang) - 1

bas) - BB) = 3 7 Priaon)

> defewten'!

MM12 [3.1] - Probability - Workbook
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What is the difference between a mutually exclusive event and an independent .
event?

9
Exploration: Understanding the difference between mutually exclusive events and independent %é‘
events 3

» Remember the event of Qing wearing a swimsuit and Subu teaching a MM12 Class.
» We concluded that these two events are ‘| lAchFeAAM! .
» However, are they also mutually exclusive?

Meaining would they never happen at the same time? [Yes/

» In Summary

© Independent Events: Their likelihood does not affect each other, but they ﬁuuﬁeﬂﬁ

at the same time.

& Mutually Exclusive Events: They mm happen at the same time.

Space for Personal Notes
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Question 21
Given that the events A and B are such that @ %, P4 U B) % and P p. Find p if they are:

a. Mutually Exclusive. === Pr@ =0

Prcav) = 0sca) + PreB) —Pr(AoR)

2 —
s ==*F

2 i
P=x 3

- W —

b. Independent. — F{f(q ) PI CB) - P/ CMB)
= X p & PrAn B) Pr(ﬁue)f—ﬂvmyr?va?) * (48 |
?r(AAB?‘-: »—P¢ (A«/ B)&W}ms,

L \\:_ (O"f
2 )
A

Space for Personal Notes
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Question 22
Given that the events A and B are such that Pr(4) = %, Pr(AUB) = g and Pr(B) = p?, where p > 0. Find p if
they are independent. | _ 2 g_
prayepr(g) - prcanB) | A= Pz,
( 2 _ DA 2F
G 0T T E [ Be gt b
| ~2t
z — —
TP —F oo
2T
¢ (% o p __3
g - - = " T
- 3P (6O P _ 3
2= ._Z-. —7 P 7T-—;‘—

MM12 [3.1] - Probability - Workbook ‘27
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Section D: Tree Diagram and Conditional Probability

VCE Mathematical Methods 2

Sub-Section: Tree Diagram

Tree Diagram

Second Thivd
coin coin
#

HHH
HHT

HTH
HTT

» Useful for W\‘ﬁﬂ'e Se?wﬁe M

]
» To calculate the probability of a sequence, we Muh‘p‘:’ the prob

branches.

ilities along the relevant

Space for Personal Notes
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Question 23 Walkthrough. Teem.— Active

Three cards are drawn successively, without replacement from a pack of 52 well-shuffled cards.

Draw the tree diagram and find the probability that the first two cards are kings and the third card drawn is an ace.

P(KKA) =P(K) P(KIK) P(AIKK)

4 3 4 2
X—X—=
52 51 50 5525

Space for Personal Notes
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Question 24 Tem —A-e'h'hc.

A box contains 10 red marbles, 20 blue marbles and 30 green marbles.

5 marbles are drawn from the box, what is the probability that:

.
2 x s

= - Préz”"ﬂ’”“")
22 x 2& 27 x2b
= — %%XS”IK SKKZ?-X"
_ @36
i

Space for Personal Notes
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Question 25 Extension. 'TeMn —-ﬁ-&-ﬂ'\.-e_

Three cards are drawn successively, without replacement from a pack of 52 well-shuffled cards.

Find the probability that at least one face card is drawn (Jack, Queen, King), given that the first card drawn is red.
Priat leasct ome poce)
=| — Prtro Rues)
0
=] - é 2 38

& S0
-/—-g

-

Space for Personal Notes
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g’ >
Sub-Section: Conditional Probability ® ‘
What is conditional probability? Any guesses? .
Exploration: Understanding Conditional Probabilities %

» Consider two probabilities below:

Probability that:
A student randomly selected by James is male and wearing glasses.

Probability that:
A male student randomly selected by James is wearing glasses.

» Which of the two probabilities tells us something that has already occurred? [First{>econd

> The [first/<ec0nd]hrobabilityiscalled 00/\01{'&‘0”‘?" v 0(197“7‘\‘1

» Conditional probability is when we know one event has ﬁeady@.

» In the above example, for the second one, we already know that the student is M

Question 26

State whether each of the following probabilities would be conditional or not.

Event 1 Conditional / Not

Probability of selecting a male JMSS student. N O'f

Probability of selecting a JMSS student out of male students. Mma }

Space for Personal Notes
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Question 27 (/ COYWTJM /

A die is thrown twice, and the sum of the numbers appearing is observed to be 6. What is the probability that the
— ———es
number 4 has’it appeared at least once?

- (3,2)
Preg [ amn6) (2 G)
. [0

-5 (5‘/0
(1%

How can we visualise the conditional probability Pr(A|B)using Venn diagrams?

Exploration: Deriyation of the formula for Conditional Probability | %ﬁ ‘

» Consider

» Cross out the section of the Venn diagram that cannot occur!

» Out of all possibilities, where does A occur? [@/B]
MM12 [3.1] - Probability - Workbook ‘33
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» Hence, the probability of Pr(4|B) f S ( LB out of .
PrCaNR

Pr(A|B) = —

Rr(
a
Conditional Probability Definition
» Definition: Probability of A given B.
Pr(A n B)
Pr(A|B) = ————=
Pr(B)

Question 28

If Pr(4) = g Pr(B) = % and Pr(A N B) = 3, evaluate Pr(A|B).

rlano R
Pr(8)

‘ -1 x5
e '—/j_ ’5)(3 @
3/s

Pra3) =

Space for Personal Notes
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Que/(on 29

If Pr(A) = %, Pr(B) = %, and Pr(ANB) = %, evaluate Pr(A|B).

4

P(AnB) 13 _4
99

We have P(AIB)=
P(B) .

—

3

Question 30 Extension.

IfPr(4) = § Pr(B) =, and Pr(B|A) = 7, evaluate Pr(A|B).

_ riand

! e / Pr( 13)
? - pr(ﬂ-qg) =i & ‘__?':

<)

_L
Prians) - >

Space for Personal Notes
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oL~

Sub-Section: Using Tree Diagram for Conditional Probabilities o ‘

Can we use a tree diagram for conditional probability questions? .

R — ¢
Tree Diagram for Condition Probabilit P—W‘f Definition
Y B PBIA)

Bl
@
\ Bl
< €
» Tree diagram is perfect for conditional probability as each branch is CUV\.dl’ﬂ Wa‘l
Each branch = @

0 (/(ejal} lmﬂ)

Space for Personal Notes
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T

a. Construct a tree diagram.

OSF

Sy o S r
F—
o. = |

\

b. What is the probability of a faulty battery being produced?

branc\

=04 %0.T —+ 6x0.28

c. Given that the battery came fro is the probability that it is faulty.
Ce—

Question 31 Walkthrough. /\

Batteries are produced from Factori@lt is known th‘t 40%;f all batteries come from the Factory X. The

quality control of the F §s poor, and the probability of batteries produced from the Factory X being faulty
. . e
is 50%, while Factofy Y halves ghe chance.

| -+ ovanov 3

—0.2 + 0.1%9 = 0.35

Px(l’ﬂ\/)

= p/CF[Y> .

“Pr(Y)
0-bx 075

W\

VA

Space for Personal Notes — O, 2;
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Question 32

A company manufactures laptops in two different factories: Factory A and Factory B. It is known that 30% of all
laptops come from Factory A. Due to different quality standards, the probability of a laptop being defective from
Factory A is 40%, while the probability of a laptop being defective from Factory B is 20%.

a. Construct a tree diagram.

0.y D!

b. What is the probability of a laptop battery being m ive
Pripia) +pr( p18)

—0.%%0.Y t&.Fx0- 2
— o.|2<0. (dr
;‘a.ﬂ—é

¢. Given that a laptop is faulty, what is the likelihood that it came from Factory A?

({(_A(F) = PrlAQP)

Pr (F)
O (&

O.2¢

=

_ b
(3

Space for Personal Notes
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Question 33 Extension.

Student exam scores depend on whether they got good sleep the night before. The probability of scoring an A +
given they had a good sleep is 0.2. The probability of having a bad sleep and not scoring an A + is 0.36.
Find the probability of a student scoring an A + if 60% of students get good sleep the night before the exam.

Priat) = Pript | goedt Sveep) +FrCA+ | baok sleep)

Space for Personal Notes
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o>

O |

@

Sub-Section: Conditional Probability and Independence

Active Recall: Independent Events

» When 4 and B are independent events:

pr(anB) = _Prt) «Pr(3)

Exploration: Derivation of Independence Formula
» Let's say 4 and B are independent events.

© Does the given condition (B) affect the probability of A? [Yej@

&0 \ cave 4
& Hence, what does Pr(4|B) equal to?

Pr(Au§'/> _(Pret)

» Hence, \

P/(AB=PrANB) _ prca)

Pr(B)

» Rearrange, what do you get? J
prianB) = s (a)xPr (g)

&  We get the independent probability formula!

Space for Personal Notes
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a

Conditional Probability with Independefit Events Definition
pr(alB) =PrCA D

» If Aand B are independent, the given condition does not affect the probability of the event.

Question 34

Let event A be “You draw a red card from a deck”, and the event B be “It snows today”.
S

—

a. Are A and B independent?

Veg

b. Simplify the expression for Pr(4 | B).

= rg)

¢. Hence, find this probability.

Space for Personal Notes
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Contour Check @

O Learning Objective: [3.1.1] - Understand probabilities in terms of favourable
outcomes from a sample space

Key Takeaways

0 The sample space is the set of aﬂ_mgg; ble OowC wvucin an experiment.

0 Total probability must always add to /

0 When there is some number of equally likely outcomes, the probability of a “successful” outcome
can be calculated as:

Pr(success) iu_mv

<{ota)

O Learning Objective: [3.1.2] - Basic probability operations. Use Venn diagrams
and/or Karnaugh maps and apply the addition rule

Key Takeaways

If A and B are events, then we interpret the following operations as:

AUB =ﬁ g¥ % /
ANB :PF ool & @
. ~

O O 0O 0O

Pr(4’) = , "P(%)
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VCE Mathematical Methods 2

Karnaugh Tables

0 We can represent probability problems using a Karnaugh Map.

B B’
A Pr (AN B) Pr (AN B") Pr(A)
a Pr (A’ N B) Pr (4’ n B") Pr(4’)
Pr(B) Pr(B’) 1

0 The addition rule

Pr(AUB) = PV(Q-HW(Q) — AN ?)

O Learning Objective: [3.1.3] - Understand the meaning behind independent
and mutually exclusive events

Mutually Exclusive Events

Independent Events

O Mathematically:

Key Takeaways

0 Probability of both A and B happening together is D

Pr(ANB) = _ (2 -

0 Two events 4 and B are mutually exclusive if they cannot occur at the same time.

O Definition: Independent events do not affect the likelihood of the other.

pr(an B) = F(A)X Prig)
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O Learning Objective: [3.1.4] - Understand conditional probability and make
use of tree diagrams

Key Takeaways

Tree Diagram

Fivst Second Thivd & OQutcome

coin coin coin

H HHH

; T HET

m
- m HTH
< # T T BTT
T B THH
: T THT
.
§ m TTH
T TTT

¢
O usetulfor__MUERIP L FPTURAMCE  greng,
0 To calculate the probability of a sequence, we Mﬂ&he probabilities along the

relevant branches.

Conditional Probability

O Definition: Probability of A4 given B. j PY' (An Q)
Pr(A|B) = :ﬁﬁ_) }

Conditional Probability with 6denendent Qents
Pr(AB) = 9r(4)
mw

O If A and B are independent, the given condition does not affect the probability of the event.
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Website: contoureducation.com.au | Phone: 1800 888 300 | Email: hello@contoureducation.com.au

VCE Mathematical Methods Y2

Free 1-on-1 Consults

What Are 1-on-1 Consults? —L}‘

Who Runs Them? Experienced Contour tutors (45+ raw scores and 99+ ATARs).

Who Can Join? Fully enrolled Contour students.

When Are They? 30-minute 1-on-1 help sessions, after school weekdays, and all day weekends.
What To Do? Join on time, ask questions, re-learn concepts, or extend yourself!

Price? Completely free!

One Active Booking Per Subject: Must attend your current consultation before scheduling the next:)

vvyvyVvyyvyy

SAVE THE LINK, AND MAKE THE MOST OF THIS (FREE) SERVICE!

Booking Link @

bit.ly/contour-methods-consult-2025
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