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Section A: Introduction to Transformations

Sub-Section: Image and Pre-Image

P,

What do we call an original coordinate and a transformed coordinate?

Image and Pre-Image
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» The original coordinate is called the Pf@"‘maa.g-

» The transformed coordinate is called the %ﬁ_

Pre-lmage: (x, y)

Image: (x',y")

Question 1

It is known that (1,4) transformed into (3,5). State the value of x" and y'.

NOTE: The x’ and y’ notation will be used quite heavily!
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O. |
Sub-Section: Dilation ®
o
y
Exploration: Dilation ‘\\

» Consider the point below:

. (%2)

(‘5."!3-) . (%, 'ﬁ?;) (2n, 3)

N

» Let's plot the coordinates:

& P1: Dilation by a factor 2 from the x-axis.

& p2: Dilation by a factor % from the x-axis.

G P3: Dilation by a factor 2 from the y-axis.

G P4: Dilation by a factor % from the y-axis.

Dilation

Dilation by a factor a from the x-axis: y' = ay

Dilation by a factor b from the y-axis: x' = bx
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Question 2 Walkthrough.

Find the image (x’, y") after applying the following transformations to (x, y).

Dilation by factor 2 from the x-axis. ( ) 4 / %.)

Dilation by factor § from the y-axis. ( -é'z,' ly)
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Question 3

Find the image (x’, y") after applying the following transformations to (x, y).

I 1 .
Dilation by factor 3 from the x-axis. ( ) & I‘ZL (J )
Dilation by factor 4 from the y-axis. _ﬁ
(4x, 3)

NOTE: We are applying the transformations on (x,y) not (x’,y"). p/

Space for Personal Notes
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O. |
Sub-Section: Reflection ®
4
Exploration: Reflection ‘1

» Consider the point below:

N

R

(=, g,)

Vv

» Let's plot the coordinates:

G P1: Reflection in the x-axis. (x., ‘3_)
G p2: Reflection in the y-axis. C—l’})

Reflection

Reflection in the x-axis: y' = —y

Reflection in the y-axis: x' = —x
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‘)_|>
. . Q)
Sub-Section: Translation @
-
’/
Exploration: Translation |\\

» Consider the point below:

(x-2.y)

° (24 a:'g)

» Let's plot the coordinates (ignore the scale):

G P1: Translation by 2 units in the negative direction of the x-axis.

& P2: Translation by 3 units in the negative direction of the y-axis.

Translation D

Translation by c units in the positive direction of the x-axis: x' = x + ¢

Translation by d units in the positive direction of the y-axis:y' =y + d

MM12 [2.4] - Transformations - Workbook ‘ 7




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

Question 4
Find the image (x’, y") after applying the following transformations to (x, y).

Translation by 3 units in the positive direction of the x-axis. CZ,‘I'?, J)

Translation by 2 units in the negative direction of the y-axis. (x,f.g 'J— z)

Key Takeaways

M The transformed point is called the image and is denoted by (x’,y").
M The dilation factor is multiplied by the original coordinates.
M Reflection makes the original coordinates the negative of their original values.

M Translation adds a unit to the original coordinates.
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Section B: Transformation of Points

|
O |
Sub-Section: Basic Transformation of Points ®
Let’s try to apply all types of transformations to a point! .

Question 5 Walkthrough.

Find the image (x', y") after applying the following transformations to (x, y).

Dilation by a factor 2 from the x-axis. & '27)

Dilation by a factor 4 from the y-axis. (4-14 w
Reflection in the x-axis. ( 4_x' '—Zd)

Translation by 2 units in the negative direction of the x-axis. (4:_. 2’ —%)

Translation by 3 units in the positive direction of the y-axis. —
y P y (4.1__2 ; 2J+ 2)
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Question 6

Find the image (x’, y") after applying the following transformations to (x, y).

Translation by 4 units in the positive direction of the x-axis. [ ) 2 e 'S g )

Translation by 3 units in the negative direction of the y-axis. (H‘ }_3)

. . 1 .
Dilation by a factor of = from the x-axis.
ilation by a factor of = from the x-axis Cl‘f‘*, ‘5".63'-3’)

Dilation by a factor of 2 from the y-axis.

Reflection in the x-axis.

(2004) 1 £64-2)
(2x14) 5k ty3))

NOTE: Order Matters.
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Find the image (x’, y") after applying the following transformations to (x, y).

Translation by a units in the negative direction of the x-axis. (l—a g.)

Translation by b units in the positive direction of the y-axis. { L9 ( #.fb)

Dilation by a factor ¢ from the x-axis. [ xq ) & %})

. . 3 1
Dilation by a factor = from the y-axis. [ a&[ M) ) C{}{é) )

(3 (r-a), -4[;46) )

Reflection in the x-axis.

Space for Personal Notes
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0

00

Sub-Section: The Order of Transformations

Discussion: From the previous question, what happens when the translation is applied first?
BoDmas

What is the order of transformations the same as?

The Order of Transformation

Order = BODMAS Order

[ °
Question 8 Walkthrough. / & ¢ 6 '9

Consider the point (x, y) which was transformed into a point (3x + 6, y) by the transformatlon T

Jennifer thinks the transformation was: Q, 3[”2. '?
42) .z bl 8 fow g

“Translation 6 units in the positive direction of the x-axis and dilation by a factor of 3 from the y-axis.’

Meanwhile, David thinks the transformation was:

“Dilation by a factor of 3 from the y-axis and translation 6 units in the positive direction of the x-axis.”

Who is correct? And why?

MM12 [2.4] - Transformations - Workbook ‘1 2
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J-S lef+
Question 9 |ﬁ & 017 me;

Consider the point (x, y) was transformed into a point (2(x — 5), y) by the transformation T.
Mary thinks the transformation was:

“Translation 5 units in the negative direction of the x-axis and dilation by a factor of 2 from the y-axis.”
Meanwhile, Sam thinks the transformation was:

“Dilation by a factor of 2 from the y-axis and translation 5 units in the negative direction of the x-axis.”

Who is correct? And why?

MM12 [2.4] - Transformations - Workbook ‘1 3
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, (- Dil 2 ffom g

Question 10 Extension. 2. & ”‘7“ X

Consider the point (x,y) was transformed into a point (2ax + 6a, y) by the transformation T.

T 2a213) 5;1

“A translation by 3 units in the positive direction of the x-axis, followed by a dilation
by a factor 2a from the y-axis.”

Jennifer thinks the transformation was:

Meanwhile, David thinks the transformation was:

“A dilation by a factor 2a from the y-axis, followed by a translation by 3a units
in the positive direction of the x-axis.” >‘

Who is correct? And why?

W

=3

Discussion: If the order is the same as the BODMAS order, how do we change the order of
transformations?

Trugladion. first: Dilatlow First :
Fokmsed Fom Exponded fow

-
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Question 11 Walkthrough.

The series of transformations, “a dilation by a factor > from the x-axis and a translation by 3 units up” yields the

(2, £y) (e s y+3)

same result as the series of transformations,
axis.” Find the values of a and b.

“a translation by a units up and a dilation by a factor b from the x-

(1 y+0) (%, bly+<)
'Lz—}‘hg = bl 8.-('0)
é—_—_cg'*-‘z. = _b~ Ca_-!-_c_\)

. /
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Question 12 ( % y- ) 6 41’ )

The series of transformations, “a dilation by a factor 4 from the y-axis, a reflection in the%-axis and a translation
by 8 units left” yields the same result as the series of transformations, “a translation by c units right, a reflection in

the y-axis and a dilation by a factor d from the y-axis.” Find the values of ¢ and d.
bettey)  Cogeg)

["ﬂW:}?

"~ (~4x-8, y.)
— -8 = —d(xt0)

2 = —dixrd

MM12 [2.4] - Transformations - Workbook ‘1 6
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Question 13 Extension.
(211y) (-2x,y)
The series of transformations, “a dilation by a factor 2 from the y-axis, a reflection in the y-axis, a dilation by a
factor 2 from the x-axis, a translation by 4 units left and a translation by 6 units down”, yields the same result as
¢ the series of transformations, “a_translation by c units right, a reflection in the y-axis, a dilation by a factor d from
0/ the y-axis, a translation k units down, and a dilation by a factor m from the x-axis.” Find the values of

¢, d, k and m.

P L) 9 Canctizy )9 (46 )

(w9 12 Come) g ) =) (Aprds g ) = (dpwcl ye)
!
"'21"1‘ = deL‘fc)

“2rte) = _grreg 9Ces2,d=23

2}"6 = m[}—u,)

(-dixse), mly+) )

2y3) = mly-w) >

NOTE: Dilation factors don't change! /

Space for Personal Notes
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Sub-Section: Interpreting the Transformation of Points

Active Recall: Order of Transformation

Order = BODMAS Order

Question 14 Walkthrough. M 6J ﬂ

)
Consider the transformation which maps: J/ x -@'

Tonside — wis LR/ 1)

x'=2x+4

y'=-3y-1

o/
a. State the transformation in DRT (Dilation, Reflection, Translation) order. &3 i M
. Dil 2 fom y Hepanded :
2.0l 3 grom 2 '
i L= 2x+4
3S. Rbd-luhm in 2
4. 4 rnyut 3= -34+3

b. State the transformation in the translation first order.

l. 2 nqit Fastoried -
2.1 oown A= 2(x42)

MM12 [2.4] - Transformations - Workbook ‘1 8
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NOTE: Expanding or factorising changes the order of transformation.

VCE Mathematical Methods 2

Question 15

Consider the transformation which maps:

x'=3x+6

y'=-20y+2)

S- Dl 3 fom 4

a. State the transformation in DRT (Dilation, Reflection, Translation) order.

1= Jtt
32yt

X = 3(xt2)
2. Zuf ‘y:_

2( gﬂ)

Space for Personal Notes
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Discussion: Could the order of x and y transformations change?

G !

S

Kev Takeaways

M Transformations should be interpreted when x’ and y’ are isolated.

M The order of transformation follows the BODMAS order.

M To change the order of transformations, we either factorise or expand.

i\ I /!i

Space for Personal Notes
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Section C: Transformation of Functions

Sub-Section: Applying Transformations to Functions

Let’s now work with Functions/

NJ

Transformation of Functions

» The aim is to get rid of the old variables, x and y, and have the new variables, x" and y’, instead.

6 oD w NEw:
f( y=fx -y =fx")
&_‘_ﬂ 7\
» Steps: ) oD wr Syt
1-Dil ﬁ&ww

Zq.,,,ld-

1. Transform the points.
2. Make x and y the subjects.

3. Substitute them into the function.

Question 16 Walkthrough.

Apply the transformations given below to y = x2.

Reflect in the y-axis. C_z I

Translate 1 unit to the right. [_ 24) ! 7)

u) M »l, y / Dilate by a factor of 2 from the y-axis. ( 2 (_ l*',)' 7 )

0&%9 WY @ e aruinel

W= =2y +2 Py X2 L= x
J—::& J J'- J" x’_,z)
@) vole

—2.2
MM12 [2.4] - Transformations - WorkDook - ; = &—' 21
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Your turn/

VCE Mathematical Methods 2

~

Active Recall: Transformation of Functions

y=fx) -y =fx)

» Steps:

1. Transform the AP:‘EL
2. Make x and y the j‘b{i@t

3. E&P‘ML them into the function.

» The aimis to get rid of the old variables, x and y, and have the new variables, x’ and y’, instead.

Space for Personal Notes
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Question 17

Apply the following transformations to the functions given:

a. f(x)=x?

= —Se—I§

$=3

b. f(x)=+x

x'x '—24‘_-71:1-‘1:

J’= 3}4-!

Dilation by factor 3 from the x-axis. (z’ a)

Reflect in the y-axis. (—x,/sy)

Translate 3 units to the left. (——l—s ) 3} )

Dilate by a factor of 5 from the y-axis. [5—(
-3 , 33)
?

Z
_ x5
= _55— 5-:1.2.
— /
4=9 & o (s *
< 3 =5

“4=3 ( xtis)?
D 1 , /
ilate by a factor of " from the y-axis. ( q_' X,IJ)
Dilate by a factor of 3 from the x-axis. ( 4. }'a ls(,)

Translate 4 units to the left.
Translate 1 unit up. (‘#x'—q.l 3})
[# x4, 3!-!-!)

(-(#4), Syt ),

Reflect in the y-axis.

x= —4(x-9) Y=z
L= #.'3:[ ‘%" = J-tx4)

MM12 [2.4] - Transformations -

=Y 3d ety +1
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Question 18 Extension.

Apply the following transformations to y = 2*.

Translation by 2 units to the right. [ x'+2| ")

Reflection in the y-axis. (-(X’ﬂ) / &)
Dilation by a factor 3 from the y-axis. (—3 0;[-2) ' y)

Translation by 3 units up. [ —3[;1-&) ] }f’ 3)

A dilation by a factor 2 from the x-axis. (

-3(xt2), 23]
("3( x4z, -z{ps) )/

A reflection in the x-axis.

MM12 [2.4] - Transformations - Workbook ‘24
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o

Sub-Section: Finding the Applied Transformations

|
.
Now let’s go backwards! .

Reverse Engineering

» Steps:
1. Add the dashes () back to the transformed function.
2. Make f( ) the subject.

3. Equate the LHS of the original and transformed functions to the RHS of the original and
transformed functions.

4. Make x" and y' the subjects and interpret the transformations.

Question 19 Walkthrough. TF (‘ 7:)

Find the transformations required for y = x2 to be transformed to y = 3 (x+3)

Ofdt o Y= 2" 3("*3

) move y rensfomativy %.5- N (;5'213)

MM12 [2.4] - Transformations - Workbook ‘25
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~

Your turn/

Active Recall: Steps for reverse engineering

» Steps:

1. Add the dashes (") backtothe‘l'mns‘fwmwl U-‘-F!MM
2. Make f( ) the s;g'segj .

3. Equate the LHS of the original and transformed functions to the RHS of the original and
transformed functions.

’
4, Make__ A, 4 9 the subjects and interpret the transformations.

Space for Personal Notes

MM12 [2.4] - Transformations - Workbook ‘26




(S0ONTOUREDUCATION

VCE Mathematical Methods 2

Question 20

State a series of transformations (in order) that allow f(x) to be transformed into g(x).

a. f(x)=2(x+1)>+3and g(x) =6(x —4)?—3.

&= 2'(2—-*")2-!-3 4= ((x_’—-q-)"—.?
g.:aj =(27H>A g_-’éf;s =[x.’—4)&

b. f(x)=3(x—1)2andg(x) =5 (2x+3)> + 1.

a't_ =3 Cx—l)z g_’:—. é (Zx.{rs)z-r 1

I _ N2
3T (1) 2.ly*t) = (Zx.’-t?»)z

g
=z = 2."-,_'2 xl = 21,/+3
- )
3 2 4 xS A2
I il ¢ fomm 2 /-Jlli’/‘awd'l
2. | 2.2 kff'

MM12 [2.4] - Transformations - Workbook
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2 V.
atb) = a4 prA
Question 21 Extension. [ ) a T&é'f'b

Find a sequence of transformations required for y = 2(x — 3)? + 4 to be transformed tq @
as
4=- (2342 )9
= ((u24) -9

T - 2
(X.fZ’ "S_ﬁ

gf{ﬁ = —yts ~(y+s) - (x+2)*

y= 2(x3 )2-1- +

5 = (v3)*

/ -2 = o/
g.:-:g__3 A-3= 42
2

2 W= x-s

2- TOM in 2L

3+ 3 down

N\ I /
Key Takeaways M

M We transform the coordinates first, then transform the function.
M To transform the function, replace its old variables with the new ones.

M To find the transformations, simply equate LHS with RHS after separating the transformations of x
and y.

MM12 [2.4] - Transformations - Workbook ‘28
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Contour Checklist

G

O Learning Objective: [2.4.1] - Applying x’ and y’ Notation to Find
Transformed Points, Find the Interpretation of Transformations
and Altered Order of Transformations

The transformed point is called the ]ﬂ%

The dilation factor is mual'hlﬂl.”( to the original coordinate.

Key Takeaways

O O O O O O 0O

and is denoted by [z/l}’)

Reflection makes the original coordinates the ’l%ﬁu of their original values.

Translation adnll a unit to the original coordinate.

Transformations should be interpreted when L’ 4 g / are isolated.
The order of transformation follows the M order.

To change the order of transformations, we either pm a W

O Learning Objective: [2.4.2] - Find Transformed Functions

Key Takeaways

»n
O To transform the function, replace its _4[0‘ mew with the new one.

MM12 [2.4] - Transformations - Workbook
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O Learning Objective: [2.4.3] - Find Transformations From
Transformed Function (Reverse Engineering)

transformations of x and y.

Key Takeaways

O To find the transformations, simply equate the ’(”" l‘ ’5 ’!J after separating the

MM12 [2.4] - Transformations - Workbook
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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. :)
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SAVE THE LINK, AND MAKE THE MOST OF THIS (FREE) SERVICE!
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