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Section A: Recap

VCE Mathematical Methods %

Sub-Section: Image and Pre-Image

Image and Pre-Image

» The original coordinate is called the

» The transformed coordinate is called the

Pre-Image: (x, y)

Image: (x',y")
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Sub-Section: Dilation

I
-

Dilation D

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

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

NOTE: We are applying the transformations on (x,y) not (x’,y"). ﬁ/
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Sub-Section: Reflection

Reflection D

Reflection in the x-axis: y' = —y

Reflection in the y-axis: x' = —x
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Sub-Section: Translation

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

Space for Personal Notes

MM34 [0.3] - Transformations - Workshop ‘ 5




(S4ONTOUREDUCATION
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Sub-Section: The Order of Transformations

o>
¢

The Order of Transformation

Order = BODMAS Order
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Sub-Section: Interpreting the Transformation of Points

Interpretation of Transformations

» When the x"and y' are the subjects, we can read the transformation

x'=x+5 - 5right

» When the x and y are the subjects instead, we must read the
transformation in the way.

» This includes the order of transformation!

x =x'—5 - 5right

NOTE: This includes the order of transformation! ’/

TIP: It is best to make x" and y’ the subject before you interpret the transformations. =
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Sub-Section: Applying Transformations to Functions @

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.
— I __ !/
y=[f(x) =y =f{x)
» Steps:
1. Transform the points.

2. Make x and y the subjects.

3. Substitute them into the function.
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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.
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Section B: Warmup

Question 1
Consider the transformation:
T:R? > R%,T(x,y) = 2x + 1,3y — 2)

a. Find the image of the point P(1,2) under T.

b. Write out what the transformation T does in the order DRT.

. : 1 .
c. Find the image of the curve, y = §x2 under the transformation 7.
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Section C: Exam 1 (21 Marks)
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Question 2 (4 marks)

Letf:R-> R, f(x) =x?—4.

a. Find the coordinates of all axis intercepts of f. (1 mark)

(-2.9)

to,— )

(2.9

following order:

» Dilation by a factor of % from the y-axis.

» Dilation by a factor of 3 from the x-axis.
» Translation 1 unit to the left.

Find the rule for g(x). (2 marks)

b. Let the graph of g be a transformation of the graph of f where the transformations have been applied in the

\ 3) . J PR PRNY : PN
VoAl x| 39 = (2080 =
yl=_294 ¢= l2((? (2

3) oa4l) =

= 3(m+2) ¢~12_

34 =

c. State the coordinates for the axis intercepts of g. (1 mark)

C"‘2¢°‘)

(0,0)
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Question 3 (3 marks)

Consider the function: f(x) = %(x +1)% — g

Apply the following transformation to f(x):

Dilation by a factor 3 from the x-axis.
Translated 4 units in the negative direction of the x-axis.

Reflection in the y-axis.

Translated 2 units in the positive direction of the y-axis.

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

S
2

"1: -ZL(Z.H\?’——
v

%L = 4 (Bnlasen) 5
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Question 4 (4 marks)

1

Letf(x) BETTE) \*Hﬁ'q-“ W

rrf.

a. The transformation T; given by:

(o
T;:R? - R?,T;(x,y) = (x + a, by),
1 Trandd~

maps the graph of y = f(x) onto the graph of y =

X

Find the values of a and b. (2 marks)

€
i

q 4
@)
b=2]
Aal=nt, :
a= J
‘\J

b. The transformation T, given by:

Z'TZ(x'y) = (C(X + d)'y)a
maps the graph offy = % f(x).

Find the values of c and d. (2 marks)

3 I l43= X
7‘ n
Y—.— a?;";é- nl= ‘l-z' (x-3)
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Question 5 (7 marks)

a. Find the x-intercepts of the graph y = f(x). (3 marks)

Consider the cubic function:
(t=2 [(x-2

flx)=x3—-2x2=x+2

'F()Il = at(x-2) ~(1-2)

= () (n-2)

= () () -2)

(~.9) CL0). (20)

Let g(x) = 2f (2x — k).

oY

b. Find the transformations required for f(x) to transform to g(x). Give your answer in DRT order. (2 marks)

fn

2{( Pt | )

Dil ‘\Z"ﬁom 7%
Mxl-k=n Tromlde £ wib y?'l,,w» .
2x'= a4k
alz $utk
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c. Find the value(s) of k such that, there is only one negativel x-intercept for g(x). (2 marks)
.

O xwf § f: CHd  (10) (2.9)

|
b ) gc 59 (o (40 e
(3 +4,9 f‘{*" ) K’*i‘&)
~d4kco. n o< i+t
k<1, 0 £k

k e[-(.l) &Cﬁer.k-lk__&m=‘) k<. -

Question 6 (3 marks) x =3 mi+(C.

The image of the curve y = V16 — x? under a transformation T, has the equation y = V55 — 6x — x2.

Find the transformations that make up T, with dilations before translations.

—

5’671"'"2 /&1 = ré_mz ‘)
\__——

= =[ at4Gr=55 ]
L - Y= [ 64-ca+3)*
=-[ (nt3)“—64 ] =

(48

= €4-0+3)° =2 J16-3(a3)*

(=2 [16- (37
x'53 —~— —

) Bl 2 fomn x an-
+3=22 )
? Dil 2 fom Yy am
al =22 -3 ' v

Tomdot 3 omitp [f-
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Section D: Tech Active Exam Skills

VCE Mathematical Methods %

CAS

Calculator Tip: Finding Transformed Functions

» Save the function a

» Substitute the x and y in terms of x

PR PN |
~ nl&g

»  Solve for y!

transformations correctly or you can easily make a mistake doing this.

» Can also apply the transformations cﬂﬁctly to f(x). Must make sure you interpret the

CAS

Mathematica UDF:

» ApplyTransformList[]

ApplyTransformList[ fx], {x, y}, list of transforms ]
Applies the list of transforms to f[x] in the chronological order.

ApplyTransformList[x*2, {x, y}, {x-1, 2Xx, y+3}]

X2
4+ x+—
!

ApplyTransformInvList[f[x], {x, y}, {x-1, 2x, y+3}]

-3+f[2 (-1+x)]

ApplyTransformInvList[Sin[x], {x, Yy}, {x-n/2, 2y, y-1}]

Sin[g]z

MM34 [0.3] - Transformations - Workshop




(S4ONTOUREDUCATION
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» ApplyTransforminvList[]

ApplyTransformList.

ApplyTransforminvList[ f[x], {x, y}, list of transforms ]
Applies the list of transforms to f[x] in reverse order and as the inverse to the transforms of

1-8x+4x2

ApplyTransformInvList[x*2, {x, y}, {x-1, 2%Xx, y+3}]

“3+f[2 (-1+x)]

ApplyTransformInvList[f[x], {x, Yy}, {x-1, 2%x, y+3}]

Sin[x]

ApplyTransformInvList[2 * Cos[x] -1, {Xx, Yy}, {x-Pi/2, 2%xy,y-11}]

T1 UDF:

» transform()

Transform a Function

n'ansform(sin(x),x,{x— 2 Y1 }

o |3

5

cos(x)

P Dilation by factor of 2 from the x-axis
2 cos(x)

P Translation -1 unitalong the neg. y—dir.

2 cos(x)—l

n
P Translation = units along the neg. x—dir.

Overview:

Apply any sequence of transformations to a
function. The program will display the
transformed function after each step.

Input:

transform(<function>, <variable>,
<list of transformations>)

Other notes:

» The list of transformations can either be
presented in a (horizontal or vertical) matrix
of expressions or a list of expressions

CAS
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» transform_inv()
Invert a Transformation

. 2
n'ansform_mv(x <X, { x-1,2- xy+3 })

P Inverted Transformations:
b'e
{}'_3,_,X+ 1 }
2

2

x“=3

1
» Dilation by factor of — from the y-axis
2

A

2
4-x“-3

P Translation 1 unitalong the pos. x—dir.

4 x2-8 x+1

P Translation -3 units along the neg. y—dir.

Overview:

Find the preimage of a function under a list of
transformations. The program will display the list
of inverted transformations and the transformed
function after each step.

Input:

transform_inv(<function>, <variable>,
<list of transformations>)

Other notes:

» The list of transformations can either be
presented in a row or column matrix, or a list
of expressions
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Section E: Exam 2 (21 Marks)

-

<<

2 Applg A ezt =

Question 7 (1 mark) g,
Find the possible transformation(s) for the function f(x) = x? to transform into g(x) = 4x? + 4.
A. Dilation by a factor of 4 from the y-axis, translation of 4 units in the positive direction of the y-axis.

B. Dilation by a factor of 4 from the y-axis, translation of 4 units in the negative direction of the y-axis.

C. Dilation by a factor of " from the y-axis, translation of 4 units in the positive direction of the y-axis.

D. Dilation by a factor of % from the y-axis, translation of 4 units in the positive direction of the y-axis.

N
*t O=4)
Question 8 (1 mark) 9,9 ) — (q-gd

C—

A. Local minimum at @—8 . ﬁ : "Fc;?o' = 3 I (42 = »
8). al= "31,("" 3)

have which of the following?

C. Local maximum at ({+4)78). e ﬁsc_g)'{_z) }': é @“2)
-3

o
\./
n

3.

Given that f(x) is a function with a local minimum point at (—2,3). The graph of y = —2f (3x + 2) — 2 must

Question 9 (1 mark)

There exists a function where dilating by a factor of 2 from the x-axis gives the same image as dilating it by a

factor of i from the y-axis. Which of the following could be the function?

-4
A. f(x) = x? Use. *fan. wl=zx
B. [ =2vZ x= Gl

C. f()=Vx—4 2. -)((7(_ )= .{-:(q,;u)

1

D. f(x) =1

X

A

fou
2) 2fw = f(ex) - T ¢,
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Question 10 (1 mark)

Which one of the following sequences of transformations is different from the rest?

A. Dilation by a factor of 2 from the x-axis, dilation by a factor of % from the y-axis, reflection in the y-axis,
translation 2 right, translation 4 up. » C-é-pg 1.'2
1= 29 44
B. Dilation by a factor of 2 from the x-axis, d11at1on—bC a factor of = from the y -axis, translation 2 left,
C. Reflection in the y-axis, translation 6 left, translat1o up, d11at10n by a factor of 2 from the x-axis, dilation
1 .
by a factor of 3 from the y-axis. Jt(— -.5(—1‘ -6 )-_- “%ﬂ ~2

‘: *‘2.) ) T&
D. Translation 6 left, translation 2 up, reﬂectlon in the -axis, dilation Dy a factor of = from the y-axis, dilation

translation 4 up, reflection in the y-axis. :(s

by a factor of 2 from the x-axis.

Question 11 (1 mark)  fow °

old .

The graph of the functio@ obtained from the graph of the funiction g with rule g(x) = 3 cos (x - g) by a

dilation of a factor om the x-axis, a reflection in the y-axis, a translation of %units in the negative
x-direction and a transtation of 4 umg negative y—d@ that order.

The rule of f is: ‘) 5[1['- SA.VC,

T
A. f(x) =3@4

Cu()-\-a) vole
P R G,

C. f(x)= ; cos(x) — 4

D. f(x)=—3cos(3-%)—4 A= ~X—

E. f(x)=§cos(—x+§)—4 r= ~}'—E

Space for Personal Notes
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Question 12 (1 mark)

The curve with the equation y = e* is transformed by a dilation from the y-axis by a scale factor of 2, a
translation by one unit to the left in the x-direction and a translation of two units downwards in the y-direction.
The equation of the transformed curve is:

A. y=0.5e*1-2
B. y=2e¥1-2

C. y=e0S+D _ 7 {( é()“{l), ""L

D. y = eZ(x+1) )

Question 13 (7 marks)
Consider the function, f: R > R, f(x) = (x — D(x + 1)(2x — 1) (x + 2).

a. State the values of x for which, f(x) = 0. (1 mark)

b. The graph of y = f(x) is translated a units to the right, whero become the gr:

Find the values of a for which, the graph y = g(x) has:
graphy = g(x) Q zz-l'('a

,-z‘«ecl,(-w\\

i. Three positive x-intercepts. (2 marks) <o < T
A

240 €0  0&-*A

€L I‘Q.:]

ii. Four negative x-intercepts. (1 mark)

(ta <O
a~|
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maximum at the same coordinates as that of h. (1 mark)

15

Let h be the function, h : R > R, h(x) = (x — 1)?(x + 2)2, which has a local maximum
Let k be the function, k : R > R, k(x) = 2x%(2x + 3)?, which has a local maximum J

c. Using translations only, describe a sequence of transformations of k, for which its image would have a local

41

3 = =3 2%
Sowbd  Z anlbs i~ - aulal %Lw, up

d. Find a sequence of transformations in the order DRT that maps the graph of y = h(x) to the graph of

7~"_‘. é(?‘-‘) 7!.(‘:- iﬁ‘_q.
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Question 14 (8 marks)

Consider the function, f [-4,4]}> R, f (x) = x? + k, where k is a real number.

a. Consider the transformation, T'(x,y) = (E_x +1, éy - 1). Find the transformed function of y = f(x) under
the transformation T, and also state its domain. (3 marks) 3 [ 2
ct-(:l)'a (é()\-tl) sh,

el 58]

Powas. r"'-l ]

b. Find the inverse transformation of T and call it T~1. (2 marks)
NOTE: The inverse transformation is a transformation which works in opposite to the original transformation.

AP J olel & Ahsn
(= ‘L'-‘!"'/ Gy) 4 (%iqV
-

: 2 ) "‘U/

c. Using T™1, find the equation of the pre-image of y = f(x) under the transformation T.
State the domain also. (3 marks)
NOTE: Pre-image is the function you would have had before the transformation.

T ) &
PRA o luge = be_for

(=53] ™ A3 (om0 +1)
L

~ S _3'\

2¢2 > Y: 302n+\)* 3«32

—
)

B [-3, 3
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Section F: Extension Exam 1 (14 Marks)

VCE Mathematical Methods %

Question 15 (5 marks)

foo) {2F +4

g(x) =.(4x —3)? —1

a. Identify a sequence of transformations that take f(x) to g(x) without the useT dilation from the y-aXt

) vodwe

(2mar1:;) _ b i;_qg _‘,_;-gi .,((._% =
:J‘-_—, 100~ ) "= glu—tl= ')
3‘1_33 =q) ol= ?H‘é
L Ll
Tramialbe 33 daw~

b. Identify a sequence of transformations that take f(x) to g(x) withou€ the use of dilation from th%

(2 marks)
Za"a’ d ool
= () ‘4 Y9
Touslaby 5 down
t{'—_- (an—3)*—\ il B qaw

Tobe % 'ryw

gnl-3= Zn

r—'

42" = JZnx3

ale Eord

Y
<
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c. Assume that the domain of f and the domain of g are appropriately restricted such that, f ™1 and g~
exist. Identify the transformations that take £~ (x) to g~*(x) without the use of dilation from the @

(1 mark)

a f o8 o) -9 wihat aul_ﬁ@ :7111
il § f"“"\@ b _[.,% witind Al 'ﬁwou T~ [
Trambale 33 dne~ '

3 4

f"-)9-'. pl & ‘i“”‘ a-
Tada 33 (e[t
I
Trawdua $ “P

Question 16 (5 marks)

Consider the function, f(x) = 2vx — k, where k € R.

a. Find a sequence of transformations that mo y = f~1(x). (2 marks)
1 )
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L
v
b. Find the value(s) of guch that, nd [~1(x imtersect each other. 7\arks)

vertled

J5

tradit~

L)

Xz
q‘ K

'xl.(.qn - CE'K—

al_Gr 4Q%c=0

A= 16~%: 1 4E0)

[6:'6"(

K>\ (Hyw)

Question 17 (4 marks)

The image of the curve, y = 3vVx? +4x + 7 — 1 under a transformation T, has the equation
y =+V4x2 — 16x + 19. Find the transformations that make up T, with dilations before translations.

Dil 5 fews 4

= 2[ou)*+ 3

D“lé F,.A. y [O8

r

= 253

Trom ode. S untan viU—

Y= Jex—<)t+ &

Transd- ﬁ%«f

2n'-4%z= ax2.

p L1y
A
2x'= x+b

3=

xl= 2‘“7"‘"2 .
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Section G: Extension Exam 2 (17 Marks)

Question 18 (1 mark)

The function tangent to g(x) at x = 1 has an equation y = 2x — 4. What is the equation of the tangent of
2g(2x)+latx = %?

A. y=4x—14
B. y=4x-5
C. y=8x—-7
D. y=8x—-11

Question 19 (1 mark)

The transformation which maps f(x) = log,(x) to g(x) = 2log,(2x) is:

A. Dilated by factor 2 from the x-axis, translated 2 units in the positive direction of the y-axis.
B. Dilated by factor 2 from the x-axis, dilated by factor 2 from the y-axis.

C. Dilated by factor 2 from the x-axis, translated 1 unit in the positive direction of the y-axis.

D. Dilated by factor 2 from the x-axis, dilated by factor% from the y-axis.

Question 20 (1 mark)

The transformation, T : R? — R2, which maps the graph of y = 3 — /xTH, onto the graph of y = +/x has the
rule:
A Tx,y)=02x+1,-y—-3)

x+1

B. T(x,y) = (7,3 —y)

C. T(x,y) =(2x—-13-y)

D. T(x,y) = (xTH,—y - 3)
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Question 21 (1 mark)

The image of the curve, y = Vx? + 4 under the transformation T, has the equation y = v x? + 4x + 40.
The transformation T could be described as:

A. A dilation by factor 3 from the y-axis followed by dilation by factor 2 from the x-axis and a translation 3 units
to the right.

B. A dilation by factor % from the y-axis followed by a dilation by factor 3 from the x-axis and a translation 2

units to the right.

C. A dilation by factor 2 from the y-axis followed by a dilation by factor 3 from the x-axis and a translation
2 units to the left.

D. A dilation by factor 3 from the y-axis followed by a dilation by factor 3 from the x-axis and a translation
2 units to the left.

Space for Personal Notes
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Question 22 (1 mark)

Part of the graph of y = f(x) is shown below.

A 4

_of

The corresponding part of the graph of y = —f(2x — 1) is best represented by:

N x

4

B.

2o

L X

< 2 \/ U z i
-2f

N
>
PN
4
X

L4f

-of

Space for Personal Notes

MM34 [0.3] - Transformations - Workshop

C




G.()NTOUREDUC ATION VCE Mathematical Methods %

Question 23 (12 marks)
Let f(x) = log.(x + 3) + log.(x).

a. State the domain of f(x). (1 mark)

Consider the function f; where, f; (x) =log.(x +3 + k) +log.(x + k) and k is a negative real constant.

b. State the transformation required to get the graph of f to the graph of f;. Give your answer in terms of k.
(1 mark)

¢. Whenk =—2,theliney = 54—x — 175 + log.(4) is tangent to the graph of y = f;(x) when x = 3.

When k = —3, find the equation of the line that is tangent to the graph of y = 2f;(x) + 1 when x = 4.
(2 marks)

d. Find the value of x for which, fi' (x) = 1. Express your answer in terms of k. (2 marks)

MM34 [0.3] - Transformations - Workshop '30
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e. Hence or otherwise, find the value of k so that, the graphs of f; and f;~* have only one point of intersection.

Give your answer correct to three decimal places. (2 marks)

Now consider the function f, where, f,(x) = log, (2 + 3) + log, (g) and a is a positive real constant.

f. State the transformation required to get the graph of f to the graph of f,. Give your answer in terms of a.
(1 mark)

MM34 [0.3] - Transformations - Workshop
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g. Find the value of a so that, the graphs of f, and f,! have only one point of intersection. Give the coordinates
of this point of intersection. Give your answers correct to three decimal places. (3 marks)

Space for Personal Notes
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Website: contoureducation.com.au | Phone: 1800 888 300 | Email: hello@contoureducation.com.au
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Free 1-on-1 Consults

What Are 1-on-1 Consults?

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. :)

VVVYYVYYVYY

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

Booking Link

bit.ly/contour-methods-consult-2025

Lol




