Lesson 5
Further A-Level Pure Mathematics: Corel
Matrix Transformations
5.1 Composite Transfor mations

Let X =( é _2 ) This is the matrix for reflection in theaxis
Let D = ( _g _é ) This is the matrix, reflection in the diagonal Iyne= — x

Next is determinedDX and, separatel)¥D.

o |97 x| 59
[o-2)[[ 2 70) (3 Sl]l% o)

The Commutative Law
Notice that XD # DX : These two matrices do not obey The Commutative Law.
In general, matrices do not commute, although there are special cases where the

Also notice that the answers to the multiplications are recognizable.

XD = ( Cl) _é ) This is the matrix for rotation of S@bout the origin
DX = ( _2 (1) ) This is the matrix for rotation of 27@&bout the origin.

Getting The Order of Operations Correct
By way of working towards a concrete example, suppose now that a parallelograi
P, is defined by the points (5,0),(5,2),(3,3)and (3,1).

[ 55 3 3
P_(0231)

From what is already know of composite functions, it should not be a surprise tha
XDP means td°, first doD, then daoX.
This is likefg(x) meaning puk into functiong first, then that result into function

The Associative L aw
With matrices, The Associative Law holds; it does not matter how the matrices
in XDP are grouped. In other word¥D)P = X(DP)

Advantage

The advantage of working oD first rather thaDP is that a general result was
obtained; that reflection in the lirye= — x followed by reflection in th&-axis

is equivalent to a rotation of 9@bout the origin.



Disadvantage
The disadvantage of working oXD first rather tharDP is that the interim position
of the parallelogram is not found. So, next, this alternative method will be worked

through for bothiXDP andDXP and diagrams obtained showing, step-by-step, the
composite transformations.

X(DP) D(XP)
First : Reflectiny = —x First : Reflect in the-axis
5 5 3 3 5 5 3 3
bP ( 0 2 3 1) e ( 0 2 3 1
0-1 0 -2 -3-1 1 0 5 5 3 3
-1 0 -5 -5 -3 -3 0 -1 0 -2 -3-1
Second : Reflect in theaxis Second : Reflect |y = —X
0 -2 -3 -1 5 5 3 3
X(OP) (—5 -5 -3 —3) D(XP) ( 0 -2 -3 —1)
1 0 0 -2 -3 -1 0 -1 0 2 3 1
o -1 5 5 3 3 -1 0 -5 -5 -3 -3
Ya
"""""" C ANUA A S IR R
/XD poRCTT T Reflect in
-------- — N R e
Reflect in{——— T
X-axis Lo ) DX
ST RS Firt
CTINGTTTTTT T X Reflect in
NS AR

NO, MATRICES
ARE NOT WHAT
MATHEMATICIANS
SLEEP ON

y R A

¥



5.2 Exercise

Any solution based entirely on graphical
or numerical methods is not acceptable
Marks Available : 50

Question 1
(1) Plot the arrow shapé& described by the multipoint matrix,
[ -2 0 -2 -4
A= 0 -4 -3 -4

(ii)
(iii)
(iv)

________________________________________ X
[ 2marks]
TransformA using the matrixR = ( B é ) and plot the resulRA.
[ 3marks]
TransformRA using the matriM = ( g é and plot the resuliyRA.

[ 3marks]

Calculate MR and hence or otherwise state what single transformation
would have transformefl to MRA.

[ 4 marks]



Question 2
(1) Plot the shape described by the multipoint matrix,

[0 2 0-2
P= 0O 0-4-4
Ya
5 —
[ 2marks]
(i) TransformP using the matrixS = ( _i _015 and plot the resul&P

[ 3marks]

(i) TransformSP using the matrix = ( _3 ) and plot the resulf SP

1
-2

[ 3marks]
(iv) Calculate TS, and hence or otherwise state what single transformation
would have transformeld to T SP.

[ 4 marks]



Question 3

Further A-Level Examination Question from January 2013, FP1, Q4 (Edexcel)
The transformatiotd, represented by thex22 matrixP, is a rotation of 90
anticlockwise about the origin.

(a) Write down the matri®P

[ 1mark ]
The transformatioV, represented by thex22 matrixQ, is a reflection in
the liney = —x.
(b) Write down the matrixQ

[ 1mark ]

Given thatU followed byV is transformatio, which is represented by the
matrix R,

(c) expresR in terms ofP andQ

[ 1mark ]

(d) find the matrixR

[ 2marks]

(e) give a full geometric description dfas a single transformation

[ 2marks]



Question 4
Further A-Level Examination Question from January 2012, FP1, Q4 (Edexcel)
A right angled triangld has verticesA( 1, 1),B(2,1) andC(2, 4).

01
10

(a) Find the coordinates of the verticesTof

WhenT is transformed by the matrix = ( ) the image ig”

[ 2marks]

(b) Describe fully the transformation representedPby

[ 2marks]

The matrice®) = ( g :i ) andR = ( \,1% i represent two transformations
WhenT is transformed by the matr@R, the image i§”

(c) Find QR

[ 2marks]

(d) Find the determinant @R

[ 2marks]

(e) Using your answer to part (d), find the ared6f

[ 3marks]



Question 5
Further A-Level Examination Question from June 2011, FP1, Q5 (Edexcel)
-4 a
Sl
Given that the matriXA maps the point with coordinates ( 4, 6 ) onto the point
with coordinates ( 2; 8),
(a) find the value of and the value db

wherea andb are constants

[ 4 marks]
A quadrilateraR has area 30 square units
It is transformed into another quadrilateBddy the matrixA
Using your values od andb
(b) find the area of quadrilatersl
[ 4 marks]
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