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Combining Transformations

® Draw a grid with x-axis from -7 to 14 and y-axis from -7 to 10.

Smile 1561

Piot the points (5, 1), (7, 1), (7, 2}, (B, 2), (6, 4), (5, 4), (5, 1) and join them in order.

Shade the ‘L' shape and label it L,.

m Draw the resulting ‘L’ shapes for the transformations in the table below.
The first transformed ‘L’ shape L, has been completed for you.

s Describe the single transformation to map:

a) L, onto L

(-3

b) L, onto L,
c) Lg onto L,
d L, onto L,
el L,onto L,

Use MicroSMILE Transform to check your work.

3
L, translate ( 2) L,
10
L, translate ( g) E;
L, reflect in L,
Xx-axis
5
L, reflect in L,
y-axis
L, refiect in ks
y=Xx
L, rotate 180° about L 0 10
(0,0) anticlockwise
L, rotate 90° about E,
(0, 0) anticlockwise
L, rotate 180° L, -5-
about {0, 0)
L, reflect in L,
x=3
by reflect in Lys
X=-2
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Shape Sequences

Copy these shapes on to square dotty paper.
Continue the pattern and describe any rules.

-

Copy these shapes on
to isometric dotty paper.

Continue the pattern
and describe any rules. .

. s -

Create some shape .
sequences of your own.

Smile 2214

Turn over

. .

© RBKC SMILE 1995,



You will need: Cubes

Smile

0675

Cube Cuts

Problem: Cut the cube with a saw into
centimetre cubes,

How many cuts are needed?

- ~

/

AN
N

If you may re-arrange
the pieces after each
cut, can you do it
with fewer cuts?

Try a 4 by 4 by 4 cube
Try other cuboids.,

ilea

©1977
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Cross Stitch

You will need 5mm square paper.

Simp]e mo'fifs, using cross sTiTch, can be used to create elaborate patferns by

using transformations inc]uding ref ]ecfions, rotations and translations.

The patferns l:)elow have Been creé’fed l)y

Transforming this motif.

N Aleal - TET
describe each

pattern in ferms

of Transformat ions

L b d H 4 6 ®

: srcletelattates ;
g : ). o, 4
%X i _[. ):)x : A i

TUI"I'I over,



Here is another motif.

“ """" E Analyse ancl c[escribe The PHTTEI‘HS cr‘eaTed.

S 8 i e e T e L e T

It " i~

ot NN

X Using 5mm square paper fo represent the clotl'x, clesign a motif of your own

and create patterns, descril)ing them in terms of reflec’fions, rotations and
translations.
X lake one of your patferns and make if info a rec’[angular border l(eeping the

design continuous and mal(ing right—ang]ecl bends in the appropriafe places.
You may find a mirror helpful fo plan the corners.

You mighf like to choose one of your pafferns and using cross stzl‘(;h ér;szc;l;{eriffi

Adapted from an activity in MiW Cabbage.
© RBKC SMILE 1994.
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Transforming
Triangles

N y
Scale axes from )
-10 to +10.
Plot the points (3, 2),
(6, 2) and (3, 9) and : "
join them to form a -10 10 7x

triangle.

- and describe fully the transformation.

The inverse mapping would transform the triangle
to its original position. Give the inverse mapping of
this transformation in the form

X

y

—

2) Describe fully the geometric transformation for
each of the following mappings and give the
inverse mapping for each of the transformations

in the form .
( )

© RBKC SMILE 1994.
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MATRICES AND
r TRANSFORMATIONS

™
2,
>
i
@y
Cha?&it?e This machine changes the
sign o (2, =3 point (2, 3) to (2, -3)

the vy
co-ordinate

Copy and complete, for the corners of the house:
(2, 3) e—f (2, -3) (5, 3) =i (I W)
(3, 4) —mpee (I, W) (5, 1) =i ([l W)
(4, 4) =i (I, H) (2, 1) =—mpee (Il W)

On squared paper draw both the original house, and the
house after it has been through the machine.

Describe what has happened to the house?

Repeat (1) and (2) for each of the following machines,
drawing just the new house in each case.

(2, 3) (e) 1y 31 (b) (2, 3)
P 27 o o 2

Swap the Change the L//
X and y sign of » Double the y
co-ordinates (3, 2) the x (=2, 3) co-ordinate (2, 6)
co-ordinate




(4) Feed the corners of your original house through the two
machines below, and draw the house you obtain.

Change the
sign of _

i S J\(2, 3) W
co-ordinate \\ //

Double the
x (d.y ~3)

co—ordinate r\

(5) Repeat (4) for these machines:

(2, 3)
N L
Change the

sign of

the x (=2, 3) _\
co-ordinate
N /S

Swap the two
co—ordinatesr\fB’*z)

(6) What machines are needed to make the change below?
You will find it easier if you break the change into
two steps.

Y




(7)

@y
Change the
sign of (2, -3)
3

the y
co-ordinater\

We can replace this machine by multiplication by a matrix.

To do this the co-ordinates have to be written as a column
vector:

(a) Find what numbers must replace the stars.
(Hint: two of the stars will be 0's)

(b) Check that your matrix changes

(8) Copy and complete the following to show the effect of

o 1
(2 O) on the house.

() - ()

2e) () -

59 (1) -
HETHE _

23 (1) - '
(3 (1) -



(9) Find a matrix corresponding to each of the following machines:

b
@ £ PN L
Double the L// Change the ///

% sign of

co-ordinate r\\ the x F\\

co—-ordinate

(10) a) Find what happens to the house when it is fed through
this machine:

(2,3)

N L

Add the two co-ordinates
together to make the new

X co-ordinate. Leave (5, 3)
the y co-ordinate as it
is,

b) Draw the new house.

c) The matrix corresponding to this machine is made up of
three 1's and one O.

Find it, and check that (* *)(2) _ (5)

x %
(11)

-y
The new y co-ordinate is ///
the old x co-ordinate.
The new x co-ordinate is , (

double the old ¥y \\\
co-ordinate.

(o)

s 2)

a) Find what happens to the house when 1t is fed through
this machine, and draw the new house.

b) Which of the following matrices corresponds to this

machine?
1 ©
o 2

) (B9 (59
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2 B =] .
Transtormations bk o i el
You may like to use MicroSMILE Transform. For azich:

Enlargements and shears are transformations. i) describe the two transformations used.
® Enlarging alters the area, but not the shape. ' ’

® Shearing alters the shape, but not the area. i) describe the two transformations which

would restore the image to its original

1. Three transformations do not alter area position.
or shape. Name them. 4 55
Transformations which do not alter area or : G :
shape are cailed isometries. )
2. The quadrilateral ABCD can be transformed :
into A1B1C‘D1- h
” 3
] 6 -5 -4 3 1 2 3 4 5 868X
): 3 /C & oy i
e = ) . /
3 Pad 3 B ~_ !
= \ 4 C .
4 5
A B
o 12 3 4 5 6 7X .
(i) a) What single transformation transforms eI
ABCD to A,B,C,D,? LA
b) Which two transformations could be iy T2
combined to transform ABCD to AB.C,D? AT
S
(i) What single transformation would restore o]
AB,C,D, 1o the original position ABCD? &
The quadrilateral PQRS has been transformed 6. Ay
to P,Q4R,S. by transformation K followed by 5
transformation L. ‘ "
YA 3
= £
L] »
5 P Q C1| B, _
/ \ 6 -5 -4 -3 -2 B-‘E 1 2 3 4 5 6 i
Z \ / -4
T —h______.n < ]
¢S 1 \IR N »; 3
7 6 -5 -4 3 -2 - 12 83 4 5 6 7X Al |
P Q) R
1 1 C
- s
S, A
Lk
Explore other combined transformations.
(i) What are the transformations K and L? Summarise your findings.

(ii) f PQRS were transformed by L followed
by K, wouid the image be P1Q:R18+7

©RBKC SMILE 1894.
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ISLAMIC Patterns in LOGO

An activity for two people.

This paftern was drawn on square centimetre dotty paper.
It is a tessellation of the shape below.

b
|
L . . - -
i
I
I

® Find a, x and y using trigonometry.

® Use your results 1o write a LO60 program
to draw this tessellation.

Turn over.



The following tessellation was drawn on isometric dofty paper.

Use LOGO to reproduce it.

You may prefer to reproduce some other Islamic patterns using LOGO.
'Geometric Concepts in Islamic Art" Dy 1. EI-Said and A. Parman, rnay give you some
ideas. :

© 1893 RBKC SMILE
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A
TRANSFORMATION
TECHNIQUE

This task is about finding the matrices for some
transformations. There is a very simple technique which
you can use. To use this technique you need to find out
what happens to the unit vectors () and (9).
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4 The work on this card has taught you a mathematical technigue, but
it has not explained why the technique works. The following matrix
multiplications might help you understand it.

e ) (-ta)
&%) Q-G)

w

W
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Isometries

A. Draw an L shape on the right side of mirror line m,.
* Reflect it in m,, draw the image,
* Reflect the image in my,,
* Reflect the new image in m,.

Investigate what happens when other shapes are
reflected successively in the parallel mirror lines
my, my and m,.

Can the resulting combined transformation be
described by: _

1. atranslation followed by a reflection?

2. areflection followed by a translation?

3. asingle reflection?

The combined transformation can be described by MyM;M;.

This means reflect in m,, then in m,, then in m,.

B. Find the position of the single mirror that could be used to represent M;M;M.



C.

Investigate what happens when
a shape is reflected successively
in these three mirror lines.

What two transformations could replace the three refiections taken in the order:

1. My(MaMy)? 20 (MsM)M,?

A glide reflection is the single transformation which replaces a reflection followed by a
translation parallel to the mirror line. These are examples of glide reflections.

Footprints of uniform stride.

R

B 1Y O P S SR S R T B K S R O S S SRS o 23105 <.A.4.W,M
s A < > EEET i i 7 0 DR Dl o



Isometries are all transformations which preserve shape and size.
A glide reflection is an isometry, and so is a translation.

BRI R AR

A. What two other ._.mzmﬂ.oqsmzo:m are isometries?
B. Copy and complete the table of combined transformations.

Second transformation
T M R G
followed by Translation | Reflection | Rotation | Glide reflection
T
. T GorM R G
o Translation
U
E . MorG TorR
S Reflection
g R
S
= : MorG
21 Rotation
w
G TorR MorG RorT
Glide reflection

Find at least one transformation for each of the blank spaces in the table.

Turn over.



C. Name a transformation which is an isometry when:

1. asingle point only is invariant (remains unchanged).

2. asingle line only is invariant.

o XY _ [ O)f=x 4
D. A transformation is represented by: w.v = Ao 1 v Av. + on

Draw a shape on graph paper and find out what kind of transformation it is.

E. Write down, in a matrix form similar to that in D, the glide reflection which uses
the line x =0 as a mirror line and a translation of +5 parallel to the line x = 0.

© RBKC SMILE 1894,
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Matrices for Shears Investigation

Z 690-0
| 00

In this shear,
* the x-axis is invariant (it does not change)

* the point (0, 1) has moved 2 units.in the x directibn to the point (2, 1)

distance movéd inx direction —0
y co-ordinate

* for any point,

* the matrixis 1 2

-

You are asked o investigate different shears and their matrices. You will need to do several shears keeping
either the x-axis or the y-axis invariant. Further, you will need to record the different shears and their
matrices and finally describe any connections between the shears and the numbers in the matrices.

If you can master the matrices for shears parallel to an axis, you should study shears with other invariant
linese.g.y = 2x '

Remember the definition of a shear: every point must move parallel to the invariant line and must move a
- distance proportional to its distance from that line.

Turn over if you need a reminder about how to find the matrix for a particular transformation.



A useful technique to find the transformation matrix

Look at the unit vectors and see how they have been transformed.

Use the results to write the matrix.

)

See 1400 A Transformation Technique for a fuller description.




