3.3.3 Transformations, Matrices and Vectors
G21

Core content Extension content

describe and transform 2D shapes using single including combined transformations and enlargements
rotations, reflections, translations, or enlargements by | by fractional and negative scale factors

a positive scale factor and distinguish properties that

are preserved under particular transformations

Notes: translations will be specified by a vector.

G22

Core content Extension content

understand and use vector notation; calculate, and
represent graphically the sum of two vectors, the
difference of two vectors and a scalar multiple of a
vector; understand and use the commutative and
associative properties of vector addition; solve simple
geometrical problems in 2D using vector methods

G23

Core content Extension content

multiplications of matrices

Notes: multiplying a 2 x 2 matrix by a 2 x 2 matrix or by a 2 x 1 matrix, multiplication by a scalar.

G24

Core content Extension content

the identity matrix, |

Notes: 2 x 2 only.
G25

Core content Extension content

transformations of the unit square in the x - y plane

Notes: representation by a 2 x 2 matrix
transformations restricted to rotations of 90°, 180° or 270° about the origin, reflections in a line through the origin
(iex=0,y=0,y=x, y=-x) and enlargements centred on the origin.

G26

Core content Extension content

combination of transformations

Notes: using matrix multiplications

use of i and j notation is not required.
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e Pythagoras Theorem

e Trigonometric @ Y“U‘['o\‘q V) @ Wl\ﬂauw’]
o Sinerule
o Cosinerule YEﬁKO‘L. biA .
o Area of any triangle C2R J _ O{%ﬂv n
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o Vector calculation (addition, subtraction,\scalarmultiplication)
o Solve simple geometrical problems in 2D using vector methods

%Matnces
N
o Definition and types (e.g.2x2 identity matrix)

—_—

o Matrix multiplication (two types) SCaloe
s Transformation " matriX— 0 l
o Transformations of the(unit square)in the x — v pl

o Combination of transformation using matrix multiplication
\v————’.___'_\—-——-"_"
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K, RBEHENE)
vector =
colinear e
A B ¢

Slant edge s

——

| 1



Pythagoras Theorem

® |n symbols, Pythagoras’ theorem is
ct=ag+ b where c is the length of the hypotenuse.

Area = ¢2
=g+ p?
1 e
a Area
Trigonometry
A 0
' sinf = z
0 cosb =7
OI’FOSit{ | ﬂ tan 6 = 5{
A: gaﬁﬂ@w’:

There are two rules that you can use to work out sides and angles in triangles that
are ot right-angled and a formula you can use to find the area of any triangle.

./_ Sine rule E by o, @l least one side & A

sinA~ sinB sinc@ ;
pposite 2
Sl R =ShT e c
.2 Cosine rule 2 = b* + ¢c*—2bc cos A Two sides & £ between

—————
ODS ) or 2he I'BG sides B

;é\, [ ] Araaofanylriangle=%absin}i Two sides & £ between "
L P N ’

(@)
C QAD%Z =@+ 22 a?=(h*H (c — x)?

b? —x%2 =a® - (c—x)?

a*=b*+c¢*-2

CosA = —,.. x = bCosA

e

o=

aZ = b% +¢% —2bcCosA



a‘* = b* + c* — 2bcCosA

Example:
The base BCDE of this pyramid is ith sides of length 8cm 7‘\
The length of each\slant edge)is 10 cm.
F is the centre of the base and M is the mid-point of CD,
Calculate  a the height of the pyramid A\: C
S }\ b ZABF, the angle between a slant edge and the bie
7T 0 c LAMF, the angle between a triangular face and the base ,é,ﬁiﬁ
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Vectors

1. Definition
- Vectors describe a movement from one point to another. I’\MMLW
- Two characteristic Cm a '

¢ Direction ( L\/SFE'Q
e Magnitude: ‘how large’ something is.

o How to find: the length of the line segment

magn\"“de

auesio™

head

tail



2. Vector notation

This diagram shows a vector representing the move from point A to point B.

EpZs Av=0=0

—
AB—a—a

e Using an arrow
¢ Using boldface
* Underlined

<<U >0
___9
Vector a can be written as the column vector (’X ) S0

-

The first number in a column vector

is called the x component and the \/

second is called the y component. <0
W_,_/

The first number: 0= g i }\-b
* positive, the direction is to the right. 27

negative, the direction is to the left. "'2 owh

The second number:

* positive, the direction is upwards.

* negative, the direction is downwards.

2

Vector b can be written as the column vector (_ﬂ tF )
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3. Magnitude of a vector
The length of a vector is its absolute value and we use the modulus symbol.
(3)
a=
y

— o

a

y

— 5 s

AB=ACt
v N~
=2 < iC
.

lal = /22 +y2 = V52 + 22 = /29
If the magnitude is equal to 1, then the vector is known as a unit vector.
If the magnitude is equal to O , then the vector is known as a zero vector.

Practice:

Find the magnitude of vector a, giving your answer to 1 decimal place:

()9 [a|=]Co' 5" =] €| b4 (1 )

(6.4)




Vector arithmetic rsizs

4. Vector addition and subtraction

—-@-)-¢)
8 B L

Properties of vector addition
——

(1) Commutative AZ3AfFE

® at+tb=b+a is vector a followed by vector b
e which is equal to b followed by a.
® a-b#+b-a is vector a followed by vector —b

(or —b followed by a).

b=Q=bit-a)




(2) Associative 551

@+b)+c¢=ad+(b+?

P e
ﬁ:(a+b)+c

(i) (ii)
Multiplying Vectors
Multiplying vectors by a We can multiply a vector by a number. For example, we can multiply a by 3:
da=a+t+a+a

We can multiply more complicated vectors

3(a+b)=3a+3b

Scalar multiples are aII each other: E?P \
A‘B//OD A_F:’ 7 3a + 3b is parallel 1

e If A_B) is a multiple of BC, then points A, B and C are collinear.
W"“-—#—\‘_‘_‘_,\____..

Colinear 2t

Collinear points lie on the same straight line.

Combining vector addition, subtraction and multiplication

3a—2b=3(2)—2(_31)= (165)—(—62) =(g)



Example: 7
= R —0 +
In triangle OAB, ﬁ= a and ﬁ = b. Y AI}T 015 UA_"' P’ q ._Li

P is the point on OA with OP:PA = 2:1 and Q is the point on OB with OQ: QB
—>
a Write PQ in terms of a and b.
b Describe the relationship between the line segment@n

A — 7
p & - _1;@_ FO'("DQd

Practice:

o (ham 5= (Yonee=()

a Calculate i p+q+r i 2p—r. b Write s in terms of p and q.
o
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Find:

(1) thmagmtud of p /\/_\ 7&_\
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(i) 2r-g asa column vector
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4 -
(a) Vector [ ) ] is shown on the grid. (b) Vector [ 12] is shown on this grid.
\—d‘\v\

B

On this grid, draw a vector that is

. parallel to [-12] E—/
On the grid, @at represents :] + [;]—;_(,: W’ 4’ '\'\ . b
—

——

=2
three times the length of [ 1 ]



