7. Transformations and vectors Starter Quiz - HEHj/M

IGCSE Mathematics Name: Score:

1. Reflect the point (3, 2) in the y-axis. The image is (a, 2). What is a?
Week 24

IG C SE Mat hematics 2. a=(3,1) and b = (2, —4). The top number of a + b is?

3. If a and b are the position vectors of A and B, then the vector AB is:
Homework bundle for this week

Ob—a
A A2

Oa—b
exercises.lol Oa+b

O %(a + b)
Contents Ei 4. Translate (5, 3) by the vector (—2, 4). The image is (3, b). What is b?
Topic 7 QUIZ . ... 2 5. a=(3,1) and b = (2, —4). The bottom number of a + b is?
Exercise sheet E7.1 ... ... ... .. . . . . . ... 5

6. M is the midpoint of AB. The position vector OM is:

Past-paper questions E7.1............. ... ... ... 11

O %(a + b)
Exercise sheet E7.2.......... ... .. ... ... 16 Oa+b
Past-paper questions E7.2...... ... ... ... 21 Ob—a

O %(b — a)

7. Which transformation changes the size of a shape?
O enlargement
O reflection
O rotation

O translation

8. Find the magnitude (length) of the vector (3, 4).

9. Two vectors are parallel if one is a scalar multiple of the other.

O True O False
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10. The magnitude of the vector (3, 4) is 3 + 4 = 7. 7. Transformations and vectors Answers
O True O False

IGCSE Mathematics

1. -3

Reflecting in the y-axis flips the sign of x: a = —3.
2.5

3+ 2=05.
3.b—a

AB = (position of B) — (position of A) = b — a.
4.7

Move 4 up: 3+ 4 =17.
5. -3

14 (—4) =-3.
6. Y(a + b)

OM = a + %(b — a) = %(a + b).
7. enlargement

Only enlargement changes size; the other three keep it congruent.
8. 5

V(3% + 42) = y25 = 5.

9. True

Parallel vectors point the same (or opposite) way, so one is k times the other.

10. False
Magnitude uses Pythagoras: /(3% 4+ 42) = 5, not the sum 3 + 4 = 7.
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IGCSE MATHEMATICS « EXERCISE SHEET

E7.1 Transformations

Name: Class: Date: Total: 26 marks

KEY WORDS reflection JZff « translation '[*f% e rotation jith% « centre H1.0»
« scale factor [ fil[H 1

Objective

Build the skills to answer Extended exam questions on transformations 7%t re-
flection, rotation, enlargement and translation 4. JiEg%s. k. % — and
describing them fully.

You must be able to:

« find the image of a point under each transformation
o describe a transformation with all the required details
o use a column vector for a translation

1 Worked examples

B The four transformations

3 image
2

object
z
Describe fully: name the type + all its details
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90°

N

object

image

centre O

Rotation is one of the four transformations

+ Reflection JZ4}: give the mirror line. (3,2) in the y-axis — (—3,2).

» Rotation Jig§%: give centre, angle, direction. (3,1), 90° anticlockwise about O —
(—1,3).

« Enlargement Jif K: give centre and scale factor k. (1,2) from O, k =2 — (2,4).

« Translation “F#%: give the column vector. (5,3) by (_42> = (3,7).

Answer shapes: M1 a correct method, A1l the correct answer.

B Describing a transformation fully

“Describe fully” means give the name and every piece of information that fixes it.
Miss one and the marks go.

TransformatiotWhat must also be given

reflection the equation of the mirror line, for example y = z or x = 2

rotation the angle, the direction (clockwise or anticlockwise) and the
centre

translation the column vector Z

enlargement the scale factor and the centre of enlargement

Only one transformation may be named: writing “a reflection and then a translation”
scores nothing.

How to identify it. If the shape is the same size and the same way round, it is a
translation or a rotation; if it is the same size but reversed, it is a reflection; if it is
a different size, it is an enlargement. For a rotation, join a point to its image and to

a candidate centre and check the angle. For an enlargement, the centre is where the
. . . . . . . image length
lines through matching pairs of vertices meet, and the scale factor is —————.
object length
Worked example. A has vertices (1,2), (4,2), (1,4) and B has (2,4), (8,4), (2,8).

Describe the transformation fully.
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1. The image is bigger, so it is an enlargement.

2. Scale factor: the base goes from 3 to 6, so it is 2.

3. Centre: each image coordinate is exactly twice the object coordinate, so the centre
is the origin (0, 0).

4. Answer: an enlargement, scale factor 2, centre (0,0).

A negative scale factor puts the image on the other side of the centre and turns it
upside down; a fractional scale factor makes it smaller.

2 Practice

2.1 Reflect the point (4,3) in the z-axis.
. 3
2.2 Translate the point (2,1) by the vector o)

2.3 Enlarge the point (2,3) from the origin by scale factor 2.

2.4 Describe fully the transformation that maps (3,2) onto (—3,2).

2.5 State the two things you must give to describe a rotation fully, besides its name.

3 Exam-style questions

3.1 The point (4, 1) is rotated 90° anticlockwise about the origin. Find the image.
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3.2 A quadrilateral has vertices (2, 1), (5,1), (5,3) and (2, 3). After one transformation its
image has vertices (6,3), (15,3), (15,9) and (6,9). State the name of this transformation
and give the two further pieces of information needed to describe it fully. 3]

3.3 A shape is enlarged from the origin by scale factor % The point (6,4) is on the shape.
Find its image. 2]
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3.4 Triangle P has vertices (2,1), (6,1) and (2,3).

(a) Triangle P is reflected in the line z = 1 to give triangle (). Write the coordinates of
the vertices of Q. 3]

(b) Triangle P is enlarged with centre (0,0) and scale factor 2 to give triangle R. Write
the coordinates of the vertices of R. 3

(c) Triangle P is rotated 90° clockwise about the origin to give triangle S. Write the
coordinates of the vertices of S. 3]

(d) Triangle T has vertices (—2,—1), (—6,—1) and (—2, —3). Describe fully the single
transformation that maps P onto T'. 3]

IGCSE Mathematics o E7.1 Transformations @

®

Solutions

Marking: M1 a correct method, A1 the correct answer.

2.1 (4,-3).

2.2 (243, 1-2)=(5-1).

2.3 (2x2, 3x2)=(4,6).

2.4 A reflection in the y-axis, the line z = 0.

2.5 The angle of turn and the direction, and the centre of rotation.
3.1 the rule is (z,y) = (—v,z), so (4,1) = (—1,4).

3.2 An enlargement, scale factor 3, centre (0,0). (Each image coordinate is three times
the object coordinate, so the centre is the origin.)

3.3 (6x3, 4x3)=(3,2).

3.4 (a) Reflecting in = 1 sends (z,y) to (2 — x,y); (0,1), (—4,1) and (0, 3).

(b) Multiply each coordinate by 2; (3,1.5), (9,1.5) and (3,4.5).

(c) A 90° clockwise rotation about the origin sends (z,y) to (y, —z); (1, —2), (1, —6) and
(3,-2).

(d) A rotation of 180° about the origin (0, 0). (An enlargement of scale factor —1, centre
the origin, is also accepted.)
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5

A
4

Y

(b) Draw the image of triangle 7 after an enlargement of scale factor 2, centre (3, 3). [2]
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8

(a) On the diagram, draw the image of

1
(i) shape 4 after a translation by the vector <_ 7)

(ii) shape A4 after a reflection in the line y = x+ 1.
(b) Describe fully the single transformation that maps shape A onto shape B.

(2]

(3]
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e}

(o NN

8 /

—-10
(a) Describe fully the single transformation that maps

(i) shape 4 onto shape B

(i) shape 4 onto shape C.

(b) On the grid, draw the image of shape 4 after a reflection in the line x = —2.

IGCSE MATHEMATICS « EXERCISE SHEET

E7.2 Vectors in two dimensions

Name: Class: Date: Total: 21 marks

KEY WORDS magnitude {5 ¢ column vectors 7l][ii] i « position vectors {1 7 [i] 11t
« vectors in two dimensions " ZE[i] 5 o scalar Fi

Objective

Build the skills to answer Extended exam questions on vectors in two dimensions —.
4 [h)f# — adding, subtracting and scaling column vectors %[ &, the magnitude %,
and position vectors v B [a] &

You must be able to:

o add, subtract and multiply column vectors by a scalar
« find the magnitude of a vector

e use E =b-—a
1 Worked examples

B Working with vectors

a+b b

Work on the top and bottom numbers separately
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V32+42=5

The magnitude (length) of a vector

3 2 5 9
o Add/scale: a= <1>7 b= <74> —a+b= <73)7 3a= (3
o Magnitude #¥: <Z> ’ =22+ 9% = ’ (i) ‘ =5

« Position vectors: AB=Db — a.

Answer shapes: M1 a correct method, A1 the correct answer.

2 Practice

2.1a= (g) and b = <33> Find a+ b.

2.2 Find 2a for a = (_31>

IGCSE Mathematics « E7.2 Vectors in two dim
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2.3 Find the magnitude of (g)

3 Exam-style questions

5 1 .
3.1a= <2> and b = <6> Find a — b.

3.2 The position vector of A is (;) and of B is <171> Find E and its magnitude. [:
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ssan (%) miv- ().

(a) Work out 2a — b as a column vector. 2

(b) Find |a, giving your answer in surd form and to 2 decimal places. 3]

(c) OABC! is a parallelogram with O—>A =aand O? =b. Write E and @ in terms of
aand b. [3]

s —
(d) M is the midpoint of AB. Show that OM = a+ %b7 and hence write OM as a column
vector. 4]

IGCSE Mathematics ¢ E7.2 Vectors in two dim @

Solutions

Marking: M1 a correct method, A1 the correct answer.

4+1 5
2.1 <273> - (71)
6
2 (%)
2.3 V62 + 82 = /100 = 10.
5—-1 4
3.1 <276>7<74>.
?_ _ (6. o — 2 2
32AB=b-a= 3 ; magnitude = v/62 + 82 = 10.

3.3 (a) 2a= (i); 2a—b= (6:2<:i)> = (i).

(b) |a] = /32 + (=1)2 = v/10 = 3.16 to 2 d.p..

(c) AC = B—}—(ﬁ: —a+b; in a parallelogram 0B =a+b.
(d) AB = OC = b, so AT = by O = OA + A0 —a+ b = (}1>+(

IGCSE Mathematics ¢ E7.2 Vectors in two dim
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(a) Find 5DE.

(b) Find |DE|.

(¢) D is the point (-2, -3).

Find the coordinates of the point E.
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18

C

B

(0] a

In the diagram, OA4 is parallel to CB.
04 :CB=4:3
OA=aand OB=b.

(a) Find AB in terms of a and b.

(b) M is the midpoint of OC.

Find AM in terms of a and b.

Give your answer in its simplest form.

AB =

AM =

NOT TO
SCALE
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m NOT TO
SCALE

4 £ ; D

ABCD is a parallelogram.

AB=m and AD = P

Fis a point on BC and BF = 4FC.
EisapointonAD and AE : ED=1:2.

(a) Find ﬁ;, in terms of m and p, in its simplest form.

(b) EF and DC are extended to meet at the point G.

Find C*Gz in terms of m and/or p, in its simplest form.
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ooomels) el

(a) Find 2m — n.

5
b) The vector ( ) has a magnitude of 7.
(b) \/} g

Find the value of y.

(2]
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A B

0

OABC is a rhombus and O is the origin.
The diagonals of the rhombus intersect at P.
OP =2mand AP = n.

(a) Find, in terms of m and n, in its simplest form

@ o4
04
(i) OC.

(b) D is the point such that 4D = 10m—3n.

Show that OADC is a trapezium.

NOT TO
SCALE

(3]
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9  Aisthe point (3, —1).
()
T \—4
(a) AC=24B

Find the coordinates of the point C.

(b) The length of ABis kv5.

Find the value of k.

(¢) Pisapointon AB.
AP PB=1:3

Find the position vector of P.

(2]
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