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Syllabus Matching Grid

Cambridge O Level Mathematics (Syllabus D) 4024/4029. Syllabus for examination in 2018, 2019 and 2020.

Theme or Topic Subject Content Reference
1. Number Identify and use: Book 1:
» Natural numbers Chapter 1
* Integers (positive, negative and zero) Chapter 2
¢ Prime numbers
* Square numbers
* Cube numbers
¢ Common factors and common multiples
* Rational and irrational numbers (e.g. T, \/5 )
¢ Real numbers
2. Set language and notation » Use set language, set notation and Venn diagrams to describe sets and Book 2:
represent relationships between sets Chapter 14
* Definition of sets:
e.g. A = {x: x is a natural number}, Book 4:
B=A{(x,y):y=mx+c}, Chapter 2
C={x:a<x=<b},
D={a,b,c,...}
2. Squares, square roots, cubes and | Calculate Book 1:
cube roots * Squares Chapter 1
* Square roots Chapter 2
e Cubes and cube roots of numbers
4.  Directed numbers * Use directed numbers in practical situations Book 1:
Chapter 2
5. Vulgar and decimal fractions » Use the language and notation of simple vulgar and decimal fractions and Book 1:
and percentages percentages in appropriate contexts Chapter 2
* Recognise equivalence and convert between these forms
6.  Ordering * Order quantities by magnitude and demonstrate familiarity with the symbols Book 1:
= %,<,>, <, =, Chapter 2
Chapter 5
7. Standard form ¢ Use the standard form A x 10", where 7 is a positive or negative integer, and Book 3:
1=A<10. Chapter 4
8.  The four operations Use the four operations for calculations with: Book 1:
* Whole numbers Chapter 2
e Decimals
e Vulgar (and mixed) fractions
including correct ordering of operations and use of brackets.
9.  Estimation * Make estimates of numbers, quantities and lengths Book 1:
* Give approximations to specified numbers of significant figures and decimal Chapter 3
places
* Round off answers to reasonable accuracy in the context of a given problem
10 Limits of accuracy * Give appropriate upper and lower bounds for data given to a specified Book 3:
accuracy Chapter 3
* Obtain appropriate upper and lower bounds to solutions of simple problems
given to a specified accuracy
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11. Ratio, proportion, rate Demonstrate an understanding of ratio and proportion Book 1:
Increase and decrease a quantity by a given ratio Chapter 9
Use common measures of rate
Solve problems involving average speed Book 2:
Chapter 1
12. Percentages Calculate a given percentage of a quantity Book 1:
Express one quantity as a percentage of another Chapter 8
Calculate percentage increase or decrease
Carry out calculations involving reverse percentages Book 3:
Chapter 5
13.  Use of an electronic calculator Use an electronic calculator efficiently Book 1:
Apply appropriate checks of accuracy Chapter 2
Enter a range of measures including ‘time’ Chapter 4
Interpret the calculator display appropriately
Book 2:
Chapter 11
Book 3:
Chapter 10
Book 4:
Chapter 4
14. Time Calculate times in terms of the 24-hour and 12-hour clock Book 1:
Read clocks, dials and timetables Chapter 9
15. Money Solve problems involving money and convert from one currency to another Book 3:
Chapter 5
16. Personal and small business Use given data to solve problems on personal and small business finance Book 3:
finance involving earnings, simple interest and compound interest Chapter 5
Extract data from tables and charts
17. Algebraic representation and Use letters to express generalised numbers and express arithmetic processes Book 1:
formulae algebraically Chapter 4
Substitute numbers for words and letters in formulae Chapter 5
Construct and transform formulae and equations
Book 2:
Chapter 2
Book 3:
Chapter 1
18. Algebraic manipulation Manipulate directed numbers Book 1:
Use brackets and extract common factors Chapter 4
Expand product of algebraic expressions
Factorise where possible expressions of the form: Book 2:
ax + bx + kay + kby Chapter 3
a’x’ — by’ Chapter 4
a +2ab+ b Chapter 6
ax’ +bx +c
Manipulate algebraic fractions
Factorise and simplify rational expressions
19. Indices Understand and use the rules of indices Book 3:
Use and interpret positive, negative, fractional and zero indices Chapter 4
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20. Solutions of equations and Solve simple linear equations in one unknown Book 1:
inequalities Solve fractional equations with numerical and linear algebraic denominators Chapter 5
Solve simultaneous linear equations in two unknowns
Solve quadratic equations by factorisation, completing the square or by use of | Book 2:
the formula Chapter 2
Solve simple linear inequalities Chapter 5
Book 3:
Chapter 1
Chapter 3
21. Graphical representation of Represent linear inequalities graphically Book 4:
inequalities Chapter 1
22. Sequences Continue a given number sequence Book 1:
Recognise patterns in sequences and relationships between different sequences | Chapter 7
Generalise sequences as simple algebraic statements
23. Variation Express direct and inverse variation in algebraic terms and use this form of Book 2:
expression to find unknown quantities Chapter 1
24. Graphs in practical situations Interpret and use graphs in practical situations including travel graphs and Book 1:
conversion graphs Chapter 6
Draw graphs from given data
Apply the idea of rate of change to easy kinematics involving distance-time Book 2:
and speed-time graphs, acceleration and deceleration Chapter 2
Calculate distance travelled as area under a linear speed-time graph
Book 3:
Chapter 7
25. Graphs in practical situations Construct tables of values and draw graphs for functions of the form ax” Book 1:
where a is a rational constant, n =-2,-1,0, 1,2, 3, and simple sums of not Chapter 6
more than three of these and for functions of the form ka* where a is a positive
integer Book 2:
Interpret graphs of linear, quadratic, cubic, reciprocal and exponential Chapter 1
functions Chapter 2
Solve associated equations approximately by graphical methods Chapter 5
Estimate gradients of curve by drawing tangents
Book 3:
Chapter 1
Chapter 7
26. Function notation Use function notation, e.g. f(x) = 3x—5; f : x = 3x—5, to describe simple Book 2:
functions Chapter 7
Find inverse functions ™' (x)
Book 3:
Chapter 2
27. Coordinate geometry Demonstrate familiarity with Cartesian coordinates in two dimensions Book 1:
Find the gradient of a straight line Chapter 6
Calculate the gradient of a straight line from the coordinates of two points on
it Book 2:
Calculate the length and the coordinates of the midpoint of a line segment Chapter 2
from the coordinates of its end points
Interpret and obtain the equation of a straight line graph in the form y = mx + ¢ | Book 3:
Determine the equation of a straight line parallel to a given line Chapter 6
Find the gradient of parallel and perpendicular lines
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28. Geometrical terms Use and interpret the geometrical terms: point; line; plane; parallel; Book 1:
perpendicular; bearing; right angle, acute, obtuse and reflex angles; interior Chapter 10
and exterior angles; similarity and congruence Chapter 11
Use and interpret vocabulary of triangles, special quadrilaterals, circles,
polygons and simple solid figures Book 2:
Understand and use the terms: centre, radius, chord, diameter, circumference, Chapter 8
tangent, arc, sector and segment
Book 3:
Chapter 9 to
Chapter 13
29. Geometrical constructions Measure lines and angles Book 1:
Construct a triangle, given the three sides, using a ruler and a pair of Chapter 12
compasses only Chapter 14
Construct other simple geometrical figures from given data, using a ruler and
protractor as necessary Book 2:
Construct angle bisectors and perpendicular bisectors using a pair of Chapter 8
compasses as necessary
Read and make scale drawings Book 4:
Use and interpret nets Chapter 8
30. Similarity and congruence Solve problems and give simple explanations involving similarity and Book 2:
congruence Chapter 8
Calculate lengths of similar figures
Use the relationships between areas of similar triangles, with corresponding Book 3:
results for similar figures, and extension to volumes and surface areas of Chapter 11
similar solids Chapter 12
31. Symmetry Recognise rotational and line symmetry (including order of rotational Book 2:
symmetry) in two dimensions Chapter 13
Recognise symmetry properties of the prism (including cylinder) and the
pyramid (including cone) Book 3:
Use the following symmetry properties of circles: Chapter 13
(a) equal chords are equidistant from the centre
(b) the perpendicular bisector of a chord passes through the centre
(c) tangents from an external point are equal in length
32. Angles Calculate unknown angles and give simple explanations using the following Book 1:
geometrical properties: Chapter 10
(a) angles at a point Chapter 11
(b) angles at a point on a straight line and intersecting straight lines
(c) angles formed within parallel lines Book 3:
(d) angle properties of triangles and quadrilaterals Chapter 13
(e) angle properties of regular and irregular polygons
(f) angle in a semi-circle
(g) angle between tangent and radius of a circle
(h) angle at the centre of a circle is twice the angle at the circumference
(i) angles in the same segment are equal
(j) angles in opposite segments are supplementary
33. Loci Use the following loci and the method of intersecting loci for sets of points in | Book 4:
two dimensions which are: Chapter 8
(a) at a given distance from a given point
(b) at a given distance from a given straight line
(c) equidistant from two given points
(d) equidistant from two given intersecting straight line
34. Measures Use current units of mass, length, area, volume and capacity in practical Book 1:
situations and express quantities in terms of larger or smaller units Chapter 13
Chapter 14
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35. Mensuration

* Solve problems involving:

Book 1:

(a) the perimeter and area of a rectangle and triangle Chapter 13
(b) the perimeter and area of a parallelogram and a trapezium Chapter 14
(c) the circumference and area of a circle
(d) arc length and sector area as fractions of the circumference and area of a Book 2:
circle Chapter 12
(e) the surface area and volume of a cuboid, cylinder, prism, sphere, pyramid
and cone Book 3:
(f) the areas and volumes of compound shapes Chapter 10
36. Trigonometry Interpret and use three-figure bearings Book 2:
Apply Pythagoras’ theorem and the sine, cosine and tangent ratios for acute Chapter 10
angles to the calculation of a side or an angle of a right-angled triangles Chapter 11
Solve trigonometrical problems in two dimensions involving angles of
elevation and depression Book 3:
Extend sine and cosine functions to angles between 90° and 180° Chapter 8
Solve problems using the sine and cosine rules for any triangle and the Chapter 9
. 1 .
formula area of triangle = > ab sin C
Solve simple trigonometrical problems in three dimensions
37. Vectors in two dimensions N Book 4:
X
Describe a translation by using a vector represented by (yj , AB ora Chapter 7
Add and subtract vectors
Multiple a vector by a scalar
X
Calculate the magnitude of a vector (y) asx° +y°
Represent vectors by directed line segments
Use the sum and difference of two vectors to express given vectors in terms of
two coplanar vectors
Use position vectors
38. Matrices Display information in the form of a matrix of any order Book 4:
Solve problems involving the calculation of the sum and product (where Chapter 5
appropriate) of two matrices, and interpret the results
Calculate the product of a matrix and a scalar quantity
Use the algebra of 2 X 2 matrices including the zero and identity 2 X 2
matrices
Calculate the determinant |A| and inverse A™' of a non-singular matrix A
39. Transformations Use the following transformations of the plane: reflection (M), rotation (R), Book 2:
translation (T), enlargement (E) and their combinations Chapter 9
Identify and give precise descriptions of transformations connecting given
figures Book 4:
Describe transformations using coordinates and matrices Chapter 6
40. Probability Calculate the probability of a single event as either a fraction or a decimal Book 2:
Understand that the probability of an event occurring = 1 — the probability of Chapter 15
the event not occurring
Understand relative frequency as an estimate of probability Book 4:
Calculate the probability of simple combined events using possibility Chapter 3
diagrams and tree diagrams where appropriate
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41. Categorical, numerical and Collect, classify and tabulate statistical data Book 1:
grouped data Read, interpret and draw simple inferences from tables and statistical Chapter 15
diagrams
Calculate the mean, median, mode and range for individual and discrete data Book 2:
and distinguish between the purposes for which they are used Chapter 17
Calculate an estimate of the mean for grouped and continuous data
Identify the modal class from a grouped frequency distribution Book 4:
Chapter 4
42. Statistical diagrams Construct and interpret bar charts, pie charts, pictograms, simple frequency Book 1:
distributions, frequency polygons, histograms with equal and unequal Chapter 15
intervals and scatter diagrams
Construct and use cumulative frequency diagrams Book 2:
Estimate and interpret the median, percentiles, quartiles and interquartile Chapter 16
range for cumulative frequency diagrams
Calculate with frequency density Book 4:
Understand what is meant by positive, negative and zero correlation with Chapter 4

reference to a scatter diagram
Draw a straight line of best fit by eye
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Chapter 1 Direct and Inverse Proportion

TEACHING NOTES

Suggested Approach

In Secondary One, students have learnt rates such as $0.25 per egg, or 13.5 km per litre of petrol etc. Teachers may wish to
expand this further by asking what the prices of 2, 4 or 10 eggs are, or the distance that can be covered with 2, 4 or 10 litres
of petrol, and leading to the introduction of direct proportion. After students are familiar with direct proportion, teachers can
show the opposite scenario that is inverse proportions.

Section 1.1:

Section 1.2:

Section 1.3:

Section 1.4:

Section 1.5:

Direct Proportion

When introducing direct proportion, rates need not be stated explicitly. Rates can be used implicitly (see
Investigation: Direct Proportion). By showing how one quantity increases proportionally with the other quantity,
the concept should be easily relatable. More examples of direct proportion should be discussed and explored to
test and enhance thinking and analysis skills (see Class Discussion: Real-Life Examples of Quantities in Direct
Proportion). Teachers should discuss the linkages between direct proportion, algebra, rates and ratios to assess
and improve students’ understanding at this stage (see page 4 of the textbook). Teachers should also show the
unitary method and proportion method in the worked example and advise students to adopt the method that is
most comfortable for them.

Algebraic and Graphical Representations of Direct Proportion

By recapping what was covered in the previous section, teachers should easily state the direct proportion formula
between two quantities and the constant k. It is important to highlight the condition k # O as the relation would
not hold if £ = 0 (see Thinking Time on page 6).

Through studying how direct proportion means graphically (see Investigation: Graphical Representation of Direct
Proportion), students will gain an understanding on how direct proportion and linear functions are related,
particularly the positive gradient of the straight line and the graph passing through the origin. The graphical
representation will act as a test to determine if two variables are directly proportional.

Other Forms of Direct Proportion

Direct proportion does not always involve two linear variables. If one variable divided by another gives a constant,
then the two variables are directly proportional (see Investigation: Other Forms of Direct Proportion). In this
case, although the graph of y against x will be a hyperbola, the graph of one variable against the other will be
a straight line passing through the origin. Teachers may wish to illustrate the direct proportionality clearly by
replacing variables with Y and X and showing Y = kX, which is in the form students learnt in the previous section.

Inverse Proportion

The other form of proportion, inverse proportion, can be explored and studied by students (see Investigation:
Inverse Proportion). When one variable increases, the other variable decreases proportionally. It is the main
difference between direct and inverse proportion and must be emphasised clearly.

Students should be tasked with giving real-life examples of inverse proportion and explaining how they are
inversely proportional (see Class Discussion: Real-Life Examples of Quantities in Inverse Proportion).

Teachers should present another difference between both kinds of proportions by reminding students that 2 is
X

a constant in direct proportion while xy is a constant in inverse proportion (see page 20 of the textbook).

Algebraic and Graphical Representations of Inverse Proportion

Similar to direct proportion teachers can write the inverse proportion formula between two quantities and the
constant k. It is important to highlight the condition k # O as the relation would not hold if £ = 0 (see Thinking
Time on page 23).

Although plotting y against x gives a hyperbola, and does not provide any useful information, teachers can show
by plotting y against 1 and showing direct proportionality between the two variables (see Investigation: Graphical
X

Representation of Inverse Proportion).
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Section 1.6: Other Forms of Inverse Proportion
Inverse proportion, just like direct proportion, may not involve two linear variables all the time. Again, teachers

= | =

can replace the variables with Y and X and show the inverse proportionality relation Y =

Challenge Yourself
Question 1 involves stating the relations between the variables algebraically and manipulating the equations.

For Question 2, teachers may wish to state the equation relating z, x> and \/; outright initially, and explain
that when z is directly proportional to x°, \/; is treated as a constant. The same applies to when z is inversely
proportional to \/;, x* will be considered as a constant. Question 3 follows similarly from Question 2.
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WORKED SOLUTIONS

Investigation (Direct Proportion)

1. The fine will increase if the number of days a book is overdue

increases.
’ Fine when a book is overdue for 6 days _ 9
" Fine when a book is overdue for 3 days 45
=2
The fine will be doubled if the number of days a book is overdue is
doubled.
3 Fine when a book is overdue for 6 days 90
* Fine when a book is overdue for 2 days ~ 30
=3
The fine will be tripled if the number of days a book is overdue is
tripled.
4 Fine when a book is overdue for 5 days _ 15
Fine when a book is overdue for 10 days 150
_ 1
T2
The fine will be halved if the number of days a book is overdue is
halved.
5 Fine when a book is overdue for 3 days _ 45
*  Fine when a book is overdue for 9 days ~ 135
_ 1
"3

The fine will be reduced to % of the original number if the number

of days a book is overdue is reduced to % of the original number.

Class Discussion (Real-Life Examples of Quantities in
Direct Proportion)

The following are some real-life examples of quantities that are in direct

proportion and why they are directly proportional to each other.

* In an hourly-rated job, one gets paid by the number of hours he
worked. The longer one works, the more wages he will get.

The wages one gets is directly proportional to the number of hours
he worked.

e A Singapore dollar coin weights approximately 6 g. As the
number of coins increases, the total mass of the coins will increase
proportionally. The total mass of the coins is directly proportional
to the number of coins.

e The circumference of a circle is equivalent to the product of & and
the diameter of the circle. As the diameter increases, the
circumference increases proportionally. The circumference of the
circle is directly proportional to the diameter of the circle.

e The speed of a moving object is the distance travelled by the
object per unit time. If the object is moving at a constant speed,
as the distance travelled increases, then the time spent in travelling
increases proportionally. The distance travelled by the object is
directly proportional to the time spent in travelling for an object

moving at constant speed.

o

* The length of a spring can be compressed or extended depending
on the force applied on it. The force required to compress or extend
a spring is directly proportional to the change in the length of the
spring. This is known as Hooke’s Law, which has many practical
applications in science and engineering.

Teachers may wish to note that the list is not exhaustive.

Thinking Time (Page 6)

If we substitute k = 0 into y = kx, then y = 0.
This implies that for all values of x, y = 0.
y cannot be directly proportional to x in this case.

Investigation (Graphical Representation of Direct
Proportion)

y = 15x in this context means that for any additional number of a day
a book is overdue, the fine will increase by 15 cents.
1. ! \‘l\

1 C )

:_zﬁ{‘ =

Fig. 1.1
2. The graph is a straight line.
3. The graph passes through the origin.

Thinking Time (Page 7)

1. Since y is directly proportional to x,y = kx

e (L
Since k # 0, then we can rename % =k, where k, is another constant.

Hence, x = k;y, where k, # 0 and x is directly proportional to y.

2. x=k,y is the equation of a straight line. When y =0,x =0.

We will get a straight line of x against y that passes through the
origin.

3. If the graph of y does not pass through the origin, then y = kx + ¢,
when ¢ # 0. Since x and y are not related in the form y = kx, y is not
directly proportional to x.

4. Asxincreases,y also increases. This does not necessarily conclude

that y is directly proportional to x. It is important that when x

increases, y increases proportionally. Also, when x =0,y =0.

y =kx + c is an example of how x increases and y increases, but y is

not directly proportional to x.
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Investigation (Other Forms of Direct Proportion)

1. yis not directly proportional to x. The graph of y against x is not
a straight line that passes through the origin.

20 y

X

501

30+

20+

10+

Fig. 1.3
y is directly proportional to x°. The graph of y against x* is a
straight line that passes through the origin.

Thinking Time (Page 15)

1. C=02n+20
C-20=02n
C-20

n

=02

n —_—

cC-20

Since

n 5 = 5 is a constant, then n is directly proportional

to C - 20.
The variable is C — 20.
2. y-1=4x

y_l =4
X

y-1_ 4 is a constant, then y — 1 is directly proportional

X

Since

to x.

Investigation (Inverse Proportion)

1. The time taken decreases when the speed of the car increases.
Time taken when speed of the caris 40 km/h 3
Time taken when speed of the car is 20 km/h ~ ¢

The time taken will be halved when the speed of the car is doubled.
Time taken when speed of the caris 60 km/h 2
Time taken when speed of the caris 20 km/h ~ ¢

W=

The time taken will be reduced to % of the original number

when the speed of the car is tripled.

OXFORD
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Time taken when speed of the car is 30 km/h
Time taken when speed of the car is 60 km/h

=4
2

[\8}

The time taken will be doubled when the speed of the car is halved.

Time taken when speed of the caris 40 km/h 3
Time taken when speed of the caris 120 km/h — 7T

=3
The time taken will be tripled when the speed of the car is reduced

to % of its original speed.

Class Discussion (Real-Life Examples of Quantities in
Inverse Proportion)

The following are some real-life examples of quantities that are in inverse

proportion and why they are inversely proportional to each other.

e Soldiers often dig trenches while serving in the army. The more
soldiers there are digging the same trench, the faster it will take.
The time to dig a trench is therefore inversely proportional to the
number of soldiers.

e  The area of a rectangle is the product of its length and breadth.
Given a rectangle with a fixed area, if the length increases,
then the breadth decreases proportionally. Therefore, the length
of the rectangle is inversely proportional to the breadth of
the rectangle.

e The density of a material is the mass of the material per unit volume.
For an object of a material with a fixed mass, the density increases
when the volume decreases proportionally. The density of the
material is inversely proportional to the volume of the material.

e The speed of a moving object is the distance travelled by the
object per unit time. For the same distance, when the speed
of the object increases, the time to cover the distance is decreased
proportionally. The speed of the object is inversely proportional
to the time to cover a fixed distance.

e For a fixed amount of force applied on it, the acceleration of
the object is dependent on the mass of the object. When the
mass of the object increases or decreases, the acceleration of
the object decreases or increases proportionally. This is known
as Newton’s Second Law and has helped to explain many physical
phenomena occurring around us.

Teachers may wish to note that the list is not exhaustive.
Thinking Time (Page 23)

If we substitute k =0 into y = k ,theny =0.
X

This implies that for all values of x,y =0

y cannot be inversely proportional to x in this case.

2o



Investigation (Graphical Representation of Inverse
Proportion)

1. We would obtain a graph of a hyperbola.

TT TTT TTTT
2. e thilanl Hon
11
\
\
\
\
\
\
\ 4
0] 001 002 003 004 005 006 007 008009 01 | x
N INEEE N
e e The graph is a straight line that passes through the origin.
Y is a constant.
20130 4 7 90 100 1101 Wk @: X
N T N 1T 1T N

3. Whenx=20,y=6.
When x =40,y =3.

Since y is inversely proportional to x,y =

Change in value of y = g
-1
2
The value of y will be halved when the value of x is doubled.
Speed (x km/h) 10 | 20 30 40 | 50 60
1
=% 0.1 | 0.05 [0.033/0.025|0.02 | 0.017
Time taken (y hours) | 12 6 4 3 24 2
Speed (x km/h) 70 80 90 | 100 | 110 | 120
=% 0.014]0.013{0.011|0.01 [ 0.009|0.008

Time taken (yhours) | 1.7 | 15 | 13 |12 | 1.1

y is directly proportional to X.

y = kX, where k is a constant. % is a constant and y is directly

proportional to X.

Thinking Time (Page 26)

RN

Hence, x = g , where k # 0 and x is inversely proportional to y.

Practise Now 1

(a) The cost of the sweets is directly proportional to the mass of the

sweets.
Method 1: Unitary Method
50 g of sweets cost $2.10.
$2.10

5

1 g of sweets cost

$2.10
5

380 g of sweets cost % 380 = $15.96.

$15.96 = $15.95 (to the nearest 5 cents)
Method 2: Proportion Method
Let the cost of 380 g of sweets be $x.

Theni :2. ﬁ-x_z
380 50

N - Y2
x= 21« 380
50
=1596

= 15.95 (to the nearest 5 cents)
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Alternatively, We can also use 2 _X s
N1 X1
i_SSO(xI _yl) 0
21750 \x,  » e 2=
X2 Y 1€ 10 3
x=380 01 y=5x10
50 50
=15.96 & Wh _60
= 15.95 (to the nearest 5 cents) (iii) 60en };_ ’
. 380 g of sweets cost $15.95. =
(b) The amount of metal is directly proportional to the mass of the metal. X = 65—0
Method 1: Unitary Method -
% of a piece of metal weighs 15 kg. 2. Since y is directly proportional to x,
15 L_n
A whole piece of metal weighs = kg. yoox
4 y_7
5 2
% of a piece of metal weighs g X % =8kg. [ 7 s
4 2
Method 2: Proportion Method =175
Let the mass of 2 of the piece of metal be x kg. 3. * 3 3 7 8
3 y 24 | 30 | 42 | 48
x 15 (x x
Then 5 T3 ; = E Since y is directly proportional to x,
5 4 then y = kx, where k is a constant.
15 2 When x =5,y =30,
X=— X —
35 30=kx5
4 k=6
=38 sy =6x
Alternatively, When y =48,
2 48=6xx
Y _S5(h N
15_3(x2 yz) x:ﬁ
4 6
z —
x=i><15 When y =57,
3 57=6xx
_d )
B 6
.. The mass of % of the piece of metal is 8 kg. =95
When x =4,
. y=6x4
Practise Now 2
=24
1. (i) Sincey is directly proportional to x, When x =7,
then y = kx, where k is a constant. y=6x7
Whenx=2,y=10, =42
10=Fkx2
k=5 Practise Now 3
sy =5x . . L .
i) Wh 10 (i) Since C is directly proportional to d,
(i Zn xl_O ’ then C = kd, where k is a constant.
Y _sox When d = 60, C = 100,
- 100 = k x 60
Alternatively, 5
when x = 10, (x increased by 5 times) cok= 3
y =5x 10 (y increased by 5 times) 5
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(i) Whend =45,

c=23 x45
3

=75
.. The cost of transporting goods is $75.
(iii) When C = 120,

120= 2 xd
3

d=120% 3
5

=72
.. The distance covered is 72 km.

. _5
(iv) C= 5d

Whend=0,C=0.
Whend=3,C=5.

Practise Now 4

(i) Total monthly cost of running the kindergarten

= $5000 + 200 x $41
=$13 200
(ii) Variable amount = $20 580 — $5000
=$15580
Number of children enrolled = %
=380

(iii) Variable amount = n x $41
=$%41n

Total monthly cost = variable amount + fixed amount

». C =41n+ 5000
(iv) C=41n + 5000
When n =0, C =5000.
When n =500, C =25 500.

X

Practise Now 5

(a) Sincey=6x",ie. % = 61s a constant, then y is directly proportional
X

to x°.

P

. _ 3. _ . . .
(b) Since \/; =x,ie. ol 1 is a constant, then ,/y is directly

proportional to x’.

Practise Now 6

1.

C is not directly proportional to n because the line does not pass

through the origin.

5o

(i) Since y is directly proportional to x°,
then y = kx’, where k is a constant.
Whenx=3,y=18,

18 =kx 3
18 =9k
k=2
Ly=2x
(ii) Whenx =35,
y=2x5
=50
(iii) When y = 32,
32 =247
X =16
x =416
=4

(iv) Since y is directly proportional to x*, then the graph of y against
x” is a straight line that passes through the origin.
y=2x
Whenx=0,y=0.
Whenx=2,y=38.

Since y is directly proportional to x°,
theny = kx*, where k is a constant.
Whenx =2,y =21,

21 =kx 2’

21 =4k
21
4
21 »
vy X
When x =4,

21 2

y= Y X 4

=84

sk =

Sy =
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3. x 2 25 3 5 7 Practise Now 8

y 36 56.25 81 225 441

The time taken to fill the tank is inversely proportional to the number

of taps used.
Method 1: Unitary Method
4 taps can fill the tank in 70 minutes.

Since y is directly proportional to x°,
then y = kx’, where k is a constant.
When x=3,y=28I,

81 = k x 32 1 tap can fill the tank in (70 X 4) minutes.
k=9 7 taps can fill the tank in 70 X4 _ 40 minutes.
Ly =9x° .
When y = 56.25, LMetl}nlod.Z. Pr;:porftlol; Methoc;l . . .
5625 = 9 x 22 T}eltt e tlmzta en for 7 taps to fill the tank by y minutes.
=625 en 7y =4x70 (x,y, = x,)
4 x 70
x=4625 (x>0) y= 7
=25 =40
When y =441, .. 7 taps can fill the tank in 40 minutes.
441 =9xx°
¥ =49 Practise Now 9
x =49 (x>0) (a) The three variables are ‘number of men’, ‘number of trenches’ and
=7 ‘number of hours’.
When x =2, First, we keep the number of trenches constant.
y=9x2’ Number of men Number of trenches ~ Number of hours
=36 3 2 5
When x =5, 1 2 5x3
_ 2
y=9x5 5 2 5x3 _ 3
=225 5

Next, we keep the number of men constant.

Number of men Number of trenches =~ Number of hours

Practise Now 7

o Lo . 2 5, 2 3
(i) Since [ is directly proportional to 7°,
then [ = kT°, where k is a constant. 5 1 %
When T=3,1=220.5, 3
2205 =kx 3’ 5 7 5 X7=105
220.5 =9 . 5 men will take 10.5 hours to dig 7 trenches.
S k=245 (b) The three variables are ‘number of taps’, ‘number of tanks’ and
o 1=245T ‘number of minutes’.
(i) When T'=5, First, we keep the number of tanks constant.
[=245%x5 Number of taps Number of tanks Number of minutes
=612.5 7 3 45
.. The length of the pendulum is 612.5 cm. 1 3 45%7
e s S
98 =24.5T° Next, we keep the number of taps constant.
T° =4 Number of taps Number of tanks Number of minutes
-~ T=+4 (T>0) 5 3 63
=2 5 1 63 21
3

.. The period of the pendulum is 2 s. . .
.. 5 taps will take 21 minutes to fill one tank.
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Practise Now 10
1. (i) Whenx =8, (x increased by 4 times)

= % (y decreased by 4 times)

=125
Alternatively,
XY, = XYy
8§Xy=2x%x5
_ 10
8
=1.25

(ii) Since y is inversely proportional to x,
theny = k , where £ is a constant.
X

Whenx=2,y=35,

When y=0.8,

s=k Practise Now 11
2
k=10 (i) Since /is inversely proportional to R,
y = 10 then 7 = % , where k is a constant.
X
(iii) When y = 10, When R=0.5,1=12,
_10 12 =k
10=-" 05
10 k=6
X ==
10 n1=9
=1 R
2. Since y is inversely proportional to x, When R =3,
XYy = XYy I = é
3Xy=2x9 3
18 =2
Y= 3 ... The current flowing through the wire is 2 A.
=6 (ii) When I =3,
3. x | 05 1 2 3 5 3=
R
y 8 4 2 | 1L ] os rR=2
3 3
=2

Since y is inversely proportional to x,
theny = k , where k is a constant.

X
Whenx=2,y=2,

2

sk

k
2
4

Ly ==

.. The resistance of the wire is 2 Q.

Practise Now 12

. 4 . .. .
(a) Sincey=—.ie. x’y=41is a constant, then y is inversely proportional
to x°.
. | . ..
(b) Since y2 = T ,l.e. 3/;y2 =1 is a constant, then y2 is inversely
X

proportional to %/; .

,i.e. (x +2)y =5 is a constant, then y is inversely

. 5
c) S =
(c) Sincey P

proportional to x + 2.
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Practise Now 13

1. (i) Whenx=8=2x4,(8is 2 times of 4)

y = ZLZ X2 (yis Ziz times of 2 since y is inversely
proportional to x%)
=1
2

(ii) Since y is inversely proportional to x°,
k .
theny = > where k is a constant.

Whenx=4,y=2,

k
224—2
sk =32
_®
X2
(iii) When y = 8,
32
g = 2%
2
8
=4
x==%+/4
=2

2. Since y is inversely proportional to \/; ,

theny = % , where k is a constant.
x
Whenx=9,y=6,

6=k

Vo

s k=18

18

Jx

When x = 25,
18

V25
=356

3. X 0.25 1 4 16

36

y 16 8 2 2

Since y is inversely proportional to \/; R

k
then y = —= , where k is a constant.
Jx
Whenx=1,y=8,
L
1
Sk=8
o B
Jx
OXFORD
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When y =16,

—
N
1]

oy

D= 3|°°§‘|oo

N —
hd ~

=
1}
N

1
Wheny=1=
=3

o
1l
[ &

._.
SSI

=6
x=6
=36
When x =4,
8

T

=4
When x = 16,
8

W= \/B
=2
Practise Now 14
(i) Since F is inversely proportional to d,
k
then F = d_2 , where k is a constant.

Whend=2,F =10,
k

10=2—2

=~

10= =

s k=40
40

F= d_2
Whend =5,

. The force between the particles is 1.6 N.



(i) When F =25,

40
25= d_z
&= 40
25
8

-3
8
d= \/; (d>0)

=1.26 (to3s.f)
. The distance between the particles is 1.26 m.

Exercise 1A

1.

(i) The number of books is directly proportional to the mass of
books.

108 books have a mass of 30 kg.
1 book has a mass of 30 kg.
108

150 books have a mass of % X 150 = 41 % ke.

(i) The mass of books is directly proportional to the number
of books.
30 kg is the mass of 108 books.

1 kg is the mass of % books.

20 kg is the mass of % x 20 =72 books.

(i) The number of books is directly proportional to the length
occupied by the books.
60 books occupy a length of 1.5 m.

1 book occupies a length of % m.

50 books occupy a length of % x50 =1.25m.

(ii) The length occupied by the books is directly proportional to the
number of books.
1.5m =(1.5x100) cm
=150m
150 cm is the length occupied by 60 books.

1 cm is the length occupied by 165—% books.

80 cm is the length occupied by % x 80 = 32 books.

(i) Since y is directly proportional to x,
then y = kx, where k is a constant.
When x=4.5,y=3,

3 =kx45
ck=2
3
* y: gx
. 3

(ii) Wheny=6,

6= 2x
3
x=6X 2
=9
(iii) When x = 12,
2
== x12
Y73
=8

(i) Since Q is directly proportional to P,
then Q = kP, where k is a constant.
When P =4, Q0 =28,

28 =kx4
k=T
S Q=TP

(i) When P =35,
Q0 =7x5

=35

(iii) When Q =42,
42=TxP

P=6

(a) The mass of tea leaves is directly proportional to the cost of tea
leaves.

3 kg of tea leaves cost $18.

1 kg of tea leaves cost $ (%) .

10 kg of tea leaves cost $ (% X 10) = $60.

(b) The mass of sugar is directly proportional to the cost.
b kg of sugar cost $c.

1 kg of sugar cost $ i .

a kg of sugar cost$(% x a] = $% .
The amount of metal is directly proportional to the mass of the metal.

% of a piece of metal has a mass of 7 kg.

7
A whole piece of metal has a mass of — kg.

S
9
2 of a piece of metal has a mass of 7 X 2. 3 3 kg
7 5 7 5
. o . 9
Since z is directly proportional to x,
L _ A
Ve - 24
—_— = i
18 12
x= 2 x18
12
=45
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Since B is directly proportional to A,

(a)

(b)

= _— xX24

x 4 20 24 36

44

y 1 5 6 9

11

10.

Since y is directly proportional to x, then y = kx, where k is a

constant.
Whenx =24,y =6,
6 =kx24

Wheny=11,
=1 xx
4
x=11x4
=44
When x =4,
1
4
=1
When x = 20,

y= x4

y=—x20

I
Sl RV

2 3 55 8

9.5

y 24 3.6 6.6 9.6

114

Since y is directly proportional to x,
then y = kx, where k is a constant.
When x=3,y=3.6,
36 =kx3
k=12
sy =12x
Wheny=9.6,
96=12xx
_96
12
=8
Wheny=114,
114=12xx
FERIE}
12
=95

X
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11.

12.

®

(ii)

@

(ii)

®

(ii)

When x =2,
y=12x2
=24
Whenx=5.5,
y=12x55
=6.6
Since y is directly proportional to x,
then y = kx, where k is a constant.
When x =5,y =20,
20=kx5
k=4
Sy =4x
y=4x
When x=0,y=0.
Whenx=2,y=8.

Since z is directly proportional to y,
then z = ky, where k is a constant.
When y=6,z=48,
48 =kx6

Sk=8

S z2=8y
z=8y
Wheny=0,y=0.
Whenx=1,y=38.

Since F is directly proportional to m,
then F' = km, where k is a constant.
Whenm =5, F =49,
49 =kx5
s k=98
s F =98m
When m = 14,
F=98x14
=1372



(iii) When F' = 215.6,

(ii) WhenR =15,

215.6 =9.8 X m V=15x15
nggé =225

9.8 (iii) When V=15,

=22 15=15xR
(iv) F=9.8m 15
Whenm =0, F =0. 15
Whenm=1,F=938. =10
(iv) V=15R

When R=0,V=0.
WhenR=2,V=3.

o= 158
13. (i) Since P is directly proportional to 7,
then P = kT, where k is a constant. mmmr '
When T = 10, y = 25, L
25 =kx 10 15. (i) Total income for that month
k=25 =$600 + $8 x 95
s P =25T =$1360
(i) When 7 =24, (ii) Variable amount = $1680 — $600
P=25%x24 =$1080
=60 Number of tyres he sells in that month = 1080
(iii) When P = 12,
12=25%xT =135
12 (iii) Variable amount = n X $8
r= 25 =$8n
=48 Total income = variable amount + fixed amount
(iv) P=2.5T =D =8n+600
WhenT=0,P =0. (iv) D = 8n + 600
WhenT=2,P=5. When n =0, D = 600.

When n =50, D = 1000.

£

TTT
T
|

14. (i) Since Vis directly proportional to R,
then V = kR, where k is a constant.
WhenR=6,V=9, through the origin.

9=kx6
k=15
. V=15R

D is not directly proportional to n because the line does not pass
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16. Let the mass of ice produced be m tonnes, (ii) When w =18,

the number of hours of production be T hours. 7 =2x18
Since m is directly proportional to 7, =36
then m = kT, where k is a constant. 7=+ \/%
When7= 20 _ 10 _ 1 2, 46
610 60 3 (iii) When z = 5,
20 =k x 3 F=2xw
ok =60 W= 2
. m =60T 2
=125
When T=1.75 - % s (iv) 72 =2w
1 When w=0,2"=0.
m=60@75—€) Whenw=2,7" =4,
=95 .

.. The mass of ice manufactured is 95 tonnes. =

Exercise 1B

1. (i) Since x is directly proportional to y’,

then x = ky’, where k is a constant.
Wheny=2,x=32,

32 =kx2’ e Jﬁ?
32 =8k H H
k=4 3. (i) Sincey is directly proportional to x",
ax=4y then y = kx", where k is a constant.
(ii) Wheny =6, Since y m’ is the area of a square of length x m, then y = x°.
x=4x6 kx"=x"
=864 n=2
(iii) When x = 108, (i) Since y is directly proportional to x",
108 =4xy’ then y = kx", where k is a constant.
5 108 Since y cm” is the volume of a cube of length x cm, then y = x.
YT k' = x'
=27 n=3
(iv) ? 4= 33 4. (a) Sincey=4x%ie. lz =4 is a constant, then y is directly
iv) x =4y X
Wheny=0,x=0. proportional to x.
Wheny=2,x=32. (b) Sincey=3 x/; ,l.e. % = 3 is a constant, then y is directly
X
proportional to \/; .
2
_ 4y (c) Sincey’=5x,ie. y_3 =5 is a constant, then y” is directly
X
proportional to x.
3
(d) Since p3 = qz, ie. p_2 =1 is a constant, then p3 is directly
proportional to g’.
::::qlg‘{’ ) f

2. (i) Since 7’ is directly proprotional to w,
then z* = kw, where k is a constant.
Whenw=28,z=4,

4 =kx8
16 =8k
k=2
7 =2w
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5. Since 7’ is directly proportional to x,

8. r 0.2 0.5 0.7 15 1.8

2 2
% = % m 0016 | 025 | 0.686 | 6.75 | 11.664
Z% 812 Since m is directly proportional to r°,
? - 4% then m = kr’, where k is a constant.
2o i e When r=1.5,m =675,
4 6.75 =kx 1.5
=729 k=2
z=%x~729 am=2r
=427 When m =0.25,
Since ¢ is directly proportional to (p — 1)*, 025=2xr
(P =D’ _ (-1 r=0.125
@ 4 r= 300125
(-1 _3-1’ 05
80 20 When m = 11.664,
-1 = G2 g0 11.664 =2 %13
=m20 r’=5832
p—-1=-4 or p-1=4 r=135832
p=-3 p=>5 =138
sp=-3or5 When r =0.2,
m=2x02"
x 3 4 5 6 7 ~0016
y 81 192 375 648 1029 When r =07,
Since y is directly proportional to x’, m=2x0.7
then y = kx’, where k is a constant. =0.686

When x =6,y =648,
648 =kx 6’
s k=3
soy=3y
When y =375,
375=3xx’
x=125
x= 3125
=5
When y = 1029,
1029 =3 x x°
X =343
x=3343
=7
‘When x = 3,
y=3x3’
=81
When x =4,
y=3x4
=192

9. (i) Since L is directly proportional to \/ﬁ ,

then L=k \/ﬁ , where k is a constant.
WhenN=1,L =25,
25 =kl
k=25
~ L=25N
(ii) When N =4,
L=25x+4
=5
.. The length 4 hours after its birth is 5 cm.
(iii) When L = 15,
15=25xJN

JN =6
N =6
=36
. It will take 36 hours for the earthworm to grow to a length
of 15 cm.
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10

11.

12.

. Since y is directly proportional to x°,
then y = kx’, where k is a constant.
Whenx=1,
y=kx1
=k
When x = 3,
y=kx3
=9%
Since the difference in the values of y is 32,
9k -k =32
8k =32
k=4
Sy =44
When x =-2,
y=4x(=2)
=16
Since y is directly proportional to x°,
»on
x
Y
(2x)° ~

y= X (2x)°

X 4x

Sole Mule e H

=4a
Let the braking distance of a vehicle be D m,
the speed of the vehicle be B m/s.
Since D is directly proportional to B, then D = kB, where k
is a constant.
When B=b,D =d,
d=kxb’

Sk=—
b

d 2
D= b_2 B
When the speed of the vehicle is increased by 200%,
B =(100% + 200%) x b
100 + 200

ST 100

=3b
When B = 3b,

b

d 2
D=5 (3b)

d 2
7 O0)
=9d
Percentage increase in its braking distance

=2d-4d 1009
d

=800%
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Exercise 1C

1.

(a)

(b)

(c)

(@)

(e)

The number of pencils is directly proportional to the total cost
of the pencils.

Assumption: All pencils are identical and cost the same each.
The number of taps filling a tank is inversely proportional to
the time taken to fill the tank.

Assumption: All taps are identical and each tap takes the same
time to fill the tank.

The number of men laying a road is inversely proportional to
the taken to finish laying the road.

Assumption: All the men work at the same rate in laying

the road.

The number of cattle to be fed is directly proportional to the
amount of fodder.

Assumption: All the cattle eat the same amount of fodder.
The number of cattle to be fed is inversely proportional to the
time taken to finish a certain amount of the fodder.

Assumption: All the cattle eat the fodder at the same rate.

.. (b), (¢) and (e) are in inverse proportion.

The number of men to build a bridge is inversely proportional to the

number of days to build the bridge.

8 men can build a bridge in 12 days.
1 man can build the bridge in (12 x 8) days.

6 men can build the bridge in

=16 days.

12x8
6

The assumption made is that all the men work at the same rate in
building the bridge.

@

(i)

Since x is inversely proportional to y,
YaXo =YXy
25 xx =5%40
5% 40
x=-"_"
25
=8
Since x is inversely proportional to y,

k
then x = ; , where k is a constant.

When y =5,x=40,

40 =
5
k=200
200
LXx= ——
y
(iii) When x = 400,
200
400 = —
y
yo 200
400
=05



(i) Since Q is inversely proportional to P,
then Q = % , where k is a constant.

When P=2,0=0.25,
025= K
2
- k=05
05
0=
1
2P
(ii) When P =5,
_
)
=01
(i) When 0 = 0.2,
o2=_L
2P
2P = L
02
=5
P=25

The number of days is inversely proportional to the number of

workers employed.
16 days are needed for 35 workers to complete the projet.
1 day is needed for (35 x 16) workers to complete the project.

14 days are needed for 351X 16

=40 workers to complete the project.

Number of additional workers to employ = 40 — 35
=5

(i) The number of days is inversely proportional to the number of
cattle to consume a consignment of fodder.
50 days are needed for 1260 cattle to consume a consignment
of fodder.
1 day is needed for (1260 X 50) cattle to consume a consignment
of fodder.

1260 x 50

75 days are needed for = 840 cattle to consume

a consignment of fodder.

(ii) 1260 cattle consume a consignment of fodder in 50 days.
1 cattle consume a consignment of fodder in (50 X 1260) days.
1575 cattle consume a consignment of fodder in

50 x 1260
1575
The number of athletes is inversely proportional to the number of

=40 days.

days the food can last.

72 athletes take 6 days to consume the food.

1 athlete takes (6 X 72) days to consume the food.

6x72
4

72 — 18 = 54 athletes take = 8 days to consume the food.

Number of additional days the food can last =8 — 6

=2 days
The assumption made is that all athletes consume the same amount
of food every day.

10.

Since z is inversely proportional to x,
X2y = X4
xX70=7x5
70
=05
Since B is inversely proportional to A,
A.B, = AB,
14XxB=2x35
B= 2x35
14
=5

(a) x 0.5 2 25

y 24 6 48

1.5

Since y is inversely proportional to x,
theny = L , where k is a constant.

X
Whenx=3,y=4,

4 =

o W=
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(b) x 3 4 45 144 25

y 12 9 8 25 1.44

Since y is inversely proportional to x,
theny = E , where k is a constant.

X
Whenx=4,y=9,

9:5
4

Wheny =225,
36
X
36
25
=144
When x =3,
y = E
3
=12
When x = 25,
36
25
=144
11. (i) Since fis inversely proportional to A,

25=

X =

y=

then f= % , where k is a constant.

When A = 3000, f = 100,

100 = L
3000
- k=300 000
. 300000
o f= 7
When A =500,
300 000
f= 500
= 600

.. The frequency of the radio wave is 600 kHz.
(i) When f= 800,

300 000
800 =
A

_ 300000
~ 800
=375
.. The wavelength of the radio wave is 375 m.
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12. (i) Since tis inversely proportional to N,
thent= % , where k is a constant.

When N=3,r=8,

6,

.. The number of hours needed by 6 men is 4 hours.

(iiii) When ¢ = %,

[\

24
N

= Alw

=24 x

w| A~

=32
.. 32 men need to be employed.
13. The three variables are ‘number of glassblowers’, ‘number of vases’
and ‘number of minutes’.
First, we keep the number of vases constant.
Number of glassblowers Number of vases Number of minutes

12 12 9
1 12 9x 12
8 12 9 Xglz =135

Next, we keep the nmber of glassblowers constant.
Number of glassblowers Number of vases Number of minutes

8 12 135
g . 135
2
8 32 135 o 3=36
12

. 8 glassblowers will take 36 minutes to make 32 vases.
14. The three variables are ‘number of sheep’, ‘number of consignments’
and ‘number of days’.
First, we keep the number of consignments constant.
Number of sheep Number of consignments Number of days

100 1 20
1 1 20 x 1000
550 1 20 x1000 _ 50 4
550 11

Next, we keep the number of sheep constant.
Number of sheep  Number of consignments ~ Number of days

550 I 364
11
550 400 = 36 14_1 =11 400

. 11 consignments of fodder are needed.



15.

16.

In 1 minute, tap A alone fills up — of the tank.

In 1 minute, tap B alone fills up — of the tank.

O| = =

In 1 minute, pipe C alone empties % of the tank.

In 1 minute, when both taps and the pipe are turned on,
Lyl L _ 19 of the tank is filled up.
6 9 15 9

. 90
Time to fill up the tank = 9

=4 E minutes
19

Total number of hours worked on the road after 20 working days
=20x50x%8

= 8000 hours

The length of the road laid is directly proportional to the number of
hours.

1200 m of road is laid in 8000 hours.

1 m of road is laid in 8000
1200

hours.

8000

3000 — 1200 = 1800 m of road is laid in 1300 x 1800 =12 000 hours.

Let the number of additional men to employ be x.
(30 —20) x (50 + x) x 10 = 12 000
100(50 + x) = 12 000
50 +x =120
x =70

.. 70 more men needs to be employed.

Exercise 1D

1.

(i) Since x is inversely proportional to y’,

ygxz = yfxl
xx=2"%x50
2P x50
==
=625

(ii) Since x is inversely proportional to y’,

k .
then x = > where k is a constant.

y
Wheny=2,x=150,
k
50 = 2—3
- k=400
400
X= —
3
y

(iii) When x = 3.2,

32= 20
y

400
32
=125

y =125
=5

(i) Since z is inversely proportional to \/; ,

k .
then z = T , where k is a constant.
w

Whenw=9,z=9,

k
9="—
Vo

o k=27
27
Z:_

(ii) When w = 16,
. 4
16
=6.75

(iii) When z = 3,

-
T
27
3
9

w=9’

=81

3
2
X
proportional to x”.

(a) Since y = ,ie. yx’ = 3 is a constant, then y is inversely

(b) Sincey= % ,ie.y Jx =11isa constant, then y is inversely
x

proportional to \/; .
(c) Since y* = % ,ie.y’x’ =5 is a constant, then y” is inversely
X
proportional to x°.
(d) Since n = % ,i.e.n(m — 1) =7 is a constant, then n is
inversely proportional to m — 1.

(e) Since g = ie. g(p + 1)’ = 4 is a constant, then q is

(p+1°
inversely proportional to (p + 1)°.

Since z is inversely proportional to 3/; .

Jx:2, = 3/x_lzl
Y216 xz =364 x5

_ 2/@ x5
J216

=31

3
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(. +3gs = (p, + 3q1
A7+3)xqg" =2 +3) x5

5. Since ¢’ is inversely proportional to p + 3,

204" = 125
20
=6.25
q=%+625
=+2.5
s 1 2 4 10 20
t 80 10 125 | 008 | 001

Since ¢ is inversely proportional to s,

k .
then t = > where k is a constant.
JE

Whens=1,t=280,

80:5

e
sk =80
8_0
e
When ¢t =0.08,

St =

When s =4,
80
t= F

=125

OXFORD
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7. (i) Since F is inversely proportional to d,

(ii)

(ii)

k .
then F = d—z , where k is a constant.

When F = 20, let the distance between the particles be x m.

k
20 = &
x2

ok =204
20>
= d2

When the distance is halved,ie.d =

20x2
1 2

[3+)

20x*

X

F =
4
= xz

=80
.. The force is 80 N.

For a fixed volume, since / is inversely proportional to r*, then

k .
h= < where £ is a constant.
r

Whenr=6,h=5,
k

6>

sk =180

ah=12

r2
Whenr =3,
_ 180
=
=20
.. The height of cone B is 20 cm.

5=

When h=1.25,
25 190
R
2 _ 180
1.25
= 144
r =144 (r>0)
=12

N —

.. The base radius of cone C is 12 cm.

9. Since y is inversely proportional to 2x + 1,

theny = % , where £ is a constant.
X+

Whenx=0.5,
ok
YT 205+ 1

Kk

)
When x =2,

ok
YT 20+

ok

T3

X,



10.

11.

Since the difference in the values of y is 0.9,

k_k_o9
2 5
0.3k =09
k=3
.._ 3
sy = o
When x =-0.25,
_ 3
Y= 205+ 1
=6
Since y is inversely proportional to x*,
x%)’z = X%yl
(Bx)’y =xb
9x’y = by’
bt
y= 042
=1y
9

Let the force of attraction between two magnets be X N,
the distance between two magnets be ¥ cm.
Since X is inversely proportional to Y*,

k
then X = F , where k is a constant.

When X=F,Y=r,

When the distance between the magnets is increased by 400%,
Y =(100% + 400%) x r

100 + 400
=00 Xr

=5r
When Y = 5r,

_F r?

Gy

Fr?

T 257

=0.04F
Comparing with X = cF,
. The value of c is 0.04.

Review Exercise 1

1.

(i) Since y is directly proportional to x,
then y = kx, where k is a constant.
Whenx=2,y=6,

6 =kx2
k=3
sy =3x

(ii) Whenx =11,

y=3x11
=33

(iii) When y = 12,

12=3X%xx
x=4

(iv) y=3x

()

(i)

@

(i)

Whenx=0,y=0.
Whenx=2,y=6.

Since A is directly proportional to B,
then A = kB, where k is a constant.
5 2

WhenB= = ,A=1=2,
6 3

_
ST )
I
»
X
N W

Since y is directly proportional to x°, then y = kx’,

where k is a constant.
When x =3,y =108,

108 = kx 3°

108 =27k

k=4

Sy =4x

When x =7,

y=4xT
=1372
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(iiif) When y = 4000, 6. (i) Since yis inversely proportional to x,

_ 3
4000 =4 x x then y = k , where k is a constant.
& 4000 *
= Whenx=3,y=4,
= 1000 4=k
x = 31000 3
k=12
=10 12
(iv) y=4x CYET
Whenx=0,y=0. (i) When x =6,
When x =5,y =600. 12
"6
=2
eRERnRE (iii) When y = 24,
F 12556(
= =12
x
B NN RN R RS CA R SRR EEREEERERE RS 12
X = —
7 24
i r =0.5

i) Since n is directly proportional to nr’ 7. (i) Since g is inversely proportional to p*,

then n = km’, where k is a constant. then g = e where k is a constant.
When m=2.5,n=9.375, Whenp=5,q=3,
9.375=kx2.5 X
k=15 3=
son=15m k=75
When m =3, ) 75
n=1.5><32 “q=?
=135 (ii) When p =10,
(ii) Whenn=181.5, _ 75
1815=1.5%xm’ ERRTY
>_ 1815 =075
" s 1
’ iii) Wheng = — ,
=121 @ 1 3
m ==4121 1.5
3 p2
==11 P =75%3
(i) Since ¢ is directly proportional to %/; , =225
then ¢ = k%/; , where k is a constant. p=-+225 (p<0)
When s =64,t=4, =-15
4=kx g/a 8. (i) Since zis inversely proportional to w + 3,
=4k then z = L , where k is a constant.
w+3
k=1 Whenw=3,z=4,
Sor= %/; 4o k
When s = 125, 3+3
= 125 k=24
Vg 24
=5 v w+3
(ii) Whent=2, Whenw =09,
2= s Lo
§ =2 ©9+3
=8 =2

OXFORD
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10.

(ii) Whenz=24,

24=_2%
w+3
w+3 = E
24
=10
w=7
b'e 02 0.5 1 1.25 2
y 375 6 1.5 096 | 0.375

Since y is inversely proportional to 2x°,
k .

then y = 2—2 , where k is a constant.
X

Whenx=2,y=0.375,
k
2027
k=3
3
2x°
Wheny=1.5,
3
2x°
2% = 3
1.5
=2
=1
x=1x>0)
When y =0.96,
0.96 = iz
2x
2% = i
0.96
=3.125
¥ =1.5625

x = +15625 (x>0)

=125

When x=0.2

_ 3

T 2(0.2)?

=375

When x=0.5,

_ 3

©2(05)°

=6

(i) Total monthly charges
=$9.81 + $0.086 x 300
=$35.61

(ii) Variable amount = $20.56 — $9.81

=$10.75

Duration of usage = %

0.086
= 125 minutes

0.375 =

sy =

15=

y

y

(iii) Variable amount = n x $0.086
=$0.086n
Total income = variable amount + fixed amount
s C=0.086n+9.81
C-9.81=0.086n

Since C-981 _ 0.086 is a constant, then C —9.81 is directly
n

proportional to n.

11. (i) Since G is directly proportional to /4,
then G = kh, where k is a constant.
When /=40, G = 2200,

2200 =k x 40
s k=55
.G =55h
(ii) When h =22,
G =55x%x22
=1210
.. The gravitational potential energy of the objects is 1210 J.
(iii) When G = 3025,
3025 =55xh
§= 3025
55
=55
. The height of the object above the surface of the Earth
is 55 m.

12. Let the donations Kate makes be $d,
the savings of Kate be $s.

Since d is directly proportional to s°,
then d = ks®, where k is a constant.
When s = 900,
d =k x 900

=810 000k
When s = 1200,
d =k x 1200?

= 1440 000k
Since Kate’s donation increases by $35,
1 440 000k — 810 000k = 35

63 000k =35
e 35
~ 630000
1
~ 18000
. 1 2
Amount Kate donates in January = 18000 < 900
=$45
. 1 2
Amount Kate donates in February = 18000 X 12007 or 45 + 35
=$80
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13. (i) Since P is inversely proportional to V,
then P = é , where k is a constant.

When V = 4000, P = 250,

250= K
4000
- k=1000000
. p - 1000000
%
When V = 5000,
1000 000
~ 775000
=200

... The pressure of the gas is 200 Pa.
(ii) When P =125,

125 = 1000 000
V= 1000 000
125
= 8000

.. The volume of the gas is 8000 dm’.
14. Let the number of days for 5 men to complete the job be x.

The number of men is inversely proportional to the number of days

to complete the job.
5 men take x days to complete the job.
1 man takes x X 5 days to complete the job.

x X5

6 men take days to complete the job.

Since the job can be completed 8 days earlier when 1 more man is

hired,

x X5
=x

It takes (48 x 5) days for 1 man to complete the job.
It takes 1 day for (1 x 48 X 5) men to complete the job.

It takes 48 — 28 = 20 days for % = 12 men to complete
the job.
Additional number of men to hire =12 -5

=7

.. 7 more men should be hired.
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Challenge Yourself

1.

(a)

(b)

(c)

@

(i)

@

Since A is directly proportional to C,
then A = k,C, where k; is a constant.
Since B is directly proportional to C,
then A = k,C, where k, is a constant.
A+B=kC+k,C

= (k + k)C

A+ B

Since = k, + k, is a constant, then A + B is directly

proportional to C.

From (a),

A-B=kC-kC
= (k- k)C
A+ B

Since =k, — k, is a constant, then A — B is directly

proportional to C.
AB = (k,C)(k,C)

= k,k,C*
kk,C?
= Jkk,C
Since 23 = ./kk, is a constant, then +AB is directly

proportional to C.

Since z is directly proportional to x” and inversely
2

. kx .
proportional to \/; ,then z = —, where £ is a constant.

Wy

Whenx=2,y=9,z=16,
2
16 = k2
Jo
- 4k
3
ck=16x 2
4
=12
12x*
R A—

Yy
Whenx=5,y=4,
12(5)°

L 126

N

=150

Since T is directly proportional to B and inversely proportional
to P, then

T= kFB , where k is a constant.

When B=3,P=18,T=20,

20 = kx3
18
_k
"6
s k=120
120B
T= ==



(i) When B=4,P =16,
7o 120x4
16
=30

. The number of days needed is 30.

(iii) When B =10, T =24,

54 = 12010
po 12010
24
=50

.. 50 painters need to be employed.
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Chapter 2 Linear Graphs and Simultaneous Linear Equations

TEACHING NOTES

Suggested Approach

Students have learnt the graphs of straight lines in the form y = mx + ¢ in Secondary One. In this chapter, this will be expanded
to cover linear equations in the form ax + by = k.

They have also learnt how to solve simple linear equations. Here, they will be learning how to solve simultaneous linear
equations, where a pair of values of x and of y satisfies two linear equations simultaneously, or at the same time. Students are
expected to know how to solve them graphically and algebraically and apply this to real-life scenarios by the end of the chapter.

Teachers can build up on past knowledge learnt by students when covering this chapter.

Section 2.1:

Section 2.2:

Section 2.3:

Section 2.4:

Section 2.5:
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Gradient of a Straight Line
Teachers should teach students how to take two points on the line and use it to calculate the vertical change (rise)
and horizontal change (run), and then the gradient of the straight line.

To make learning more interactive, students can explore how the graph of a straight line in the form y = mx + ¢
changes when either m or ¢ varies (see Investigation: Equation of a Straight Line). Through this investigation,
students should be able to observe what happens to the line when m varies. Students should also learn how to
differentiate between lines with a positive value of m, a negative value of m and when the value of m is 0.

Further Applications of Linear Graphs in Real-World Contexts

Teachers can give examples of linear graphs used in many daily situations and explain what each of the graphs
is used for. Through Worked Example 2, students will learn how the concepts of gradient and y-intercept can be
applied and about their significance in real-world contexts and hence solve similar problems.

Horizontal and Vertical Lines

Teachers should bring students’ attention to the relationship between the graphs of y = mx + ¢ where m = 0,
i.e. c units up or down parallel to the x-axis depending on whether ¢ > 0 or ¢ < 0. Hence, teachers can lead students to
the conclusion that the graphs of y = mx + ¢ for various values of ¢ are parallel and cut the y-axis at different points
corresponding to different values of c¢. Students also need to know that vertical lines parallel to the x-axis have the
equation x = g and how this is related to the graphs of y = mx + c.

Graphs of Linear Equations in the form ax + by =k

Before students start plotting the functions, they should revise the choice of scales and labelling of scales on
both axes. Students are often weak in some of these areas. Many errors in students’ work arise from their choice
of scales. Teachers should spend some time to ensure students learn how to choose an appropriate scale. At this
stage however, the choice of scales are specified in most questions.

Solving Simultaneous Linear Equations Using Graphical Method

It is important teachers state the concept clearly that the point(s) of intersection of two graphs given the
solution of a pair of simultaneous equations and this can be illustrated by solving a pair of linear
simultaneous equations and then plotting the graphs of these two linear equations to verify the results
(see Investigation: Solving Simultaneous Linear Equations Graphically)

Teachers should show clearly that a pair of simultaneous linear equations may have an infinite number of solutions
or no solution (see Class Discussion: Coincident Lines and Parallel Lines, and Thinking Time on page 66).



Section 2.6:

Section 2.7:

Solving Simultaneous Linear Equations Using Algebraic Methods

The ability to solve equations is crucial to the study of mathematics. The concept of solving simultaneous linear
equations by adding or subtracting both sides of equations can be illustrated using physical examples. An example
is drawing a balance and adding or removing coins from both sides of the balance.

Some students make common errors when they are careless in the multiplication or division of both sides
of an equation and they may forget that all terms must be multiplied or divided by the same number throughout.
The following are some examples.

* x + 3y =15 is taken to imply 2x + 6y =5
* 5x + 15y = 14 is taken to imply x + 3y = 14, and then x = 14 - 3y

Applications of Simultaneous Equations in Real-World Contexts

Weaker students may have problems translating words into simultaneous linear equations. Teachers may wish
to show more examples and allow more practice for students. Teachers may also want to group students of
varying ability together, so that the better students can help the weaker students.

Challenge Yourself

Question 1 can be solved if the Thinking Time activity on page 88 has been discussed. The simultaneous equations

. . - - 1 / [
in Question 2 can be converted to a familiar form by substituting T with a and B with b.

Teachers can slowly guide the students for Question 3 if they need help in forming the simultaneous equations.

For Questions 4 and 5, teachers can advise students to eliminate one unknown variable and then applying the
guess and check method which they have learnt in Primary Six.

550 OXFORD
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WORKED SOLUTIONS 3.
Investigation (Equation of a Straight Line)

1 .
1. Asthe value of ¢ changes, the y-coordinate of the point of intersection 2"
of the line with the y-axis changes. The coordinates of the point
where the line cuts the y-axis are (0, ¢).
2. As the value of m increases from O to 5, the steepness of the line
increases. Angle of inclination = 27°
3. As the value of m decreases from 0 to -5, the steepness of the line 4. A road with a gradient of 1 is generally considered to be steep.
increases.

Teachers may wish to get students to name some roads in Pakistan

4. A line with a positive value for m slopes upwards from the left to which they think may have an approximate gradient of 1 and to ask

the right while a line with a negative value for m slopes downwards

) students how they can determine the gradients of the roads they have
from the left to the right.

named.
Class Discussion (Gradients of Straight Lines) 5. A road with a gradient of % is generally considered to be steep.
Investigation (Gradient of a Horizontal Line)
1. B(-1,2),D4,2)
H(2-3:5) 2. Inthe line segment AC, rise = 0 and run = 3.
3. In the line segment BD, rise = 0 and run = 5.
4. Gradient of AC = 25¢
run
%,
3
3 O.
= Gradient of BD = ¢
run
3 = 9
(i) Gradientof DE= — 5
1.5
=0
=2

.. The gradient of a horizontal line is 0.
(ii) Yes, gradient of DE = gradient of AB.

(iii) Hence, we can choose any two points on a line to find its gradient Investigation (Gradient of a Vertical Line)

because the gradient of a straight line is constant.
0(3,2),53,-3)

Class Discussion (Gradients in the Real World) In the line segment PR, rise = 4 and run = 0.

1. Angle of inclination = 45°

~

Gradient of PR = ¢
run

1
2
3. Inthe line segment OS, rise =5 and run = 0.
4

_4

0

= undefined

>2 units Gradient of QS = nse
run

5

0

.. The gradient of QS is undefined.

.. The gradient of a vertical line is undefined.

Angle of inclination = 63°

OXFORD
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Investigation (Equation of a Horizontal Line)

1. The gradient of the horizontal line is 0.

2. B(-2,3),D(3,3)

3. The y-coordinates of all the four points are equal to 3.
4. y=3

Investigation (Equation of a Vertical Line)

The gradient of the horizontal line is undefined.
0(2,1),52,-4)
The x-coordinates of all the four points are equal to 2.

W=

x=2

Investigation (Graphs of ax + by = k)
1. (@)

99

(ii) The point A(2, —1) lies on the graph. The point B(-2, 5)
does not lie on the graph.
Whenx=2,22) +y=3

4+y=3
y=-1
When x=-2,2(-2)+y =3
—4+y=3
y=T7#5

A(2, —1) satisfies the equation 2x + y = 3. B(-2, 5) does not
satisfy the equation 2x + y = 3.

(iii) Whenx=1,y=p=1.

(iv) Wheny=-7,x=¢g=5.

(v) The graph of y = —2x + 3 coincides with the graph of

2x +y=3.
2x+y=3
2x—2x+y =-2x+3  (Subtract 2x from both sides)
y=-2x+3

2. (i)

(ii) Whenx=2,y=r=0
(iii) When y=-1.5,x=5=0
(iv) The coordinates of two other points are (-2, -3) and (4, 1.5).

Other points can be used, as long as they lie on the line.

1o

(v) The graph of y = %x - % coincides with the graph of

3x—4y =6.
3x—4y=6
3x-3x-4y=-3x+6 (Subtract 3x from both sides)
—4y=-3x+6
—4Y_ 3X+6  pivide both sides by —4)
4 )
3,03
4 2

Investigation (Solving Simultaneous Linear Equation
Graphically)
1. (@) ;

A B! £l

=

/

(ii) The coordinates of the point of intersection of the two graphs
are (1, 1).
(iii) For 2x + 3y =5
Whenx=-2,2(-2)+3y=5
y=3
Whenx=0,2(0)+3y=5

y=1Z#-2

(ST )

Whenx=1,2(1) +3y=5
y=1
When x=2,22) +3y=5

#4

W=

y =
When x=4,2(4)+3y=5
y=-1
For3x-y=2
Whenx=-2,3(-2)—y=2
y=-8#3
Whenx=0,30)-y=2
y=-2
Whenx=1,3(1)-y=2
y=1
Whenx=2,32)-y=2
y=4
Whenx=4,3(4)-y=2
y=10
The pair of values satisfying both equationsisx =1,y =1.
The pair of values is the same as the point of intersection of the
two graphs.
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(ii) The coordinates of the point of intersection of the two graphs
are (2,-1)

(iii) The pair of values of x and y that satisfies both equations are
x=2andy=-1.

The coordinates of the point of intersection of the two graphs

is the pair of values of x and y that satisfies both the equations.

A coordinates that lies on one line will satisfy the equation of
that line. The same applies to the second line. Hence, the
coordinates of the point of intersection is the same as the point
that lies on both lines and that satisfy both equations.

Class Discussion (Choice of Appropriate Scales for Graphs
and Accuracy of Graphs)

1.

The graphs should look different to students who have used different
scales in both axes.

Teachers should remind students to make a table of values, with at
least 3 points, so as to construct the graph of a linear equation.
Though two points are sufficient to draw a straight line, the third
point will act as a check for the accuracy of the straight line.

It is likely that most students will use 1 cm to 1 unit for both scales.
For the better students, prompt them to experiment with other scales,
such as 2 cm to 1 unit, 4 cm to 1 unit or 5 cm to 1 unit.

i y=29

(i) x=-0.6

If students use 1 cm to 1 unit for both scales, they would discover
that the point in (i) lies between squares on the graph paper.

By substituting the given value into the linear equation, one can
check for the accuracy of the answers.

Use alarger scale (from 1 cm to 1 unit to 2 cm to 1 unit) and redraw
the graph.

OXFORD
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Class Discussion (Coincident Lines and Parallel Lines)

1. (@ @

(i)

="

(iii)

(b) The graphs of each pair of simultaneous equations are a pair

of lines that coincide.
(¢) Yes, each pair of simultaneous equations has solutions.
The solutions are all the points that lie on the line.

2. (@ (@

!
+
I




(i)

(iii)

(b) The graphs of each pair of simultaneous equations are a pair of
parallel lines.

(¢) No, each pair of simultaneous equations does not have any
solution since they do not intersect and have any point of
intersection.

Thinking Time (Page 66)

(a) A pair of simultaneous equations where one equation can be obtained
from the other equation through multiplication or division, that is,
both equations are equivalent, has infinitely many solutions.

(b) A pair of simultaneous equations where one equation can be
contradicted by the other equation has no solution.

Besides the equations in the Class Discussion on the same page,
teachers may wish to ask students to come up with their own pairs
of simultaneous equations with infinitely many solutions or no
solutions.

Thinking Time (Page 68)

The solutions to a linear equation in two variables are the set of x values
and y values that satisfy the linear equation. There are infinitely many
solutions for all real values of x and y.

For example, the solutions to the equation 2x + y = 13 is the set

{(x,y): 2x+y = 13}. Some solutions in the set are (1, 11),(2,9),
3,7) etc.

Thinking Time (Page 71)

13x-6y =20 — (1)
Tx+4y=18 — (2)

T7x(1):91x-42y=140 — (3)
13X (2): 91x + 52y =234 — (4)

(3) - @):
(91x —42y) — (91x + 52y) =140 -234
94y =-94
y=1
Substitute y = 1 into (1): 13x - 61(1) =20
13x =26
x=2

. The solutionisx=2and y=1.
No. it is not easier to eliminate x first as the LCM of 13 and 7 is larger
than 12.

Thinking Time (Page 73)

Tx—2y=21 — (1)
dx+y=57 —(2)

Fromi(2), x = STT‘Y — B
Substitute (3) into (1):
ST-y -
7(57—y)— 8y =84
399 — 7y — 8y =84
15y =315
y=21
57 - 21

Substitute y = 21 into (3): x =

=9
.. The solutionisx =9 and y = 21.
If x is made the subject of equation (1) or (2), we will get the same
solution. Making y as the subject of equation is easier since algebraic
fractions will not be introduced then.

Thinking Time (Page 74)

2x+y=6 — (1)

x=1-2y —@
2X(2):2x=2-y

2x+y=2 —(3)
Comparing (1) and (3), we notice that the gradients of the 2 equations
are the same but with different constants; i.e. they are parallel lines with
no solution.
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Thinking Time (Page 78) Gradient = g
Let the smaller number be x. Then the greater number is 67 — x. 3
S (67-x)—x=3 =3
67-2x=3 1
2x = 64 =13
sox=32 d y
Greater number = 67 — 32
=35 4 4) ‘\
The two numbers are 32 and 35. 5 \
. i | \
Practice Now 1 \
(@) 5
Gradient = — Ly
2
=—06
B Practise Now 2
(a) Time taken for the technician to repair each computer = 20 minutes
(b) Distance between the technician’s workshop and his first customer
Gradient = % =9km
=3 () (i) Gradientof 0A = -
; 10
(b) 9
. The average speed of the technician was 0 km/min.
(ii) Gradient of AB=0
e R AR ERUEAREUNRNRUNRRENRERD The average speed of the technician was 0 km/min.
(ifi) Gradient of BC = - %
o] The average speed of the technician was % km/min.
4 (iv) Gradient of CD =0
Gradient = — 3 The average speed of the technician was 0 km/min.
__1 (v) Gradient of DE = — 3
== 7
(©) Y The average speed of the technician was % km/min.

3 Practise Now (Page 56)

(@) Linel:y=1
Line2: y=-35
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(b)

~

B

The lines are horizontal. The y-coordinates of all the points on the 5

lines are a constant.

Practise Now (Page 58)

(a) Line l:x=4
Line 2: x=-1.2

(b)

The lines are vertical. The x-coordinates of all the points on the lines

are a constant.

Practise Now 3

(@) Whenx=-2,y=p,

3-2)+p=1
-6+p=1
p=T

(b)

|

©
LT
3T

Pl

ol

s

=3

fiEEs aEa R RS ERSHEns e RSRER SR RS: (AR RS AR SR g rﬁ*”””””

(¢) From the graph in (b),
When x =-1,
g=y= 4

(d) (ii) x-coordinate =0.5

Practise Now 4

1. x+y=3
X 0 2 4
y 1 -1
3x+y=5
X 0 2 4
y -1 -7

By =
[ENEEEEREEE ,,,,,,,,7%,,,,,,,,,,,,,,,,,,,,,,

Scale: x-axis: 1 cm to 1 unit

y-axis: 1 cm to 2 units

The graphs intersect at the point (1, 2).
.. The solutionis x =1 and y = 2.
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2. Tx-2y+11=0

X -2 0 2
y 15 | 55 | 125
6x+y+4=0
X -2 0 2
y 8 -4 -16
Tx=2y+ 1= ﬁt::
”””:”””3%7;”’””””””””””””

Scale: x-axis: 1 cm to 1 unit

y-axis: 1 cm to 5 units

The graphs intersect at the point (-1, 2).
.. The solutionisx=-1 and y = 2.

Practise Now 5

1. @ x-y=3 — (1)
dx+y =17 — (2)

)+ (D)
Ax+y)+(x-y)=17+3
dx+y+x-y=20

5x =20
x=4
Substitute x = 4 into (2):
44 +y=17
16+y=17
y=1
. The solutionisx=4and y=1.
(b) Tx+2y=19 — (1)
Ix+8y=13 — (2)
(2) - (1):
(Tx+8y)—(7x+2y)=13-19
Tx+8y—Tx-2y=-6

6y =-6
y=-1
Substitute y = —1 into (1):
Tx+2(-1)=19
Tx-2=19
Tx =21
x=3

. The solutionisx=3 and y =-1.

OXFORD
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(© 13x+9y=4 —(1)
17x-9y =26 — (2)
M +Q):
(13x+9y) + (17x-9y) =4+ 26
13x+9y+17x -9y =30

30x =30
x=1
Substitute x = 1 into (1):
13(1)+9y =4
13+9y=4
9y =-9
y=-1

. The solutionisx=1andy=-1.
(d) 4x-5y =17 — (1)
x=59=8 —(2)
1) -
@x-5y)-(x-5y)=17-8
4x-5Sy—x+5y=9

3x=9
x=3
Substitute x = 3 into (2):
3-5y=8
Sy =5
y=-1

.. The solutionis x =3 and y = -1.
2. 3x-y+14=0 — (1)
2x+y+1=0 —(2)
M +Q2):
Bx-y+14)+2x+y+1)=0+0
3x—y+14+2x+y+1 =0

5x+15 =0
5x =-15
x=-3

Substitute x = -3 into (2):
2(-3)+y+1 =0
y-5=0
y=5
. The solutionis x=-3 and y = 5.

Practise Now 6

(@ 2x+3y=18 — (1)
3x-y=5 —(©2)
3x(2):9%x-3y=15 —(3)
(M +3):
2x+3y)+ (Ox-3y)=18+15

2x+3y+9x -3y =33

11x =33
x=3
Substitute x = 3 into (2):
33)-y=5
9-y=5
y=4

.. The solution is x =3 and y = 4.



(b) 4x+y=11 — (1)
3x+2y=7 —(2)
2x(1):8x+2y=22 — (3)
(3) -2
Bx+2y)—(Bx+2y)=22-7

8x+2y—-3x-2y=15

Sx =15
x=3
Substitute x = 3 into (1):
43)+y =11
12+y=11
y=-1

.. The solutionisx=3 and y =-1.

Practise Now 7

@ 9%+2y=5 —()
Tx-3y =13 —(2)
3x(1):27x+6y=15 — (3)
2X(2): 14x—6y=26 — (4)
3) + 4):
27x + 6y) + (14x— 6y) = 15+ 26
27x + 6y + 14x — 6y =41

41x =41
x=1
Substitute x = 1 into (1):
9(1) +2y =5
9+2y=5
2y =—4
y=-2

.. The solutionisx =1 and y = -2.

(b) S5x-4y=17 — (1)
2x-3y=11 — ()
2x(1):10x-8y=34 — (3)
5%X(2): 10x-15y=55 — (4)
(3) - ()
(10x — 8y) — (10x — 15y) =34 - 55
10x — 8y — 10x + 15y =-21

Ty =-21
y=-3
Substitute y = -3 into (2):
2x-3(-3)=11
2x+9 =11
2x =2
x=1

. The solutionisx =1 and y =-3.

Practise Now 8

Method 1:

1 X Y _
E><(1).Z ; 2 3)

2)-03):

2 y X oy 1
Zx_ 222 |=32 22
[5" 6) (4 6) 2
2,y _x, >yt
5 6 4 6 2
ix:ll
20 2
x=10
Substitute x = 10 into (1):
10 _y_y4
2 3
5-2=4
3
Y-
3
y=3
.. The solution is x = 10 and y = 3.
Method 2:
*r_Y_4 _q
> 3 (1)
2 y 1
Zx-<2=3- —(2
5 6 2 )

30 x (1): 15x— 10y =120 — (3)
60 x (2): 24x — 10y =210 — (4)
4)-(3):
(24x - 10y) — (15x - 10y) =210 - 120
24x — 10y — 15x + 10y =90
9x =90
x=10
Substitute x = 10 into (3):
15(10) — 10y = 120
150 — 10y = 120
-10y =-30
y=3
.. The solution is x = 10 and y = 3.

Practise Now 9

3y—x=7 — (1)
2x+3y=4 —(2)
From (1), x=3y-7 — (3)
Substitute (3) into (2):
2By-7)+3y =4
6y—14+3y=4
9y =18
y=2
Substitute y = 2 into (3):
x =32)-7
=-1
.. The solutionisx=-1 and y = 2.
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Practise Now 10

3x-2y=8 — (1)
4x+3y=5 —(2)
From (1),3x =2y +38
‘= 2y+8
3
Substitute (3) into (2):

4(2y3+8J +3y=5

42y +8)+9y =15
8y+32+9y=15

-0

17y +32 =15
17y =-17
y=-1
Substitute y = —1 into (3):
‘= 2(—13) +8

=2
. The solutionisx =2 and y =-1.

Practise Now 11

—_

X —
y—
X —

(a) — ()

N W

)

N — W

y-—1
From (1),
3x-1)=2(@-3)
3x-3=2y-6
3x-2y=-3 —(3)
From (2),
2x-2)=y-1
2x-4=y-1
y=2x-3 —4)
Substitute (4) into (3):
3x-22x-3)=-3
3x—4x+6=-3
-x+6=-3
x=9
Substitute x = 9 into (4):
y=209)-3
=15
.. The solutionisx =9 and y = 15.
(b) 3x+2y=3 — (1)

1 3 —®@

x+y x+2y
From (2),
x+2y=3(x+y)
=3x+ 3y
y=-2x —3)

OXFORD
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Substitute (3) into (1):
3x+2(2x)=3

3x-4x =3

x=-3
Substitute x = -3 into (3):
y=-2(-3)
=6

.. The solution is x =-3 and y = 6.

Practise Now 12

1.

Let the smaller number be x and the greater number be y.
x+y=36 — (1)
y-x=9 —(2
1)+ 2
2y =45

y=225
Substitute y = 22.5 into (1):
x+225=36

x=135

.. The two numbers are 13.5 and 22.5.

Let the smaller angle be x and the greater angle be y.

F @+ =60 —()

%(y—x) —28° — (2)
3x(1):x+y=180° — (3)
4%x(2):y-x=112° — (4)
3)+@):
2y =292°
y =146°
Substitute y = 146° into (3):
x + 146° = 180°
x =34°
.. The two angles are 34° and 146°.
xX+y+2=2x+1 — (1)
2y=x+2 —(2)

From (1),
y=x-1-—-0)
Substitute (3) into (2):
20— 1) =x+2
2x-2=x+2
x=4
Substitute x = 4 into (3):
y=4-1
=3
Length of rectangle = 2(4) + 1
=9cm
Breadth of rectangle = 2(3)
=6cm

Perimeter of rectangle = 2(9 + 6)
=30cm
.. The perimeter of the rectangle is 30 cm.



Practise Now 13

Let the numerator of the fraction be x and its denominator be y,
X

i.e. let the fraction be ; .

x+1
y+1 =
x=35
y-5-
From (1),
Sx+1)=4@+1)
S5x+5=4y+4
S5x-4y=-1 —(3)
From (2),
2x-5)=y-5
2x-10=y-5
y=2x-5 —(4)
Substitute (4) into (3):
S5x—4(Q2x-5) =-1
Sx-8x+20=1
=3x =-21
x=7
Substitute x = 7 into (4):
y=2(7)-5
=9

— (@D

= b~

-2

.. The fraction is % .

Practise Now 14

1. Let the present age of Kate be x years and that of Kate’s father be
y years.
Then in 5 years’ time, Kate’s father will be (y + 5) years old and
Kate will be (x + 5) years old.
4 years ago, Kate’s father was (y — 4) years old and and Kate was
(x —4) years old.
y+5=3(x+5) — (1)
y-4=6(-4) —(2)
From (1),
y+5=3x+15
y=3x+10 — (3)
Substitute (3) into (2):
3x+10-4 =6(x-4)
=6x-24
3x =30
x=10
Substitute x = 10 into (3):
y=3(10) + 10
=40
. Kate’s present age is 10 years and Kate’s father’s present age

is 40 years.

2. Let the amount an adult has to pay be $x and the amount a child has
to pay be $y.
11x+5y=280 — (1)
14x + 9y =388 — (2)
9% (1): 99x + 45y =2520 — (3)
5% (2): 70x + 45y =1940 — (4)

(3)— )
(99x + 45y) — (70x + 45y) = 2520 — 1940
29x =580
x =20

Substitute x = 20 into (1):
11(20) + 5y=280
220 + 5y =280
5y =60
y=12
Total amount a family of 2 adults and 3 children have to pay
= $(2x + 3y)
= $[2(20) + 3(12)]
=$76
. The family has to pay $76.

Practise Now 15

Let the tens digit of the original numer be x and its ones digit be y.
Then the original number is 10x + y, the number obtained when the digits
of the original number are reversed is 10y + x.

x+y=11 — (1)
10x+y—-(10y+x)=9 —(2)

From (2),
10x+y-10y-x =9
Ix-9y =9
x—y=1—0)
1)+ Q)
2x =12
x=6
Substitute x = 6 into (1):
6+y=11
y=5

.. The original number is 65.

Exercise 2A

1. Gradient of Line 1 =0
The Gradient of Line 2 is undefined.
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(2l e\

(e)

— O

(a)

— |
—

c=3

I

®

(b)

X

(c)

<+ |n
1] 1l
g ©
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(i) 4 4. Gradient of Line 1 =0

Gradient of Line 2 = gradient of Line 5
-6 =-3

The slope of Line 3 is undefined.

Gradient of Line 4 = gradient of Line 6

1
2

Exercise 2B

1. (a) Khairul left home at 1000 hours.
(b) Distance Khairul travelled before he reached the cafeteria

_ 6
m= 4 =50 km
1 . . _ 50
=1= (¢) (i) Gradient of OA = T
2
c=-6 =50
G ; Khairul’s average speed was 50 km/h.
(ii) Gradient of AB=0
B o i Khairul’s average speed was 0 km/h.
(iii) Gradient of BC = %
2
e e =60
By Khairul’s average speed was 60 km/h.
= 2. (a) Distance between Ethan’s home and the post office = 40 km
m=— i (b) Total time Ethan stayed at the post office and at the hawker
SI; centre
- 2 =1+ %
c=4
) =1 1 hours
2
(©) (i) Gradient of OA = %
i =20
e N\ Ethan’s average speed was 20 km/h.
ine 2 AiS” i n . 20
Gah o } \Line4 (ii) Gradient of BC = — 1—1
2P 3 2
e \ =_13 1
0 I 3
0:5,=2, Ethan’s average speed was 13% km/h.
Gradient of Line 1 = - 2 o 20
2 (iii) Gradient of DE = — T
=-1
. . =-20
Gradient of Line 2 =0
Ethan’s average speed was 20 km/h.
Gradient of Line 3 = %
=1
Gradient of Line 4 = —g
= —2 l
2

The gradient of Line 5 is undefined.
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Exercise 2C

1. (a) Linel:y=6
Line 2: y =-2

(b)

==

The lines are horizontal. The y-coordinates of all the points on
the lines are a constant.
2. (a) Linel:x=0.5
Line 2: x =-2
(b) -

G = 4.

==

The lines are vertical. The x-coordinates of all the points on the
lines are a constant.
3. (@) Whenx=-5,y=p,
—(-5)+2p =4
5+2p=4
2p =-1
1

P=—§

Whenx=5,y=g¢q,
-S5+2g=4
2g=9

1
=4 _
=3

1 1
R =——, =4_
pP=m3047%y

OXFORD
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®) ¥
A
d)
(i)
‘ﬁ%ijﬁwﬁi : ﬁ::::::
HHH 'H%JH 1 1‘1;‘5:::::
(¢) From the graph in (b),
‘When y= 0.5 S
r=x=-3
() (i) y-coordinate = 3 %
(a) —2x + y= -3
x -1 0 2
A -5 -3 1
(b)
ﬁtfzaiﬁiﬁ 4 pep

(c) (ii) Area of trapezium

1 1
=_X|1= X 1
2 (12+1j

1

=1 units’
4



Exercise 2D (© 3x-2y=7

1. (@) 3x-y=0 X -1 1
X -2 2 4 y -5 -2 4
y 6 6 12 2x+3y=9
2—y=1 X -3 0 3
x 2 2 4 y 3 1
y -5 3
o~ e
Scale: x-axis: 1 cm to 1 unit

y-axis: 1 cm to 5 units Scale: x-axis: 1 cm to 2 units

. . y-axis: 1 cm to 2 units
The graphs intersect at the point (-1, -3).

.. The solution is x =—1 and y = -3. The graphs intersect at the point (3, 1).
(b) x—y=-3 .. The solutionisx=3andy = 1.

x -4 -2 0 (d) 3x+2y=4
y 1 1 3 X 2 2 4

x-2y=-1 y 5 -1 -4
x -3 -1 1 Sx+y=2
y 1 0 1 X -1 1 2

y 7 -3 -8
H
A8 S SSR05 e MRRNISSE o iRNaL S
Scale: x-axis: 1 cm to 1 unit ' \ i 5
y-axis: 1 cm to 2 units \
The graphs intersect at the point (-5, -2). =6 \
.. The solution is x =—5 and y = 2. 3

Scale: x-axis: 1 cm to 1 unit
y-axis: 1 cm to 2 units

The graphs intersect at the point (0, 2).
. The solutionis x =0 and y = 2.
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(&) 2x+5y=25 2. (a) x+4y-12=0

x 0 5 10 x -4 0 8
y 3 1 y 4 1
3x-2y=9 dx+y-18=0
X 1 7 X 6
y -3 0 6 y 10 6 -6
s ey Ny
e A s
Scale: x-axis: 1 cm to 2 units

Scale: x-axis: 1 cm to 2 units y-axis: 1 cm to 5 units

y-axis: 1 cm to 5 units 4 .
The graphs intersect at the point (4, 2).

The graphs intersect at the point (5, 3). . The solutionisx =4 and y = 2.
.. The solution is x =5 and y = 3. (b) 3x+y-2=0
®) 3x-4y=25 x -5, 0 2

X -1 3 7 y 8 _4
y =7 -4 -1 2x-y-3=0

dx—y=16 x -2 0 2
X 0 4 6 y 7 -3 1
y -16 8

T 3

Scale: x-axis: 1 cm to 1 unit

y-axis: 1 cm to 5 units

Scale: x-axis: 1 cm to 2 units The graphs intersect at the point (1,-1).
y-axis: 1 cm to 5 units .. The solutionisx=1andy=-1.

The graphs intersect at the point (3, —4).
.. The solution is x =3 and y = —4.
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(©) 3x-2y—13=0

x -1 1 3
y -8 =5 -2
2x+2y=0
x -2 2
y 2 -2
; =0

Scale: x-axis: 1 cm to 1 unit

y-axis: 1 cm to 2 units

The graphs intersect at the point (2.6, -2.6).

. The solution is x =2.6 and y = -2.6.

d) 2x+4y+5=0

x —4.5 =25 -0.5

y 1 0 -1
—x+5y+1=0

x -4 35 6

y -1 0.5 1

\

5

+

N\
i\
N

Scale: x-axis: 2 cm to 5 units

y-axis: 2 cm to 1 unit

The graphs intersect at the point (1.5,-0.5).
.. The solutionis x=1.5 and y =-0.5.

@ @) y=2c+9

X

-8

y

=7

17

4.

(i)

20
1€ 1=
= ¥
‘ﬁbz::&:pﬁjﬁz Le Lunit
H —FH]H 1 )4 ]H]]ﬁ:::
q 1
b) (@) y=—-x+2
4
x -8 0 4
y 0 2 3

(© 2x-y=-9 —(1)
x—4y=-8 —(2)
From (1),y=2x+9
From (2),4y =x+8

1
= _x+2
Y57

From (a)(ii), the graphs intersect at the point (-4, 1).
.. The solutionisx =—4 and y = 1.

(@) x+2y=3
x -3 1 3
y 3 1 0
2x+4y=6
X -3 1 3
y 3 1 0

3
=

Scale: x-axis: 1 cm to 1 unit
y-axis: 1 cm to 1 unit

The graphs of each pair of simultaneous equations are identical.
The simultaneous equations have an infinite number of solutions.
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(b) dx+y=2
x -2 0 2
y 10 -6
4dx+y=-3
x -2 0 2
y 5 -3 —11

=
«

Scale: x-axis: 1 cm to 1 unit
y-axis: 1 cm to 5 units

The graphs of each pair of simultaneous equations are parallel
and have no intersection point.
The simultaneous equations have no solution.

(€) 2y—-x=2
x -2 0 2
y 0 1 2
4y-2x=4
x -2 0 2
y 0 1 2
AERRERRET ‘;%:2::

Scale: x-axis: 1 cm to 1 unit
y-axis: 1 cm to 1 unit

The graphs of each pair of simultaneous equations are identical.
The simultaneous equations have an infinite number of solutions.

OXFORD @
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5.

d 2y+x=4

x -2 0 2
y 3 1
2y +x=6
x -2 0
y 4
ﬁ

1
1

Scale: x-axis: 1 cm to 1 unit

y-axis: 1 cm to 1 unit

The graphs of each pair of simultaneous equations are parallel
and have no intersection point.
The simultaneous equations have no solution.

(@) y=3-5x
x -1 0 1
y 8 -2
5x+y-1=0
x -1 0 1
y 6 1 -4

Scale: x-axis: 2 cm to 1 unit
y-axis: 1 cm to 5 units

The graphs of each pair of simultaneous equations are parallel
and have no intersection point.
The simultaneous equations have no solutions.




(b) 3y+x=7

x -5 -2 4
y 4 3

15y =35-5x
x -5 -2 4
y 4 3

Scale: x-axis: 1 cm to 2 units

y-axis: 1 cm to 1 unit

The graphs of each pair of simultaneous equations are identical.
The simultaneous equations have an infinite number of solutions.

Exercise 2E

1. @ x+y=16 — (1)
x-y=0 —(2)
D+ (@)
x+y+@x-y)=16+0
xX+y+x-y =16

2x =16
x =8
Substitute x = 8 into (1):
8+y=16
y=8

.. The solutionisx =8 and y = 8.
() x—-y=5 — (@D
x+y=19 — ()
2)+(1):
X+ +@Ex-y)=19+5
X+y+x-y=24
2x =24
x=12
Substitute x = 12 into (2):
12+y=19
y=17
. The solutionisx =12 and y =7.
(© llx+4y=12 — (1)
Ix—4y=8 —(2)
1+ @)
(1lx+4y)+ (Ox—-4y) =12+ 8
Mx+4y+9x -4y =20
20x =20
x=1

(@)

(e)

)

Substitute x = 1 into (1):
1) +4y =12
11+4y=12
4y =1

A —

y=

.. The solutionisx=1and y =

4y+x=11 — (1)
3y—x=3 —(2)
D+ Q)
@Gy+x)+@By-x)=11+3
4y+x+3y—-x=14
Ty =14
y=2
Substitute y = 2 into (1):
42)+x =11
8+x=11
x=3
.. The solution isx =3 and y = 2.
3x+y=5 —(1)
x+y=3 —(2)
(1) -2
Bx+y)—(x+y)=5-3
3x+y—-x-y=2

2x =2
x=1
Substitute x = 1 into (2):
1+y=3
y=2

.. The solutionisx=1and y = 2.

2x+3y=5 — ()

2x+T7y=9 —(2)

2) -

2x+T7y)-(2x+3y)=9-5
2x+7y-2x-3y =4

4y =4

y=1

Substitute y = 1 into (1):
2x+3(1)=5
2x+3=5
2x =2
x=1

.. The solutionisx=1andy=1.

N
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(g 7x-3y=15 — (1) Substitute ¢ = 2 into (2):

1x-3y=21 —(2) 32)+2d=17
@) - (1) 6+2d=17
(11x-3y)—(7x-3y) =21-15 2d =1
11x-3y-7x+3y =6 d:l
4dx =6 2
¥ = 1% .. The solutionis c=2and d = %
Substitute x = 1% into (1): ® ij::r i:;; : E;;
7(11) ~3y =15 (1) +(:
2 Gf +4h) + (5f—4h)=1+7
10l _3y =15 3+ 4h+5f—4h =8
8f=8
3y =—4l f=1
2 Substitute f= 1 into (1):
y=-11 3(1)+4h =1
2 3+4h=1
.. The solution is x = 1 % and y =-1 % . 4h =2
(h) 3y-2x=9 —(1) h=_1
2y-2x=7 —(2) 2
(1) -(2): .. The solutionis f=1and h = —% .
By-2x)—(2y—-2x) =9-17 M) 6-k=23 — (1)
3y‘2x‘2y+2x=i k+6/=11 — (2)
Substitute y = 2 int())) (D): @ (1.): .
3k +6j) — (6j—k) =11-23
32)-2x=9 3k+6j—6j+k=—12
6-2r=9 4k =-12
2x =-3 k=-3
r=_11 Substitute k = -3 into (2):
2 3(=3)+6j=11
.. The solution isx:—l% andy=2. 9+6j=11
@) 3a-2b=5 —(1) 6/ =20
2-5a=9 —(2) j=31
) + () 3 |
Ba-2b)+(2b-5a)=5+9 .. The solution is j = 3§ and k =-3.
3a—-2b+2b—-5a =14 2. (@) Tx-2y=17 —(I)
“a=14 Bx+dy=17 —(2)
. . a=-7 2x(1): 1dx—dy =34 — (3)
izb_sg?ie)a:gﬁ into (2): 3)+ Q):
(14x — 4y) + Bx + 4y) =34 + 17
2b+35=9 1dx —dy + 3x + 4y = 51
2b =-26 17x =51
b=-13
x=3
.. The solution is @ = -7 and b = —13. Substitute x = 3 into (2):
G) 5¢-2d =9 — (1) 3G) +dy =17
3c¢+2d=7 — () 94+ dy=17
(D) + 4y =8
(5c—2d)+ (Bc+2d)=9+7 v=2

5¢-2d+3c+2d=16
8c =16
c=2

OXFORD
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.. The solutionisx =3 and y = 2.



(b) 16x+5y=39 — (1)

(c)

4x-3y =31 —(2)
4x(2):16x-12y=124 — (3)
1 -0
(16x + 5y) — (16x — 12y) =39 — 124
16x 4+ S5y — 16x + 12y = -85

17y =-85
y=-5
Substitute y = -5 into (2):
4x-3(-5) =31
4x+15 =31
4x =16
x =4

. The solution is x =4 and y = -5.
x+2y=3 — (1)

3x+5y=7 —(Q2)

3x(1):3x+6y=9 —(3)

3=

Bx+6y)—Bx+5y)=9-7
3x+6y—-3x—-5y=2

y=2

Substitute y = 2 into (1):
x+22)=3
x+4=3
x=-1

.. The solutionisx=-1 and y = 2.

d 3x+y=-5 —()

(e)

Ix+3y=1 —(2)
3x(1):9%x+3y=-15 — (3)
(3) -
Ox+3y)—(Tx+3y)=-15-1
9x +3y—-Tx-3y=-16

2x =-16
x=-8
Substitute x = -8 into (1):
3(-8)+y=-5
24+y=-5
y=19

.. The solution is x =-8 and y = 19.

Ix-3y=13 — (1)

2x-y=3 —(2)

3x(2):6x-3y=9 — (3)

1 -0

(7x=3y)—(6x-3y)=13-9
Tx-3y—-6x+3y=4

x=4

Substitute x = 4 into (2):
2(4)-y=3
8§—y=3
y=5

.. The solutionisx=4and y = 5.

3.

)

(a)

(b)

Ix-5y=2 — (1

3x-4y=10 — (2)

3%x(2):9%-12y=30 — (3)

-G

Ox-5y)— (9x—-12y)=2-30
Ox—5y—-9x+ 12y =-28

Ty =-28
y=-4
Substitute y = —4 into (2):
3x-4(-4) =10
3x+16 =10
3x =-6
x=-2

.. The solution is x = -2 and y = —4.

Tx-3y =18 — (1)

6x+7y =25 —(2)

7x(1):49x-21y =126 — (3)

3X(2): 18x+21ly=75 — (4

3)+ 4):

(49x = 21y) + (18x +21y) =126 + 75
49x - 21y + 18x + 21y =201

67x =201
x=3
Substitute x = 3 into (2):
6(3) + 7y =25
18 +7y =25
Ty =17
y=1

. The solutionisx=3andy=1.
dx+3y=-5 —(1)
3x-2y=43 —(2)
2x(1):8x+6y=-10 — (3)
3x(2):9%x-6y=129 — (4)
3)+@):
(Bx + 6y) + (9x — 6y) =—10 + 129
8x+6y+9x—6y =119

17x =119
x=17
Substitute x = 7 into (1):
47T)+3y=-5
28 +3y=-5
3y =-38
y=-11

. The solutionisx=7andy =-11.
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(c)

(@)

(e)

®

2x+3y=8 — (1)

5x+2y=9 — ()

2x(1): 4x+6y=16 — (3)

3X(2): 15x+6y=27 —(4)

4 -3

(15x + 6y) — (4x + 6y) =27 - 16
15x + 6y —4x -6y =11

11x =11
x =1
Substitute x = 1 into (2):
5()+2y=9
5+2y=9
2y =4
y=2

.. The solutionisx=1and y = 2.

Sx+4y=11 — (1)

3x+5y=4 —(2)

3x(1): 15x+12y=33 — (3)

5% (2): 15x+25y=20 — (4)

# -0

(15x +25y) — (15x + 12y) =20-33
15x + 25y - 15x - 12y =-13

13y =-13
y=-1
Substitute y = -1 into (1):
Sx+4(-1)=11
Sx—4=11
S5x =15
x=3

. The solutionisx=3and y =-1.

4x-3y=-1 — (1)

Sx-2y=4 —(2)

2x(1):8x-6y=-2 —(3)

3x(2): 15x-6y=12 — (4)

4)- Q)

(15x - 6y) — (8Bx — 6y) = 12 - (-2)
15x — 6y —8x + 6x = 14

Ix =14
x=2
Substitute x = 2 into (2):
52)-2y =4
10-2y =4
2y =6
y=3

.. The solution isx =2 and y = 3.
Sx—4y=23 — (1)

2x-Ty=11 —(2)

2x(1): 10x-8y=46 — (3)
5x(2): 10x-35y=55 — (4)

OXFORD
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(a)

(b)

(c)

3) -
(10x — 8y) — (10x — 35y) =46 - 55
10x — 8y — 10x + 35y =-9
27y =-9

W] =

y=-
. 1. .
Substitute y = — 3 into (1):

1
5x74(—§)— 23

5x+i =23
3

5¢=212
3

x=4_
3

.. The solution is x = 4 % andy = —% .

x+y=7 — (1)

x-y=5 —(2
From (1),y=7-x — (3)
Substitute (3) into (2):
x—(7T-x)=5

x-T+x=5

2x =12
x=6

Substitute x = 6 into (3):
y=T7-6

=1
. The solutionisx =6 and y = 1.
3x—y=0 — (1)
2x+y=5 —(2)
From (2),y=5-2x — (3)
Substitute (3) into (1):
3x-(5-2x)=0
3x-5+2x=0
5x =5
x=1
Substitute x = 1 into (3):
y=5-2(1)
=3
.. The solutionisx =1 and y = 3.
2x-Ty=5 — (1)
3x+y=-4 —(2)
From (2),y=-4-3x — (3)
Substitute (3) into (1):
2x-7(-4-3x)=5
2x+28+21x =5

23x =-23
x=-1
Substitute x = —1 into (3):
y =-4-3(-1)

=-1
.. The solutionisx=-1and y =-1.



(@)

(e)

®

@

Sx-y=5 — (1)
3x+2y=29 —(2)
From (1),y=5x-5 — (3)
Substitute (3) into (2):
3x+2(5x-5)=29
3x+ 10x - 10 =29

13x =39
x=3
Substitute x = 3 into (3):
y =53)-5

=10

.. The solution is x =3 and y = 10.

Sx+3y=11 — (1)

4x—-y=2 —(2)
From (2),y=4x-2 — (3)
Substitute (3) into (1):
Sx+3@x-2)=11

Sx+12x-6=11

17x =17
x=1

Substitute x = 1 into (3):
y=4(1)-2

=2

.. The solutionis x=1and y = 2.

3x+5y =10 — (1)

x=2y=7 —(@)
From (2),x=2y+7 — (3)
Substitute (3) into (2):
32y+7)+5y =10

6y+21+5y=10

11y =-11
y=-1
Substitute y = —1 into (3):
x =2(-1)+7
=5

.. The solutionisx =5 and y =-1.

x+y=9 — (1)
5x-2y=4 —(2)
From (1),y=9-x — (3)
Substitute (3) into (2):
5x-209-x)=4
Sx-18+2x =4

Tx =22

x=3l

Substitute x = 3 % into (3):

|
—g_31
J 7

=55
7

.. The solution is x =3 % andy=5

(h) 5x+2y=3 — (1)

x—4y=-6 —(2)

J
=

(a)

(b)

(O]

From (2),x=4y-6 — (3)
Substitute (3) into (1):
54y-6)+2y=3
20y-30+2y=3

22y =33

y=1

N =

Substitute y = 1 % into (3):

=0
.. The solutionisx=0and y = 1%.
x+y=05 — ()
x-y=1  —(@

1)+ Q)
x+y+@x-y)=05+1

x+y+x-y=15

2x=1.5
x =0.75
Substitute x = 0.75 into (1):
0.75+y =05
y=-0.25

.. The solution is x =0.75 and y = —-0.25.
2x+04y =8 — (1)
Sx-12y =9 —(2)
3x(1):6x+12y=24 — (3)
3)+Q2):
Gx+12y)+(5x—12y) =24+9

6x+12y+5x—-12y =33

11x =33
x =3
Substitute x = 3 into (1):
23)+04y =8
6+04y=38
04y =2
y=5

. The solutionisx=3 and y = 5.
10x-3y =245 — (1)
3x-5y=135 —(2)
5x(1):50x-15y=1225 — (3)
3x(2): 9x—15y=405 — (4)
3)-):
(50x — 15y) — (9x — 15y) = 122.5-40.5
50x — 15y — 9x + 15y =82
41x =82
x=2
Substitute x = 2 into (1):
10(2) -3y =245

20-3y =245
3y =—45
y=-15

.. The solutionisx =2 and y =-1.5.

OXTFORD

UNIVERSITY PRESS



6.

(d) 6x+5y =105

(a)

(b)

(O]

— (@D
5x-3y =2 —(2)
3x(1): 18x+15y=315 — (3)
5% (2):25x—15y=-10 — (4)
@)+ (3):
(25x - 15y) + (18x + 15y) =-10 + 31.5
25x— 15y + 18x + 15y =21.5
43x =215
x=05
Substitute x = 0.5 into (1):
6(0.5) + 5y =10.5
3+5y=105
Sy=175
y=15
.. The solutionisx=0.5and y=1.5.
4x—-y-7=0 — ()
4x+3y-11=0 —(2)
2)—():
(Ax+3y-11)-@x-y-7)=0-0
4x+3y—-11-4x+y+7=0
4y =4
y=1
Substitute y = 1 into (1):
4x-1-7=0
4x =8
x=2
. The solutionisx=2andy=1.
Tx+2y-33=0 — (1)
3y-Tx-17=0 —(2)
(1) +(2):
(Tx+2y-33)+By-Tx-17)=0+0
Tx+2y-33+3y-Tx-17=0
S5y =50
y=10
Substitute y = 10 into (1):
7x+2(10)-33 =0
7x+20-33=0
Tx =13

x=1

=S o

.. The solutionis x =1 g and y = 10.

5x-3y-2=0 — (1)
x+5y-6=0 —(2)
5% (2):5x+25y-30=0 — (3)
(3) - (1):
(Sx+25y-30)-(5x-3y-2)=0-0
S5x+25y-30-5x+3y+2=0
28y =28
y=1
Substitute y = 1 into (2):
x+5(1)-6=0
x+5-6=0
x=1

solutionisx=1andy =1.
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(d) 5x-3y-13=0

(e)

®

(a)

— (D

Tx-6y-20=0 — (2)

2x(1): 10x-6y-26=0 — (3)

(3) -

(10x -6y —26) — (7x—6y—-20)=0-0
10x-6y—-26—-T7x+6y+20=0

3x=6
x=2
Substitute x = 2 into (1):
5(2)-3y-13=0
10-3y-13=0
3y=3
y=1
.. The solutionisx=2andy=1.
Tx+3y-8=0 — (1)
3x-4y-14=0 —(2)

4x(1):28x+12y-32=0 — (3)

3xX(@2): 9x—12y-42=0 — 4)

3)+@):

(28x+ 12y —-32) + (9x—12y-42)=0+0
28x+ 12y —-32+9x—-12y—-42 =0

37x =74
x=2
Substitute x = 2 into (1):
72)+3y-8=0
14+3y-8=0
3y=-6
y=-2
.. The solution is x =2 and y = 2.
3x+5y+8=0 — (1)
4x+13y-2=0 —(2)

4x(1):12x+20y+32=0 — (3)
3x2):12x+39y-6=0 — (4)

(3) -
(12x+20y +32) - (12x+39y-6)=0-0
12x+20y+32-12x-39y+ 6 =0

19y =38
y=2
Substitute y = 2 into (1):
3x+52)+8=0
3x+10+8=0
3x=-18
x=-06
.. The solution is x =—6 and y = 2.
x+1
y+2
x-2

— @

y-17
From (1),
4x+1) =3(y+2)
4x+4 =3y+6
4x-3y =2 — (3)

)
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(b)

(c)

From (2),
5x-2)=3(@-1)
5x-10=3y-3
5x-3y=7 —4)

@ -0
Gx-3y)—(@x-3y)=7-2
5x-3y—-4x+3y=5

x=5
Substitute x = 5 into (3):
4(5)-3y=2
20-3y =2
3y=18
y=6
. The solutionisx =5 and y = 6.

)

2 2
3x—-Zy=3=
57773

9

Ox(1):3x— 2 =71 _ 3

@-0:

2 9y 2 1

_Zy - _2V =32 _72

(3x Syj [3x 2) 72
9

3x— 2

5
Zy-3x+ =L =4
5775

Substitute y = —1 into (2):
2 2
3x—-Z(-1)=3=
5 D 5
3+ 2 =32
5 5
3x =3
x =1
. The solutionisx=1andy=-1.
3

X
2_2y=3 —q
77 35” (D

W

2x-2=12 —
3773 @

8x(1):2x-3y=24 —(3)

6x(2): 10x-3y=72 — (4)

4)-Q):

(10x - 3y)— (2x—-3y)=72-24
10x -3y —2x+ 3y =48

8x =48
x=6
Substitute x = 6 into (3):
2(6) -3y =24
12-3y=24
3y =-12
y=-4

.. The solution is x = 6 and y = —4.

(@)

(a)

(b)

x=3 _y-17
_— = — 1
3 3 )]

x =13y —(2)

26 x (1): ? (x=3)=13(y—7)

26 78
—x-—=13y-91 —(3
5 3 y 3)
(2)-@):
11x - 2—6X_E =13y - (13y-91)
5 5
26 78
1lx— =x+ — =13y-13y+91
X 5 X 5 y y
54c=752
5 5
x=13
Substitute x = 13 into (2):
11(13) = 13y
y=11

.. The solutionisx=13 and y =11.
2x+5y=12 — (1)
4x+3y=-4 —(2)
From (1), 2x =12 -5y
A" 12 ; Sy
Substitute (3) into (2):

4(12*50 +3y=-4

¢

2
24 - 10y +3y =-4
Ty =28
y =4
Substitute y = 4 into (3):
_12-5(4)
2
=—4
.. The solution is x =—-4 and y = 4.
4x -3y =25 — (1)
6x+5y=9 —(2)
From (1), 4x =3y + 25
= 3y +25
4
Substitute (3) into (2):

2
6(3y1 5) +5y=9

X

¢

9 % y=-28 %
y=-3
Substitute y = -3 into (3):
v = 3(—3L+ 25
=4
.. The solution is x =4 and y = -3.
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(c)

(@)

(e)

3x+Ty=2 — (1)
6x-5y=4 —(2)
From (1),3x=2-"7y
= 2 —37y
Substitute (3) into (2):

6(2_3”) _5y =4

4—-14y-5y =4

19y =0

y =0
Substitute y = 0 into (3):

_2-7(0)
3

-3

2

3
.. The solution is x = % and y =0.

Ix+2y=5 — (1)
Ix-3y=13 —(2)
From (1),9x =5 -2y
Substitute (3) into (2):

5-2y
7 -3y=13

-3

9}

4= :—91
9

el

y==2
Substitute y = -2 into (3):
¢ 3226
=1
.. The solutionisx=1and y =-2.
2y-5x=25 — (1)
4x+3y=3 —(2)
From (1), 2y =5x+ 25

5 25
R ©

Substitute (3) into (2):
S5x+25
2 ] =3

4x+3(

Substitute x = -3 into (3):
_5(3)+25

Y 2
=5

.. The solutionis x =-3 and y = 5.
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®

(a)

(b)

3x-5y=7 — (1)
4x-3y=3 —(2)
From (1),3x =5y +7
= Sy+7
3
Substitute (3) into (2):

4(5y3+7)_3y=3

it

20 28

—y+ — -3y=3
373 Y

2 1
32,-_¢l
37773
8
-_15
YET

Substitute y = —1 % into (3):

8
~ 5(—lﬁj+ 7

3

X

6
11

.. The solution is x = —i and=-1—.
11 11

§+y+2=0 — )

%—y—10=0 — Q)

From(l),y=—§ -2 -0

Substitute (3) into (2):

X X
Z—-|-=-2|-10=0
3 ( 5 2]

x=15
Substitute x = 15 into (3):
15
-5 -
=-5

2

.. The solution is x = 15 and y = -5.

x+y=3 —m

3x+y _
s = 1 -2
From (1), x+y=9
x=9-y —(3)
Substitute (3) into (2):
39-9+y _,
5
27-3y+y=5
2y =22
y=11
Substitute y = 11 into (3):
x=9-11
=2

. The solutionisx =-2 and y = 11.

8



() 3x-y=23 — ()
X LY
Z+2i=4 —(2
3 4 @
From (1),y=3x-23 — (3)
Substitute (3) into (2):

X, 3x—23=4
3
4x +9x—-69 =48
13x =117
x=9
Substitute x =9 into (3):
y =309)-23
=4
.. The solution is x =9 and y = 4.
X
) §+%=4 — (D
2
Ex—% =1 —©
From (1), 2x + 3y =24
2x =24 -3y
24 -3
x= 2 M)

Substitute (3) into (1):

3(24_3y)_ Y 4

3 2 6
48-6y—-y =6
Ty =42
y =06
Substitute y = 6 into (3):
= 24 —23(6)
=3
. The solutionisx =3 and y = 6.
10.) —2— =_1 )
x+y 2x+y
3x+4y =9 — (2
From (1),
22x+y)=x+y
dx+2y=x+y
y=-3x —@3)
Substitute (3) into (2):
3x+4(-3x)=9
3x—12x =9
-9x =9
x=-1
Substitute x = —1 into (3):
y =-3(-1)
=3

.. The solution isx =-1 and y = 3.

1 _ . .
(b) E(x_z)_Z(l » — (@

1 2 1
7[764' 23) =3 G-» —©@

20 % (1):
4x-2)=5(1~-y)
4x-8=5-5y
dx+5y=13 —(3)
21 % (2):

2
3(x+2§)=7(3_y)
3x+8=21-Ty
3x=13-Ty
= 13-7y
3
Substitute (4) into (3):

(552 05

52 28
22 20y 45y=13
3~ gty

— @

y=1
Substitute y = 1 into (4):
‘= 13 —37(1)
=2
. The solutionisx=2and y=1.

© Sx+y —2_ x+y — )

9 5
Tx -3 y—x
=1+ — 2
2 3 @
45 x (1):

5G5x+y) =90-9(x+y)
25x +5y =90 - 9x -9y
34x + 14y =90
17x+7y =45 — (3)
6% (2):
3(7x-3)=6+2(y—x)
21x-9=6+2y—2x
2y =23x-15
y= 23x-15
2
Substitute (4) into (3):

17x + 7(%) =45

17x+ 100105 45
2 T2

— @

97 y =971
2 2

x =1
Substitute x = 1 into (4):

23(1) - 15
y= BO)-15

=4

.. The solutionis x =1 and y = 4.
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xX+y _x-Yy B
@ == == M

";y =2x-3y+5 —(2)

From (1), 5(x + y) =3(x —y)
5x+ 5y =3x-3y
2x =-8y
x=-4y —(3)
Substitute (3) into (2):

—4‘y5‘y = 2(—dy)—3y +5

-y =-8y—-3y+5
10y =5

_ 1

!

Substitute y = % into (3):
1
)
=-2

.. The solutionis x=-2 and y =

| =

11. Whenx=3,y=-1,
3p(3)+q(-1) =11
Pp-q=11 — (@D
-q3)+5(-D) =p
p=-3¢-5 — (2
Substitute (2) into (1):
9(-3¢g-5)-qg =11
27q-45-qg =11

28¢q =-56
q=-2
Substitute g = -2 into (2):
p=-3(-2)-5

=1

.. The values of p and of g are 1 and -2 respectively.

12. Whenx=-11,y=35,
p(=11)+5(05) =¢q
-1lp+25=q — (1)
q-11)+7(5) =p
-11g+35=p — ()
Substitute (2) into (1):
—11(-11g+35)+25=¢q
121g-385+25=¢q
120g =360
qg=3
Substitute g = 3 into (2):
-1133)+35=p
p=2
.. The values of p and of ¢ are 2 and 3 respectively.
13. 8s—-3h=-9 —(1)
295+ 10h =16 — (2)
10 x (1): 80s =302 =-90 — (3)
3% (2):-87s+30h=48 — (4)
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3)+4):
(80s — 30h) + (—=87s + 30h) =-90 + 48
Ts =42
s=6
Substitute s = 6 into (1):
8(6) —3h =-9
48 -3h =-9
3h =57
h=19

. The height above the ground is 19 m and the time when the cat

meets the mouse is 5 s.

Exercise 2F

1.

Let the smaller number be x and the greater number be y.
x+y=138 — (1)
y-x=88 —(2)
(D +(2):
(x+y)+(y—x)=138+288
xX+y+y—-x=226
2y =226
y =113
Substitute y = 113 into (1):
x+113=138
x =25
.. The two numbers are 25 and 113.
Let the smaller number be x and the greater number be y.
y—-x=10 — (1)
x+y=4x — (2)
From (2),y=3x — (3)
Substitute (3) into (1):

3x—x=10
2x =10
x=5
Substitute x = 5 into (3):
y =30
=15

.. The two numbers are 5 and 15.
Let the cost of a belt be $x and the cost of a walle