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Introduction

About this book

'This book has been written to cover the

Cambridge International AS & A Level

Mathematics (9709) syllabus, and is fully

aligned to the syllabus.

In addition to the main curriculum content, you

will find:

e ‘Maths in real-life], showing how principles
learned in this course are used in the real

world.

o Chapter introductions, which outline how
each topic in the Cambridge 9709 syllabus is
used in real-life.

The book contains the following features:

Nntﬂ £XAM STHLE QUESTION
5538 calcutator QQ Advice

oooo

oooo use

Throughout the book, you will encounter
worked examples and a host of rigorous
exercises. The examples show you the important
techniques required to tackle questions. The
exercises are carefully graded, starting from

a basic level and going up to exam standard,
allowing you plenty of opportunities to practise
your skills. Together, the examples and exercises
put maths in a real-world context, with a truly
international focus.

At the start of each chapter, you will see a list

of objectives that are covered in the chapter.
These objectives are drawn directly from the
Cambridge AS & A Level syllabus. Each chapter
then begins with a Before you start section,
which you should complete to ensure you have
all the requisite skills for the chapter, and finishes
with a Summary exercise and Chapter summary,
ensuring that you fully understand each topic.

Each chapter contains key mathematical terms
to improve understanding, highlighted in colour,
with full definitions provided in the Glossary of
terms at the end of the book.

The answers given at the back of the book are
concise. However, when answering exam-style
questions, you should show as many steps

in your working as possible. All exam-style
questions, as well as Paper A and Paper B have
been written by the authors.
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e Student Book: Complete Pure Mathematics 1 for
g9 &4l Cambridge International AS & A Level

Syllabus: Cambridge International AS & A Level
Mathematics: Pure (9709)

PURE MATHEMATICS 1 | Student Book

Syllabus overview for 9709, first examined in 2020.
Pure Mathematics 1 (Paper 1)
1. Quadratics
e (Carry out the process of completing the square for a quadratic polynomial ax® + bx Pages 2-20
+ ¢, and use this form, e.qg. to locate the vertex of the graph of y=ax®*+ bx + cor to
sketch the graph Pages 2-20
e Find the discriminant of a quadratic polynomial ax® + bx + ¢ and use the discriminant,
e.g. to determine the number of real roots of the equation ax* + bx + ¢ =0 5
ages 220
e Solve quadratic equations, and linear and quadratic inequalities, in one unknown 5 .
ages 220
e Solve by substitution a pair of simultaneous equations of which one is linear and one 2
is quadratic
* Recognise and solve equations in x which are quadratic in some function of x, e.g. Pages 2-20
X*-5bx*+4=0
2. Functions
e Understand the terms function, domain, range, one-one function, inverse function Pages 24-42
and composition of functions
¢ |dentify the range of a given function in simple cases, and find the composition of two Pages 24-42
given functions
* Determine whether or not a given function is one-one, and find the inverse of a one- Pages 24-42
one function in simple cases
o lllustrate in graphical terms the relation betwesn a one-one function and its inverse Pages 24-42
* Understand and use the transformations of the graph of y = f(x) given by Pages 24-42
y=1)+a,y="1x+a),
y =allx), y = flax) and simple combinations of these
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3. Coordinate geometry

* Find the equation of a straight line given sufficient information Pages 48-67

* Interpret and use any of the forms y =mx +c, y -y, =mi{x-x,),ax+ by + c=01n Pages 48-67
solving problems

¢ Understand that the equation (x — a)® + (v — b)? = r* represents the circle with centre Pages 48-67
(a, b) and radius r

¢ Use algebraic methods to solve problems involving lines and circles Pages 48-67

* Understand the relationship between a graph and its associated algebraic equation, Pages 48-67
and use the relationship between points of intersection of graphs and solutions of
equations

4. Circular measure

¢ Understand the definition of a radian, and use the relationship between radians and Pages 74-81
degrees

¢ Usethe formulae s=r @and A = r# 8 in solving problems concerning the arc length Pages 74-81

and sector area of a circle

5. Trigonometry

Sketch and use graphs of the sine, cosine and tangent functions (for angles of any
size, and using either degrees or radians)

Use the exact values of the sine, cosine and tangent of 30°, 45°, 60°, and related

angles, e.g. cos 150° =— g

Use the notations sin~'x, cos™'x, tan~"x to denote the principal values of the inverse
trigonometric relations

sin@

Use the identities 5 =tan #and sin®6 + cos®6 = 1

Cos
Find all the solutions of simple trigonometrical equations lying in a specified interval

(general forms of solution are not included)

Pages 86-104

Pages 86-104

Pages 86-104

Pages 86-104
Pages 86-104

6. Series

Use the expansion of (a + b)", where n is a positive integer (knowledge of the greatest

term and properties of the coefficients are not required, but the notations (?) and n!
should be known)

Recognise arithmetic and geometric progressions

Use the formulae for the nth term and for the sum of the first n terms to solve
problems involving arithmetic or geometric progressions

Use the condition for the convergence of a geometric progression, and the formula
for the sum to infinity of a convergent geometric progression

Pages 109-116

Pages 120-133
Pages 120-133

Pages 120-133




7. Differentiation

* Understand the gradient of a curve at a point as the limit of the gradients of a suitable Pages 138-153
seqguence of chords, and use the notations T’(x),f”(x),%, % for first and second
derivatives

e Use the derivative of x” (for any rational n), together with constant multiples, sums, Pages 138-153
differences of functions, and of composite functions using the chain rule

e Apply differentiation to gradients, tangents and normals, increasing and decreasing Pages 138-1563,
functions and rates of change (including connected rates of change) 166-167

* | ocate stationary points, and use information about stationary points in sketching Pages 1566-167

graphs (the ability to distinguish between maximum points and minimum points is
required, but identification of points of inflexion is not included)

8. Integration

e Understand integration as the reverse process of differentiation, and integrate Pages 173-200
(ax + b)n (for any rational n except —1), together with constant multiples, sums and
differences

* Solve problems involving the evaluation of a constant of integration, e.g. to find the Pages 173-200

equation of the curve through (1, —2) for which % =2X+1
e FEvaluate definite integrals (including simple cases of ‘improper’ integrals, such as Pages 173-200

11 =
jx 2dxand_[ X2 dx)
8] ]
¢ Use definite integration to find:

— the area of a region bounded by a curve and lines parallel to the axes, or between

Pages 173-200
two curves

— avolume of revolution about one of the axes







Quadratics

'The Quadracci Pavilion is part of the Milwaukee Art
Museum; it opened in 2001 and contains a movable,
wing-like structure. The building, designed by Santiago
Calatrava, received an outstanding structure award in
2004. The ‘wings’ open for a wingspan of 66 metres
during the day and fold over the arched structure at
night or during bad weather. Designing and constructing
this building required the use of quadratic curves and
parabolas. These same techniques are used in modelling

bridges and a huge number of other structures.

Objectives
e Carry out the process of completing the square for a quadratic polynomial ax® + bx + ¢, and

use a completed square form.
Find the discriminant of a quadratic polynomial ax* + bx + ¢ and use the discriminant.
Solve quadratic equations and quadratic inequalities, in one unknown.

Solve by substitution a pair of simultaneous equations of which one is linear and one is quadratic.

Recognise and solve equations in x which are quadratic in some function of x.

Before you start
You should know how to: Skills check:

1. Square a number that has a square root sign, 1. Simplify

eg 3x3=3 a) \7x+7 b) (Vi3)
eg. (245) =4x5=20. 9 iixal @ (10v2)".

2. Factorise quadratic expressions, 2. Factorise
eg. 2x2—13x+20=(2x-5)(x-4) a) 6x2-x-1 b) 1-100x?
eg. 16x*—49=(4x+7)(4x-7). : ¢) 21+11lx—-2x* d) 24X -18.
3. Solve linear inequalities, 3. Solve
eg 5x-2<8x+4 a) 2x+327x-1 b) 52x-3)<2(1-x)
-6 < 3x : c) 6-7x>3(2x+5).
x> '
4. Solve simultaneous linear equations, 4. Solve these simultaneous equations
eg 2x+3y=5 S5x+2y=-4 a) 3x—-4y=-5 7x+20y=3
10x+ 15y=25 10x+4y=-8 b) 2x-y=3 6x + 5y =49
Subtracting: 11y:33 y:3 C) 4x+3y=-11 9x~7y:-11

Substituting: 2x + 3(3) =5

2 2= 4= x=-2, d) 6x-2y=1  8x-5y=-8.




1.1 Solve quadratic equations by factorising

You should know how to solve a quadratic equation by factorising.
Here are some examples.

Example 1

Solve a) 6x*+11x-35=0 Always look to see if we can first divide each
term by a common factor.
b) 20x* + 80 = 82x.
a) 6%+ 11x-35=0
Bx-502x+7)=0
5 —7

X=Z0orx=—
3 2

7

Solve (3x—5)=0and (2x + 7) = 0.

b) 20x* + 80 = 82x
20x* - 82x+ 80=0

Rearrange as ax® + bx + ¢ =0.

A

10x* - 41x+40=0

A

Divide through by any integer common factor.

(5x-8)(2x-5)=0

--------------------------------------------------------------------------------------------------------

2x+9)x-1)=0

—9
X——oarx=1
2

But the solution cannot be x = _?9 as this will lead to a negative length and width, sox = 1.

Length =x + 3 =1 + 3 = 4metres.

x=80rx=2
5
Example 2
A rectangle has length (x + 3) metres and width (2x + 1) metres.
The area of the rectangle is 12 m2. 2t
Find the length of the rectangle. x+3
Area=(2x+1)(x+3)=2x*+7x+3=12
2x2+7x-9=0

Exercise 1.1

1. Solve each of these quadratic equations.
a) *+2x-35=0 b) ¥*-7x+10=0 c) xX*-x-12=0
d) ¥*+8x-9=0 e) x*-3x=18 f) xXX=x+6

Quadratics
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g) 0=x>+8x+12 h) 5x+x*=24

j) x-16=0 K) 262 -9x+4=0
m) 1562 —-x—-2=0 n) 8?—-18x+9=0
p) 5x*+23x=10 q) 8-2x-x*=0
s) 5x*-8x=4 t) 100x*- 3 =20x
v) 76+ 14x=0 w) 18 -27x-5x*=0
y) 5-5x2=0 z) 24> +40x+6=0

2. A rectangle has length (x + 4) cm and width (3x + 4) cm.
The area of the rectangle is 11 cm’. Find x.

i) x*=4x
) 3x2+19%x+6=0
0) 5x%=20x

r) 2x+7x-9=0
u) 6x2+20-23x=0
x) 21-11x-2x*=0

3. A piece of card has a length of (2x — 1) cm and a width of (x + 2) cm. 1
A square of side xcm is removed from the card. The area of the card that  , , \
is left is 68 cm®. Find the area of the card that has been removed.

4. Two numbers differ by 4. Their product is 21. Write down a quadratic x-1

equation and solve it to find the two numbers.

2
5. Solye 2 +5%+3 .

2

X +3x4+2

1.2 Solving quadratic inequalities

To solve a quadratic inequality it is useful to sketch the curve.

If the coefficient of &? is positive, the curve is \/ shaped.

If the coefficient of x* is negative, the curve is /\ shaped.

Note: Unlike the linear inequality,
where the solution range has only
one boundary, e.g. x > -2, the
solution for the unknown variable in
a quadratic inequality is a range of
values with two boundaries,
eg.x<-lorx>3.

Example 3

Solve the inequality x> — 3x - 4 > 0.
xX*-3x-4>0

(x+1)(x-4)>0

We want the values of x when the curve
is above the x-axis (>).

Looking at the sketch we can see that this is true
for all values of x shown by the red arrows.

Answer: x<—-lorx>4

~

Note: There are two regions so we
write the answer as two inequalities.

Solving quadratic inequalities



Example 4
Solve the inequality 6 + x — x* > 0.

---------------------- R R T P R RN TR R,

6+x—x>>0 A
B-x)2+x)>0

We want the values of x when the curve
is above the x-axis (>).

Looking at the sketch we can see that this is true . *
for the values of x shown by the red arrows.
Answer: -2 < x <3 Note: There is only one region so we write the
answer as one inequality. We read
Or -2 < x<3as ‘xis between -2 and 3'.
6+x-x?>0 can be written as x> - x - 6 <0 Remember: We change the symbol when
(x-3)(x+2)<0 multiplying each side by —1.
N

Answer: -2 <x<3

Example 5
Solve the inequality (x + 5)(2x + 1) < 0.

(x+5)(2x+1)<0

i h
As we have +2x7, the curve is \ shaped. I
We want the values of x when the curve
is on or below the x-axis (<). [
0 x

Looking at the sketch we can see that this is the 5
region shown by the red arrows.

Answer: -b<x<— %

Exercise 1.2

Solve each of these inequalities.
Sketch the curve for each, showing the interval that satisfies each inequality.

1. a) (x+2)(x-5)<0 b) (x-1)(x-3)>0 ¢ (Bx+2)(x+4)>0
d) (x-7)(x+10)<0 e) 6-x)(3-x)<0 f) G+x)(1-2x)=0

Quadratics




2. a) X¥*+7x+12<0 b) x¥»-x-30<0 ) ¥*+2x—-48>0

d ¥*-5x+6>0 e) 2x2—1lx+12>0 f) 3x°+14x-5<0
g) 15+2x-x<0 h) 16 —6x-2<0 i) 21-x-2>0
i) 102+43x+28>0 k) ¥-930 ) 50-2x2<0

3. a) X*-2x>35 b) X +6<5x ) X¥<x+20
d) x(x+3)>10 e) x*<9x+10 f) 2-4(x+6)>21
g) 24> 11x- 2 h) 7+2(42-15x)<0 i) x2;1224x

i) (x+5)¢>1

1.3 The method of completing the square

We can express a quadratic polynomial of the form ax? + bx + ¢ in the form
a(x + p)* + g, where p and g are constants, by the method of completing
the square. There is a strict method for expressing a quadratic expression
as a perfect square, which can be seen in the following examples.

Example 6

Express x* + 10x — 3 in the form (x + p)* + g, where p and g are constants.

S N R R N R R N R R R R RN

o+ 10x—3 =(x+5)*—25-3 <« Aways halve the coefficient of x to give the value of p.

We subtract 25 because (x + 5)° = x> + 10x + 25
therefore, (x + 5)2— 25 = x* + 10x.

= (x+5)*-28

Example 7

Express 2x* — 12x + 1 in the form a(x + p)* + g, where a, p and g are constants.

S R T R R R R PR R R Y

28— 12x+1=2[x— 6] + 1 . Divide the 1st two terms by the coefficient of x* and
use square brackets.

=2[(x-3)-9]+1 <————— Complete the square for x* — 6.

=2(x-3)?-18+1 <« Multiply out the square brackets.

=2(x-3)2-17
Note: We cannot divide 2x2— 12x + 1 by 2 as it is not
an equation. If we had 2x2— 12x + 1 = 0, we could
write 3@ — 6x + % =0,

The method of completing the square




Example 8

Express 3 + 4x — x” in the form q- (x + p)?, where p and q are constants.

-----------------------------------------------------------------------------------------------------------

3+ dx—xi==[xr—dx 3] < We want the coefficient of x* to be +1.
= ~[(x-2-4-3]
= (= Ru T — Complete the square for x? — 4x.
=7-(x=-2F -~
Multiply the terms in the square brackets by —1.

A quadratic equation of the form ax” + bx + ¢ = 0, where a, b and c are constants and ¢ # 0, can also
be solved by the method of completing the square.

Example 9
Solve the equation x? - 6x + 2 = 0, giving your answer in the form x=p + \/a :

---------------------------------------------------------------------------------------------------------------

(x-32-9+2=0 - X2 —Bx=(x—-3)2-
(x-32-7=0
(x-332=7
= _t\ﬁ Do not forget = when taking the square root of

each side.

x:?;i\/;

Example 10
Solve the equation x* — 3x — 1 = 0 by completing the square.

Give your answer in the form p + Jg :

R T P T T PR R PR Y R R,

4
2
(x_i) glﬁ_:o - LeaveEasan improper fraction.
2 4 4
3\ = 13
X—E 4
X - 2 =) lé
2 4
3 1 13_\/‘@_\/@_1}13
e e -+ T e e e .
A= 4-Ja "2 "2
3.1
x==4 =4/13
2 ZJ_
x = 3EV13
2

Quadratics
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Example 11

Solve the 1nequa11ty 3x% 4+ 24x + 2 < 0 by completing the square. Leave your answer in surd form.

-------------------------------------------------------------------------------------------------------------

First consider 3x*> + 24x+2=0

As we are considering an equation, we can ensure

x1+8x+£:0 - = :
3 the coefficient of % is 1 by dividing each term by 3.

(x+4)2—16+%=0

(x+4)2—43—6=0

(c+42=2
3
x+4=2 (26
3
46 .
x=-4+ = <& We want the answer in surd form.

Now consider 3. + 24x + 2 <0

Answer; -4 — \/4?76 <x< -4+ \/4?76 \\//

Exercise 1.3

1. Write each of these expressions in the form (x + p)*+ g or g — (x + p)*

where p and g are constants.
a) X+2x-5 b) x*-10x+ 20 ¢ X-4x+1 d) 6-8x—x7
e) 10— 16x—ux? f) x>+ 20x-45 g) x*+12x+16 h) 3-6x-x*

2. Solve each of these equations by completing the square. Leave your answers in surd form.
a) X+6x+1=0 b) x¥*-4x-8=0 c) 4-2x—x*=0 d) ©-20x+30=0
e) 3+8x—x>=0 f) ¥+14x-1=0 g x*-3x-2=0 h) ¥ -x-3=0

3. Write each of these expressions in the form a(x + b)* + c or ¢ — a(x + b)~
a) 6%+ 12x-3 b) 3x—6x-15 Q) 3°-18x+4 d) 4 +24x—9
e) 5-2x-2x° f) 522-20x+2 g) 4+3x-2x7 h) 322 +5x+1

4. Solve each of these equations by completing the square. Leave your answers in surd form.
a) 3x*+12x+2=0 b) 3x2+6x-5=0 c) 52+50x-7=0 d) 3+20x—-2x*=0
e 22-8x+1=0 f) 4°-48x-26=0 g 2x-x-12=0 h) 9+2x-3x2=0

5. Solve each of these inequalities by completing the square. Leave your answers in surd form.
a) “+4x+2<0 b) X¥*-6x-320 ¢ xX-2x-1>0 d X+10x+7<0
e) 2x’-12x-7>0 f) 3:2+6x+1<0 g) 5x2+10x-2<0 h) 2x*-8x-3>0

The method of completing the square




1.4 Solving quadratic equations using the formula

A quadratic equation can be expressed in the form ax* + bx + ¢ = 0, where a,
b and c are constants and a # 0.

We can use the method of completing the square to find the general
formula for solving a quadratic equation.

ax’+bx+c=0

i Bpq b oy
a a
2
SOEUE
2a 2a a
2 2
REAnE
2a 2a a
2 2
(x . ) _b ¢
2a 4a°> a
2 2
(x @ i) _ b —4ac
2a 4a’
x+i=i Nb® —4ac
2a 2a
P =54 \b® —4ac
2a 2a
P —b++b' —4dac
2a
This leads us to a formula for solving a quadratic equation of the oo bt b g
form ax* + bx + ¢ = 0. This is often called the quadratic formula. 2a
Example 12

Solve the equation 3% + x — 5 = 0. Give your answer correct to 3 significant figures.

SO R R RN R R R RN R R AR

a=3 b=t =Fk

= —(1)++/(1)* —4(3)(-5) It is useful to write brackets when substituting to
2(3) ensure we do not make errors with the negative

values.

_ —1+\/a oF —I—Ja
6 6

=1.135042... or —1.468375...
=1.14 or —1.47

Quadratics




Example 13

Solve the 1nequallty 2 - 6x — x* < 0. Leave your answer in surd form.

--------------------------------------------------------------------------------------------------------------

Consider 2 - 6x —x>=0
—(—6) £,/(-6)" — 4(-1)(2)

x= < b=-6

2(-1)
6444  6-+aa
or

64311 6=l }
= = or = g \/4_:,/4><1 :2\/5
=—3—\/1_lor—3+\/ﬁ

Now?2 -6x—x<0 /\

xg—S—\/ﬁorxz—3+\/ﬁ / \
Example 14

Solve the equation 2x = 5x — 1. Write your answer When asked to solve to 2 decimal places, it is likely

correct to 2 decimal places. that the quadratic formula will be appropriate.

2x2-5x+1=0 =N .
G=2.b= -5 ¢=1 — We mustfirst rearrange to ax* + bx + c=0.
= (DY -5)° —4)() Q In examinations, unless otherwise indicated, answers to all questions on all
2(2) topics should be rounded to 3 significant figures.
o Jﬁ o 5 —\/ﬁ However, do not round your answers to 3 significant figures until the final answer.
A significant number of candidates lose marks in examinations by rounding
=2280r022(2dp) earlier in the question which then leads to an inaccurate answer.

You should therefore keep all numbers unrounded until the final answer.

Exercise 1.4

1. Solve each of these quadratic equations. Write your answers correct to 2 decimal places.
a) 2x2-3x-4=0 b) 522-1lx+4=0 ¢ 3x+12x+5=0 d) ¥*+5x-2=0
e) 4x?+2x-5=0 f) XX+x-4=0 g) 3x?=6x-2 h) 9x=6x>+2
i) 3-8x=2x i) F+3x=1

2. Use the formula to solve each of these quadratic equations. Leave your answers in surd form.
a) 2x*-x-5=0 b) 3x2-6x+1=0 ¢ 5x-3x-7=0 d) 6x*-x-4=0
e) ¥+8x-3=0 f) X¥+7x+3=0 g xX*+10x-5=0 h) 2x*+5x-4=0
i) 4x*=5-10x j) 4x-1-x*=0

3. Use the formula to solve the following inequalities. Leave your answers in surd form.

a) 3x2+10x+5<0 b) ¥*-6x+7>0 ¢ 4x*+3x-2>0 d) 2x*+x-2<0

e) 5x2-8x-2>0 f) 6x2-6x+1>0 g) 5+3x-x<0 h) 22 +2x-3<0

i) 2x+1-2x*>0 j) x¥<l-x

Solving quadratic equations using the formula




1.5 Solve more complex quadratic equations

You can now adapt the techniques you have learnt to solve more complex
quadratic equations.

Example 15 Hint: Try to adapt the equation to quadratic form
Solve x* - 5x* + 4 = 0. (..)>=5(..) +4 =0 by appropriate substitution.

T T T T T T T T T T OO Tt T sessssnsssnnnnn

X -5x+4=0 Lety=2x"

Hence y> -5y +4=0 < Substitute y for X
(y-4)(p-1=0

y=4 or y=1

x*=4 or x’=1 < Substitute x? for y.

x=—+2 or x— |

Or

Factorise straight away (x> - 4)(x* - 1) =0
x¥*=4 or x*=1

=t B e — o

Example 16
Solve the equation 5x* — 20x? — 1 = 0 by completing the square.

Give your answer correct to 3 significant figures.

54— 2002 —1=0 Lety=2x

Hence 52 -20y—-1=0 < Substitute y for x2
1
—4y-1=0
Y-y 5 <—— Divide each term by 5.
(y-27-4- é- =0
_op=2d
2=

y~~2=i‘]21
5 |

y=2= J%—T =4.04939... or -0.04939..

Work out as a decimal to at least 5 s.f.

x> =4.04939.... or -0.04939... o Substitute x2 for y.

el L r Cannot find the square root of a
x=12.0123... = +2.01 (3s.f.) negative number.

Quadratics




Example 17

Solve the equation 2x° — 3x* = 8. Write your answer correct to 2 decimal places.

2x5—3x*—-8=0

Let y = x’ Hence 2> - 3y -8 =0
_ ()3 ~42)(-8) &=2
B 2(2) b=-3

3-+[73 c=-8
4

_3+J713
4

or
= 2.886... or —1.386...
x’ =2.886... or —1.386... = Substitute x* for 3.

x=+/2.886... or </-1.386..

=1.4237.. or -1.1149..

Exercise 1.5

1. Solve each of these quadratic equations. Give your answers as exact answers.

a) X*-4x*-21=0 b) 6x'-x*=2
Q) ¥+7x+10=0 d) 4+11x-3x=0
e) 6x*+6=13x f) x*+3x°=40

2. Solve each of these equations by completing the square.
Write your answers correct to 2 decimal places.

a) X*-8x+1=0 b) 3-6x2-x*=0
c) *+2x2=10 d) xX*+x’—-4=0
€) 2x*-20x'—7=0 ) 3xt+1=12x

3. Use the formula to solve each of these quadratic equations.
Write your answers correct to 3 significant figures.

a) *+3x2-5=0 b) 2x°-4x*+1=0
Q) 3x5-T7x=2 d) 5x*+10x2+2=0
e) 4xP+x°-2=0 f) £-x*-1=0

Solve more complex quadratic equations




1.6 The discriminant of a quadratic equation

We sometimes call the solutions of a quadratic equation the roots of the equation.
This also tells us where the quadratic graph crosses the x-axis. When we have

an equation of the form ax® + bx + ¢ = 0, we can tell the nature of the roots by
looking at the discriminant of the quadratic equation.

—bt+b —4dac

The discriminant is the value of b* - 4acin x =

2a
If »»-4ac>0 there are two distinct real roots.
If b>-4ac=0 there are equal roots (one repeated root).
If b*-4ac<0 there are no real roots.
b -4ac>0 ~4ac=0 —4ac<(

BV

no roots
\ / one I"DOT

two roots

=¥

Example 18

Work out whether each of these

- ) . Note: We know from 1.3 thatif y= ax® + bx+¢  y
quadratic equations has two distinct

and a > 0, then the curve is \ shaped.

roots, equal roots or no real roots. If &2 — 4ac < 0, then there are no real roots

a) x¥*-3x+5=0 and the curve does not cross the x-axis,
b) 32 +x-6=0 so y is positive for all values of x. 0 5
c) 25x°+20x+4=0

S RN RN TR R RN R R

a) b’-4ac=(-3)-4(1)(5)=9-20=-11<0 no real roots

b) b2 -4dac=(1)2-43)(-6)=1+72=73>0 two distinct roots
) b’ -4ac=(20)* - 4(25)(4) = 400 — 400 = 0 equal roots
Example 19

The equation & + px + g = 0, where p and g are constants, has roots —1 and 4.
a) Find the value of p and gq.

b) Using these values of p and g, find the constant r for which the equation x> + px+ g +r=0
has equal roots.

-------------------------------------------------------------------------------------------------------------

P> Continued on the next pag