Summer Work Booklet

Get ready for
A-Level Maths

This booklet contains examples and questions on topics from your GCSE that
you need to be good at to succeed at A-level Maths. Work through the examples
then try the questions.

Name




Rearranging equations

Key points

e To change the subject of a formula, get the terms containing the subject on one side and
everything else on the other side.
e You may need to factorise the terms containing the new subject.

Examples

Example 1

Example 2

Example 3

Make ¢ the subject of the formula v =u + at.
v=u+at 1
v—-u=at
[vou 2

a

Get the terms containing ¢ on one
side and everything else on the other
side.

Divide throughout by a.

Make ¢ the subject of the formula r = 2¢ — zt.

r=2t—mt 1 All the terms containing ¢ are
already on one side and everything
else is on the other side.
r=12-m) 2 Factorise as ¢ is a common factor.
r
r= pyp 3 Divide throughout by 2 — 7.
Make ¢ the subject of the formula t-%-?r :% .
t+r 3t 1 Remove the fractions first by
5 = ) multiplying throughout by 10.
2+ 2r=15¢ 2 Get the terms coptaining t on one
side and everything else on the other
2r=13 side and simplify.
f= 2r 3 Divide throughout by 13.
13

3t+5

Example 4 Make ¢ the subject of the formula r = =
t p—
3t+5 1 Remove the fraction first by
r= —1 multiplying throughout by 7 — 1.
rt—1)=3¢t+5 2 Expand the brackets.
rt—r=3t+5 3 Get the terms containing ¢ on one
o side and everything else on the other
rt=3t=5+r side.
t(r—=3)=5+r 4 Factorise the LHS as ¢ is a common
5 factor.
t= +r 5 Divide throughout by » — 3.
r=3
Practice

Change the subject of each formula to the letter given in the brackets.

1

10

13

14

15

C=nd [d] 2 P=20+2w [w]
=477 g 5 u=ar—1¢ 4
P 2
y=1x T7-2y 2a-1
J-rA_174r 8 _sL7

5 3 bl = [a]
h=1222 g 11 e9+x)=2e+1

2+g

Make r the subject of the following formulae.

a

A=’ b

V:iﬂr3 c
3

Make x the subject of the following formulae.

Xy @ 4mex 372
z cod d p?
. . b
Make sin B the subject of the formula — =—
sind sinB

b-c
9 =
x=— [d]
[e] 12 =2y
4—-x
2 o
P=nr+2r d V=§7rrh

16 Make cos B the subject of the formula b* = a* + ¢* — 2ac cos B.

Extend

17 Make x the subject of the following equations.

a

E(Sx-%—t):x—l
q

3
b Pax+2y)=L(x-y)
q q




Factorising expressions

Key points

e Factorising an expression is the opposite of expanding the brackets.
e A quadratic expression is in the form ax? + bx + ¢, where a # 0.

e To factorise a quadratic equation find two numbers whose sum is » and whose product is ac.

e Anexpression in the form x* —)? is called the difference of two squares. It factorises to
(=) +y).

Examples

Example 1

Example 2

Example 3

Factorise 15x%° + 9x%y

15x%° + 9x%y = 3x2(5)2 + 3x?)

The highest common factor is 3x%.
So take 3x%y outside the brackets and
then divide each term by 3x% to find
the terms in the brackets

Factorise 4x? — 25)?

4x% — 25)% = (2x + 51)(2x — 5y)

This is the difference of two squares as
the two terms can be written as
(2v7and (5y)"

Factorise x> + 3x — 10

b=3,ac=-10

Sox?+3x—10=x%+5x-2x— 10
=x(x+5)-2(x+5)

=x+5x-2)

1 Work out the two factors of
ac =—10 which add to give b=3
(5 and -2)

2 Rewrite the b term (3x) using these
two factors

3 Factorise the first two terms and the
last two terms

4 (x+5)is afactor of both terms

Example 4

Example 5

Factorise 6x> — 11x — 10

b=-11,ac=-60

So
6x*—11x—10=6x? — 15x + 4x — 10

=3x(2x — 5) +2(2x — 5)

=(Q2x-50Gx+2)

1 Work out the two factors of
ac =—60 which add to give b=-11
(—15 and 4)

2 Rewrite the b term (—11x) using
these two factors

3 Factorise the first two terms and the
last two terms

4 (2x —5) s a factor of both terms

2
x"—4x-21
Simplify —————
Py 2x* +9x+9
X’ —4x-21 1 Factorise the numerator and the
267 +9x+9 denominator

For the numerator:
b=-4,ac=-21

So
X2 —4x-21=x>—Tx+3x-21

=x(x—7)+3(x—7)
=(x-7x+3)

For the denominator:
b=9,ac=18

So
2+ 9x+9=2x>+6x+3x+9

=2x(x+3)+3(x+3)

=(x+3)(2x+3)

So

¥ —4x=21_ (x-7)(x+3)

2% +9x+9  (x+3)(2x+3)
_ox=7
 2x+3

2 Work out the two factors of
ac =—21 which add to give b =—4
(=7 and 3)

3 Rewrite the b term (—4x) using these
two factors

4 Factorise the first two terms and the
last two terms

5 (x—7)is a factor of both terms

6 Work out the two factors of
ac = 18 which add to give b=9
(6 and 3)

7 Rewrite the b term (9x) using these
two factors

8 Factorise the first two terms and the
last two terms

9 (x+3)is a factor of both terms

10 (x + 3) is a factor of both the
numerator and denominator so
cancels out as a value divided by
itself'is 1




Practice
1  Factorise.
a  6xYy’ — 10x%H*
¢ 2537 — 106 + 15x%°

2 Factorise
a xXX+7x+12

¢ x2-11x+30
e x2-7x-18
g x*-3x-40

3 Factorise
a  36x* 49
¢ 18a%—200hc?

4  Factorise
a 2%+x-3
¢ 22+7x+3
e 10x*+21x+9

5  Simplify the algebraic fractions.

2x7 +4x
X —x
¥ —2x-8
x? —4x
¥ —x-12

x> —4x

6  Simplify
9x* —16
3x? +17x-28
4-25x7
10x* —11x -6

Extend

7 Simplify vx? +10x+25

2 2
fy (x+2)" +3(x+2)

X’ -4

8  Simpli

= = a T

21a°b° + 35a°h?

x>+ 5x—14
x?—5x-24
x*+x-20

X2+ 3x-28

4x% - 81y?

6x2+17x+5
ox? —15x+4
12x% —38x +20

X2 +3x
XX +2x-3
X2 —5x
x* =25

2x% +14x
2x% +4x-170

2x2 -Tx-15
3x2—17x+10
6x*—x-1

2x% +7x—4

Hint

Take the highest
common factor
outside the bracket.

Solving quadratic equations by

factorisation

Key points

e A quadratic equation is an equation in the form ax? + bx + ¢ = 0 where a # 0.

e To factorise a quadratic equation find two numbers whose sum is b and whose products is ac.
e When the product of two numbers is 0, then at least one of the numbers must be 0.

e Ifa quadratic can be solved it will have two solutions (these may be equal).

Examples

Example 1  Solve 5x* = 15x

5x*=15x
5x2—=15x=0
Sx(x—3)=0

So5x=0o0r(x—3)=0

Therefore x =0 or x =3

Rearrange the equation so that all of
the terms are on one side of the
equation and it is equal to zero.

Do not divide both sides by x as this
would lose the solution x = 0.
Factorise the quadratic equation.

Sx is a common factor.

When two values multiply to make
zero, at least one of the values must
be zero.

Solve these two equations.

Example2  Solvex’+7x+12=0

X+Tx+12=0
b=7,ac=12

X +4x+3x+12=0
x(x+4)+3(x+4)=0

(x+)x+3)=0

Therefore x =—4 or x =—3

So(x+4)=0o0r(x+3)=0

Factorise the quadratic equation.
Work out the two factors of ac = 12
which add to give you b =7.

(4 and 3)

Rewrite the b term (7x) using these
two factors.

Factorise the first two terms and the
last two terms.

(x +4) is a factor of both terms.
When two values multiply to make
zero, at least one of the values must
be zero.

Solve these two equations.




Example3  Solve 9x* —16=0

9 —16=0
Gx+4)3Bx—4)=0

So(3x+4)=0o0r (3x—4)=0

Factorise the quadratic equation.
This is the difference of two squares
as the two terms are (3x)? and (4)%.
When two values multiply to make
zero, at least one of the values must
be zero.

Solve these two equations.

Example4  Solve 2x> —5x—12=0

b=-5,ac=-24

(x—4)2x+3)=0

So2x?—8x+3x—-12=0

2x(x—4) +3(x—4)=0

So (x—4)=0or (2x+3) =0

Factorise the quadratic equation.
Work out the two factors of ac =24
which add to give you b =—5.

(-8 and 3)

Rewrite the b term (—5x) using these
two factors.

Factorise the first two terms and the
last two terms.

(x — 4) is a factor of both terms.
When two values multiply to make
zero, at least one of the values must

Solving quadratic equations by using the

formula

Key points

e  Any quadratic equation of the form ax? + bx + ¢ = 0 can be solved using the formula

v —b+b* —4ac

2a

e If b? —4ac is negative then the quadratic equation does not have any real solutions.
e It is useful to write down the formula before substituting the values for @, b and c.

Examples

Example 7  Solve x? + 6x + 4 = 0. Give your solutions in surd form.

a=1,b=6,c=4

_ —b+~/b? —4ac

2a

X

2(D

L 62 —4(1)(4)

-4 3 be zero.
x=4 or x==7 Solve these two equations.
Practice
1 Solve
6x2 +4x=0 b 28x2-21x=0
¢ KX+T7x+10=0 d 2-5x+6=0
e x-3x-4=0 f 2+3x-10=0
g X2-10x+24=0 h x2-36=0
i X¥?+3x-28=0 i P-6x+9=0
k 2@-7x-4=0 1 32— 13x-10=0
Solve
a x*-3x=10 b 2-3=2 Hint
¢ xX*+5x=24 d P©-42=x
e  x(x+2)=2x+25 f 2-30=3x-2 GetallterrT\s
g xBx+1)=x+15 h 3x(x—1)=2(x+1) onto one side

of the

_—6+245
2
x:—3i\/§
So x=-3-+/5 or x=/5-3

1 Identify @, b and ¢ and write down
the formula.

Remember that —b ++/b* —4ac is

all over 2a, not just part of it.

2 Substitute a =1, b= 6, ¢ = 4 into the

formula.

3 Simplify. The denominator is 2, but

this is only because @ = 1. The
denominator will not always be 2.

4 Simplify v20.

N20 =\4x5 =4 x5 =245

5 Simplify by dividing numerator and

denominator by 2.

6 Write down both the solutions.




Solve the equation x> — 7x +2 =0

Give your solutions in the form

Example 8  Solve 3x> — 7x — 2 = 0. Give your solutions in surd form.
a=3,b=-"7,c=-2 1 Identify a, b and ¢, making sure you
—b++Ib? — 4ac get the signs right and write down
X = _T the formula.
Remember that —b ++/b* —4ac is
all over 2a, not just part of it.
2
w2 ZEDENET) ~43)(2) 2 Substitute a=3, =7, =2 into
203) the formula.
7473 3 Simplify. The denominator is 6
x=— when @ = 3. A common mistake is
6 to always write a denominator of 2.
So x= 773 or x= 74473 4 Write down both the solutions.
6 6
Practice
Solve, giving your solutions in surd form.
a 3x2+6x+2=0 b 22-4x-7=0

b .
, where a, b and ¢ are integers.

Solve 10x2 +3x+3=5
Give your solution in surd form.

Hint

Get all terms onto one
side of the equation.

Extend

Choose an appropriate method to solve each quadratic equation, giving your answer in surd form

when necessary.

a dx(x—1)=3x-2
b 10=@x+1)

¢ x(3x-1)=10

Solving linear simultaneous equations
using the elimination method

Key points

Two equations are simultaneous when they are both true at the same time.
Solving simultaneous linear equations in two unknowns involves finding the value of each

unknown which works for both equations.

Make sure that the coefficient of one of the unknowns is the same in both equations.
Eliminate this equal unknown by either subtracting or adding the two equations.

Examples

Example 1

Example 2

Solve the simultaneous equations 3x +y=5andx +y =1

3x+y=5
- xty=1

2x =4
Sox=2

Usingx+y=1
2+y=1
Soy=-1

Check:
equation 1: 3 x2+(-1)=5 YES
equation 2: 2+ (—1)=1 YES

1 Subtract the second equation from
the first equation to eliminate the y
term.

2 To find the value of y, substitute
x =2 into one of the original
equations.

3 Substitute the values of x and y into
both equations to check your
answers.

equation 1: 3+2x5=13  YES
equation2: 5x3—-2x5=5 YES

1 Add the two equations together to
eliminate the y term.

2 To find the value of y, substitute
x =3 into one of the original
equations.

Solve x + 2y = 13 and 5x — 2y = 5 simultaneously.
x+2y=13
+ 5x—-2y=5
6x =18
Sox=3
Using x +2y =13
3+2y=13
Soy=5
Check:

3 Substitute the values of x and y into
both equations to check your
answers.




Example 3

Solve 2x + 3y =2 and 5x + 4y = 12 simultaneously.

(Qx+3y=2)x4 >

Sox=4

Using 2x + 3y =2
2x4+3y=2
Soy=-2

Check:

(5x+4y=12)x3—> _15x+12y=36

equation 1: 2x4+3 x(-2)=2 YES
equation 2: 5 x4+ 4 x (=2)=12 YES answers.

8x+12y= 8 | 1 Multiply the first equation by 4 and
the second equation by 3 to make
the coefficient of y the same for
both equations. Then subtract the
first equation from the second
equation to eliminate the y term.

Tx =28

2 To find the value of y, substitute
x =4 into one of the original
equations.

3 Substitute the values of x and y into
both equations to check your

Practice

Solve these simultaneous equations.

1 4x+y=8
x+y=5

3 4dx+y=3
x—-y=11

5 2xt+y=11
x=3y=9

2 3x+y=7
3x+2y=5

4 3x+4y=7
x—4y=5

6 2x+3y=11
3x+2y=4

Solving linear simultaneous equations
using the substitution method

Key points

o The subsitution method is the method most commonly used for A level. This is because it is
the method used to solve linear and quadratic simultaneous equations.

Examples

Example 4

Example 5

Solve the simultaneous equations y =2x + 1 and 5x + 3y = 14

Sx+32x+1)=14

1 Substitute 2x + 1 for y into the

second equation.

equation 1:2x 44 —(-7)=16  YES
equation 2: 4 x 44 +3 x(=7)=-3 YES

Sx+6x+3=14 2 Expand the brackets and simplify.

lIx+3=14

Ilx=11 3 Work out the value of x.

Sox=1

Usingy=2x+ 1 4 To find the value of y, substitute

y=2x1+1 x =1 into one of the original

Soy=3 equations.

Check: 5 Substitute the values of x and y into
equation 1: 3=2x1+1 YES both equations to check your
equation 2: 5x1+3 x3=14 YES answers.

Solve 2x —y = 16 and 4x + 3y = =3 simultaneously.

y=2x-16 1 Rearrange the first equation.

4x+3(2x—16)=-3 2 Substitute 2x — 16 for y into the

second equation.

4x +6x—48=-3 3 Expand the brackets and simplify.

10x—48=-3

10x =45 4 Work out the value of x.

Sox= 41

Using y =2x = 116 5 To find the value of y, substitute

y=2x45-16 x= 41 into one of the original

Soy=-7 equations.

Check: 6 Substitute the values of x and y into

both equations to check your
answers.




Practice Solving simultaneous equations
Solve these simultaneous equations. graphically

7 y=x-4 8 y=2x-3 .
2x+5y=43 Sx—3y=11 Key points
®  You can solve any pair of simultaneous equations by drawing the graph of both equations and
9 2y=4x+5 10 2x=y-2 finding the point/points of intersection.
Ox +5y=22 8x —5y=-11
Examples
11 3x+4y=38 12 3y=4x-7
2—y=-13 2y=3x—4 Example1  Solve the simultaneous equations y = 5x + 2 and x + y = 5 graphically.
y=5-x 1 Rearrange the equationx +y =35
13 3x=y-1 14 3x+2y+1=0 to make y the subject.
-2=3 4y=8-x y=15—xhas gradient -1 and y-intercept 5. | 2 Plot both graphs on the same grid
y = 5x+ 2 has gradient 5 and y-intercept 2. using the gradients and
Y y-intercepts.
S [y=sc+2
Extend
41
. . 3(y—x) 2 / x+y=35
15 Solve the simultaneous equations 3x + 5y —20 =0 and 2(x+ y) = - 3 /
/
/ .
RS ) NSRS RREJRERE YRR TRAAT x
/=1

Lines intersect at 3 The solutions of the simultaneous
x=0.5,y=45 equations are the point of
intersection.
Check: '
First equation y = 5x + 2: 4 Check your solutions by
45=5x05+2 YES substituting the values into both
Second equation x +y = 5: equations.

05+45=5 YES




Example 2

Solve the simultaneous equations y = x — 4 and y = x> — 4x + 2 graphically.

y=x*Adx+2

7 » X
The line and curve intersect at
x=3,y=—landx=2,y=-2
Check:
First equation y = x — 4:
-1=3-4 YES
—2=2-4 YES
Second equation y = x? — 4x + 2:
—1=32-4x%x3+2 YES

—2=22-4x%x2+2 YES

1

Construct a table of values and
calculate the points for the quadratic
equation.

Plot the graph.

Plot the linear graph on the same
grid using the gradient and
y-intercept.

y=x—4 has gradient 1 and
y-intercept —4.

The solutions of the simultaneous
equations are the points of
intersection.

Check your solutions by substituting
the values into both equations.

Practice

Hint

Rearrange the
equation to
make v the

1  Solve these pairs of simultaneous equations graphically.
a y=3x—landy=x+3
b y=x—-S5andy=7-5x
¢ y=3x+t4andy=2-x
2 Solve these pairs of simultaneous equations graphically.
a x+y=0andy=2x+6
b 4x+2y=3andy=3x-1
¢ 2x+y+4=0and2y=3x—1
3 Solve these pairs of simultaneous equations graphically.
a y=x—landy=x—4x+3
b y=1-3rxandy=x>—-3x-3
¢ y=3-xandy=x*+2x+5
4 Solve the simultaneous equations x + y = 1 and x? + )? = 25 graphically.
Extend
5 a  Solve the simultaneous equations 2x +y=3 and x> +y =4

i graphically
ii algebraically to 2 decimal places.

b  Which method gives the more accurate solutions? Explain your answer.




Rules of indices

Key points
o a"xg'=g"""
am m-n
° =a
-
. @y=am
o a'=1

1
e qa" ={/Z i.e. the nth root of @

m

" ”
o o= -(4a)

e The square root of a number produces two solutions, e.g. V16 =+4.

Examples

Example 1  Evaluate 10°

10°=1

Any value raised to the power of zero is
equal to 1

1
Example2  Evaluate 92

o] —

-5

=3

9

1
Use the rule a” :\”/Z

2
Example 3 Evaluate 273

27§:(327)2

=32
=9

m

1 Usetherule a" = (%)m

2 Useﬁ=3

Example 4

Example 5§

Example 6

Example 7

Example 8

Evaluate 47

1 Usetherule a” = Lm
a

2 Use 4°=16

5

6x° a" _
— =3 6 +2 =3 and use the rule — =4"" to
2x a"
5
give — =x =X
X
3 5
s e XXX
Simplify 7
X
3 5 345 8
i ><4x =X . :LA 1 Usetherule a" xa" =a™™"
X X X
"
=x4=x* 2 Usetherule —=a""
a
Write — as a single power of x
11 I
—=—x Use the rule — =a™", note that the
3x 3 am

fraction % remains unchanged

Write 4 as a single power of x

NS

o

1

1 Usetherule a" =4a

—m

2 Use the rule % =a
a




Practice

1  Evaluate.
a 14°

2 Evaluate.

1
a 492

3  Evaluate.

3
a 252

4  Evaluate.

a 57
5  Simplify.
3xtx X
a 2
2x
3xx2x°
c
2x°
2
€ L
yixy
3
(2+)
& 4x°

a

==

30

10x°

2
2x°xx

73y
14x°y

%)
ol

Lo
X°XX*

-2 3
X XX

_2
3

27

)’

Write the following as a single power of x.

50 d x°
L 1
1253 d 16*
3 3
492 d 16*
23 d 67
Watch out!

Remember that
any value raised to
the power of zero
is 1. This is the
rule a®=1.

1
9 2x2}

_2
&)
64

i

W
(¥

8  Write the following without negative or fractional powers.

9  Write the following in the form ax”.

aS\/;

d

2
N

Extend

10 Write as sums of powers of x.

X +1
x2

Cc



Surds and rationalising the denominator

Key points

e A surd is the square root of a number that is not a square number,

for example \/5, \/5,\/3, etc.

e Surds can be used to give the exact value for an answer.

« Nab=vax<b
b b

e To rationalise the denominator means to remove the surd from the denominator of a fraction.

a

Jb
b++Jc

e To rationalise

e To rationalise

Examples

Example1  Simplify J50

you multiply the numerator and denominator by the surd b

you multiply the numerator and denominator by b— Jo

V50 =+/25%2

=y25x2
:5><\/§
=52

1 Choose two numbers that are
factors of 50. One of the factors
must be a square number

Use the rule \/E:\/;xﬁ
Use \/5:5

Example2  Simplify v147 — 212

J147 2412
=/49%x3 —=2/4x3

=49 x/3 - 244 x3
:7><\/§—2><2><\/§
=73-43

=33

1 Simplify /147 and 2412 . Choose

two numbers that are factors of 147 and
two numbers that are factors of 12. One
of each pair of factors must be a square
number

2 Use the rule JE:JZXJZ
3 Use /49 =7 and v4=2

4 Collect like terms

Example 3

Example 4

Example 5

simplify (V7 ++2)(v7 -+2)

(VT 43) (VT -3)
N NP

1 Expand the brackets. A common

mistake here is to write (\/7)2 =49

=7-2 2 Collect like terms:
-5 NN
NN N
U |
Rationalise —=
3
1 Lxﬁ 1 Multiply the numerator and
3343 denominator by /3
1x+/3
= i/%/_ 2 UseO=3
V3
3

Rationalise and simplify %

V2 W2 2

IFIN)

a3

12

sl

1 Multiply the numerator and
denominator by Ji2

2 Simplify V12 in the numerator.
Choose two numbers that are factors
of 12. One of the factors must be a
square number

3  Use the rule \/E:\/;x\/g
4 Use \/Z=2

5 Simplify the fraction:

2 simplifies to 1
12 6




3
Example 6 Rationalise and simplify ———=
+5
3 _ 3 « 2- \/g Multiply the numerator and
2445 2+45 2-45 denominator by 2-4/5
3(2-+5)
- (2 + \/g )(2 — \/g ) Expand the brackets
o 6-35
- 4+25-25-5 Simplify the fraction
_6-35
-1 Divide the numerator by —1
Remember to change the sign of all
=3 Jg 6 terms when dividing by —1

Practice
1  Simplify.
a /45
¢ 48
e 300
g V72
2 Simplify.
a 724162
¢ +50-+8
e 2428++28

3 Expand and simplify.

a  (V2+43)2-43)
¢ (4-5)(45+2)

= = e T

e o

fay
N
[\S)

212-12++27

Hint

One of the two
numbers you

numher

choose at the start
must be a square

Watch out!

chosen the
highest square
number at the

Check you have

B+3)5-/12)
(5++/2)(6-+/8)

4  Rationalise and simplify, if possible.

a L p L
5 Ji1
2 2
¢ — d —
N7 J8
e 2 T
2 5
. B G
V24 V45
5 Rationalise and simplify.
1 2
a —= b
3-45 4+3
Extend

6  Expand and simplify (\/;+\/;)(\/;—\/;)

7  Rationalise and simplify, if possible.

1

a b

1
N

&5



Example 3  Find the equation of the line which passes through the point (5, 13) and has gradient 3.

Straight line graphs

m:33 ‘e 1 Substitute the gradient given in the
Key points y=axme question into the equation of a
straight line y = mx + c.
e A straight line has the equation y = mx + ¢, where m is z 13=3x5+c 2 Substitute the coordinates x = 5 and
the gradient and c is the y-intercept (where x = 0). e ) B ¢ y =13 into the equation.
e The equation of a straight line can be written in the form B 13=15+¢ 3 Simplify and solve the equation.
ax + by + ¢ =0, where a, b and c are integers. % gradientm = % c=-2
e  When given the coordinates (x1, y1) and (x2, y2) of two LAy y=3x-2 4 Substitute ¢ = —2 into the equation
points on a line the gradient is calculated using the Z % y=3x+c
formula m = 22=— )
X=X
Examples Example 4 Find the equation of the line passing through the points with coordinates (2, 4) and (8, 7).

Example 1 A straight line has gradient —% and y-intercept 3.

Write the equation of the line in the form ax + by + ¢ =0.

m= —% andc=3

Soy= —%x+3
%x+y73:0

xX+2y—-6=0

1 A straight line has equation
y =mx + c. Substitute the gradient
and y-intercept given in the question
into this equation.

2 Rearrange the equation so all the
terms are on one side and 0 is on
the other side.

3 Multiply both sides by 2 to
eliminate the denominator.

Example 2  Find the gradient and the y-intercept of the line with the equation 3y —2x +4 =0.

3y—2x+4=0
3y=2x—4
2 4

=—x—-
7 3 3

2
Gradient=m = 3

. 4
y-ntercept = ¢ = _E

1 Make y the subject of the equation.

2 Divide all the terms by three to get
the equation in the form y = ...

3 In the form y = mx + ¢, the gradient
is m and the y-intercept is c.

x=2,x=8, y=4and y,=7
oY _7-4 31
X,—x 8-2 6 2
—lx+c
Y72
1
4=—x2+c
2
c=3
1
=—x+3
7 2

1 Substitute the coordinates into the
equation m = 2270 46 work out
Xy =%

the gradient of the line.

2 Substitute the gradient into the

equation of a straight line
y=mx+tc.

3 Substitute the coordinates of either

point into the equation.
Simplify and solve the equation.

5 Substitute ¢ = 3 into the equation

—lx+c
75

Practice

1

2

Find the gradient and the y-intercept of the following equations.

a

Cc

€

y=3x+5 b yZ—%x77
2y=4x-3 d x+y=5
2x-3y-7=0 f 5x+y—4=0

Hint
Rearrange the equations
to the formy=mx+c

Copy and complete the table, giving the equation of the line in the form y = mx + c.

Gradient y-intercept | Equation of the line

5 0

-3 2

4 -7




3 Find, in the form ax + by + ¢ = 0 where a, b and ¢ are integers, an equation for each of the lines
with the following gradients and y-intercepts.

a  gradient —%, y-intercept —7 b  gradient 2, y-intercept 0

¢ gradient %, y-intercept 4 d gradient —1.2, y-intercept 2

4  Write an equation for the line which passes though the point (2, 5) and has gradient 4.

5  Write an equation for the line which passes through the point (6, 3) and has gradient —%

6  Write an equation for the line passing through each of the following pairs of points.

a  (4,5), (10,17) b (0,6), (-4,8)
¢ (-1,-7), (5,23) d (3,10), (4,7)
Extend

7  The equation of a line is 2y + 3x — 6 =0.
Write as much information as possible about this line.

Pythagoras’ theorem

Key points

e Inaright-angled triangle the longest side is called the

hypotenuse. c
e Pythagoras’ theorem states that for a right-angled triangle 4

the square of the hypotenuse is equal to the sum of the

squares of the other two sides. b
A=+ b2
Examples
Example 1 Calculate the length of the hypotenuse. X
Give your answer to 3 significant figures. Scm
8em
A=a>+ b 1 Always start by stating the formula

for Pythagoras’ theorem and
labelling the hypotenuse ¢ and the
other two sides @ and b.

xX2=52+8 2 Substitute the values of @, b and ¢

x2=25+64 into the formula for Pythagoras'

X =89 theorem.

x=+/89 3 Use a calculator to find the square
root.

Xx=943398113... 4 Round your answer to 3 significant

x=943 cm figures and write the units with your

answer.




Example 2  Calculate the length x.
Give your answer in surd form.

10 em
A=a>+ b 1 Always start by stating the formula
for Pythagoras' theorem.
102=x>+4? 2 Substitute the values of @, b and ¢
100 =x>+16 into the formula for Pythagoras'
x2=84 theorem.

53

_ 3 Simplify the surd where possible
x=2/21 em and write the units in your answer.

Practice

1 Work out the length of the unknown side in each triangle.
Give your answers correct to 3 significant figures.

a b
a
A o -

9em
c d
8 cm
c
35
m 4em
d
47 mm

2 Work out the length of the unknown side in each triangle.
Give your answers in surd form.

a e b
4cm L
4em 8cm
10 em
c
64 mm

86 mm

o

3 Work out the length of the unknown side in each triangle.

Give your answers in surd form.

a b 24 mm

o
34 mm
c d
84 30mm g
."
K] i

4 A rectangle has length 84 mm and width 45 mm. Hint

Calculate the length of the diagonal of the rectangle.

Give your answer correct to 3 significant figures. Draw a sketch of the rectangle.
Extend
5 A yacht is 40 km due North of a lighthouse. Hint

A rescue boat is 50 km due East of the same lighthouse. : :

D d
Work out the distance between the yacht and the rescue boat. ra\,N 2 |agrfa1m u.s n8
Gi S the information given
ive your answer correct to 3 significant figures.
in the question.

6 Points A and B are shown on the diagram.

Work out the length of the line AB.

Give your answer in surd form.

y
x B(4.7)
x A(1,1) .
— 3
B c

7 A cube has length 4 cm. 1 D

Work out the length of the diagonal AG. <7
Give your answer in surd form.




Trigonometry in right-angled triangles

Key points

e Inaright-angled triangle:
o the side opposite the right angle is called the hypotenuse
o the side opposite the angle 6 is called the opposite
o the side next to the angle 6 is called the adjacent.

hypotenuse
opposite

B

adjacent

e In aright-angled triangle:

o theratio of the opposite side to the hypotenuse is the sine of angle 6, sinH:%
yp

adj

o theratio of the adjacent side to the hypotenuse is the cosine of angle 6, cosf= o
yp

o theratio of the opposite side to the adjacent side is the tangent of angle 6, m&:%
Y

o Ifthe lengths of two sides of a right-angled triangle are given, you can find a missing angle
using the inverse trigonometric functions: sin™!, cos™, tan™".

e The sine, cosine and tangent of some angles may be written exactly.

0 [ 30° [ 45° [ 60° | 90°
sin | 0 S I |
cos 1 % @ 1 0
tan 0 % 1 ﬁ

Examples

Example 1

Example 2

Calculate the length of side x.

Give your answer correct to 3 significant figures.

c0s25°=—
X
6
x=—2
cos25°
x=6.6202675...
x=6.62cm

1 Always start by labelling the sides.

w

You are given the adjacent and the
hypotenuse so use the cosine ratio.

Substitute the sides and angle into
the cosine ratio.

Rearrange to make x the subject.

Use your calculator to work out
6+ cos 25°.

Round your answer to 3 significant
figures and write the units in your
answer.

Calculate the size of angle x.

Give your answer correct to 3 significant figures.

45cm

3em
app
hyp
X adj
4.5 cm
O]
tan g =22
adj
3
tanx = —
4.5

x=tan! 3
4.5

x=33.6900675...

x=33.7°

(5]

(7 N

Always start by labelling the sides.

You are given the opposite and the
adjacent so use the tangent ratio.

Substitute the sides and angle into
the tangent ratio.

Use tan™! to find the angle.

Use your calculator to work out
tan”!(3 + 4.5).

Round your answer to 3 significant
figures and write the units in your
answer.




Example 3

Calculate the exact size of angle x.

V3cm

Vaem| . byp
ady x
3cm
tanH:Opl,3
adj

3
tanx =—

3
x=30°

1 Always start by labelling the sides.

2 You are given the opposite and the
adjacent so use the tangent ratio.

3 Substitute the sides and angle into
the tangent ratio.

4 Use the table from the key points to
find the angle.

Practice

1  Calculate the length of the unknown side in each triangle.

Give your answers correct to 3 significant figures.

a

@ 7cm

[]

P
c
X 6cm

63"

e
6.2 cm

b X
30°,
8cm
d
f
5.5ecm
259

Calculate the size of angle x in each triangle.
Give your answers correct to 1 decimal place.

a

4cm

Work out the height of the isosceles triangle.
Give your answer correct to 3 significant figures.

Hint:

Split the triangle into two
right-angled triangles.

Calculate the size of angle 6.

Give your answer correct to 1 decimal place.

Hint:

First work out the length of the
common side to both triangles,
leaving your answer in surd form.

Find the exact value of x in each triangle.

a
2ecm
2ecm

c
X
3 cm)
6cm

=3

(=9

8cm

3em A

=3

d

Tem

60°




Answers

Rearranging equations

10

13

14

15

16

17

Factorising expressions

d=g 2
T
(=4 5
P
y=2+3x 8
:2h+9 1
T-h
\/Z
a r=,|— b
4
P
c r=—- d
T+2
a =% b
cdy
. bsin A
sin B =
a
2 272
cosg= e b
2ac
a xo4tPt b
q—Dps

a  2x%’(3x-5y)
¢ 5xHA(5-2x+3y)

2 (+3)+4d)
¢ (x-35)x-6)

12

co3py+2pay _ yB+29)
3p—apq 3-aq

b  74K’(3b + 54%)

b xt+DE-2)
d (x-8)(x+3)

Solving quadratic equations

1

(=9 +2)
(xr=8)x+5)

(6x — Ty)(6x + 7y)

2(3a — 10bc)(3a + 10bc)

(= 1(x +3)
@x+ D +3)
(5x + 3)(2x +3)

2(x+2)
x—1

x+2

x
x+3

R

3x+4
x+7

2-5x
2x-3

(x+5)

4(x+2)

a

= =o 6 6

=

x=2

x=0orx= 22
3
x=-Sorx=-2
x=-lorx=4
x=4orx=6
x=-Torx=4

x=-Lorx=4
2

x=-2o0rx=5
x=-8orx=3
x=-Sorx=35

x=-3 0rx=2i
2

=3

— e o

= oo

(x+5)(x—-4)
x+7)(x—4)

(2x —9)(2x + 9y)

(Bx+1)(2x+5)

(Bx— Bx—4)
2(3x — 2)(2x —5)

2x+3
3x-2
3x+1
x+4

3
4
x=2o0orx=3

x=0orx=

x=-Sorx=2
x=-6o0rx=06
x=3

x= 2 orx=>5
3

x=—lorx=3
x=—6orx=7
x=—4orx=7

x= l orx=2
3



3 3

a x=-1+—orx=-1-—
3

3

7++/41 741
> orx = 2

x=
-3++/89 -3-+/89
x= orx=
20 20
7+17 717
a x= g orx= g

b x=71+\/m 0rx=717\/ﬁ

[ x=71§ orx=2

b

Solving linear simultaneous equations

10

11

12

x=—4,y=5

x=-2,y=-5

_1 43
13 x Y 14

1
14 =2 yp=2_
X 4 2

15 x=

1 1
2l y=51
2773

Solving simultaneous equations graphically

x=2,y=5
x=2,y=-3
x=-0.5,y=25

x=-2,y=2
x=0.5,y=05
x=-l,y=-2

x=1,y=0andx=4,y=3
x=-2,y=T7andx=2,y=-5
x=-2,y=5andx=-1,y=4

4 x=-3,y=4andx=4,y=-3

5 a

i x=25y="2andx=-0.5,y=4
ii x=241,y=-183andx=-0.41,y=3.83

Solving algebraically gives the more accurate solutions as the solutions from the graph are
only estimates, based on the accuracy of your graph.

Rules of indices

1 a
2 a
3 a
4 a
5 a

1 b1 c 1 d 1
7 b 4 c 5 d 2
125 b 32 ¢ 343 d 8
i p L c 1 a L
25 64 32 36
3 3
2 b 52

2
3x a 2



g 2x° h
6 a % b
d % e
7 a x! b
2
a x e
1
8 a xT b
d ¥’ e
1
9 a 5x? b
ny
da 2x? e
10 a X +x7 b

Surds and rationalising the denominator

1 a 35
c 4-\/3T
e 1043
g 632
2 a 152
[ 3\/5
e 6\/7
3 a -1
¢ 1045-7
4 a ﬂ
5

2x73

= = o T

=

£ &t

55
57
27
%2

9-3
26-442

Ji1

11

°l3 wio

W‘% %| \1‘%

g
s o 3t
4
6 x—y
7 a 3+242
Straight line graphs

a 2
2
f 5
h 1
3
N CEE)
13
N Vx+4fy
x=y
b mf—l,c=f7

e m—E,LZ—forfl f m=-5c=4
3 3
2
Gradient y-intercept | Equation of the line
5 0 y=>5x
-3 2 y=-3x+2
4 -7 y=4x-7
3 a x+2y+14=0 b 2x—y=0
¢ 2x-3y+12=0 d 6x+5y+10=0
4 y=4x-3
2
5 =_Zx+
y ¥ 7
6 a y=2x-3 b y=—%x+6
¢ y=5-2 d y=-3x+19

6(5+~/2)
23



7

3 3
y= —Ex +3, the gradient is =3 and the y-intercept is 3.

The line intercepts the axes at (0, 3) and (2, 0).

Students may sketch the line or give coordinates that lie on the line such as [1, %] or (4, —3)A

Pythagoras’ theorem

1

Trigonometry in right-angled triangles

1

a 103 cm

¢ 58.6mm

a 4\6 cm
c 8\/ﬁ mm
a 18\/E mm
¢ 4242 mm
95.3 mm

64.0 km

3\/5 units

4\/5 cm

a  6.49cm
d 743 mm
a  36.9°
5.71 cm
20.4°

a 45°

b

7.07 cm

8.94 cm

Zﬂ cm

185 mm
ZM mm
6«/8—9 mm

6.93 cm
7.39 cm

57.1°

1cm

(]

2.80 cm

6.07 cm

47.0° d 387°
30° d \/_ cm



