GCSE to-Aevel Transition Tasks

1 This document contains sections on key mathematical skills
that you should practise and develop before beginning the A-
Level course in September.

1 You should read the examples, complete each section
showing full working and mark your work.

1 You will need to bring evidence that these revision tasks
have been thoroughly completed to your first lesson in
September.

1 There will be a test in the first week back. Completing these
skills will help you do well in the initial skills test.

1 You will need to buy a suitable calculator for A-Level Maths.
The Casio fx-991EX is one such calculator. Here is a picture:

CASIO
Fx-991EX
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A LEVEL LINKS

Scheme of workla. Algebraic expressiogdasic algebraic manipulation, indices and surds

Key points

9 Asurd is the square root of a number that is not a square number,

for examplex/i,«/f_%,«/?), etc.

Surds can be used to give the exact value fanawer.

To rationalise-= you multiply the numerator and denominator by the sid

To rationaliseL you multiply the numerator and denominatorlby«E

1
1 Jab=+a /b
ﬂ \/E:ﬁ
b b
)l
! b
)l
b++/c
Examples
Example 1 Simplify J50
J50=4/2532
SN RNE
=5 3/2
=52

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

Use the rulefab=+/a 4/b
Use25=5

Example 2 Simplify V147- 2/12

J147- 2/12
=49 33 2[4 3

—J38 3 2[4 %
=73/3 2 233
=7J3 -4/3

=33

Simplify «147 and 24/12. Choose
two numbers that are factors of 14]
and two numbers that are factors g
12. One of each pair of factors mus
be a square number

Use the rulefab=+/a /b

Use«/@z7and\/é_1:2

Collect like terms

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




Example 3  Simplify (\/7+\/§)(\/7 ﬁ)

Example 4 Rationalisei

Example 5

(7 2)7 3
=49- J7/2 W27 4

=712
=5

1 Expand the brackets. A common
. . . 2
mistake here is to ert(a\ﬁ ) =49

2 Collect like terms:

TE W27
= VW2 W2

NG
1 _ 1, ﬁ 1 Multiply the numeratomland
NERINCIINE denominator by\/§
13 3
= 2 Use+/9=3
NG Jo
_ 3
3
Rationalise and simplify—
p \/E
V2 - 2 3 V12 1 Multiply the numerator and
V12 12 12 denominator by/12
_ V2@ 433 2 Simplify +12 in the numerator.
12 Choose two numbers that are factg
of 12. One of the factors must be &
square number
3 Use the rule/ab=+a &/b
_ 2243 4 UseJ4=2
12
5 Simplify the fraction:
_J23 2 1
= — — simplifies to—
6 2 6




Expand and simplify.

a (V2+B)(2 -B) b
¢ (4-\B)(45 2) d

3
Example 6 Rationalise and simplify——=
2+./5
3 _ 38 ,2- J5 Multiply the numerator and
2+J5 2+J5 2 /5 denominator by2 - «/B
3(2- \/5)
) (2+J§)(2 -\/_5) Expand the brackets
_ 6- 3J5
4+ 2J5 -2/5 E Simplify the fraction
_6-3/5
-1 Divide the numerator by1
Remember to change the sign of g
- 3\/@_ 6 terms when dividing by 1
Practice
Simplify. Hint
a 45 b V125 One of the two
c a8 d 175 numbers you
choose at the start
e 300 f 28
V28 must be a square
g 72 h 162 niimher
Simplify. Watch out
a f72+162 b 45-2\5 Check you have
c B0-.8 d J75- .48 chosen the
highest square
e 2428+ P 2Ji2- V12 «27 97 o

number at the

B3+\3)5 12
(5+2)6 -B)



4  Rationalise and simplify, if possible.

1
a — b
N3
2
c — d
N
2
e — f
2
24
5 Rationalise and simplify.
1
a —— b
3-\5
Extend

6 Expand and simplif)(\/;+\/§)(\/7( - y)

7 Rationalise and simplify, if possible.
1

-6

a b

Blon i B -

1

NeEN



Answers

1 a 3 b 55
c 43 d 57
e 1043 f o207
g 62 h o2
2 a 152 b 5
c 32 d B
e 67 f 503
3 a 11 b 9-43
c 10J5-7 d 26-42
s o B , I
5 11
Y g 2
7 2
e 2 f 5
3 3
- 3+5 b 2(4- 3) . 6(5++2)
4 13 23
6 XIy
+
7 a 3+2/2 b Jx \ﬁ




Compl eting the square

A LEVEL LINKS
Scheme of worklb. Quadratic functiong factorising, solving, graphs attak discriminants

Key points

! Completing the square for a quadratic rearragés bx + c into the formp(x + q)? +r
§ Ifai 1, then factorise usingas a common factor.

Examples
Example 1 Complete the square for the quadratic expresgienox1 2
X2+ 6XT 2 1 Write X2 + bx+ cin the form
2 b bR &
= (x+ 3PT 97 2 +- 8- —o
¢ 2+ 2¢ =
=(x+3P71 11 2 Simplify

Example 2 Write 2T 5x + 1 in the formp(x + q)% +r

23T Bx+ 1 1 Before completing the square writg
ax? + bx+ cin the form

o b ~
axl +o X g
C a =

= zi‘é(z - gx 8.& 2 Now complete the square by writin
¢ ' X2 - gx in the form
Ao 2 02
_ody-2 0.5 By 8 b by
F 492 2 &S 67 Se
& ¢ o c 2= 2¢
3 59 25 ;
_ 22@(- > 8_ 4 3 Expand the square brackétd o n (
4 * 8 or 2%
¢ forget to multiplygeg Eby the
(; =
factor of 2
_,4 57517
= gé( 2078 4 Simplify




Practice

1  Write the following quadratic expressions in the foxm @)+ q

a X2+4x+3 b 71 10x7 3
c X271 8x d X2+ 6x
e X2 2xX+7 fox2+3i2

2  Write the following quadratic expressions in the fqfx+ g)? +r
a 2¢7 8xi 16 b 4x71 8xT1 16
c 3¥+1XT19 d 2¢+6x78

3 Complete the square.

a 2¢+3+6 b 37 2x
C 5%+ 3x d 3x+5x+3
Extend

4 Write (25¢ + 30x + 12) in the formx + b)? + c.



Answers

=

a (x+2¢i1

c (X7 4)Y1 16

e (X7 12+6

2 a 2(x7 22124

c  3(x+2P7 21
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(xT 5)21 28
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Sol vi
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guadrati c
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A LEVEL LINKS
Scheme of worklb. Quadratic functiong factorising, solving, graphs and the discriminants

Key points

1

)l
T
)l

A quadratic equation is an equation in the faxh+ bx+ c= 0 whereal 0.

To factorise a quadratic equation find two numbers whose sbiamid whose products &.
When the product of two numbers is 0, then at least one of the numbers must be O.
If a quadratic can be solved it will have two solutions (these may be equal).

Examples

Example 1  Solve 52 = 15

5x% = 15
5%°T 15x=0
Bx(xT 3)=0

Sox=0o0rk1 3)=0

Thereforex=0o0rx=3

Rearrange the equation so that all
the terms are on one side of the
equation and it is equal to zero.
Do not divide both sides byas this
would lose the solutior = 0.
Factorise the quadratic equation.
bx is a common factor.

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

Solve these two equations.

Example 2  Solvex?+ 7x+ 12 =0

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

X+ 4x+3x+12=0
X(x+4)+3k+4)=0
x+4dHx+3)=0
Sofk+4)=0ork+3)=0

Thereforex=14 orx=13

Factorise the quadratic equation.
Work out the two factors aic= 12
which add to give yob=7.

(4 and 3)

Rewrite theb term (%) using these
two factors.

Factorise the firstwo 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 mu
be zero.

Solve these two equations.




Example3 Solve®®T 16 = 0

%71 16 = 0 1 Factorise the quadratic equation.
(3x+4)(XT14)=0 This is the difference of two squarg
as the two terms arex and (45.
So(X+4)=0o0r (X7 4)=0 2 When two values multiply to make
zero, at least one of thvalues must
_ 4 4 be zero.
X= [ orx=2 3 Solve these two equations.
3 3
Example 4 Solve 2’1 xb 12 = 0
b= Taé= 1T 24 1 Factorise the quadratic equation.
Work out the two factors aic= 1
which add to give yob= 1 5.
(18 and 3)
Sox?T x83xi12=0 2 Rewrite theb term § 5x) using these
two factors.
2X(XT 4)x1+ 43 ( = O 3 Factorise the first two terms and th
last two terms.
(X7 4)(x+3)=0 4 (xt 4) is a factdg
Soki4)=0or(x+3)=0 5 When two values multiply to make
zero, at least one of the values muj
_4 3 be zero.
X=aorx= - 6 Solve these two equations.
Practice
1 Solve
a 6x+4x=0 b 2871 21x=0
c X+7+10=0 d xXi5x+6=0
e Xi3xi14=0 f x+3xi110=0
g X7 1x+24=0 h x7136=0
i xX2+3i28=0 i Xi16x+9=0
k 27T 7x14=0 I 3x%7T 1371 10=0
2 Solve
a X1 3x=10 b x13=X% Hint
C X+5x=24 d X7 42=x
e x(x+2)=X+25 f X7 30=%7i2 Get all terms
g x(@3x+1)=x+15 h  3x(xi 1) = 2&+ 1) o?:;) one side
of the




Solving quadratic equa
square

A LEVEL LINKS
Scheme of work1b. Quadratic functiong factorising, solving, graphs and the discriminants

Key points
. Completing the square lets you write a quadratic equation in thepfarmg)? +r = 0.
Examples
Example 5 Solvex?+ 6x + 4 = 0. Give your solutions in surd form.
X+6x+4=0 1 Write X2+ bx+ ¢ =0 in the form
o b 2~ b 02 ~
(x+3PT 9+4=0 Xto 8- 80
¢ 2+ 2¢ =
(x+3P15=0 2 Simplify.
(x+3¢=5 3 Rearrange the equation to work oy
X. First, add 50 both sides.
X+3=° \/E 4 Square root both sides.
Remember that the square root of
% i value gives two answers.
x=°5 -3 5 Subtract 3 from both sides to solve
the equation.
Sox= -5 -3orx=+/5-3 6 Write down both solutions.

Example 6 Solve 2T 7x + 4 = 0. Give your solutions in surd form.

22T Tx+4=0 1 Before completing the square writg
ax? + bx+ cin the form
28@<2—Zx o4 =0 a?@@+9x-8+c
c 2 = ¢ a =
2ea 7 2@ 78 % % 2 Now complete the square by writin
G- g‘zaekbé"— 2 T inthe f
& : ¢ or X 2x in the form
oo B8]
¢ 2a 9 ESE
o 2,
223@(- % 8 189 4=0 3 Expand the square brackets.
2
a7 06 17
25x- - 8= =0 4 Simplify.
¢c 4+ 8
(continued on next pagg
2;‘21 7 % 17 5 Rearrange the equation to work ou
&, 0 g . 17 .
¢ X. First, addg to both sides.
o 2,
7 17 - .
2é<- - 8 = 6 Divide both sides by 2.
¢ 4 < 16




7 17
X- 2 = % 7 Square root both sides. Remembe
that the square root of a valges
two answers.
X= o\/ﬁ l 7
4 4 8 Add " to both sides.
So X:Z .@ or X:Z 4@ . .
4 4 4 4 9 Write down both the solutions.

Practice

3 Solve by completing the square.

a X714xi3=0 b X7 1x+4=0
c X+8&i5=0 d xX¥i2xi16=0
e 2¢+815=0 f 5B5x+3Xi14=0
4  Solve by completing the square. Hint
a (xid4x+2)=5
b 2¢+6x17=0 Get all terms
c Xib5x+3=0 onto one side
of the




Solving quadratic equa
formul a

A LEVEL LINKS
Scheme of work1b. Quadratic functiong factorising, solving, graphs and the discriminants

Key points
b Jb® 4ac

1 Any quadratic equation of the forax@ + bx + ¢ = 0 can be solved using the formuta -

2a
1 If b1 4acis negative then the quadratic equatioesinot have any real solutions.
9 Itis useful to write down the formula before substituting the values, foandc.
Examples
Example 7 Solvex? + 6x + 4 = 0. Give your solutions in surd form.
a=1b=6,c=4 1 Identify a, b andc and write down
b »Jb* 4ac the formula.
N 23 Remember thatb /b 4acis
all over 2, not just part of it.
o [/ Arnem 2 Substitutea=1,b=6,c =4 into the
X=_ 6 V6 40 formula.
2(2)
-6 20 3 Simplify. The denominator is 2, bu
X= 5 this is only because= 1. The
denominator will not always be 2.
(=6 25 4 Simplify +/20.
2 J20=\435 ¢4 (5 2=
x= 3 J5 5 Simplify by dividing numerator and
denominator by 2.
Sox= 3 J5orx=5 -3 6 Write down both the solutions.




Example 8 Solve 3T 7x1 2 = 0. Give your solutions in surd form.

a=3,b=17,c=12 1 Identify a, b andc, making surg/ou
b &b 4ac get the signs right and write down
X :T the formula.
Remember thatb °/b? 4acis
all over &, not just part of it.
2
X = (1) \7’( 7y _43)(2) 2 Substitutea=3,b=17,c=12into
2(3) the formula.
° 3 Simplify. The denominator is 6
7° 73 : :
X= V73 whena = 3. A common mistake is
6 to always write a denominator of 2
So X= 7-73 or x= 74473 4 Write down both the solutions.
6
Practice
5 Solve, giving your solutions in surd form.
a 3x+6x+2=0 b 2T 4x17=0

6 Solve the equatior?i 7x+ 2 =0

Jb

, : : a’ :
Give your solutions in the form——, wherea, b andc are integers.
c

7 Solve 162+ 3x+3=5 Hint

Give your solutionn surd form. Get all terms onto one
side of the equation.

Extend

8 Choose an appropriate method to solve each quadratic equation, giving your answer in surd form when necess
a 4x(xi1)=Xi2
b 10=+ 17
c X(3xi1)=10



Answers

1 a x=Oorx:-g b x=00x:§
3 4
c X=T15orx=12 d x=2o0rx=3
e X=Tlorx=4 f x=i5o0rx=2
g X=40rx=6 h Xx=i6o0orx=6
i XxX=i170rx=4 j x=3
k x=-1orx=4 | x=-2orx=5
2 3
2 a Xx=i2orx=5 b x=ilorx=3
cC Xx=18orx=3 d x=i6orx=7
Xx=i50rx=5 f x=idorx=7
g x=i3orx=21 h x=-forx=2
2 3
3 a x=2+7orx=2i 7 b x=5++21lorx=5i 21
c x=id+2lorx=i4i 21 d x=1++7 orx=1i 7

e x='|'2+\/6.50rx:'|'2'|' ’\/6.5 f x=_31—0 ‘890rx=_31—0 /89

x= 23 W23 ;/_23 orx= S V23 ZJ_S

4 a X=1+\/EOFX:1'I'@ b

5+./13 orx= 3 J13

2 2

c X=

NI SNIPUE V- SUUIEV
3 2

5 a X=T1+— orx=717 X=1+——orx=17
3 2

7+J41 orx= 1 J41

6 x= =
2 2

7 xz—-s-k/gaorxz—-3 /89
20 20

8 a x= 7-'-\/1_7orx= 7-\17

8 8
b x=71++10 orx=717 10

c x='|'1§ orx=2



Sketching qguadratic gr

A LEVEL LINKS
Scheme of worklb. Quadratic functiong factorising, solving, graphs and the discriminants

Key points

1

= =8 =4 =4

The graph of the quadratic function
y=ax +bx+c, whereal 0, is a curve
called a parabola.

Parabolas have a line of symmetry and
a shape as shown.

To sketch the graph of a function, find the points where the graph intersects the axes.

To find whee the curve intersects tlyeaxis substitutex = O into the function.

To find where the curve intersects thaxis substitutey = 0 into the function.

At the turning points of a graph the gradient of the curve is 0 and any tangents to the curve airtseaep
horizontal.

To find the coordinates of the maximum or minimum point (turning points) of a quadratic curve (parabola)
you can use the completed square form of the function.

fora>0 fora<o0

Examples

Example 1  Sketch the graph of= x2.

Y4 The graph of = X% is a parabola.
Whenx =0,y =0.

a =1 which is greater
than zero, so the graph \/
has the shape:

=Y

0

Example 2  Sketch the graph of=x2T X1 6.

Whenx=0,y=01 0T 6=16 1 Find where the graph intersects th
So the graph intersects thaxis at y-axis by substituting« = 0.
( 06)
Wheny =0,x*T xT 6 =0 2 Findwhere the graph intersects thg¢
x-axis by substituting = 0.
x+2)x1 3)=0 3 Solve the equation by factorising.
X=T20rx=3 4 Solve k+2)=0andX1 3) =0.
So, 5 a=1 which is greater
the graplintersects the-axis at { 2, 0) than zero, so the grapt U
and (3, 0) has the shape:
(continued on next pagg
° 2. . . .
i via_a, 101 6 To find the turning point, complete
X'X'G_gé( 2 94 6 the square.
_4, 17925
gé‘ 2 2 4




a 1% 1 7 The turning point is the minimum
When - - 5%, x=— and value for this expression and occu
2 = 2 when theterm in the bracket is
equal to zero.

¢
25 . o
y= = so the turning point is at the
.al 25
oint e —
p 85 2
Ua
_2 0 3 X
-6
(7. —63)

Practice
1 Sketch the graph gf=1x2.

2 Sketch each graph, labelling where the curve crosses the axes.
a y=x+2)xr11) b y=X(XT 3) c y=X+1)(x+5)

3  Sketch each graph, labelling where the cunasses the axes.
a y=x*1x16 b y=x21 5x+4 c y=x21 4
d y=x2+4x e y=91 x? f y=x2+2x1 3
4  Sketch the graph gf= 2x* + 5x1 3, labelling where the curve crosses the axes.

Extend

5 Sketcheach graph. Label where the curve crosses the axes and write down the coordinates of the turning point
a y=x?T5x+6 b y=Tx2+7xT 12 c y=T1x2+4x

6 Sketch the graph gf=x?+ 2x + 1. Label where the curve crosses the axes and write down the equation of the
line of symmetry.



Answers

1
Ui
3 X
2 a
Ya
_2\2/1 >
3 a




5 a
U4
6
0 2 3 X
2%, —3)
6
Ua

/

_I 1 0 ;x

Line of symmetry ak =1 1.

LI

b (2, 4)

=Y
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A LEVEL LINKS
Scheme of worklc. Equationg quadratic/linear simultaneous

Key points

1 Make one of the unknowns the subject of the linear equation (rearranging where necessary).

1 Use thdinear equation to substitute into the quadratic equation.
9 There are usually two pairs of solutions.

Examples

Example 1

Solve the simultaneous equatigrrs x + 1 andx? + y? = 13

X2+ (x+1¢=13

X¥+xe+x+x+1=13
2+ 2x+1=13

22+ 2X1 12=0
(2x1 4)(x+3)=0
Sox=2o0rx=13

Usingy=x+1
Whenx=2,y=2+1=3
Whenx=13,y=13+1=12

So the solutions are
Xx=2,y=3 and x=13,y=12

Check:

equation1:3=2+1 YES
andi2=13+1 YES

equation 2: 2+ 3 =13 YES

and { 32+ (1 2?= 13 YES

1

2

Substitutex + 1 fory into the secong
equation.
Expand the brackets and simplify.

Factorise the quadratic equation.
Work out the values of.
To find the value of, substitute

both values ok into one of the
original equations.

Substitute both pairs of valuesyof
andy into both equations to check
your answers.

qua




Example 2  Solve X+ 3y =5 and £+ xy = 12 simultaneously.

_5- 3%
2

a5- 3y
xa 5
c 2

X

2y? + §=12

2y2+¥:12

4y? +5y- 3y? =24
y? +5y- 24 =0
(y+8)(y1 3)=0
Soy=18o0ry=3

Using X+ 3y=5
Wheny=18, X+3I (*
Wheny=3, X+3x3=5

So the solutions are
Xx=145,y=18 and x=T12,

Check:

and 2x (12)+3x3=5

equation 1: X 145+ 3x(18) =5

equation 2: 2¥(8)? + 14.5¢(1 8) = 12 YES

1

y=3

YES
YES

Rearrange the first equation.

5- 3y

Substitute for x into the

second equation. Notice how it is
easier to substitute forthan fory.

Expand the brackets and simplify.

4 Factorise the quadratezjuation.

Work out the values of.

To find the value ok, substitute
both values of into one of the
original equations.

Substitute both pairs of valuesyof
andy into both equations to check
your answers.

and 2x8)?+(12)x3=12 YES

Practice

Solve these simultaneoaguations.

1 y=2x+1 2 y=6TX
x2+y?2=10 X2 +y2=20

3 y=xi3 4 y=971 2x
X+y*=5 X2 +y?=17

5 y=3Xi5 6 y=xI15
y=x*1 2x+1 y=x>T 5xT1 12

7 y=X+5 8 y=Xxi1l
X2 +y?>=25 X2+ Xy =24

9 y=2X 10 2x+y=11
y2'|' Xy=8 xy=15

Extend

11 xiy=1 12 yi x=2
X2+y?=3 X2+ xy=3




Answers

1 x=1,y=3
5 5
2 x=2,y=4
Xx=4,y=2
3 x=1ly=i2
x=2,y=il
4 x=4y=1
_1_6y_13
5’ 5
5 x=3,y=4
x=2,y=1
6 x=7,y=2
Xx=1T1,y=16
7 x=0,y=5
x=15y=0
-.8 =19
8 x=-3.¥7-3
x=3,y=5
9 x=i2,y=14
Xx=2,y=4
_5 ., _
10 X—E,y—6
x=3,y=5
11 x= 105 =15
2 2
le-\/%,y:_l-\/g
2 2
12 x='1*‘ﬁ,y= 347
2 2
)(:':I"’\ﬁ,y::g'\/7




Quadratic I neqgualilities

A LEVEL LINKS
Scheme of workld. Inequalitieg; linear and quadratic (including graphical solutions)

Key points

1 First replace the inequality sign by = and solve the quadratic equation.
1 Sketch the graph of the quadrdtinction.
1 Use the graph to find the values which satisfy the quadratic inequality.

Examples
Example 1  Find the set of values afwhich satisfyx? + 5x+ 6 > 0

X*+5x+6=0 1 Solve the quadratiequation by
x+3)k+2)=0 factorising.
x=b3 orx=b2

It is above the x-axis 2 Sketch the graph of
wherex* +5x +6 >0 Y y=Xx+3)x+2)

3 Identify on the graph where
X2+ 5x+6>0,i.e. wherg>0

=Y

-_"~22 0
This part of the graph is
not needed as this is
wherex* + 5x+ 6 <0

L3 L2 4 Write down the values which satisf
X<bs 0rx> the inequality® + 5x + 6 > 0

Example 2  Find the set of values afwhich satisfyx*T 5x O0

X1 5x=0 1 Solve the quadratic equation by
X(xb5)=0 factorising.
x=0o0rx=5

y 2 Sketch the graph of=x(xT 5)

3 Identify on the graph where
X1 5x OO0, i.e. whergy O0

4 Write down the values which satisf

00x0O 5 : : :
X the inequalityx® T 5x O0

Example 3 Find the set of values afwhich satisfyi x*T 3x + 1000



TX*T x310=0

(bx+ 2)k+5) =0

X=20rx=15
YA

v

I50x0 2

Solve the quadratic equation by
factorising.

Sketch the graph of
y=(@0x+2)x+5)=0

Identify on the graph where
TX2T 3x+ 1000, i.e. wherey O0

Write down the values Whig:h satist
the inequality X1 3x+ 1000

Practice

1 Find the set of values affor which &+ 7)(xi 4)O 0
2 Find the set of values affor whichx®i 4xi 120 0
3 Find the set of values affor which 2¢77x+3 <0

4  Find the set of values affor which 4¢ + 4x1 3 > 0

5  Find the set of values affor which 12 +x7 x2O 0

Extend

Findthe set of values which satisfy the following inequalities.

6 x*+x0 6
7  Xx(2xi 9)<il0

8 60 1% +



Answers
1 i70x0 4
2 x0Oi2orxO 6

3 E<x<3
2

4 x<-§orx>1
2 2

5 i3 x® 4

6 130x0 2

7 2<X<21
2

8 x¢ —?’orx2§
2 3



Sketching cubic and re

A LEVEL LINKS
Scheme of workle. Graphg cubic, quartic and reciprocal

Key points

1 The graph of a cubic function, wh fora<o
written in the formy = ax® + bx2 + c»

al 0, has one of the shapes shov fora>0

Yy y

VAR
TN

special casera = 1 special case:a = —1
. . Ly U
9 The graph of a reciprocal functior fora >0 fora <0
a
y =— has one of the shapes shol
X s N
AWO x 0 Fx

To sketch the graph of a function, find the points where the graph intersects the axes.

To find where the curve intersects thaxis substitutex = 0 into the function.

To find where the curve intersects thaxis substitutey = 0 into the function.

Where appropriate, mark and label the asymptotes on the graph.

Asymptotes are lines (usually horizontal or vertical) which the curve gets closer to but never touches or
crosses. Asymptotes usually occur with reciprocal functionse¥ample, the asymptotes for the graph of

= =4 =4 =8 =4

y =2 are the two axes (the lings 0 andx = 0).
X

1 At the turning points of a graph the gradient of the curve is 0 and any tangents to the curve at these points a
horizontal.

1 A double rootis when two of the solutions are equal. For examplie3)?(x + 2) has a double root at 3.

1  When there is a double root, this is one of the turning points of a cubic function.



Examples

Example 1

Sketch the graph gf= (xT 3)(XT 1)(X+ 2)

To skett a cubic curve find intersects with both axes and use the key points §

for the correct shape.

Whenx=0,y= (01 3)(0T 1)(0+ 2
=03)x(11)x2=6
The graphintersectstlyega x i s a't
Wheny =0, kT 3)XT 1)(x+2) =0
Sox=3 x=1lorx= 1 2
The graphintersects the-axis at
(12,0), (1,0) and (3, 0)
y
6

X

A

/42 0

1 Find where the graph intersects th
axes by substituting= 0 andy = 0.
Make sure you get the coordinates
the right way aroundx(y).
Solve the equation by solving
X1 3=0,x1T1=0ank+2=0

Sketchthe graph.
a=1> 0 so the graph has the sha

fora=0

Example 2  Sketch the graph of= (x + 2%(xT 1)

for the correct shape.

To sketch a cubic curve find intersects with both axes and use the key points

Whenx=0,y=(0+ 20T 1)
=2x(11)=14
The graph intersects tlyeaxis at (0] 4)

Wheny =0, k+ 2)%(xT 1) =0

Sox= 1T X=lor
(12 Q)isaturning pointags= 1 2
double root.
The graph crossdhex-a x i s a't
ua
_I 0 1 -.-1’

Find where the graph intersects th
axes by substituting= 0 andy = 0.

Solve the equation by solving
Xx+2=0andx1 1=0

a=1> 0 so the graph has the sha

fora=0




Practice

1 Here are six equations.

A yzg

D y=17 31 %

Here are six graphs.

normal

tangent

y

y=x%+ 31 10

y=x31 371 1

Hint
— 3 2
¢ y=x+ X Find where
E X+y=5 each of the

/

e

A

Vi

a Match each graph to its equation.
b Copy the graphs ii, iv and vi and draw the tangent and normal each aPpoint

Sketch the following graphs

2 y=23

4 y=KX+1X+4XTi 3)

6 y=(XT 3)3>(x+1)

8 yzg

Extend

10 Sketch the graph oy = 1
X+2

Hint: Look at the shape of= a

X

in the second key point.

11 Sketch the graph oy:il
X-

tangent\\ /

normal

cubic equations
cross thev-axis.

y

0 X

uo\ %

y=x(X1 2)(x+ 2)

y=X+1)Xi 2)(17 X)

y=(XT 1AxT 2)

y=-



Answers

1 a iiC
i E
i i B
ivi A
vi F
vii D
b i YA
0 X
tangent
/ !
normal
vi YA
\ Ay =
), X
tangent " P \
normal
2 Y
; o X
4 m
a -0 3 X
—12
6

=

normal

(0]

X
/ tangent

Pl
H‘




YA

Ui

ol

B

10



Transl ating

graphs

A LEVEL LINKS

Scheme of workl1f. Transformationg transforming graphs, f(X) notation

Key points

1 The transformatioy = f(x) £ ais a translation o
parallel to they-axis; it is a vertical translation.

As shown on the graph,
o y=f(x) +atranslatey = f(x) up
o y=f(X)1 atranslatey = f(x) down.

1 The transformatioy = f(x + @) is a translation av = ix

parallel to thex-axis; it is a horizontal transla  y = (x + q)

As shown on the graph,
o y=f(x+ a) translatey = f(x) to the left
o y=f(xi a) translatey = f(X) to the right.

Examples
Example 1 ~ The graph shows the functigr f(x).
Sketch the graph of= f(x) + 2.

[
y="f)+a
/y—ﬁr}l
a
\ /y=f{r}l—a
=i
\ y=H e —a)
-a a x

y
0
/y |

fx)
X

y="flx)+2

y = fix)

Q x

For the functiory = f(x) + 2 translate
the functiony = f(x) 2 units up.

Example 2  The graph shows the functigre f(x).

Sketch the graph gf=f(x1 3).




vt y = (%) For the functiory = f(xT 3) translate

the functiony = f(x) 3 units right.
y = flx - 3)

Practice

1 The graph shows the functigr f(x).
Copy the graph and on the same axes sketch and lat
ofy=1f(x) + 4 andy = f(x + 2).

y = flx)
2 The graph shows the functigrF f(x).
Copy the graph and on the same axes sketch and lat
ofy=f(x+ 3)andy=f(X) 1 3.

La

3 The graph shows the functigrF f(x). y = ()
Copy the graph and on the same axes sketch the \ / '
5). /




4  The graph shows the functigr= f(x) and two tran o

2.
y = f(x), labelledC; andC..
Write down the equations of the translated cu@ i =16 o
function form. 3 ¢

-270° —180° —90° O\ 90z jboc 270°F

-4 Cz
-3
y.i\.

5 The graph shows the functigrF f(x) and two transfor . y = ) )
y=f(x), labelledC; andC.
Write down the equations of the translated cu@ean p; ’ <G
function form.

6 The graph shows the functigrr f(x).

=

a Sketch the graph of=f(x) + 2
b  Sketch the graph of= f(x + 2)

|
P
|
[
|
P
ary
[P
=
s
.
[,




Stretching graphs

A LEVEL LINKS
Scheme of workl1f. Transformationg transforming graphs, f(X) notation
Textbook Pure Year 146 Stretchinggraphs

Key points

1 The transformationy = f(aX) is a horizontal ¢ | vyt = fGr)

‘I.-
f(x) with scale facto% parallel to thex-axis. : / \1 f

BT IV SO i

1 The transformatioy = f(i ax) is a horizonta

I
=
&
=
=
Il

j(--3ﬂ

f(x) with scale facto% parallel to thex-axis

reflection in they-axis. 1 %j'.,

1 The transformationy = af(x) is a vertical stre
with scale factomn parallel to they-axis.

= Pl

—1B0°| — 98¢ alR_| 0" ¥

Fad

y = [-2f(x)

f(x) with scale factoa parallel to they-axis
reflection in thex-axis.

1 The transformatioy =i af(x) is a vertical s ;/\f =) /
I'|III

[ I




Examples
Example 3  The graph shows the functigr= f(x).

Sketch and label the graphs of
y = 2f(X) andy =T f(X).

o o I n::x
— 1B —do 9p° | 180

i y = 2f(x) The functiony = 2f(x) is a vertical
2T TN stretch ofy = f(x) with scale
L A -.E\ factor 2 parallel to thg-axis.
. X - - The functiony =1f(X) is a
1 —5{1,7| . 90°_ 180 reflection ofy = f(x) in the
Y= f(’x}lx\.,_ -"/_2 y =|—T(x) X-axis.
Example 4 The graph shows the functigre f(x). 'y
Sketch and label the graphs of . y = flx)
y = f(2x) andy = f(i x). ' SR
— 180 —90° ; 90° | 180°%

i
21y = T2
4 Y u =f{x)
L s A
E
—18 {EF . ,H___91 0°

[ I

The functiony = f(2x) is a horizontal
stretch ofy = f(x) with scale factor

% parallel to thex-axis.

The functiony = f(i x) is a reflection
of y = f(x) in they-axis.




Practice

10

11

12

The graph shows the functigr f(x).

a Copy the graph and on the same axes sketch ai
graph ofy = 3f(x).

b  Make another copy of the graph and on the san
sketch and label the graphyot f(2x).

The graph shows the functigrF f(x).
Copy the graph and on the same axes
sketch and label the graphs of

y =1 2f(x) andy = f(3x).

The graph shows the functigre f(X).
Copy the graph and, on the same axes,
sketch and label the graphs of

y=1f(x) andy=f ($x).

-,
3

y = filx)

The graph shows the functigre f(X).

Copy the graph and, on the same axes,

= flx)

sketch the grapbf y =1 f(2x).

(%, |

flx

The graph shows the functigr f(x) and a transforn
labelledC.

Write down the equation of the translated cu®ve fu

form.

The graph shows the functigr= f(X) and a transfori

labelledC.
Write down the equation of the translated cutve f

form.

3
/NPT
T .
—1882 'q: € 3‘]0 180°
T
2




% f
13 The graph shows the functigre f(x).
a Sketch the graph gf=  K).f ( f
b  Sketch the graph of= 2f(x). o1/
_/i (LA A
f
Extend

14 a Sketch and label the graphy# f(x), where f&) = (xi 1)(x + 1).
b  On the same axes, sketch and label the grapps &) i 2 andy = f(x + 2).

15 a Sketch and label the graphyf f(x), where f§) =7 (x+ 1)(xT 2).
b  On the same axes, sketch and label the grapk ch‘(- %x)



Answers

1 2
Ya
y="1x)+4
y="flc+2 B
y = f(x) T
—4 / x
(-2,-2)"2
3
A

y =1(x) /

IS N e

y=1flx-5)

4 Cyry=fxi 90°)
Cay=f(x)71 2

5 Cuy=f(xi5)

Cry=1(x)71 3
6 a b
A Tk
H~Jy = f(x) + 2 g2,
—a/13 12 /N0 P X
1 =
fesd e
—1 T
ANER
y = flx




2x)

7
PN
ATy =@
_29 J/Z X
\[/
8
e
\ y = Tlx)
\|/
g
y = —2f(x)
\
10
o
- Y= -F{_
N/ 71,
» Y = f)
11 y=1(2x)

12 y=12f(2x) ory= 2f(i 2x)

13

14

a

= +f(x]

=1

[

o)

oy
y = T(2x)
7TV v = )
1 p X
Ui
\ [y= 1
=T(x)
) g
yF —fflx)
[ \
T
Y = Zf(r)"
[ = e
I/
10 g
I
/|
|
|




y = flx)

=

/
y="f(x) -2

15
ENELR
™~
/ .
7 5 /10 3 PR
}/ K ] \\\y = f(+ )




Par al |l el

and

perpendil c

A LEVEL LINKS

Scheme of work2a. Straighdine graphs, parallel/perpendicular, length and area problems

Key points y |
1 When lines arparallel they have the same \ «— gradient = —z gradient.
1 Aline perpendiculato the line with equation ‘>pe,pendku|ar y=mx+c
has gradient % lines
/ 0 \3‘:
parallel lines
gradient =m
Examples
Example 1  Find the equation of the line parallelfte 2x + 4 which passes through
the point (49).
y=2%+4 1 Asthe lines arparallel they have
m=2 the same gradient.
y=2X+¢C 2 Substituten= 2 into the equation o
a straight liney = mx+c.
9=2x4+c 3 Substitute the coordinates into the
equationy = 2x+c
9=8+c 4 Simplify and solve the equation.
c=1
y=2+1 5 Substitutec = 1 into the equation
y=2x+cC
Example2 Find the equation of the line perpendiculayte2x1 3 whi ch passes through
the poh.nt (712,
y=2XT1 3 1 As the lines ar@erpendicular, the
m=2 gradientof the perpendicular line
1 1 .1
-— == is-—.
m 2 m
1 : 1.
y= —2x e 2 Substitutem= - 2 intoy = mx+ c.
3 Substitute the coordinateis?( 5
5= L e2) ¢ 5 A
2 into the equationy = > X e
5=1+c 4 Simplify and solve the equation.
c=14
1 . . 1
y= —2x 4 5 Substitutec=4 intoy= —2x e.




Example3 A | ine passes throdfph the points (0, 5) and (
Find the equation of the line which is perpendicular to the line and passes through

its midpoint.
x=0,%=9,y,=5andy,= 41 1 Substitutethe coordinates into the
m=Ye- % -1-5 equationm=22"Y {0 work out
X-% 9 -0 X5~
-6 _ 2 the gradient of the line.
1 3 9 3 2 As the lines ar@erpendicular, the
= = gradientof the perpendicular line
m 2 _ 1
is-—.
3 m
y==x 4 3 Substitute the gradient into the
2 equationy = mx+ c.
. _a0+95H ) o5 9 4 Work out the coordinates of the
Midpoint = 897 2 9 _28’-2 midpoint of the line.
3.9 : .
2=— % @ 5 Substitute the coordinates of the
2192 midpoint irto the equation.
c= 7 6 Simplify and solve the equation.
y=2x 19 7 Substitutec = 1—:) into the equatior
4
y= 3 X 4
> :

Practice

1 Find the equation of the line parallel to each of the given lines and which passes through each of the given poir
a y=3x+ 1 (3, 2b) y=3i2x (1, 3)
cC 22X+4+ 3 =13 d62yidx+ 2 = 0 (8, 20)

Hint

2 Find the equation of the line perpendlculaytoim 3 which fm :% then the

throughthe point(5, 3) .

passes

negative reciprocal
L_b
d

3 Find the equation of the line perpendicular to each of the given lines and which passes through each of the givi

points.
a y=2i6 (4, 0)b y:-%x+% (2, 13)
c Xidyi4 = 0 (5d S Xi5 = 0 (6, 7)

4 In each case find an equation for the line passing through the origin which is also perpendicular to the line joinil
the two points given.

a (4, 138ip), ( b (0, iBQ, 8)



Extend

5 Work out whetler these pairs of lines are parallel, perpendicular or neither.

a y=Xx+3 b y = 3X c y=4xT1 3
y=217 2X+y13=0 4y +x=2

d 3Xiy+5=0 e 2Xx+5y11=0 f 2XTy=6
Xx+3y=1 y=2x+7 6xT7 3y+3=0

6 The straight lind_1 passes through the poiisandB with coordinatesid , 4) and (2, 1),
a Find the equation df; in the formax+ by+c=0

The lineL is parallel to the lind ; and passes through the pdbwith coordinatesi®@ , 3 ) .
b  Find the equatin ofL in the formax+ by+c=0

The lineL s is perpendicular to the lire; and passes through the origin.
¢ Find an equation df3



Answers

1 a y=3Xxi7
c yzl'%x

2 y=122Xi7

3 a y='|'%x+2

5 a Parallel
d Perpendicular

6 a x+2yi4=0

Neither
Neither

X+2y+2=0

c
f

Perpendicular
Parallel

y=2x



Tri gonometanygliend rtirgihatn g

A LEVEL LINKS
Scheme of work4a. Trigonometric ratios and graphs

Key points

1 Inarightangled triangle:
o the side opposite the right angle is calledhiygotenuse
o the side opposite the anglés called the opposite opposite
o the side next to the anglis called the adjacent.

hypotenuse

adjacent

1 Inarightangled triangle:

o the ratio of the opposite side to the hypotenuse is the sine ofc&r@iqz%
yp

o the ratioof the adjacent side to the hypotenuse is the cosine of d,ngje:/=a—dj

hyp
o the ratio of the opposite side to the adjacent side is the tangent otfaraghpzo—?
aaq)

1 If the lengths of two sides of a righhgled trianglare given, you can find a missing angle using the inverse
trigonometric functions: sif, cos?, tari®.

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

0 30° 45° 60° orr
sin 0 1 2 5 1
cos | 1 B2 1 0
tan | O = 1 | 3




Examples

Example 1

Give your answecorrect to 3 significant figures.

Calculate the length of side

Always start by labelling the sides.

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

Substitute the sides and angle intg
the cosine ratio.

Rearrange to makethe subject.

Use your calculator to work out
6 06 €os 25

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

Example 2  Calculate the size of angke
answer correct to 3 significant figures.

3cm

45cm

ady
45cm

tanq:%.)
adj
tanx:i
4.5
a1 3
x=tan! 55—

4 Use tah!to find the angle.

5 Use your calculator to work out

Always start by labelling the sides.

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

Substitute the sides and angle intq
the tangent ratio.

tari(3 + 4.5).

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




Example 3 Calculate the exact size of angle
ﬁtm

1 Always start by labelling the sides.

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

3 Substitute the sides and angle intg
the tangent ratio.

4 Use the table from the key points t

x=30 find the angle.

Practice

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

a b

Scm




Calculate the size of angkdén each triangle.
Give your answers correct to 1 decimal place.
a b 6.3 cm

5cm
T5cm
=
2 ‘EV/

4cm

Work out the height athe isosceles triangle.
Give your answer correct to 3 significant figur

Hint:

Split the triangle into two
right-angled triangles

Scm

Calculate the size of angte
Give your answer correct to 1 decimal place.

Hint:

‘%
First work out the length of the 5cm
common side to both triangles,

leaving your answer isurd form.

7cm

Find the exact value ofin each triangle.

v3cm




The cosine rul e

A LEVEL LINKS
Scheme of work4a. Trigonometric ratios and graphs
Textbook Pure Yeal, 9.1 The cosine rule

Key points A

9 ais the side opposite angle A. .
b is the side opposite angle B. b
cis the side opposite angle C.

C - B

1 You can use the cosine rule to find the length of a side when two sides and the included angle are given.
1 To calculate an unknown side use the formafla= b> +*> 2bccos £.

9 Alternatively, you can use the cosine rule to find an unknown angle if the lengths of all three sides are given

b?+c? -a?
9 To calculate an unknown angle use the formmisA:—Zb .
c
Examples
Y
Example 4  Work out the length of side.
Give your answer correct to 3 significant figures. 7cm W
45°
X Ecm Z
1 Always start by labelling the angle
andsides.
a’=b’ 4 2bccos £ 2 Write the cosine rule to find the
side.
W =82 2 2 837 3cost45 3 Substitute the values b andA into
the formula.
w= 33.804 040 51.|4 Usea calculator to find?and
: thenw.
= / .8040405: _
W_ 33.8040405 5 Round your final answer to 3
w= 5.81 c¢cm significant figures and write the
units in your answer.




Example 5 Work out the size of angl#

Practice

Give your answer correct to 1 decimal place.

2,2 2
(:osA:b *ec @
2bc
100+ 7 -1%
2310 37
Cosq:__76
140
d= 122.878 3409
d=122.9

1 Always start by labelling the angle
and sides.

2 Write the cosine rule to find the
angle.

3 Substitute the values b andc into
the formula.

4 Use cob!to find the angle.

5 Use your calculator to work out
cos(i 76 + 140)

6 Round your answer to 1 decimal
place and write the units in your
answer.

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

a

b




