Bridging GCSE to A-Level

The Maths team would like to congratulate you on your GCSE achievements and welcome you to
Newstead Wood.

We would like to also help you prepare for the next year and a half of your educational journey. It is
very important that you attempt all these questions and bring what you could not do to class in
September. It is your education and we are here to support you, but you need to take the initiative.

Some notes:

e You have chosen to do mathematics A-Level, so let us help you succeed.

e A-Levelis fundamentally different from GCSE.

e The pace is faster, you are expected to do more independent work, and to seek support when
you need it.

e Mostimportantly: cramming will not work. You need to understand why and how the maths
work and apply it to new contexts. This is what these exercises are aimed to do. They will cover
your GCSE topics with an added twist to aid deeper understanding.

We will cover:

Numbers

Algebra

Quadratic Functions and Equations
Solving Quadratic Simultaneous Equations
Graphs and Transformations

Area under the graph

No ok whN-=

Volume and surface areas



Numbers:

You have learnt the laws of indices. Here is a recap:

Remember surds are those roots you could not simplify, so V2 orv/23 are surds, butv4 = 2 and
V25 = 5 are not.

1. x%xP = x**? where x, a, and b can be any number be it positive or negative integers,
fractions, even surds or algebraic expressions.
a . b._fi__ a-b
2. xT=xT =5 =x

3. (x®)b = x

4. xb = (W)a —-Think about what happens when b is even, can x be negative then? What if b is

odd?
5. x!=x
6. x°=1

7. (xy)® = x% y%. Itis important for you to justify this with some numerical examples for yourself.

Examples:
3
_3 1 3 1
16 +=— (-9)"z =3
164 —-92
1 1 .
= 3 = \/T_g Not a real number, so no answers exist!
(V15)
1
— 23
_ 1
8
1. Evaluate: 2. Simplify to a simple fraction or an integer:
3
s 3 _8Y)s
a) 121= a) 257z d'( 27)
5 2
: 2, 4 1Ay
b) 83 b (3) g. —4 i+ 2(8)
) 2168 Q) ()t ; 32_3 64 —%
5 _ ] T
' * (125)
a
d) 252




Key points

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

for example \E : \/?_) . \/g , etc.

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

o Vab=Jaxb
.o
b b

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

e To rationalise

e To rationalise

Example 1

Example 2

Example 3

a

Jb

_a
b+\/E
Simplify /50

you multiply the numerator and denominator by the surd /b

you multiply the numerator and denominator by b—+/c

J50 =/25%2

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

Use the rule \/(E:\/;x\/g

3 Use +/25=5

Simplify /147 — 2412

J147 =212

=49 x3 —2./4%3

B2
:7><\/?;—2><2><\/§
=73 -43

=33

1 Simplify \/ﬁ and 2\/1_2 . 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

Use the rule \/(E:\/Ex\/f;

3 Use 49=7 and ¥4 =2

4 Collect like terms

Simplify (7 ++2)(v7 -2}

(V7 +2)(+7 —2)
VBT +3NT —

=7-2
=5

1 Expand the brackets. A common
mistake here is to write (\ﬁ )‘ =49

2 Collect like terms:

i3 +437
= ST 4:fTNfE =0




N2

Example 5 Rationalise and simplify

12
2 e V2 % V12 1 Multiply the numerator and
Ji2o V12 V12 denominator by \/E
- N2 xf4x3 2 Simplify V12 in the numerator.
12 Choose two numbers that are factors
of 12. One of the factors must be a
square number
3 Use the rule V@:ﬁx«ﬂ;
2.2
— “"E}ﬁ 4 Use \/t_l =7
5 Simplify the fraction:
V243 2 1
= — simplifies to —
6 12 6

3
Example 6 Rationalise and simpli
p plify 2455
5 _ 3 2= J5 1 Multiply the numerator and
9505 255 Tl denominator by 2—\/5
3 ( 2-45 )
- (2+\/§)(2—\/§) 2 Expand the brackets

6-3+/5

B 4425255 3 Simplify the fraction

6-35
1

4 Divide the numerator by —1
Remember to change the sign of all
\/g B terms when dividing by —1

(%]




3. Writein an index form
a) '-,,."? =
d) V32
b) V2
1
- E:} 8 p—r
c) ¥
4. Simplify
a 72+ /162 b +J45-2.5
¢ ~50-+8 d +J75-/18
e 2J28+.28 f D277

5. Expand and simplify

a  (V2+v3)(2-3) b (3+v3)(5-+12)
¢ (4-5)(/45+2) d  (5+v2)(6-+8)

6. Rationalise the denominator and simplify.

1 b 2

2 S A3

7. Expand and simplify

(e ) (=)

8. Rationalise the denominator and simplify where possible.

a

1
NCENS] Vx =y



Algebra:

Remember that algebraic expressions are just generalisation of arithmetic with numbers. All the rules
that applied to numbers will apply here. The letters are just placeholders for numbers. We will now

apply the above index laws to algebraic expressions.

When it comes to changing the sunject of a formula, just think of it as solving for that variable and

follow the same rules as solving equations.

Examples:
5 geex O
Sumplafy s
2x
i
] "
6"'{1 =33 6+ 2 =13 and use the rule ﬂ—,,=d'"_”t0
2x° a
give '—:=f L
x
Simplify ok }T
3.5 45 8
X }(4.‘{ _ X . =‘{_4 1 Tlze ﬂl&[ﬂlﬂ a.'li D-:’..-_"."?: =ﬂ.=l'i—.”:
X % X

m

2 Usze the mle ﬂ—,! =a "
o

1 1 .
e s Use the rule L,=rr"",nota that the
3x 3 a"
fraction % remains unchanged
X 4 E
Write T as a single power of x
=
4 4 1
e Mir T a n
e 1 Usetherule a" =%a
i 1 :
—4x 2 2 Usetherule —=a™"
=




Make ¢ the subject of the formula » = 2r — mt.

F=2t—mt
r=12-m 2
= .

-

All the terms containing ¢ are
already on one side and everything
else 15 on the other side.

Factorise as ¢ 15 a commeon factor.

Dhivide throughout by 2 — .

+r 3
Make ¢ the subject of the formula ITI:EI
t+r 3t
5 3
2t+2r=15¢
2r=13¢
2r
f=—
13

Remove the fractions first by
multiplying throughout by 10.

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

Divide throughout by 13.

- 3t+5
Make ¢ the subject of the formula » = -
r_
3t+5
P
t—1
Ht—1)=3t+5
rt—r=3t+5
Fi—3t=5+r
tr—3)=5+r
. By
r-3

Remove the fraction first by
multiplying throughout by £ — 1.

Expand the brackets.

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

Factorige the LHS as ¢ iz a common
factor.

Divide throughout by » — 3.




1.  Simplify

= Ix x1.1 b 1{{_1
2x 2x wx
3 339
o Jxx _:.\ d Tx 1
2x 14"y
y2 N
e - f 1-:7 :
TRy cwet
(2:2)
5 l ,{ h _1_13:-(,\ :
4 X xXx
2. Write as sums of powers of x.
il 2 1) BT |
a = b lx+— c X |x+—
X ) | <}
3. Simplify
e 3
EI s 4 x*\ 3[4z
a. (27x)3 (3x%) b(-2x) (64x%)73 c. — (a) ( = )
3 2

x12\2 DLW
e () (-5) fGF )
Factorising quadratics, especially non-monial quadratics is something you should remembre well
from GCSE. Here are a couple of exampes as reminder:

- Sx'ly + 20237 — 20257
Jr-+ 10x + 8

a2 2002 2
=3x"+6x+4x+8 We needed p and q such that =yl xy +4y7)

— _ 2 2
=3x(x+2)+4(x+2) p+q=10andpxq=3x8 =24 = —5x°y(x — 2y)

=Bx+4)(x+2)

a) 22 + dzy — 1292 C) 622 +5z+1

b) —a2— 92435 d) 122% —1222 -9z

5. Factorise  9b%z + 9b%y — 16z — 16y

6. Factorise 22 — 8z + 16 —y?



7. Factorise fully:

a. 75zt — 48y*
b. b —10b + 25 — a?
C. dzty — 4023y + 10022y

We can factorise powers that are not integers as well. Here is an example:

1

8% — 4% + 1223 =

=

5 3 2
Write as 4z ( ) and fill whatever is left to get |47% (225 — 4z? + 3)

8. Factor '1[]3,"% — 1555% + 20x
9. Simplify
3 1

X2 = xZ

1

4x7 —8x7

s

(-5 F = (x-5)
125% —8xt
5(4x+3) 7 —4Gx+1)dx+3) 72

_% (1”){] = A’Z]i%(—lr) + }(1 _ A\'Z)i%

10.
Expand and simplify.

()3 b (=)

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

2x+3
11 e9+x)=2e+1_[e] 12 ,1-=4"‘ ¥
aog

13  Make r the subject of the following formulae.
4

a A=m? b If':Em-; ¢ P=m+2r

14 Make x the subject of the following formulae.

o i:ﬂ_b b drex 3z

z cd d py

15 Make sin B the subject of the formula

sind =snB

d

V=—mr
3

n



16 Make cos B the subject of the formula 52 =a?+ ¢! —2accos 5.

17 Make x the subject of the following equations.

a E{.::.‘r+ H=x=1 b E{fn‘+lj'}= EF(-\'_ y)

=
Fa

q q q




Quadratic Functions & Equations:

A quadratic function is given by
f@X)=ax?+bx+c, a+0
When you insert a number (value) for x, You will receive a value for f(x).

A quadratic equation is when we are interested in a specific value of f(x). We usually then solve it to find the
corresponding valuefor x. The most important one is when f(x) = 0, which means where the graph of the
function crosses the x-axis.

As you can see below not all quadratic functions will cross the x-axis. Try and think why is that before we go
through this in details.

&
X




They key to how many roots you may have lies in your quadratic formula

—b +Vb? — 4ac
X =
2a

Think what happens if

1. b%? — 4ac = 0? Then whatever comes after + is 0. So you have one answer only. We call this a repeated root.
2. b%? — 4ac < 0? Then the square root will have no answers. So, there are no real roots.

3.b% — 4ac > 0? You will get two distinct real roots.

Example:

Solve 3x? — 7x — 2 = 0. Give vour solutions in surd form.

a=3,b6=-T ¢c=-2 1 Identify a. b and ¢, making sure you
B N - T T get the signs night and write down
x= s the formula.

Remember that —b ++/b% —4ac is
all over 2a, not just part of it.

x= Nz Vlr(_?:}‘ —406)(=2) 2 Substitmte =3, b=—7,c=-2 into
2(3) the formula.
B J73 3 Simplify. The dmaminatn_r 15 6 _
X= when @ = 3. A common mistake is
6 to always write a denominator of 2.
S0 v= 7 _“Iﬁ or ¥— 7 _Jﬁ 4 Write down both the solutions.
[} [}

You can also use this information to see for which values of x your graph is above or below 0, thus answering
quadratic inequality questions.

Examples:

Find the set of values of x which satisfy 22 + 3x + 6> 0

PX+5x+6=0 1 Solve the quadratic equation by
(x+3x+2)=0 factorising.
x=—3orx=-12
It is above the x-axis 2 Sketch the graph of
wherex* +5¢+6>=0 ¥} y=(x+3x+2)

3 Identify on the graph where
X+5x+6>0,1e where v >0

T

i i o
This part of the graph is
not needed as this is
wherex® + S5r+ 6=0

4 Write down the values which satisfy

x<3orx>—2 ; g g
the mequality x2 + 5x + 6= 0




Find the set of values of x which satisfy x? — 5x =10

r—5x=0 1 Solve the quadratic equation by
Hx—51=10 factorising.

x=0orx=5
yl.

(B

Sketch the graph of v =x(x — 5)

3 Identifv on the graph where
¥—5x=0,1e wherey=0

0=x=5 4 Write down the values which satisfir
the mequahty x? — 5x <0

Find the set of values of x which satisfy —2 —3x+ 10=0

—2—-3x+10=0 1 Solve the quadratic equation by
(x+2Dx+35)=0 factorising.
x=2orx=-5
Ya
2 Sketch the graph of
y=(x+2x+5)=0

3 Identify on the graph where
—x2—3x+10=0,1e. where y =0

~fax=2 3 Write down the values which satisfy
the inequality ' —3x+10=0

Of course you can use factorising (where possible) and completing the square to find the roots. You can also
use comleting the square to find the turning point of the graph of a quadratic function.

e For the quadratic function f(x) = a (x + p)* + g, the graph of y = f(x) has a
turning point at (—p, q)



Solve 2x1 — Tx + 4 = 0. Give vour solutions in surd form.

M —Te+4=0
o
" —=x |+4 =0
ke gt
. ! *.3—|
: ;-‘_;-; _';.;J'_J':
2:_1—£I;—§—4=D
(1Y 17
2;.\.—_1; _F =|:|
Y W
" 4) 16
o S
T4 4
17 7
="+ _
4 4
SDA:E—EM_1=1—£
4 4 4 4

1 Before completing the square write

ax? + hx + ¢ 1n the form
4 ™

al 2 +—x|+c
{ i |

¥,

Now complete the square by writing

e —;\' in the form

G By LY
\""22) \2a)
Expand the square brackets.
Simplify.

Rearrange the equation to work out
x. First, add % to both sides.

Dhvide both sides by 2.

Square root both sides. Remember
that the square root of a value gives
two answers.

Add % to both sides.

Write down both the solutions.

a JIxX+6x+2=0

1. Solve, giving your
solutions in surd form.

b 2x-4x-7=0

2. Findthe nature(i.e. the numer of real) roots of the following quadratics

¥ +6x+9=0
¥ +9x+20=0
2x*—10x+8=0
x245x4+10=0
¥ +6x+3=0
2x2+6x+4=0

3x2 —5x = —4
QyZ — gy = —9
10x2—4x =28

Ix2-2x—-5=0



3  Find the set of values of x for which 22 -Tx+3 <0
4  Find the set of values of x for which 42 + 4x -3 =0

5  Find the set of values of x for which 12 +x—x*=0

Find the set of values which satisfy the following mmequalities.
6 xX+x=6
T x2x-9)=-10
8 &xl=15+x
9. Solve by completing the square.
a (x—-Dx+2)=5

b 2x3+6x—-7=0
c ¥-5%+3=0



Solving Quadratic Simultaneous Equations:

A set of simultaneaous equations where one is a quadratic and the other a line looks for the crossing point of
the line and the curve (or circle in some cases).

Key points

e Make one of the unknowns the subject of the linear equation (rearranging where necessary).
e Use the linear equation to substitute into the quadratic equation.
e There are usually two pairs of solutions.

Example:

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

x— 5-3y 1 Rearrange the first equation.
2
» [(5-3¥) s ;
2y° G : '1 =12 2 Substrtute % for x into the
second equation. Notice how 1t 1s
e easter to substitute for x than for y.
yT+—— =12 = ol
" 2 3 Expand the brackets and simplify.
42 +5y-3y? =24
3P +5y=24=0 ; ! )
(v+8)y—3)=0 4 Factorise the quadratic equation.
Soy=—8ory=3 5 Work out the values of 3.
Using 2x + 3y =35 6 To find the value of x, substitute
Wheny=-8, 2x+3x(—8)=5, x=145 both values of y into one of the
Wheny=3, 2x+3x3=35 x=-2 ongmal equations.

So the solutions are
x=145 y=-8 and x=-2,v=13

Check: 7 Substitute both pairs of values of x
equation 1: 2% 145+3 % (—8)=5 YES and y into both equations to check
and 2x(—2)+3x3=5 YES YOUr answers.

equation 2: 2x(—8)% + 14 5x(—8) =12 YES
and 2= (3R +(=2)x3=12 YES




Solve these simultaneous equations.

1

11

y=2x+1
X+ =10

y=x-3
x2—|—}12=5
¥y=3x-5
y=xt—-2x+1
y=x+5
¥+ =25
v=12x
=8
1—y=

10

12

y=Mx-1
*+yp=24
2x+y=11
=15
y—x=2
xX+yp=3



Graphs and Transformations:

Key points

e The graph of a cubic function, fora<0
which can be written in the
form y=ax* + bx* + ex +d,
where a # 0., has one of the
shapes shown here.

fora>=0

f”

special case:a =1 special case:a = =1

.

a

e The graph of a reciprocal

fora=0 fora<0

function of the form y= 2 has
x

one of the shapes shown here. jﬂ

¢ To sketch the graph of a function, find the points where the graph intersects the axes.
o To find where the curve intersects the y-axis substitute x = 0 into the function.

e To find where the curve intersects the x-axis substitute y = 0 into the function.

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

Y
}-: r

o Asymptotes are lines (usually horizontal or vertical) which the curve gets closer to but never
touches or crosses. Asymptotes usually occur with reciprocal functions. For example, the

asymptotes for the graph of y= 9 are the two axes (the lines y=0 and x = 0).
x

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

¢ A double root is when two of the solutions are equal. For example (x —3)*(x +2) has a
double root at x= 3.

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

Remember that “drawing” is accurate, while “sketch” gives the general idea about how a
function behaves.




Examples:

Sketch the graph of y = (x — 3)(x — 1)(x + 2)

for the correct shape.

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

Whenx=0.y=(0—-3)(0—-1)(0+2)
—(3) x (1) x2=6
The graph intersects the y-axis at (0, 6)

Wheny=0,x—3)x—1)x+2)=0
Sox=3.x=lorx=-2
The graph intersects the x-axis at
(=2, 0). (1, 0) and (3, 0)
uy
5

N_A =.r

/2 0

Find where the graph intersects the
axes by substituting x =0 and y = 0.
Make sure you get the coordinates
the right way around, (x, y).

Solve the equation by solving
x—3=0,x—1=0andx+2=0

Sketch the graph.
a =1 =0 so the graph has the shape:

fora=0

Sketch the graph of y = (x + 23 (x — 1)

for the correct shape.

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

Whenx=0,y=(0+2)}(0—-1)
=22 x (-1)=—4
The graph intersects the y-axis at (0, —4)

Wheny=0.(x+2Px—1)=0
Sox=—2orx=1

(—2,0) 18 a turning pomntas x=—21s a

double root.

The graph crosses the x-axis at (1, 0)
1A

(0]

Find where the graph intersects the
axes by substituting x =0 and y= 0.

Solve the equation by solving
x+2=0andx—1=0

a=1 =0 so the graph has the shape:

fora=0




For transformation of graphs remember:

Key points

The transformation y=f{x) a1z a
translation of y = fix) parallel to the y-axis;
it 15 a vertical translation.

As shown on the graph,
o v=1x)+ atranslates v = f{x) up
o v=1x)—a translates v= fix) down.

The transformationy = filx +a)is a
translation of y = fix) parallel to the x-axis;
it 15 a horizontal translation.

As shown on the graph,
o y=1{x +a) translates y= f{x) to the left
o v=1lx —a) translates v = f{x) to the nght.

s The transformation v = f{ax) 1s a horizontal
stretch of v = fix) with scale factor :—}

parallel to the x-axis.

o The transformation v = fi—ax) 15 a
horizontal stretch of v = fix) with scale

factor % parallel to the x-axis and then a

reflection in the y-axis.

s The transformation v = afix) 1s a vertical
stretch of v = fix) with scale factor a
parallel to the y-axis.

y:
y=flx)+a
\ y=1)
a
\ fy=tal-a
Q/ k
=
yf{x( vp TN e—a)
-a 0 a x
L'

v 76y =3

NI

-1

I
5
I
p

|
1 / il
_._._'_.-l" |
|
II‘-"-"—-_
|
—
_._,.r'"

- N
" —
[ ]

an-; = W




L |

| - = 2f

& The transformation ¥ = —af{x) is a vertical : + 3 ——— F ()
stretch of v = f{x) with scale factor 2 | ! /‘\r
parallel to the y-axis and then a reflection :// ! \ 1\/ 1"..'

in the x-axis. ~ 180°] —98¢_ 1,\ 9 o

=

== ||
&
3.
-

N/ LI
| 4
Examples:
The graph shows the fonction ¥ = f{x). 1 | i
Sketch and label the graphs of P T A
¥ =2f{x) and y=—f(x). o
—1BBe, —90° A 90° | 140°
I
| |

' e The function y = 2(x) is a vertical
2T stretch of y = f{x) with scale factor
e 2 parallel to the y-axis.
The function y =—f{x) iz a
i reflection of y = f{x) in the
?"I: : 5
Y= E _} I\"h_ -"'f_z X-aXis.
The graph shows the fonction ¥ = f{x). T I
Sketch and label the sraphs of 1| lysi®
y=H(2x) and y= ). 1l ’;/"’""“\\_ |
] o 03'
— 1P 902 4 90° | 1
|
FTT T %% | | The function y = f(2x) is a horizontal
| “ |y 5 M) i stretch of y = f{x) with scale factor %
~1 B parallel to the x-axis.
— 1808, 908 -7 L 0° The function v = f{—x) iz a reflection
Uy = f(—) of ¥ = f{x) in the y-axis.
=T 2




Here are six equations.
5 Hint
Fsiy r= il 4+ — i 2
S X b Y=gl 2 P Find where each
D y=1-32-x E y=x¥-32-1 F  x+y=5 ofthetcublc
equations cross
Here are six graphs. the y-axis.
i n Y iii ¥

Y
normal
tangent
tangent / \
” ] \/ X [#) 7!/ X
I X
/ / i
normal

iv y v Yi vi
) |
P \ Fan
\‘9 % 0 \}

a  Match each graph fo its equation.

C
=)
.‘_____..--"'

b  Copy the graphs 11, 1v and vi and draw the tangent and normal each at point P.

Sketch the following graphs
2 y=2x 3 y=x(x—2)x+2)
4 y=(+Dx+4)(x-3) S y=@+1)x-2)1-x)
6 y=(-3Px+1) 7 y=0@-1)(x-2)
N & : Hint: Look at the shape of y = i 9 s _E_
X & X

in the second key point.




10 Sketch the graph of y=

x+2

12

13

14

The graph shows the function v = fix).
Copy the graph and on the same axes sketch and
label the graphs of v =f(x) + 4 and y=f{x + 2).

The graph shows the function v= fix).
Copy the graph and on the same axes sketch and
label the graphs of v=f{x + 3) and y={{x) - 3.

The graph shows the function v = f{x).
Copy the graph and on the same axes sketch the
graph of y=f{x - 5).

11 Sketch the graph of v= L

i = fx)

y = fix}

7




15

16

17

The graph shows the function y= fix) and two .
transformations of v= fix), labelled C; and C;.
Write down the equations of the translated curves
Cy and 5 in function form.

y = fix} P L

270" —1B0" éu [

The graph shows the function y= f{x) and two
transformations of y= fix), labelled C; and C;.
Write down the equations of the translated curves o
1 and 5 in function form. L

G/
My ____/"f
y=flx)

The graph shows the function v = fix).

I o =

a Sketch the graphof y=1f{x) + 2

b Sketch the graph of y = fix + 2)

|
=9
|
(8]
|
[d
ey
Lo S I |

H’ll‘



18

19

20

21

22

23

24

The graph shows the fonction y = fix).
Copy the graph and on the same axes
gketch and label the graphs of

/1 = fix)

v=—2f{x) and = fi3x).

The graph shows the funetion v = f{x).
Copy the graph and, on the same axes,

[y~ o)

y=—fix)and y= (L x).

|
[
| - ]
[
sketch and label the graphs of I 5]
—— 1
[
I

The graph shows the fonction ¥ = f{x).

|-

Copy the graph and, on the zame axes, [T 11 /"\ - u i— f) |

sketch the graph of y = —f{2x). LT NLAY NIA

The graph shows the function y=f{x) and a
tranzformation labelled C.

Write down the equation of the translated
curve C in function form.

The graph shows the function y= fix).
a  Sketch the graph of v = —fix).
b Sketch the graph of ¥ = 2f{x).

a  Sketch and label the graph of y = fi{x), where fix) = x - 1)(x + 1.
b  On the same axes, sketch and label the praghs of v=f{x) -2 and y=f{x + 2).

Sketch and label the graph of y= fix), where f{x) =—(x + 1){(x - 2).
On the same axes, sketch and label the graph of y= f |-+ x).



Area Under Graphs:

Key points

¢ To estimate the area under a curve, draw a chord between
the two points you are finding the area between and straight
lines down to the horizontal axis to create a trapezium.
The area of the trapezium iz an approximation for the area
under a curve.

# The area of a trapezium = %h(a— b)

1‘ chord
()
bl
“Z >
h
-
< >

Example:

Estimate the shaded area.
Use three stnips of width 2 unats.




v 7 112 | 13 4

X 4 ] 8 10
v 7 ] 5 4

Trapezium 1:
aq=7-7=0,B=12-6=6
Trapezium 2:
a,=12-6=6, b,=13-5=8
Trapezium 3:
a;=13-5=8, a;=4-4=0

! gyl 6=
Eh(alrbl}—ix.?:[{}.ﬁ) 6
! : _1 LBy =
EM%T@}—EXE({LS} 14

1 1
—h{a; +b,)=—x2(8+0)=8
zfﬂfﬂ; ;) 5t 8+0)

Area=6+ 14+ 8 =28 units?

Use a table to record y on the curve
for each value of x.

Use a table to record v on the
straight line for each value of x.

Work out the dimensions of each
trapezium. The distances between
the y-values on the curve and the
y-values on the straight line give the
values for a.

Work out the area of each
trapezium. = 2 since the width of
each trapezium 1s 2 units.

Work out the total area. Remember
to give units with your answer.

1  Estimate the area of the region between the curve y=(5 —x)(x + 2) and

the x-axis fromx=1tox = 5.
Use four strips of width 1 umt.

2  Estimate the shaded area shown
on the axes.
Use six strips of width 1 unat.
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3 Estimate the area of the region between the curve v =2 — 8x + 18 and the x-axs

fromx=2tox=46.
Use four strips of width 1 unit.

4  Estimate the shaded area.
Use six strips of width % unit.

5 Estimate the shaded area using five
strips of equal width.
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Volumes and Surface Areas:

Key points Wm
¢  Volume of a prism = cross-sectional area = length.

® The surface area of a 3D shape 1s the total area
of all its faces. : '

cross-section

¢  Volume of a pyramid = — = area of base = vertical height.

Lad |

o  Volume of a cylinder = 2k
¢ Total surface area of a cylinder = 2?2 + 2wk

4
# Volume of a sphere = gm'ﬂ' /

* Surface area of a sphere = 42

1. -
¢  Volume of a cone = gm" i

¢ Total surface area of a cone = mrf + 77

Examples:

The triangular prism has volume 504 cm3.
Work out 1ts length.

Bhl 1 Write out the formula for the
— volume of a triangular prism.
2 Substitute known values into the

=

] et

504= 2 %x9x4x]

formula.
504=18 x| 3 Smnphify
{=504=18 4 Rearrange to work out .

=28cm 5 Remember the units.




M
Calculate the volume of the 3D solid.
Give your answer in terms of .
12 cm
W
Total volume = volume of hemisphere 1 The solid 1s made up of a

hemisphere radius 5 cm and
a cone with radius 5 cm and height
12-5=Tcm.

+ Volume of cone

1 4 1
= 5 of Fm?+ J wih

Substitute the measurements into the

Total volume = % x 3 xgx53
formula for the total volume.

Remember the units.

The triangular prism has volume 504 cm?®.
Work out its length

9cm

bhil 1 Write out the formula for the
< G volume of a tnangular prism.
2 Substitute known values into the

=

i bt

504= 1 x9x4x]

formula.
504=18 =1 3 emphly
I=504—+18 4 Rearrange to work out [

=28cm 5 PEemember the units.




1

Work out the volume of each solid.

Leave vour answers in terms of m where appropriate.

5.5cm
Scm

9cm

Tecm

B Scm

13 cm

Tecm

g asphere with diameter 9 cm

Grmn

9cm

b

40 cm 60 cm

(]

L

Im

Jcm

0 cm

Bcom

f asphere with radius 7 cm

h a hemisphere with radius 3 cm

i /

A cuboid has width 9.5 cm, height 8 cm and volume 1292 cm?®.

Work out its length.

The triangular prism has volume 1768 cm?.

Work out 1ts height.

oy

M

8 cm

16 em



The diagram shows a solid triangular prism.
All the measurements are in centimetres.
The volume of the prism is I cm?.

Find a formula for I in terms of x.

Give vour answer in simplified form.

The diagram shows the area of each of three
faces of a cuboid.

The length of each edge of the cuboid 15 a whole
number of centimetres.

Work out the volume of the cuboid.

The diagram shows a large catering size tin of beans
in the shape of a cylinder.

The tin has a radius of 8 cm and a height of 15 cm.
A company wants to make a new size of tin.

The new tin will have a radius of 6.7 cm.

It will have the same volume as the large tin.
Calculate the height of the new tin.

Give vour answer correct to one decimal place.

The diagram shows a sphere and a solid cvlinder.
The sphere has radius 8 cm.

The solid cylinder has a base radius of 4 cm and
a height of hcm.

The total surface area of the cylinder 1s half the
total surface area of the sphere.

Work out the ratio of the volume of the sphere to
the volume of the cylinder.

Give your answer in its simplest form.

2x+1

T+ 8

30 cm?

12 cm?

o
2]
=
-
ety
-

10 em?

15cm




Answers:

Numbers
1.
a) 11
c) 36
2.
1
a) 125
c) 5
3.
L
ay 7=
4
c) 5=
e) —cor2 =
27
4.
a 15\/5
C 3\/§
e 6\/'?
5.
3 a -1
¢ 1045-7
6.
3+\/§
4
7.
X—y
Algebra:
1.
I
a Sy
2
c 3x
1
e

b) 2
d) 125
4
b}g—
e. 0 £ 1
b)zf
d}33
5
d 3
I 5,3
b 9-.3
d 26-442
, 243 . 665++2)
13 23
8.
a 3+2\/E
52
y
222
o3
X




No ok

i
a. 27x1; b

a) (x + 6y)(x — 2y)
(x+y)(3b—4)(3b+4)
(x=—4?-y*=(x—-4-y)(x—4+Y)
a) 3(5x — 4y)(5x + 4y)

b) (—x + 7)(x +5)

8. 523 (223 — 3 + 4z3)

3 1

%2 — 53

4x7 —8x’

(x=5)7 = (x-5)"

1
3

12x% —8xt

5(4x+3)7 —4Gx+D(Ex+3)7

—%(Rr)(l Al ,rlj’%(—z,r) + 3(1 —xl)’%

10.

13

14

16

17

_g+pt
© q-ps

12

32

e i 1

11

= g Low
¥ 12

c)Bx+1)(2x+1) d)3x(2x—-3)2x+1)

b)(b—5—a)(b—5+a) c)4x?y(x — 5)2
Ans: .r’?(,r_l)
Ans: 4“’7%“‘21’]! 4“:}3..[‘)
T
-3 -6
: (e S) B —
Ans: ( ) = 5)3},2
Ans: 4_\““4(3—20-@
X
Ans; — 1
(4x+3)"
Ans:i— 2 _
1- \‘1)' B
1
b +2+
X
4y-3
x=
2+y
K
F=3—
4
v
r= [—
27h
_ 3d:-
" 4rmepy?
& 3p}’+ qul'r . .TG + 2(})
A= 3p—a’pq - 3_{1(]



Quadratics:

¥+6x+9=0
XX +9x+20=0
22— 10x+8=0
x?+5x+10=0
¥+6x+3=0
2x2 +6x+4=0

3x2 -5x=—4
9x2 —px = -9
10x* —4x =8

. 3x?-2x—-5=0

a x=l+s.-'r1_40rx=1—~,-"’l_4
5413
2

S_”ﬁ_} orx=

2

x=

b

3.2

x=1+ —/— orx=
2

L)
2
3 l—cx-:_’;
2
1
4 x<_“orx®—
2 2
5 3=x=4

Quadratic simultaneous equations:

1 x=1y=3
9 1
b
3
2 x=2,v=4
x=4 y=2
3 x=1ly=-2
x=2 y=-1
4 x=4y=1
16 13
X=__Yy=—
5 5
5 x=3,v=4
x=2y=1
6 x=7,y=2
x=-1l,yv=-6

2 2

7 x=0,y=
__:'a.}lzﬂ

8 x=-tp=-2

3 3

x=3,y=35

9 x=-2y=44
x=2,v=4

10 x=2.y=6
x=3,y=5

1 x=1+1’ﬁ,y= —1-:..5
x= l_wﬁ,}‘: _l:ﬁ

12 ox= 2,34
x= _I_Q‘ﬁb}rz 3_'\{?



Graphs and transformations:

1

a

1—C

u—E

ui—B

w—A

v—F

vi—D

i 4

ol .

t

vi Lk

X
angent

normal

/1
tangen%

normal

.

'

]

£

W ——

=

v ya
/nurm al
et P
0 ~ %
/ tangent

3
('Y /
2 OfhAp  x
5 y
/N




i
]
10 3 x
-2
B y A 9 e
@] ::c o =%
10 , 11 g
1 H
113 14 1

12 13

fix)

14




15 cry=fx-909
Coy=1fx)-2

Cry=fx-5)
16 Cry=flx)-3

17 a

oa

y=fx)+2

|
pary

L ]
11

18

20

= fla)

2 .,

[EEY, ]

23

=+ ¥ = 1x)

19

2x)

24

=

x !
=]

ANARERTEL
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/ it
\w = -fftx) :
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:=1ﬂrl]'
| /!.I=“I'.r}
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17 e
)i
& !
Aa | 2 fh© b 4
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Area under graph:

1 34 units!

5 ] 5 units?
2 149 units? 4
3 14 units?

1.
4 25 umis?
1

Volumes and Surface Areas:

1 a F=3%cm? b F=75000cm?
¢ V=4025cm? d V=200rcm?
e V=10087cm? f =227 cms
g F=1215mcm? h FVF=18rcm’
i V=48rcm’ i V=2rcm

2 17cm

3 17cm

4 V=xi+ ‘2_-'x1—4x

¥ /]
e
=
[y
B
L



