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BASIC PRINCIPLES

m Simplify fractions.

B Use a scientific calculator to work out arithmetic calculations (including use of the memory, sign change and
power keys).

B All fractions can be written as either terminating decimals or decimals with a set of recurring digits.

W Fractions that produce terminating decimals have, in their simplest form, denominators with only 2 or 5 as factors.
This is because 2 and 5 are the only factors of 10 (decimal system).

B The dot notation is used to indicate which digits recur. For example,

m03 =0.333...

® 023 =0.232323 ...

m 0.056  =0.056056056 ...
1234 =1.2343434 ...

RECURRING DECIMALS

Fractions that have an exact decimal equivalent are called terminating decimals.
Fractions that have a decimal equivalent that repeats itself are called recurring decimals.

m Change 0.5 to a fraction.

m Let x = 0.555555...  (Multiply both sides by 10 as one digit recurs)
ANALYSIS 10x = 5.555555...  (Subtract the value of x from the value of 10x)
9r=5 (Divide both sides by 9)
-5
=g

m Change 0.79 to a fraction.

ETT)  Lot:- 0797070, (Multiply both sides by 100 as two digits recur)

RMALTZES 100x = 79.797979...  (Subtract the value of x from the value of 100x)
99x = 79 (Divide both sides by 99)
_19
T
B To change a recurring decimal to a fraction, first form an equation by putting x

equal to the recurring decimal. Then multiply both sides of the equation by 10 if
one digit recurs, by 100 if two digits recur, and by 1000 if 3 digits recur ete.

NO. OF REPEATING DIGITS MULTIPLY BY
1 10
2 100
3 1000
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m Change 0.123 to a fraction.

m Let ¥ = 0.123123...  (Multiply both sides by 1000 as three digits recur)

ANALYSIS 1000x = 123.123123... (Subtract the value of x from the value of 1000x)
999y = 123 (Divide both sides by 999)
_ 123
* = 9a9
x =30 (In its simplest form)

Change 0.345 to a fraction.

EM)  letr-03i5 (Multiply by 10 to create recurring digits after the decimal point)
RUALVSES 10x = 3.454545...  (Multiply by 100 as there are two recurring digits after the decimal point)
1000x = 345.454545...  (Subtract 10x from 1000x)
990x = 342
x=342_19 (Write answer in its simplest form)

990 " 55

ADVANCED CALCULATOR PROBLEMS

The efficient use of a calculator is key to obtaining accurate solutions to more complex calculations. Scientific
calculators automatically apply the operations in the correct order. However, the use of extra brackets may be
needed in some calculations. The calculator's memory may also be a help with more complicated numbers and
calculations.

The instruction manual should be kept and studied with care.

m Calculate the following, giving answers correct to 3 significant figures.

o - (1.?6x1o=)" b 15.4‘:{10f
V5.3x10°¢ o

ANALYSIS

a DB «EN:0@--EDNDE«B

3.41585...x 10" = 3.42 x 10" (3 s.f)

b Os-Bs5+«E0:-08:8

7.04998... =7.05 (3 s.f)

Become familiar with the function keys on your own calculator as they may be different from those
shown here.
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ACTIVITY 1

m Calculations such as 3 x 2 x 1 can be represented by the symbol 3!
ADAPTIVE Similarly 4l =4 x 3 x 2 x 1
LEARNING

So1l=1,2=23=6,4!=24andsoon...

The x! symbol is called the factorial of x.

Thusal=xx{r-1) x{x-2)x... x3x2x1

The factorial function is very useful in mathematics when considering patterns.
Scientific calculators have this function represented by the button

4 _4x3x2x1 _
Note lhatm-w =4
ip Find the values of the following expressions without the use of a calculator.

5! 10! 100!
a &l bﬁ!c?!dﬁ eﬁfgm

2p» Find the values of the following with the use of a calculator.

100 s
2 7151 a
121 Bl 1,41, 41,4141
b Tz"a_i)l e 1hetlerderdad
a o
sin(10 % 31) 141,41 g1 1
¢ (7903(1[1“1)) f (11' Tt a1y
3p» Solve these equations.
a xl = 3628 800 ¢ 27 =16777 216
b 2 -x+41=12 + 3l d (x!? = 1625 702 400
n! — pr_
ap Showthat(n_z)! =n*-n

Algebra 07

BASIC PRINCIPLES

B Expand brackets. B Solve linear equations.
B Expand the product of two linear expressions. W Solve guadratic equations of the form x* + bx + €= 0
by factorising

B Substitute into formulae.

B Solve problems by setting up and solving quadratic
B Factorise quadratic expressions of the form &% + bx + ¢ equations of the form x* + bx + ¢ =0

SOLVING QUADRATIC EQUATIONS BY FACTORISING

B There are three types of quadratic equations with a = 1

fb=0 2 c=0 (Rearrange)

= ©=c (Square root both sides)
= x =+

Ife=0 2 4br=0 (Factorise)

= xx+b) =0 (Solve)

= x=00rx=-b

lfbz0andc=0 P+br4+c=0 (Factorise)

= (x+p)lx+g)=0 (Solve)

= X=-porx=-g

wherep xg=candp+g==5

B [f ¢ is negative then p and g have opposite signs to each other.
B [f ¢ is positive then p and g have the same sign as b.



www.focuscollege.lk +94 74 213 6666

m Solve these quadratic equations.

ax-64=0 b x*-81=0 c x*-Tx=0
a x° =64 b (x-9)x+9) =0 cxfxr-7)=0
x=8o0rx=-8 x=9%o0rx=-9 x=00rx=7

FOCUS

d2x*-10x+21=0

dx-7)x-3)=0
r=7orx=3

Part b shows that if ¢ is a square number then using the difference of two squares gives the

s5ame answers.

FURTHER FACTORISATION

When a # 1 the factorisation may take longer

m B Always take out any common factor first.
m Solve these guadratic equations.

a 9x*-25=0 b ¥ -12x=0
a 9x* - 25=0 b 3x° - 12x =0
= Oa*=25 = 3xfx-4)=0
- 1’2=& = r=00rx=4

9

_ .5

> ¥ =g

If there is no simple number factor, then the factorisation takes more time.

m Solve x(3x — 13) = 10

Expand the brackets and rearrange into the form ax® + bx + ¢ =0

32 -13x-10=0

Factorise 3x% - 13x - 10

The first terms in each bracket multiply together to give 3x° so the factorisation starts as

The last terms in each bracket multiply together to give =10. The possible pairs are -1 and 10,
1and-10, 2 and -5, -2 and 5.

The outside and inside terms multiply out and sum to -13x
So the factorisation is (32 + 2)(x - §)

= (Bx+2)x-5)=0

= 3xr+2=00rx-5=0
-2 -

= x= 3’or.r 5

SOLVING QUADRATIC EQUATIONS BY COMPLETING THE SQUARE

If a quadratic equation cannot be factorised, then the method of completing
the square can be used to solve it. This involves writing one side of the
equation as a perfect square and a constant. A perfect square is an expression
like (x + 2)2, which is equal to x* + 4x +4

c 122 - 24x-96 =0

c 12x* —24x - 96 =0

= 12(x* -2xr-8)=0
= 12(x+2)(x—-4)=0
= xy=-2o0rx=4

x 2
X x° 2r
2 2x 4
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m Solvex?+4x-3=0

@+dx-3=0

L
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Prdr+d4=7
x+2F=7
x+2=27
x=-2+Tor-2+7

(Square root both sides)

We want to write

2% + bx + ¢in the form (x + p)* + g to have a perfect square.

Prbr+e=x+pf+g 1)

a+br+c=2"+2px + p*+ g (Multiplying out)

So if we take b = 2p and ¢ = p* + g then the expressions will be equal.

This means p =g

2
Nsoasc=p2+qihenq:—p2+corq=—(%) +

So substituting for p and g in (1) gives

2

tbr+ce= (x+ﬁ) _(Q) +c

2

2

2

m Write these quadratic expressions in the form (x + p)* + ¢

ar+4x+5

b x¥*+5x-1

ax+dr+5=(x+ 2)°—(2P+5=(x+ 2)°+1

Tt T

b ¢ g

9 5

b x?+5x ‘I-(;|:+§
T T

[ g

T
¢
2 2 W2
@1 (092
1

s

ha|o= — Malen

If & is negative then care is needed with the signs.

Write x* — 8x + 7 in the form (x + p)* + ¢

Treatx? —8x+7asx? + (-8x+7s0 2= —4

Then x* + (-8)x + 7

2
= (x4 (4 - (-4 + 7
=(x-4F-16+7
=(x-4°-9

m Write 4x% + 12x — 5 in the form alx + p)® + ¢

43 +12x -5 =4{x*+ 3x) -5

Now x* + 3x =

So 4(x* +3x)-5=4

(£+3) -] - (-3 -3

(e -

(Add 7 to both sides to make LHS a perfect square)
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Write —x® + 4x + 1 in the form alx + p)* + g

—x® +dx +1=-1x* - 4x] +1
= —1[fx - 2)? - 27 + 1
=—(x-2°+5

Any quadratic equation can be written in the form p(x + q)2+ r = 0 by completing the square. It can then be solved.

By completing the square solve

ar+2rxr-2=0 b 2x¥-6x=4
a1r+2rxr-2=0=(x+1P°-1-2=0 (Rearrange)
= (x+1)2=3 (Square root both sides)
sx+1=x/3
=r=-1+J3orx=-1-3
b 2¢ - 6r=4 =1’ 3x=2 (Divide both sides by 2)

2 2

errors N
x +f:-.r+a-(:t+2) (2) +£
Take care with the signs if b is negative.

ax® + bx + ¢ can be written as a(f - gx)+ ¢ before completing the square for x° + —gx

Give your answers in surd form (unless told otherwise) as these answers are exact.

SOLVING QUADRATIC EQUATIONS USING THE QUADRATIC FORMULA

The quadratic formula is used to solve quadratic equations that may be difficult to solve using other methods.
Proof of the formula follows later in the chapter.

m B The quadratic formula

If ax® + bx + ¢ = 0 then x=M

2a

The quadratic formula is very important and is given on the formula sheet. However, it is used so often that you

should memorise it.
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M Solve 3x° - Bx + 2 = 0 giving answers correct to 3 s.f,

Herea=3,b=-8,c=2
Substituting into the formula gives x = —

(-8)+ (-8 -4x3x2 _g=/64_24
2x3 [+

o1 = 3+_g'4_0_ —2390rx= L—g_ﬂ - 0.279t0 3 sf.

Note how the negative number, -8, is handled in Example 10. Be very careful when substituting
negative numbers into the formula; this is usually the reason for any mistakes.

Solve 3.5x + 2.322 = 4.8 giving answers correct to 3 s..

2.3x* +3.5x-4.8=0 (Rearrange the equation into the form ax? + bx + ¢ = 0)
a=23b=35c=-48 (Write down the numbers to substitute in the formula)

v = -3.5+3.5°-4x23x(-4.8) _3.54+/56.41

5553 = 46 (Substitute the numbers)

_=3.5+J56.41 _ 4570 or 4 = %‘éﬁ-‘ﬂ_ =-2.39to 3 s.f.

sox a6

B« is the coefficient of x?, it is not necessarily the first number in the equation. Always rearrange
the equation into the form ax® + bx + ¢ = 0 before using the formula.

B [f the question asks for answers to a number of s.f. or d.p. then it is fairly certain that the
quadratic formula is required.

PROOF OF THE QUADRATIC FORMULA

The following proof is for the case when a = 1, i.e. for the equation x* + bx + ¢ = 0

2 2
2 _ by _ (b . ;
Frbr+ec=0 = (x + 2) (2) + ¢ =0 (completing the square)
bY _(bY ,
= (x +§) = (E) - (rearranging)
2
= (x + g) - % . (squaring the fraction)
2
= (x +g) = h_f*;ﬁ (simplifying)
S TS BT (square rooting both sides)
= x+ g = @ (square rooting fraction)
>  x= w (rearranging and simplifying)
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PROBLEMS LEADING TO QUADRATIC EQUATIONS

Example 12 revises the process of setting up and solving a quadratic equation to solve a problem. The steps to be
followed are:

B Where relevant, draw a clear diagram and put all the information on it.

M Let x stand for what you are trying to find.

B Form a quadratic equation in x and simplify it.

B Solve the equation by factorising, completing the square or by using the formula.

B Check that the answers make sense.

The width of a rectangular photograph
is 4cm more than the height.

The area is 77 cm?.

Find the height of the photograph.

]

Let x be the height in cm.
Then the width is x + 4cm.
As the area is 77 cm?,

x(x+4)=77 (Multiply out the brackets)
¥ +4x =77 (Rearrange into the form ax? + bx + ¢ = 0)
¥+4x-77=0 (Factorise)

(x-7)x+11)=0
So,x=7o0r-11cm
The height cannot be negative, so the height is 7cm.

m The chords of a circle intersect as shown.

Find the value of x.

Using the intersecting chords theorem:

xfr+2)=3x4 (Multiply out the brackets)
¥ +2r=12 (Rearrange into the form ax® + bx + ¢ = 0)
¥ 42r-12=0

This expression does not factorise.
Using the quadratic formula with @ =1, b = 2 and ¢ = -12 gives

x=2610r-461(3sf)
As x cannot be negative, x = 2.61 to 3 s.f.
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m A rectangular fish pond is m by 9m. The pond is surrounded
by a concrete path of constant width. The area of the pond is
the same as the area of the path. Find the width of the path.

Let x be the width of the path.
The area of the pathis (2x + 9)(2x +6) -9 x 6

=4x" + 30x + 54 - 54 . Sr 4@
= dx® + 30x

-

The area of the pond is 9 = 6 = 54 m?.
As the area of the path equals the area of the pond,

4x? + 30x = 54 (Rearrange into the form ax? + bx + ¢ = 0)
4x* +30x-54 =0 (Divide both sides of the equation by 2)
2x2+15x-27=0 (Factorise)

(2x-3)x+9) =0

So,x=150r-9m

As x cannot be negative, the width of the path is 1.5m.

EXAMPLE 15

EXAMPLE 16

SOLVING QUADRATIC INEQUALITIES

Squares and square roots involving inequalities need care.

Solvex? -4 <0

First sketchy =2 -4

To do this, find where the graph intersects the x-axis by solving
the equation x* — 4 = 0.
r-d=0=2x*=d4d=xr=-2o0rx=2.

So the graph intersects the x-axisat x = -2 and x = 2.
Also, when x = 0, iy = -4, so the graph cuts the y-axis at —-4.

The graph is a parabola, which is U-shaped.

The required region is below the x-axis. As this is one region,

the answer is one inequality. Wanted part of

) P
The solution is -2 < x < 2. numberfine -4

Solve 2 — x - 2 = 0, showing the solution set on a number line.

Firstsketchy =2 -x -2
To do this, find where the graph intersects the x-axis by solving the equation ¥* —x-2=0

@2-x-2=0=(x-2x+1)=0=xr=20rx=-1 u.
so the graph intersects the x-axis at v = 2 and x = -1

Whenx=0,y=-2

The required region is below the x-axis. As this is one
region, the answer is one inequality.

The solutionis -1 =x = 2.

Wanted part of
+ + + + + + + =X number line

10
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Solve ¥? — 5x + 620

First sketchy =2x* - 5x + 6

To do this, find where the graph intersects the x-axis by solving
the equation x¥ - 5x +6 =10

2 _ = — _ = = = Wanted part of
¥-Bx+6=0=(r-2)r-3)=0=zr=20rx=3 paned par

so the graph intersects the x-axisatr=2and x =3
Whenx=0,y=86

The required region is above the x-axis. As this has two
components, the answer is two inegualities.

The solutionisx=2orx =3

B To solve a quadratic inequality, sketch the graph of the quadratic function.

GRAPHS 6

BASIC PRINCIPLES

| Substitute positive and negative numbers (including B A graph of p against ¢ implies that p is on the vertical
fractions) into algebraic expressions (including those axis and ¢ is on the horizontal axis. These values are
. : 1 variables and can represent physical quantities such as
nvolving squares and cubes) and those of the form distance, speed, time and many others, Often a range of
B Recognise linear and quadratic graphs. values is stated where the graph is a ‘good’
mathematical model and the values can be trusted to
B Draw graphs (linear and quadratic) using tables of values. produce accurate results.

CUBIC GRAPHS y=ax*+ ba’+cx +d

A cubic function is one in which the highest power of x is 2%
All cubic functions can be written in the form i = ax® + ba® + ex + d where a, b, ¢ and d are constants.
The graphs of cubic functions have distinctive shapes and can be used to model real-life situations.

Plotthe graph of y = 2 + 1 for -2 s x < 2

Method 1 The complete table is shown with all cells filled in to find y.

x -2 -1 0 1 2

-8 -1 0 1 8
+1 +1 +1 +1 +1 +1
y =7 0 1 2 9

11
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Method 2 The table is produced showing only x and y values.
This can be generated from functions in many calculators.

x -2 -1 0 1 2
y -7 0 1 2 9

x

-3 - 3

=3
m Draw the graph of j = 2x* + 2x° — 4x for -2 < x < 2 by creating a suitable table of values.
REASONING x =2 -1 0 % 1 2
2 ~16 2 0 % 2 186
2 8 2 0 % 2 8
—4x 8 4 0 -2 -4 -8
11

¥ ] 4 0 1, ] 16

Asy=0forbothx=ﬂandr=1rx=:,12-isusedm

find the value of y betweenx =0andx =1

Plot the points and draw a smoaoth curve through
all the points.

Note: Modern calculators often have a function
that enables tables of graphs to be produced
accurately and quickly so that only the x and y
values are shown. However, you will still be
expected to be able to fill in tables like the one
above to plot some graphs.

12

§=2x7+ 227 - dx
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B A cubic function is one whose highest power of x is x*

ANALYSIS

It is written in the form y = ax® + ba® + cx + d

When a > 0 the function looks like this / or /\/

When a < 0 the function looks like this \ or \/\

The graph intersects the y-axis at the point y = d

RECIPROCAL GRAPHS y = r_:

A reciprocal function is in the form iy = % where « is a constant.

The graph of a reciprocal function produces a curve called a hyperbola.

ACTIVITY 2

Draw the graph of iy = %, wherex 20, for-3=x=<3

Dividing a number by 0 gives no value, so it is necessary to investigate the behaviour of y as x
gets closer to zero from both sides. Use this table of values.

x -3 2 -1 -

naj—

1 1 1
2 4 4

¥

The graph of a reciprecal function has two parts, both of which are smooth curves.

B Thegraphof i = % is a hyperbola. . u

ANALYSIS

The curve approaches, but never touches, k _/
the axes. The axes are called asymptotes
to the curve. \

Other reciprocal graphs which involve division by an x term include, for example,

y=1+;,y=2x7%,y=%andy=3x+%

a Draw the graph of iy = % +x-5for1=x <8 by first creating a table of values.
b Use the graph to estimate the smallest value of y, and the value of x where this occurs.
c State the values of x for which y = 2.5

L]

—ry
ra
%)
-
w
(3]

=3
—
o
o
w

o=
r
-

wlra

L]
—ry
ra
%)
-
w
(3]

I
o
|
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|
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|
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|
(5}
|
(51}
|
43}

G|
]
n

wlna




www.focuscollege.lk +94 74 213 6666

b The graph shows that the minimum value of y ~ 1.3 ¥
when x =~ 3.2

c Wheny=25x=170r58

2.5 -»

13—

SHAPE AND SPACE 7

BASIC PRINCIPLES

m The perimeter of a shape is the distance all the way round the shape.

m Circle
The perimeter of a circle is called the circumference.
If € is the circumference, A the area and r the radius, then
C=2mr
A=nart

B Semicircle
A semicircle is half a circle cut along  diameter. @
The perimeter is half the circumference of the circle plus the diameter, so P = 7r + 2r
2
The area is half of the area of the circle, so A = EZL

m Quadrant

A quadrant is quarter of a circle.
The perimeter is a quarter of the circumference of the circle plus twice the radius, so P = % +2r ‘
The area is a quarter of the area of the circle, s0. A = ”—‘F

B Find the perimeter of rectangles and triangles.

m Use Pythagoras’ theorem.

B Recognise similar shapes.

m Use the ratio of corresponding sides to work out scale factors.

® Find missing lengths on similar shapes.

m The circumference of a circle is 10cm. Find the radius.

Using €' = 2ar
10 = 2ar (Make r the subject of the equation) 10cm

=10
T=2x
=1.59cmto 3 sf.

m The area of a circle is 24 cm?. Find the radius. -
Using A = 7r?
24 =m*  (Make r the subject of the equation)
_24
o
oy
T

=2.76cmto 3 s.f.

m Find the perimeter and area of the shape shown.

The radius of the quadrant BCD is 3cm, so BC = 3cm.
Perimeter = AB + BC + arc CD + DE + EA

=4+3+ +4+3 B b

2xmax3
4
=18.7cm (lo3sf)

Area = area of quadrant BCD + area of rectangle ABDE
.97
=%t 12

A «—3 cm—»E
=19.1¢em? (to 3 s.f)

14
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ARCS

An arc is part of the circumference of a circle.

The arc shown is the fraction % of the whole circumference.
X

So the arc length is 360 2ar

m Find the perimeter of the shape shown.

i =__
Using Arc length = 360 % 21ar

- .80 -
Arc length = 55 x 277 x 4 = 5.585¢m

Perimeter = 5,585 + 4 + 4 = 13.6cmto 3 s.f.

m Find the angle marked x.

Using Arc length = x 2ar

_L
360
12 = féﬁ % 21 % 9 (Make x the subject of the equation)
¢~ 12x360

27 %9

=76.4°to 3 s.f.

m Find the radius r.
X

Using Arc length = 580 © 2ar

20 = % x21r  (Make r the subject of the equation)

- 20 x 360
T B0x 27w

=229cmto 3 sf

5
B Arclength = 52 x 217

15
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SECTORS

A sector of a circle is a region whose perimeter is an arc and two radii

Sector
The sector shown is the fraction - 360 of the whole circle. of circle
r
X 2
So the sector area is 360 X Tr

Find the area of the sector shown

U Sect 5 7cm i
snng eCclor area = 360 Xar

0o 2
A-360xHx7

=27.8cm? to 3 s.f.

Find the angle marked x

1 W 2
Using Sector area = 360 X T

Area = 12cm? \
12= 3-% x 7T x 52 (Make x the subject of the equation)
_12x 360
Y= x5

5cm !
=55.0°to 3s.f.

EXAMPLE 8 i

Find the radius of the sector shown LT
Area = 50 cm?®
T - 2
Using Sector area = 360 ® T

LA 2
50 = 360 Xr

_ 50 x 3860
r= TOxw

r =[50 %360
TN VOxw
=9.05cm (to 3 s.f)

B Sectorarea= X xnr?

360

(Make r the subject of the equation)

16
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SURFACE AREA AND VOLUME OF A PRISM

ACTIVITY 1

Curved surface area of cylinder

Take a rectangular piece of paper and make it into a hollow (empty) cylinder.

Use your paper to explain why the curved surface area of a cylinder = 2arh

Any solid with parallel sides that has a constant
cross-section is called a prism.

Volume of a prism = area of cross-section x length

A cuboid is a prism with a rectangular cross-section. Croms zeation

Cross-sactional area

7

Depth
—— Width —r"/

Volume of a cuboid = width x depth x height

A cylinder is a prism with a circular cross-section. H.%,m

If the height is k and the radius r, then volume of a cylinder = ar®h
Curved surface area of a cylinder = 2arh
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Calculate the volume and surface area of the prism shown.

N . . 17
The cross-section is a right-angled triangle. om

Area of cross-section = % x 8 x 15 = 80cm?

So

Volume = area of cross-section x length 15cm
Volume = 60 x 20 = 1200cm®

20cm

Surface area = sum of the areas of the 5 faces (2 triangles + 3 rectangles) acm
=2{%XS><15}+{1?X20}+(8x20]+{15x20}
=920em?

Calculate the volume and total surface area of an unopened cola can
that is a cylinder with diameter 6cm and height 11 cm.
Using V=mrfhwithr=3andh =11
V=mx3x11
=311em*to 3 s.f.
Total surface area = area of 2 circles + curved surface area
A=2xar’ +2arh
=2xax3+2xax3x11

= 264cm’ to 3 s.f.

VOLUME AND SURFACE AREA OF A PYRAMID, CONE AND SPHERE

B Volume of a pyramid = % x area of base x vertical height

B A coneis a pyramid with
a circular base.

B Volume of a cone = - x area of base x vertical height

W=t W=

x 7r® x h, where r = radius and h = vertical height

B Curved surface area of a cone = arl, where [ is the slant (sloped) height

B For a sphere of radius r,

¥ Volume = %Jrr’

® Surface area = 4mr°

w Find the volume of the rectangular-based pyramid shown.

Using V = % x area of base x vertical height

V=%x8x10x12
=320cm?®

18
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m Find the total surface area of the cone shown.

Use Pythagoras’ Theorem to work out .

I?=5%4+12°
=169
[=13
Curved surface area of a cone = mrl
=7x5x13
= 204cm?®
The base is a circle with area 7r® = 7 x 5%
=78.5cm?
Total surface area = curved surface area + area of base

=204 +78.5
=283cm®to 3 s.f.

A table tennis ball has a volume of 33cm?®. Find the radius and surface area.

Using Volume of a sphere = %m-’

33 = %m# (Make r the subject of the equation)

Using Surface area of a sphere = d7r?
A=dxmx1.99
=49.8cm’to 3 s.f.

SIMILAR SHAPES

AREAS OF SIMILAR SHAPES

When a shape doubles in size, then the area does NOT double, but increases by a factor of four.

o 1 | dnumes [ o
= cm

1cm
The linear scale factor is 2, and the area scale factor is 4.

If the shape triples in size, then the area increases by a factor of nine.

Length
. trlples
Area = 1cm 1em Area = 9cn??
1cm

Note: The two If a shape increases by a linear scale factor of k, then the area scale factor is k*.

* Area =2 x4 =8cm?

19
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shapes that are Area = 2em?
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The two shapes shown are similar. Area = 10cm®

The area of shape A is 10cm?.

Find the area of shape B. A B
+—d4cm—

The linear scale factor k = %= 2

(Divide the length of shape B by the length of shape A.)
The area scale factor k* = 2° = 4
So the area of shape B = 10 x 4 = 40cm?

The two shapes shown are similar. Area = 18cm?
The area of shape A is 18cm®.
Find the area of shape B.

Geom >

The linear scale factor k = % = %

{Divide the length of shape B by the length of shape A.)

2
The area scale factor k* = (%) = g

So the area of shape B = 18 x 5= 8em?

=

+——dom—+

The two triangles are similar, with dimensions
and areas as shown.

What is the value of x? A /:j _ Area = 2cm?
4 »
icm

The area scale factor k? = % =9

(Divide the area of shape B by the area of shape A.)
The linear scale factor k =49 = 3
Sor=1x3=3cm

B Area = 18cm?

A1 CIM——%

B When a shape is enlarged by linear scale factor k, the area of the shape is enlarged

by scale factor k2.

20
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VOLUMES OF SIMILAR SHAPES

When a solid doubles in size, the volume does NOT double, but increases by a factor of eight.

1em Length
Volume = 1cm? dnublas
1cm
Tcm Volume = Bem?

The linear scale factor is 2, and the volume scale factor is 8.

If the solid triples in size, then the volume increases by a factor of 27.

1em Iiannl
p es
Volume =1 cm? Volume = 27 cm?
1cm
1cm

If a solid increases by a linear scale factor of k, then the volume scale factor is k*.

EXAMPLE 18 The two solids shown are similar.

The volume of solid A is 20em?®. .
Volume = 20 cm

Find the volume of solid B.

The linear scale factor k =%=2 A ‘
(Divide the length of solid B by the

length of solid A.) ——d4em—r

The volume scale factor k* = 2° = 8
So the volume of solid B = 20 x 8 = 160cm?®

This applies even if the solid is irregular.

Volume = 2cr Longth doubles

Volume
Scale Factor = 8

Note: The two solids must be similar.

gcm ¥
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EXAMPLE 19 The two cylinders shown are similar.
The volume of cylinder C is 54 cm?®.

Find the volume of cylinder D.
The linear scale factor k = % =

(Divide the height of cylinder D by
the height of cylinder C.)

2
3

3
The volume scale factor &* = (%) = %
8

So the volume of cylinder D = 54 x 57

+94 74 213 6666

=16cm?®

Volume = S4cm® T

EXAMPLE 20
What is the value of 27

The volume scale factor k* = 52_4 =27

(Divide the volume of solid D by the
volume of solid C.)

The linear scale factor k = Y27 = 3
Soxr=1=3=3cm

The two prisms are similar, with dimensions and volumes as shown.

C D
Volume = 2cm?®
R
1em

olume = 54 cm?®

———XCM ——F

B When a shape is enlarged by linear scale factor k, the volume of the shape is enlarged

by scale factor k°.

SETS 3

BASIC PRINCIPLES

| Asetis acollection of DbjEl’.:tS, described h:,‘ a list
orarule. A={1,3,5}

B The number of elements of set A is given by n(A).
n(A) =3

W The universal set contains all the elements being
discussed in a particular problem. &

B The intersection of Aand ¥
B is the set of elements A B
which are in both A and B.

AnB

B The unionof AandBis €

the set of elements which A B
€ are in A or B or both.
AuB
m Use Venn diagrams to represent two or three sets.
W Bis asubset of Aif & B Use algebra to solve problems involving sets.
every member of B is a A
member of A. H Calculate the probability of an event.
BCA m Calculate the probability that something will not happen
given the probability that it will happen.
B The complement of set P
Ais the set of all A
elements not in A.
x

22



www.focuscollege.lk +94 74 213 6666 FOCUS

PROBABILITY

enn diagrams can be very useful in solving certain probability questions. Venn diagrams can only
be used if all the outcomes are equally likely.

The probability of the event A happening is given by 2%

m A fair six-sided die is thrown. What is the prebability of throwing

PROBLEM
SOLVING

a aprime number

b anumber greater than 2

¢ a prime number or a number greater than 2
d a prime number that is greater than 27

As all the outcomes are equally likely a Venn diagram can be used.

n(é) = 6

The Venn diagram shows all the outcomes and the subsets
P = {prime numbers}, T = {numbers greater than 2}.

There are six possible outcomes so n(€) = 6

a The probability of a prime number is 2P =3 - 1

n(€) 6 2
il T _4_2
b The probability of a number greater than 2 is wfE 63
) ) .o nfPUT) 5
¢ A prime number or a number greater than 2 is the set P U T, so the probability is “n@ =5
d A prime number that is greater than 2 is the set P n T, so the probability is ”{zf’;}n = % =%

Note: You cannot add the probabilities from parts a and b to obtain the answer to part €. The Venn
diagram shows that if you do this you count the numbers 3 and 5 twice.

23
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m The Venn diagram shows the number of students studying German (G) and Mandarin (M).

ED ‘. M

PROBLEM
SOLVING

8

A student is picked at random. Work out
a PG n M)

b P(G)

c PIGuUM)

1]

Total number of students: 20+ 3+ 7 + 8 = 38

_ number of studentsinGnM _ 3
P(GAM) = tal number of students  ~ 38

P@) = 7 +8 _ number of students in G’ _ 15

38  total number of students — 38

-3

PGUM) =29%§,ﬂ= %

m B \Venn diagrams can be used to work out probabilities if all the outcomes are equally likely.
The probability of event A, written P{A), is %{,‘?_}}
B \Venn diagrams are very useful in problems that ask for the probability of A and B or the
probability of A or B.
nAnB)

nf€)
The probability of A or B (or both), written P(A U B), is EU:('L:’)B}

The probability of A and B, written P(A 1 B), is

CONDITIONAL PROBABILITY USING VENN DIAGRAMS

Sometimes additional information is given which makes the calculated probabilities conditional on an event having
happened

A mathematics teacher sets two tests for 50 students. 40 students pass the first test, 38 students
pass the second test and 30 students pass both tests. Find the probability that a student selected

m at random

PROBLEM
SOLVING a passed both tests

b passed the second test given that the student passed the first test.

Let F = {students who passed the first test}
Let S = {students who passed the second test}

The information is shown in a Venn diagram.

m
w

The numbers must add up to 50, so 2 students
failed both tests.

a 30 out of 50 students passed both tests so

e 30
the probability is 50° 0.6

b As the student passed the first test the
student must be in the set F. The relevant F
part of the Venn diagram is shown.

40 students passed the first test. Of these 40
students, 30 also passed the second test so

the probabilty is 39 = 0.75
Passed first test but Passed both tests
failed second test

When you are given further information, then you are selecting from a subset rather than from the universal set.
This subset becomes the new universal set for that part of the question.

The notation P(A|B) means ‘the probability of A given B has occurred’ or more simply ‘the probability of A given B'.

24



www.focuscollege.lk +94 74 213 6666 FOCUS

PROBLEM
SOLVING

KEY POINTS

PROBLEM
SOLVING

The Venn diagram shows the results of a survey of shopping habits.
F = {people who bought food online}
C = {people who bought clothes online} n(&) = 100

Work out P(F|C) for this survey.

P(F|C) means the probability a person buys

food online given that they buy clothes online. 51 o6

The subset to select from is C
n(C) =13 + 26 = 39

= PFIC)= 45 =4 0

B Conditional probability means selecting from a subset of the Venn diagram.
B P(A|B) means ‘the probability of A given B'.

ACTIVITY 1

In a group of 1000 athletes it is known that 5% have taken a performance-enhancing drug.
98% of those who have taken the drug will test positive under a new test, but 2% of those
who have not taken the drug will also test positive.

Let D = {athletes who have taken the drug}
N = {athletes who have not taken the drug}
P = {athletes who test positive}

Copy and complete the Venn diagram to show this data.

n(€) = 1000

What is the probability that an athlete has not taken the drug given that their test result is
positive? Comment on your answer.
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Revision questions
1.

7

s

1 2
Show that = x = isequal to 1

7 3

Sh h S | :
owthat 7 - risequalto 7z

Show th t33 ! =2 !
OWInNat Yy X9 T
Work out £1.50 as a fraction of 60p

Circle your answer.

B =
—_ |
|

5

1 1 1
7 — — =7
Shf.::.wﬂs.r’(h:srt“4 }<33 ?2

Write the numbers 3,4, 5 and 6 in the boxes to give the greatest possible total.

You may write each number only once.
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10.

There are 60 childrenin a club.

In the club, the ratio of the number of girls to the number of boysis 3:1

3
3 of the girls play a musical instrument.

4
3 of the boys play a musical instrument.

What fraction of the 60 children play a musical instrument?

Each month Edna spends all herincome onrent, on travel and on otherliving expenses.

1
She spends 3 of herincome onrent.

1
She spends 3 of herincome on travel.

She spends $420 of herincome on other living expenses.

Work out herincome each month.

5 1
Without using a calculator, work out s lg .

You must show all your working and give your answer as a fractioninits simplest form.

2 3
Without using a calculator, work out 23 X 21 )

You must show all your working and give your answer as a mixed numberinits simplest form.

1 1
Without using a calculator, work out 17 X QE .

You must show all your working and give your answer as a mixed numberin its simplest form.
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