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1 Bounds and Error Intervals

When someone says that a distance is 50 metres, what do they mean? Measurements in real life can never be made with
absolute accuracy — there is always a certain amount of error. So 50 metres could be accurate to the nearest metre, or to the
nearest 10 metres, for example. Knowing within what interval the true distance lies can be very important in many applications
of mathematics. When measurements are combined in a calculation, and each value has a certain amount of error, things can get
complicated — and sometimes the result can be counterintuitive.

A number has been rounded to 30 to the nearest 10.

What could the number be?

What is the lowest and highest possible value it could be?

This smallest possible value is called the lower bound. The largest possible value is called the upper bound.

When a measure is expressed to a given unit, the maximum error is half of this unit.

For a value x, the error interval is:
least possible value < x < greater possible value
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Worked Example Your Turn

A number z, when rounded to the nearest 100, is equal to A number z, when rounded to the nearest 10, is equal to 740.
6700. Find the upper and lower bound of z. Find the upper and lower bound of z.
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Worked Example Your Turn

A number x, when rounded to 3 decimal places, is equal to A number x, when rounded to 2 decimal places, is equal to
0.007. Find the upper and lower bound of x. 0.03. Find the upper and lower bound of x.
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Worked Example Your Turn

A number x, when rounded to 3 significant figures, is equal to A number x, when rounded to 2 significant figures, is equal to
612000. Find the upper and lower bound of x. 35000. Find the upper and lower bound of x.
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Worked Example

Your Turn

A number y, when rounded to 1 decimal place, is equal to 8.2. | A number y, when rounded to the nearest 10, is equal to 680.

Find the error interval for y.

Find the error interval for y.

Page 10




Worked Example Your Turn

The number of people on a bus is given as 50, correct to the There are 9500 Red pandas left in the wild.

nearest 10. This number is accurate to the nearest 500.

What is the lowest and highest possible number of people on What are the smallest and largest number of Sumatran
the bus? orangutans that can be left?
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Fill in the Gaps
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Fill in the Gaps
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Fill in the Gaps

Value Rounded to | Lower Bound | Upper Bound Error Interval Inequality on a number line
4.2 ldp 4.15 4.25 415 < x <4.25 ® O
4.1 4.15 4.2 4.25 43
———F—F+—
3.2 ldp <x<
3.1 3.15 3.2 3.25 33
| | | |
3.6 1dp <x<
| | | |
3.68 2dp 3.675 3.685 <x< [ | ‘ |
I { \ |
8.63 2dp <x<
| | | |
8.43 2dp
\ | | |
I { (
2dp 8.815 8.825
| | |
2dp 9.615 9.625
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Fill in the Gaps

&—O
9.705 9.71 9.715 9.72 9.725 9.73 9.735
| | | |
\ \ ! i
9.685 < x < 9.695 [ ‘ ‘ ‘
l \ \ \
9.685 3dp 9.6845 9.6855 ‘ ‘ ‘ ‘
\ \ ( \
90.685 |  3dp
| | | |
58.690 | 3dp
| | | |
3dp o —0O
809.27  809.2705 809.271 809.2715 809.272  809.2725
— —t—
3dp < x < 8123275 | | | |
( | | |
3dp 423795 < x <
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Fill in the Gaps

Value Rounded to | Lower Bound | Upper Bound Error Interval Inequality on a number line
4 1sf 3.5 4.5 3.5<x<45 [ O
3 35 4 45 5
]
40 1sf 35 <x< 20 40 5
| | | | |
30 1sf <x<
| | | |
200 1sf <x<
| | | | |
0.7 1sf 0.75 <x< 06 07 08
| | | | |
0.08 1sf
| i | | |
1sf 85<x<95
| | |
1sf o O
0.02 0.04
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Fill in the Gaps

12 2sf 11.5 12.5 11.5<x <125 ® O
1 12 13
l | |
! l l
0.97 2sf
0.96 0.97 0.98
\ I |
[ I |
760 2sf ] l ‘
l [ {
7.68 3sf
| | |
9.61 3sf
| | |
® O
0.3296 0.3298
| | |
1sf <x<75
| | |
2 sf 435 <x <
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Fill in the Gaps

Number Rounding Lower bound | Upper bound Error interval
4 Nearest integer 3.5 4.5
40 Nearest ten 35<x <45
40 Nearest integer 39.5 40.5
50 Nearest integer 49.5
50 Nearest ten 55
550 545
5.5 1 decimal place
55.5 1 decimal place
89.6 1 decimal place
50 1 significant figure
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Worked Example Your Turn

p = 5qr a = 5bc

q = 0.709 correct to 3 significant figures. b = 0.124 correct to 3 decimal places.

r = 0.071 correct to 3 decimal places. ¢ = 98000 correct to 2 significant figures.

Work out the lower bound for the value of p Work out the lower bound for the value of a

Give your answer correct to 3 decimal places when Give your answer correct to 3 decimal places when
appropriate. appropriate.
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Worked Example Your Turn

p =4q+ 2r a=4b + 3c

q = 907000 correct to 3 significant figures. b = 55.4 correct to 1 decimal place.

r = 8.88 correct to 2 decimal places. ¢ = 3.1 correct to 2 significant figures.

Work out the lower bound for the value of p Work out the lower bound for the value of a

Give your answer correct to 3 decimal places when Give your answer correct to 3 decimal places when
appropriate. appropriate.
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Worked Example Your Turn

p =5q —5r a=3b—2c

q = 0.003 correct to 1 significant figure. b = 98.9 correct to 1 decimal place.

r = 1.93 correct to 2 decimal places. c = 26.5 correct to 3 significant figures.

Work out the lower bound for the value of p Work out the lower bound for the value of a

Give your answer correct to 3 decimal places when Give your answer correct to 3 decimal places when
appropriate. appropriate.
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Worked Example

Your Turn

2q
T r
q = 0.9 correct to 1 significant figure.
r = 0.075 correct to 3 decimal places.
Work out the lower bound for the value of p
Give your answer correct to 3 decimal places when
appropriate.

4b

c
b = 78.4 correct to 1 decimal place.

¢ = 4150 correct to 3 significant figures.

Work out the lower bound for the value of a

Give your answer correct to 3 decimal places when
appropriate.
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Worked Example

Your Turn

_ a4
p_T'—S

p = 5 correct to 1 significant figure.

r = 0.002 correct to 1 significant figure.

s = 0.645 correct to 3 decimal places.

Work out the lower bound for the value of p

Give your answer correct to 3 decimal places when
appropriate.

y

Z—W
y = 0.786 correct to 3 decimal places.
z = 702 correct to 3 significant figures.
w = 0.5 correct to 1 significant figure.
Work out the lower bound for the value of x
Give your answer correct to 3 decimal places when
appropriate.

X =
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Worked Example

Your Turn

The height and width of the triangle below have been rounded
as shown in brackets.
Work out the LB and UB for the area of the triangle.

8.3cm

(1dp)

12cm
(Whole number)

The height and width of the triangle below have been rounded
as shown in brackets.
Work out the LB and UB for the area of the triangle.

830cm

(2sf)

1000cm

(1sf)
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Worked Example

Your Turn

The dimensions of the cuboid below have been rounded as
shown in brackets.
Work out the LB and UB for the volume of the cuboid.

1.8cm

(1dp)

3.2cm

(1dp)

7.6cm

(1dp)

The dimensions of the cuboid below have been rounded as
shown in brackets.
Work out the LB and UB for the volume of the cuboid.

2.74cm

(2dp)

11.315¢m J-ooem

(3dp)
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Worked Example

Your Turn

Use Pythagoras’ Theorem to find the LB and UB of the missing Use Pythagoras’ Theorem to find the LB and UB of the missing

sides below.
All lengths have been rounded as shown in brackets.

2o h
(1dp)

3.18cm

(2dp)

6.36cm
5.2cm 2dp)
(1dp)

sides below.
All lengths have been rounded as shown in brackets.

o &
(1dp)

6.36cm

(2dp)

7.36cm
0.2cm 2dp)
(1dp) [ N\
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Fill in the Gaps

a.b and c are all rounded to the degree of accuracy stated. Find the maximum and minimum values for x.
Values given for xpy5x are exact.

a b c Equation Xmax Xmin
10 (1 sig fig) 12.1 (3 sig fig) 3.4 (2 sig fig) vax =b—c
0.5 (1 sig fig) 4.5 (2 sig fig) -2.0 (2 sig fig) & p2a3e
X
5.2 (2 sig fig) 3.4 (2 sig fig) 5 (1 sig fig) ax®
o =¢
3 (1 sig fig) 4 (1 sig fig) 8 (1 sig fig) ax+c=0>b
5 (1 sig fig) -3 (1 sig fig) |:|(2 sig fig) ax = bc —-3.25
[ ] (2sigfig) 4.3 (2 sig fig) 0.3 (1 sig fig) Q4= b 9.35
c
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Considering Bounds

NG
m=—
t

s = 3.47 correct to 2 decimal places. t = 8.132 correct to 3 decimal places. By considering bounds, work out the value of m to a
suitable degree of accuracy. You must show all your working and give a reason for your final answer.

Stower = 3465 Supper = 3475
tiower = 81315 typper = 8.1325

_ \Siower _ V3465

= = = 0.2288903 ...
Mower = o er  8.1325

Summer V3475
Mypper = bl = = 0.2292486 ...

tiower  8.1315
If we had to only choose a single value for m, what would be most sensible?
We don’t know where m is between the 0.2289... and 0.2292... Ideally we want to quote a value of m such that we would

round to this same value regardless of what m actually was, but still give as much accuracy as possible..

m = 0.229 “as both the lower bound and upper bound are this to 3dp”.
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Worked Example Your Turn

Vb b
a=— a=-—-—r=
C c
b = 0.24 correct to 2 decimal places. b = 0.359 correct to 3 significant figures.
¢ = 57.2 correct to 3 significant figures. ¢ = 0.64 correct 2 decimal places.
By considering bounds, work out the value of a, giving your By considering bounds, work out the value of a, giving your
answer to a suitable degree of accuracy. answer to a suitable degree of accuracy.
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Truncation

When we truncate a number, we find an estimate for the number without doing any rounding. To truncate a number, we miss off
digits past a certain point in the number, filling-in zeros if necessary to make the truncated number approximately the same size
as the original number.

To truncate a number to 1 decimal place, miss off all the digits after the first decimal place.

To truncate a number to 2 decimal places, miss off all the digits after the second decimal place.

To truncate a number to 3 significant figures, miss off all the digits after the first 3 significant figures (the first non-zero digit and
the next two digits). Fill in any spaces with zeros to make the number approximately the same size as the original value.
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Worked Example

Your Turn

Truncate 41.53681 to:
a) 1 decimal place

b) 2 decimal places
c) 3decimal places

Truncate 11.95291 to:
a) 1 decimal place
b) 2 decimal places
c¢) 3 decimal places
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Worked Example Your Turn

A number z, when truncated to 2 decimal places, is equal A number x, when truncated to 3 decimal places, is equal
to 4.97. Find the upper and lower bound of z. to 0.545. Find the upper and lower bound of x.
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Extra Notes
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2 Basic Circle Theorems
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Parts of a Circle

(Minor) Arc

...‘

(Minor) k . ..::’ ............
Segment

|
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Fluency Practice

Circumference

Tangent

K Sector

Part of the circumference of a circle.

Part of a circle between two radii and an arc.

Width of a circle.

(Circle Vocabulary: Match each word with its definition. N\ ﬁircle Vocabulary: Label the diagram using parts of a circle. N\
Arc Line joining two points on a circumference. Circumference Diameter Chord Radius Sector
Centre Tangent Arc Segment
Segment Perimeter of a circle.
Chord Part of a circle between a chord and an arc.
Radius Line touching the circumference of a circle once.
Diameter Distance from the centre of a circle to the edge.

/

;
\ G&‘
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Circle Theorems 1

The angle in a semicircle
is a right angle.

N/

~

'

The angle at the centre is twice
the angle at the circumference.

~

Angles in the same
segment are equal.
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Circle Theorems 2

r

Opposite angles of a cyclic quadrilateral sum
to 180°.

4

NS

x +y=180°

Radius is of constant length
Tip: When you have multiple radii, put a mark

on each of them to remind yourself they are
the same length.

Q

Tangents to a point are equal in length.
(J
9
‘ (\%e“‘

A

“Angle between radius
and tangent is 90°”.
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Circle Theorems 3

( N\ (

The perpendicular from the centre to a chord The angle between a chord and a tangent
bisects the chord. equals the angle in the alternate segment.
N
“
<7 >
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Circle Theorems Summary

What you need to remember when answering Circle Theorems questions

\
?

CECRCEC)

The angle at the centre of a circle is twice the angle at the circumference, so..

[
=

)

Opposite angles in a cyclic Angles subtended by the same Tangents from the same A radius and a tangent form
quadrilateral add up to 180° arc [or chord] are equal in size point are equal in length aright angle
Two radii make an The perpendicular bisector of a chord The angle between a tangent and a chord [or diameter]
isosceles triangle passes through the centre of the circle is equal to the angle in the alternate segment
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Worked Example

Your Turn

Calculate the size of angle BCD

- NG
//l AN
D L N\
/] \\_ -""'-u;_,»\“",‘ .
// v' '\\() /4’(
/| 1 /|
/ \ / |
,// l.' ///
/ "\\ //
\ y
/\ \\ / /
30 N /7
{ B

Calculate the size of angle BCD

/- i
I //v/ N \‘\
)
/ ‘\\\ : “'»"’».___“_7_".‘ )
/| 0 //’(
/ | Y /|
/ \ / |
/ l', //
/ \ //
/N \'\ /, /
/N /
S50 N / _//
/ ~_ /'
1 B
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Worked Example

Your Turn

Calculate the size of angle CDO

;l
I\
// / \ \\
/ /' \\\ \
/'/ / \\ b
J / \
f / \
; / @ \ .
| / TN \
| / J N \
\ / o = \. ]
/ 4 N \ /
\ / // \\‘\\
BSS “/
NS 7
NI 150% 3\ X P
’:\i '_ - =i
(

Calculate the size of angle CDO

A
N
yd £ X N
/ \ ’\\
/ / \ \
/'/ / \ 3
/
/ 0 N\
- \
| ,/ ,// \\
l‘ / N .
\ / / . ‘\
\ P4 N\ /
\Yi’/ /\>'I )
s e s
N130° XX S
(

Page 48




Worked Example

Your Turn

Calculate the size of angle ABC

N

“" L\
AR

Q

Calculate the size of angle ABC

— B
)

J\\
XN\

0

A D
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Worked Example Your Turn

Calculate the size of angle RQS Calculate the size of angle RQS

=5
/

=5
)
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Worked Example Your Turn

Calculate the size of angle AOB Calculate the size of angle AOB
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Fluency Practice

For the circle theorem questions after the grid, write your answers in the grid and tick all the angle facts you used in

each case.

Compare your grid to your partner's grid - did you use the same methods? If not, explain your methods and see if

they can follow your thinking.

Angle Fact Used

009€ 031 wns juiod e je sa|Suy

508T 03 WiNs aul| ySieJis e uo sa|guy

008T 0} wns aj3ueny e ui s3|3uy

|enba aJe sa|3ue ansoddo Ajjeaiiap

|lenba aJe saj3ue Suipuodsaiio)

|enba aJe sajSue ajeusaly

lenba
2Je 9|8uel] $9|9250S| U Jo sa|Sue aseg

waJ09y] Jusaw3as a1eutaly

206 3& 123w snipes pue Juasue

\

|enba aue julod e 03 syuadue]

s9|3ue |enba pusigns saue |enb3

o08T 0} wns |eJale|Lpenb
2119A2 e ui saj3ue aysoddQ

006 S! d]24121Was e uj 3|Suy

90U2J3JWNID 3y} Je
9|8ue 2y 92IM1 S 343Udd 33 Je 3|Suy

Angle | Size
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Fluency Practice

JS=X

LE—9Y -9V — 08T =X

9% = 3vD 9j8uy

,L€ =QaJV 3J8uy

,9% =320 3j3uy

uoseay dais

"X 9|Bue Jo 8ZIS 8y} 1IN0 HIOA

Aj@jeinooe
umelp JoN

92412 9y3 01 Jua8uey e si 3 pue D Sutuiof aul ay

‘weJ8elp ay3 uo sajSue paje|ndjed

9Y1 |9ge| puk ‘suosead 3934402 Y3} YUm

9|ge3 ay3 919|dwo) ‘Buissiw aJe suoseas ay3 Ing
‘MoJaq UaAI8 aue sdais ay3 ‘uonisanb siyy o4

:9)dwex3 919|dwodu|

098
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Extra Notes
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3 Direct and Inverse Proportion
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Direct Proportion

y is directly proportional to x
y is proportional to x
y varies directly to x

y <X

y = kx

k is called the constant of proportionality
}n‘
&

The graph of y = kx
is a straight line that
passes through

the origin.

Page 58




Worked Example Your Turn

y is directly proportional to x b is directly proportional to a
Wheny = 20,x = 2 Whenb = 30,a =5

a) Findywhenx =5 a) Find bwhena =2

b) Find x wheny = 200 b) Find awhen b = 3000
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Worked Example

Your Turn

y is directly proportional to the square of x
Wheny =36,x =3

a) Findywhenx =5

b) Find x wheny = 400

b is directly proportional to the square of a
Whenb =12,a =2

a) Findbwhena=3

b) Find a whenb = 300
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Worked Example

Your Turn

y is directly proportional to the cube of x
Wheny =32,x = 2

a) Findywhenx =5

b) Find x wheny = 108

b is directly proportional to the cube of a
Whenb =54,a = 3

a) Findbwhena =4

b) Findawhenb =16
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Worked Example Your Turn

y is directly proportional to the square root of x b is directly proportional to the square root of a
Wheny =36,x = 16 Whenb = 36,a = 144

a) Find y whenx = 25 a) Find b whena =49

b) Find x wheny =900 b) Find a whenb = 243
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Fill in the Gaps

General | General Value Specific | When x = 5, | When y = 24,
Statement | Equation Ukl e el iz of k Equation y =? x =?
_ x | 1 2 | 10 . _ y=3X5 24 =3 Xx
y XX y = kx y | 3 k=3 y = 3x y = 15 ‘=
x | 1 2 | 10
y XX y = kx y | 8 30 x =3
x| 1| 2 |10 _ ot 24 =25Xx
y Y= aox x =96
o x| 1 2 | 10
Yo y 10
2 2 x| 1 2 | 10 _ 24 = 6 X x?
y < x y = kx y 600 k=6 ‘=2
o 12 x| 1 2 | 10
Yo y 150
x | 1 2 | 10 k=05
y 1
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Fill in the Gaps

v}y | T £

D=1
8 T X
aMLe A
af a¢ X2 A
SplT | x
€
— A
Eoy | ¥
¢ b1 x
SL| € A
ST=2%
14 T X
002 | Z€ A
0T 4 T X
02 A
XAy =4
Gl | 8 T X I\M
£
& X A
0T 4 T X
£
44 m\z - &
Y4 14 T X
c | A
=y XY=4] xXxxA
14 l T X
uonenb3y ¥ jo uonenb3 | juswajels
oijads anjea S9N|eA J0 31qel |eddudn | |eJaudn
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Fill in the Gaps

Direct Proportion — Method Breakdown

Complete the table. Use the equation with the known constant (k) to answer the question. =~ \

. .. . Known . Constant of Equation .
Relationship in Words Equation Values Substitution Proportionality (k) Re-write Question
y is directly proportional to x y =kx When x =3, 45 =k(9) When x =10,
y= 45 y =
y is directly proportional to x squared y = kx? Whyer: };6: 3 36 = k(3)2 W;e_n x =5,
. . When x =4, When x =3,
y is directly proportional to x cubed y=128 y=
v is directly proportional to the square root of x| y = k+/x Wh;n=x1; 25, 15 = kv25 Whe;: =100,
.3 When x =8, When x = 64,
y = kix y =20 y=
Kx When x =5, When x = 2.5,
y= y =40 y=
L . When x =4, When x =10,
y is directly proportional to x squared y=9 y-=
y is directly proportional to the square root of x When x =81, When x =36,
y = 81 y =
When x =5, _ 3 When x =3,
y = 500 500 = k(5) -
y is directly proportional to the cube root of x When x = 1000, When x =8,
y = 70 y =
- . When x = 16, When y =49,
y is directly proportional to x v =56 =
L . When x = 3, When y =72,
y is directly proportional to x squared y=45 P
y is directly proportional to x cubed Wf;ef f; 2 Wher;cy_= 128,
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Worked Example

Your Turn

a)

b)

y is directly proportional to x + 2
Wheny = 20,x = 2
Find y whenx =5

y is directly proportional to x2 + 4
Wheny =52, x =3
Find y whenx =5

a)

b)

y is directly proportional to x + 2
Wheny =12,x =2
Find y whenx = 8

y is directly proportional to 2x?2
Wheny =36, x = 3
Find y whenx =5
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Inverse Proportion

y is inversely proportional to x
y varies inversely or indirectly to x

o —
Y X

k

y=;

k is called the constant of proportionality

The graph of y = : is a
reciprocal graph.

Yi
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Worked Example Your Turn

y is inversely proportional to x b is inversely proportional to a
Wheny =5,x =2 Whenb = 10,a = 3

a) Findywhenx =5 a) Findbwhena=5

b) Find x wheny = 0.5 b) Findawhenb = 0.25
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Worked Example Your Turn

y is inversely proportional to the square of x b is inversely proportional to the square of a
Wheny = 6,x = 10 Whenb =6,a =5

a) Findywhenx =5 a) Find bwhena =10

b) Find x wheny = 1.5 b) Findawhenb =6
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Worked Example

Your Turn

y is inversely proportional to the cube of x
Wheny = 8,x = 10

a) Find ywhenx =2

b) Find x wheny = 93.75

b is inversely proportional to the cube of a
Whenb =5,a = 2

a) Find bwhena =10

b) Find a whenb = 0.625
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Worked Example Your Turn

y is inversely proportional to the square root of x b is inversely proportional to the square root of a
Wheny = 4,x = 25 Whenb =4,a=9

a) Findywhenx =4 a) Find bwhena =16

b) Find x wheny = 2.5 b) Findawhenb =6
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Fill in the Gaps

General General Value Specific |When x = 6, Wheny = 10,
Statement | Equation velm el of k Equation y =? x =?
1 k X 1 4 8 48 48 48
Y& Y =X y | 48 Y =% Y =% * =70
1 ko |[x[1]2]5 _120_
Yy L YTx |y 120 24 *T 70
X 1 5 10 _ 30 ‘= ﬂ _3
y Y% 10
1 X 5 20 1100
Yy y 30
1 k X 1 2 3 360
— = — k = 360 = |— =
Yy | YT |y 40 *= 70
1 X 1 2 10
Y2 y 3
X 1 5 10 k =20
y 4

Page 75




Fill in the Gaps

ot vy | A
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Fill in the Gaps

Inverse Proportion — Method Breakdown

Complete the table. Use the equation with the known constant (k) to answer the question. ~— -\

Known onssntet Equation
Relationship in Words Equation Substitution Proportionality q R Question
Values (k) Re-write
y is inversely proportional to x = k When x =8, 2= k When x =2,
Y= y=2 ~8 y=
is inversely proportional to x squared When x =4, 0.5 = L When x =2,
Y y=05 P @y y=
_ k When x = 2, Whenx =1,
Y= x3 y= 5 y =
y= k- When x = 25, When x = 100,
\/E y= 4 y =
When x =8, 4= L3 When x = 64,
y=4 8 y=
is inversely proportional to x When x =2, When x =20,
y Y prop y=25 y=
is inversely proportional to x cubed When x =4, When x =10,
y y prop y=0.25 y=
y is inversely proportional to When x =100, When x =9,
the square root of x y=3 y =
y is inversely proportional to When x = 125, When x =8,
the cube root of x y =10 y=
L . When x =10, When x =5,
y is inversely proportional to x squared y=2 y=
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Worked Example

Your Turn

y is inversely proportional to x + 3
Wheny =52,x =3

Find y whenx =5

Wheny =30,x =4
Find y whenx =7

y is inversely proportional to 2x + 1
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Fill in the Gaps

Type Statement | k-Formula k value Final
x=2,y=4 Formula
y is proportional to x Y XX y=kx
X is proportional toy
y is inversely proportional to x y 1 y- k
. - _
X

x is inversely proportional to y

y is proportional to the square of x

X is proportional to the square of y

x is proportional to \/y

Y is inversely proportional to\/x

Y is proportional to x3

X is proportional to 3 more thany
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Fill in the Gaps

Direct & Inverse Proportion — Method Breakdown

Complete the table. Use the equation with the known constant (k) to answer the question.

. . . Known . Constant of Equation .
Relationship in Words Equation Values Substitution Proportionality (k) Re-Write Question
y is directly proportional to x y =kx Wh;rj Z; % 45 =k(9) Wh;n_x =10,
. ) k When x =8, When x =2,
y is inversely proportional to x y=—
y=2 y=
y is directly proportional to x squared When x =3, 36 = k(3)? When x =5,
y = 36 y =
y = ka’ When x =4, When x =3,
N y =128 y =
_ k When x = 4, When x =2,
) y=05 y=
. . When x = 2, When x =1,
y is inversely proportional to x cubed y=5 y=
y is directly proportional to = ky® When x = 25, When x =100,
the square root of x y= y=15 y=
When x =8 When x = 64
y = ki/f ’ ,
y = 20 y =
y = i When x = 25, When x =100,
VX y=4 y=
y is inversely proportional to When x =8, When x = 64,
the cube root of x y=4 y=
y is directly proportional to x squared Wf;e? jsz 3 Whin_y =72
y is inversely proportional to When x =100, When x =9,
the square root of x y=3 y =
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Worked Example Your Turn

x is inversely proportional to y? x is directly proportional to y3

y is directly proportional to 3/z y is inversely proportional to v/z

Given that x = 10 and z = 512 wheny = 7 find a formula Given that x = 10 and z = 36 wheny = 5 find a formula for x
for x in terms of z in terms of z
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Worked Example

Your Turn

q is proportional to ¢3
t is decreased by 30%
Work out the percentage decrease in g

y is proportional to z2
z is decreased by 80%

Work out the percentage decrease in y
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Worked Example

Your Turn

t is inversely proportional to z3
Z is decreased by 50%
Find the percentage increase in t

p is decreased by 50%

Y is inversely proportional to p?

Find the percentage increase in Y
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y:kx2

y:kx3
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Fluency Practice

y is proportional to the square of x

Which of the following could be the graph demonstrating between y and x?

y«x3

yxx
Which of the following could be the graph demonstrating between y and x?

¢

Y U

- X

y is inversely proportional to the square of x

Which of the following could be the graph demonstrating between ¥ and X? Which of the following could be the graph demonstrating between y and x?

d

A ]

-rX

g

-rX

y is inversely proportional to x
Which of the following could be the graph demonstrating between y and x?

g

- X

y <X
Which of the following could be the graph demonstrating between y and x?
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Fluency Practice

Proportional Graphs

(x & y axes have equal scales)

For each black graph, select the correct proportional relationship & complete the table of values.

B YV
x
yo« 2x+5 Yo« — y o 4x y o« 0.5x y°<§ y & 5x
X 0 2 4 8 b4 1 2 4 8
Y yx x* D Y yx x?
5
y < 0.5x2 y < 3x2 y o< — yx 0.2x2  yo 3x3 y < 4x?
x
x 1 2 3 4 x 1 5 10 20
X y ] X y
Y Vo v
yx 2Yx  yx 3Wx  yo — yx 4ix  yx ix y« 2yx
y < x
x 1 4 9 16 x 1 8 64 125
X y -] X y
1
40
e Yy —
y Y x H Y x?
60 1 20 5 1 L
y« X y« X J’OC—Z y x3 y \/}
X 1 2 4 10 X 1 2 5 10
—>x y x| y
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Extra Notes
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4 Constructions and Loci

To ‘construct’ something in the strictest sense means to draw it using only two things:
* Compass

* Straight Edge (Apart from where a length is specified, you are not allowed to measure lengths)

Bisect means cut into two equal parts.
Equidistant means equal distance from
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Fluency Practice

Compass Skills

handle /‘L/hinge

legs — | adjusting
- t ~ nut
needle

point \

centre

A) Complete
each circle.

| y

N centre

B) Complete
each semicircle.

//

C) Complete
each circle.

Quick Tips:

When the compass is closed, the point and the pencil point should meet.
Make sure the legs are not loose (this needs tight hinge screws).
Place paper underneath the worksheet to make the point hold.

When drawing, try to only hold the handle with a finger and thumb.
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Perpendicular Bisector

Draw two points on your page and label them A and B.
Join them with a straight line.
Construct its perpendicular bisector.

1) Draw two equal arcs.
2) Connect the intersections with a straight line.
3) Thisline is the perpendicular bisector and contains all the points equidistant from A and B.

A o—

7ol
\
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Worked Example

Construct the perpendicular bisector of the line:
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Your Turn

Construct the perpendicular bisector of the line:
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Fluency Practice
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Perpendicular Line at a Point 1

M is a point on the line AB.
Construct a line perpendicular to AB through M.

1) Use your compass to find two points on the line equidistance from M.
2) Construct a perpendicular bisector of these two points.
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Worked Example

Construct a perpendicular to the line which passes through the marked point:
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Your Turn

Construct a perpendicular to the line which passes through the marked point:
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Perpendicular Line at a Point 2

Construct a line perpendicular to AB through C, which is a point not on AB.

1) Use your compass to find two points on the line equidistance from C.
2) Construct a perpendicular bisector of these two points.
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Worked Example

Construct a perpendicular to the line which passes through the marked point:
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Your Turn

Construct a perpendicular to the line which passes through the marked point:
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Fluency Practice
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Fluency Practice
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Angle Bisector

Draw an acute angle on your page.
Construct its angle bisector.

1) Draw an arc from the vertex.
2) Draw two more equal arcs from the intersections.

3) Join the new intersection up to the vertex.

4) This line is the angle bisector and contains all points equidistant from both arms of the angle.
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Worked Example

Bisect angle BAC:
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Your Turn

Bisect angle BAC:
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Fluency Practice
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Constructing Triangles

You can construct a unique triangle when you know:
Two sides and the angle between them (SAS)

Two angles and a side (ASA)

Three sides (SSS)
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SSS

Using a ruler and compass only, construct the following SSS triangle accurately.

4cm SCcm

6cm
1) Draw a 6¢cm line with a ruler.

2) Draw two arcs with lengths 4cm and 5cm from each end of the line.
3) Join the ends of the line to the intersection.

4cm 5cm

6cm
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Worked Example

Construct a triangle with:
* Aside length of 10 cm
* Asidelengthof 6 cm
* Asidelengthof 8cm
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Your Turn

Construct a triangle with:
* Asidelengthof 5cm
* Asidelengthof 3 cm
* Asidelengthof4 cm
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SAS

Using a ruler, compass and protractor, construct the following SAS triangle accurately.

8cm
40°
7cm
1) Draw a 7cm line with a ruler.
2) Draw an arc with length 8cm.
3) Measure an angle of 40°,.
4) Draw a line through the angle to the arc.
5) Join up the end of the lines.

8cm

40°

cm
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Worked Example

Construct a triangle with:

* Aside length of 10 cm
* Anangle of 30°

* Asidelengthof 8cm
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Your Turn

Construct a triangle with:
* Asidelengthof 5cm
* Anangle of 30°

* Asidelengthof4 cm
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ASA

Using a ruler, compass and protractor, construct the following ASA triangle accurately.

350 529
7.3cm
1) Draw a 7.3cm line with a ruler.
2) Measure both angles.
3) Draw a feint line through each angle and label them.
4) Draw a solid line over each feint line up to the intersection.

350 52°
7.3cm
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Worked Example

Construct a triangle with:

* Anangle of 30°

* Aside length of 10 cm
* Anangle of 45°
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Your Turn

Construct a triangle with:
* Anangle of 30°
* Asidelengthof 5cm
* Anangle of 60°
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Loci

A locus is a path formed by a point which moves according to a rule. The plural is loci.

A locus of points is a set of points satisfying a certain condition.

We can use our constructions from last lesson to
find the loci satisfying certain conditions...

Loci involving:

Thing A Thing B Interpretation

Resulting Locus

A given distance
from point A

A given distance

Line ) from line A

Equidistant from 2
points or given
distance from each
point.

Perpendicular bisector

Ae )
eB
A \ngle bisector
W
B

S Parabola

Point Point

Equidistant from 2

Line .
lines

Line

Equidistant from

Point point A and line B

Line

B

Loci can also be regions satisfying certain descriptions.

~

D

(0]
3

3

A goat is now attached to a metal bar, by a rope of
length 3m. The rope is attached to the bar by a ring,
which is allowed to move freely along the bar. Shade
the locus representing the points the goat can reach.

A goat is attached to a post, by a rope of
length 3m. Shade the locus representing
the points the goat can reach.

A

Common schoolboy

Shade the region
consisting of points
which are closer to line
A than to line B.

error: Thinking the locus
will be oval in shape.

As always, you MUST show

construction lines or you will
be given no credit.
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Fluency Practice

Complete as many of the following challenges as you can, as a group, making a note of
the shapes you produce for each one. You will also be expected to demonstrate one of
these shapes to the rest of the class.

1. In your group, stand exactly 2m from one member of your group.
Draw and describe the shape you have created:

This is the locus of points a fixed distance from a point.

2. In your group, stand exactly 1m away from a straight wall.
Draw and describe the shape you have created:

This is the locus of points a fixed distance from a line.

3. In your group, stand exactly 2m a wall around a corner.
Draw and describe the shape you have created:

This can give the locus of points a fixed distance from a rectangle.

4. In your group, stand exactly the same distance away from two members of
your group.
Draw and describe the shape you have created:

This is the locus of points equidistant from two fixed points.
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Fluency Practice

5. In your group, stand within 2m of one member of your group.
Draw and describe the area you have created:

This is the locus of points within a given distance of a point.

6. In your group, stand no further than 1m away from a straight wall.

Draw and describe the area you have created:

This is the locus of points within a given distance of a line.

7. In your group, stand at least 1m away from a straight wall, and within 2m of a
person standing beside the wall.
Draw and describe the area you have created:

This is the locus of points which satisfy both conditions.

8. Design your own conditions, either by combining those used in these challenges
or creating new ones altogether.
Draw and describe the area you have created:
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Worked Example

Construct the locus of points 1 cm away from a point.
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Your Turn

Construct the locus of points 2 cm away from a point.
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Worked Example

Construct the locus of points which is:
*  Morethan 3 cm fromA
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Your Turn

Construct the locus of points which is:
*  Morethan5 cm from B
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Worked Example

Construct the locus of points equidistant from two points.
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Your Turn

Construct the locus of points equidistant from two points.
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Worked Example

Construct the locus of points which are:
* ClosertoBthan A
* ClosertoCthanD
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Your Turn

Construct the locus of points which are:
* ClosertoCthanB
* ClosertoDthanA
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Worked Example

Construct the locus of points equidistant from two intersecting lines.
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Your Turn

Construct the locus of points equidistant from two intersecting lines.
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Worked Example

Construct the locus of points which is:
*  Closer to AD than AB
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Your Turn

Construct the locus of points which is:
*  ClosertoBCthan DC
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Worked Example

Construct the locus of points 1 cm away from the line.
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Your Turn

Construct the locus of points 1 cm away from the line.

Page 153




Worked Example

Construct the locus of points equidistant from a line.
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Your Turn

Construct the locus of points equidistant from a line.
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Worked Example

Construct the locus of points which are:
. More than 3 cm from AB
. More than 4 cm from AD
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Your Turn

Construct the locus of points which are:
. More than 5 cm from AB
. More than 3 cm from AD
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Worked Example

Construct the locus of points which are:
* ClosertoBthanC
. More than 3 cm from A

xC
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Your Turn

Construct the locus of points which are:
* Closerto Cthan A
. Less than 5 cm from B
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Fluency Practice

Loci Practice Grid - Shade the region inside the rectangle which satisfies the conditions given.

(a) Less than 3 cm from A

D

(b) More than 3 cm from D

D C

(c) More than 2 cm from AB

D

(d) Less than 3 cm from BC

(e) Closer to AB than AD

(f) Closer to A than B
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Fluency Practice

Harder Loci Practice Grid - Shade the region inside the rectangle which satisfies the conditions given.

(a) Less than 3 cm from A and (b) More than 3 cm from B and (c) Closer to AD than AB and
more than 2 cm from AB closer to AB than BC less than 2 cm from AB
A B A B A
D C D C D
(d) Less than 3 cm from BC and (e) Closer to A than B and (f) More than 3 cm from D and
less than 2 cm from CD more than 4 cm from A more than 4 cm from B
A B A B A
D C D C D
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Fluency Practice

loci and regions (inside the rectangle) shade the region ( hatching: %% )
M A B 2) A B
D C D (o}
more than 3 cm from AB less than 2 cm from AB
more than 4 cm from AD less than 3 cm from C
3) A B 4) A B
D C D (o}
more than 4 cm fromA closer to AD than AB
closerto B than C more than 3 cm from AD
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Fluency Practice

(5) A

closer to AB than AD
more than 4 cm from C

(7)

closer to CB than CD
closerto C than A

6) A B

closer to B than A
closer to BC than BA

closer to CB than CD
less than 5 cm from D
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Fluency Practice

© A B (10) A
D C D
less than 3%z cm from D closerto D than B
less than 5 cm from B more than 4 cm from C
(11) (12)
A B A
D C D
closer to AB than AD closer to AB than BC
less than 4 cm from A less than 6 cm from D
closer to B than A closer to AB than DC
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Intelligent Practice

1. Show all the points that are 4cm from point A

2. Show all the points that are 4cm from point A and
6cm from point B

3. Show all the points that are the same distance
from points A and B

4. Show all the points that are closer to point A than
point B
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Intelligent Practice

5. Show all the points that are 4cm from the line
segment AB

6. Show all the points that are the same distance
from the line segments AB and AC

o

7. Show all the points that are the same distance
from the line segments AB and AC, and the same
distance from points Aand B

B

>

8. Show all the points that are closer to line segment
AB than AC, and less than 4cm from point A

B
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Fluency Practice

whirls

1.

the diagram shows two points A and B that are

6 cm. apart

around each point are circles of radius

1cm.,2cm.,3cm.,4cm.,5cm.and 6 cm.

P

4 cm away from Aand 4 cm away from B

(a) mark with a cross two points that are
distance from A as they are from B

R

e
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Fluency Practice

fence

2. tree (i)

students are planning to plant a tree
in the school garden

it must be at least 10m. from the
school buildings and

it must also be at least 8m. from the
centre of the circular pond

shade in the region to show
accurately where the tree could be
planted

school
buildings

pond

scale1tcm.=2m.

3. tree (ii)
a gardener wants to plant a tree

they want it to be more than 8m. away from
the vegetable plot

they want it to be more than 18m. away from
the greenhouse

the plan shows part of the garden
the scale is 1cm. to 4m.

show accurately on the plan the region of the
garden where she can plant the tree and label
this region R

vegetable plot

greenhouse
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Fluency Practice

4. fence

in the scale drawing, the shaded area
is a semi-circular lawn

there is a fence all around the lawn

the shortest distance from the fence
to the edge of the lawn is always 6m.

on the diagram, draw the fence
accurately

scale:1cm=3m

3m
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Fluency Practice

5. mast

the plan shows the position of three towns,
each marked withan x

the scale of the planis 1 cm. to 10 km.

the towns need a new phone mast
the new mast must be:
* nearer to Ashby than Ceewater

* |lessthan 45 km from Beaton

show on the plan the region where the new mast
can be placed

leave in your construction lines to show how you
found the region

Ashby x

X
Ceewater

x Beaton

Page 174




Fluency Practice
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Fluency Practice

1.

lcm=1m

Shimla is attached to a 4 metre rope 2.
that is attached to a stake in the ground.
What numbers can Shimla munch?

Shimla is attached to a 4 metre rope
that is attached to a rail on top of a fence.
8 What numbers can Shimla munch?

4 2

x X

oy
@ 3

Shimla is attached to a 3 metre rope 4
5 that is attached to a rail on top of a triangular fence.
What numbers can Shimla munch?

2

Shimla is attached to a 4 metre rope
that is attached to the corner of a shed.
What numbers can Shimla munch?

Shed
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Fluency Practice

5.

lcm=1m

Shimla is attached to a 5 metre rope 6.
that is attached to the corner of a shed.
What numbers can Shimla munch?

> 1

Shed

Shimla is attached to a 5 metre rope
that is attached to the corner of a shed.
What numbers can Shimla munch?

Wall

5

Shimla is attached to a 4 metre rope and 8.
Shawn is attached to a 4 metre rope.
Where can they both graze?

A pirate has buried some treasure!
It is 4 metres from the tree.
It is equal distance from the rock and the bush.
Where could the treasure be?

Rock

Tree

X Bush
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Fluency Practice

Max is deciding where to plant a new tree.

Loci

On each diagram, mark or shade all the

possible locations according to the rules.

A) 4m away from the wall.

3m
>

Fence

-

Wall

I I I [

I I I I

I

|
C) 1m from the wall &

5m from the fence.

3m
€<———————>

Fence

Wall
I I

I I
[ [ I I I

[

E) 4m or more from the wall
3m or less from the fence.

3m
>

ol

Fence

Wall ‘

B) 2m or less from the fence.

3m

>

Fence

&

q

Wall

I I

[ I
I I [ I I

D) 4m away from the wall &
2m from the shed.

3m

>

Fence

&

Wall

I

I I [ I [

F) Equidistance from the

fence & the wall.
3m

>

.3

Fence

Wall -

G) 5m or less from the shed.

3m

H) 5m away from the tree &

1m from the fence.

<>
3 3
o | o |
[N [
O O
Wall Wall
[ [ [ [ [ [ [ [
[ [ [ [ [ [ [ [ [ [
1) 4m away from both the tree & J) Equidistant from the tree and the shed.
the shed.
3
o |
[N

Wall

Fan)
A4
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Fluency Practice

LOCi Jenny is deciding where to dig a well. On each diagram (1cm = 2m), mark or shade all the @
_— possible locations according to the rules. Use a dotted line if those points are not included.
A) 4m or less from the fence. B) 10m or more from the shed. Q) Equidistant from the tree and the shed
12m or less from the tree. Less than 6m from the wall. and more than 5m from the fence.
[J] [J] Q
. 2 2 Tree® 2
Tree B . ® B ree L
Tree Shed
o Shed .
Shed
Wall Wall Wall
E) Less than 8m from the tree, E) 2 metres closer to the wall
D) Equidistant from the fence and the wall. less than 9m from the shed and than to the fence and equidistant from
11m or less from the shed. more than 8m from the fence. the tree and the shed.
° 8 L] 8
g Tree 5 Tree <
° S [ w
Tree w
[ ]
Shed
® Shed
Shed
Wall
Wall Wall
J
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Extra Notes
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