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3.1Geometry Toolkit

3.1.1Coordinate Geometry

Basic Coordinate Geometry
What are cartesian coordinates?

¢ Cartesian coordinates are basically the x-y coordinate system
o They allow us tolabelwhere things arein a two-dimensional plane
¢ Inthe 2D cartesian system, the horizontal axis is labelled xand the vertical axis is labelled y

What can we do with coordinates?

¢ If we have two points with coordinates (x;, y;) and(x,, y») then we should be able to find
o The midpoint of the two points
o Thedistancebetween the two points
o Thegradient of theline between them

How do | find the midpoint of two points?

¢ Themidpointis the average (middle) point
o |tcanbefoundby finding the middle of the x-coordinates and the middle of the y-
coordinates
¢ Thecoordinates of the midpoint will be

X1+ X2 y1+ y2
2 ’ 2

o Thisis givenin the formula booklet under the priorlearning section at the beginning

Y

/‘B/Xz. Al
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@ savemyexams

How do | find the distance between two points?

¢ Thedistance between two points with coordinates (x;, y7) and (x2, y2) can be found using
the formula

d= \/(Xl_xz)z + (v = 7))
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o Thisis givenin the formula bookletin the priorlearning section at the beginning

» Pythagoras’ Theorem a2 = b? + ¢2 is usedto findthelength of aline between two

coordinates
o |fthe coordinates arelabelled Aand B then the line segment between them s written with

the notation [AB]

(xmq)\ 0 @=B+c
[
(X2, ¥2) \

#Fsavemyexams

How dol find the gradient of the line between two points?

e The gradient of aline between two points with coordinates (x;, y;) and (x5, y») can be found
using the formula

Y,m N

X7 X

m:

o Thisis givenin the formula booklet under section 2.1 Gradient formula
rise

o Thisisusuallyknownas m=——
run
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*9 Worked Example
Point Ahas coordinates (3, -4) and point B has coordinates (-5, 2).
i)
Calculate the distance of the line segment AB.
A:(3 -4) B:(-52)
r R A R
x, Yu X2 5'—
Formula {or distance between two points:
d- = J(xl-xz)z-‘-(ﬁl—:jl)z
Sub Coordinokes for A ond B uwiko bhe

gomrm\m :

d = J(3-EN*+(-4-2)

= ,37-4-(-6)1: JIO_O

d = 10 uniks

ii)

Find the gradient of the line connecting points Aand B.

A:«(3 -4) B:(-52)
2N roR

X, ﬂ ' X2 :j"

Formula for amo\Ce.n\-. of o lne Sesmenlw

m = 57. - 8\
Ko =X,
Sub Coordinokes Lor A ond B (nko the
ocmula
m = Z --4 = 6 = - é
— 3 %
-5 -3 g
= -3
™ 4
iii)
Find the midpoint of [AB].
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A:(3 -4) B:(-5 2) YOURNOTES
»r R F l
X 31 X2 57-

Formula for the midpoint of two coordinotes:

’

YA z

(== 22)

Suwe values dr :

+ (- - 2
Midpoint = (3 7_( ), ) = (L0

Midpoink = (-1,-1)

Page 5 of 63

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Perpendicular Bisectors YOURNOTES
What is a perpendicular bisector? l

e Aperpendicularbisectorof aline segment cuts theline segmentin half atarightangle
o Perpendicularlines meetatrightangles
o Bisectormeansto cutinhalf

e Twolines are perpendicularif the product of their gradients is -1

How do| find the equation of the perpendicular bisector of aline
segment?

e Tofindthe equation of a straight lineyou needto find
o Thegradient of theline
o Acoordinate of apointontheline
¢ Tofindthe equation of the perpendicular bisector of a line segment follow these steps:

o STEP 1:Find the coordinates of the midpoint of the line segment
= Weknow that the perpendicularbisectorwill cut the line segmentin half sowe can
use the midpoint of theline segment as the known coordinate on the bisector
STEP 2: Find the gradient of the line segment

o]

(e}

STEP 3: Find the gradient of the perpendicular bisector

= This will be -1divided by the gradient of the line segment
STEP 4: Substitute the gradient of the perpendicular bisector and the coordinates of
the midpointinto an equation for a straight line

= The point-gradient form y — y, =m (X— Xl)istheeasiest

o

o

STEP 5: Rearrangeinto the required form
» Eithery = mx + corax + by + d =0
= These equations fora straightline are givenin the formula booklet
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Worked Example !

Point Ahas coordinates (4, -6) and point Bhas coordinates (8, 6). Find the equation
of the perpendicularbisectorto [AB]. Give youranswerin the form
ax + by + d=0.

Step I find the coordinakes of fhe midpoint :

A:(/jr,—g) 6:(8,, 6,9

x, Y Xo :jz

Sub values da:

Midpoint = <“*8 ,—6,:6 ): (6,0)

7

A z

(== 22)

7
Step 2: Find the gradient of [Ag):

mo= WY = bo-b - 12 -3
2, =X, -4 +

Step 3 Find the grodient of the perpendicular
bisector il |
My ="m =°-3

Step 4 Substitute 6radievd: ond  coordinate into an
eqution for o straignt Line.
ingert Coocdinates of the midpoint.
v N
(5_51) =m(oc—x|)
\
(b-o) =-3(x -4)

Step 5: R.eoxrromse_ (o e form oo + by +d =0

(y-0) =-glx-6) (-3
_36 =DC—6 ("'3\‘3)

oC + 35 -6 =0
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3.1.2 Arcs & Sectors

Length of an Arc

Whatisanarc?

e Anarcis a part of the circumference of a circle
o Itis easiesttothink ofitas the crust of a single slice of pizza
¢ Thelength of an arc depends of the size of the angle at the centre of the circle
¢ Iftheangleatthecentreislessthan180° then the arcis known as a minorarc
o This couldbe considered as the crust of a single slice of pizza
e |ftheangle atthe centreis more than180° then the arcis known as a majorarc
o This could be considered as the crust of the remaining pizza after a slice has been
taken away

How do find the length of an arc?

¢ Thelength of anarcis simply a fraction of the circumference of a circle
o Thefraction can befound by dividing the angle at the centre by 360°
o Theformulaforthelength, /,of anarcis

I=—— X2mr
360

o Where @ is the angle measuredin degrees

o ristheradius

o Thisisinthe formulabooklet, you donot needtorememberit

¢) ExamTip

* ¢ Make sure thatyou readthe question carefully to determine if you need to

calculate the arc length of a sector, the perimeter or something else that
incorporates the arc length!
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YOURNOTES
*9 Worked Example !
[ J

Acircularpizza has had a slice cut fromiit, the angle of the slice that was cut was 38
°. Theradius of the pizzais 12 cm. Find

i)
thelength of the outside crust of the slice of pizza (the minorarc),

A diasmm will help

2 e MNnoc

orce
12¢cm

Formuloa for the Lensﬂn of an arc:

A =%x VARG

Suostibute :
A =%x 27 (12)

=238 = F.9587..em
1S

LensU\ of crusk = 7.96 em (3sf)

ii)
the perimeter of the remaining pizza.
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A diasmm will help:

= QLSOP‘V"‘OG

ma)or
« Perimeter

e

Formula. for the Leagth of an arc:

A =%x yhAg
Substibute :
322
L =3 % 21 (12)
= %mé/ Ler\ﬁha of mog;or ore
Find perimeter:
P = majpr arc + cadius + radius

B2 4+ 12 + 12 = 91.4395... cm
1S

Pecimeter = al.& cm (3s£)
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Areaof aSector YOURNOTES
Whatis a sector? l

e Asectoris apart of a circle enclosed by two radii (radiuses) andan arc
o |tis easierto think of this as the shape of a single slice of pizza

e Thearea of a sectordepends of the size of the angle at the centre of the sector

¢ Iftheangleatthecentreislessthan180° then the sectoris known as a minor sector
o This could be considered as the shape of a single slice of pizza

¢ Iftheangleatthecentreis morethan180° then the sectoris known as a major sector

o This could be considered as the shape of theremaining pizza aftera slice has been
taken away

How dol find the area of a sector?

e Thearea of asectoris simply a fraction of the area of the whole circle
o Thefraction can befoundby dividing the angle at the centre by 360°
e Theformulaforthe area, A, of asectoris

A—ix 2
~360 "

o Where @ is the angle measured in degrees
o ristheradius

o Thisisinthe formulabooklet, you donot needtorememberit
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YOURNOTES
*9 Worked Example !
[ J

Jamie has divided a circle of radius 50 cminto two sectors; a minor sector of angle

100° and a majorsectorof angle 260°. Heis going to paint the minor sector blue
andthe majorsectoryellow. Find

i)
the area Jamie will paint blue,

Stark wdm o d(.osrcwv

S0em \ . — Minoe

seckoc
(&

Formua. foc the oveo of o Sector:

A:é%ooxn(z

OO XIXSOZ

S\A\)S\,ihute.-' A

a w
o 3

250 11

J‘

2181.6b.. cm*

Blue oreo = 2180 cm™(3sf)

ii)

the area Jamie will paint yellow.

Page 12 of 63

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukfor more awesomeresources

Start wtm o d%ram‘ YOURNOTES
l
Minoc
sectoc

Formua. £oc the oveo of o Sector:
6 2
A= 360° X TCY

260
Substituke: A = T T x 50
= 16250 T

= 5672.32..cm*

Yelow areo = 5630 co™ (3sf)
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3.2 Geometry of 3D Shapes

3.2.13D Coordinate Geometry

3D Coordinate Geometry

How does the 3D coordinate system work?

¢ Inthree-dimensional space we canlabelwhere any objectis using the x-y-zcoordinate
system

¢ Inthe 3D cartesian system, the x- and y- axes usually represent lateral space (length and
width) and the z-axis represents vertical height

What can we do with 3D coordinates?
¢ |fwehavetwo points with coordinates (x;, y7, z;) and (x», y», ) then we should be able to
find:
o Themidpoint of the two points
o Thedistance between the two points
o |fthe coordinates arelabelled Aand B then the line segment between them s written with
the notation [AB]

How do find the midpoint of two pointsin 3D?

e Themidpointis the average (middle) point
o Itcanbefound by finding the middle of the x-coordinates and the middle of the y-
coordinates
e Thecoordinates of the midpoint will be

X\ tx, yity, z%tz
2 ’ 2 ’ 2

o Thisis givenin the formula booklet, you do not need to rememberit

How do find the distance between two pointsin 3D?

e Thedistance between two points with coordinates ((x;, y;, z;) and (X, y», zo) can be found
using the formula

d= \/(Xl_ P2+ =y (77 7))

o Thisis givenin the formula booklet, you do not need torememberit
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YOURNOTES

*> Worked Example !
[ J

The points Aand B have coordinates (-2,1,5) and (4, -3, 2) respectively.
i)
Calculate the distance of the line segment AB.

Formula for the distonce of a Line

SQgY\E!\.t : tn Loraulo
ook \et

d. =J(xt—x‘2)z"' (3\-31)1 + (El“?—').)z

A:(-2,5) B:(4-32)
At Aot

= ¥ = xp Ya 2
Subshitute:
d=JCz-0T+ (1-3)* + (5-2)*
= J -6 + 4™ + 32
=J3 +16 +9
= J 6l

d =7.81 units (3sf)

ii)
Find the midpoint of [AB].
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Formula for the midpoit of a ULine

segﬂe!\t : n 'Porn»uL&
v~ ‘oook\ek

MP = <ac.+=cz , &*51, *-ﬂz)
2 2 A

A: (-fz, L §) B=(;r, -3 g)

X, Y & X2 Yz 22
Substitike:
MP = (—2+4 I +(-3) 5+2>
z | = —=Z

- (3%2)
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3.2.2Volume & Surface Area

Volume of 3D Shapes

What is volume?

e Thevolume of a 3D shapeis a measure of how much 3D spaceit takes up
o A3Dshapeisalsocalled a solid
¢ Youneedtobe ableto calculate the volume of a number of common shapes

How dol find the volume of cuboids, prisms and cylinders?

e Aprismisa3-Dshapethathastwoidenticalbase shapes connected by parallel edges
o Aprismhas the same base shape allthe way through
o Aprismtakesits name fromits base

e Tofindthe volume of any prism use the formula:

Volume of aprism=Ah

o Where Ais the area of the cross section and his the base height
= hcouldalsobethelength of the prism, depending on how itis oriented
o Thisisintheformulabookletin the priorlearning section at the beginning
o Thebasecouldbeanyshapesoaslongasyouknow its area andlength you can
calculate the volume of any prism

Fsave myexams

* Notetwo special cases:
o Tofindthevolume of a cuboid use the formula:

Volume of a cuboid = length X width X height
V = Iwh
o Thevolume of a cylinder can be foundin the same way as a prism using the formula:
Volume of a cylinder = mr? h

o where ris theradius, h is the height (orlength, depending on the orientation
o Notethata cylinderis technically not a prism as its baseis not a polygon, however the
method for findingits volumeis the same
e Bothof these arein the formula booklet in the priorlearning section
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How dol find the volume of pyramids and cones?

¢ Inaright-pyramid the apex(thejoining point of the triangular faces) is vertically above the
centre of thebase

o Thebasecanbeanyshapebutisusually a square, rectangle ortriangle
To calculate the volume of aright-pyramid use the formula

1
V=—Ah
3

o WhereAis the area of thebase, his the height
o Notethatthe height mustbe vertical tothebase

¢ Aright coneis a circular-based pyramid with the vertical height joining the apex to the
centre of the circularbase
¢ Tocalculate thevolume of a right-cone use the formula

1
V=—1m1r2h
37Tr

o Where ris theradius, h is the height

¢ Theseformulae are both givenin the formula booklet

How dol find the volume of a sphere?

e Tocalculate thevolume of a sphere use the formula

v=Srp
=—71
3 I

o Whereris theradius
= theline segment from the centre of the sphere to the surface
o This formulais givenin the formula booklet

(") Exam Tip

* * Rememberto make use of the formula booklet in the exam as all the volume
formulae you need willbe here
o Formulae forbasic 3D objects (cuboid, cylinderand prism) are in the prior
learning section
o Formulae forother 3D objects (pyramid, cone and sphere) arein the Topic
3: Geometry section
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Worked Example YOUR TOTES

Adessert can be modelled as aright-cone of radius 3cmandheight12cmanda
scoop of ice-creamin the shape of a sphere of radius 3cm. Find the total volume
of theice-creamandcone.

12 em

2762 (In farmla

Volume of o Sphere: V=
booklet)

Substituke: r=3 = V=%7Lx33
37

Volume of o risk.h cone: \ = |—37C(2h. (In formula
booklet)

Swbshibuke: r =3, h=12 = V=737(3"(2)
= 3T

Total Volume = 7Z7Lcm3

Total Volume = 226em® (3s6)
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Surface Area of 3D Shapes
Whatis surface area?

e Thesurface area of a 3D shapeis the sum of the areas of all the faces that make up a shape
o Afaceis oneof theflat orcurved surfaces that make up a 3D shape
o Itoftenhelps to considera 3D shapein the form of its 2D net

How dol find the surface area of cuboids, pyramids and prisms?

e Any prisms and pyramids that have polygons as theirbases have only flat faces
o Thesurfaceareais simply found by addingup the areas of these flat faces
o Drawinga 2D net willhelp to see which faces the 3D shape is made up of

How dol find the surface area of cylinders, cones and spheres?

¢ Cones, cylinders and spheres allhave curved faces soitis not always as easy to see their
shape
o Thenetofacylinderis made up of twoidentical circles and arectangle
Therectangleis the curved surface area andis harder to identify
Thelength of therectangleis the same as the circumference of the circle
The area of the curved surfaceareais

A=2mnrh

(e}

(e}

[e]

= whereris theradius, his the height
This is givenin the formula book in the priorlearning section
The area of the total surface area of acylinderis

A=2mrh+2mnr?

e}

o

o

This is not givenin the formula book, howeveritis easy to put togetheras both the area
of acircleand the area of the curved surface area are given

¢ Thenetof aconeconsists of the circularbase along with the curved surface area
o Theareaofthecurved surfaceareais

A =nrl

= Whereris theradius and/is the slant height
o Thisis giveninthe formulabook
= Becarefulnotto confuse the slant height, I, with the vertical height, h
= Notethatr, hand/willcreate aright-triangle with | as the hypotenuse
o Thearea of the total surface area of aconeis

A= mrl+ mr?

o Thisis not giveninthe formula book, howeveritis easy to put togetheras boththe area
of acircleand the area of the curved surface area are given

¢ Tofindthe surface area of a sphere use the formula
A=4mr?
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= whereris theradius (line segment from the centre to the surface) YOURNOTES
o Thisis givenin the formula booklet, you do not have torememberit 1
(f) Exam Tip

- e Rememberto make use of the formula bookletin the exam as all the area

formulae you need willbe here
o Formulae forbasic 2D shapes (parallelogram, triangle, trapezoid, circle,
curved surface of a cylinder) are in the prior learning section
o Formulae forother 2D shapes (curved surface area of a cone and surface
area of a sphere) arein the Topic 3: Geometry section
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YOURNOTES
*> Worked Example !

Inthe diagram below ABCD is the square base of aright pyramid with vertex V. The
centre of thebaseis M. The sides of the square base are 3.6 cm and the vertical
heightis 8.2cm.

i)
Use the Pythagorean Theorem to find the distance VN.
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Skekah the 'Er'\o\nsLQ MNV : YOURNOTES
l
Vv
3.2¢em
M jgem N

T
M s the mw\:eow\t
So MN = 3.6+

B& Yre ?&%Sormn Theoreon. :

VN®= VM 4+ MN®

= )32% + 1.8%
\I70.‘«-‘8

VN = 8.40 cm (3sf)

ii)
Calculate the area of the triangle ABV.
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Acean AARV =oacea ABCV

Sketah ABCV: X
‘\’ 70.4% cm

R .bem C

Acea. of o *\-xio.vrﬁh»_ = —"'Lb\m
Substibute =36, h= I;Lo_q.g
Aceo. = z(3.6)(J704%)

=191l cn”
Aceo. AARY = 151

iii)

Findthe surface area of the right pyramid.

Cons(dex(rtj the net Moy help:

Saumore Yose

¥
A~ (sosceles
Lr'\oms\e
Surface - Qrea - farea
oeon SG\}*“WQ ‘(‘.riwt()\_e_
SA = 236* & &(15011.)

= 733.405... e

SA = 734 cm* (3sF)
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3.3 Trigonometry

3.3.1Pythagoras & Right-Angled Triganometry

Pythagoras
What is the Pythagorean theorem?

e Pythagoras’ theoremis a formula that works forright-angled triangles only
¢ |tstates thatforanyright-angledtriangle, the square of the hypotenuseis equal to the
sum of the squares of the two shorter sides
o Thehypotenuseis thelongest sidein aright-angledtriangle
= |twillalways be opposite therightangle
o If welabelthe hypotenuse ¢, andlabel the othertwo sides a and b, then Pythagoras’
theoremtells us that

az+ b2 =c2

¢ Theformula for Pythagoras’ theoremis assumed prior knowledge andis not in the formula
booklet
o Youwillneedtorememberit

How can we use Pythagoras’ theorem?
¢ |f you know two sides of any right-angled triangle you can use Pythagoras’ theorem to find
thelength of the third side
o Substitutethevalues you haveinto the formula and either solve orrearrange
¢ Tofindthelength of the hypotenuse you canuse:

c=+ a2+b?

e Tofindthelength of one of the other sides you can use:

a=./c2—Db>orb=+/c*— a

¢ Notethat when findingthe hypotenuse you should add inside the squarerootandwhen
finding one of the other sides you should subtractinside the squareroot

* Always check youranswer carefully to make sure that the hypotenuseis thelongest side

* Notethat Pythagoras’ theorem questions willrarely be standalone questions and will often
be ‘hidden’ in other geometry questions

What is the converse of the Pythagorean theorem?

 Theconverse of the Pythagorean theorem states thatif 22 + b2 = ¢2 istruethenthe
triangle must be aright-angled triangle
o Thisis averyusefulway of determining whether a triangle is right-angled
e |fadiagramina question does not clearly show that somethingis right-angled, you may
need touse Pythagoras’ theorem to check
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YOURNOTES

(’) Exam Tip .

e Pythagoras' theorem pops up inlots of exam questions so bearitin mind
wheneveryou see aright-angled trianglein an exam question!
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Worked Example

ABCDEFis achocolate barin the shape of a triangular prism. The end of the
chocolatebaris anisosceles trianglewhere AC=3cmandAB=BC =5cm. Mis the
midpoint of AC. This information is shown in the diagram below.

E
e ’_,,-""“\\
B sl b %
A \
7 % \
.’; I\\\ \\
) )
5/ \ D/ \r
s ;A A(\ I o 1)
/ \ e /
,"'/ M # \\ 40 cm
A 3cm c

Calculate thelength BM.

Skekah the -tdcmsl.e ABM:

Sem LS

.......... c
A (Sem M

e—— 3cn —8

B& 'U/\Q. ?&H’W\SO( ean W\e_orexvu

BMZ = | AR? - AM®

r ~ sShocker side
shoctes hb?o tenwse
Side
= | 8% - 18"

,‘2?_.7-5

BM = 437 cm (3s§)
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Right-Angled Trigonometry YOURNOTES
What is Trigonometry? l

» Trigonometry is the mathematics of angles in triangles
¢ |tlooks attherelationship between side lengths and angles of triangles
¢ [tcomes from the Greek words trigonon meaning ‘triangle’ and metron meaning ‘measure’

What are Sin, Cos and Tan?
e Thethree trigonometric functions Sine, Cosine and Tangent come fromratios of side
lengthsinright-angled triangles

e Toseehow theratios work you must first label the sides of aright-angled triangle in relation
toachosenangle

o Thehypotenuse, H, is thelongest side in aright-angled triangle
= |twillalways be opposite therightangle

o Ifwelabelone of the otherangles 6, the side opposite 0 will be labelled opposite, O,
andthe side next to 0 willbe labelled adjacent, A

e Thefunctions Sine, Cosine and Tangent are theratios of the lengths of these sides as

follows

opposite O

Sin 0 = PP _ =

hypotenuse H
Cos § = adjacent A

osY = hypotenuse = H

_ opposite O

Tan 6 = adjacent =~ A

o Theseare notinthe formulabook, you must remember them
¢ Themnemonic SOHCAHTOA is often used as a way of remembering which ratio is which
o Sinis Opposite overHypotenuse
o Cosis Adjacent overHypotenuse
o Tanis Opposite over Adjacent
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THE LONGEST SIDE
OF A RIGHT-ANGLED
TRIANGLE

THE SIDE
OPPOSITE
THE ANGLE (6)

HYPOTENUSE
OPPOSITE

L] (N
ADJACENT

THE SIDE NEXT
TO THE
ANGLE (©)

OPPOSITE CosO = ADJACENT Tan® = OPPOSITE

Sin® = T P oTENUSE HYPOTENUSE ADJACENT

I|o
@
il

z|>
—
il

>|o

How can we use SOHCAHTOA to find missing lengths?

¢ |fyou know thelength of one of the sides of any right-angled triangle and one of the angles
you canuse SOHCAHTOA to find the length of the other sides
o Always start by labelling the sides of the triangle withH, O and A
o Choosethecorrectratio by lookingonly at the values thatyou have and that you want
= Forexampleif you know the angle and the side oppositeit (O) andyouwant to
find the hypotenuse (H) you should use the sineratio
o Substitute thevaluesintotheratio
o Useyourcalculatorto find the solution

How can we use SOHCAHTOA to find missing angles?

¢ |fyou know two sides of any right-angled triangle you can use SOHCAHTOA to find the size
of one of theangles
¢ Missingangles are foundusing theinverse functions:

6=Sinl > 6= Cosl > 0= Tan"! >
=Sin™' 4, 0=Cos™' o7, 0= Tan™ —

o Afterchoosingthe correctratio and substituting the values use the inverse trigonometric
functions onyour calculatorto find the correct answer

(’) ExamTip

- . . : . , .
¢ You needtorememberthe sides involvedin the different trigratios as they are
not given toyouin the exam
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YOURNOTES
*> Worked Example !

Findthevalues of x and y in the following diagram. Give your answers to 3

significant figures.

8.4 cm

u
60°

12.3€

= NOT TO SCALE

Stoct b\\.) Loder.i(tj the sides of the 'l:riw.sle:

SOHCAHTOA

‘ A We know H ond we
wonk +to €iad A so

12.301\'\ X em
we need to use
[ Cos6= A
H
Cos60° = X
12.3
< = 12.3Cos b0’
x = b6.15em
A
B.bem
OHCAHTOA
o= 615cm S _\I_-N_/o O
on =>
¢} . 8 A
3.4

U= 36.2° (3s.5)
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3D Problems

How does Pythagoras workin 3D?

o 3D shapes can often be broken downinto several 2D shapes

» With Pythagoras’ Theorem you will be specifically looking forright-angled triangles
o Theright-angledtriangles you need willhave two known sides and one unknown side
o Lookforperpendicularlines to help you spot right-angled triangles

e Thereis a 3D version of the Pythagorean theorem formula:

o Howeveritis usually easierto see a problem by breaking it down into two ormore 2D
problems

How does SOHCAHTOA workin 3D?

¢ Againlook fora combination of right-angled triangles that would lead to the missingangle
orside
¢ Theangleyou are working with can be awkwardin 3D
o Theanglebetween alineand a planeis not always obvious
o |funsureputapointonthelineanddraw anew linetothe plane
= This should create aright-angledtriangle

ANGLE BETWEEN A LINE AND A PLANE

F Q G
|
|
|
|
S c !
B |
E__dr__Jy
)
7
.~
Y/
e 0
. fx/o Y A POINT ON THE LINE CONNECTED
// 2° TO THE PLANE CREATES A
RIGHT —ANGLED TRIANGLE AND
A P D THISCAN HELP IDENTIFY THE
ANGLE REQUIRED"

x° IS THE ANGLE BETWEEN THE LINE PQ AND
THE PLANE ABCD (LINE PS)

y> IS THE ANGLE BETWEEN THE LINE PQ AND
THE PLANE AEHD (LINE PR)

z° IS THE ANGLE BETWEEN THE LINE PR AND
THE LINE AD
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O Exam Tip YOURlNOTES
* ¢ Annotate diagrams that are given to you with values that you have calculated
e |tcanbeusefulto make additional sketches of parts of any diagrams that are
given toyou, especially if there are multiple lengths/angles that you are asked
tofind

e |fyouarenotgivenadiagram, sketch anice, big, clearone!
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YOURNOTE
*> Worked Example OURNOTES

° l
Apencilis beingputinto a cuboid shaped box which has dimensions 3cmby 4 cm
by 6 cm. Find, givingyouranswers to 1decimal place:

a)
thelength of thelongest pencil that could fitinside the box,
Drow o o\'\asram: .
lhe. Lcmse,sb pencil
could £ik on an

of Mre dia@o nals,

BJ
e.a. Af.
N /H 3
_____________________ =
——

To —Finol AF we mugt firsc Qad Bf:

£ 4em £ BE = 42 + b2
BE* = 16 +36
gm 6(:1 = 52 < Con lecve
R isaw&‘ for
] c Af*= 3% + RF°
=9 .57
See : AF* = 21 )
A AF =J%I = #%102..

F.3lcn (3sf)

b)
the angle that the pencil would make with the top of the box.
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. e YOURNOTES
Fmo\ AFR |
Ad}
B SLom £ AW thee sides
O?P 0re known o Con
3cm use onw of
\rg e the bris rokios.
A 9P
(6]
SOHC'H T w
K
Choose tono = 2P2
o\d‘)
tCAY\K = i
Bz
a2
- ()
= 22 5%%...

N

AFB = 22.6° (3sf)
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3.3.2Non Right-Angled Trigonometry

Sine Rule
What s the sinerule?
e Thesinerule allows us to find missing side lengths orangles in non-right-angled triangles

* |tstatesthatforany trianglewithangles A,Band C

a b c

sin A sin B sin C

o Where
= aistheside oppositeangle A
= bisthesideoppositeangleB
= cistheside oppositeangleC
¢ This formulais in the formula booklet, you do notneedtorememberit
¢ Sin90°=1soif one of theangles is 90° this becomes SOH from SOHCAHTOA

ALWAYS RELABEL YOUR
TRIANGLE ABC/abc TO
MATCH THE RULE YOU NEED

LABEL YOUR TRIANGLE
WITH CAPITALS FOR
ANGLES AND LOWER
CASE FOR THE
OPPOSITE SIDE

How can we use the sine rule to find missing side lengths or angles?

e Thesinerule canbeusedwhenyou have any opposite pairs of sides andangles
* Always start by labelling your triangle with the angles and sides
o Remember the sides with the lower-case letters are opposite the angles with the
equivalent upper-case letters
Usethe formulain the formula booklet to find the length of a side
¢ Tofindamissingangleyou canrearrange the formula anduse the form

sin A sin B sin C

a b c

o Thisis notinthe formula booklet but can easily be found by rearranging the one given

Substitute the values you have into the formula and solve

(") ExamTip

- 1.7
* Remembertocheckthatyourcalculatorisin degrees mode!
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YOURNOTES

*9 Worked Example !

The following diagram shows triangle ABC. AB = 8.1 cm,BC = 12.3 cm,
BCA =27°.

NOT TO SCALE

Usethesineruleto calculate the value of:

i)

X,
Sketch the diasro\m ond Label the
Sides:
B \2.3cen
3.lcem
Y ¢~ lower cose b goes
Oopposice cms]e B
A
US1A3 the sine vule:
. . . K'wi ore LDOE\I&
M:S‘_AB =S‘_AC' for o omgle
o © c So this vtrgi.o«\ s
easgier.
2.9 <.
Sine. = 2.35n 23
3.
> = sm“(n -3Sin m—)
<.
o =43.6° (3s.f)
i)
y.
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Sketch the diasmm ond  Llabel the

o~
B 12.3cm

Sides :

Y ¢~ lower cose b goes
opposite ans]g ®

Find ABC: 130- (27 +43.582..)
ABC = 109 4%

USM:) the sine vule:
We. ore (ooks
o = o —_c g Jsde 50
S\nA SinB SinC  tnis vecsion (s
easier.
Y <. |

Sin(109.4%.)  Sn23
R.1Sin(109. &%)
Sin23

Yy =

Yy = lb.3em (3sf)
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Cosine Rule YOURNOTES
What is the cosinerule? l

e Thecosinerule allows us to find missing side lengths orangles in non-right-angled
triangles
¢ [|tstatesthatforanytriangle

a2z + b2— c2
2ab

2 =22+ p2- 2abcosC ; cos C =

o Where
= cistheside oppositeangleC
= gandb aretheothertwo sides
e Both of these formulae areinthe formulabooklet, you do not need toremember them
o Thefirstversionis usedto findamissing side
o Thesecondversionis arearrangement of this and can be usedto find a missingangle
¢ Cos90°=0so0if C=90° this becomes Pythagoras’ Theorem

How can we use the cosine rule to find missing side lengths or angles?

e Thecosinerule can beusedwhenyou have two sides and the angle between them orall
three sides
* Always start by labelling your triangle with the angles and sides
o Rememberthe sides with the lower-case letters are opposite the angles with the
equivalent upper-case letters
Usetheformula ¢ = a2 + b%* — 2abcosCto findan unknown side
2+ b2 - 2
Usetheformulacos C = T tofindanunknown angle

o Cistheanglebetweensidesaandb
Substitute the values you haveinto the formula and solve

(") Exam Tip

* * Remembertocheckthatyourcalculatorisin degrees mode!
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YOURNQOTES
*9 Worked Example !
The following diagram shows triangle ABC. AB = 4.2 km, BC = 3.8 km,
AC = 7.1 km.

NOT TO SCALE

Calculate the value of ABC.

Sketch the diasmm ovd Llabel the gides:

B o~
3.8 km
C
7.lem
Y ¢ Lower case b oes
A opposite Qv\sle B3
USif\s the cosine vule:
. We. ore (.po\m%
cosC = 2txb=c’ " for an ongle™
2.0 SO this vecsion s
easier.

cos e = ‘f.?_‘l+ 3.%1— +. lq'

2(4.2)(3 %)
O = cOs"(#,zﬂ 38" - %I*
2(4.2)(23)
= 125.04694..

O=125° (3s£)
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Area of aTriangle
How do find the area of a non-right triangle?

e Thearea of any triangle can be found using the formula

1
A= EabsinC

o Where Cistheangle between sides aandb

o This formulaisinthe formula booklet, you donot needtorememberit
e Becarefultolabelyourtriangle correctly so that Cis always the angle between the two

sides

e Sin90°=1s0if C=90° thisbecomes Area =2 x base x height

IS THE TRIANGLE
RIGHT ANGLED?

A

USE SOH CAH TOA DOES THE QUESTION

PAIRS OF SIDES AND
ANGLES?

INVOLVE ANY OPPOSITE

DOES THE QUESTION
INVOLVE  AREA

USE SINE RULE

A

USE AREA FORMULA USE COSINE RULE

(') ExamTip

* Remembertocheckthatyourcalculatorisin degrees mode!
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YOURNQOTES
*9 Worked Example !
The following diagram shows triangle ABC. AB = 32 cm,AC = 1.1 m,
BAC = 74°.
(&
1.1m
A 32cm

NOT TO SCALE
Calculate the area of triangle..

Lobel the sides of the -&rioms\eﬁ
C

A 3Lem =0.32m

R_choange all unks
to be the same

Areo\ of o {-xioms\e.: A = l'zabsinc
A=7(1)(0322) sin?e

A=0.169 m*

Page 42 of 63

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukfor more awesomeresources

3.3.3 Applications of Tigonometry & Pythagoras

Bearings

What are bearings?

e Bearings are a way of describingandusing directions as angles
¢ They are specifically defined forusein navigation because they give a precise location
and/ordirection

How are bearings defined?

e There are threerules which must be followed every time a bearingis defined
o They are measured from the North direction
= Anarrow showingthe Northline should be included on the diagram
o They are measured clockwise
o Theangleis always writtenin 3 figures
= |ftheangleisless than100° the first digit willbe a zero

What are bearings used for?

e Bearings questions willnormally involve the use of Pythagoras or trigonometry to find
missing distances (lengths) and directions (angles) within navigation questions
o Youshould always draw a diagram
¢ Theremay be a scale given oryou may need to considerusinga scale
o Howevernormally in IB you will be using triangle calculations to find the distances
¢ Some questions may alsoinvolve the use of angle facts to find the missing directions
e Toanswera question involving drawing bearings the following steps may help:
o STEP1: Draw a diagram addingin any points and distances you have been given
o STEP 2:Draw a Northline (arrow pointing vertically up) at the point you wish to measure
the bearing from
= [fyouare given the bearing from Ato B draw the Northlineat A
o STEP 3:Measure the angle of the bearing given from the North line in the clockwise
direction
o STEP 4:Draw alineand addthe point B at the given distance
¢ You willlikely then need to use trigonometry to calculate the shortest distance oranother
givendistance

(’) Exam Tip

- . . . :
¢ Always draw a big, cleardiagram and annotateit, be especially careful to label
theanglesin the correctplaces!
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*9 Worked Example
[ J

YOURNOTES
l
The pointBis 7 km from Aon a bearing of 105°. The distance from B to Cis 5 kmand
the bearingfromBto Cis 230°. FindthedistancefromAto C.

A\.woﬂs stort with o déoxamm.:
N

North
Line

180° - 10s°

230
B _ 360°-(230"+35°%)

é We hove ko sides and the
o\nalg betueen themm so we

Cot use tvne cogine vule
fov the tacd side

c?= o+ b*- 20bcosC
AC* = #%+ 5% = 2(3)(s) cos (857
33.844...

[l

AC = 582 km (3s.£)
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Elevation & Depression YOURNOTES

What are the angles of elevation and depression? l

» |fapersonlooks atanobject thatis notonthe samehorizontalline as theireye-level they
will be looking at either an angle of elevation or depression
o |fapersonlooks up atan object theirline of sight will be at an angle of elevation with
the horizontal
o If apersonlooks down atan object theirline of sight willbe at an angle of depression
with the horizontal
¢ Angles of elevation and depression are measured from the horizontal
¢ Right-angled trigonometry can be usedto findan angle of elevation ordepression ora
missing distance
¢ Tanis often usedinreal-life scenarios with angles of elevation and depression
o Forexampleif we know the distance we are standing from a tree and the angle of
elevation of the top of the treewe can use Tan to findits height
o Orifwearelookingataboatattoseaandweknow ourheightabove sealevelandthe
angle of depression we can find how faraway the boatis

O Exam Tip
* ¢ |tmay beusefulto draw more than one diagramif the triangles thatyou are
interestedin overlap one another
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YOURNOTES
*> Worked Example !
[

Acliffis perpendicularto the sea and the top of the cliff stands 24 m above the level
of thesea. The angle of depression from the cliffto aboatatseais 35°. Ata point x

m up the cliffis a flag markerand the angle of elevation from the boat to the flag
markeris 18°.

a)
Draw andlabel a diagram to show the top of the cliff, T, the foot of the cliff, F, the
flagmarker, M, andthe boat, B, labelling all the angles and distances given above.

Angle of depression
(down Leom Viocrzonkal))

Anale of elevation
(up from \iocrzonkal)

b)
Find the distance from the boat to the foot of the cliff.
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YOURNOTES
l

T
Consider briomﬂ\e_ TAF H o
2%m
SOHCAHTOA P
We have ogpgosike A
ond odjocent So
wse Town 24
Tan 35’ = B¢
24
Bf = ——,
Toan 35

BF = 34.3m (3sf)

C)
Findthevalue of x.
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YOURNOTES
l

Consider tni mnﬂ\e_ FM H o

SOHCAHTOR, Lo
we have ogpyosite Ton35°

ownd ad\)oce.v\h So
wse Town

Tawn I18° = <
Ton 35°,

Z.‘l-
x =Tanl8"x TV\?)S

11.136...
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Constructing Diagrams YOURNOTES
What diagrams will | need to construct? l

¢ InIByouwillbe expected to construct diagrams based on information given
e Theinformation willinclude compass directions, bearings, angles
o Lookoutforthe plane the diagram shouldbe drawnin
o Itwilleitherbe horizontal (something occurring at sea oron the ground)
o Oritwillbevertical (Including height)
¢ Workthrough the statements givenin theinstructions systematically

What do | need to know?

e Yourdiagrams will be sketches, they donotneedto be accurate ortoscale
o Howeverthe more accurate yourdiagramis the easierit is to work with
o Readthefull set of instructions once before beginning to draw the diagram soyou have a
rough idea of where each objectis
e Make sureyou know yourcompass directions
o Dueeast means onabearing of 090°
= Drawthelinedirectly to theright
o Duesouthmeans onabearingof 180°
= Draw thelinevertically downwards
o Duewest means on abearing of 270°
= Drawtheline directly to theleft
o Duenorth means on abearing of 360° (or 000°)
= Drawthelinevertically upwards
¢ Usingtheabove bearings forcompass directions will help you to estimate angles for other
bearings on your diagram

(’) Exam Tip

- . . . .
e Draw yourdiagrams in pencil so thatyou can easily erase any errors
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*9 Worked Example

Acity atBisdueeastofacityatAandAis duenorth of acity atE. AcityatCis due
south of B.

The bearingfrom Ato Dis 155° and the bearing from D to Cis 30°.

The distance AB =50 km, the distances BC =CD =30 km andthe distances DE = AE
=40 km.

Draw andlabel a diagram to show the cities A, B, C, D and Eand clearly mark the
bearings and distances given.

N —DOrow this to help if Yo need.,
w«I—v

E
rthh
s NG ol
B \s due east
ALJEE S0k £
Stoet - Cis due
\
ok E 30km South. of B
40 km :
Ais due nocth i ’3%7_\0°
E 0
3030km
" the bean'n.& from
D0t c.
N
155 s50km
AR '8
; i 30km
: c
0,
3030km
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3.4VoronoiDiagrams

3.4.1Voronoi Diagrams

Drawing Voronoi Diagrams

What are Voronoi Diagrams?
» AVoronoidiagram shows the region containing the set of all points which are closer to one
given site thanto any othersite on the diagram
o Asiteislocatedat the coordinates of a specific place of interest on a Voronoi diagram
e |twillbe partitionedinto a number of regions
o Theseregions are often called Voronoi cells and will be polygons
= Therewillbe the same number of regions as sites on the diagram
o Forexample, if a city contains five parks a Voronoi diagram could be drawn for that city
dividingitinto fiveregions based on their closest park
¢ The edges of each region willbe the perpendicular bisector of two of the sites
o The edges may also be calledboundaries
e Thevertices of eachregion are theintersections of three of these perpendicular bisectors
o Theperpendicularbisectors of three individual points will always intersect at the point
thatis equidistant from the three points

How are Voronoi diagrams drawn for three sites?

¢ You willnot be expected to draw a Voronoi diagram from scratch, however you should
understand how oneis constructed
o First, the perpendicularbisector of the line segmentjoining each pair of sites will be

constructed
= Theseshouldbe constructedusing dashedlines as only a part of eachline willbe

needed forthe final diagram
o The points of intersection of these perpendicular bisectors will create the vertices
o Each perpendicularbisectorshould stop when it meets another perpendicular

bisector
= Remove the part of the perpendicularbisector thatis notin the region of the two

sites
= No perpendicularbisectorshould cross overanother
= This willform the regions, orcells

How are Voronoi diagrams drawn for more than three sites?

« [tis challenging to draw a Voronoidiagram from scratch if it has more than three sites
¢ Inthis caseitis easiestto draw the Voronoidiagram for three sites firstand then add the
next sites one by one following these steps

o STEP 1: The fourth site will be in one of the cells containing an existing site
= Draw the perpendicularbisector of the line segment between these two sites

o STEP 2: Stop this newline at the point where it meets an existingboundary in the

Voronoidiagram
o STEP 3: There willnow be an existing edge in the region of the new site
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= This should be shortened to meet the new boundary YOURNOTES
o STEP 4:The fourth site willnow be in the same cell as a different existing site i

= Draw the perpendicularbisector of the line segment between these two sites
= Thisis the step you willmostlikely carry outin an exam
¢ Youmay be asked to find the equation of a missing edge
o This willmean finding the equation of the perpendicular bisector between the two
sites that are both within one region
e Youmay be askedto addthelocation of a missing site to the Voronoidiagram
o This willmean using the given edge of one ortwo of the regions and finding the second
site thatwould make this edge a perpendicular bisector
= Draw a perpendicularline fromthe site tothe edge
= Checkthedistance of this line and then continue it on the other site of the edge
forthe samedistance
= This willbe thelocation of yournew site
o Youmay needto findthe gradients of the edges you have and then use the negative
reciprocal to find the gradient of the perpendicular bisector of the current and new site

(’) ExamTip
* e Makesurethatyou have astraight edge and an eraserwith you in the exam so
that any perpendicularbisectors that you draw are clearand any mistakes that
are made can be erased
e Ifyouareaskedto adjusta given Voronoidiagram and a perpendicular bisector
that needs to be removed or shortened, you can put a series of little lines along
ittoindicate thatitis crossed out
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YOURNOTES
*> Worked Example !
The Voronoidiagram below shows sites A, B, C andD.
y
6

B (2,5)

TR
A2 T

L Q(5.5)

0 o 4 gD(60)E X

a)
Explain how you know that the Voronoi diagramis incomplete.

_me Voronou o\’\osmm hos four sies
but only three  \oronou cells.

b)

Find the equation of the line which would complete the Voronoi cell containing site
A.

Giveyouranswerintheformax + by + d = Owherea, b, d € Z.
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Sites A and D are both in the Some region
So find the pecrpendiculor bisector of the Lline
segment connecking A and D.

A:(1,2) D:(s,0)
flnd the midpoink:

MP = <‘”;_" ,";_°> = (35,)

Perpendiculor
grodient AD gradient.
-2 = _ . -
mm=2—%'%'-m¢m'z

Sub MP and Maimp inko eguotion for a
strolght Line :

W-y, = m(se -x,)
5 _= Mmulkipiu by 2
3- ! 7_(36 7') to wfavtstho.
€eoction and
y-7 = 53&—3—: ve‘:im:gg ;

4—3—‘* = le—35

0x — 44y -3 =0
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Interpreting Voronoi Diagrams YOURNOTES
What is a Voronoi diagram used for? l

¢ Voronoidiagrams are often usedin land managementto work out where the bestlocation
would be according to where sites are already situated
¢ They canshow where to put somethingto make sure thatitis
o Closesttoa particularsite
Closerto onesitethan another
Equidistant from two or three specific sites
o Asfaras possible fromany othersite

(e}

(e}

What do | need to know about Voronoi diagrams?

¢ Youmay be askedto findthe shortest distance from a point toits closest site

o UsePythagoras’ Theorem to find the distance between the given coordinate and the

siteinthe sameregion asit

o Ifthecoordinateis on an edge then there will be two sites equidistant fromiit
¢ Youmay be askedto findthe point which is furthest from any of the sites

o This willbe one of the vertices

o Tochoosewhichvertexlook at whichis the centre of thelargest empty circle
e Youmay be askedto estimate the success of a new site

o Thisis donebylooking at the data forthe nearest site

o The prediction forthe new site would be assumedto be the same

= Thisis called nearest neighbourinterpolation
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*> Worked Example

The Voronoidiagram below shows the four sites A, B, C and D with coordinates (2,

10),(14,14),(14, 4), and (6, 2) respectively. Tunitrepresents 10 km.

y

A(2,10)

B(14,14)
®

C (14, 4)

i)

X

State which site a new business opening at the coordinate (5, 8) shouldlook at to

predict future sales.

Plot the point and lock for the site

(n the Same re.ss'on.:
y

“The new business
is in the same
region as site A.

—|A (2,10
L]

B (14, 14)
L]

%(%,8)

C(14,4)

Site A

ii)

Findthe shortest distance fromthe point (5, 8) toits nearest site.

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers

Page 56 of 63

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukfor more awesomeresources

The poink (S58) (s closest to site A,
Formula for distonce between two points:

d = J(f’c. - xz)z + ('j. - :jz)z

x

P:(5,8) @: (2,10
f

x # R
RS

Sub Coordinakes:

d

J( 2 -5)* + (10-8)*

Jea @' = |13

Aistonce. = ,|3 X |Okm = 36.055 .. km

Aistonce = 36.1km (3s£)
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3.4.2Toxic Waste Dump Problem

Toxic Waste Dump Problem
What is the toxic waste dump problem?

¢ Thetoxic waste dump problemis the name given to the generalidea of finding the point
on a Voronoi diagram which is furthest from any of the sites
o Asiteis the coordinates of a specific place of interest on a Voronoidiagram
¢ |tis given this name because of the common problem of finding a place to put a toxic waste
dumpthatis equally faraway from anyinhabited area
o Forexample, if a province contains five towns a Voronoi diagram could be used to find
the point within the province which is furthest from each town
¢ Thetoxic waste dump problemis more of anidea than a specific problem
o The same concept couldbe appliedto other contexts such as
= Finding a position fora new supermarket thatis equally far from all competitors
= Findingaplacetoplantanew treethatis equally farfrom other trees competing
forwaterresources
= Findingthe quietest place to enjoy a picnic thatis equally far from othernoisy
groups of people
o Notethatthetermequally faris usedin all of the above examples

How is a Voronoi diagram used to find the furthest point from any site?

¢ Within any Voronoidiagram the furthest point from any site will always be either
o oneofthecellvertices, or
o somewhere on aboundary of the diagram
¢ InanlIBexam, the solution willalways be one of the cell vertices
o Tofindthe furthest point you willneed to considereach of the cell vertices separately and
findwhich oneis furthest from all of the sites
e Thisis done by constructingthe largest empty circle

Whatis thelargest empty circle?

¢ Thelargest empty circleis thelargest possible circle constructed on a Voronoidiagram
that contains no sites
¢ Thecentre of the circle willbe one of the vertices of a cell orregion
o Thevertices of eachregion are theintersections of the boundaries
¢ Theradius of the circle willbe the distance from the vertex to the closest site
o Theclosest site willbe on the circumference
o UsePythagoras’ Theoremto find the distance
e Theremay be a scale to convert the distance found on the Voronoi diagram into a distance
inreallife
o Forexampleif thescaleis Tunitrepresents 5 kmthen 5 units represents 25 km
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YOURNOTES

O Exam Tip .

e Thesolution to the toxic waste dump will always be one of the points of
intersection between the perpendicularbisectors, so you need to know the
coordinates of these points

o Rememberthatyou canuseyour GDC to solve a pair of the simultaneous
equations quickly if you know the equations of two of the perpendicular
bisectors thatintersect at that point
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YOURNOTES

*9 Worked Example !

The Voronoidiagram below shows four cities at the sites A, B, CandD. The
5 7 53
coordinates of the points XandY are (Z , Z) and (5,5) respectively.

6

LBB 4

A(-1,0)

I (2,-1)

Determine the optimal position where a toxic waste site could belocated and,
giventhatTunitrepresents 50 km, find the distance from this point toits nearest
city.
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The optimal position would be ok bthe poink X or Y
Drow tne Lawest  possible circle cenkved at X and VY.

Tre blue cirele is Lorepr
Enan the red so bhe
6 Lodopst empty Circle
s cenkred ot X
L—
; T BB

K, P
</ cG D
A(-1,
-2 0 4 6 Choose any
\7&‘ of the Sites
on the cirde
2 D(2-1) to Pind the

distance
Formula {or distance between two polnts:

53 :
d = J(x.—xz)z+(5,—3z)z Xﬁﬁ“f,?i) 8: (2.9

Sub Coordinates = & o
4 - JE> G- -G-8
= 2.850%.. units

distonce. = 2.850%... X B50km = 142.52... km

distonce. = 143km (3sf)
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