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3.2.13D Coordinate Geometry

3D Coordinate Geometry

Howdoes the 3D coordinate system work?

Inthree-dimensional space we canlabelwhere anyobjectis usingthe x-y-zcoordinate system

Inthe 3D cartesiansystem, the x-and y-axes usuallyrepresentlateral space (length and width)
and the zaxis represents vertical height

Whatcanwedo with3D coordinates?

= |f we have two points withcoordinates (x7, y7, z)and (x2, y2, Z2)thenwe should be able to find:
= The midpoint of the two points

= The distance betweenthe two points

= |fthe coordinates are labelled Aand B thenthe line segment between themis writtenwith the
notation[AB]

Howdo I find the midpoint of two pointsin3D?

= The midpointis the average (middle)point

= |tcanbe found byfindingthe middle of the x-coordinates and the middle of the y-
coordinates

= The coordinates of the midpoint willbe

X\ tx, y,ty, ztz

2 72 2

= Thisis giveninthe formulabooklet,youdo notneed to rememberit

Howdo I find the distance betweentwo pointsin3D?

= Thedistance betweentwo points withcoordinates ((x7, 7, z)and (x2, y2, zz)canbe found using

the formula
d= \/(Xl_ P+ (v =yt (7 2,)

= Thisis giveninthe formulabooklet,youdo notneed to rememberit
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@ Worked example
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
Segnenb

in Lormulo
v loooklet

d— =J(3:(—I7_)7-+(S‘—8,_)2 + (zl“?-').)
:(-2,1,5 (4,-3,2
A ()‘ t T) 8 (/" t 1’)

3&. 5. ‘E. 27_ 57. Zz

S wbsirituke:
d

Jcz -0+ (1-C3)*+ (5 -2)*

JE6)F + 4% + 32

J36 +16 +9

6\

ot 7:81 units (3sc)_3

i) Find the midpoint of [AB].
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Formula for the midpoit of a Une

SQgY\ej\.\'_ : n (-’ormu.t&
v~ ‘oooklet

MP = <==c.+9cz , tj'*‘sz, ﬁ)
2 2 3

Ar(—,‘z,;, ;») B=(;r,—;3>,g)

x, Hl & X 5?. &2
Substituke:
MP = (-z+4 | +(-3) S+2)
T ' o ¢

(%23

mP = (I,-1,35) |
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3.2.2Volume & Surface Area

Volume of 3D Shapes
Whatis volume?

= Thevolume ofa3Dshapeis ameasure of howmuch 3D spaceittakes up
= A3Dshapeisalso called asolid
= Youneedto be able to calculate the volume of anumberofcommonshapes

Howdo Ifind the volume of cuboids, prisms and cylinders?

= Aprismis a3-Dshape thathas two identicalbase shapes connected by paralleledges
= Aprismhas the same base shape all the way through
= Aprismtakesits name fromits base

= To find the volume of any prism use the formula:

Volume of aprism =Ah

= Where Ais the areaof the cross sectionand his the base height
= hcould also be the length of the prism,dependingonhowitis oriented
= Thisisinthe formulabookletinthe priorlearning sectionat the beginning
= Thebase could be anyshape so aslongasyouknowits areaand lengthyoucancalculate the
volume of any prism

= Notetwo specialcases:
= To find the volume of acuboid use the formula:

Volume of a cuboid = length X width X height
V = Iwh
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= Thevolume of acylindercanbe foundinthe same wayas a prismusing the formula:

Volume of a cylinder = w12 h

= where I'is the radius, A1 is the height (orlength,dependingonthe orientation
= Note thatacylinderis technicallynotaprismasits baseis notapolygon, howeverthe
method forfindingits volume is the same
= Bothoftheseareinthe formulabookletinthe priorlearningsection

Howdo lIfindthe volume of pyramids and cones?

= |naright-pyramid the apex(the joining point of the triangularfaces)is verticallyabove the centre
of the base
= The base canbe anyshape butis usuallyasquare,rectangle ortriangle
= To calculate the volume of aright-pyramid use the formula

1
V=—Ah
3

= Where Ais the area of the base, his the height
= Note that the height must be verticalto the base
= Aright coneis acircular-based pyramid with the vertical height joining the apexto the centre of
the circularbase
= To calculate the volume of aright-cone use the formula

1
V=—1nrh
37‘[1‘

= Where I'is the radius, i is the height
= These formulae are both giveninthe formulabooklet

Howdolfindthe volume of asphere?

= To calculate the volume of asphere use the formula

v="rp
=T
3 I

= Where ris the radius
= theline segment fromthe centre of the sphere to the surface
= This formulais giveninthe formulabooklet

O Exam Tip

= Rememberto make use of the formulabookletinthe examas all the volume formulae you
need willbe here
= Formulae forbasic 3D objects (cuboid, cylinderand prism) are inthe prior learning
section
= Formulae forother3D objects (pyramid,cone and sphere) are inthe Topic 3: Geometry
section
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@ Worked example

Adessertcanbe modelled as aright-cone ofradius 3cmand height12cmand ascoopofice-
creaminthe shape of asphere ofradius 3 cm. Find the total volume of theice-creamand cone.

Nt

12 em

Volume of o spheres V.= 63 (in formula
booklet)

Swstitute: r =3 = V=% x3°
=37

Volume of o right cone: V = %75(2'1 (In formula
booklet)

\
Subsbitube: r =3, h=12 = V=37(3)02)
= 3T

Total Volume = F2Tcm >

Total Volume = 226cm?® (3s$)
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Surface Areaof 3D Shapes
Whatis surfacearea?

= The surface areaofa3Dshapeisthe sumofthe areas of allthe faces that make up ashape
= Afaceisoneofthe flatorcurved surfaces that make upa 3D shape
= |toftenhelpsto considera3Dshapeinthe formofits 2D net

Howdo lfindthe surfaceareaof cuboids, pyramids and prisms?

= Anyprisms and pyramids that have polygons as theirbases have onlyflat faces
= The surface areais simplyfound byaddingup the areas of these flat faces
= Drawinga2Dnetwillhelpto see whichfaces the 3D shape is made up of

Howdo Ifindthe surface areaof cylinders,conesandspheres?

= Cones,cylinders and spheres allhave curved faces soitis not always as easyto see theirshape
= Thenetofacylinderis made up of two identical circles and arectangle
= Therectangleis the curved surface areaand is harderto identify
= Thelengthoftherectangleis the same as the circumference of the circle
= Theareaofthe curvedsurfaceareais

A=2mrh

= where ris the radius, his the height
= Thisis giveninthe formulabookinthe priorlearningsection
= Theareaofthetotalsurface areaof acylinderis

A =2mrh+2mr?

= Thisisnot giveninthe formulabook,howeveritis easyto puttogetheras boththe areaofa
circle and the area of the curved surface area are given
= Thenetofaconeconsists of the circularbase alongwith the curved surface area
= Theareaofthe curved surface areais

A =mrl

= Where ris the radius and /is the slant height
= Thisis giveninthe formulabook
= Be carefulnotto confuse the slantheight, /, with the vertical height, h
= Note thatr, hand /will create aright-triangle with /as the hypotenuse
= The areaofthetotalsurfaceareaofaconeis

A= mrl+ 12
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= Thisisnot giveninthe formulabook,howeveritis easyto puttogetheras boththe areaofa
circle and the area of the curved surface area are given
= To find the surface areaof asphere use the formula

A =47

= where ris the radius (line segment from the centre to the surface)
= Thisis giveninthe formulabooklet,youdo nothave to rememberit

O Exam Tip

= Rememberto make use of the formulabookletinthe exam as all the areaformulae youneed
will be here
= Formulae forbasic 2D shapes (parallelogram, triangle, trapezoid, circle, curved surface
ofacylinder) areinthe priorlearningsection
= Formulae forother2D shapes (curved surface areaofacone and surface areaofa
sphere)areinthe Topic 3: Geometry section
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@ Worked example

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

B

i) Use the PythagoreanTheoremto find the distance VN.
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Skekah the ":r'\o\nsLQ MNV :
Vv

3.2¢m

M igem N

T
M (s the mw\:eomt
S0 MN = 3.6+

55 Yre ?&Uﬂa&o cean Theoreon. :

VN = | yM* o MNe

= J82% + 1.8*

= ‘I70.48

VN 3.40 cm (3s{-')

i) Calculate the area of the triangle ABV.
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Acea. AARY =ocea ABCV

Sketch ARCV: X
‘J?’O.‘o—% cmn

%) .bem C

AfE_Ck of & ‘\:\"{Qv\slg = lek

Substibute =36, W= |7-O_4.-3
Aceo. = %(3.6)” 70.48 )

= 191l . ccont

E————

Acea AARV = 1S.1cm®

iii) Find the surface area of the right pyramid.

Constde_r((tj the net may help:

Sguare ose

VA
A~ (sosceles
Ler oms\e
S U\("GO\CQ — oreo + l,_ oreao
oeo Sq(uo\re 'trio«ttj le
SA =

2.6 + H(15.01.)
= 33.405... cm*

SA = 134 em® (3sf)
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