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3.10.1Vector Equations of Lines

Equationof aLine inVector Form
Howdo Ifindthe vectorequationofaline?

= Theformulaforfindingthe vectorequationofalineis
- r=a+b
= Where ris the positionvectorofanypointontheline
= gisthe positionvectorofaknownpointontheline
= pis adirection(displacement)vector
» Aisascalar

= Thisis giveninthe formulabooklet
= Thisequationcanbeused forvectorsinboth2-and 3-dimensions
= This formulais similarto aregularequation of astraightlineinthe form y = mx + C butwitha
vectorto show bothapointonthe line and the direction(orgradient) of the line
= In2Dthe gradientcanbe found fromthe directionvector
= |In3Danumerical value forthe directioncannotbe found,itis givenas avector
= As acould be the positionvectorofany pointonthe line and bcould be any scalar multiple of
the directionvectorthere are infinite vectorequations forasingle line
= Givenanytwo points onaline withpositionvectors aand bthe displacement vectorcanbe
writtenas b-a
= Sotheformular=a+Ab -a)canbe used to find the vectorequationof theline
= Thisisnot giveninthe formulabooklet

Howdo ldetermine whethera pointliesonaline?

81 bl cl
= Giventhe equationofaliner = +1 the point cwith positionvector is
a C
2 2 2
a, b, G
onthe line if there exists avalue of Asuch that
c1 a1 bl
[ ] = +A{
c2 82 b2
c3 33 b3

= This means that there exists asingle value of Athat satisfies the three equations:

n = +
c = a ﬂ,bl
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=, = 32+ﬂb2

] == +
c,= a, lb3

= AGDC canbeusedto solve this systemoflinearequations for
= The pointonlylies onthe lineif asingle value of A exists forall three equations
= Solve one of the equations first to find avalue of Athat satisfies the first equationand then
check that this value also satisfies the othertwo equations

= Ifthe value of A does not satisfyall three equations, thenthe point cdoes notlie ontheline

Q Exam Tip

= Rememberthatthe vectorequationofaline cantake manydifferent forms

= This means that the answeryouderive mightlook different fromthe answerinamark
scheme

= Youcanchoose whetherto write yourvectorequations of lines usingunitvectors oras
columnvectors

= Usethe formthatyouprefer,howevercolumnvectorsis generallyeasierto work with
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@ Worked example

a) Find avectorequationof astraightline through the points with positionvectors a=4i- 5k
and b =3i- 3k

Use the position vectors %o find the displocement veckor
between thwem.

() a- () = #-0-6)- ()

Vector equation of a line r=a-+ib

Posi\:ior\ vector Posihiov\ vector
¥ of point o ¥ of point b
_ [ - _ [3 -t
) 7 -3 g
K direckion K diceckion
vector vector

. |
Y = L5+7\ o)
-5 2

b) Determine whetherthe point C withcoordinate (2,0, -1T)lies onthis line.

2
Let ¢ = <O> , then check ko gee if bthere exisks o volue
-1

of A such ~thok

2 & =
(5)-@) ()
- =S 2
From the I componenk : b-X =2 (D

from the If componenkt : 0 +OX =0 @(/) Works for ol A

N

From the 'K component : =S +2n =-I| ®

O = A2=2 suw e @ = _54(2x2)=-S+bk ==y

Foint C Lies on the line
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Equationof aLine in Parametric Form
Howdo Ifind the vectorequationof alineinparametricform?

= Byconsideringthe three separate components of avectorinthe x, yand zdirections itis
possible to write the vectorequationof aline as three separate equations

X
= Lettingr= thenI'=a+ Abbecomes

= Where isapositionvectorand isadirectionvector
Yo m
n

= Thisvectorequationcanthenbe splitinto its three separate component forms:
- x=x,t M
= Y=y, t Am
= z= 2zt An

= These are giveninthe formulabooklet

@ Worked example

Write the parametric form of the equation of the line which passes through the point (-2,1,0) with
3

directionvector

-4

Parametric form of the x=x,+Al, y=y,+Am, z=z,+An
equation of a line

Use = a +2b Lo wrike the eguakion (n veckor foem Fiest:

x -2 3
=(®)-(0)3)
z o =&
P"s“'"“”:‘ R diceckion veckoc
veckor of
o poink

ge?omx\.e the components nko thewr 3 se?o«'o\be ec"uo&.\'oﬂs.

X ==-2+3)\
3: | +A_
z2=-bx
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Equationof aLine inCartesianForm

= The Cartesianequationofaline canbe found fromthe vectorequationof aline by
= Findingthe vectorequationof the line in parametric form

= EIiminatingl from the parametric equations
» A canbe eliminated by makingit the subject of each of the parametric equations
X— XO
1
= In2Dthe cartesianequationof alineis aregularequationof astraightline simply giveninthe form
= y=mx+c
= ax+by+d=0
Y=y, X=X,
= = byrearranging Y=y, = m(X_Xl)
oy 57X
= |In3Dthe cartesianequationof aline also includes zand is givenin the form
X=X, Y=Y, _ z= z,

= Forexample: X = X0+ A gives A=

1 m n
X
0 1
= where = + 1
Yo m
z n
2

= Thisis giveninthe formulabooklet
= Ifoneofyourvariablesdoesnotdependon/lthenthispartcanbewrittenasaseparate
equation

= Forexampleem=0 =y= Y, gives = Y=,
1 n 0

Howdolfindthe vectorequationof alinegiventhe Cartesianform?

= |fyouare giventhe Cartesianequationofalineinthe form
X=X, Y=Y, ~ z= 2z,

1 m n
= Avectorequationoftheline canbe found by

= STEP]:Seteachpartoftheequationequaltoﬂ,individually
= STEP 2:Rearrange eachofthese three equations (ortwo if workingin 2D) to make x, y,and z
the subjects
= This will give you the three parametric equations
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= X= X0+ Al

= y=y,t Am
. zZ= ZO+ An
X %0 1
= STEP 3:Write this inthe vectorform = +A
Yo
z n
Zy
X
= STEP 4:Setrtoequal
Yy
z

= |f one partofthe cartesianequationis givenseparatelyandis notinterms of A thenthe
correspondingcomponentinthe directionvectoris equalto zero

@ Worked example

1 4
Aline has the vectorequationr = | 0 |+A| —2 [.Find the Cartesianequation of the line.
2 1

Cartesian equations of a X=Xy Y=Yy _2—2,

line l m n

Be_s'm b:j wr'\t\'nj the eqluqbiovx of the Une in poramekric fore:

@B - 31
z2=2+x @

Reowomsa each equakion o voke A the Subyeck

oc — |

© r= =
A=_92
@ -2

@ K:z—z

Set eocwh expression Bor A E.CVA&L to each other:

X -1 = Y = z2-2

4 —2
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3.10.2 Applications to Kinematics

Kinematics using Vectors
Howarevectorsrelated to kinematics?

= Vectors are oftenused inquestionsinthe contextof forces,accelerationorvelocity
= |fanobjectis movinginone dimensionthenits velocity,displacement and time are related using
the formula s= vt
= where sis displacement, vis velocity and tis the time taken
= |fanobjectis movinginmore thanone dimensionthenvectors are needed to representits
velocity and displacement
= Whilsttime is a scalar quantity, displacement and velocity are both vector quantities
= Foranobjectmovingataconstant speedinastraight lineits velocity, displacement and time
canberelated usingthe vectorequationofaline
= r=a+Ab
= |etting
= rbethe positionofthe objectatthe time, t
= abe the positionvector, rpatthe start(t=0)
= lrepresentthetime,t
= bpbethevelocity vector, v
= Thenthe positionofthe object at the time, tcan be given by
" r=rp+tv
= The speed of the object will be the magnitude of the velocity|v/|

O ExamTip

= Kinematics questions canhave alotofinformationin,read them carefullyand pick out the
parts that are essential to the question

= Lookoutforwhere variables used are the same and/ordifferent withinvectorequations, you
willneed to use different techniques to find these
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@ Worked example

Acar,movingatconstant speed, takes 2minutes to drive inastraightline frompoint A(-4,3) to
pointB(6,-5).

At time t,inminutes, the positionvector(p) of the carrelative to the origincanbe givenin the form

p=a+tb

Find the vectors aand b.

Vector o represents the initial position and vecktor
\gre,?re_sex\hs the direckion vector per minuke.

Posibion veckor 0_;\ = (-g>
At t=0mnutes, p =2 So o= 3A=(—§)

Posibion vector O_’B = (-65>
At t=7 mnutes, the car is ok the poiit B and so E)B= o +2b

(-5) = (%) + 20
Diceckion veckor 2p = (_65 )_ (_g) =(_|g)

a=-(3) b=(%)
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3.10.3 Pairs of Linesin 3D

Coincident, Parallel, Intersecting & Skew Lines
Howdo Itellif two lines are parallel?

= Two lines are parallelif,and onlyif, theirdirectionvectors are parallel
= This means the directionvectors willbe scalar multiples of each other

2 2
= Forexample,thelineswhose equationsarer=| 1 +11 0 | and
=7 -8
1 -1
r=| —1 +/12 0 |areparallel
5 4
2 -1
= Thisisbecause| 0 [=-2[ 0
-8 4

Howdoltellif twolines are coincident?

= Coincidentlines are two lines that lie directlyontop of eachother
= Theyareindistinguishable fromeachother

= Two parallellines will eitherneverintersect ortheyare coincident (identical)
= Sometimes the vectorequations of the lines maylook different

= forexample,thelinesrepresented bythe equations I = +5s and
() )
r= + are coincident,
\0 ) =2

= To checkwhethertwo lines are coincident:
= Firstcheckthattheyare parallel

- 1
= Theyare because ( 2 ) = —4( ) ) and so theirdirectionvectors are parallel

= Next,determine whetherany point onone of the lines also lies onthe other
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1
] is the positionvectorofapoint onthe firstline and
1 -3 . . .
= +4 soitalsoliesonthesecondline
-8 0 -2

= |ftwo parallellines share any point,thentheyshare allpoints and are coincident
What are skewlines?

= Lines thatare not paralleland whichdo notintersect are called skew lines
= Thisisonlypossible in 3-dimensions

Howdoldetermine whetherlinesin 3dimensions are parallel, skew, or
intersecting?

= First,lookto seeif the directionvectors are parallel:
= ifthedirectionvectors are parallel, then the lines are parallel
= fthe directionvectors are not parallel, the lines are not parallel
= [fthelines are parallel,check to seeif the lines are coincident:
= |ftheyshare any point,thentheyare coincident
= [fany pointononelineis notonthe otherline,thenthelines are not coincident
= |fthelines are not parallel,check whethertheyintersect:
= STEP1:Setthevectorequations of the two lines equal to each otherwith different variables
= e.g.landp,forthe parameters
= STEP 2:Write the three separate equations forthei,j,and kcomponentsinterms of Aand p
= STEP 3:Solve two of the equations to find avalue foriand u
= STEP 4:Checkwhetherthe values of Land pyouhave found satisfythe third equation
= [fallthree equations are satisfied, thenthelinesintersect
= |fnotallthree equations are satisfied, thenthe lines are skew

Howdolfindthe pointofintersectionof twolines?

= |fapairoflinesarenot paralleland do intersect,aunique pointofintersectioncanbe found
= |fthe two linesintersect, there willbe asingle point that willlie onbothlines
= Follow the steps above to find the values of Land pthat satisfyall three equations
= STEP 5:Substitute eitherthe value of Aorthe value of pinto one of the vectorequations to
find the positionvectorof the point where the lines intersect
= |tisalways agoodideato checkinthe otherequations as well,youshould getthe same
pointforeachline

O Exam Tip

= Make sure thatyouuse dif‘ferentletters,e.g.ﬂ and [l,to represent the parametersinvector
equations of differentlines
= Checkthatthe variable you are usinghas not alreadybeenused inthe question
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@ Worked example

Determine whetherthe following pairoflines are parallel,intersect,orare skew.

r=4i+3j+s(5i+2j+3k)andar= —5i+4j+k+t2i—j).

STEP I: Check to see if the lines are parallel:

<)) O

direckion veckocs
The Lines are ok parallel becouse theve is vo

value of k Such thak <5> (z)
2) = k(=

3 o
STEP 2: Check to See if the linesminkerseck :

4+ 5N =-5+2M © Sek up Uacee equakions
3+ 2N

b-p @ for eoch of the i,} ond
3n= | @ k components.
Equation @ >‘=—?'> Sub wto @: 3 +2L) =4 - p
3 Thom
o
Swwcinko D 4*5(|_3)='5+2('—3)

-‘—; # ’% contradiction

Theve is ne poinkt of intersection.

The Lines ore Skew
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Angle BetweenTwo Lines
Howdo we findthe angle between two lines?

= The angle betweentwo linesis equalto the angle betweentheirdirectionvectors
= |tcanbe foundusingthe scalarproduct oftheirdirectionvectors

= Giventwo linesintheform I = al + lbl and I'= 32 + lbz use the formula
[ Pc by
[6,]] 8|

= [fyouare giventhe equations of thelinesinadifferentformortwo points onaline youwillneed to
find theirdirectionvectors first

= To find the angle ABC the vectors BAand BC would be used, bothstarting fromthe point B
= Theintersectionoftwo lines will always create two angles,anacute one and anobtuse one

= Thesetwo angles willadd to 180°

= Youmayneed to subtractyouranswerfrom180° to find the angle you are looking for

= Apositive scalarproduct willresultinthe acute angle and a negative scalar product will

resultinthe obtuse angle
= Usingthe absolute value of the scalarproduct will always result inthe acute angle

= O=cos”

O Exam Tip

= |Inyourexamread the questioncarefullyto seeifyouneed to find the acute orobtuse angle
= Whenrevising,getinto the practice of double checkingat the end of aquestionwhether
yourangleis acute orobtuse and whetherthis fits the question

@ Worked example

Find the acute angle,inradians betweenthe two lines defined by the equations:

2 1 1 -3
lra=| 0 |+A -4 |and L2 b=| =4 [+pu| 2
3 -3 3 5

STEP 1: Find the scalor produck of the direction veckors:

! -3
¢ ) 2) =(1x-3) + (~4x2) +(3x5) =-3+(-8) +(-\5) = -2b
@) (@) -wror e >

nesative, sSo the angle wil

be bthe obtuse ongle.

SteP 2: find the masnihudes of the dicection vectkors:
JO )t + DT =26 Jey 2y + () =J38

. e ug;,s e olosoluke
STEP 3: "— ind the Qﬂs\t’ cos© -ﬂ value will result

J26 /38 in the acure ongle.

=i 26
© = cos
> Jze ! 38>

6=059% voadians (3s¢)
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3.10.4 The Vector Product

The Vector ('Cross') Product
Whatisthe vector(cross)product?

= Thevectorproduct (also knownas the cross product)is aforminwhichtwo vectors canbe
combined together
= Thevectorproductbetweentwo vectors vand wis denoted vx w
= Theresult of takingthe vectorproduct oftwo vectorsis avector
= Thevectorproductisavectorinaplane thatis perpendicularto the two vectors fromwhichit
was calculated
= This could beineitherdirection,depending onthe angle between the two vectors
= Theright-hand rule helps yousee whichdirectionthe vectorproduct goesin
= Bypointingyourindexfingerand yourmiddle fingerinthe direction of the two vectors
yourthumb willautomatically go in the direction of the vectorproduct

Howdo lfindthe vector (cross)product?

= There are two methods forcalculating the vectorproduct

Page 13 of 23
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= Thevectorproductofthe two vectors vand wcanbe writtenincomponent formas follows:
V.W,— V. W

273 37
- VXW= | VW VW,
ViW,T VW,
Vi W
= Where v= and W=
Vs W,
V3 W

= Thisis giveninthe formulabooklet
= Thevectorproductcanalso be foundinterms ofits magnitude and direction
= The magnitude of the vectorproductis equalto the product of the magnitudes of the two
vectors and the sine of the angle betweenthem
= |vX w|=]|v||w|sind
= Where 6is the angle between vand w
= Thetwo vectors vand warejoined at the start and pointingawayfromeach other
= Thisis giveninthe formulabooklet
= Thedirectionof the vectorproductis perpendicularto both vand w

What properties of thevectorproductdolneedto know?

= Theorderofthevectorsisimportant and changes the result of the vectorproduct
= VX WZ* WXV
= However
= VX W= — WXV
= Thedistributive law canbe used to ‘expand brackets’
- ux(v+w= uxv+ uxw
= Where u, vand ware allvectors
= Multiplyingascalarbyavectorgives the result:
« (kv) x w= vx(kw)=k(vX w)
= Thevectorproductbetweenavectoranditselfis equalto zero
= vXVv=0
= [ftwo vectors are parallelthenthe vectorproductis zero
= Thisisbecausesin0°=sin180°=0
= If VX W=0thenvand ware parallelif they are non-zero
= |ftwo vectors, vand w, are perpendicular then the magnitude of the vectorproductis equalto
the product of the magnitudes of the vectors
- |vxw]=|wl||v

= Thisisbecausesin90°=1

Q Exam Tip

= The formulae forthe vectorproduct are giveninthe formulabooklet, make sure youuse them
as thisis aneasyformulato getwrong

= The properties of the vectorproduct are not giveninthe formulabooklet,howevertheyare
importantand itis likelythat youwillneed to recall theminyourexamso be sure to commit
themto memory
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@ Worked example

2
Calculate the magnitude of the vectorproduct betweenthe two vectors v = 0 and
-5
w=3i-2j—kusing
i) —
V,W T VW,

theformulavXw= [ V;W, = V, W,

(5)-(8) «-()-C)

V=(v)=(o0 W =lw, | ={-2

v \=s ws \1

Use the formula o find the Ccross=produck:
VoWwg — V3w, ©)(-) - -S)(-Z &

Vxw = (v? i - v, w:f) E ((-s>(c3>— fz;((-o) - —llg)
Vivwg — Vo W, (.2)(—2)_ (O)(3) _ll'

Find the moan'\tu&e of ¥ xw:

I xw| = [(-10)"+ C13) + 4) = (285
y ]

v xW| = l6.ﬂ3s¥)

ii) the formula, giventhat the angle betweenthemis Tradian.

Find i the masn'\tuo\e of ¥ ond w:

¥l =JZ"+0"+(-5)1 = m

lwi= [3% Pt = i

Nxw| = |¥Ilw] sin g

J2a Xﬁs‘m (|‘)

lv xwW| = 7.0 (3sf)
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Areas using Vector Product
Howdolusethevectorproductto findthe area of a parallelogram?

= The areaof the parallelogramwith two adjacent sides formed bythe vectors vand wis equal to
the magnitude of the vectorproduct of two vectors vand w
= A= | vV X W| where vand wformtwo adjacent sides of the parallelogram
= Thisis giveninthe formulabooklet

Howdolusethe vectorproduct to findthe area of atriangle?

= The areaof the triangle withtwo sides formed bythe vectors vand wis equal to half of the
magnitude of the vector product of two vectors vand w

1

= A=+ | vV X W| where vand wformtwo sides of the triangle

2

= Thisisnot giveninthe formulabooklet

O Exam Tip

= The formulaforthe areaof the parallelogramis givenin the formulabooklet but the formula
forthe areaofatriangleis not
= Rememberthatthe areaof atriangle is half the area of a parallelogram
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@ Worked example

Find the area of the triangle enclosed by the coordinates (1,0, 5),(3,-1,2)and (2,0, -1).

Let A ‘e (\,0,5), B be (3-1,2) and C be (2,0,-1)

8

You con use any two
direction veckors Movi»/B
c owsay from any vertrex.

Find the twe direction vectors /ATé ond A_E
—
B-()-6) () ~-6)-() ()
2, ) -3 -l S -6
Find tne cross product of the two diceckion veckocs:

AL - (3)(5) - Q:%‘(.‘? :&-3533) -(3)

(2)(0) - 1)) I
Find the Magnitude of the cross product

|ABxAL| = [¢Teatar = [11%
Areo. of the Er\cma\e. s ol the masnituo\e

Acea = 5|ABx ALl = $]1%

rq Do mtio o

| Area = S.43 o (3sf)

A
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3.10.5Shortest Distances withLines

Shortest Distance BetweenaPoint and alLine
Howdo lfind the shortest distance from a pointtoaline?

= Theshortestdistance fromanypointto aline will always be the perpendicular distance
= Givenaline /withequationT = a+\b and apoint Pnoton/
= The scalarproduct of the directionvector,b,and the vectorinthe direction of the shortest
distance willbe zero
= The shortestdistance canbe found using the following steps:
= STEPT:.Letthevectorequationoftheline be rand the pointnotonthe line be P, thenthe point
ontheline closestto Pwillbe the point F
= The point Fis sometimes called the foot of the perpendicular
= STEP 2:Sketchadiagramshowingthe line /and the points Pand F

—
= Thevector FPwillbe perpendicularto the line /

= STEP 3:Use the equationofthe line to find the positionvectorof the point Finterms of A
—

= STEP 4:Use this to find the displacement vector FPinterms of
= STEP5:The scalarproductofthe directionvectoroftheline /and the displacementvector

—>
FPwillbe zero

—
= Formanequation FP- b=0andsolveto ind

— —
STEP 6: Substitute Ainto F/P and find the magnitude |FP|

—
= The shortestdistance fromthe point to the line will be the magnitude of F/P

= Note thatthe shortestdistance betweenthe pointand the lineis sometimes referred to as the
lengthof the perpendicular

Howdo weusethevectorproductto findtheshortestdistancefromapointtoa
line?
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= Thevectorproductcanbeused to find the shortestdistance fromanypointto alineona2-
dimensional plane
= Givenapoint,P,and aline r=a+1b

|Xf°x b|
5]

= Theshortestdistance fromP to the line will be

= Where Ais apointontheline
= Thisisnot giveninthe formulabooklet

O Exam Tip

= Columnvectors canbe easierand clearerto work withwhen dealingwith scalarproducts.
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@ Worked example

2 0
Point A has coordinates (1,2,0) and the line  has equationT = 0]+4]1
6 2

Point Blies onthe [ such that [AB] is perpendicularto 1.

Find the shortest distance from Ato the line 1.

Bis on L so can be written 11 tecms of A :

o< (0) 4+ af° 2

OB = oplns <:|7_> = <6 > A0

— 2 |

AB=( 2 _——
()~ ()

(3
/% is perpendicdar bto s A_é .<12>=0

(23) ()

A-2+2(6+22)=0

Shortest distance = J2I units
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Shortest Distance BetweenTwo Lines
Howdo we find the shortest distance between two parallellines?

= Two parallellines willneverintersect
= The shortestdistance betweentwo parallellines will be the perpendicular distance between
them

= Givenaline 11 withequationr=a, + /ldland aline ]2 withequationT = a, +,ud2 thenthe
shortest distance betweenthemcanbe found using the following steps:
= STEP1:Find the vectorbetween a1 and ageneralcoordinate from ]2 interms of y

STEP 2:Setthe scalarproductofthe vectorfound in STEP 1and the directionvector d1 equal

tozero

= Rememberthe directionvectors d1 and d2 are scalarmultiples of eachotherand so

eithercanbe used here
= STEP 3:Formand solve anequationto find the value of

= STEP 4:Substitute the value of y backinto the equationfor ]2 to find the coordinate on ]2
closestto ]1

= STEP 5:Find the distance between a1 and the coordinate found in STEP 4

—
. |AB xd|
= Alternatively, the formula T canbeused
—
= Where AB is the vectorconnectingthe two givencoordinates a,and a

1 2
= disthe simplified vectorinthe directionof d1 and d2

= Thisisnot giveninthe formulabooklet

Howdo we find the shortest distance from agiven pointonalinetoanotherline?

= Theshortestdistance fromanypointonaline to anotherline will be the perpendicular distance
fromthe pointto theline

= |fthe angle betweenthe two lines is known orcanbe found thenright-angled trigonometrycan
be used to find the perpendiculardistance

|14_1§xd|
|d|

= Alternatively,the equationof the line canbe used to find ageneralcoordinate and the steps
above canbe followed to find the shortest distance

= The formula givenabove is derived using this method and canbe used

Howdo we find the shortest distance between two skewlines?

= Two skewlines are not parallel but willneverintersect
= Theshortestdistance betweentwo skew lines will be perpendicularto bothof thelines
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= This willbe at the point where the two lines pass each otherwith the perpendiculardistance
where the point ofintersectionwould be

= Thevectorproduct of the two directionvectors canbe used to find avectorinthe
directionofthe shortestdistance

= The shortestdistance willbe avectorparallelto the vectorproduct

= To find the shortestdistance betweentwo skew lines withequations = a1 + /ld1 and

r=a,+ud,,

STEP 1:Find the vectorproduct of the directionvectors d1 and d2
] = X
d=4d xd,
= STEP 2:Find the vectorinthe directionof the line between the two general points on 11 and 12

interms ofA and y

—_—
AB=Db - a
= STEP 3:Setthe two vectors parallelto eachother
—_—
- d = kAB

= STEP4:Setupandsolve asystemoflinearequationsinthe three unknowns, k, A and M

O ExamTip

= Examquestions willoftenaskforthe shortest,orminimum, distance withinvectorquestions
= |f you're unsure start by sketchinga quick diagram
= Sometimes calculus canbe used,howeverusuallyvectormethods are required
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@ Worked example

Considerthe skew lines 11 and 12 as defined by:

6 2
]1:1'= -4 1+ 2] -3
3 4
-5 -1
]2:I'= 4 +u 2
-8 1

Find the minimum distance betweenthe two lines.
Find the vector product of the direction veckors.

<z> <-|> <(-3)( Dhs (4)(2)> <-Il>
=3 )X 2 ) = @En- @) | =(=6
b : (2)(2)- 3 1) '

Find the veckor in the direckion of Bhe line loelween
the suvercxk Coovrdinates.

3 =l = ik 6+22 -ll-m-22
AB = b +2i | — (-4 —BA | 7| @+2m +32
-3+ M 3+ -l + M -4

A point on L2 A point on L

-l
- -22 N 2\ A8 s poraliet bo<—6)
8+24 +31 | (-6 Wl u '
=l P o5 b, I S0 16 = ,

Sek up ond solve a svs’cem of equakions.

Ik - 2;{'_% =l Solve usins GDC:
6k + 31+ 20 =-8 ( k=38l ,_.238 x=--52

79 79 79
M-l - k =1l

Substitube back inko the expression for AB and find the mogaitude:

|AB| - '""() ( ) 341

ol |- |8 ) e G
)| &

Shortest distance = 493 units (3s.£.)

Page 23 of 23

For more help visit our website www.exampaperspractice.co.uk



