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3.9.1Kinematics with Vectors

Kinematics using Vectors

Howarevectorsrelated to kinematics?

Kinematics is the use of mathematics to modelmotioninobjects
If anobjectis movinginone dimensionthenits velocity, displacement and time are related using
the formula s= vt

= where sis displacement, vis velocity and tis the time taken
If anobjectis movinginmore thanone dimensionthenvectors are needed to representits
velocity and displacement

= Whilsttime is ascalar quantity, displacement and velocity are bothvector quantities
Vectors are oftenused inquestionsinthe contextof forces,accelerationorvelocity
The positionofanobject ataparticulartime canbe modelled usingavectorequation

Howdolfind thedirectionof avector?

Vectors have opposite directions if they are the same size but opposite signs
The directionofavectoris what makes it more thanjustascalar
= E.g.two objects withvelocities of 7m/s and -7 m/s are travelling at the same speed butin
opposite directions
Two vectors are parallelif and onlyif one is ascalar multiple of the other
Forreal-life contexts suchas mechanics,directioncanbe calculated froma givenvectorusing
trigonometry
= Giventheiandjcomponents aright-triangle canbe created and the angle found using
SOHCAHTOA
Itis usually givenas abearing oras anangle calculated anticlockwise from the positive x-axis

Howdo Ifind the distance between two moving objects?

If two objects are moving withconstant velocityinnon-parallel directions the distance between
themwill change
The distance betweenthem canbe found byfinding the magnitude of theirpositionvectors at
anypointintime
The shortest distance betweenthe two objects at a particulartime canbe found by finding the
value of the time at which the magnitude is atits minimumvalue

= |etthetimewhenthe objects are atthe shortestdistance be ¢t

= Find the distance, d,interms of tbysubstitutinginto the equationforthe magnitude of their

positionvectors
= JPwillbe anexpressioninterms of twhich canbe differentiated and setto O
= Solving this will give the time at which the distance is at a minimum

= Substitute this backinto the expressionfor dto find the shortestdistance

O Exam Tip

= 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

Two objects,Aand B, are moving so that theirpositionrelative to afixed point, O at time ¢,in

3 -2
minutes canbe defined bythe positionvectors r, = ( )+t( )and

W ()42) o

The unitvectorsiandjare adisplacement of Imetre due Eastand Northof O respectively.

a) Find the coordinates of theinitial position of the two objects.

The tnitial position s when £=0

() off) - ()
- )o@y

A(3,-1) and B(2,5)}

b) Find the shortestdistance between the two objects and the time at which this willoccur.

Let the Shockest diskonce occur ob time, b, then :
A: (3-2¢,-1+4t) B (2+3¢,5-4%)

£ind. the pdiskonce between A ond Boin tecms of k£
= d[(7_ +3%) - (3—zt)]z+ (6 -4)=(1+ Ll-t)]?-

= | (-1+5t)" + (6 -5t)°

J (1= 10t +25t5) + (36 - bok +25¢2)

A® = 3% -%0t + Sot?
Find the MinimMmum ?o'\nt of d*:

dd _ -70 + |00t S =70 +100t
dt E

0
29 -03%
00

Whe + =07 , d -J3% -#0003)+ 50(03)* = [125

d=354m (3sf)
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3.9.2 Constant & Variable Velocity

Vectors & Constant Velocity
Howarevectorsusedtomodellinearmotion?

= |fanobjectis movingwith constant velocity it will travelin a straight line
= Foranobjectmovinginastraight line intwo orthree dimensions its velocity, displacement and
time canbe related usingthe vectorequationofaline
= r=a+Ab
= Letting

= rbethe positionofthe objectatthetime,t

= abethe positionvector, rpatthe start (t=0)

" lrepresentthetime,t

= pbethevelocity vector, v
= Thenthe positionofthe object at the time, tcan be given by

= r=rp+tv
The velocity vectoris the directionvectorinthe equation of the line
The speed of the object will be the magnitude of the velocity|v]

@ Worked example

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

Attime t,inminutes, the positionvector(p) of the carrelative to the origin canbe giveninthe form

p=a+tb

Find the vectors aand b.

Vector oo represents the inikiol position and vector
bre,?re_sex\hs the direckion vector per minuke.

Pos'\h'\ov\ vecktor CT;\ = (—%)
At t=0mnutes, p =2 So o= 3"=(—§)

Position vector OB = (-65>
At t= 2 minutes, the car is ot the point B  and so 08 = o +2b

(-5) = (%) + 20
Diceckion vector 72 = (_65 )_ (_13;-) =Cg)

a=(5) b=(%)
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Vectors & Variable Velocity

Howarevectorsusedto modelmotion with variable velocity?

The velocity of aparticle is the rate of change of its displacement overtime
Inone dimensionvelocity, v,is found be taking the derivative of the displacement, s,withrespect
totime, t

ds

dt

Inmore thanone dimensionvectors are used to represent motion
Fordisplacement givenas afunctionoftimeinthe form

£,(9)
£,(0)

The velocityvectorcanbe found bydifferentiatingeachcomponent of the vectorindividually

v, ()

s Y=

- 1(f) =

s V=

v, (1)
o dr fll(t)
TR ()

= Thevelocityshould be leftas avector

= The speedis the magnitude of the velocity
If the velocityvectoris known,displacement canbe found byintegratingeachcomponent of the
vectorindividually

= Theconstantofintegrationforeachcomponentwillneed to be found
The accelerationof aparticle is the rate of change of its velocity overtime
Inone dimensionacceleration, a,is found be taking the derivative of the velocity, v, withrespect
to time, t

v d’t

dt  df
Intwo dimensions accelerationcanbe found by differentiatingeachcomponent of the velocity
vectorindividually

a (9

" a0
v (W0
= a v,"(0)
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dr £ (1)

= T 17
dt f, ()

= [fthe accelerationvectoris known, the velocityvectorcanbe found byintegratingeach
componentofthe accelerationvectorindividually
= Theconstantofintegrationforeachcomponentwillneed to be found

O Exam Tip

= lookoutforcluesinthe questionasto whetheryoushould treatthe questionas aconstant
orvariable velocity problem

= 'movingataconstantspeed'willimplyusingalinearmodel
= anobjectfallingorrollingwould implyvariable velocity

@ Worked example
Aballisrollingdowna hillwithvelocity V= {5)+ t( 0 \.Atthe time t=0the coordinate of

\3) (-0.8)

the ballare (3,-2).

a) Find the accelerationvectorof the ball's motion.
7 = ( 5 ) o -dv _fo
— ~ \3-03% =2 y d.'l', -0

& = -084

b) Find the positionvectorofthe ball at the time, t.

= =5¥0u-‘ =J<3§O.8b) dt = <§:—@>&>

3 tork of inteqroki
ok t=0, f=<—7_> Fl cons integration
is needed for both Componenks.
50) +¢ _{& . Cc =3, d=-2
3(0)—0-23_(0)+ol 2

€ = (st+3)i + (3t-0.4t*-2))
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