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3.9.1Kinematics with Vectors /

Your notes

Kinematics using Vectors

How are vectors related to kinematics?

Kinematicsis the use of mathematics to model motionin objects
If an objectis moving in one dimension thenits velocity, displacement and time are related using the
formulas=vt
= where sisdisplacement, vis velocity and tis the time taken
If an objectis moving in more than one dimension then vectors are needed to representits velocity
and displacement
= Whilst time is a scalar quantity, displacement and velocity are both vector quantities
Vectors are often used in questionsin the context of forces, acceleration or velocity
The position of an object at a particular time can be modelled using a vector equation

How do | find the direction of a vector?

Vectors have opposite directions if they are the same size but opposite signs
The direction of avectoris what makes it more thanjust a scalar
= E.g.two objects withvelocities of 7m/s and -7 m/s are travelling at the same speed but in
opposite directions
Two vectors are parallel if and only if one is a scalar multiple of the other
Forreal-life contexts such as mechanics, direction can be calculated from a given vector using

trigonometry
= Giventheiandjcomponents aright-triangle can be created and the angle found using
SOHCAHTOA

Itis usually given as abearing or as an angle calculated anticlockwise from the positive x-axis

How do | find the distance between two moving objects?

If two objects are moving with constant velocity in non-parallel directions the distance between them
willchange
The distance between them can be found by finding the magnitude of their position vectors at any
pointintime
The shortest distance between the two objects at a particular time can be found by finding the value of
the time at which the magnitude is at its minimum value

= |etthetime whenthe objects are at the shortest distance be t

= Findthedistance, d, interms of t by substitutinginto the equation for the magnitude of their

positionvectors

» d?willbe an expression in terms of t which can be differentiated and set to O

= Solving this will give the time at which the distance is at a minimum

= Substitute this backinto the expression for d to find the shortest distance
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O Examiner Tip /

. . . . e , Your notes
= Kinematics questions can have alot of informationin, read them carefully and pick out the parts

that are essential to the question
= | ook out forwhere variables used are the same and/or different within vector equations, you will
need to use different techniques to find these
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@ Worked example

Two objects, Aand B, are moving so that their position relative to a fixed point, O at time t, in minutes

3 -2 2 3
canbedeﬁnedbythepositionvectorsI’A = (_1)+r( 4 )andrB = (5)+t(_1).

The unitvectorsiandjare a displacement of 1 metre due East and North of O respectively.

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

The tnitial position. (s when L=0

() o) - 0
) o)

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

b) Find the shortest distance between the two objects and the time at which this will occur.
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Lek the Shortest distance occur ok  kime, t, tnen: /
Your notes

A: (3-2t,-1+4t)  B:(2+3c,5-4)

Find. the diskonce bvetween A ond B . tecms of £

d = |[e+3v-G- 24+ (6 - 1) -1+ 4t )]

= |1 st)* + (6-5t)°

J(1-10t +258) + (36 - 6ot + 25¢2)

A = 33 -70t + SOt?

F’md the minimum ?o'\nt of d*:

dd . _370+ 100t .. -70+100¢ = O
e t =29 =03
100

When L =073 . d =J3% -70(03)+ S0(03)* =/izs

]

d=354¢m (3sf)
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3.9.2 Constant & Variable Velocity 4

Your notes
Vectors & Constant Velocity
How are vectors used to model linear motion?

= |f an objectis moving with constant velocity it will travel in a straight line
= Foranobject movingin a straightline in two or three dimensions its velocity, displacement and time
can be related using the vector equation of aline
= r=a+Ab
= Letting
= rbethe position of the object at the time, t
= abe the positionvector, rgatthe start(t=0)
. lrepresentthetime,t
= b bethe velocity vector, v
= Thenthe position of the object at the time, t can be given by
" r=ro+tv
= Thevelocity vector is the direction vectorin the equation of the line
= The speed of the object will be the magnitude of the velocity |v|
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@ Worked example ,

Your notes
Acar, moving at constant speed, takes 2 minutes to drive in a straight line from point A (-4, 3) to point B

(6,-5).

Attime t,in minutes, the position vector (p) of the car relative to the origin can be givenin the form

p=a+tb

Find the vectorsaandb.

Vector o fepresents the initial position and vector
bre.wes,enhs the direcktion veckor pec minuke.

Position veckor Cﬁ - ('_%‘)
At = Omnutes, p =0 So O =0h= ‘g)

Posibion vector OB = (—ETS)
At t= Z minubes, bthe car is ok the point B and so 08 - o +2b

(-5) = (%) + 20
Diceckion veckoe b = (_65)_(_;) =Cso)

o-(f) &-(3)
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Vectors & Variable Velocity

How are vectors used to model motion with variable velocity?

The velocity of a particle is the rate of change of its displacement over time
In one dimension velocity, v, is found be taking the derivative of the displacement, s, withrespect to
time, t

ds

dt

Inmore than one dimension vectors are used to represent motion
Fordisplacement given as a function of time in the form

£,()
- 107 1

The velocity vector can be found by differentiating each component of the vectorindividually

v, (©)

n Y=

T w0
dr f U
BRI W0

= Thevelocity should be left as a vector

= The speedisthe magnitude of the velocity
If the velocity vectoris known, displacement can be found by integrating each component of the
vectorindividually

= The constant of integration foreach component will need to be found
The acceleration of a particle is the rate of change of its velocity over time
In one dimension acceleration, a, is found be taking the derivative of the velocity, v, withrespect to
time, t
v d’r

dt  d
Intwo dimensions acceleration can be found by differentiating each component of the velocity vector
individually

) a ()

"la,0
v (11
8= a T v, "(0)
d’r fln(t)

s a= =

“de | £,

Page 8 of 9

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

= |fthe accelerationvectoris known, the velocity vector can be found by integrating each component of

the acceleration vectorindividually ,
= The constant of integration for each component will need to be found Your notes

O Examiner Tip

Look out for cluesin the question as to whether you should treat the question as a constant or
variable velocity problem
= 'moving ataconstant speed' willimply using alinear model

= anobject falling orrolling would imply variable velocity

@ Worked example

Aballis rolling down a hill with velocity V= (5)+l‘( 0

.Atthe time t = O the position vector of
3 -0.8

the ballis 3i-2j.

a) Find the acceleration vector of the ball's motion.
R o.-dy _/o0
L EE=Darl ™ & At -08

& =-083%

b) Find the position vector of the ball at the time, t.

r =Jy_clt =J(3?0'3b) dt = (';:‘@}d)

ok t=0 r= (:3’2) A constonk of in’ceﬁration
is needed for both Componenks.

S) +¢ = _{a . € =3, d=-2
3(0)- O.?‘B_§0)+d - —2)

€ = (56+3)i + (3t-0.4t"-2)]
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