
5.5 Kinematics



5.5.1 Kinematics Toolkit

Displacement, Velocity & Acceleration

What  is kinemat ics?

Kinematics  is the branch o f mathematics that mo dels and analyses the mo tio n o f o bjects

Co mmo n wo rds such as distance, speed  and acceleratio n are used in kinematics but are used

acco rding to  their technical definitio n

What  definit ions do I need t o be aware of ?

Firstly, o nly mo tio n o f an o bject in a straight line  is co nsidered

this co uld be a ho riz o ntal straight line

the po sitive  directio n wo uld be to  the right

o r this co uld be a vertical straight line

the po sitive  directio n wo uld be upwards

Particle

A particle  is the general term fo r an o bject

so me questio ns may use a specific  o bject such as a car o r a ball

T ime t seco nds

Displacement , velo city  and acceleratio n are all f unctio ns  o f time t
Initially time is z ero  t=0

Displacement s  m

The displacement  o f a particle is its distance relative  to  a fixed po int

the fixed po int is o ften (but no t always) the particle’s initial po sitio n

Displacement will be z ero  s=0 if the o bject is at o r has returned to  its initial po sitio n

Displacement  will be negative if its po sitio n relative  to  the fixed po int  is in the negative

directio n (left o r do wn)

Distance d  m

Use o f the wo rd distance  needs to  be co nsidered carefully and co uld refer to

the distance travelled  by a particle

the (straight line) distance the particle is fro m a particular po int

Be careful no t to  co nfuse displacement  with distance

if a bus ro ute starts and ends at a bus depo t, when the bus has returned to  the depo t, its

displacement  will be z ero  but the distance the bus has travelled will be the length o f the

ro ute
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Distance  is always po sitive

Velo city  vm s

The velo city  o f a particle is the rate o f change  o f its displacement at time t
Velo city  will be negative  if the particle  is mo ving in the negative directio n

A velo city  o f z ero  means the particle is statio nary v=0
Speed 









v  m s

Speed  is the magnitude  (a.k.a. abso lute value o r mo dulus) o f velo city

as the particle is mo ving in a straight line, speed  is the velo city igno ring the directio n

if v=4, 







v =4
if v=−6, 








v =6
Acceleratio n a  m s

The acceleratio n o f a particle is the rate o f change  o f its velo city  at time t
Acceleratio n can be negative  but this alo ne canno t fully describe the particle’s mo tio n

if velo city  and acceleratio n have the same  sign the particle is accelerating (speeding up)

if velo city  and acceleratio n have different  signs then the particle is decelerating (slo wing

do wn)

if acceleratio n is z ero a=0  the particle is mo ving with co nstant  velo city 

in all cases the directio n o f mo tio n is determined by the sign o f velo city

Are t here any ot her words or phrases in kinemat ics I should know?

Certain wo rds and phrases can imply values o r directio ns in kinematics

a particle described as “at rest ” means that its velo city is z ero , v=0
a particle described as mo ving “due east” o r “right” o r wo uld be mo ving in the po sitive

ho riz o ntal directio n

this also  means that v> 0
a particle “dro pped f ro m the to p o f  a cliff” o r “do wn” wo uld be mo ving in the negative

vertical directio n

this also  means that v< 0

What  are t he key f eat ures of  a velocit y-t ime graph?

The gradient  o f the graph equals the acceleratio n o f an o bject

A straight line  sho ws that the o bject is accelerating at a co nstant rate

A ho riz o ntal line sho ws that the o bject is mo ving at a co nstant velo city

The area between graph and the x-axis tells us the change in displacement o f the o bject

Graph abo ve  the x-axis means the o bject is mo ving f o rwards

Graph belo w the x-axis means the o bject is mo ving backwards

-1

-1

-2
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The to tal displacement o f the o bject fro m its starting po int is the sum o f the areas abo ve  the x-

axis minus  the sum o f the areas belo w the x-axis

The to tal distance travelled by the o bject is the sum o f all the areas

If the graph to uches  the x-axis  then the o bject is statio nary at that time

If the graph is abo ve  the x-axis  then the o bject has po sitive velo city and is travelling f o rwards

If the graph is belo w the x-axis  then the o bject has negative velo city and is travelling backwards

Exam T ip

In an exam if yo u are given an expressio n fo r the velo city then sketching a velo city-time graph

can help visualise the pro blem
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i)

ii)

Worked example

A particle is pro jected vertically upwards fro m gro und level, taking 8 seco nds to  return to  the

gro und.

The velo city-time graph belo w illustrates the mo tio n o f the particle fo r these 8 seco nds.

Ho w many seco nds do es the particle take to  reach its maximum height?

Give a reaso n fo r yo ur answer.

State, with a reaso n, whether the particle is accelerating o r decelerating at time t=3.
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5.5.2 Calculus for Kinematics

Differentiation for Kinematics

How is different iat ion used in kinemat ics?

Displacement , velo city  and acceleratio n are related by calculus

In terms o f differentiatio n and derivatives

velo city  is the rate  o f change  o f displacement

v=
ds
dt   o r  v (t)=s'(t)

acceleratio n is the rate  o f change  o f velo city

a=
dv
dt   o r  a (t)=v'(t)

so  acceleratio n is also  the seco nd derivative  o f displacement

a=
d2s
dt2   o r  a (t)=s''(t)

So metimes velo city  may be a f unctio n o f displacement  rather than time

v (s)  rather than v (t)

in such circumstances, acceleratio n is a=v
dv
ds

this result is derived fro m the chain rule

All acceleratio n fo rmulae are given in the f o rmula bo o klet

Even if a mo tio n graph is given, if po ssible, use yo ur GDC to  draw o ne

yo u can then use yo ur GDC’s graphing features to  find gradients

velo city  is the gradient  o n a displacement (-time) graph

acceleratio n is the gradient  o n a velo city  (-time) graph

Do t no tatio n is o ften used to  indicate time derivatives

x  is so metimes used as displacement (rather than s ) in such circumstances

.x=
dx
dt , so  

.x  is velo city

"
x=

d2x
dt2 , so  

"
x  is acceleratio n
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a)

b)

Worked example

The displacement, x  m, o f a particle at t  seco nds, is mo delled by the functio n 

x (t)=2t3−27t2+84t .

Find expressio ns fo r 
.x  and 

"
x .

The velo city, v  m s , o f a particle is given as v (s)=6s−5s2−4 , where s  m is the

displacement o f the particle.

Find an expressio n, in terms o f s , fo r the acceleratio n o f the particle.

-1
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Integration for Kinematics

 How is int egrat ion used in kinemat ics?

Since velo city  is the derivative  o f displacement  (v=
ds
dt ) it fo llo ws that

s=∫v dt

Similarly, velo city  will be an antiderivative  o f acceleratio n

v=∫a dt
Yo u might be given the acceleratio n in terms o f the velo city and/o r the displacement

In this case yo u can so lve a differential equatio n to  find an expressio n f o r the velo city in

terms o f  the displacement

a=v
dv
ds

How would I find t he const ant  of  int egrat ion in kinemat ics problems?

A bo undary  o r initial co nditio n wo uld need to  be kno wn

phrases invo lving the wo rd “initial”, o r “initially” are referring to  time  being z ero , i.e.  t=0
yo u might also  be given info rmatio n abo ut the o bject at so me o ther time (this is called a

bo undary co nditio n)

substituting the values in fro m the initial o r bo undary co nditio n wo uld allo w the co nstant

o f integratio n to  be fo und

How are definit e int egrals used in kinemat ics?

Definite integrals can be used to  find the displacement o f a particle between two  po ints in time

∫
t1

t2
v (t) dt  wo uld give the displacement  o f the particle between the times t= t1  and

t= t2
This can be fo und using a velo city-time graph by subtracting the to tal area belo w the

ho riz o ntal axis fro m the to tal area abo ve

∫
t1

t2








v (t) dt  gives the distance a particle has travelled  between the times t= t1 and

t= t2

This can be fo und using a velo city velo city-time graph by adding the to tal area belo w the

ho riz o ntal axis to  the to tal area abo ve

Use a GDC to  plo t the mo dulus graph y= 







v (t)
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Exam T ip

Sketching the velo city-time graph can help yo u visualise the distances travelled using areas

between the graph and the ho riz o ntal axis

i. Given that the initial po sitio n o f the particle is at the o rigin, �nd an expressio n fo r its

displacement fro m the o rigin at time t  seco nds.

ii. Find the displacement o f the particle fro m the o rigin in the �rst �ve seco nds o f its mo tio n.

iii. Find the distance travelled by the particle in the �rst �ve seco nds o f its mo tio n.

Worked example

A particle mo ving in a straight ho riz o ntal line has velo city (v m s−2 ) at time t seco nds mo delled

by v (t)=8t3−12t2−2t .
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