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Definitions

These technical terms should not be conused with their everyday  use.  In particular one should note that

  Vector quantities always have a direction associated with them.

  Generally,  velocity and speed are NOT the same thing.  This is  particularly important i the object is  not going in a straight line.

  The units o acceleration come rom its denition.  (m s- 1 )   s  =  m s- 2 .

  The denition o acceleration is precise.  It is  related to the change in velocity  (not the same thing as the change in speed) .  

Whenever the motion o an object changes,  it is  called acceleration.  For this reason acceleration does not necessarily mean 

constantly increasing speed  it is  possible to accelerate while at constant speed i the direction is changed.

  A deceleration means slowing down,  i.e.  negative acceleration i velocity is  positive.

Symbol Defnition Example SI 

Unit

Vector or 

scalar?

Displacement s The distance moved in a 

particular direction.

The displacement rom London to 

Rome is  1 .43    1 06  m southeast.

m Vector

Velocity v or  u The rate o change o 

displacement.

velocity =    
change o displacement

  
________________

  
time taken

  

The average velocity during a fight 

rom London to Rome is 1 60 m s
- 1  

southeast.

m s
- 1 Vector

Speed v or  u The rate o change o distance.

speed =    
distance gone
 

__________
 

time taken
  

The average speed during a fight 

rom London to Rome is 1 60 m s
- 1

m s- 1 Scalar

Acceleration a The rate o change o velocity.

acceleration =    
change o velocity

  
_____________
 

time taken
  

The average acceleration o a plane 

on the runway during take-o is  

3.5  m s
- 2
 in a orwards direction.  This 

means that on average,  its velocity 

changes every second by 3.5  m s
- 1

m s- 2 Vector

instantaneous vs average

It should be noticed that the average value (over a period 

o time)  is  very dierent to the instantaneous value (at one 

particular time) .  

In the example below,  the positions o a sprinter are shown at 

dierent times ater the start o a race.

The average speed over the whole race is easy to work out.  It 

is  the total distance (1 00 m)  divided by the total time (1 1 .3  s)  

giving 8.8 m s- 1 .  

But during the race,  her instantaneous speed was changing all the 

time.  At the end o the rst 2.0 seconds,  she had travelled 10.04 m.  

This means that her average speed over the rst 2.0 seconds was 

5.02  m s
- 1 .  During these rst two seconds,  her instantaneous 

speed was increasing  she was accelerating.  I she started at rest 

(speed =  0.00 m s- 1 )  and her average  speed (over the whole two 

seconds)  was 5.02  m s- 1  then her instantaneous speed at 2  seconds 

must be more than this.  In act the instantaneous speed or this 

sprinter was 9.23 m s- 1 ,  but it would not be possible to work this 

out rom the inormation given.

start nish

d =  0 .00  m d =  10.04 m d =  28.21  m d =  47.89  m d =  69 .12  m d =  100.00  m

t =  0 .0  s t =  2 .0  s t =  4.0  s t =  6 .0  s t =  8.0  s t =  11.3  s

m

frames of reference

I two things are moving in the same 

straight line but are travelling at dierent 

speeds,  then we can work out their 

relative velocities  by simple addition or 

subtraction as appropriate.  For example,  

imagine two cars travelling along a 

straight road at dierent speeds.  

I one car ( travelling at 30 m s- 1 )  

overtakes the other car ( travelling at  

25  m s- 1 ) ,  then according to the driver o 

the slow car,  the relative velocity o the 

ast car is +5  m s - 1 .

In technical terms what we are doing is 

moving rom one rame o reerence  

into another.  The velocities o 25  m s
- 1
 

and 30 m s
- 1
 were measured according

25 m  s-1

observer

30  m  s-1

one car overtaking another,  as seen by an 

observer on the side o the road.

to a stationary observer on the side o the 

road.  We moved rom this rame o reerence 

into the drivers rame o reerence.  

gap between  the  cars 

increases 

by  5  m  s-1

one car overtaking another,  as  seen by the 

driver o the slow car.
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g     

the use of graphs
Graphs are very useul or representing the changes that 

happen when an object is  in motion.  There are three possible 

graphs that can provide useul inormation

  displacementtime or distancetime graphs

  velocitytime or speedtime graphs

  accelerationtime graphs.

There are two common methods o determining particular physical 

quantities rom these graphs.  The particular physical quantity 

determined depends on what is being plotted on the graph.

1.  Finding the gradient of the line.

To be a little more precise,  one could fnd either the gradient o 

  a straight-line section o the graph (this fnds an average 

value) ,  or

  the tangent to the graph at one point (this fnds an 

instantaneous value) .

2.  Finding the area under the line.

To make things simple at the beginning,  the graphs are 

normally introduced by considering objects that are just moving 

in one particular direction.  I this is  the case then there is 

not much dierence between the scalar versions (distance or 

speed)  and the vector versions (displacement or velocity)  as the 

directions are clear rom the situation.  More complicated graphs 

can look at the component o a velocity in a particular direction.

I the object moves orward then backward (or up then down) ,  

we distinguish the two velocities by choosing which direction to 

call positive.  It does not matter which direction we choose,  but 

it should be clearly labelled on the graph.  

Many examination candidates get the three types o graph 

muddled up.  For example a speedtime graph might be 

interpreted as a distancetime graph or even an acceleration

time graph.  Always look at the axes o a graph very careully.  

example of equation  of uniform motion
A car accelerates uniormly rom rest.  Ater 8  s  it has travelled 1 20 m.  Calculate:  ( i)  its average acceleration  ( ii)  its instantaneous 

speed ater 8  s

( i)   s  =  ut +    
1
 _ 

2
   at2  

 120 =  0    8  +    
1
 _ 

2
   a    82  =  32  a  

 a  =  3 .75  m s2

( ii)   v2  =  u2  +  2  as  

 =  0  +  2    3 .75    1 20 

 =  900

    v =  30 m s1

Displacementtime graphs
  The gradient o a displacementtime 

graph is  the velocity

  The area under a displacementtime 

graph does not represent anything 

useul 

e

Ob ject  i s  th rown  ver t ica l ly  u pwa rds .
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speed  =  0  m  s-1

ob ject  re tu rn s  a t  a  

fa s te r  speed

speed  =
 2 0  

                     1

              =  2 0  m  s-1

leve l  o f

ha nd  a s  ze ro

d isp la cem en t

accelerationtime graphs
  The gradient o an acceleration

time graph is  not oten useul ( it 

is  actually the rate o change o 

acceleration)

  The area under an acceleration

time graph is  the change in velocity

e

Ob ject  m oves  w ith  in creas ing ,  then  cons ta n t ,

then  d ecreas ing  a cce le ra t ion .

cha nge  in  ve lo c ity  =  a rea  u nder  graph
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velocitytime graphs
  The gradient o a velocitytime 

graph is  the acceleration

  The area under a velocitytime 

graph is  the displacement 

e
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    0 .9
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1

2
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uy  d  

practical 

calculations
In order to determine how the 

velocity (or the acceleration)  

o an object varies in real 

situations,  it is oten necessary 

to record its motion.  Possible 

laboratory methods include.

lh 
A light gate is  a device that 

senses when an object cuts 

through a beam o light.  The 

time or which the beam is 

broken is recorded.  I the 

length o the object that 

breaks the beam is known,  

the average speed o the 

object through the gate can 

be calculated.  

Alternatively,  two light gates 

and a timer can be used to 

calculate the average velocity 

between the two gates.  Several 

light gates and a computer can 

be joined together to make 

direct calculations o velocity 

or acceleration.

s hhy
A strobe light gives out very 

brie fashes o light at xed 

time intervals.  I a camera 

is pointed at an object and 

the only source o light is  

the strobe light,  then the 

developed picture will have 

captured an objects motion.

t  =  0 .0  s

t  =  0 .1  s

t  =  0 .2  s

t  =  0 .3  s

t  =  0 .4 s

t  =  0 .5  s

tk 
A ticker timer can be 

arranged to make dots on 

a strip o paper at regular 

intervals o time (typically 

every tieth o a second) .  I 

the piece o paper is  attached 

to an object,  and the object 

is allowed to all,  the dots on 

the strip will have recorded 

the distance moved by the 

object in a known time.

equations of 

uniform motion
These equations can only be 

used when the acceleration 

is constant  dont orget to 

check i this is  the case!

The list o variables to 

be considered (and their 

symbols)  is  as ollows

u  initial velocity

v nal velocity

a  acceleration (const)

t time taken

s  distance travelled 

The ollowing equations link 

these dierent quantities.  

 v =  u  +  at

 s  =   (    u  +  v
 

_ 
2
   )   t

 v
2  =  u2  +  2as

 s  =  ut +    
1
 _ 

2
   at2

 s  =  vt -    
1
 _ 

2
   at2

The rst equation is derived 

rom the denition o 

acceleration.  In terms o 

these symbols,  this denition 

would be 

a  =     
(v -  u)
 _ 

t
  

This can be rearranged to 

give the rst equation.

v =  u  +  at (1 )

The second equation comes 

rom the denition o 

average velocity.  

average velocity =    
s
 
_ 
t
  

Since the velocity is  changing 

uniormly we know that this 

average velocity must be 

given by 

average velocity =    
(v +  u)
 _ 

2
  

or     
s
 
_ 
t
   =    

(u  +  v)
 _ 

2
  

This can be rearranged to 

give

s  =    
(u  +  v) t
 

_ 
2
   (2)

The other equations o 

motion can be derived by 

using these two equations 

and substituting or one o 

the variables (see previous 

page or an example o 

their use) .

falling objects
A very important example o uniormly accelerated motion is  

the vertical motion o an object in a uniorm gravitational 

feld.  I we ignore the eects o air resistance,  this is  known as 

being in ree-all.

Taking down as positive,  the graphs o the motion o any object 

in ree-all are 
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In the absence o air resistance,  all alling objects have the 

SAME acceleration o ree-all,  INDEPENDENT o their mass.

Air resistance will (eventually)  aect the motion o all 

objects.  Typically,  the graphs o a alling object aected by air 

resistance become the shapes shown below.
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stra igh t  l i ne  a s

ve locity  becomes

consta n t

term ina l

ve locity  o f

23  m  s-1

acce lera t ion  =  ze ro

a t  term ina l  ve locity

As the graphs show,  the velocity does not keep on rising.  It 

eventually reaches a maximum or terminal velocity.  A 

piece o alling paper will reach its terminal velocity in a much 

shorter time than a alling book.
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components of projectile motion
I two children are throwing and catching a tennis ball between 

them,  the path o the ball is always the same shape.  This motion is 

known as projectile motion  and the shape is called a parabola.

path  taken  by  ba l l

is  a  parabola

The only orces acting during its  fight are gravity and riction.  

In many situations,  air resistance can be ignored.

It is  moving horizontally and vertically at the same time  

but the horizontal and vertical components o the motion are 

independent  o one another.  Assuming the gravitional orce is 

constant,  this is  always true.

hz  
There are no orces in the horizontal direction,  so there is no 

horizontal acceleration.  This means that the horizontal velocity 

must be constant.

bal l  travels at  a  constant  horizontal  velocity

v
1

v
2

v
3 v

H

v
H

v
5

v
4v

H

v
H

v
H

d
H

d
H

d
H

d
H

d
H

v
H

v
6

v  
There is a constant vertical orce acting down,  so there is 

a constant vertical acceleration.  The value o the vertical 

acceleration is 10 m s- 2 ,  which is the acceleration due to gravity.

v
3 v

H

v
H

v
4v

H

v
H

v
H v

H

vertica l

changes

velocity
v
1

v
2

v
5

v
6

mathematics of parabolic motion
The graphs o the components o parabolic motion are shown below.

      x-d        y -d 

t  / s t  / s

t  / s t  / s

t  / s t  / s

a
x 
/ 
m
 s
-
2

a
y
 /
 m

 s
-
2

v y
 /
 m

 s
-
1

v x
 /
 m

 s
-

x 
/ 
m

y
 /
 ms lope  =  ux

g

s lope  =  - g

uy

maximum

heigh t

0

0

0

0

0

0

ux

Once the components have been worked out,  the actual velocities (or 

displacements)  at any time can be worked out by vector addition.

The solution o any problem involving projectile motion is as  ollows:

  use the angle o launch to resolve the initial velocity into components.

  the time o fight will be determined by the vertical component o 

velocity.

  the range will be determined by the horizontal component (and the 

time o fight) .

  the velocity at any point can be ound by vector addition.

Useul short-cuts  in calculations include the ollowing acts:

 or a given speed, the greatest range is achieved i the launch angle is 45.

  i two objects are released together,  one with a horizontal velocity 

and one rom rest,  they will both hit the ground together.

p  

example
A projectile is  launched horizontally rom the top o 

a cli.

vertical motion horizontal motion

u  =  0

v =  ?

a  =  1 0 m s
-2

s  =  h

t  =  ?

u  =  u
H

v =  u
H

a  =  0

s  =  x

t =  ?

The nal velocity v
f
 is  the vector addition o v and u

H
.

s  =  ut +      at
2

h  =  0  +        10   t
2

so

t
2  
=

t =            s

v =  u  +  atSince

v =  0  +  1 0

=                   m s
-1

x  =  uH    t

=  uH    

1

2

1

2

2h

10

2h

10

2h

10
m

2h

10
m20h

in i t ia l  h orizon ta l  ve lo city

uH

uH

vf

h

heigh t  

o f cl i

x

v
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fluiD resistance 

When an object moves through a fuid (a liquid or a gas) ,  there will be a rictional fuid resistance that aects the objects motion.  

An example o this eect is  the terminal velocity that is  reached by a ree-alling object,  e.g.  a spherical mass alling through a liquid 

or a parachutist alling towards the Earth.  See page 1 1  or how the motion graphs will be altered in these situations.

Modelling the precise eect o fuid resistance on moving objects is  complex but simple predictions are possible.  The Engineering 

Physics option (see page 1 67)  introduces a mathematical analysis o the rictional drag orce that acts on a perect sphere when it 

moves through a fuid.  Key points to note are that:

  Viscous drag acts to oppose motion through a fuid

  The drag orce is dependent on:

  Relative velocity o the object with respect to the fuid

  The shape and size o the object (whether the object is  aerodynamic or not)

  The fuid used (and a property called its viscosity) .

For example page 1 2  shows how,  in the absence o fuid resistance,  an object that is  in projectile motion will ollow a parabolic 

path.  When fuid resistance is taken into account,  the vertical and the horizontal components o velocity will both be reduced.  The 

eect will be a reduced range and,  in the extreme,  the horizontal velocity can be reduced to near zero.

parabol ic path  (no  uid  resistance)

path  (with  uid  resistance)

experiment to Determine free-fall acceleration

All experiments to determine the ree-all acceleration or an object are based on the use o a constant acceleration equation with 

recorded measurements o displacement and time.  Some experimental set-ups will be more sophisticated and use more equipment 

than others.  This increased use o technology potentially brings greater precision but can introduce more complications.  Simple 

equipment oten means that,  with a limited time available or experimentation,  it is  easier or many repetitions to be attempted.

I an object ree-alls  a height,  h,  rom rest in a time,  t,  the acceleration,  g,  can be calculated using s  =  ut +    1  __ 
2
   at2  which rearranges 

to give =    2h __ 
t2
   .  Rather than just calculating a single value,  a more reliable value comes rom taking a series o measurement o the 

dierent times o all or dierent heights h  =    1  __ 
2
   gt2 .  A graph o h  on the y-axis against t2  on the x-axis will give a straight line graph 

that goes through the origin with a gradient equal to   1  __ 
2
   g,  making g  twice the gradient.

Possible set-ups include:

Set-up Comments

Direct measurement o a alling object,  

e.g.  ball bearing with a stop watch and 

a metre ruler

Very simple set-up meaning many repetitions easily achieved so random error can be 

eliminated.  I height o all is  careully controlled,  great precision is possible even though 

equipment is standard.  For a simple everyday object such as a ball bearing,  the eect o 

air resistance will be negligible in the laboratory whereas the eect o air resistance on a 

Ping-Pong ball will be signicant.

Electromagnet release and electronic 

timing version o the above

The increased precision o the timing can improve accuracy but set-up will take longer.   

Introduction o technology can mean that systematic errors are harder to identiy.

Motion o alling object automatically 

recording on ticker-tape attached to 

alling object

Physical record allows detailed analysis o motion and thus allows the objects whole 

all to be considered (not just the overall time taken)  and or the data to be graphically 

analysed.  Addition o moving paper tape introduces riction to the motion,  however.

Distance sensor and data logger All measurements can be automated and very precise.  Sotware can be programmed 

to perorm all the calculations and to plot appropriate graphs.  Experimenter needs to 

understand how to operate the data logger and associated sotware.

Video analysis o alling object Capturing a visual record o the objects all against a known scale,  allows detailed 

measurements to be taken.  Timing inormation rom the video recording needed,  which 

oten involves ICT.

fd   d  - 
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forces  what they are anD what they Do
In the examples below,  a orce ( the kick)  can cause deormation 

(the ball changes shape)  or a change in motion (the ball 

gains a velocity) .  There are many dierent types o orces,  

but in general terms one can describe any orce as the cause 

o a deormation or a velocity change.  The SI unit or the 

measurement o orces is  the newton (N) .

kick

(a)  deformation (b)  change in  velocity

kick
kick causes

deformation  of footbal l

kick causes a  change in

motion  of footbal l

Eect o a orce on a ootball

  A (resultant)  orce causes a CHANGE in velocity.  I the 

(resultant)  orce is zero then the velocity is constant.  

Remember a change in velocity is called an acceleration,  so we 

can say that a force causes an acceleration.  A (resultant)  

orce is NOT needed or a constant velocity (see page 16) .

  The act that a orce can cause deormation is also important,  

but the deormation o the ball was,  in act,  not caused by just 

one orce  there was another one rom the wall.  

  One orce can act on only one object.  To be absolutely 

precise the description o a orce should include

  its magnitude

  its direction

  the object on which it acts (or the part o a large object)

  the object that exerts the orce

  the nature o the orce

A description o the orce shown in the example would thus 

be a 50 N push at 20  to the horizontal acting ON the ootball 

FROM the boot.

Different types of forces
The ollowing words all describe the orces ( the pushes or 

pulls)  that exist in nature.  

Gravitational force Normal reaction Compression 

Electrostatic force Friction Upthrust 

Magnetic force Tension Lift

One way o categorizing these orces is  whether they result 

rom the contact between two suraces or whether the orce 

exists even i a distance separates the objects.

The origin o all these everyday orces is  either gravitational or 

electromagnetic.  The vast majority o everyday eects that we 

observe are due to electromagnetic orces.

forces as vectors
Since orces are vectors,  vector mathematics must be used to fnd 

the resultant orce rom two or more other orces.  A orce can also 

be split into its components.  See page 7 or more details.

resultant  down  

slope =  W sin  

resultant  into  

slope =  W cos  -  R  

            =  zero

(a)  by  vector mathematics

example:  block being pushed  on  rough  surface

(b)  by  components

example:  block sl id ing down  a  smooth  slope

P,  push  force
S,  surface force

W,

weight

W,  weight

force d iagram:

resultant

force

R,  reaction

component  into  slope 

=  W cos 

component  down  slope 

=  W sin  





W
S

P

Vector addition

free-boDy Diagrams
In a free-body diagram  

  one object (and ONLY one object)  is  chosen 

  all the orces on that object are shown and labelled.

For example,  i we considered the simple situation o a book 

resting on a table,  we can construct ree-body diagrams or 

either the book or the table.

situation:
free-body diagram

for book:
free-body diagram

for table:

RT,  reaction  from table P,  push  from

book

RE W

RE,  reaction

from Earths

surfaceweight  of table

gravitational  pul l  of Earth

w,  weight  of book

gravitational  pul l  of Earth

measuring forces 
The simplest experimental method or measuring the size o a 

orce is to use the extension o a spring.  When a spring is in 

tension it increases in length.  The dierence between the natural 

length and stretched length is called the extension o a spring.

Hookes law

Hookes law states that up to the elastic limit,  the extension,  x,  

o a spring is proportional to the tension orce,  F.  The constant 

o proportionality k is  called the spring constant.  The SI 

units or the spring constant are N m- 1 .  Thus by measuring 

the extension,  we can calculate the orce.

f d  -d  d

mathematical ly,
F   x
F =  kx

original
length

extension
=  5 .0  cm

2  N

extension
=  15.0  cm

6 N

ex
te
ns

io
n
 / 
cm

force  / N

15.0

10.0

5.0

2.0 4.0 6.0 8.0

spring constant
(units  N  m-1)
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newtons irst law
Newtons frst law o motion states that an object continues in uniorm motion in a straight line or at rest unless a resultant external orce 

acts.  On frst reading,  this can sound complicated but it does not really add anything to the description o a orce given on page 14.  All it 

says is that a resultant orce causes acceleration.  No resultant orce means no acceleration  i.e.  uniorm motion in a straight line.

bk        

s in ce  a cce lera t ion  =  ze ro

 resu l ta n t  fo rce  =  ze ro

   R  -  W  =  ze ro

R

W

phu    

If W >  F the  parachutist  accelerates downwards.
As the parachutist  gets faster,  the a ir friction  increases unti l
W =  F
The parachutist  is  at  constant  velocity  
( the  acceleration  is  zero) .

parachutist
free-fal l ing
downwards

F,  a ir friction

W,  weight

If the suitcase is  too  heavy  to  l ift,  it  is  not  moving:

   acceleration =  zero

             P +  R  =  W

P,  pul l  from person

R,  reaction  from ground

W,  weight  of suitcase

lg   hvy u

c vg     gh  

At  a l l  times force  up  (2R)  =  force  down  (W) .
If F >  P the  car accelerates forwards.
If F =  P the  car is  at  constant  velocity  ( zero acceleration) .
If F <  P the  car decelerates ( i.e.  there is  negative  
acceleration and  the  car slows down) .

R R

F

P

W

   F is  force forwards,  due to  engine
   P is  force  backwards due to  a ir resistance

p        h  mvg ud

The total  force  up  from the oor of the l ift  =  R.
The  total  force  down  due to  gravity  =  W.
If R  >  W the  person  is  accelerating upwards.
If R  =  W the  person  is  at  constant  velocity
(acceleration  =  zero) .
If R  <  W the  person  is  decelerating ( acceleration  is
negative) .

lif
t m

ov
in
g 
up

w
ar

ds

R

2

R

2

W

n  f  
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Different types of forces

Name o orce Description 

Gravitational orce  The orce between objects as a result o their masses.  This is  sometimes reerred to as the weight  o the 

object but this term is,  unortunately,  ambiguous  see page 1 9.

Electrostatic orce  The orce between objects as a result o their electric charges.

Magnetic orce  The orce between magnets and/or electric currents.

Normal reaction  The orce between two suraces that acts at right angles to the suraces.  I two suraces are smooth then 

this is  the only orce that acts between them.

Friction  The orce that opposes the relative motion o two suraces and acts along the suraces.  Air resistance  or 

drag  can be thought o as a rictional orce  technically this is  known as fuid riction.

Tension  When a string (or a spring)  is  stretched,  it has equal and opposite orces on its ends pulling outwards.   

The tension orce is  the orce that the end o the string applies to another object.

Compression  When a rod is  compressed (squashed) ,  it has equal and opposite orces on its ends pushing inwards.   

The compression orce is the orce that the ends o the rod applies to another object.  This is  the opposite 

o the tension orce.

Upthrust  This is  the upward orce that acts on an object when it is  submerged in a fuid.  It is  the buoyancy orce 

that causes some objects to foat in water (see page 1 64) .

Lit  This orce can be exerted on an object when a fuid fows over it in an asymmetrical way.  The shape o 

the wing o an aircrat causes the aerodynamic lit that enables the aircrat to fy (see page 1 66) .

equilibrium
I the resultant orce on an object is  zero then it is  said to 

be in translational equilibrium (or just in equilibrium) .  

Mathematically this is  expressed as ollows:

  F =  zero

From Newtons rst law,  we know that the objects in the 

ollowing situations must be in equilibrium.

1.  An object that is  constantly at rest.

2.  An object that is  moving with constant (uniorm)  velocity 

in a straight line.

Since orces are vector quantities,  a zero resultant orce means 

no orce IN ANY DIRECTION.

For 2-dimensional problems it is  sucient to show that the 

orces balance in any two non-parallel directions.  I this is  the 

case then the object is  in equilibrium.

P,  pu l l

tension,  T 

weight,  W 

i f in  equi l ibrium:

       T sin   =  P ( since no resultant  horizontal  force)

       T cos  =  W ( since no resultant  vertical  force)



Translational equilibrium does NOT mean the same thing as 

being at rest.  For example i the child in the previous example 

is allowed to swing back and orth,  there are times when she is  

instantaneously at rest but he is  never in equilibrium.  

T

T

T

W

W

W

At  the end  of the 
swing the  forces 
are not  balanced  
but  the  chi ld  is  
instantaneously  
at  rest.

Forces are  not
balanced  in  the centre
as the  child  is  in  circular
motion  and  is  
accelerating ( see page 65) .

e 
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newtons seconD law of motion

Newtons frst law states that a resultant orce causes 

an acceleration.  His second law provides a means o 

calculating the value o this acceleration.  The best 

way o stating the second law is use the concept 

o the momentum  o an object.  This concept is  

explained on page 23.  

A correct statement o Newtons second law 

using momentum would be the resultant orce is  

proportional to the rate o change o momentum.  I 

we use SI units (and you always should)  then the law 

is even easier to state  the resultant orce is equal to 

the rate o change o momentum.  In symbols,  this is  

expressed as ollows

In SI units,  F =    
p
 _ 

t
   

or,  in ull calculus notation,  F =    
dp
 _ 

dt
  

p  is  the symbol or the momentum o a body.

Until you have studied what this means this will 

not make much sense,  but this version o the law is 

given here or completeness.

An equivalent (but more common)  way o stating 

Newtons second law applies when we consider the 

action o a orce on a single mass.  I the amount 

o mass stays constant we can state the law as 

ollows.  The resultant orce is proportional to 

the acceleration.  I we also use SI units then the 

resultant orce is  equal to the product o the mass 

and the acceleration.

In symbols,  in SI units,  

Note:

  The F =  ma  version o the law only applies i we 

use SI units  or the equation to work the mass 

must be in kilograms  rather than in grams.  

  F is  the resultant orce.  I there are several orces 

acting on an object (and this is  usually true)  then 

one needs to work out the resultant orce beore 

applying the law.

  This is  an experimental law.

  There are no exceptions  Newtons laws apply 

throughout the Universe.  (To be absolutely precise,  

Einsteins theory o relativity takes over at very 

large values o speed and mass.)

The F =  ma  version o the law can be used whenever 

the situation is simple  or example,  a constant 

orce acting on a constant mass giving a constant 

acceleration.  I the situation is more difcult (e.g.  a 

changing orce or a changing mass)  then one needs to 

use the F =    
dp
 _ 

dt
    version.

examples of newtons seconD law

1.   Use o F =  ma  in a simple  

situation

 I a mass o 3  kg is  accelerated in a straight line by a resultant orce o 

1 2  N,  the acceleration must be 4 m s
- 2
.  Since 

F =  ma,

a  =     
F
 _ 

m    =     
1 2
 
_

 
3
    =  4 m s

- 2
.

2.  Use o F =  ma  in  

a slightly more  

complicated situation

 I a mass o 3  kg is  

accelerated in a straight line by a orce o 1 2  N,  and the resultant 

acceleration is 1 .5  m s
- 2
,  then we can work out the riction that must 

have been acting.  Since 

F =  ma

resultant orce =  3    1 .5  

=  4.5  N

This resultant orce =  orward orce -  riction

thereore,  riction =  orward orce -  resultant orce 

=  1 2  -  4.5  N 

=  7.5  N

3.  Use o F =  ma  in a  

2-dimensional situation

 A mass o 3  kg eels a gravitational pull towards the Earth o 30 N.   

What will happen i it is placed on a 30 degree slope given that the 

maximum riction between the block and the slope is  8.0 N? 

norma l  react ion

3  kg

frict ion

3 0 

componen t

in to  s lope

componen t  down

the  s lope

3 0 

3 0  N

into slope:  normal reaction =  component into slope 

 The block does not accelerate into the slope.

down the slope:

 component down slope  =  30 N   sin 30

  =  1 5  N

 maximum riction orce up slope =  8  N 

   resultant orce down slope =  1 5  -  8

  =  7  N

 F =  ma

   acceleration down slope  =    
F
 _ 

m  

  =    
7
 
_
 

3
   =  2 .3  m s

- 2

no friction  between  block and  surface

12  N 3  kg

friction  force

acceleration =  1.5  m  s-2

12  N 3  kg

30

normal  reaction

3  kg

friction
(max.  8.0  N)

30  N

n  d  

rultt for 
urd    
wto

 urd  
  k logr

lrto  
urd    
 - 2

F =  m a
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statement o the law
Newtons second law is an experimental law that allows us to 

calculate the effect that a force has.  Newtons third law highlights 

the fact that forces always come in pairs.  It provides a way of 

checking to see if we have remembered all the forces involved.

It is  very easy to state.  When two bodies A and B  interact,  the 

force that A exerts on B  is  equal and opposite to the force that 

B  exerts on A.  Another way of saying the same thing is that 

for every action on one object there is an equal but opposite 

reaction on another object.  

In symbols,  

F
AB
 =  -  F

BA

Key points to notice include 

  The two forces in the pair act on different objects  this 

means that equal and opposite forces that act on the same 

object are NOT Newtons third law pairs.

  Not only are the forces equal and opposite,  but they must be 

of the same type.  In other words,  if the force that A exerts on 

B  is  a gravitational force,  then the equal and opposite force 

exerted by B  on A is also a gravitational force.

n  ird  

examples o the law

push  of
B  on  A

push  of
A on  B

If one rol ler-skater 
pushes another,  they  
both  feel  a  force.  The 
forces must  be  equal  
and  opposite,  but  the  
acceleration  wi l l  be  
d ierent  ( since they  
have d ierent  
masses) .

The person  with  the  
smal ler mass wi l l  
gain  the  greater 
velocity.

2.0  m  s-1 1.5  m  s-1
A B

A B

push  of wal l
on  girl

push  of girl
on  wal l

2 .5  m  s-1

The force  on  the  
girl  causes her 
to  accelerate  
backwards.

The mass of the  
wal l  ( and  
Earth)  is  so  
large that  the 
force  on  it  does 
not  eectively  
cause any  
acceleration.

rc b rr-kr a rr-kr u f r   

In  order to  accelerate,  there  must  be a  forward  force  on  the  car.

The engine makes the  wheels turn  and  the  wheels  push  on  the

ground.

force from car on  ground  = -  force from ground  on  car

F,  push  forward  from the ground  on  the  car

a ccrig cr

R,  reaction  from table

W,  weight

These two forces are not  th ird

law pairs.  There  must  be  another

force (on  a  d ierent  object)  that

pairs with  each  one:

R

W

EARTH

If the  table  pushes 

upwards on  the  book 

with  force  R,  then  the 

book must  push  down  on  

the  table  with  force  R.

If the Earth  pul ls  the  book 

down  with  force  W,  then  the  

book must  pul l  the Earth  up  

with  force  W.

a bk     b  n ird  
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weight
Mass and weight  are two very dierent things.  Unortunately 

their meanings have become muddled in everyday language.  

Mass is the amount o matter contained in an object (measured 

in kg)  whereas the weight o an object is a orce (measured in N) .  

I an object is  taken to the Moon,  its mass would be the same,  

but its weight would be less ( the gravitational orces on the 

Moon are less than on the Earth) .  On the Earth the two terms 

are oten muddled because they are proportional.  People talk 

about wanting to gain or lose weight  what they are actually 

worried about is  gaining or losing mass.

M 2M

weight,  W new weight  =  2W

Double the mass means double the weight

To make things worse,  the term weight  can be ambiguous 

even to physicists.  Some people choose to defne weight as the 

gravitational orce on an object.  Other people defne it to be the 

reading on a supporting scale.  Whichever defnition you use,  

you weigh less at the top o a building compared with at the 

bottom  the pull o gravity is slightly less!

R

situation:

Weight  can  be  dened  as either
(a)  the  pul l  of gravity,  W or 
( b)  the force on  a  supporting 
scale  R.

W

OR

Two dierent defnitions o weight

Although these two defnitions are the same i the object is  

in equilibrium,  they are very dierent in non-equilibrium 

situations.  For example,  i both the object and the scale 

were put into a lit and the lit accelerated upwards then the 

defnitions would give dierent values.

If the  l ift  is  accelerating

upwards:

R  >  W

a
cce

le
ra

tio
n
 u
p
w
a
rd

s

R

W

The sae thing to do is  to avoid using the term weight i at all 

possible!  Stick to the phrase gravitational orce  or orce o 

gravity and you cannot go wrong.  

Gravitational orce =  m g

On the surace o the Earth,  g  is  approximately 1 0 N kg- 1 ,  

whereas on the surace o the moon,  g    1 .6  N kg- 1

mass and  
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sd  

factors affecting friction   static 

anD Dynamic

Friction is the orce that opposes the relative motion o two 

suraces.  It arises because the suraces involved are not perectly 

smooth on the microscopic scale.  I the suraces are prevented 

rom relative motion (they are at rest)  then this is  an example 

o static riction.  I the suraces are moving,  then it is  called 

dynamic riction or kinetic riction.

Friction  arises from the 
unevenness of the surfaces.

friction
push

push  causes 

motion  to  

RIGHT

friction  opposes motion,

acting to  LEFT

A key experimental act is  that the value o static riction 

changes depending on the applied orce.  Up to a certain 

maximum orce,  F
max

,  the resultant orce is zero.  For example,  i 

we try to get a heavy block to move,  any value o pushing orce 

below F
max

 would ail to get the block to accelerate.

push  =  zero

P =  0  N

P =  5  N

P =  10  N

P =  15  N

block
stationary

block
stationary

block
stationary

friction,  F =  zero
F =  0  N

F =  5  N

F =  9  N

F =  10  N  (=  Fmax)

block accelerates

in
cr
ea

si
ng

 p
us

h
 fo

rc
e

The value o F
max

 depends upon

  the nature o the two suraces in contact.

  the normal reaction orce between the two suraces.  The 

maximum rictional orce and the normal reaction orce are 

proportional.

I the two suraces are kept in contact by gravity,  the value o 

F
max

 does NOT depend upon the area o contact 

Once the object has started moving,  the maximum value o 

riction slightly reduces.  In other words,  

F
k
 <  F

max

For two suraces moving over one another,  the dynamic 

rictional orce remains roughly constant even i the speed 

changes slightly.

coefficient of friction

Experimentally,  the maximum rictional orce and the normal 

reaction orce are proportional.  We use this to defne the 

coefcient o riction,  .

coecient  of friction  =  

F

frictional  force

P

pul l  forward

reaction,  R

W

gravitational  attraction Fmax =  R

The coefcient o riction is defned rom the maximum value 

that riction can take

F
max

 =    R

where R  =  normal reaction orce

It should be noted that 

  since the maximum value or dynamic riction is less than 

the maximum value or static riction,  the values or the 

coefcients o riction will be dierent 


d
 <  

s

  the coefcient o riction is a ratio between two orces  it 

has no units.

  i the suraces are smooth then the maximum riction is 

zero i.e.    =  0.

  the coefcient o riction is less than 1  unless the suraces 

are stuck together.  

F
f
   

s
R  and F

f
 =  

d
R

example

I a block is placed on a slope,  the angle o the slope can be 

increased until the block just begins to slide down the slope.  

This turns out to be an easy experimental way to measure the 

coefcient o static riction.

If balanced,

 F =  W sin 

 R  =  W cos 

 is increased.

When block just starts moving,

 F =  Fmax

   static =
Fmax

R

=
W sin    

W cos    

=  tan 



R,  reaction

component of W down  
slope (W sin  )





friction  F

component of W into  
slope (W cos )W
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when is work Done?

Work is done when a orce moves its  point o application in 

the direction o the orce.  I the orce moves at right angles to 

the direction o the orce,  then no work has been done.

block now

moving 

work has

been  done

1)  before after

at  rest

force force

distance

v

block now 

higher up 

work has 

been  done

2)  before after

force

force

distance

spring has been  

compressed  

work has

been  done

3)  before

after

force

force

distance

book supported  by  shelf 

no work is  done

4)  before after

object  continues at  constant  velocity  

no work is  done

5)  before after
constant

velocity  v

friction-free su rface friction-free su rface

v

In the examples above the work done has had dierent results.  

  In 1 )  the orce has made the object move aster.  

  In 2)  the object has been lited higher in the gravitational feld.

  In 3)  the spring has been compressed.

  In 4)  and 5) ,  NO work is done.  Note that even though 

the object is  moving in the last example,  there is  no orce 

moving along its direction o action so no work is done.

examples

smal ler f
orce

(1)  l ifting vertically

(2)  pushing along a  rough slope

smal l  d istance

large force

large d
istanc

e

The task in the second case would be easier to perorm ( it 

involves less orce)  but overall it takes more work since work 

has to be done to overcome riction.  In each case,  the useul 

work is the same.

I the orce doing work is not constant (or example,  when a 

spring is compressed) ,  then graphical techniques can be used.  

original  length

FA

x
Fmax

xmax

The total work done is   

the area under the  

orcedisplacement  

graph.

Useul equations or the work done include:

  work done when liting something vertically =  mgh   

where m represents mass ( in kg)  

g  represents the Earths gravitational feld strength  

(1 0 N kg- 1 )  h  represents the height change ( in m)

  work done in compressing or extending a spring =    
1
 

__
 

2
   k x2

Definition  of work

Work is  a scalar quantity.  Its defnition is as ollows.

work done =  Fs  cos 

F



s

Work done = F s cos 

I the orce and the displacement are in the same direction,  

this can be simplifed to

Work done =  orce   distance

From this defnition,  the SI units or work done are N m.  We 

defne a new unit called the joule:  1  J =  1  N m.

total  work done

=  a rea  under graph

xmax

fo
rc
e

Fmax

F =  kx

x

0 extension

=       k x2
1
2

w
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concepts of energy anD work
Energy and work are linked together.  When you do work on an object,  it gains 

energy and you lose energy.  The amount o energy transerred is equal to the 

work done.  Energy is a measure o the amount o work done.  This means that the 

units o energy must be the same as the units o work  joules.

energy transformations  conservation  of energy
In any situation,  we must be able to account or the changes in energy.  I it is  lost  

by one object,  it must be gained by another.  This is  known as the principle o 

conservation o energy.  There are several ways o stating this principle:

  Overall the total energy o any closed system must be constant.

  Energy is  neither created nor destroyed,  it just changes orm.

  There is no change in the total energy in the Universe.

energy types
Kinetic energy Gravitational potential Elastic potential energy

Radiant energy Electrostatic potential Thermal energy

Nuclear energy Solar energy Chemical energy

Electrical energy Internal energy Light energy

Equations or the frst three types o energy are given below.

Kinetic energy =   1  __ 
2
   mv2   where m  is  the mass ( in kg) ,  v is  the velocity ( in m s- 1 )

=    
p2

 
___ 
2m
   where p  is the momentum (see page 23)  (in kg m s- 1 ) ,  and m  is  

the mass (in kg)

Gravitational potential energy = mgh  where m represents mass ( in kg) ,  g represents 

the Earths gravitational feld (10 N kg- 1 ) ,  h  represents the height change (in m)

Elastic potential energy =   1  __ 
2
   k  x2  where k is  the spring constant ( in N m- 1 ) ,  x is  

the extension ( in m)

examples
1.  A grasshopper (mass 8  g)  uses its 

hindlegs to push or 0.1 s and as a 

result jumps 1 .8 m high.  Calculate 

( i)  its  take o speed,  ( ii)  the 

power developed.

(i)   PE gained =  mgh  

KE  at start =    
1
 _ 

2
   mv2  

  
1
 _ 

2
    mv2  =  mgh   (conservation o  

energy)

v =      2gh   =       2    1 0   1 .8    

=  6  m s- 1

( ii)  Power =     
mgh
 _ 

t
   

 

=    
0.008   1 0   1 .8

  __ 
0.1

  

 

  1 .4 W

2.  A 60W lightbulb has an efciency o 

10%.  How much energy is wasted 

every hour? 

Power wasted  =  90% o 60W 

=  54W

Energy wasted  =  54   60   60J 

=  1 90 kJ

power anD efficiency
1.  Power

Power  is  defned as the RATE at which 

energy is transerred.  This is  the same as 

the rate at which work is done.

Power =    
energy transerred

  __  
time taken

    

Power =    
work done
 __ 

time taken
  

The SI unit or power is the joule per 

second (J s- 1 ) .  Another unit or power is 

defned -  the watt (W) .  1  W =  1  J s- 1 .  

I something is moving at a constant 

velocity v against a constant rictional 

orce F,  the power P needed is P =  F v

2.  Efciency

Depending on the situation,  we can 

categorize the energy transerred (work 

done)  as useul or not.  In a light bulb,  the 

useul energy would be light energy,  the 

wasted energy would be thermal energy 

(and non-visible orms o radiant energy) .  

We defne efciency as the ratio o 

useul energy to the total energy 

transerred.  Possible orms o the 

equation include:

Efciency =    
useul work OUT

  __  
total work IN

  

Efciency =    
useul energy OUT

  __  
total energy IN

  

Efciency =    
useul power OUT

  __  
total power IN

  

Since this is a ratio it does not have any 

units.  Oten it is expressed as a percentage.

e  d  

K =  1000  J

P =  0  J

K =  250  J

P =  750  J

K   0  J

P =  1000  J

K =  250  J

P =  750  J

K =  500  J

P =  500  J

K =  750  J

P =  250  J
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m d  

conservation  of momentum
The law o conservation o linear momentum states that the total 

linear momentum o a system o interacting particles remains 

constant provided there is no resultant external force.

To see why,  we start by imagining two isolated particles A and 

B  that collide with one another.

  The orce rom A onto B,  F
AB
 will cause Bs momentum to 

change by a certain amount.

  I the time taken was t,  then the momentum change ( the 

impulse)  given to B  will be given by p
B
 =  F

AB
 t 

  By Newtons third law,  the orce rom B  onto A,  F
B A
 will be 

equal and opposite to the orce rom A onto B,  F
AB
 =  -  F

BA
.

  Since the time o contact or A and B  is  the same,  then 

the momentum change or A  is equal and opposite to the 

momentum change or B ,  p
A
 =  -  F

AB
 t.

  This means that the total momentum (momentum o A 

plus the momentum o B)  will remain the same.  Total 

momentum is conserved.

This argument can be extended up to any number o 

interacting particles so long as the system o particles is  still 

isolated.  I this is  the case,  the momentum is still conserved.  

Definitions  linear momentum anD impulse
Linear momentum (always given the symbol p)  is  defned as 

the product o mass and velocity.

Momentum =  mass   velocity 

p  =  m v

The SI units or momentum must be kg m s- 1 .  Alternative 

units o N s  can also be used (see below) .  Since velocity is  

a vector,  momentum must be a vector.  In any situation,  

particularly i it happens quickly,  the change o momentum 

p  is  called the impulse (p  =  F t) .

use of momentum in  newtons seconD law
Newtons second law states that the resultant orce is  

proportional to the rate o change o momentum.  

Mathematically we can write this as

F =     
(fnal momentum -  initial momentum)

    ____  
time taken

     =     
p
 _ 

t
  

Example 1

A jet o water leaves a hose and hits a wall where its velocity 

is  brought to rest.  I the hose cross-sectional area is 25  cm
2
,  

the velocity o the water is  50 m s
- 1
 and the density o the 

water is  1 000 kg m
- 3
,  what is  the orce acting on the wall?

ve loc i ty  =  5 0  m  s-1  

5 0  m

d en s i ty  o f 

wa te r  =  1 0 00  kg  m-3  

c ross -sect ion a l

   a rea  =  2 5  cm 2 
=  0 .0 02 5  m 2  

In one second,  a jet o water 50 m long hits the wall.  So

 volume o water hitting wall =  0.0025    50 =  0.1 25  m3  

 every second

 mass o water hitting wall =  0.1 25    1 000 =  1 25  kg

 every second

momentum o water hitting wall =  1 25    50 =  6250 kg m s- 1

 every second

This water is  all brought to rest,

   change in momentum,  p  =  6250 kg m s- 1

   orce =    
p
 _ 

t
   =    

6250
 

_
 

1
   = 6250 N

Example 2

The graph below shows the variation with time o the orce on 

a ootball o mass 500 g.  Calculate the fnal velocity o the ball.

elastic anD inelastic collisions
The law o conservation o linear momentum is not enough to 

always predict the outcome ater a collision (or an explosion) .  

This depends on the nature o the colliding bodies.  For 

example,  a moving railway truck,  m
A
,  velocity v,  collides with 

an identical stationary truck m
B
.  Possible outcomes are:  

( a )  e lastic  co l l is ion

( b)  to ta l ly  in e lastic  co l l is ion

( c)  in e lastic  co l l is ion

a t  res t new  ve loc ity  =  v

m A m B

m A m B

m A m B

new  ve locity  =

new  ve locity  = new  ve locity  =

v

2

v

4
3 v

4

In (a) ,  the trucks would have to have elastic bumpers.  I this 

were the case then no mechanical energy at all would be lost 

in the collision.  A collision in which no mechanical energy 

is lost is  called an elastic collision.  In reality,  collisions 

between everyday objects always lose some energy  the 

only real example o elastic collisions is  the collision between 

molecules.  For an elastic collision,  the relative velocity o 

approach always equals the relative velocity o separation.

In (b) ,  the railway trucks stick together during the collision 

(the relative velocity o separation is zero) .  This collision 

is what is  known as a totally inelastic collision.  A large 

amount o mechanical energy is  lost (as heat and sound) ,  but 

the total momentum is still conserved.

In energy terms,  (c)  is  somewhere between (a)  and (b) .  Some 

energy is lost,  but the railway trucks do not join together.  This 

is  an example o an inelastic collision.  Once again the total 

momentum is conserved.

Linear momentum is also conserved in explosions.
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velocity v =  10  m s-1

p  =  mv

=

=  10  m s-1

p

m

=
5 N  s

0.5  kg

v

The footbal l  was given  an  impulse of approximately

100    0 .01  =  1  N  s  during this 0.01  s.

Area  under graph  is  the total

      impulse given  to  the

      ba l l    5  N  s
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1.  Two identical objects A and B  all rom rest rom dierent 

heights.  I B  takes twice as long as A to reach the ground,  

what is  the ratio o the heights rom which A and B  ell?  

Neglect air resistance.

A.  1 :      2     B.  1 :2   C.  1 :4  D.  1 :8

2.  A trolley is given an initial push along a horizontal foor to 

get it moving.  The trolley then travels orward along the foor,  

gradually slowing.  What is  true o the horizontal orce(s)  on 

the trolley while it is  slowing?

A. There is  a orward orce and a backward orce,  but the 

orward orce is larger.

B.  There is  a orward orce and a backward orce,  but the 

backward orce is larger.

C.  There is  only a orward orce,  which diminishes with time.

D. There is  only a backward orce.

3.  A mass is suspended by  

cord rom a ring which  

is  attached by two urther  

cords to the ceiling and  

the wall as shown.   

The cord rom the ceiling  

makes an angle o less  

than 45 with the vertical  

as shown.  The tensions in  

the three cords are labelled  

R,  S and T in the diagram.

How do the tensions R,  S  

and T in the three cords  

compare in magnitude?

A. R >  T >  S B.  S >  R >  T

C.  R =  S =  T D.  R =  S >  T

4. A 24 N orce causes a 2.0 kg mass to accelerate at 8.0 m s- 2  along 

a horizontal surace.   The coecient o dynamic riction is:

A. 0.0  B.  0.4  

C.  0.6  D.  0.8 

5. An athlete trains by dragging a heavy load across a rough 

horizontal surace.

25

F

The athlete exerts a orce o magnitude F on the load at an 

angle o 25  to the horizontal.

a)  Once the load is moving at a steady speed,  the average 

horizontal rictional orce acting on the load is 470 N.

 Calculate the average value o F that will enable the  

load to move at constant speed.  [2]

b)  The load is moved a horizontal distance o 2.5  km in 1 .2 hours.

 Calculate

(i)  the work done on the load by the orce F.  [2]

( ii)  the minimum average power required to move  

the load.  [2]

c)  The athlete pulls  the load uphill at the same speed as in 

part (a) .

 Explain,  in terms o energy changes,  why the minimum 

average power required is greater than in (b) (ii) .  [2]

6.  A car and a truck are both travelling at the speed limit o  

60 km h- 1  but in opposite directions as shown.  The truck has 

twice  the mass o the car.

The vehicles collide head-on and become entangled together.

a)  During the collision,  how does the orce exerted by  

the car on the truck compare with the orce exerted  

by the truck on the car?  Explain.  [2]

b)  In what direction will the entangled vehicles move ater 

collision,  or will they be stationary? Support  

your answer,  reerring to a physics principle.  [2]

c)  Determine the speed ( in km h- 1 )  o the combined  

wreck immediately ater the collision.  [3]

d)  How does the acceleration o the car compare with the 

acceleration o the truck during the collision? Explain.  [2]

e)  Both the car and truck drivers are wearing seat belts.  

Which driver is  likely to be more severely jolted in the 

collision? Explain.  [2]

f)  The total kinetic energy o the system decreases as a result 

o the collision.  Is  the principle o conservation o energy 

violated? Explain.  [1 ]

7.  a)   A net orce o magnitude F acts on a body.  Dene the 

impulse I o the orce.  [1 ]

b)  A ball o mass 0.0750 kg is travelling horizontally with a 

speed o 2 .20 m s- 1 .  It strikes a vertical wall and rebounds 

horizontally.

2.20  ms-1

bal l  mass

0.0750  kg

 Due to the collision with the wall,  20 %  o the balls  initial 

kinetic energy is  dissipated.

(i)  Show that the ball rebounds rom the wall with a 

speed o 1 .97 m s- 1 .  [2]

( ii)  Show that the impulse given to the ball by the  

wall is  0.313  N s.  [2]

c)  The ball strikes the wall at time t =  0  and leaves the  

wall at time t =  T.

 The sketch graph shows how the orce F that the wall 

exerts on the ball is  assumed to vary with time t.

F

t
0

T

 The time T is  measured electronically to equal 0.0894 s.

 Use the impulse given in (b) (ii)  to estimate the average 

value o F.  [4]

ib  questons  mechancs
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