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Unit Specification 
Our Dynamic Universe 

2. Forces, energy and power. 

a) Balanced and unbalanced forces.  The effects of friction. Terminal velocity. 

b) Resolving a force into two perpendicular components.  

c) Work done, potential energy, kinetic energy and power. 

3. Collisions and explosions. 

a) Elastic and inelastic collisions. 

b) Explosions and Newton‘s Third Law.  

c) Impulse.    

Notes 
2.  Forces, energy and power. 

a) Analysis of motion using Newton‘s First and Second Laws. Friction as a force acting in a direction to oppose 

motion. Tension as a pulling force exerted by a string or cable on another object.   

Velocity-time graph of falling object when air resistance is taken into account, including changing the surface 

area of the falling object.   

Analysis of the motion of a rocket may involve a constant force on a changing mass as fuel is used up. 

b) Forces acting at an angle to the direction of movement e.g. the weight of an object on a slope can be 

resolved into a component acting down the slope and a component normal to the slope.  Systems of 

balanced and unbalanced forces with forces acting in two dimensions. 

c) Work done as transfer of energy. Conservation of energy. 

3. Collisions and explosions. 

a) Conservation of momentum in one dimension and in which the objects may move in opposite directions.  

Kinetic energy in elastic and inelastic collisions. 

b) Conservation of momentum in explosions in one dimension only. 

c) Force-time graphs during contact of colliding objects. Impulse can be found from the area under a f-t graph. 

Contexts 
2. Forces, energy and power. 

a) Forces in rocket motion, jet engine, pile driving, and sport.  Space flight.  

Analysis of skydiving and parachuting, falling raindrops, scuba diving, lifts and haulage systems. 

b) Vehicles on a slope and ski tows, structures in equilibrium, e.g. supported masts. 

c) Investigating energy lost in bouncing balls.  Rollercoasters, objects in freefall. Energy and speeding vehicles. 

3. Collisions and explosions. 

a) Investigations of conservation of momentum and energy. 

b) Propulsion systems – jet engines and rockets. 

c) Investigating collisions.    Car safety, crumple zones and air bags. 
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Newton’s First Law 
Newton’s First Law states:  

A body will remain at rest, or if moving, will continue to move at a constant speed in a straight line unless acted on 

by an unbalanced force. 

 

 

If a body is travelling at a constant velocity there must be no resultant unbalanced force acting on it; conversely if a 

resultant force acts on a body it will either speed up or slow down, change direction while travelling at a constant 

speed (or in some cases change shape). 

 

 If a body is at rest or moving with a constant velocity the forces acting on the body are balanced. 

 If an unbalanced force acts on a body it will accelerate. (NB: Acceleration can be both positive or negative) 

 

Question 

A boat pulls a skier at a constant speed of 30 ms-1.  If the horizontal component of the tension in the rope is 1000 N, 

calculate the horizontal resistive forces acting on the skier. 

 

  

1000 N 
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Newton’s Second Law 
Consider what happens to the motion of a body if an unbalanced force acts on it. 

From experiment, we find that if an unbalanced force acts on a body, it accelerates.  The rate of acceleration 

depends on the size of the resultant unbalanced force. 

  

(1) Since the graph is a straight line, then we know that acceleration is directly proportional to Force. Fa   (1) 

 

The rate of acceleration also depends on the mass of the body.  

 

(2) The second graph is a straight line, then we know acceleration is directly proportional to mass-1       
m

a
1

     (2) 

Combining results (1) and (2) into one relationship, we get 

m

F
a  

Rearranging this expression:           maF     

Hence:              maF k    (kgms-2)     (3) 

Using the standard units of mass (kg) and acceleration (ms-2): 

1 unit of force is defined as the force that will produce an acceleration of 1 ms-2 on a mass of 1 kg. 

This unit is known as the Newton. 

  

Force 

Acceleration 

1 

Mass 

Acceleration 

Mass 

Acceleration 
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Substituting into (3) we get 

1 Newton = k x 1 x 1 = 1 N 

Therefore k =   1           (N.B. This only works if we use SI units) 

Hence Newton’s second law reduces to:  

maF   

Questions 

1. Calculate the acceleration of the body if the force of friction acting on it is 2N. 

 
2. Calculate the acceleration of the body if the force of friction acting on it is 3N. 

 

3. The mass below has three horizontal forces acting on it. Calculate the acceleration and direction of motion 

of the mass. 

 

  

m = 3 kg 
F = 6 N 

m = 3 kg 
30o 

F = 6 N 

400 N 

600 N 

500 N 

20o 

20 kg 
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Multi-bodied problems 
If a system contains more than one body connected together then the forces on the entire system must be 

considered. 

The following rules should be followed: 

1. Consider the mass of the system as a whole 

2. Draw a free-body diagram of all the forces. 

3. Determine the resultant unbalanced force and hence the acceleration of the system. 

4. Calculate the unbalanced force acting on the elements on question (the acceleration of each element is 

necessarily the same as the acceleration of the system). 

5. Calculate the total force acting on the element. 

Worked Example: 

 A truck hauls a car cross-country. The truck's mass is 4.00x103 kg and the car's mass is 1.60x103 kg. If the force of 

propulsion resulting from the truck's turning wheels is 2.50x104 N, then determine the acceleration of the car (or the 

truck) and the force at which the truck pulls upon the car. Assume negligible air resistance forces. 

The solution here will use the approach of a system analysis and an individual object analysis. The free-body 

diagrams for the system and for the car are shown below. 

 

For the system: Fnet = 2.50x104 N and msystem = 5.60x103 kg. So 

a = Fnet/m = (2.50x104 N) / (5.60x103 kg) = 4.4643 m/s2 

For the individual object analysis of the car: m = 1.60x103 kg and a = 4.46 m/s2 (from above); so the Fnet is m•a or 

7143 N. This value of Fnet is supplied by the force of the truck pulling the car. 

Questions 

1.  Three masses are connected by springs as shown: 

 
Assuming the force of friction acting on each of the masses is 2 N, determine the compression force in the 

spring connecting the 3 kg and 4 kg masses. 

 

2. A train with three wagons is shown below: 

 
The force of friction on each carriage is 500 N. 

If the 1800 kg carriage accelerates at 0.2 ms-2, determine the pulling force exerted by the locomotive. 

5 kg 4 kg 3 kg 30 N 

1500 kg 1200 kg 1800 kg 
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Motion in the vertical plane 
If a body is moving at a constant velocity, the forces on the body must be balanced.  Hence: 

Downwards force (due to gravity) = upwards force 

Consider a weight suspended from the ceiling of a lift by a spring balance.  The downwards force is the weight of the 

body.  The upwards force is supplied by (and read on) the spring balance. 

 

If the lift is moving at a constant velocity, whether upwards or downwards, the upwards and downwards forces 

must be balanced: FB = W.                                                                                                  

Hence the reading on the balance will be the true weight of the object. 

If the lift is accelerating in either direction, an unbalanced force must exist to cause the acceleration.  Since the 

weight is unchanged, the upwards force supplied by the spring must change. 

Acceleration up  
If the lift accelerates upwards then the unbalanced force must be upwards hence the reading on the balance 

increases. FB > W 

(A lift accelerating upwards might be travelling up or down.  If its velocity is upwards, then it is speeding up.  If its 

velocity is downwards, then it will be slowing down). 

Acceleration down 
If the lift accelerates downwards then the unbalanced force will be downwards, i.e. the balance is still supplying an 

upwards force, but this force is less than the weight (mg).  The reading on the balance decreases. 

The lift always supplies an upwards force even when the lift is going down.  If the upwards force was zero, the lift 

would be in freefall. 

(A lift accelerating downwards might be travelling up or down.  If its velocity is upwards, it is slowing down.  If its 

velocity is downwards, it will be speeding up). 

Questions 

1. A man of mass 70 kg stands on a set of bathroom scales in a lift.  Calculate the reading on the scales when 

the lift is accelerating downwards at 2 ms-2. 

 

 

2. Calculate the thrust (force) required to lift a rocket of mass 200 tonnes (200x 103 kg) off the surface of the 

earth at an acceleration of 50 ms-2. 

 

FB 

W 

Spring Balance 

hanging inside 

a lift supporting 

an object with 

weight W 
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Forces and acceleration on an inclined plane 
A 4 kg mass is released on a frictionless slope which is at an angle of 30o to the horizontal.  Gravity causes the mass 

to accelerate down the slope.  But the force of gravity, or W, acts vertically downwards.  So the force causing the 

acceleration is the component of the force of gravity acting down the slope (FD). 

The force of gravity is resolved into two components, FD 

parallel to the slope and FP perpendicular to the slope. 

W = mg = 4 x 9.8 = 39.2 N 

FD = mgsin30
o
 = 39.2 x sin30

o
 = 19.6 N 

FP = mgcos30
o
 = 39.2 x cos30

o
 = 33.9 N 

 

FP presses the object against the slop and is balanced by the normal 

reaction force (R).the unbalanced force causing the acceleration is FD. 

2-ms  :onAccelerati 9.4
4

6.19


m

F
a D  

 

 

Question 

An object is placed on a frictionless slope which makes an angle of 40o to the horizontal.  The object has a mass of 12 

kg.  Find the unbalanced force down the slope and hence the acceleration of the object. 

  

W= mg 

FP 

FD 

30
O
 

30
O
 

R 

FP 

FD 
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Forces on an inclined plane 
We need to calculate the resultant force acting down the slope due to the 

weight of the body and force of friction. 

The component of weight down the slope is given by mgsinθ. 

The force of friction will always act opposite to the direction of the motion. 

Motion down an inclined plane 

If a body is moving freely down a slope resultant unbalanced force is 

F = FD - FFR = ma 

The direction of the acceleration depends on the direction of the unbalanced force. 

Friction and the component of weight parallel to the slope are acting in opposite directions.   

Motion up the inclined plane 

Suppose that the body is pushed up the slope so that it gains velocity and is 

then released to continue moving freely up the slope. 

The resultant unbalanced force is: 

F = FD + FFR = ma 

The only forces acting on the body are acting down the slope. So the 

acceleration of the body is down the slope.  It is therefore slowing down and will come to rest. 

Friction and the component of weight parallel to the slope are acting in the same direction. 

So the magnitude of the (negative) acceleration of a body moving freely up a slope will be greater than that of a 

body moving freely down a slope.  

Question 

A mass of 2 kg is released from the top of a slope which is angled at 30o above the horizontal.  If the force of friction 

is 4 N, determine the acceleration of the mass when released and the time taken for it to travel  1 m down the slope. 

 

  

R 

FP 

FD 

FFR 

FFR 

R 

FP 
FD 
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Conservation of energy 
The total energy of a closed system is conserved, but can be transformed from one type to another within the 

system. 

The energy transfer is normally due to work being done within the system. 

             Energy transfer due to work done = force applied x displacement 

EW = F . s 

Since force and displacement are vectors, the component of the force in the direction of motion must be 

determined. Work is only done when forces are acting in the same direction as displacement. 

Question 

A green keeper pulls a roller for a distance of 100 m as shown. Determine how much work is done. 

 

The energy transferred due to the work being done is transferred into other forms e.g. kinetic energy, heat energy if 

any friction is involved etc. 

Formulae for various types of energy are given below: 

Kinetic energy:      EK = 
1
/2mv

2 

Gravitational potential energy:    EP = mgh 

Heat energy produced due to work being done by a frictional force:  EH = FFR . s  

  All energy (and energy transferred) is measured in Joules ( J ). 

Question 

A trolley of mass 2 kg is released from the top of a slope as shown.  Its speed at the bottom of the slope is found to 

be 2 ms-1. 

Calculate 

a) The potential energy at the top of the slope 

b) The kinetic energy at the bottom of the slope 

c) The heat energy produced due to friction 

d) The force of friction acting on the trolley 

h = 0.3 m 
s = 2 m 

m 
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Power 
Power is the rate at which energy is transferred from one form to another. 

Power = energy transfer / time   
t

E
P   

If the transfer of energy is due to work being done then 

v
t

s

t

Fs

t

EW   :but          Power  

 

Hence      FvP   

 

Power is measured in joules per second or Watts. 

Questions 

1. Two physics students, Will N. Andable and Ben Pumpiniron, are in the weightlifting room. Will lifts the 100kg 

barbell over his head 10 times in one minute; Ben lifts the 100kg barbell over his head 10 times in 10 

seconds. 

a. Which student does the most work? 

b. Which student delivers the most power?  

 

2. A tired squirrel (mass of approximately 1 kg) does push-ups by applying a force to elevate its centre-of-mass 

by 5cm in order to do a mere 0.50J of work. 

If the tired squirrel does all this work in 2 seconds, then determine its power. 

 

3. When doing a chin-up, a physics student lifts her 42.0-kg body a distance of 0.25m in 2 seconds. 

What is the power delivered by the student's biceps? 

 

4. An escalator is used to move 20 passengers every minute from the first floor of a department store to the 

second. The second floor is located 5.20m above the first floor. The average passenger's mass is 54.9kg. 

Determine the power requirement of the escalator in order to move this number of passengers in this 

amount of time. 
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Interactions 
Real interactions between bodies tend to be complicated.  However they can all be reduced to a combination of the 

following three possibilities: 

i) The bodies collide, stick together and move off as one body 

ii) The bodies collide and bounce off each other 

iii) The bodies start together and explode apart 

Explosions  
Consider two bodies initially together then exploded apart 

 

It can be shown experimentally that for an explosion: 

m1v1 = -m2 v2   (1) 

The negative sign appears because v is a vector and the two velocities have opposite directions. 

Both bodies accelerate during the ‘explosion’: 

2

22

2

1

11

1
t

uv
a

t

uv
a





     and     

But both masses are stationary to begin with hence u1 = u2 = 0, and: 

2

2

2

1

1

1
t

v
a

t

v
a      and     

Substituting into equation (1), we get: 

m1a1t1 = -m2a2t2 

However:  t1 = t2 hence: 

m1a1 = -m2a2 

The product ma is the unbalanced force acting on the bodies as they explode apart.  Hence we can see that: 

F1 = -F2 

In other words: 

If body A exerts a force on body B, body B will exert an equal and opposite force on body A. 

This is a statement of Newton’s third law: 

For every action there is an equal and opposite reaction. 

Before 

After 

m1 

m2 

m2 

m1 

u1 = 0  u2 = 0 

v2  v1
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Momentum 
The product of mass and velocity (mv) is known as momentum (p).  

p =mv 

The momentum p is a vector quantity.    The units of momentum are: kg ms-1 

When calculating the total momentum of a system of bodies, the momentum of each individual mass within the 

system is calculated and then the momenta are added on a vector diagram. 

If only straight line motion is considered then: 

.......etc
332211

vmvmvmp
tot

 

Question 

1. A cannon fires a cannon ball of mass 12 kg at a speed of 60 ms-1.  The mass of the cannon is 450 kg, calculate 

its recoil speed. 

a. Calculate the total momentum of the system before the cannonball was fired. 

b. By considering the momentums before and after the cannonball was fired calculate the recoil 

velocity of the cannon. 

 

Law of Conservation of Momentum 
For any interaction involving bodies flying apart: 

                                                               

Since momentum has neither been gained nor lost, we say that total momentum is conserved.  

For any two body interaction it can be written as: 

m1u1 + m2u2 = m1v1 + m2v2 

In an explosion u1 and u2 are both zero. So the general equation reduces to: 

0 = m1v1 + m2v2 

Which gives equation (1):              m1v1 = -m2 v2 

 

Questions 

1. Two ice skaters of mass 70 kg and 60 kg glide across the ice together at a speed of 5 ms-1.  If the 70 kg skater 

pushes the 60 kg skater forwards at a speed of 8 ms-1, calculate the new speed of the 70 kg skater. 

 

2. A 120 kg rugby forward moving west at 2 ms-1tackles an 80 kg fullback moving east at 8 ms-1. After the 

collision, both players move east at 2 ms-1. Draw a vector diagram in which the before- and after-collision 

momenta of each player is represented by a momentum vector. Label the magnitude of each momentum 

vector. 
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Sticky and Bouncy Collisions 
It is seen from experiment that if we calculate the total momentum of the system before the collision, it is the same 

as the total momentum of the system after the collision. 

ptot(before) = ptot(after) 

i.e. total momentum is always conserved. 

Total kinetic energy is not always conserved.   

If EK is conserved, we say that the collision is an elastic collision. (If not, it is inelastic). 

Note that momentum is a vector quantity and direction must be taken into account, whereas energy is a scalar 

quality. 

In a “Sticky” collision where the two objects stick together and move off at the same speed,              v1 = v2 = v which 

reduces the general equation to: 

m1u1 + m2u2 = (m1 + m2)v 

 

Questions 

1. A mass of 5kg travelling at 4ms-1 collides and sticks to a mass of 10kg initially travelling in the same direction 

at 2ms-1.  Calculate their speed after the collision. 

 

2. A car of mass 1000kg travelling North at 30ms-1 collides head-on with a van of mass 1800 kg travelling South 

at 10ms-1.  Assuming the vehicles stick together after the collision, calculate their speed. 

 

3. A trolley of mass 2kg travelling at 0.5ms-1 collides with the back of a 1kg trolley travelling at 0.2ms-1 in the 

same direction.  If the 1kg trolley shoots off at 1ms-1 after the collision, calculate the speed of the 2 kg trolley 

and determine whether the collision was elastic. 

 

4. Two balls, each with mass 2kg, and velocities of 2ms-1 and 3ms-1 collide head on. Their final velocities are 

2ms-1 and 1ms-1, respectively. Is this collision elastic or inelastic? 

 

5. One pool ball traveling with a velocity of 5 ms-1 hits another ball of the same mass, which is stationary. The 

collision is head on and elastic. Find the final velocities of both balls. 
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Impulse 
During an interaction, forces exist between the bodies causing each to accelerate.  The rate of acceleration depends 

on the size of the unbalanced force and the mass of the body. 

From Newton’s second law we have 

     

Knowing the initial and final velocities, we can calculate the acceleration from:  

t

uv
a


  

Hence by substitution: 








 


t

uv
mF  

Multiplying throughout by t, we get: 

Ft = m(v - u)  

Ft = mv - mu 

Since, p = mv then (mv – mu) is the change in momentum, or     

Ft is known as the impulse exerted on the body. 

Impulse (Ft) is equal to the change in momentum (Δp) 

The units of impulse are newton seconds (Ns). This is entirely equivalent to the units of change in momentum (kg m 

s-1) and consequently both sets of units may be used. 

In reality, the relationship between F and t is complex. 

 

  

time 

Force 

Area under the force:time graph = Impulse 

   Impulse = Change in Momentum 
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In order to determine the impulse, the area under the    graph has to be calculated.  This complicated shape is often 

approximated to make calculations easier. 

 

Since       the impulse can also be calculated from    and if the time of contact is known, the average force 

exerted during the collision can be calculated. 

t

p
F


  

Questions 

1. A ball of mass 200g travelling at 10ms-1 hits a wall and rebounds directly back along its original path at 8ms-1.  

If the ball is in contact with the wall for 5ms, calculate the impulse exerted on the ball and the average force 

during its contact with the wall. 

 

2. In order to slow down, a rocket of mass 10tonnes, travelling at 400ms-1 fires its retro engines for 10s.  The 

force exerted is described by the graph shown below: 

 
Calculate the new speed of the rocket and state one assumption you have made. 

 

  

time 

Force 
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Experiment to determine the impulse and average force exerted by a snooker cue. 
Apparatus  

 

 

Method: The foil covered ball is pushed horizontally by the foil covered tip of the snooker cue. This completes a 

circuit through the foil on the bench that starts the timer running until contact is broken. The timer records the time 

of contact. 

The time of flight is calculated from the height through which the ball falls.  

The horizontal velocity is found using the time of flight and the horizontal displacement from the table. 

Since the ball starts from rest we can now calculate the change in momentum using the mass of the ball. 

Impulse (Ft) = change in momentum. So we can calculate the average force. 

 

 

  

Electronic Timer 

Height: h 

Displacement: s 

Metal foil 
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Interactions and Newton’s laws 
Consider any general interaction where a mass m1 travelling at an initial velocity u1 collides with a mass m2 travelling 

at initial velocity u2. 

 

After the collision, m1 travels at velocity v1 and m2 travels at velocity v2. 

Before the collision:  Total momentum before  =  m1u1 + m2u2 

During the collision m1 exerts a force F1 on m2 for time t.  This impulse causes m2 to accelerate. 

F1t  = Δp2 

The new momentum of m2 is therefore:         m2u2 + F1t 

During the collision m2 exerts a force F2 on m1 for time t.  

F2t  = Δp1 

The new momentum of m1 is therefore:       m1u1 + F2t 

The total momentum after the collision is therefore: 

ptot(after) = m2u2 + F1t + m1u1 + F2t 

However:              F2 = −F1 

Hence:    ptot(after) =  m2u2 + F1t + m1u1 + (−F1)t  =  m2u2 + m1u1  =  ptot(before) 

           Total momentum before  =  total momentum after 

Notes 

1. Although the momentum of each individual mass in a closed system may change, the total momentum of 

the entire system is conserved. 

2. In a 2 mass system: Δp2 = −Δp1 

3. Only if an external force acts on the system (e.g. friction) will the system experience a change in total 

momentum. 

 

  

Before 

After 

m1 

m2 

m2 

m1 

u1   u2  

v2  v1
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Momentum and Newton’s third law 

It can be shown that conservation of momentum and Newton’s third law mean the same thing.  

Starting from conservation of momentum:  

 total momentum before = total momentum after 

 m1u1 + m2u2 = m1v1 + m2v2 

Rearrange:  m2u2 – m2v2 = m1v1 – m1u1 

 (m2u2 – m2 v2) =− (m1v1 – m1u1) 

       (Change in momentum of object 2)  = − (Change in momentum of object 1)  

In other words, in any particular example involving two objects colliding, if the momentum of one object 

increases (by 6 for example), then the momentum of the other object must decrease (by 6). 

If we now use the relationship:  Ft = Impulse = change in momentum      

Then               F2t = – F1t  

where F2 is the force acting on object 2 during the collision and F1 is the force on object 1 

so                 F2 = – F1  

This is a mathematical statement of Newton’s third law which states that:  if one body exerts a force on a 

second body, the second body exerts a force on the first body that is equal in size and opposite in 

direction. (Action and reaction.) 

Note: These forces operate on different bodies so they do not cancel each other out.  


