
Scalar quantities 
A physical quantity is something that can be measured. Scalar quan-
tities only have a magnitude or size. 
Some examples of scalar quantities include: 
 temperature – e.g. 10 degrees Celsius (°C) 
 mass – e.g. 5 kilograms (kg) 
 energy – e.g. 2,000 joules (J) 
 distance – e.g. 19 metres (m) 
 speed – e.g. 8 metres per second (m/s) 
 density – e.g. 1,500 kilograms per metre cubed (kg/m3) 
 

Vector quantities 
Vector quantities have both magnitude and an associated direction. 
This makes them different from scalar quantities, which just have 
magnitude. 
Some examples of vector quantities include: 
 force – e.g. 20 newton's (N) to the left 
 weight – e.g. 600 newton's (N) downwards 
 displacement – e.g. 50 kilometres (km) east 
 velocity – e.g. 11 metres per second (m/s) upwards 
 acceleration – e.g. 9.8 metres per second squared (m/s2) down-

wards 
 momentum – e.g. 250 kilogram metres per second (kg m/s) 

south west 
 
The direction of a vector can be written, or drawn as an arrow. The 
length of an arrow represents the size. Some examples are below to 
different scales: 

Motion in a straight line 
Distance is how far an object moves. It does not include an a 
direction, so distance is a scalar quantity. 
Speed is the rate of change of distance – it is the distance 
travelled per unit of time. Like distance, speed also does not 
have a direction, so it is a scalar quantity. 
Typical speeds walking 1.5m/s, running 3m/s, travel in a car 13
-30m/s. They may speed up, slow down or stop for traffic. 
The speed of sound is 330m/s. 
Calculations involving space, distance and time 
The speed of an object can be calculated using the equation: 

average speed  = distance / time 
v = x/t 

 
The distance travelled by an object moving at constant speed 
can be calculated using the equation: 
 

distance travelled = average speed × time taken 
x = vt 

 distance travelled (x) is measured in metres (m) 
 speed (v) is measured in metres per second (m/s) 
 time taken (t) is measured in seconds (s) 

Distance-time graphs 
For a moving object, the distance travelled can be represent-

ed by a distance-time graph. 
A horizontal line on a distance-time 
graph shows that the object is sta-
tionary (not moving), while a sloping 
line on a distance-time graph shows 
that the object is moving. 
The speed of an object can be cal-
culated from the gradient of a dis-
tance-time graph. 



Acceleration 
Acceleration is the rate of change of velocity. It is the amount that 
velocity changes per unit time. 
If an object accelerates from an initial velocity (u) up to a final ve-
locity (v) then the average acceleration of an object can be calculat-
ed using the equation: 

 
 
 

This is when: 
 acceleration (α) measured in metres per second squared (m/s2) 
 change in velocity (v - u) measured in metres per second (m/s) 
 time taken (t) is measured in seconds (s) 
If an object is slowing down, it is decelerating (and its acceleration 
as a negative value). 

Calculating the distance travelled 
The distance travelled by an object can be calculated from 
the area under a velocity-time graph.  
The area under the graph can be calculated by: 
 using geometry (if the lines are straight) 
 counting the squares beneath the line (particularly if 

the lines are curved). 
 
The first section is a      
triangle area = bxh/2 
 4x8/2 = 16 
 
The second section is a rec-
tangle: area = bxh 
 (10-4)x8 = 48 
 
Total = 16 + 48 = 64m 

Velocity-time graphs 
For a moving object, the velocity can be represented by a velocity-
time graph. 
 A horizontal line shows constant velocity 
 A sloping line shows that the object is accelerating. 
The gradient of the line is equal to the acceleration of the object. 

  
 A = accelerating 
 B = constant speed 
 C = decelerating 
 D = stationary 

Kinematic equations 
This equation calculates uniform acceleration: 
(final velocity)2 – (initial velocity)2 = 2 × acceleration × distance 
 
 
Rearrange to calculate final velocity: 
 
Rearrange to calculate acceleration: 
 
 
Rearrange to calculate initial velocity: 
 
 



Newton's Third Law 
When two objects interact, they exert equal and opposite forces on each other. 
This is often worded as 'every action has an equal and opposite reaction'. It is im-
portant to remember that the two forces: 
 act on two different objects 
 are of the same type (e.g. both contact forces) 

Newton's Second Law 
Newton's second law of motion can be de-
scribed by this equation: 
resultant force = mass × acceleration 
This is when: 
 force (F) is measured in newton's (N) 
 mass (m) is measured in kilograms (kg) 
 acceleration (α) is measured in metres per 

second squared (m/s2) 
 
Inertial mass - Higher 
The ratio of force over acceleration is called 
inertial mass. Inertial mass is a measure of how 
difficult it is to change velocity of an object. 
 
Weight, mass and gravitational field strength 
Weight and mass are directly proportional. The 
greater the mass of the object - the greater 
its weight is. 
Weight can be calculated using the equation: 
weight = mass × gravitational field strength 
 weight (W) is measured in newton's (N) 
 mass (m) is measured in kilograms (kg) 
 gravity (g) is measured in newton's per    

kilogram (N/kg) 

Newton's First Law 
An object remains in the same state of motion 
unless a resultant force acts on it. If the result-
ant force on an object is zero, this means: 
 a stationary object stays stationary 
 a moving object continues to move at the 

same velocity (at the same speed and in the 
same direction) 

Orbits and speed - Higher 
When an object moves in a circle at a constant speed , its direction constantly 
changes. A change in direction causes a change in velocity. This is because velocity 
is a vector quantity – it has a direction as well as a magnitude.  
A change in velocity results in acceleration, so an object moving in a circle is       
accelerating even though its speed may be constant. 

 
An object will only accelerate if a resultant force 
acts on it. For an object moving in a circle, this           
resultant force is the centripetal force that acts to-
wards the middle of the circle. 
 
Gravitational attraction provides the centripetal force 
needed to 
keep a 

planet in orbit around the Sun, and a 
satellite in orbit around a planet. 
For example, gravitational attrac-
tion between the Earth and the 
Moon keeps the Moon in orbit 
around the Earth. An object moving 
in a circular orbit at a constant 
speed has a changing velocity. This 
is because velocity is a vector quan-
tity that depends on speed and di-
rection. The object in orbit is accel-
erating, even though its speed remains constant, because its velocity is changing. 



Evaluation 
Acceleration is directly proportional 
to the force applied to the object. 
This means that a graph of force 
against acceleration should produce a 
straight line that passes through the 
origin. 

Required practical 
Investigate the relationship between the force, mass and acceleration by varying the masses added to trolleys 
More than one method could be used to investigate the relationship between the force, mass and acceleration. This method will vary 
the masses added to trolleys. 
Aim of the experiment - To investigate the relationship between the force, mass and acceleration by varying the masses added to 
trolleys. 
Method - The diagram shows apparatus that can used in this investigation. A constant stream of air reduces the friction between 
the glider and the air track. 

1. Cut an interrupt card to a known length (such as 10 cm) and attach it to an 
air track glider. 
2. Set up the equipment as shown in the diagram. Make sure that the air track 
is level, and that the card will pass through both gates before the masses 
strike the floor. 
3. Set the data logging software to calculate acceleration. 
4. Use scales to measure the total mass of the glider, string and weight stack. 
Record this value. 
5. Attach the full weight stack (6 x 10g masses) to the end of the string. 
6. Make sure the glider is in position and switch on the air blower. The glider 
should accelerate. 
7. Remove one weight and attach it to the glider using blu-tack. This will keep 
the total mass constant. (The weight stack is being accelerated too.) 
8. Repeat steps 6-7 removing one weight from the stack each time. Remember 
to attach each weight to the glider as it is removed from the weight stack. 

Hazard Consequence Control measures 

Electrical appliance 
(air blower) 

Electrical fault - fire/shock  
Check mains cable and plug are not 
broken or wiring exposed before use 

Masses and/or glider 
falling to floor 

Objects falling on feet - 
bruise/fracture 

Use relatively small masses and step 
back after releasing glider 



Conservation of Momentum 
In a closed system: 
total momentum before an event = total momentum after the event 
 
A 'closed system' is something that is not affected by external 
forces. This is called the principle of conservation of momentum. 
Momentum is conserved in collisions and explosions. 
 
In a collision the momentum of each object is calculated and then 
added together as they impact each other. 
In an explosion the initial momentum is 0 as nothing is moving so if 
we calculate the momentum of one object (e.g. 200Nkgms) the oppo-
site object must be the same but negative (e.g. –200). When added 
together we still have a 0 momentum. 
 
Momentum is a vector quantity, so it is important to consider both 
magnitude and direction. For example, if travelling east is given a 
positive value, travelling west is given a negative value.  

Force and Momentum 
When a resultant force acts on an object that is moving, or 
able to move, there is a change in momentum. 
To calculate the rate of change of momentum you can      
combine the acceleration equation and the resultant force 
equation to show how to calculate the force involved when a 
change in momentum happens: 
 
 
 
This is when: 
 force (F) is measured in newton's (N) 
 change in momentum (mv - mu) is measured in kilogram 

metres per second (kg m/s) 
 time taken (t) is measured in seconds (s) 
The equation shows that the force involved is equal to the 
rate of change of momentum. 

Momentum 
Momentum is a vector quantity – this means it has both a magnitude 
and an associated direction. 
E.g. an elephant has no momentum when standing still. When it begins 
to walk, it will have momentum in the direction it is travelling. The 
faster the elephant walks, the larger its momentum. 
 
Momentum can be calculated using the equation: 

momentum = mass × velocity  p = mxv 
 
 momentum (p) is measured in kilograms per second (kg m/s) 
 mass (m) is measured in kilograms (kg) 
 velocity (v) is measured in metres per second (m/s) 

Car safety features 
During a collision there is a change in momentum. The force of the 
collision is equal to the rate of change of momentum. Car safety 
features such as seatbelts, airbags and crumple zones all work to 
change the shape of the car, which increases the time taken for 
the collision. Crumple zones refer to the areas of a car that are 
designed to deform or crumple on impact. These different safety 
features decrease the rate of change of momentum, which         

decreases the 
force of the col-
lision on any   
people within the 
car. 
 



Stopping Distances 
In an emergency, a driver must bring their vehicle to a stop in the 
shortest distance possible: 
stopping distance = thinking distance + braking distance 
This is when: 
 thinking distance is the distance a vehicle travels in the time it 

takes for the driver to apply the brakes after realising they 
need to stop 

 braking distance is the distance a vehicle travels in the time 
after the driver has applied the brake 

 
Reaction times vary from person to person, but are typically 0.2 s to 
0.9 s. A driver’s reaction time can be affected by: tiredness, drugs, 
alcohol or distractions. Longer reaction times increase the thinking 
distance when stopping from a given speed. 
 
One simple method to measure reaction times involves dropping a 
ruler between someone’s open thumb and forefinger. The higher the 
reaction time, the further the ruler falls before being stopped. 
 
Braking distance 
The braking distance of a vehicle can be increased by:  
 poor road and weather conditions, such as gravel, or wet or icy 

roads - less friction between tyres and the road 
 poor vehicle conditions, such as worn brakes or worn tyres - 

less friction between brakes and wheels 
 more mass in the vehicle (extra passengers for example) - the 

braking friction has to work for a greater distance to remove 
the larger kinetic energy 

When a force is applied to the brakes of a vehicle, there is work 
done by the friction between the brakes and the wheel reducing the 
kinetic energy of the vehicle and causing the temperature of the 
brakes to increase. The faster it is the greater the braking force 
needed to stop it and so a greater deceleration and may overheat. 

Calculating Stopping Distances 
It is important to be able to: 
 estimate how the stopping distance for a vehicle varies 

with different speeds 
 calculate the work done in bringing a moving vehicle to 

rest 
Typical stopping distances for an average car in normal     
conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is important to note that the thinking distance is          
proportional to the starting speed. However, the braking   
distance increases four times each time the starting speed 
doubles.  
This is because the work done in bringing a car to rest means 
removing all of its kinetic energy. 
 
 Work done = kinetic energy 
 Work done = braking force × distance 


