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Unit Specification 

Equations of motion 
a) Equations of motion for objects with constant acceleration in a straight line.  

b) Motion-time graphs for motion with constant acceleration. 

c) Motion of objects with constant speed or constant acceleration. 

 Notes 
a) Candidates should undertake experiments to verify the relationships shown in the equations. 

b) Displacement-time graphs. Gradient is velocity.  

Velocity-time graphs. Area under graph is displacement. Gradient is acceleration.  

Acceleration-time graphs. Restricted to zero and constant acceleration.  

Graphs for bouncing objects and objects thrown vertically upwards.  

c) Objects in freefall and the movement of objects on slopes should be investigated. 

Contexts  
a) Light gates, motion sensors and software/hardware to measure displacement, velocity and acceleration.   

Using software to analyse videos of motion.  

b) Motion sensors (including wireless sensors) to enable graphical representation of motion. 

c) Investigate the variation of acceleration on a slope with the angle of the slope.  

Motion of athletes and equipment used in sports.  

Investigate the initial acceleration of an object projected vertically upwards (e.g. popper toy) 
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Vectors and scalars 
Kinematics deals with the description of motion, without considering the masses and forces involved in the motion. 

Two types of quantities are involved:  scalar and vector. 

A scalar quantity is completely specified by its magnitude (size) alone, (with its associated units.)          Mass, time 

and energy are examples of scalar quantities. 

A vector quantity to be completely specified requires both its magnitude and direction (with units). 

Worked Example 

A woman walks due North (Bearing 000) for 3 km from A to B.  She then walks 4 km due East (090) from B to C.  The 

distance she has travelled is a scalar quantity:  

distance = 3 + 4 = 7 km 

But where is she now from where she started? 

 

Using Pythagoras, we can calculate how far away she is from her starting 

position (5 km). 

 

We say that she has been displaced from her starting position.  Her 

displacement is the same no matter what path she takes between A and C. 

 

 

Her displacement tells us where she ends up in relation to her starting position; not only how far she has 

been displaced but in what direction. 

Displacement is therefore a vector quantity. 

Using trigonometry, we can calculate the angle of her displacement (53o). 

Her displacement “s” is correctly stated as 5 km at a bearing of 037. 

To show that a quantity is a vector, the symbol is underlined, e.g. distance, d, but displacement, s. 

Question1 

An aeroplane flies due south for 100 km then turns due west and flies for a further 80 km. 

a) What is the total distance flown? 

b) What is the final displacement of the plane? 

 

 

Scalar addition 
Scalar quantities can be added algebraically as long as their units are the same. 

For example if  y = ax
2
 + bx + c, the units of ax

2 must be the same as the units of bx, c and y. 

5 m + 3 m + 1 m = 9 m (this is meaningful because all measurements are in metres) 

2 m + 6 g + 10 oC = ? (this makes no sense because the units do not match) 
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Vector addition 
There are two main methods of adding vector quantities. The first is using trigonometry and Pythagoras as shown 

above. The second is by drawing a scale diagram.  Both methods take account of the direction of vectors as well as 

their size.  Vectors cannot be added algebraically unless they both happen to point in the same direction. 

Scale drawing 

1. Sketch the problem.  This lets you see how the scale diagram will fit on the page. 

2. Choose a suitable scale. 

3. Draw one vector from a suitable starting point. 

4. Mark the direction of the vector with an arrow. 

5. Draw the next vector starting from the tip of the previous one. 

6. Continue this tip-to-tail method for all vectors. 

7. Join the starting point to the finishing point.  This line is the resultant. 

8. Mark the direction of the resultant with an arrow. 

Worked Example 

Four instructions are given for an expedition: 

a. Walk 3 km on a bearing of 045. 

b. Turn and walk 6 km on 180 

c. Turn and walk 5 km on 225 

d. Turn and walk 10 km on 090 

What will be the walkers’ displacement? 

1. Make a sketch of the scale diagram before doing the accurate version, This 

allows you to see how it will sit on the page. 

2. Select a suitable scale, e.g. 1 cm represents 1 km, and use a ruler and 

protractor to draw an accurate scaled diagram. 

3. Measure the length of the resultant and measure the angle to find the 

bearing. 

The displacement should be 11.6 km on a bearing of 131. 

The resultant of any number of vectors depends only on the starting point and the final position. 

Trigonometry, together with resolving vectors (which you will do later in this topic) can provide quicker and more 

accurate answers and is usually the preferred method.  However if a question specifies that you must find the 

answer by means of a scale diagram then you must do so. 

Question 2 

A ship sails 300 km West, then 500 km due South, then 400 km on a bearing of 045.  What is the ship’s 

displacement? 

  

Start 

Finish 

Resultant 
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Speed and velocity 
Average speed is defined as the distance covered by a body in a given time interval.  Average speed can be 

calculated using the formula: 

 ̅  
 

 
 

The units of  ̅ must be the same as the units of the distance  the units of time 

Instantaneous speed is defined as the speed of the body at a given instant.   

In order to measure this, the distance travelled over a very short time is measured.  It is assumed that the speed of 

the body does not change significantly over the short time. 

Velocity is defined as the displacement of the body in a given time interval 

  
 

 
 

Since   is a vector,   is a vector and is only fully specified when both the magnitude and direction are stated.  The 

direction of    is the same as the direction of    

Questions 

1. A ship sails 100 km due West (270), then 500 km due South (180).  If the entire journey takes 12 hours, 

calculate: 

a. The ship’s final displacement 

b. Its average speed 

c. Its average velocity 

 

2. A plane travelling due East at 150 ms-1 is blown North by a wind travelling at 40 ms-1.  What is the plane’s 

velocity with respect to the ground? 

 

3. A river flows downstream at 3 ms-1.  A boat is powered directly across the stream at 6 ms-1.  What is the 

velocity of the boat relative to the river bed? 

 
 

 

 

  



6 
 

Vector resolution 
Previous work has dealt with adding pairs of vectors.  It is sometimes preferable to do the opposite and break a 

resultant down into its parts.  This is called Vector Resolution. 

Since any vector depends only on its starting and ending point, it can be split into any number of components as long 

as the resultant stays the same: 

 
 

Rectangular components 
If a vector is resolved into two components at right angles to each other then the components are said to be 

rectangular components. 

 

Vectors can be resolved into components using either scale drawings or trigonometry. 

Scale drawing 

Draw the vector to scale, making the required angle to the horizontal.  Then complete the right-angled triangle as 

shown and measure the horizontal and vertical components. 

Trigonometry 

Calculate the components in the x and y directions using SOH-CAH-TOA. 

 
Rx = R cosθ  Ry = R sinθ 
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Questions 

1. An aeroplane flies at a bearing of 025 for a distance of 100 km.  How far North and how far East does the 

plane fly? 

 

2. A cannon is fired at 400 ms-1 at 30o to the horizontal.  What are the initial vertical and horizontal 

components of velocity? 

 

 

3. When a hot air balloon is released, it floats upwards at a constant velocity of 5 ms-1 

at an angle of 70o as shown.  How long will it take the balloon to reach a height of 

100m?  

 

 

 

 

 

  

4. An athlete throws a discus at 10 ms-1 at 35o above the horizontal.  What are the initial vertical and horizontal 

components of velocity? 

 

Adding Vectors by resolving them 
Since vectors can be split into rectangular components, the resultant of a number of vectors may be obtained by: 

1. Resolving each vector into appropriate rectangular components. 

2. Add the horizontal components 

3. Add the vertical components 

4. Use Pythagoras and trigonometry to calculate the resultant. 

Question 

John walks 260 m due west and then walks 150 m on a bearing of 045. Calculate his displacement by resolving 

vectors. 
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Force vectors 
Since force is a vector, its direction must be taken into account. 

 If a body is accelerating it must be subject to an unbalanced force (Newton II).  The size of the unbalanced force is 

obtained by finding the resultant of all the forces acting on the body. 

Question 

Three forces act on a body as shown.  Find the resultant unbalanced force. 

 

 

If a body is travelling at a constant velocity, then the forces acting on the body must be balanced. 

When we draw the vector diagram, the resultant must be zero, i.e. the starting and finishing points are the same. 

The vector diagram forms a closed polygon. 

Balanced forces are said to be in equilibrium. 

Questions 

1. A weight of 10N is suspended from two strings as shown.  Calculate the tension in each string. 

 
 

 

2. A force of 800 N at an angle of 20o below the horizontal is used to pull a mass as shown.  

Calculate the horizontal and vertical components of the force.  
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Acceleration  
Until now only acceleration in a straight line has been considered.   

The equation:               acceleration  =  change in speed ÷ time  (
t

uv
a


 ) 

has been used but the directions of u and v have been the same. 

A more precise definition is:  acceleration  =  (change in velocity)  ÷ ( time for the change) 

t

uv
a


  

Note that a is also a vector. 

If the body is moving in a straight line, then one direction can be considered as positive and the other negative (it 

does not matter which is which but it is essential to be consistent throughout a problem). 

Questions 

1. A ball rolling along the floor at 3 ms-1 hits a wall and rebounds  at 2 ms-1.  Calculate its change in velocity. 

 

2. A stone is catapulted upwards at a velocity of 30 ms-1.  What will its velocity be 5 seconds later? 

 

 

Acceleration can also be calculated from a speed: time or velocity: time graph, if only straight line motion is to be 

considered.   

 

The gradient of such a graph is:  
t

uv

tt

uv

xx

yy 











1212

12                                                    Hence the gradient 

of the v : t graph is the acceleration. 

The area under the speed: time graph gives the distance travelled.   

The area under a velocity: time graph gives the displacement (i.e. the change in position). 

 [The area under acceleration: time graphs gives the change in velocity.] 
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Graphs 
Graphs can be used to describe the motion of a body which is travelling in a straight line. 

Constant positive velocity Uniform acceleration Zero Motion 

   

 

The acceleration at any instant in time is the gradient of the v: t graph.  A steep gradient means a high acceleration 

and a shallow gradient means a low acceleration.  If the gradient is zero, then the acceleration is also zero.  If the 

gradient is negative, the body is either slowing down or speeding up in the negative direction. 

Constant positive velocity Uniform acceleration Zero Motion 

   

 

The displacement of the body at time t is equal to the area under the v: t graph from t = 0 to t = t. 

 

Constant positive velocity Uniform acceleration Zero Motion 

   
 

These graphs have been shown without numerical values.  When preparing sketches or graphs, numerical values are 

almost always necessary. 
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Question 
Draw a: t and s: t graphs for the following v: t graphs. 

Velocity: time Acceleration: time Displacement: time 

   
 
 
 
 
 

  

   
 
 
 
 
 
 

  

   
 
 
 
 
 
 

  

 

Since v, a and s are vector quantities, care must be taken to ensure that the signs are correct. 
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Graphs of motion in the vertical plane 
It is necessary to adopt a sign convention when dealing with graphs for vector quantities.  For example, if a ball is 

thrown upwards and its initial velocity is taken to be positive, then up must be taken to be the positive direction. 

Since acceleration due to gravity acts downwards its value must be -9.8ms-2. 

The displacement of the ball at its maximum height will have a positive value. 

The displacement of the ball when caught at the original height will be zero. 

If the ball is not caught but lands on the ground, its displacement will have a negative value. 

Graphs of a body thrown upwards 

   

 

Graphs of a body falling from a height and rebounding 

   

 

Questions 

1. A ball is dropped from a height of 5 m and takes one second to hit the ground.  It is allowed to bounce only 

once.  It rebounds to its original starting height and falls to the ground once more.  Draw speed: time, 

velocity: time, acceleration: time and displacement: time graphs of the motion.  Numerical values must be 

shown. 

 

2. a. The graph shown below describes the motion of a bouncing ball.  Indicate on the diagram 

i) At which point(s) the ball is at its maximum height 

ii) At which point(s) the ball hits the ground 

iii) Which parts of the graph show the ball accelerating at g 
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b. Draw the corresponding a: t and s: t graphs. 

 

 

  

s 

t 

t 
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Equations of motion 
Consider a body moving at a uniform velocity in a straight line.   

s = displacement 

u = initial velocity 

v = final velocity 

a = acceleration 

t = time 

 The acceleration a is the gradient of the graph and can be calculated using the equation:  
t

uv
a


   which is usually 

rearranged to be: 

            tauv                 Equation 1 

The displacement, s, of the body can be determined by calculating the area under the graph.  Splitting the area into 

two parts (rectangle side u,t and triangle height (v-u) base t), we get: 

tuvuts )(2
1   

Recall that:    atuv   

Hence by substitution:    tatuts .2
1  

2
2

1 tatus            Equation 2 

A third equation of motion may be obtained by eliminating t in the first equation using algebra: 

atuv   

Square both sides of the equation: 2222 2 tauatuv   

On the right-hand side, take a factor of 2a to outside a set of brackets: 











a

ta
utauv

2
2

22
22

 

Tidy up terms:          

 

 2
2

122 2 atutauv   

Recall:  s = ut + ½at
2 and substitute for the term in brackets above: 

asuv 222      Equation 3 

These equations have been derived by, and only work for, a body moving in a straight line with uniform acceleration.  

Note that the direction of movement along the line can be in either a positive direction or a negative direction. 

Consider Equation 3:  

Multiply through by ½m:   ½mv
2
 = ½mu

2
 + mas 

This is simply a statement of conservation of energy.   

Final Kinetic Energy = Initial Kinetic Energy + Work Done [force (ma) x displacement (s)]. 
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Questions 

1. A car travelling at 10 ms-1 accelerates uniformly at a rate of 3 ms-2   for 5 seconds.  How far does it travel 

during this time? 

 

2. A space shuttle travelling at 1000 ms-1 decelerates uniformly at a rate of 50 ms-2.  What will its speed be after 

10 km? 

 

3. From a standing start an athlete covers 20 m in 3.0 s. Assuming he accelerates uniformly find the 

athletes acceleration. 

 

4. A car travels towards a wall at 40 ms-1. When it is 80 m from the wall the brakes are applied. It just 

stops without hitting the wall. Find the acceleration. 

 

5. A lorry travelling at 20 ms-1 brakes and decelerates to a stop at 4 ms-2. How far did it travel? 
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Experiment: Measurement of the acceleration due to gravity 
 

Consider a body released from a height h. 

On landing the displacement of the body is h. 

It is released from rest, so:      u =  0ms-1. 

From s = ut + ½ at
2    by substitution we get: 

h = ½ gt
2
 

Since g, the acceleration due to gravity, is a constant, then a graph of velocity against time should give a straight line 

of gradient -9.8ms-2. 

Use the diagram to help you design an experiment to measure g and write up the lab report in your jotter.  You 

should include a list of apparatus; a method; results; conclusion and evaluation; and a discussion of your 

uncertainties. 

The accepted value of g is 9.8 ms-2.  You will sometimes see the value 9.81 ms-2 used; however g varies slightly 

depending on where you are on Earth and so 9.81, although more precise than 9.8, is not more accurate.  At Higher 

9.8 ms-2 should always be used unless the question specifies otherwise.   

When doing rough mental calculations, it is often useful to use 10 ms-2as an approximation.  

 

Questions 
1. A helicopter is rising vertically at 10 ms-1 when a wheel drops off and hits the ground 8 s later.  At what 

height was the helicopter flying when the wheel fell off? 

2. Find the velocity of a body after it has fallen 200 m from rest. 

3. An object falling freely for 10 s was found to have a velocity of 130 ms-1.    Find its initial velocity. 

4. A stone thrown straight up in the air reaches its greatest height in 6 s.  Find its initial velocity and its velocity 
after 8 s.  

5. A helicopter rises at 8 ms-1. An object is released and hits the ground 3 s later. 
a. What is its velocity when it hits the ground? 
b. Determine the height when it was released. 
c. If the helicopter had been stationary what height would it have been at? 

6. A balloon is descending at 2 ms-1 when a sand bag is released. The sand bag strikes the ground 6 s 
later. 

a. What is the velocity of the sand bag when it hits the ground? 
b. What was the height of the balloon? 

7. A ball falls from a height of 5 m. What is its velocity as it hits the ground? 
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Projectile Motion  

 

 

Consider a ball which is released from a height.  If air resistance is negligible, it will accelerate uniformly downwards 

due to the force of gravity. 

If another ball is projected with an initial horizontal velocity, it too will accelerate downwards due to gravity. 

Since force is a vector and gravity acts vertically downwards. Only the vertical motion is affected by gravity.  If we 

ignore air resistance there are no horizontal forces. So the horizontal component of velocity does not change. 

The path of the projected ball is a parabola. 

Graphs of the horizontal and vertical motion are shown below: 

  
 

 Vertically, the body has uniform acceleration: g. 

 Horizontally, the velocity is constant. 

 Time of flight is the same horizontally and vertically. 

 Horizontal and vertical motion can be treated independently. 

 The actual velocity of the projectile is the resultant of the horizontal and vertical motion. 

The area under the vh: t graph is the horizontal displacement of the ball:  sh = 

The area under the vv: t graph is the vertical displacement of the ball:  sv = 

Questions 
1. A ball is kicked horizontally away from the top of a cliff with an initial speed of 25 ms-1.  If it lands 4 seconds 

later, how far away will it land and how high is the cliff? 

2. A plane flying at a height of 400 m is preparing to drop emergency supplies to a site near a village.  The plane 

is travelling at a constant velocity of 150 ms-1.  How far from the site should the plane release the parcel so 

that it lands on the site? 
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Ballistics 
When an object is projected at an angle, the motion is symmetrical about the line AB (assuming negligible air 

resistance). 

 

The initial horizontal and vertical components of the velocity can be determined by resolution. 

 

The horizontal velocity remains constant.   

The size of the vertical velocity is greatest at the beginning and end of projection.  At the highest point the vertical 

component of the velocity is zero. 

From the beginning to the highest point takes half the time of flight. 

vh: t and vv: t graphs are shown below. 

 

  

vh = v cosθ 

vv = v sinθ 

θ 

v 

vh vv 

time time 

½t t 

t 
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Questions 

1. A javelin is thrown at an initial velocity of 20 ms-1 at 30o above horizontal. 

a) What are the initial horizontal and vertical components of velocity? 

b) What is the maximum height reached? 

c) What is the time of flight? 

d) What is the range of the javelin? 

 

2. An artillery shell is fired at 300 ms-1 at an angle 40o above the horizontal. 

a) What is the maximum height reached by the shell? 

b) What is the range of the shell? 

c) What is the velocity of the shell after 5 seconds? 

3. An archer shoots an arrow at a target 60 m distant. The arrow leaves the bow at 28 ms-1 at an angle of 25o to 
the horizontal. 

a. What is the horizontal component of the velocity of the arrow? 
b. How long will the arrow take to reach the target? 
 

4. In another game a girl stands on a platform and throws a large dart at a target marked on the ground. The 
centre of the target is 5 m from the base of the platform. The dart leaves the girls hand with a velocity of 
6.25 ms-1 at an angle of 53o above the horizontal. The dart is in flight for 1.5 s. Calculate how many points the 
girl scores. 
 

SCORING 
Distance from Centre Points 
Within 0.5 m 10 

0.5 m to 1.0 m 5 

1.0 m to 1.5 m 3 

1.5 m to 2.0 m 1 

 

5. A long jumper devises a method for estimating the horizontal component of his velocity during a jump by 
finding out how high he can jump vertically.  He finds that the maximum height he can jump is 0.86 m.  

a. Show that his initial vertical velocity is 4.1 ms-1. 
 

He now assumes that when he is long jumping, the initial vertical component of his velocity at take-off is 4.1 

ms-1.  The length of his long jump is 7.8 m. 

b. Calculate the value that he should obtain for the horizontal component of his velocity vh. 
c. His coach tells him that during the 7.8 m jump his maximum height was less than 0.86 m.  Ignoring 

air resistance, state whether his actual horizontal component of velocity was greater or less than the 
value calculate in (b). You must justify your answer. 

 

6. In a stunt for a film a car is driven horizontally off a riverbank. The distances involved are shown in the 
sketch. 

a. Find the time of flight 
b. Find the minimum speed at which the car must be driven to reach the other side safely. 
c. In practice how would the actual speed required compare to the value which you found?  Explain 

your answer. 
 

9m 0.45m 


