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On the move

Speed and velocity

Learning objectives:

· How does displacement differ from distance?

· What is the difference between instantaneous speed and average speed?

· When is it necessary to consider velocity rather than speed?

VELOCITY AND DISPLACEMENT 

In Physics we have to be a little more exact when talking about speed - the DIRECTION that something moves is just as important as how FAST it moves.

Imagine two photographs taken of a football match, one at the start and one at the end of the game. The referee may look as though he has only moved a few metres but in fact he will have run many kilometres during the game.

Think about a car starting off at a set of traffic lights.  Moving FORWARDS at 2m/s may have a very different effect from moving BACKWARDS at 2m/s.

[image: image1]We use two new words to take into account this DIRECTION; they are DISPLACEMENT and VELOCITY.

Displacement is measured in the same units as distance and velocity has the same units as speed.

Displacement is given the symbol s and velocity the symbol v and time the symbol t. So the formula for constant velocity is:
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CONSTANT SPEED AND CONSTANT VELOCITY

It is important to realise that there is a difference between CONSTANT SPEED and CONSTANT VELOCITY. If a car is moving in a straight line at a constant speed then its velocity is also constant but if it turns a corner, still keeping its speed the same, its velocity will have changed because the direction in which it was moving has changed.

Distance-time graphs

The simplest form of graph that describes the way an object is moving is a distance-time graph. The distance that an object has moved is plotted on the Y-axis and the time is plotted on the X-axis.

The graphs below show you how the distance changes with time for a number of different examples.


Imagine that the distance axis shows how far an object is away from you.

The horizontal straight line shows something that stays at the same distance from you all the time – the object is stationary.

Straight lines slanting upwards show objects moving away from you at a steady speed while straight lines slanting downwards show objects moving towards you at a steady speed. The steeper the line the faster the object is moving.

A curved line shows an object whose speed is changing as time goes by.

We can use these graphs to work out the speed of an object.


This is easy to do for a straight-line graph but for the curved line the speed is constantly changing and so we must measure the change in speed over a small time interval to get an accurate answer.
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Displacement-time graphs
Summary Questions pg 113

Acceleration

Learning objectives:
· When do moving objects accelerate and decelerate?

· Why is uniform acceleration a special case?

· Why is acceleration considered a vector?

Acceleration is defined as 
Uniform acceleration
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Non-uniform acceleration
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Summary questions pg 115

Motion along a straight line at constant acceleration

Learning objectives:
· What is the difference between u and v?

· How can we calculate the displacement of an object moving with uniform acceleration?

· What else do we need to know to calculate the acceleration of an object if we know its displacement in a given time?

In studying the motion of objects it is often helpful to use an equation to work out the velocity, acceleration or the distance travelled.

We use the following letters to represent certain quantities:

Distance travelled





s  
measured in metres
(m)

Time taken






t
measured in seconds (s)

The velocity at the start (called initial velocity)

u
measured in m/s

The velocity at the end (called the final velocity)

v
measured in m/s

The acceleration of the object



a
measured in m/s2

1. Non accelerated motion – that is motion at a constant velocity


The area under the line of the velocity –time graph is the distance travelled by the object in the time t.

For example   u = 20m/s  and t = 300 s    Distance (s) = ut = 20 x 300 = 6000 m

The equation for non accelerated motion is:


2. Accelerated motion




Distance travelled = area under the line = ut + ½ (v-u)t

But acceleration = (v-u)/t and so  (v-u) = at 

 therefore:

Distance travelled (s) = ut + ½ (v-u)t = ut + ½ [at]t = ut + ½ at2


If the object starts from rest u = 0 and so the equation becomes:


Another useful equation is:

This equation can be proved as follows:

v = u + at  
therefore t = (v-u)/a
but 

s = ut + ½ at2  

and so

s = ut + ½ a([v-u]/a)2    therefore:  2s = 2u(v-u)/a + (v2 – 2uv + u2)/a

So:   2as = 2uv – 2u2 + v2 – 2uv + u2  and so  v2 = u2 + 2as
USING EQUATIONS

This section is designed to help you work out some of the problems using the equations of motion.


If you need to use any of these equations to work out problems the way to do it is this:

(a) write down what you are given, usually three things

(b) look for the equation that contains these three things and the quantity that you are trying to find

(c) put the numbers in the CORRECT equation and work it out

You will need to know how to rearrange equations to make different quantities the subject of the equation.


Summary questions pg 118
Free Fall

Learning objectives:

· What does “free fall” mean?

· How does the velocity of a freely falling object change as it falls?

· Do objects of different masses or sizes all fall with the same acceleration?

Does a heavy object fall faster than a lighter object?
"Measure what is measurable, and make measurable what is not so."
Galileo Galilei
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Galileo Galilei 1564 -1642
Acceleration due to gravity - Experiment
Worked example:

g = 9.8ms-2
A coin was released at rest at the top of a well.   it took 1.6s to hit the bottom of the well.  Calculate a. the distance fallen by the coin, b its speed just before impact.

Solution

Summary questions pg 121

Motion graphs

Learning objectives:
· What is the difference between a distance-time graph and a displacement-time graph?
· What does the gradient of a velocity –time graph represent?

· What does the area under a velocity-time graph represent?

The difference between a distance-time graph and a displacement-time graph.
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The example below shows how the velocity of a girl travelling in a car might change on part of her way to school.

 We can describe the motion of the car in the three different parts of the journey:

(a) O to A - the velocity increases steadily from 0 m/s to 20 m/s in 10 seconds.

(b) A to B - the velocity stays the same at 20 m/s for the next 30s

(c) B to C - the velocity decreases to 0 m/s in 20s.

Using:
distance = average velocity x time

Distance travelled AB  
= 10 x 10   = 100m

Distance travelled AB  
= 20 x 30   = 600m

Distance travelled BC  
= 10 x 20   = 200m

Total distance travelled OC    = 900m

But this is the AREA under the line.

This is always true no matter how the object moves.



Velocity-time graphs


A useful form of graph that describes the way an object is moving is a velocity-time graph. The velocity of the object at any moment is plotted on the Y-axis and the time is plotted on the X-axis.

The graphs below show you how the velocity changes with time for a number of different examples.

The horizontal straight line shows something that is moving with a constant velocity.

Straight lines slanting upwards show objects whose velocity is increasing at a steady rate – they have constant positive acceleration. Straight lines slanting downwards show objects whose velocity is decreasing at a steady rate – they have a constant negative acceleration (retardation). The steeper the line the greater the acceleration or retardation.

A curved line shows an object whose acceleration is changing as time goes by.

We can use these graphs to work out the acceleration of an object.
This is easy to do for a straight-line graph but for the curved line the acceleration is constantly changing and so we must measure the change in velocity over a small time interval to get an accurate answer.

The set of graphs below show how the velocity varies with time for several different situations.

The area below the line in each graph still represents the distance travelled in a certain time, whether the acceleration is uniform or not. 

The slope of the line at any point (dv/dt) gives the instantaneous accel​eration. 

The average acceleration is found by dividing the velocity change by the time taken

Projectile Motion 1
Learning objectives:
· Why is the acceleration of a projectile always vertically downwards?

· What is the horizontal component of a vertical vector?

· What is the effect of gravity on horizontal speed?
A projectile is any object acted upon by the force of gravity.  Three key principles apply to all projectiles:

Vertical projection

Horizontal projection
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The projection path of a ball projected horizontally
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Summary questions pg 127

Projectile Motion 2
Learning objectives:

· Where else do we meet projectile motion?

· What would happen if we could switch gravity off?

Projectile-like motion
Any form of motion where an object experience a constant acceleration in a different direction to its velocity will be like projectile motion.  For example:
Imagination at work – switching gravity off




Summary questions pg 129
Examination-style questions pg 130/131
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Speed = Distance/time and so the gradient of the line (distance/time) gives us the speed.
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The area under the line in a velocity time graph is the distance travelled.








PROBLEMS


Plot graphs of the motion of the three vehicles and use them to work out the distances.


1. Lorry 0m/s to 15m/s in 10s, constant velocity for 30s, slows down  to a stop after a further 15s. Find the distance from (a) 10s to 35s and (b) 40s to 55s.


2. Car - 0m/s to 25m/s in 15s, constant velocity for 30s, slows down steadily to a stop 65s after the start. Find the distance travelled from 0s to 65s.


3. Sprinter - 0m/s to 10m/s in 2.0s, constant velocity for  8s, slows down steadily to rest in 3s. Find the total distance travelled.
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Time





Increasing acceleration





Rapid steady acceleration





Constant velocity





Slowing down steadily





Acceleration





Acceleration = Change in velocity/time and so the gradient of the line (change in velocity/time) gives us the acceleration.





u





time





t





velocity








DISPLACEMENT  is the distance measured  in a certain direction.








VELOCITY is the speed measured in a certain direction








Velocity  (v)  = displacement (s)/time (t)            or    Displacement (s)  = vt








EXAMPLES


1. A car travels 80m due east for 4s at a constant velocity:


(a) what is its velocity


(b) how far would it have travelled in two minutes if it carried on at the same velocity?


(a) v =s/t = 80/4 = 20m/s due east


(b) s = vt = 20 x 120 = 2400m due east


 (notice the use of seconds here) 





2. A bee flies across a 35m wide hockey pitch in 5s. What is the velocity of the bee?


      v = s/t = 35/5 = 7m/s








Area = distance travelled = ut





Distance (s) = velocity (u or v) x time (t)     s = vt








Acceleration (a) = [change in velocity]/time = [v-u]/t    or      a = [v-u]/t








Another version is            v = u + at








t





velocity





time





u





Area = ut





Area = ½ (v-u)t 





v





s = ut + ½ at2








s = ½ at2








v2 = u2 + 2as





    CONSTANT VELOCITY


    1. s = vt


    


    CONSTANT ACCELERATION


    2. v = u + at


    3. s = ut + ½ at2              


    4. average velocity = [v + u]/2                        


    5. v2 = u2 + 2as








EXAMPLES OF EQUATION USE


1. A horse accelerates steadily from rest at 4 m/s2 for 3s.


What is its final velocity and how far has it travelled?


(a) Initial velocity (u) = 0 Final velocity (v) = ?


Acceleration (a) = 4 m/s2  Time (t) = 3 s.


Known quantities u,a and t. Unknown  v.


Correct equation is  v = u + at


Final velocity (v) = 0 + 4x3 = 12 m/s


(b) Correct equation is  s = ut + ½ at2


                                                    


  Distance (s) = 0x3 + 0.5x4x9 = 18 m


2. A car travelling at 20 m/s accelerates steadily at 5 m/s2 for a distance of 70 m. What is the final velocity of the car?


Known quantities u,a and s. Unknown v.


Correct equation is v2 = u2 + 2as


Final velocity2 (v2) = 30x30 + 2x5x70


Therefore  v =  40 m/s
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Displacement-time for an object projected upwards








