Linear Accelerated Motion
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In a straight line

Speeding up/Slowing down
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The word particle is frequently used to mean any object that moves between A&B, e.g. car, train, bus etc.

Need to distinguish between scalar and vector quantities.

A scalar has magnitude (size) only

A vector has magnitude and direction

Example The distance between the two points A&B above is 100m. Distance is a scalar quantity – in this example the magnitude is 100m.

However if we take the positive direction to be towards B, we say the displacement of B from A is 100m but the displacement of A from B is –100m. Displacement is a vector.

Summary









Definitions


Units:

	Scalar
	Vector

	Distance(m)
	Displacement(m)

	Speed(m/s)
	Velocity(m/s)

	Acceleration(m/s2)
	Acceleration(m/s2)


Distance V’s Displacement – Be Careful!

Example

Say an object is thrown from point A in the diagram (directly upwards) and lands at point B.








Let up be the positive direction


( distance travelled from A to B I



= 4 + 10 = 14m

However displacement of B from A is –6m.

Speed V’s Velocity

Say a car is travelling at a speed of 40km/hr. This approx 10m/s.

If we define the direction it is travelling in as positive we say it’s velocity is 10m/s. If it now turns around and does 10m/s in the opposite direction it’s velocity becomes –10m/s. So as in the case of displacement a negative velocity simply means travelling in the opposite direction.




Acceleration

Acceleration is the rate of change of velocity

If a particle is increasing its velocity we say it is accelerating



e.g. 30km/hr ( 50km/hr

If a particle is decreasing its velocity we say it is decelerating



e.g. 50km/hr ( 30km/hr

Example

Say a car is travelling at 10m/s and increases it’s velocity to 20m/s in 5secs. If we assume constant acceleration then we can see that in the 1st second it’s velocity increases by 2m/s to 12m/s. In the next second it increases by another 2m/s to 14m/s and so on. This is easier seen in a table.

Start at 10m/s

	After
	Velocity
	Velocity Increase

	1sec
	12m/s
	2m/s

	2secs
	14 m/s
	2m/s

	3secs
	16 m/s
	2m/s

	4secs
	18 m/s
	2m/s

	5secs
	20 m/s
	2m/s


It is clear from the Table that the velocity increase is 2m/s every sec

or

2m/s/s (metres per sec per sec)

This is defined as acceleration and we write it as 2m/s2.

We can get a better understanding of acceleration by drawing a ‘velocity-time’ graph for the journey.


















The key thing to observe here is that constant acceleration gives a straight line. (v-t graph)

Now look at the situation where a car decelerates at a constant rate (uniformly) from 20m/s to 10m/s in 5secs. Again drawing a table we that the car decreases in speed by 2m/s every second or the deceleration is 2m/s2.

Start 20m/s

	After
	Velocity
	Velocity Increase

	1sec
	18m/s
	-2m/s

	2secs
	16 m/s
	-2m/s

	3secs
	14 m/s
	-2m/s

	4secs
	12 m/s
	-2m/s

	5secs
	10 m/s
	-2m/s


N.B. We see that acceleration is -2m/s2
but


the deceleration is 2m/s2.

The v-t graph now looks like this:







Question

If the car continues to decelerate at this rate can you visualize what will happen after 10secs? 

15secs?

Answer

Projecting the graph we see that in theory the car will be travelling at 0m/s after 10secs (i.e. it will be stopped for an instant) and after 15secs it will be travelling at –10m/s – Recall ‘minus’ velocity means travelling in the opposite direction.









It is difficult to visualize any car travelling in this fashion in reality – however if we imagine the vertical equivalent this is exactly what happens when an object is thrown in the air and acted on by the force of gravity i.e. it is decelerating at a constant rate of 9.8m/s from the moment it leaves your hand until it reaches a velocity of 0m/s for an instant at the highest point. It then continues to decelerate at 9.8m/s but from this point onwards the velocity is negative indicating it has changed direction and is now travelling downwards. We know from experience that this is indeed the case.

Note When an object has a velocity of 0m/s we say it is at rest (or stopped!) 

Notation:







If a particle travels from A to B then 

s
= displacement

t
= time taken

u
= initial velocity

v
= final velocity

a
= acceleration

Equations

If we assume acceleration is constant for the journey and by definition we know that acceleration is rate of change of velocity then we can express acceleration mathematically as:



a = v - u
or
 change in velocity


         t 


 time

Multiplying across we get
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Also since average speed (velocity) = 
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We can say that average velocity = 
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From v-t graph it is also clear that 

average velocity = 
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So

Combining equations (1) & (2) we get 
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i.e. 


Again combining equations (1) & (2)
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Simplifying this we get




Area under v-t graph















From the equation v = u + at we can see that, the height marked (B) in the diagram must be ‘at’

Now the area under the graph can be got by summing the area of rectangle (1) and triangle (2)

Area = l X b +
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i.e. 

If we compare with eqn (4) we see that this is also the formula for s (displacement)

Therefore


Special Case

Say a particle starts from rest, accelerates at rate a m/s2 for t1 secs to a velocity v and then immediately decelerates to rest at a rate of d m/s2. We can represent this on a v-t diagram as shown.








Taking part (1) of the journey:


u=0

v=v

a=a

t=t1

Taking part (2) of the journey:


u=v

v=0

a=-d (decelerates)

t=t2
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Displacement is distance in a given direction


Velocity is speed in a given direction


Acceleration is the rate of change of velocity
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Area under v-t graph = Distance travelled
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v = u + at


v = 0 + at1








v = at1





v = u + at


0 = v + (-d)t2








v = dt2
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