AQA AS Physics A
Unit 2 
D Ewart

Motion & Force
Force and acceleration
Learning objectives:

· What does a resultant force always produce?
· What would happen to a body that was already in motion if there was no resultant force acting on it?

· How is weight different from mass?

Inertia and Newton's Laws

[image: image1]We can state Newton’s Laws of motion simply as:

Also we define inertia as:

The inertia of a body is its reluctance to change its state of motion

The more massive the body is the more inertia it has. The astronauts in the Space Shuttle had trouble with large pieces of equipment since although they were "weightless" they still had inertia and were difficult to stop once they were moving. The astronauts themselves also experienced a problem on the lunar surface. They had a much smaller weight and therefore lower friction between themselves and the surface but their mass and therefore inertia was the same as on Earth. Stopping was difficult due to the lower frictional force. 

Newton's First Law
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Aristotle thought that a force was needed to keep an object moving and that if this force was removed the object would naturally come to rest. Galileo - not being totally happy with this idea thought about motion in terms of what might happen to a ball rolling down one side of a U shaped slope. He reasoned that if there was no friction the ball would go down one side and then up the other until it reached the same height as that from which it started (think about this in the design of big dippers). Now if the other side of the U is steadily lowered the ball will have to go further before it reaches its original height. Logically if the slope is flattened out the ball will roll on for every - never getting to its original height. So no force is needed to keep it going.
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Newton expressed this idea in his first law of motion.

Important note:  uniform motion
This means no change of velocity - and since velocity is a vector this means at a steady speed in a straight line. Think about a sky diver, as they fall out of the plane their speed increases - their weight is bigger than the drag - there is a net force and Newton's first law does not apply. However as the drag increases the two forces on them become equal and the sky diver falls with a constant velocity - a state of uniform motion! 
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Inertia Trick

When the card is flicked, the coin drops into the glass because the force of friction on it due to the moving card is too small to shift it sideways.

Box stationary

The box will only move if the push force is greater than friction.

Box moving

If the push force equals friction there will be no net force on the box and it will move with a constant velocity.

Newton's Second Law

This law is all about the situation when there is a resultant force and therefore there is also an acceleration.
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You need a force to change the motion of a body. The bigger the net force the greater the acceleration. (remember that force is a vector and the direction of the forces acting on a body need to be considered). Aristotle thought that the force was in the same direction as the motion (i.e. the velocity). This is not true - the force is in the same direction as the acceleration if you don't follow this think of a basket ball being thrown into a net the ball follows a curving path in the air but the force - and therefore the acceleration is always in one direction - vertically downwards.

You can investigate the law practically by using a linear air track and measuring the acceleration of the truck for a variety of accelerating forces and truck masses. The linear air track is the best equipment to use since the force of friction is very low.
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It is also important to remember that the mass being accelerated is the total mass of the truck plus the mass of the accelerating weight although this is not significant if the truck is very heavy in comparison. 
The results can be analysed by plotting two graphs -

· acceleration against the accelerating force

· acceleration against the inverse of the mass of the truck (1/m)

This should show you that the :
(a) acceleration is directly proportional to the accelerating force and

(b) acceleration is inversely proportional to mass of the body being accelerated
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Combining these two results gives 

The units for force are Newtons (N), mass are kg and acceleration ms-2.

This law also gives us a good definition of the Newton as a unit of force.

Although we may think of the second law as “Force equals Mass times Acceleration” Newton actually stated his famous law as follows:-
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Worked Example

A vehicle of mass 600kg accelerates uniformly from rest to a velocity of 8.0ms-1 in 20s. Calculate the force needed to produce this acceleration.
Gravitational Force - Weight
The force exerted on a body due to its mass. 

It is one of the FUNDAMENTAL forces. 
The weight of a body is equal to the gravitational force acting on the body.

Near the Earth’s surface a body of mass 1kg in free fall (insignificant air resistance) accelerates downwards with an acceleration equal to g = 9.81 ms-2 

From Newton’s 2nd law:

F = m a

F = 1 kg x 9.81 ms -1
weight = 9.81 N 

In general: weight = mg

Gravitational Field Strength, g
This is equal to the gravitational force acting on 1kg.




g = force / mass




   = weight / mass
Near the Earth’s surface:

g = 9.81 Nkg-1
Note: In most cases gravitational field strength is numerically equal to gravitational acceleration.

Summary Questions page 134
Newton’s Third Law
Action and reaction are equal and opposite.
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A tractor is pulling a car out of a patch of mud using a tow-rope as shown in the diagram opposite. Identify the Newton third law force pairs in this situation.

Using F = ma
Learning objectives:

· How do we apply F = ma when the forces on an object are in opposite directions?

· Why do you experience less support as an ascending lift stops?

· Are there any situations in which F = ma cannot be applied?
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Questions F = ma 
1. Calculate the force required to cause a car of mass 1200 kg to accelerate at 6 ms -2.
2. Calculate the acceleration produced by a force of 20 kN on a mass of 40 g.
3. Calculate the mass of a body that accelerates from 2 ms -1 to 8 ms -1 when acted on by a force of 400N for 3 seconds. 

Rocket problems
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Calculate the engine thrust required to accelerate the space shuttle at 3.0 ms -2 from its launch pad.

mass of shuttle, m = 2.0 x 10 6 kg, g = 9.8 ms -2 

Attempt Summary question 1 – pg 137 (g = 9.8ms-2)

Lift problems
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A lift of mass 600 kg carries a passenger of mass 100 kg. Calculate the tension in the cable when the lift is:

(a) stationary

(b) accelerating upwards at 1.0 ms-2
(c) moving upwards but slowing down at 2.5 ms-2
(d) accelerating downwards at 2.0 ms-2
(e) moving downwards but slowing down at 3.0 ms-2.

Take the gravitational field strength, g = 9.8 ms-2
Pulley Problems

Diagram

Sliding down a slope

Diagram

Terminal speed
Learning objectives:

· Why does the speed reach a maximum when a driving force is still acting?

· What do we mean by a drag force?

· What determines the terminal speed of a falling object or a vehicle?

When something falls through a fluid (this can be a gas such as air or a liquid) it does not go on getting faster and faster. If it is falling through air the friction with the air slows it down. The maximum velocity that an object can reach in a given fluid is called its TERMINAL VELOCITY.

Remember that the greatest terminal velocity for a person falling through air near sea level is about 200 mph head down and about 125 mph lying flat out.


[image: image4]
A certain person’s terminal velocity will be different at different altitudes because of the different density of the air. The record free fall parachute jump at present was from around 30 000 m and the person fell over 10 000 m before opening their parachute. At these altitudes the terminal velocity is close to the speed of sound!

Falling through liquids

As we have said when objects fall through a liquid they get faster until they reach a speed called their terminal velocity. This is the fastest that they can fall in that liquid (usually a few cm/s). The actual speed is difficult to calculate except for spheres so we will just think about those.
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The speed that objects reach depends on:
(a) the viscosity of the liquid. This is really how ‘sticky’ the liquid is. Syrup has a high viscosity while water has a low viscosity.
(b) the radius of the sphere – how big it is. Spheres with a large radius fall faster than ones of a small radius. It is the same with raindrops  - big raindrops in a downpour fall really fast while small ones in drizzle just drift down.
(c) the density of the material of the sphere – steel spheres will fall faster than ones made of glass

When they are falling at their terminal velocity the drag on the sphere due to the viscosity of the liquid is equal to the weight of the sphere (minus any upthrust due to the liquid).


Summary questions pg 139
On the road

Learning objectives:

· What is happening to a vehicle’s speed whilst a driver is reacting to a hazard ahead?

· What is the difference between braking distance and stopping distance?

· How do road conditions affect these distances?

Stopping distances

Define the following terms

Thinking distance 

Braking Distance

Stopping distance

[image: image5.jpg]20men D D G

Gmetns Gmeres O3 Car lenglhs

somn [N T 5%

9 mates imews 076 car lengths.
—
15 metres. 38 metres. or 13 car lengths

I Thinking Distance
I Braking Distance

average car fengh = 4 metes

= 73 metes
(240 fee)
o 18 car lengihs.

) .
7o B

o .

or 24 car lengths




Draw a diagram to show how you might test the friction between two surfaces.

What are the factors that affect braking distance?

As future car drivers what are some of the points you must consider with regards your car tyres and their affect on your safety?
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Summary questions pg 142
Vehicle safety

Learning objectives:

· In a road accident, what can we say about the force on a moving body if it is suddenly stopped?
· What should be increased to give a smaller deceleration from a given speed?

· Which design features attempt to achieve this in a modern vehicle?
Measuring impacts

How much acceleration of deceleration can a person withstand?
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Contact time and impact time

Car safety features
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Summary questions pg 145

Examination-style questions
















































Examples





The rate of change of momentum of a body is directly proportional to the applied force and in the direction of that force.








Force = mass x acceleration





Large force large mass gives less acceleration





Figure 1





Large force small mass gives large acceleration





Small force small mass gives less acceleration





Small force large mass gives small acceleration





A body remains at rest or in a state of uniform motion unless acted on by a resultant force





A body remains at rest or in a state of uniform motion unless acted on by a resultant force


Force = Mass x Acceleration


Action and reaction are equal and opposite.
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2000 N





Example Problem


Simple use of F = ma


A 250 kg box is pulled along a smooth road (no frictional drag) using a force of 2000 N. What is the acceleration of the block?





Therefore using F = ma             Acceleration = F/m = 2000/250 = 8 ms-2.





Note that mass is measured in kg - do not convert the mass to a weight!
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Example problem


Car with drag


This example shows the need to find the resultant force before using F = ma.


In other words   Resultant force = Thrust - Drag.





A car of mass 1200 kg has an engine with a thrust of 7600 N. It accelerates along a road where the frictional forces acting against its motion are 1600 N. Calculate the acceleration.





Resultant force = 7600 - 1600 = 6 000N  	Therefore using F = ma    





Acceleration = 6 000/1200 = 5 ms-2.











5

