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Kinematics (6h) 

Distance is how far an object has travelled without worrying about direction.

Position is the distance and direction from an arbitrary zero - a convenient place to start measuring.

Displacement is the final position minus the initial position.

Average speed equals total distance travelled divided by the time taken to move.

Av. speed is the constant speed needed to cover the given distance in the same time.

To convert kilometers per hour to metres per second, multiply by 1000 and divide by 3600.

To convert kilometers per hour to metres per second, divide by 3.6.

To convert metres per second to kilometers per hour, multiply by 3.6.

Instantaneous speed is the speed at one instant in time.

The instantaneous speed is the gradient of a distance versus time graph.

When the acceleration is constant, the average speed and the instantaneous speed are the same at the mid point in time.

Velocity is the speed plus the direction of motion of the object.

The velocity of object A relative to object B is equal to the velocity of A minus the velocity of B.

The instantaneous velocity is the gradient of a position or displacement versus time graph.

When acceleration is constant, the average velocity is equal to the initial velocity plus the final velocity divided by 2.

Average acceleration is the constant rate of change in velocity that will cause the same change in velocity to occur in the given time.

Average acceleration equals the final velocity minus the initial velocity divided by the time. Instantaneous acceleration is the acceleration at one point in time.

Instantaneous acceleration is the gradient of the velocity versus time graph.

An object has positive acceleration when moving in the positive direction and getting faster or moving in the negative direction and getting slower.

An object has negative acceleration when moving in the negative direction and getting faster or moving in the positive direction and getting slower.

An object is still accelerating during an instantaneous stop.

The area under a speed versus time graph equals the distance travelled.

The area under a velocity versus time graph is the displacement.

Areas above the time axis are positive and those below are negative.

The area under an acceleration versus time graph is the change in the velocity.

The final velocity equals the initial velocity plus the acceleration times the time.

The displacement equals the initial velocity times the time plus a half times the acceleration times the square of time.

The final velocity squared equals the initial velocity squared plus twice the acceleration times the displacement.

When air resistance is negligible, an object in a uniform gravitational field has a constant vertical acceleration equal in magnitude to the field's strength.

When air resistance is not negligible, the faster an object moves and the bigger its surface area, the greater the air resistance.

Air resistance acts in the opposite direction to an object's velocity.

When falling through the air, the size of air resistance will eventually increase until it is equal to the force of gravity on the object.

When air resistance and the pull of gravity are equal in size, the object stops accelerating and moves with terminal velocity.
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2.2
Forces and Dynamics

A force is an action that causes the change in the shape or the velocity of an object.

Newton's third law says forces are always created in pairs and the pairs have equal magnitude and opposite direction.

When an object rests or leans against a surface, the surface pushes back on the object with a force called a normal reaction. The normal reaction acts at 90 degrees to the surface. 

For forces to be present, two objects must be interacting.

Each object receives one of the forces.

A force can be split into two or more components that add together to equal the force.

To add two or more forces, join the vectors tip to tail in a chain.  The total force is the vector that starts from the tail of the first in the chain and finishes at the tip of the last vector in the chain.

Forces can be added by splitting them in the same two right angled components and then adding the components in each of the two directions.

The extension of a spring is equal to its stretched length minus its unstretched length.

The extension of a spring is directly proportional to the force causing it to stretch up to its elastic limit.

The gradient of the force/extension graph up to the elastic limit is equal to the spring constant.

The force applied to a spring is equal to the spring constant times the extension.

The tendency of an object to resist changes to its motion is called its inertia.

Inertia means stationary objects prefer to stay stationary and moving objects prefer to keep moving.

Newton's first Law of motion says that when the total force on an object is zero it will if moving, keep moving with constant velocity or if at rest,  remain at rest.

An object is in translational equilibrium if its centre of mass is stationary.

The total force on an object in translational equilibrium is zero.

Newton's second law says the total of all the forces acting on an object with constant mass, equals its mass times acceleration.

Newton's second law also can be stated as the total of all the forces on an object is equal to the time rate of change of its momentum.

The acceleration of an object is in the same direction as the change in its velocity.

The acceleration of an object is in the same direction as the resultant force acting on it.

The change in velocity of an object is in the same direction as the resultant force on the object.

The momentum of an object is a vector quantity and equals its mass times velocity.

The change in momentum is equal to the final momentum minus the initial momentum.

The total momentum of a system is the same, before and after any interaction.

The impulse an object receives equals the force acting on the object times the time it lasts.

The area under a force versus time graph is equal to the impulse received by the object.

The impulse an object receives equals its change in momentum.

The unit of impulse is the Newton times the second.  This is equal to the momentum unit kilogram times metres per second.

The average force on an object times the time it acts equals the mass times the final velocity minus the mass times the initial velocity.

Momentum can only be transferred between objects.  Momentum is never stored and released.

When one object loses momentum, another object gains the momentum.

The total momentum before an interaction is equal to the total momentum after the interaction.

Newton’s third law says when two objects inter, they each apply a force on the other that is equal in strength and opposite direction.

2.3 
Work, Energy and Power

Energy is a scalar quantity.  No direction is involved.

The work done on an object is equal to the amount of force in the direction of motion times the distance moved.
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The area under a force versus distance graph equals the work done on the object.

The kinetic energy of an object equals half its mass times the square of its speed.

To find the speed of an object isolate its kinetic energy from the other energy forms and use a half mass times speed squared.

The gravitational potential energy equals the mass times gravity times the vertical height.

The total energy is the same before and after an interaction between objects.

When an object falls, its grav PE decreases and its kinetic energy increases.

When an object is moving upwards, its grav PE increases and its kinetic energy decreases.

When an object moves down, its final KE equals its initial KE plus the loss in grav PE.

When an object moves up, its final KE equals its initial KE minus the gain in grav PE.

When friction is present, the work done by the friction equals the amount of heat energy transferred.

When friction is present, the work done by the force equals the change in KE plus the change in PE plus the heat energy released.

When an object is dropped, its KE at ground level equals its grav PE at the drop point.

Power measures how quickly energy is transferred.

Average power equals the work done or energy transferred divided by time.

The unit of power is the Watt.  One Watt of power means one Joule of energy is transferred each second.

Efficiency is the useful work done divided by the total energy input.

2.4
Circular Motion

An object moving in a circle at constant speed is changing its velocity because its direction is changing.

The change in velocity and the acceleration called centripetal acceleration is directly towards the centre of the circle.

The period of the circular motion is the time to move around the circle once.

The frequency of the circular motion is the number of turns completed in 1 sec.

The centripetal acceleration is equal to the square of the speed divided by the radius or 4 times pi squared times the radius divided by the period squared.

The resultant force acting on an object moving with uniform circular motion is inwards, directly towards the centre of the circle. 

The resultant force is equal to the mass times the centripetal acceleration. 
