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MOTION: Speed, Velocity and Acceleration.
If an object moves from one position to another it will have travelled at a certain velocity. This can be calculated by dividing the distance moved by the time taken. The only difference between speed and velocity is the latter defines the direction of movement.
If the object continues to travel at the same speed over twice the distance it is reasonable to expect it to take twice as long. Therefore there is a linear relationship between the variables.
However, if a vehicle travels from one town to another it doesn't always move at the same speed, some of the time it will be stationary or crawling in traffic and so average values must be used. Calculations might not always be at a convenient time or speed. In this case it is the change between two defined conditions that is of interest, i.e. how far did it travel between 2.00pm and 2.45pm clearly the period is 45 minutes. If at the time of measurement the vehicle was already speeding down a motorway then this is taken as an average mph.
Acceleration and deceleration are the rates of increase and decrease in velocity over time (unit of measurement is m/s²).
MOTION: Displacement / Time Graph.
A displacement/ time graph is a visual representation of the velocity of a body over time. The example shows the path of an object moving at a non-uniform velocity from rest at A, increasing through point B, and then gradually slowing towards a maximum at C, where the velocity is found to be decreasing at point D.
The gradient at any point on a displacement/time graph is a definition of the velocity of the object at that point. When the gradient is constant (for a small period at B), then so is the velocity.
It will be found that at point C, on the curve the gradient is zero as the line is horizontal. This means for that instant in time the object is actually stationary.
Adjusting the line at point D, will return a negative gradient. This a backward movement of the object towards the place from where the displacement is first measured. Note that as with using a ruler to see the gradient you must follow the line in direction of the curve. The values shown for the gradient are unimportant, but their relationship is.
MOTION: Velocity / Time Graph.
The gradient at any point on the velocity time graph is the magnitude of the acceleration or deceleration of the body or object.
Positive gradient is speeding up, zero gradient means no change in acceleration (constant speed). Negative gradient is slowing down. The steeper the line the greater the acceleration. If the line were a curve then apply the same technique as shown for the displacement graph at any point on the line.
Velocity/time graphs are more useful than the previous displacement/time graph for charting motion.
Distance travelled can also be found from the velocity/time graph. Take any two points on the time axis and divide the difference in the y values by 2 (multiply by 0.5) to find the average velocity over that period, taking the area under the curve. Where the area is more complicated with a less defined triangular shape then a different fractional multiplier can be applied.
MOTION: Mass (Density and Relative Density).
The SI unit of mass is the kilogram (kg), with gram as a sub-multiple. 1000grams = 1 kilogram. Mass is the amount of material contained in the body of a substance or object and measured in g/cm³. The volume of an object is the amount of space occupied. In the pictorial given the two spheres are made up of quite different materials, both of which are metals, the aluminium is the larger of the two, but they could have the same mass.
Relative density is a ratio of the density of a substance against a known standard which is Water. If the relative density is greater then that of water, i.e. 1 the object will sink, if it is less then it will float.
Another name given to relative density is Specific Gravity, this again is the ratio of the weight of the object to the weight of an equal volume of water. Specific gravity is more commonly used when working with liquids where it's necessary to use weight as a measure of the mass.
An alternative is floating an Hydrometer. This is a device consisting of a glass bulb, weighted with mercury to which is attached a graduated glass tube, indicating the specific gravity of the liquid to be tested. Since the weight of the instrument is constant and is always equal to the weight of its displacement. The depth of immersion indicates the relative density of the liquid. A familiar application is testing vehicle coolant for the amount of anti-freeze that has been added to the water.
MOTION: Momentum.
Examples of motion are, a motor vehicle travelling in a straight line, or an object dropped from a high building. For our purposes the term velocity is the same as speed. When the rate of acceleration is constant it is known as linear motion. As our objective is to determine the force to propel the object. We could also consider deceleration and find the force necessary to bring it to a halt.
Sir Isaac Newton formulated the laws of motion and inertia, which basically, states that unless acted upon by an external force the object will either remain stationary, or be moving in a straight line at a constant velocity. Any push or pull which changes this state is called Force, measured in Newtons(N).
The rate of change of momentum will be proportional to the force applied and the direction the object takes will be the same as the force.
The force required to move a motor vehicle from a stationary position or to increase its acceleration will be considerably more than that required to maintain a constant momentum and so average acceleration rates are used. If its necessary to draw a graph of the force variations over time the individual periods of measurement can be made much shorter and then combined. Gravitational force of attraction is when the object is pulled towards the earths surface, where it will undergo constant acceleration, limited only by the effect of air resistance. Put simply the further the fall the harder the object will hit the ground.
MOTION: Weight.
The definition of weight is the natural downward force of the mass of an object in relation to the acceleration of gravity measured in Newtons. The value of gravity varies within ±0.4% of the official international standard of 9.80665 (9.81) m/s² measured at 45° latitude at sea level.
The mass of an object is normally referred to as its weight and is not constant as it will become slightly heavier or lighter depending upon the surrounding velocity within which it is measured. For example, within the confines of an aircraft taking-off a 1kg mass will show an increase in weight as the aircraft accelerates upward. The weight will then stabilise as a constant upward velocity is reached. Similarly on decent the object will become lighter.
A practical measurement of weight is the kilogram-force (kfg) and occurs when a weight of a mass of 1 kilogram is under the influence of the earths acceleration of gravity which is 9.81m/s².
MOTION: Friction Force.
Friction is the force which resists the free movement of an object. This may be wind resistance or the abrasion due to irregularities between two surfaces placed together, even between liquids. This frictional force opposes the movement and energy must be used to overcome it. Compare the items in the list on the screen to gain a feel for those with most or least frictional resistance.
Friction causes heat, the bearings within an engine for example, and so needs to be minimised through the correct choice of materials. Some have better self-lubrication properties than others or level of smoothness and polish. Frictional forces can also be put to good use, motor vehicle brakes or the human hand grasping an object are just two examples.
The downward force of gravity FG will cause an equal an opposite reaction force RG between the two surfaces. To move the object a force has to be applied which can just overcome the opposing frictional force FF.
Kinetic friction, symbol µ is a measure of the amount of friction between two surfaces. It is a ratio of the normal reaction force (due to the weight of the object) and the applied force required to move it.
MOTION: Stress.
When force is applied to a material a change in dimensions occurs and this is referred to as stress. Again the applied force is measured in Newtons and in this example is relative to the weight of the concrete block. Replace it with a smaller block and less stress will be applied to the pillars.
The stress occurring in the pillars is relative to their cross-sectional area. When this becomes excessive the pillars will bend or break.
Clearly there is a direct relationship between the surface area of the pillars and the stress applied. As pillar B is half the physical size of A it will experience twice the stress.
Put another way a pillar twice the size in cross sectional area can carry twice the weight for the same stress.
MOTION: Strain.
When forces act on a material which causes a change in the dimensions the term Strain is used. The examples given show Tensile Strain, which is a result of stretching the material, Compression, that is squeezing or squashing and Shear where the material is pulled in a sideways direction. This could be the effect of the piston movement within a motor vehicle engine bearing or on a bolt or rivet as two steel plates are pulled in opposition.
Strain is measured as the ratio between two lengths and therefore has no units.
Up to a certain point called the Limit of Proportionality there is a direct relationship between strain and the original length. In other words if you double the load the strain will also be doubled. Hooke's Law states 'that the strain produced in an elastic material is directly proportional the applied stress, provided that the limit of proportionality has not been exceeded'.
Some materials are more elastic than others, this where the object returns to its original dimensions when the stress is removed, rubber for example. There is however a point where the applied stress can permanently damage these materials. This is referred to as 'beyond the point of elasticity'.
MOTION: Work, Energy, Power and Efficiency.
The practical measurement of Work is the Joule and is a unit of energy. The definition is the work done when a given point is moved by a force of one Newton through a distance of one metre. Therefore, the amount of work done depends on the amount of force that has to be applied to move the object through a given distance. Here we represent our object as a block of stone on a trolley. Equally the object to be moved could be the tooth of a saw as it cuts through a piece of wood.
Energy is what is used to make work happen. The amount of energy-expended equals the amount of work done and is measured in the same units. There are many forms of energy. Heat, used to raise the temperature of a liquid. Potential, where an object is lifted at a constant velocity against the force of gravity. Or Kinetic, which is the energy of movement and is proportional to the mass and the square of its velocity.
Power is measured in Watts and is the measurement of the rate of doing work. One Watt is equal to one Joule per second.
Efficiency is a ratio of the Work Output to the energy expended in achieving that output. In machines, efficiency can never be more than 100% and this assumes everything is perfect, with no losses due to friction, wasted heat etc. In many mechanical applications achieving an efficiency of over 80% would be considered to be extremely good.
The definition of a Moment of force is a product of the force and distance from its present position to a given point, expressing its power in Newton-metres (N m) or Newton-centimetre (N cm) of causing rotation about that point.
As the bar is fixed at one end the turning moment is produced whether the bar is free to turn or not. Note the force is always at 90° or perpendicular to the line between the fixed point and the where the force is directed.
MACHINES: Moments of Force in Equilibrium.
Ideally for a mechanical system to be at rest there should be equilibrium of the clockwise moments and the anti-clockwise moments. Which means the resultant of the forces acting on the system is zero, or cancelled out, therefore there will be no turning or rotational motion about the pivot point.
To achieve this state of balance requires equality of the algebraic sums either side of the pivot point. The formulae show the calculations required to achieve this. Note that [F2 d2] moment contributes to that of [F1 d1] which causes a clockwise turning action.
If [F2 d2] moment contributes to that of [F1 d1], then that action must be in opposition to that of F3 and its distance from the pivot point. To understand this topic better, begin by making d2 = zero and F1 half the load. Next increase d2 slightly and see that an equivalent reduction in d1 will counter the imbalance and restore equilibrium.
For our purposes the lengths of the bar outside of forces F1 and F3 are ignored, but in practice we would have to take into account the physical weight of the bar and the mass of these extra lengths.
MACHINES: Torque.
Torque is the turning moment of a wheel measured in Newton-metres (N m) and is the power required to overcome the resistance to move. Torque is a product of the force applied at a tangent and the radius of the shaft, or in this case, pulley or wheel.
The shaft or wheel does not have to revolve when a torque is applied, as there may be an opposing torque in the form of friction present. However, when the tension on, say pulley B is just slightly greater than the continuous torque on A then the shaft will begin to revolve in a clockwise direction. Similarly when the torque applied to A is greater than that on B the revolution will be anti-clockwise.
The objective of this topic is to achieve equilibrium i.e. when the shaft will be stationary. Begin by giving both pulleys the same diameter (radius × 2). It will be seen that the opposing forces are equal. As the physical size of one or other pulley is increased then less force is required to overcome the torque present on the other.
To develop a mental picture of what is occurring, think of one of the forces as representing the brakes on a motor vehicle. How much torque has the engine to deliver to overcome the friction and begin to move that vehicle.
MACHINES: Simple Lever Mechanical Advantage.
This topic provides a solution to a simple problem of leverage. However, in this instance we refer to a Load, which has weight to exert a downward force on one end of the beam. The objective is to find the force required to counter-balance this weight for various positions of the fulcrum along the beam. We are aiming to determine the ratio between the forces either side of the fulcrum.
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