Lesson 6: Dynamics
·  Lecture Objectives
7.1 define linear momentum;

7.2 describe situations that demonstrate the law of conservation of linear momentum;

7.3 state the law of conservation of linear momentum and use to solve given problems;

7.4 relate the presence of an unbalanced force to uniform circular motion;

7.5 identify the unbalanced force acting on a body moving at constant speed in a circle.

8.1 identify the various forms of energy;

8.2 define the joule;

8.3 calculate transferred energy using the relationship: work = force x displacement;

8.4 describe the energy transformation(s) in a given situation;

8.5 discuss the use of energy from alternative sources, and its importance to the Caribbean;

8.6 state the law of conservation of energy and apply to problems;

8.7 define potential energy as the energy stored by an object by virtue of its position or state;

8.8 calculate the change in gravitational potential energy using  Ep = mg  h;

8.9 define kinetic energy as the energy possessed by a body by virtue of its motion;

8.10    calculate kinetic energies using the expression: Ek = ½ mv²
8.11   Recall power as energy converted pre unit time and use this relationship to solve problems;
______________________________________________________________________________________
Momentum

The momentum of a body is defined as the product of its mass and its velocity, i.e. momentum = mu,
where m = mass (in kg) and u = velocity (in m/s). The unit of momentum is kg m/s. 
Since velocity is a vector quantity, momentum is a vector quantity, i.e. it has both magnitude and direction. 

Newton's first law of motion states: 

a body continues in a state of rest or in a state of uniform motion in a straight line unless acted on by some external force. 

Hence the momentum of a body remains the same provided no external forces act on it. 

The principle of conservation of momentum for a closed system (i.e. one on which no external forces act) may be stated as: 
The total momentum of a system before collision in a given direction is equal to the total momentum of the system after collision in the same direction. 

In Fig. 26.1, masses ml and m2 are travelling in the same direction with velocity UI > U2. A collision will occur, and applying the principle of conservation of momentum: 

total momentum before impact = total momentum after impact

m1UI + m2U2 = ml Vl + m2V2
Problem 1: Determine the momentum of a pile driver of mass 400 kg when it is moving downwards with a speed of 12 m/s. 
Problem 2:  A cricket ball of mass 150 g has a momen​tum of 4.5 kg m/s. Determine the velocity of the ball in km/h.
Problem 3:  Determine the momentum of a railway wagon of mass 50 tonnes moving at a velocity of 72km/h. 
Problem 4: A body has a mass of 30 g and is moving with a velocity of 20 m/s. It collides with a second body which has a mass of 20 g and which is moving with a velocity of 15 m/s. Assuming that the bodies both have the same velocity after impact, determine this common velocity,
Uniform Circular motion

Suppose that you were driving a car with the steering wheel turned in such a manner that your car followed the path of a perfect circle with a constant radius. And suppose that as you drove, your speedometer maintained a constant reading of 10 mi/hr. In such a situation as this, the motion of your car would be described to be experiencing uniform circular motion. 
Uniform circular motion is the motion of an object in a circle with a constant or uniform speed.

Uniform circular motion - circular motion at a constant speed - is one of many forms of circular motion.

An object moving in uniform circular motion is moving around the perimeter of the circle with a constant speed. While the speed of the object is constant, its velocity is changing. Velocity, being a vector, has a constant magnitude but a changing direction. The direction is always directed tangent to the circle and as the object turns the circle, the tangent line is always pointing in a new direction.

An object moving in a circle is experiencing acceleration. Even if moving around the perimeter of the circle with a constant speed, there is still a change in velocity and subsequently acceleration. This acceleration is directed towards the center of the circle. And in accord with Newton's second law of motion, an object which experiences acceleration must also be experiencing a net force; and the direction of the net force is in the same direction as the acceleration. So for an object moving in a circle, there must be inward force acting upon it in order to cause its inward acceleration. This is sometimes referred to as the centripetal force requirement. The word "centripetal" (not to be confused with the F-word "centrifugal") means center-seeking. For object's moving in circular motion, there is net force acting towards the center which causes the object to seek the center.

To understand the need for a centripetal force, it is important to have a sturdy understanding of the Newton's first law of motion - the law of inertia. The law of inertia states that ...

	"... objects in motion tend to stay in motion with the same speed and the same direction unless acted upon by an unbalanced force."


According to Newton's first law of motion, it is the natural tendency of all moving objects to continue in motion in the same direction that they are moving ... unless some form of unbalanced force acts upon the object to deviate the its motion from its straight-line path. Objects will tend to naturally travel in straight lines; an unbalanced force is required to cause it to turn. The presence of the unbalanced force is required for objects to move in circles.

The idea expressed by Newton's law of inertia should not be surprising to us. We experience this phenomenon of inertia nearly everyday when we drive our automobile. For example, imagine that you are a passenger in a car at a traffic light. The light turns green and the driver "steps on the gas." The car begins to accelerate forward, yet relative to the seat which you are on; your body begins to lean backwards. Your body being at rest tends to stay at rest. This is one aspect of the law of inertia - "objects at rest tend to stay at rest." As the wheels of the car spin to generate a forward force upon the car to cause a forward acceleration, your body tends to stay in place. It certainly might seem to you as though your body were experiencing a backwards force causing it to accelerate backwards; yet you would have a difficult time identifying such a backwards force on your body. Indeed there isn't one. The feeling of being thrown backwards is merely the tendency of your body to resist the acceleration and to remain in its state of rest. The car is accelerating out from under your body, leaving you with the false feeling of being thrown backwards.

Energy is the ability to do work.
	KINETIC ENERGY
Kinetic energy is motion––of waves, electrons, atoms, molecules, substances, and objects. 
	POTENTIAL ENERGY
Potential energy is stored energy and the energy of position––gravitational energy. There are several forms of potential energy. 

	Electrical Energy is the movement of electrical charges. Everything is made of tiny particles called atoms. Atoms are made of even smaller particles called electrons, protons, and neutrons. Applying a force can make some of the electrons move. Electrical charges moving through a wire is called electricity. Lightning is another example of electrical energy. 
Radiant Energy is electromagnetic energy that travels in transverse waves. Radiant energy includes visible light, x-rays, gamma rays and radio waves. Light is one type of radiant energy. Solar energy is an example of radiant energy.

Thermal Energy, or heat, is the internal energy in substances––the vibration and movement of the atoms and molecules within substances. Geothermal energy is an example of thermal energy.

Motion Energy is the movement of objects and substances from one place to another. Objects and substances move when a force is applied according to Newton’s Laws of Motion. Wind is an example of motion energy. 

Sound is the movement of energy through substances in longitudinal (compression/rarefaction) waves. Sound is produced when a force causes an object or substance to vibrate––the energy is transferred through the substance in a wave. 
	Chemical Energy is energy stored in the bonds of atoms and molecules. It is the energy that holds these particles together. Biomass, petroleum, natural gas, and propane are examples of stored chemical energy. 
Stored Mechanical Energy is energy stored in objects by the application of a force. Compressed springs and stretched rubber bands are examples of stored mechanical energy. 

Nuclear Energy is energy stored in the nucleus of an atom––the energy that holds the nucleus together. The energy can be released when the nuclei are combined or split apart. Nuclear power plants split the nuclei of uranium atoms in a process called fission. The sun combines the nuclei of hydrogen atoms in a process called fusion. Scientists are working on creating fusion energy on earth, so that someday there might be fusion power plants.

Gravitational Energy is the energy of position or place. A rock resting at the top of a hill contains gravitational potential energy. Hydropower, such as water in a reservoir behind a dam, is an example of gravitational potential energy.


Potential Energy, Ep
Potential energy is the energy stored by an object by virtue of its position or state.
G.P.E. = m g h
Kinetic Energy, Ek
Kinetic energy is the energy possessed by a body by virtue of its motion.
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The Principle of Conservation of Energy says that energy can be changed from one form to another, but it cannot be created or destroyed.
Problem 5: A pole-vaulter has a mass of 50 kg. If she vaults to 4m high; what is her gravitational potential energy?

Problem 6: A weightlifter is lifting a mass of 200 kg, up to a height of 2 meters. Calculate the gravitational potential energy of his weights.

Problem 7:  An elephant has a mass 2000 kg traveling at 5 m/s. Calculate the K.E. of the elephant?

Problem 8:  A car of mass 1000 kg is traveling at 30 m/s. (i) what is its K.E.? (ii) It slows to 10 m/s. What is the K.E. now?
Problem 9: A man consists of 80 kg of matter. How many joules of kinetic energy will he possess when he is running at 5 m/s?

Problem 10: When a 4 kg body stops, it is found that 50 J of thermal energy are generated. How fast had the body been moving?

Problem 11: A boulder of mass 4 kg rolls over a cliff and reaches the beach below with a velocity of 20 m/s. (a) What is the K.E. of the boulder just before it lands? (b) What is its P.E. on the cliff? (c) How high is the cliff?

Problem 12: A hammer head of mass 0.5 kg has a speed of 2 m/s just before it drives a nail 0.01m into a piece of wood. Find (a) the K.E. of the hammer head, (b) the average resisting force of the wood.

Work

 Work is defined as the size of the force being exerted multiplied by the distance you move in the direction of that force.

Work done = force × distance moved
Example 1: You are pushing a box 2m across a rough floor. In order to overcome friction you must exert a force of 40 N. How much work do you do?
Problem 13: You lift a 2 kg block on to the top of a pile 3m high. How much work has been done? Take g = 10 N kg-1
Problem 14:  How much work is done when a mass of 3 kg is lifted vertically through 6m?

Problem 15: A hiker climbs a hill 400m high. If he weighs 50 kg calculate the work he does in lifting his body to the top of the hill?

Power
The power of a device is the work it does per second, i.e. the rate at which it does work.
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The unit of power is the Watt (W) and is a rate of working of 1 joule per second i.e. 
1 W = 1 J s-1
Some common units of power:

1 KW = 1 000 W = 

1 MW = 1 000 000 W =

1 horse power (h.p.) = 0.75 W

Problem 16: A 500 kg load is lifted through a vertical height of 10 m in 25 s by a crane. Calculate the power of the crane.
Problem 17:  How will it take an electric motor of power output 25 KW to lift a mass of 1000 kg through 20m?
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