Motion
Motion occurs when an object changes its position. 

· Distance is a scalar quantity which refers to "how much ground an object has covered" during its motion. (Distance is the total amount you have traveled.)
· Displacement is a vector quantity which refers to "how far out of place an object is"; it is the object's change in position. (Displacement is the shortest distance from where you begin to where you end, with the direction.)

The distance traveled is a reasonable 14 km, but the resultant displacement is a mere 2.7 km @ 356º (north).

The distance an object moves per unit of time is known as the speed. The velocity is the speed of the object plus its direction. The average velocity can be found by dividing the change in the displacement of an object by the change in time. 
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This formula is sometimes written as: 

v = d

       t
Note: Speed and velocity are similar terms used to measure the distance an object moves in a given period of time. Speed may be used in test questions but velocity is used in formulas.

Acceleration, like velocity, has magnitude and direction. The average acceleration of an object is found by dividing the change in the velocity of the object by the change in time.
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Acceleration is the rate of change of velocity, which happens if an object speeds up, slows down, or changes direction (going in a circle but having a constant speed). The equation for linear acceleration is a s follows:

a = vf-vi       

         t

        

In this equation, a is the acceleration, vf is the final velocity, vi is the initial velocity, and t is the change in time. Acceleration is measured in meters per second squared (m/s^2). 
Force is a physical quantity that can change the motion of an object. A

push or pull is an example of a force. The unit for force is the newton (N).
All the forces acting on an object can be combined to determine the net force acting on the object. If all the forces acting on the object are balanced, then the net force is zero and the motion of the object does not change. If an object is already at rest, it will remain at rest. If an object is moving, it will keep on moving. 

Balanced forces do not cause a change in an object’s motion. If all the forces acting on the object are not balanced, then the net force is greater than zero and the motion of the object changes. 
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When all the forces which act upon an object are balanced, then the object is said to be in a state of equilibrium. The forces are considered to be balanced if the rightward forces are balanced by the leftward forces and the upward forces are balanced by the downward forces. This however does not necessarily mean that the forces are equal.
[image: image5.png]These two objects are at equilibrium since the forces
are balanced. However, the forces are not equal




Unbalanced forces cause an object’s motion to change. The distance an object moves in a given period of time is called speed. If the direction of the motion is also considered, it is called velocity.

The combination of all the forces on an object is called the net force.

If the forces are acting in the same direction, the net force can be determined by adding the forces.
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If the forces are acting in opposite direction, the net force can be determined by

subtracting the forces.
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Sir Isaac Newton was the first scientist to describe the relationships among force, mass, and motion clearly. The three laws of motion are named after him.

Sir Issac Newton described three laws of motion that explain the relationship between forces and motion.

· The first law of motion states that an object at rest will stay at rest unless acted

                  upon by an unbalanced force, and an object in motion will stay in motion unless

                  acted upon by an unbalanced force. An object’s tendency to resist a change in

                  motion is called inertia. Inertia is a property of all matter and is directly related to

                  an object’s mass. An object with a greater mass has a greater inertia.

· Newton’s second law of motion states that the acceleration of an object is 

     
    directly related to the force applied to the object and inversely related to the mass of   

    
    the object. The following equation is used to represent Newton’s second law of

      
    motion:               
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     F is the force applied, m is the mass of the object, and a is the acceleration

     of the object. In this equation, the force refers to the net force. In other words, the

     greater the net force acting on an object, the greater the acceleration of the object.

     Also, the greater the mass of the object, the greater the net force needed to

     accelerate the object.

· Newton’s third law of motion states that forces occur as equal and opposite   

                 pairs. In other words, for every action force there is an equal and opposite reaction

                 force. For example, when you are holding a box, you are exerting an upward force

                 on the box, while the force of gravity exerts an equal but downward force on the

                 box. When the upward force exceeds the downward force, the box is lifted.
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The force of gravity, also called gravitational force, is what pulls you and all other matter toward Earth. Gravitational force is a universal force between any two objects. The strength of the force is related to the masses of the objects and the distance between the objects. The more massive an object is the greater the force of gravity it exerts. This explains why astronauts on the moon seem nearly “weightless” as they move effortlessly across the surface. The Moon is less massive than Earth, so the Moon’s force of gravity is less than Earth’s force of gravity.
Weight is the measure of the force of gravity on an object. The strength of the force is related to the mass of the objects and the distance between them. The more mass an object has, the greater the gravitational force it exerts. The moon has less mass than Earth. The resulting lower gravitational force made the astronauts appear nearly “weightless” as they moved across the lunar surface. One should note that mass and weight are not the same quantity. An object has mass regardless of whether gravity or any other force is acting upon it. Weight, on the other hand, changes depending on the influence of gravity. The relation between weight, W, and mass, m, can be written as the following.
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In this equation, g represents the acceleration due to gravity. At the surface of Earth,

g = 9.80 m / s² (which is sometimes rounded to 10 m / s²). The value of g decreases the further away from the center of Earth. This means the weight of an object would decrease if it was placed on top of a mountain or put into space. Numerically, as the distance between two objects increases, the force of gravity decreases by a factor equal to the square of the distance. For example, if the distance between two objects is doubled, the force of gravity will decrease by a factor of four.
Other types of forces include electromagnetic forces, which cause electricity and magnetism, nuclear forces, which are found in the nuclei of atoms, and frictional forces, which involve physical contact between surfaces.  The unit for force is the newton (N).
 Electromagnetic forces, which are caused by positive and negative electrical charges in matter, include electric forces and magnetic forces. Electric forces act between electric charges, while magnetic forces act between magnetic materials.

Nuclear forces are the forces in an atom’s nucleus that hold the subatomic particles together. Remember that the nucleus of the atom is made of positively charged protons

and neutral neutrons. Since like charges repel, why doesn’t the nucleus fly apart? Strong nuclear forces between the protons and the neutrons are much greater than the repulsive force between protons. There are two types of nuclear forces: strong nuclear and weak nuclear forces.
The strong nuclear force 
This is the force that acts at small distances within an atom’s nuclei and maintains the stability of this nuclei in spite of their tendency to fly apart. This force only acts at very short distances.

Strong force (nuclear) -A force which can hold a nucleus together against the enormous forces of repulsion of the protons is strong indeed. Because the strong force binds nuclear particles so tightly together, huge amounts of energy are released when lightweight nuclei are fused together (fusion reaction) or heavy nuclei are broken apart (fission reaction)..
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 The weak nuclear force
A weak nuclear force exists between all pairs of elementary particles. It is the exclusive force between electrons and neutrinos.
Weak force ( nuclear) - The weak nuclear force causes the radioactive decay of certain particular atomic nuclei. In particular, this force governs the process called beta decay whereby a neutron breaks up spontaneously into a proton, and electron and an antineutrino. If a neutron within an atomic nucleus decays in this way, the nucleus emits an electron (otherwise known as a beta particle) and the neutron transforms into a proton. This increases (by one) the number of protons in that nucleus, thereby changing its atomic number and transforming it into the nucleus of a different chemical element. [image: image13.png]Strength
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From all four basic forces gravity is by far the weakest at short distances. The dominance of gravity is one of the most obvious phenomena seen in our solar system. It is gravity that keeps the planets orbiting our Sun, and gravity keeps the Moon rotating around the Earth.

· Frictional forces tend to stop the motion of an object by dissipating its energy as heat.

Friction occurs when the surface of one object comes in contact with another object. It is friction, which enables you to walk across various surfaces. The amount of friction depends on the types of surfaces in contact and the force between the two objects. Rough surfaces and heavier objects have more frictional force.

Three types of frictional forces are sliding friction, rolling friction, and static friction. 

Sliding friction (kinetic friction)occurs when a solid surface slides over another solid surface.  

Rolling friction (kinetic friction)  occurs when an object rolls across a solid surface. 

Static friction occurs between the surfaces of two objects that touch but do not move against each other. To move an object, static friction must be overcome.

The direction of friction always opposes the direction of the motion, which is the unbalanced resultant force (FR).

FR
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Ff
Work
For work to be done, the force applied must be in the same direction as the movement of the object and the object must move a certain distance. A person may push on a wall and get tired muscles as a result, but unless the wall moves, the person has done zero work. Work can be summarized using the following equation:
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In the equation, W is equal to work, F is equal to the force applied, and d is equal to the

distance that an object has moved. Remember, force is measured in newtons (N) and distance is measured in meters (m). A unit of work is the newton-meter (N-m), or

the joule (J).

Work is also the transfer of energy when an applied force moves an object over a distance. Work can be made easier or done faster by using machines. Machines that work with one movement are called simple machines. There are six types of simple

machines. 
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Simple machines cannot increase the amount of work done but they can change the size and direction of the force applied. 
The force applied to a simple machine is called the effort force, Fe. For a machine to do work, an effort force must be applied over a distance. The force exerted by the machine is called the resistance force, Fr. For example, consider how a painter uses a screwdriver as a lever to pry open the lid on a can of paint. An illustration showing the bottom end of the screwdriver and the top of a paint can is shown. When the painter pushes down on the screwdriver, an effort force is applied over a distance, known as the effort distance, de. As a result, the tip of the screwdriver exerts a resistance force against the lid of the paint can. This force moves the lid of the can over the resistance distance, dr. The number of times a machine multiplies the effort force is called the mechanical advantage. The mechanical advantage is determined using the following equations.
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For example, if 15 N of force is applied to the handle of the screwdriver to lift a

resistance of 150 N, then the mechanical advantage of the screwdriver is 10. The tip of

the screwdriver has multiplied the effort force 10 times. Refer to your textbook to see

how the mechanical advantage of other simple machines can be calculated.
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