Forces

Newton’s First Law – The law of Inertia

· When there is no net force on objects, objects in motion stay in motion with a constant speed and direction and objects at rest stay at rest.

· Therefore if an object is at rest or traveling at a constant velocity we know there is no net (overall) force on the object and all forces on the object must balance out..

· Inertia is the property of matter that describes how it “likes to keep doing what it is already doing.”  It is measured in kilograms, just like mass.

Newton’s Second Law

· A net force produces an acceleration according to the equation  a = Fnet/mass.

· This can be rewritten as Fnet = m*a or m = Fnet/a

· The net force is the overall force when all forces are combined.

· When combining forces you have to pay attention to the direction.  It matters.

Newton’s Third Law – The law of action and reaction

· Each force is an interaction between two things and pushes or pulls equally on each of them.  For each force on one thing there must be an equal and opposite force on the other object with which it is interacting.

· These action and reaction forces do not cancel each other out since they are acting on different objects.

General Force Facts

· Forces are any push or pull.

· Forces cannot be had or kept by and object.  They are always interactions between two objects and are over when the objects stop interacting

· Forces are measured in Newtons.  One Newton is about the weight of 100g.

· The length a spring stretches is proportional to the force on the spring.

Forces and Gravity

· The force due to Gravity is proportional to m1*m2/d2.  This is Newton’s Universal Law of Gravity.

· The force due to Gravity on the surface of the earth is also known as weight and is calculated by the equation W = m*g

· All objects accelerate at the same rate when in free fall, because the extra weight of heavy objects is balanced by their extra inertia in the equation  a = Fnet/m.

Forces and Circular Motion

· To keep an object moving in a circle a force is needed that is aimed at the center of the circle.  This force is known as a centripetal force.

· The size of the centripetal force needed to keep an object in a circle will depend on the mass and the velocity of the moving object and the radius of its circle.

· When an object is moved in a circle it will seem to feel a force outward that does not really exist.  This fictitious force is known as a centrifugal force.

Waves

Waves are repeating disturbances that travel through a medium without carrying the medium along with them.  Waves transmit energy without moving matter.

· The medium is the substance through which a wave travels.

· Some waves are transverse, which means that the direction of the disturbance (wiggle) is 90( from the direction of the wave’s velocity.  A wiggle on a slinky is an example.

· Some waves are longitudinal, which means the direction of the disturbance (wiggle) is in the same line as the direction of the wave’s velocity.  Sound is an example.

· Sound is a longitudinal pressure wave that is made up of alternating high pressure areas and low pressure areas. 

Wave Characteristics

· The amplitude, A, of the wave describes how far the pulse moves the medium from its normal place.  The amplitude of sound is the volume.

· The frequency, f, of a wave describes how many cycles happen in a second. (Sometimes it’s measured in other time units.)  The frequency of sound is its pitch. 

· Frequency is measured in Hertz, Hz, which is the umber of cycles per second.

· The period, T,  of a wave describes how long one cycle lasts.

· The wavelength, (, of a wave describes how long a pulse is in distance units.  It is the distance from one crest to the next.

· Only the medium affects the speed of the wave.  The amplitude, frequency, wavelength and period do not affect the speed of a wave.

· The speed/velocity of a wave can be calculated by multiplying the wavelength by the frequency.  V = (*f.

The Electromagnetic Spectrum

· Electromagnetic waves are a set of waves, made out of electric and magnetic fields that do not need a medium.  

· They are spread out on the electromagnetic spectrum from small frequency to high frequency in this order, radio waves, microwaves, infrared light, visible light (red, orange, yellow, green, blue, violet), ultraviolet light, x rays, gamma rays.  

· They all travel at the speed of light, 300,000,000 m/s.

Energy

· Energy is the ability to do work.

· Work is the product of Force *distance (in the direction of the force).

· Energy and work are measured in Joules, J.

Types of Energy

· Kinetic Energy is energy due to motion.  It can be calculated from the equation:  KE = ½ mv2.

· Potential Energy is stored energy due to position in general.

· Chemical potential energy is energy stored in chemical bonds.

· Gravitational potential energy is energy stored by lifting an object up high, such as the water behind a dam.  It can be calculated with the equation GPE = mgh.

· Heat is a form of energy. 

Conservation of Energy

· Energy is conserved.  That means that it is never created or destroyed, although it is transferred from one object to another and transformed from one form to another

· When work is done energy is transformed from one form to another.  

· In almost all transformations some useful energy is lost because it is transformed to heat, which cannot be recovered.

Distance, Velocity and Acceleration

Velocity

· Velocity is similar to speed, but it also involves knowing the direction of the speed.

· Average velocity is the change in distance per time:  (d2 – d1)/(t2 – t1).

· An average velocity is said to be an instantaneous velocity if the time change is very small.

· On a graph of distance the velocity is the slope of the distance graph.

· We frequently say that positive velocity means that you’re going away from the origin and negative velocity means that you’re going back toward the origin.  (But not always.)

· The equation d = vave*t can be used to find how far an object travels.

Acceleration

· Acceleration is the rate of change in velocity.  It is calculated by (v2-v1)/(t2-t1)

· Acceleration is the slope of the velocity graph.

· Positive acceleration means that the change in velocity is in the positive direction, either positive velocity, speeding up or negative velocity slowing down.

· Negative acceleration means that the change in velocity is in the negative direction, either positive velocity slowing down, or negative velocity speeding up.

· The acceleration of all objects in free fall is about 10 m/s2 downward, no matter if the object is going up or down.

· The amount an object speeds up can be calculated with the equation v = a*t

Graphs

· Velocity graphs can be made from distance graphs by calculating instantaneous velocities for many short intervals and graphing them.

· Acceleration graphs can be made from velocity graphs by calculating accelerations for many short intervals and graphing them

Graphing/developing relationships

· One of the best ways to determine a relationship between two variables is to look at the appearance of the graph.  

· A flat line tells you that there is no relationship.  

· A linear line through zero tells you that the variables are proportional and a simple equation of the form y = mx can be written.

· We also saw an inverse square law relationship for how the distance between masses affected the force of gravity.

· The closer the data points are to the line the more confident you can be that you got the relationship right.

