PHYSICAL SCIENCE:  PHYSICAL CONCEPTS REVIEW

OBJECTIVE:  
Student will analyze different types of energy in terms of sources, limits, and uses, and environmental impact.

ENERGY
Energy is the ability to do work  (work involves a change in movement).  Energy is the ability to cause change.  The units for energy are joule, J.  All matter contains some form of energy because all matter has the ability to do work or cause change.

Two Parts of Energy:

A.  Potential Energy:

· the energy of position

· it is stored energy

· is released when matter moves (changes position)

· Example:
car parked on a hill

-  the energy dependent on height above the earth's surface is called gravitational potential energy (GPE).  GPE depends on height and weight.

B.  Kinetic Energy:

· energy of motion.

· energy that a moving object has due to its motion.

· the faster the object moves, the more kinetic energy it has.

· Examples:
moving car, lightning

· kinetic energy depends on velocity and mass.

Forms of Energy

There are changes in forms of energy.  One of the most common energy conversions:  Potential Energy ( Kinetic Energy.  Examples are a moving roller coaster and a swinging pendulum.

MECHANICAL 
associated with motion. 



Ex. waterfall, sound, running.  

HEAT  
internal motion of particles of 



matter.  The faster the particles  


move, the more heat energy is 


present


Ex. rubbing hands together.

CHEMICAL  
stored in bonds that hold atoms 



and ions together.  


Ex. fire, energy to move muscles

ELECTROMAGNETIC    moving electrical charges.  



Ex. lightning,  radio, visible light

NUCLEAR 
 energy released from the nucleus 
hydrogen bomb, nuclear fission,


of an atom when it breaks apart 

or fuses with another nucleus of 


another atom.  


most concentrated form of energy. 


Ex. the sun

Examples of Changes from One Form of Energy to Another

Chemical to electrical


Flashlight battery


Mechanical to electrical 

generator 


Electrical to heat


light bulb


Electrical to sound


telephone, door bell


Electrical to chemical


human sight

LAW OF CONSERVATION OF ENERGY

· States that energy can be neither created nor destroyed by ordinary means.

· Energy can be converted from one form to another.  

· Energy can be converted into matter and vice versa.  E  =  mc2
· Matter is another form of energy.
ENERGY CONSERVATION


Using a resource wisely and efficiently means you are practicing energy conservation.  Advantages are:  1.) Nonrenewable resources will last longer; 2.) Having machines run more efficiently means that less energy is wasted or turned into heat - less pollution.  There are three ways to conserve energy:  decrease activities that require energy, perform these activities more efficiently, or use different methods of producing energy that are more efficient.

HEAT TRANSFER

Heat is energy.  The heat of an object is the total kinetic energy of the random motion of its atoms and particles. When a substance is heated, its molecules move faster and further apart.  Heat is always transferred from the hotter object to the cooler object.  

Conduction:


Heat is transferred from one object to another by direct contact.  The two substances must be touching. An example of conduction is the hot chocolate heating the cup it was poured into.  Substances that are conductors transfer heat very easily - iron, copper, and aluminum. Insulators slow down the conduction of heat - air and glass.

Convection:


Heat is transferred through currents of liquids and gases.  As a fluid gets warmer, its molecules spread out and become less dense.  This fluid will rise because it is now less dense than the fluid on top of it.  As it rises, colder fluids fall.  This cycle forms a current of warm rising fluid and cold falling fluids.  This is called a convection current.  Water circulating in the oceans, or world wind currents are examples of this type of heat transfer.

Radiation:


This type of heat transfer requires no matter.  Radiant heat is the transfer of energy by electromagnetic (infrared) waves.  Examples of radiation are when your feel the heat from the fire or the sun’s heat on your face.  

OBJECTIVE:
Identifies gravity as a force that is dependent upon mass and the distance between objects.

GRAVITY


The universal Law of Gravitation states that every object in the universe is attracted to every other object in the universe.  This force of attraction depends on the mass of the two objects as well as the distance that separates them. The more mass it has, the greater its gravitational force.  The closer the two objects are, the greater the gravitational force.


Gravity is measured by weight and the unit is the Newton, N.  If you change the force of gravity, you will change the weight.  Keep in mind that the amount of matter does not change - only the force that is pulling on that matter.  Weightlessness occurs when the force acting upon an object is equal and opposite to the force of gravity. 

OBJECTIVE:   Measures and/or calculates work and power using several examples from the learner’s environment.

FORCE


A force is a push or pull that starts, stops, or changes the direction of an object.  Force transfers energy to an object.  To determine the amount of force being used, you need the mass of the object and its acceleration.  Force is measured in Newtons, N.  


The equation is:      Force = mass x acceleration

Friction is a force that is in opposition to motion.  It slows down an object.  Motion of an object is going to occur when the forces acting upon it are unbalanced. One force cancels out the effects of another force. 

WORK

Force is needed to move an object and in doing so, work is done.  In order for work to be done, you must be lifting something.  Lifting a book is work.  Simply carrying the book across the room or holding the book above your head is not considered work.  

The equation is:
Work = Force  x distance
The unit for work is joules (Newton-meter).  

POWER


Power is the amount of work done in a given amount of time.  

The equation is:
Power =  work ( time.  

The units for power are joules/second (watt). 
MACHINES


A machine is a device that makes work easier.  A machine makes work easier by changing the direction or the size of the force needed to do work.  Remember work is calculated by force times distance.  If you change work or distance, the amount of work will change.


EFFORT FORCE is the amount of force that is applied to the machine by you.

 The force opposing the effort force is the RESISTANCE FORCE - often the weight of the object.


Mechanical advantage is the number of times a machine multiplies force.  It is the ratio of the force that comes out of a machine to the force that is put into the same machine.  To formula for mechanical advantage is:

Actual mechanical advantage = resistance force ( effort force.

The actual mechanical advantage is different from the ideal mechanical advantage.  The ideal mechanical advantage is calculated by:

Ideal mechanical advantage = effort length ( resistance length


There are six simple machines.  One group includes the inclined plane (ramp), the screw, and the wedge.  The second group includes the pulley, the wheel and axle, and the lever. 


A compound machine is a combination of two or more simple machines.  The mechanical advantage of a compound machine is greater than that of just one simple machine.  Example:  mechanical pencil sharpener -  inclined plane, a wheel and axle. 

OBJECTIVE:
Measure and compare relationships among speed, velocity, and acceleration

MOTION


To measure motion, calculate the speed of the object.

The formula for speed is:
Speed = distance ¸ time
The speed and direction of an object’s motion is called velocity.   Constant speed means that the object is not changing its motion.   Average speed can be calculated by taking the total distance traveled divided by the total time elapsed. 

Velocity is speed in a particular direction.  There are times when an object needs to change its velocity.  This is done by slowing down or speeding up.  “Speeding up” is called acceleration.  Negative acceleration is called deceleration (“slowing down”).

The formula for acceleration is:


Acceleration = (final velocity – starting velocity)


Time
Projectile motion is the motion of a thrown ball.  The ball initially curves up or stays straight and then arcs back down to the surface.  This arcing motion is due to gravity pulling down and friction slowing it down.

OBJECTIVE:
Student will relate frequency and energy of the electromagnetic spectrum.  Student will explain how waves carry energy and can interact with matter.

WAVES


A wave is a disturbance that transfers energy through matter or through space.  Some waves, like sound waves, must travel through matter while others, like light, can travel through space.   Energy is transferred to nearby particles and they move, causing other particles to move.  Energy is transferred from one place to another.  The particles of matter do NOT move along with the wave.  ONLY the energy that produces the wave moves with the wave.

Waves can be compressions of energy (Compression / longitudinal wave) or made up of up and down movements (Transverse wave). An example of a compression wave is sound.  Examples of transverse waves include water waves and earthquakes.

Parts of a Wave:

A.  Amplitude - the height of a wave above or below the midline 

B.  Crest  - the peak or top of the wave

C.  Midline - original position of the medium before the waves move through it.

D.  Trough - the lowest point of the wave

E.  Wavelength  - the distance between two peaks.

As the length of a wave increases, its frequency increases.  A  long wave (one that doesn’t have too many crests) has a low frequency.  A short wave (one that has a lot of crests) has a high frequency.  The speed or velocity of a wave depends on the wavelength and the frequency.  

The formula for wave speed is:
Speed  = wavelength  x  frequency

WAVE INTERACTIONS

When a wave hits a piece of matter, the wave can be absorbed or it can be reflected.

Reflection  

· the bouncing back after a wave strikes an object that does NOT absorb the wave’s energy.   

· The Law of Reflection states that the angle of the incidence is equal to the angle of reflection.  In other words, the angle that it hits the object at will be the same angle, in the opposite direction, that the waves leaves the surface. 

· There are three types of mirrors that reflect light.  PLANE - flat surface, reflected image is the same size.  CONCAVE - curves inward, like the bowl of a spoon, reflected image is either enlarged (original image was close to the mirror ) or the reflected image is smaller and upside-down (original image was far away).  CONVEX - curves outward, like  the back side of a spoon, reflected image is always smaller and right side up, provide a wide angle of view so a large area can be seen.

Refraction 

· the bending of waves due to a change in speed.  

· waves move at different speeds in different types of matter. 

· Examples include prisms (bends white light into its component colors) and a mirage.

SOUND


Sound moves from its source in the form of compression waves. Sound is a form of energy that causes the molecules of a medium to vibrate back and forth.  Sound cannot travel through space or a vacuum.  The parts of a compression wave are: a.)  Compression - a space where the molecules are all crowded together, and b.) Rarefaction - a space where all the molecules are spread out.

Materials that can easily bounce back (elastic) transmit sound easily.  Solids are generally more elastic than liquids or gases because the molecules are not very far away and bounce back quickly.  

SOUND CHARACTERISTICS

· Amplitude, frequency and wave interaction determine the properties of sound

· INTENSITY - the amount of energy in a wave,  a vibration with more energy produces sound waves with more energy; the more energy a sound wave has, the greater the amplitude of the wave.  Ex:  a shout is louder than a whisper.  Measured in decibels, dB.   Intensity decreases as you move away.

· FREQUENCY - depends on how fast the sound wave is vibrating.  The faster the vibration, the higher the frequency.  The unit is Hertz, Hz

· PITCH - how high or low the sound is, a higher frequency has a higher pitch.  Examples: whistle-  high pitch, thunder - low pitch.
· Type of Medium - Elasticity increases the speed of sound;  If the objects are in the same phase (ex. both liquids), sound goes slower in the denser medium. 

· Temperature - As temperature increases, the speed of sound increases.  Sound travels faster at higher temperatures.  

· Sound travels faster in water than in air.  So when air is more humid, sound travels faster.

· Humans can hear sounds from 20 to 20,000 Hertz, but we speak from 85 to 1,100 Hertz.

· More than 20,000 Hz is Ultrasonic.  Bats and porpoises use this to find out where they are.  

NOISE and NOISE POLLUTION

Noise is basically unwanted sound.  It has no pleasing quality; no identifiable pitch, no repeating rhythm or pattern.  Noise pollution is noise at a level that causes pain or damage to body parts.  Noise Pollution can be bothersome, keep you awake, make you sick, cause headaches, cause high blood pressure, and cause temporary/permanent hearing loss.  You can reduce Noise Pollution by wearing ear protection, properly designing buildings, passing laws that prohibit it, and muffle sources of loud noise.

OBJECTIVE:  
Relate frequency and energy of the electromagnetic spectrum

THE NATURE OF LIGHT

· The atom is the source of all forms of light, invisible and visible.  Light is made up of a stream of photons.  Each photon carries as much energy as the energy that was absorbed by the electron that released it.  The atom receives energy which is absorbed in the electrons.  The electrons get "excited" and move to a higher, unstable electron shell level.  When they drop back to their original level, a photon (light particle) is released.

· The amount of energy in the photon determines the kind of light wave produced.

· The speed of light is always 300,000 m/s

· All light travels as transverse waves and it does not need matter to move.

THE ELECTROMAGNETIC SPECTRUM


The electromagnetic spectrum is an order of electromagnetic waves in order of wavelength and frequency -  a long wavelength has a low frequency, a short wavelength has a high frequency

The Spectrum in Order

Radio Waves
lowest frequency and longest wavelength,  used for communication (radio and TV)

Microwaves
used in cooking and for RADAR

Infrared Waves
cannot be seen, felt as heat, “below” red, used for cooking, medicine, night sight

Visible Light
portion of the spectrum that your eye is sensitive to, consists of seven colors (ROYGBIV), red has the lowest frequency/energy and violet has the highest frequency/energy

Ultraviolet Waves
present in sunlight, “beyond” violet, energy is enough to kill living cells,   used for sterilization

X-Rays
energy is enough for photons to pass through the skin, for medicine

Gamma Rays
highest frequency, lowest wavelength, certain radioactive materials emit them, have tremendous ability to penetrate matter, used in the treatment of cancer

OBJECTIVE:  
Generate an imbalance if electrical charge


Experiment with attraction and repulsion of objects


Show how electricity and magnetism are interrelated.

METHODS OF GENERATING ELECTRICITY

Electricity is a form of energy called electrical energy.  It can be produced in several ways.

1.  Static Electricity - This is a build up of electrical charge when electrons are exchanged from one object to another.  Once they move to another object, they remain on that object.  Static electricity is a result of friction.  Friction separates electrons from the surface of an object whose atoms hold electrons loosely.  Some good ways to generate static electricity are:

a.  Rub a glass rod with a piece of silk - rod is +, silk is -.

b.  Comb your hair with a plastic comb - hair is +, comb is -.
c.  Lightning - ground is +, bottom of cloud becomes -.

d.  Balloon and wool - wool is +, balloon is -.
2.  Electric Current  -  This is a streams of electrons that flow through a conductor, like a wire.  An electric current can be produced chemically, by moving water (hydroelectric), by solar cells (using sunlight), by wind, and by nuclear radiation (fission reaction).

A.  Chemical energy comes from a wet cell or a dry cell battery.  It changes chemical energy into electrical energy.  It is a reaction that is produced as atoms within a substance exchange, transfer, or lend electrons to another atom within the substance of the cell.  An electric cell contains two electrodes, two different substances.  

In a wet cell, the electrodes are put in an electrolyte (liquid that can carry an electric current).  The electrodes react with the electrolyte solution and release electrons.  Electrons move from the negative electrode to the positive electrode through a wire.  A dry cell works that same way except there is a solid paste, like ammonium chloride instead of the liquid electrolyte.

B.  Hydroelectric power and wind energy are generated through electromagnetism.  

C.  Solar electricity is the conversion of sunlight (radiant energy) into electricity. 

D.  Nuclear energy using the nuclear reaction of fission the generate heat.  This heat changes liquid water into steam which turns a turbine - electromagnetism.  

INSULATORS AND CONDUCTORS


Conductors are materials that are good for carrying an electric charge.  Insulators keep an electric charge from flowing.  Good conductors of electricity include metals, water, electrolytes (solutions containing ions), and the human body.  Good insulators include nonmetals, rubber, plastic, and wood.

ELECTRICAL CIRCUITS

An electrical circuit is a complete closed path through which electricity passes.  It requires a source of electrons and voltage to force the electrons along the circuit.  There are two types of circuits, series and parallel.  In a series circuit, all the current travels through the same path.  A parallel circuit has more than one path for the electrons to flow.

SAFE USE OF ELECTRICITY

A circuit breaker is used to open circuits when there is too much current in a circuit.  It keeps a circuit from getting overloaded by flipping a switch and breaking the circuit.  

Fuses are used to protect circuits from overloading also.  When too much electricity runs through the fuse, the metal in the fuse melts, breaking the circuit.  

Some rules to follow when using electricity: 1.) Water is an excellent conductor of electricity, 2.)  Make sure all electrical cords are intact and not frayed, 3.)  Do not overload a circuit by plugging in too many appliances, 4.) Never touch a power line, 5.) When jumping a car battery, connect the positive terminal of one battery to the positive terminal of the other car battery.  The negative terminal of the good battery should be attached to the negative terminal of the other car battery.

ELECTRICAL UNITS

· Current  -  This is the rate at which electric current flows through a wire.  It is the number of electrons that pass by a specific point in a circuit in one second.  The symbol for current is “I” and it is measured in amperes or amps (A).

· Voltage  - Voltage is the amount of energy available to move the electrons.  The higher the voltage, the more work the electrons can do.  The symbol for voltage is “V” and it is measured in volts (v).

· Resistance  -  This is the measure of how difficult it is to move electrons through a circuit.  It is the force opposing the flow of electrons. Good conductors have a low resistance and poor conductors have a high resistance.  Resistance depends on the material it is made from and its length, thickness, and temperature.  The symbol for resistance is “R” and it is measured in ohms (().

· Ohm’s Law relates current, resistance, and voltage.  Current = voltage ( resistance

· Watt  - Electric power, the amount of work done per unit of time, Electric power is measured in watts (J/s).  Watts is measured in energy per second, so the more watts you have, the more energy you have.

· Electric Energy  - The energy an appliance uses is equal to the power multiplied by the time, measured in joules.

ELECTRICITY AND MAGNETISM


Magnetism is a universal force like gravity.  A magnet always has two poles - north and south.  Like poles repel each other and opposite poles attract.  There is a magnetic field around a magnet and the invisible lines of force run from one pole to the other.


A magnetic field can be produced using a current through a wire and a piece of metal that can be magnetized.  Electricity and magnetism are related.  Electricity can produce a magnet field and magnetism can produce an electric current.


An electromagnet is a temporary magnet.  As long as there is a current flowing, a magnetic field is present.  A simple electromagnet consists of a battery, copper wire, and an iron nail.  The strength of the electromagnet depends on the number of turns in the wire coil and the size of the iron core.  The greater the number of turns, the stronger the magnetic field that is produced.


Magnets are used in electric motors.  An electric motor is a device that produces a direct current.  It contains an electromagnet, a permanent magnet, and a commutator.  The electromagnet is placed between the poles of the permanent magnet.  The poles repel and attract each other and the electromagnet spins.  Electric energy is converted into mechanical energy.


A generator uses electromagnetic induction.  Electromagnetic induction is the process of inducing an electric current by moving a magnetic field through a wire coil without touching it.  This is how water produces electricity.  Moving water turns a turbine, which holds a magnet.  This process causes an electric current to flow.


A transformer is a device that uses electromagnetic induction to change the voltage of a current.  It is basically iron cores with wires wrapped around them.  There are transformers at the power plant, at power substations, and on the utility pole near your house.  The one near your house looks like a trash can on the utility pole.  


A transformer works by stepping up or stepping down the voltage of electricity.  More current in a wire means that more energy is wasted due to resistance in the wire.  Power companies want to limit the amount of energy wasted.  When energy is transmitted over a long distance, the voltage is raised and the current is lowered.


The step up transformer raises the voltage.  For instance a power plant will step up the voltage from 20,000 volts to 250,000 volts to run the electricity through the long distance transmission lines.  The primary coil has a certain number of turns with the wire.  If the secondary coil has twice as many turns as the primary coil, the voltage will be twice as much in the secondary coil.
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