Bold print will be the actual goals and objectives from the NCSCOS.

Most of the information in italicized blue font will be from the Glencoe Physical Science text, Modern Physics by Trinklein, and Webster 2003 Encyclopedia CD_ROM, or the 1999 or 2005 NCSCOS support document unless otherwise noted. And a large portion coming from my own head.

Chapter one and chapter two of the Glencoe Physical Science text will be important in developing process skills.  These are the chapters that will introduce the scientific method, metrics, and graphing.  These three concepts are not specifically on the SCS listed below but they are an integral part of goal one..  

It will also be important to have students use the reference tables for Physical Science.  There was a question where you had to find the KE of an object.  You were given the mass and distance.  On the reference tables the formula is given as KE=1/2mv2, however you must us W=Fxd to find this answer based on the information given. (KE=W, see 1.03)  I have in the past in the past had students do stations, which each focused on a specific part of the reference table.  The idea was to make them comfortable with the table and for them to see that sometimes if they think logically they can find answers.  Also I made laminated copies of the reference table for students to use on regular tests.
Please note that with the new NCSCOS there is a definite emphasis for mathematical and graphical analysis.

COMPETENCY GOAL 1: The learner will develop abilities necessary to do and understand scientific inquiry.

From the 2005 draft NCSCOS support document--Goal 1 addresses the necessity of including scientific investigations in the physical science classroom.  The objectives have been designed by teachers to address the specific needs of this curriculum.  These goal one objectives are an integral part of each of the other goals.  In order to measure and investigate scientific phenomena, students must be given the opportunity to design and conduct their own investigations in a safe laboratory.  The students should be able to distinguish dependent from independent variables.  The students should use questions and models to formulate the relationships identified in their investigations and then report and share those findings with others.  Students should be able to read and interpret the MSDS sheets.
Furlough--Of course the type of investigations you do will depend on the level of your kids—intelligence and maturity, but mostly maturity.  However there are several approaches that can be taken.  Science Olympiad events would be great for this, Globe (students collect data and report it to Globe.gov for international research, they can even do product testing.  As I go through this guide I will endeavor to note SO events or Globe protocols that would be of use. The following is a link to a scientific report rubric from the ncpublicschools.org site,  http://edweb.sdsu.edu/triton/tidepoolunit/Rubrics/reportrubric.html 

1.01 Identify questions and problems that can be answered through scientific investigations.

Furlough--Basically it’s the old saying that science can tell us how to do something but it cannot tell us whether we should do that something. Example: Science is a body of knowledge.  We can use this body of knowledge to solve problems, this is technology.  We have science that tells us how a cell replicates.  We have used this knowledge to solve the problem of how to clone a living organism.  We now know how to do this.  However science cannot tell us whether or not we SHOULD clone living organisms.  
1.02 Design and conduct scientific investigations to answer questions about the physical world.
Furlough—Students will need to be able to begin carry out and report their investigation results.
· Create testable hypotheses.

· Furlough--This should be in the if/then format.  Example:  If the mass is increased then it will require more force to change its motion.  The hypothesis should also reflect the problem at hand and the research done before hand.  These should also be specific to what you are testing.
· Identify variables.

· Furlough--Students need to be able to identify not only the independent and dependent variables but also the experimental and control variables.  Independent variables are always found on the X-axis.  The independent variable is the variable the student changes, such as the mass in the earlier example.  The dependent variable is always found on the Y-axis and it is the variable that changes in response to the changes in the independent variable.  This would be the changes in force in the earlier example.
· Use a control or comparison group when appropriate.

· Furlough--Most of the time you are measuring some sort of change, or preference.  In order to know this you need a reference point, so you must have a control setup.  If you want to know the effects of increasing mass on the trajectory of a catapult missile you must first have a base point to refer to.  Before a soda company can tell if a new recipe is good or bad they must first know if people liked the old recipe.  If you are testing the affects of specific colors of light on plant growth you must have a control that receives no light (and maybe one with all colors)
· Select and use appropriate measurement tools.

· Furlough--Graduated cylinders give you volume, but not the mass.  If you need 20 g of water then you need to use a balance to find the mass.  This means knowing the units for metric measures and the instruments to find those measurements.
· Collect and record data.

· Furlough--Students will have to be responsible for collecting data.  With out data there is no investigation, even you end up correct and find a cure for cancer, without data to support your claim it will be ignored. 
· Organize data into charts and graphs.

· Furlough--Charts and graphs serve two purposes.  First they help analyze data by allowing you to see trends that might not be evident from just looking at numbers.  Second they allow a simple way of presenting data to others, be it you class or a funding committee.

· Furlough--Beware that sometimes people can show data on charts and graphs in such a way to lead you to their conclusion.  Always show/ask for all the data even odd ball data points.
· Analyze and interpret data.

· Furlough--Once you have data you must be able to find what the data shows you.  It might support your hypothesis, but it might not.  Either way you would have narrowed the search. 

· Furlough--This is also where you support you conclusion one way or the other.  The conclusion must reflect the data.  
· Furlough—Your conclusion should include you data.  It is NOT just say you were right or wrong.  
· Communicate findings.

· Furlough--It all comes together here.  Students must be able to compile data, draw a conclusion and present the data and conclusion.  This allows others to use you findings to support, alter, drop, or reexamine their own findings. 
1.03 Formulate and revise scientific explanations and models using logic and evidence to:

Furlough--This seems to me to be like a reading test, where you would be given a scenario and then asked questions.  For example:  Which model best represents the following? or Which explanation is being tested in the diagram?
· Explain observations.
· Furlough--Explain what is being observed based on the scientific explanations given. 
· Make inferences and predictions.

· Furlough--An inference is made by drawing a conclusion based on evidence. Example: if you sneeze around flowers you might infer that you have allergies.
· Furlough--Predictions are made by making a guess based on previous evidence. Example: you might predict that if you have allergies you would sneeze around flowers.
· Explain the relationship between evidence and explanation.

· Furlough--Evidence is something that gives you a reason to believe something.  Explanation is giving reasons for something.  
· Furlough--An explanation tells you how something might work.  Evidence gives you reason to believe that the explanation is correct.  
1.04 Apply safety procedures in the laboratory and in field studies:

Furlough--I’m going to tell you what my dad’s work always said, and they have had more than a few million-man hours with out a recordable accident.  Take 5.  That is, take five minutes to think about what tools you need to do a job properly and safely.  Five minutes is not much compared to a lifetime of blindness or of being scarred.  

· Recognize and avoid potential hazards
· Safely manipulate materials and equipment needed for scientific investigations.
· Furlough--If given a scenario the students should be able to identify safety issues and identify how to correct them.
1.05 Analyze reports of scientific investigations of physical phenomena from an informed scientifically literate viewpoint including considerations of:

Furlough--“Informed scientifically literate” means that you are informed of the science you need, and you can read and write about it. And folks there is only one way to get better at this, READ, WRITE, and PRACTICE.

· Appropriate sample.

· This might deal more with surveys.  You might say that 3 out of 4 people prefer a certain band, but you would have to ask many more than 4 people.  More like a 100, or 1000.  Your results would show 750 out of 1000 but 3 out of 4 just sounds better in commercials.
· Also you might note that for larger numbers you will need a larger sample.  If a sample too small it may give inaccurate or inconclusive data.  

· Also the data should be taken form an unbiased pool.  Example you wouldn’t want to survey the Energizer factory for what battery is the best.  
· Adequacy of experimental controls.

· You must use the controls to show change by the independent variable.  If you are testing fuel types and their mileage and your control is a pea plant in a closet it won’t give you a good comparison for your conclusion.

· Replication of findings.

· You and other researchers must be able to reproduce your findings.  If the results cannot be reproduced then your initial findings may have been a fluke.
· You also don’t have much evidence to support your conclusion if the results are not repeatable.
· Alternative interpretations of the data.

· Every coin has two sides, and many times so does data.  Let’s say you have a pet ferret, and you want to find out what the ferrets favorite treat is.  You conduct an experiment to find out.  Your data shows that it at brand A 9 times, the most of all trails, and brand B 8 times.  You might conclude that brand A was the favorite.  However looking at it objectively you might conclude that there is no real preference because the ferret likes both treats almost equally.  

· Also looking back at appropriate sample.  If 750 out of 1000 people like the band, 250 people don’t prefer it.

COMPETENCY GOAL 2: The learner will construct an understanding of forces and motion.

· 2.01 Measure and mathematically/graphically analyze motion:
· Students will not only have to use the equations for velocity and for acceleration but they will also have to be able to identify the graphs for velocity and acceleration.   Some students are unfamiliar with graphing out side of algebra, so practice will be necessary
· Speed is the change in position per unit of time s=d/t (45 m/s).  Velocity is speed with a given direction v=d/t (45m/s NE).  
· Frame of reference (all motion is relative - there is no motionless frame) is the point from which motion is determined.  I know my car moves down the road because the road moves past me (the car being my frame of reference).  A person on the side of the road knows my car moves because of the road as their frame of reference. In a video game the frame of reference is the background so we see the character move.  But if we change point of reference to the edge of the TV, we see that the character stays in the center of the TV screen.
· Uniform motion is constant speed in a straight line.
· Acceleration. Acceleration is a=(vf-vi)/t. Please note that acceleration is a measure of change in velocity per unit of time, and that velocity is speed with direction.  Therefore a change in speed and/or direction is a change in acceleration.  
2.02 Investigate and analyze forces as interactions that can change motion: 

Students will have to know the laws by name, be able to apply and interpret them based on pictorial and word problems.
· In the absence of a force, an object in motion will remain in motion or an object at rest will remain at rest until acted on by an unbalanced force. (Newton’s First Law)
· Change in motion of an object (acceleration) is directly proportional to the unbalanced outside force and inversely proportional to the mass. (Newton’s second Law)
· Whenever one object exerts a force on another, an equal and opposite force is exerted by the second on the first. (Newton’s third Law)
Newton’s First law is “an object moving at a constant velocity keeps moving at that velocity unless a net force acts on it, and an object at rest will remain at rest (constant velocity of 0) until acted upon by a net force.”

Newton’s Second law is “ a net force acting on an object causes the object to accelerate in the direction of the force.” F=ma

Newton’s Third law is “to every action force there is an equal and opposite reaction force.”

COMPETENCY GOAL 3: The learner will analyze energy and its conservation.

3.01 Investigate and analyze storage of energy:

Energy is the ability to cause change or to do work.  Measured in joules.

Work. (W=fd) is the transfer of energy through motion, but work is only accomplished when the motion is in the direction of the force.  Measured in joules.
Power is the amount of work done per unit of time.  Measured in joules per second. (p=w/t=fd/t)
· Kinetic energy—energy of motion
· Kinetic Energy is energy in the form of motion.  KE will increase as mass or velocity increases, and decrease as mass or velocity decrease.  KE=1/2mv2=W=fd Work is equal to KE because both involve motion and energy, but remember that work is only done if the direction of force and direction of motion are the same.
· Potential energies: 

· Gravitational-caused by gravity. A book on a shelf has gravitational potential energy.

· Chemical-energy stored in chemical bonds. ATP has chemical potential energy.

· Electrical-voltage is the potential difference between two electrodes. An open switch has electrical potential energy.

· Elastic-elasticity is the ability to bend or stretch and then return to the original shape.  A stretched spring has elastic potential object.

· Nuclear-the energy stored in the nucleus of an atom.

· Potential energy is stored energy.  PE depends on the position of the object.  PE=mgh.  You may also think of potential energy as the work done the put an object in a positions.  Ex: Jill does 30 J of work to put a book on a shelf; the book has 30 J of potential energy.
· Thermal energy-the total KE and PE of the particles making up a substance.
3.02 Investigate and analyze transfer of energy by work:

Force-a push or pull on an object.  A net force will accelerate the object in the direction of the object.

Distance-the distance the force moves the object.

Energy is the ability to do work or cause change.  So to do work you are applying a force through a distance.  The force direction and motion direction must be the same for work to be done.  If a book falls GPE becomes GKE—gravity does work on the book.  If you stretch a spring you do work on the spring, the work is stored as EPE.
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3.03 Investigate and analyze transfer of energy by heating:

Thermal energy is the total kinetic and potential energy of the particles in a material.
Expansion and contraction As the substance is heated or cooled the thermal energy of the particles increases or decreases respectively.  An increase in thermal energy will increase the average distance between the particles, causing expansion, and a decrease in thermal energy will decrease the average distance between the particles causing a contraction.  
Temperature is the measure of the average kinetic energy of particles in a substance.  Thermal energy is a measure of average kinetic and potential energy of particles, where as temperature measures only the kinetic energy of particles. 

Phase change, heats of fusion and vaporization.  Please note the phase change graph.  Heat of fusion is the amount of heat needed to melt a unit mass of a substance at its melting point.  Heat of vaporization is the heat required per unit of mass to vaporize a liquid at its boiling point.  Please note that temperature does not change until the phase change is complete, that is the added energy increases the potential energy of particles not the kinetic energy.

Specific heat.  is the amount of energy needed to raise one kilogram of substance one degree Celsius--that is   J/g oC.   

I have 4 physical science books from 4 different publishers and none of them even have the word thermodynamics in the index.   So the following info comes from the Webster’s World Reference CD-ROM, and Modern Physics by Trinklein.

Thermodynamics is the study of quantitative relationships between heat and other forms of energy.

Internal energy (AKA thermal energy) is the total available potential and kinetic energy of the particles of a substance. 

Only the first and second laws are on the SCS, but I have included the 0th and 3rd law for reference.

The Zeroth law of thermodynamics states that if two systems are in equilibrium with a third they will be in equilibrium with one another.  For instance suppose you have two cups of coffee left sitting in an undisturbed room.   Now if the cups are in equilibrium with the room the cups will be in equilibrium with each other.  In other words the room temperature and the cup temperature will be the same.  Thermal energy flows from high to low till the temperatures are equal.  

The First law of thermodynamics states that the sum of the energy changes occurring in some isolated process is zero, which is equivalent to the statement that total energy is conserved.  For instance mechanical energy can be converted into heat energy when you rub you hands together, but the total energy before (PE) and after (KE+TE) the rubbing started is the same.

· Thermal energy flows from a higher to a lower temperature. Energy will not spontaneously flow from a lower temperature to a higher temperature

· The Second law of thermodynamics states that:

1. No heat engine can have a thermal efficiency of 100%(some energy will be lost to friction, heat, sound, light, etc…)

2. Heat can only flow from hot to cold (the heat energy of coffee will flow to the cooler surrounding), work must be done to move heat energy from cold to hot (refrigerators)

3. A system will finish in the state, which can be realized in the greatest number of ways, (a drop of food coloring in water will finish evenly dispersed because this corresponds to the greatest number of arrangements to ink and water molecules.)

4. For a closed system entropy is either increasing or decreasing. (An increase in temperature will result in a increase in entropy and decrease in temperature will result in a decrease in entropy)

· The second law is also known as the law of entropy.  (Entropy is the amount of energy that cannot be converted into mechanical work.)  A natural process always takes place in such a direction that increases the entropy of the universe.  In the case of an isolated system, it is the entropy of the system that tends to increase.  Entropy increases as ice melts, or if marbles are spilt on the floor.

· It is impossible to build a machine that does nothing but convert thermal energy into useful work.

· Conservation of mechanical energy (following is from Modern Physics) states that the sum of the potential and kinetic energy of an energy system remains constant when no dissipative forces act on the system.  Gravitational and elastic forces are considered to be conservative.  Friction is an example of nonconservative or dissipative forces.  A dissipative force changes energy to a form of energy that is not mechanical (friction forms heat, electrical resistance forms heat and or light).  This causes a loss of energy to the mechanical system, however the law of conservation of total energy is still in effect and no energy is created or destroyed.  So in other words energy cannot be created or destroyed, only changed.  In the case of mechanical systems the mechanical energy will be conserved as long as mechanical energy is not converted to a nonmechanical form.
The Third law of thermodynamics states that absolute zero cannot be reached.  Absolute zero is the temperature at which all-molecular motion stops.  As you approach absolute zero in system “A” it will become increasingly difficult to find a system “B” to which you can move the heat energy of system “A” (heat energy can only flow from high to low—see the second law). 

3.04 Investigate and analyze the transfer of energy by waves:

General characteristics of waves: all waves have the following properties

· Amplitude-the total distance that a particle is moved by the wave.

· A direct indicator of the energy and thus the intensity of the wave

· High energy = high amplitude/intensity, low energy = low amplitude/intensity

· Frequency-the number of waves per second, measured in Hertz (Hz)

· A direct indicator of pitch

· High frequency = high pitch, low frequency = low pitch

· Inversely related to wavelength

· Period—the mathematical inverse of the Frequency, it is the number of seconds it takes for a wave to pass a point.

· Wavelength-the distance between two different consecutive points on a wave (crest to crest, trough to trough….)

· Inversely related to frequency

· Velocity of propagation-the speed of a wave.  How fast the wave can move through a medium. 

·  Sound, a compressional wave, travels fastest in solids because the particles are closer together, slower in liquids, and slowest in air because the particles are farther apart. Sound DOES NOT travel through a vacuum. 

·  Light, a transverse wave travels fastest in a vacuum, slower in a gas, slower still in liquid and slowest in a solid. —Note that velocity is independent of the other properties listed here.

· As the frequency of a wave increases the wavelength decreases.  As the frequency of a wave decreases the wavelength increases.

There are two ways to classify wave:

· By the movement of medium vs. movement of wave—transverse and compressional

· Transverse waves the medium particles move at 90( to the direction of the wave

· Light, electromagnetic waves

· Crest is the highest point

· Trough is the lowest point

· Compressional waves the medium particles move parallel to the direction of wave motion

· Sound, water waves,

· Compression is the point of the most particle compression

· Rarefaction is the point of the least particle compression

· By the ability or nonability to transfer energy trough a vacuum—mechanical or electromagnetic

· Mechanical waves cannot pass through a vacuum,

·  Sound, water waves

· Electromagnetic waves can pass through a vacuum

· Light, em waves

Mechanical waves- waves in which the medium is tangible.  Water waves, sound waves.  Mechanical waves require a medium.  Mechanical waves CANNOT transfer energy through a vacuum.

Sound waves are compressional and mechanical waves. Sound travels fastest in a solid and slowest in air cannot travel through a vacuum.

Electromagnetic waves (radiation)-the EM spectrum is made up of all transverse waves, these waves can pass through a vacuum. 

COMPETENCY GOAL 4: The learner will construct an understanding of electricity and magnetism.

There are three subatomic particles in an atom:  protons (+) and neutrons (º) are in the nucleus. Electrons (-) are in the electron cloud.

Electrons can move, they are loosely held by the nucleus.  Rubbing two objects together can separate charges, one will lose and the other will gain.  A loss of electrons will cause a particle to become positive, and a gain will cause an overall negative charge. Charged particles have an electric field.  The region in which the charge affects another object decreases or increases directly with distance. 

 An electroscope is a device that has a metal rod connected to two metal leaves inside a flask.  When uncharged the leaves will hang straight down.  But if a charge is added to the rod then the leaves will have the same charge and they will repel each other. If the electroscope is neutral and touched with a negative rod, electrons flow from the rod to the leaves.  If the electroscope is neutral and touched with a positive rod, electrons flow from the leaves to the rod.

4.01 Investigate and analyze the nature of static electricity and the conservation of electrical charge:

Static electricity is the build up of electric charges on an object.  It is called static electricity because electrons move and then remain at rest.
· Positive and negative charges—

· Positive (loss of electrons) and negative (gain of electrons) charges

· Opposite charges attract and like charges repel.

· Opposite charges attract and like charges repel. +,+ or -,- will repel.  +,- will attract.

· Analyze the electrical charging of objects due to the transfer of charge. 
· There are three ways of charging an object: Friction, Induction, and Conduction

· Friction involves rubbing two objects together.  The rubbing separates the charges causing the overall charge of the object to become more positive or negative.
·  Induction involves a neutral (no charge) object comes close to a charged (+ or -) object.  Note that no contact is needed.  The proximity of the charged object causes a rearrangement of the charges in the neutral object
· Conduction involves the flow of electrons from one object to another.  Note that contact is necessary.  This causes an increase of electrons in one object and a decrease in the other object.
· Positive objects have an electron deficit; negative objects have an electron surplus.  Opposite charges attract, if electrons flow from the negative to the positive object, they both become more neutral.  

4.02 Investigate and analyze direct current electrical circuits:

Electrical potential difference:  also called voltage measured in volts (V).  This is the amount of energy available to move electrons.  The higher the voltage the more energy each electron can carry, and the more work it can do.  

Resistance:  Electric current is the flow of electrons through a wire.  The current is measured in amps (A) and is the number of electrons that pass a point per second.  Current’s symbol is I.  Resistance is the opposition to this flow of electrons.  The unit of resistance is the ohm (() The symbol for resistance is R.  Resistance depends on material, length, thickness, and temperature of the wire.  

Dry cells are usually a zinc can with a paste like mixture inside, and a carbon rod in the center.  Electrons will flow through a wire from the negative terminal to the positive terminal. An example would be a C or D sized battery.  Wet cells have two electrodes (usually copper and zinc) are placed in a electrolyte (usually hydrochloric).  In a wet cell the zinc reacts with the HCl to release electrons.  These electrons build up on the zinc electrode (negative), when connected the electrons can flow from the zinc to the copper electrode (positive) A thermocouple is a device that changes heat energy into electrical energy.  In this cell a copper wire and an iron wire are joined together.  If one copper/iron junction is at a different temperature than another then a current is produced.  The greater the temperature difference the greater the current.  

Alternating current occurs when the electrons reverse direction regularly.  Alternating current is the most commonly used. Alternating current is used in homes and alternates at a rate about 60 times per second.  Direct current occurs when the electrons only flow in a certain direction, used in batteries and thermocouples.  

A circuit consists of an electron source, load (resistance), wires, and a switch. The electron source maybe a battery (DC) or a generator (AC).  The load is the device that uses the electricity.  The wires connect the parts.  The switch opens or closes the circuit—electrons cannot flow through an open or off switch.  
· Ohm's law
·  States that the current in a wire is equal to the voltage divided by the resistance.  
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· Series circuits
· All the parts are connected in series one after the other.  There is only one path for the electrons to take.

· Parallel circuits
· If the parts are on separate branches, and there is more than one path for the electrons to take.
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4.03 Investigate and analyze magnetism and the practical applications of the characteristics of magnets.

Permanent magnets

Electromagnetism

Movement of electrical charges

COMPETENCY GOAL 5: The learner will build an understanding of the structure and properties of matter.

5.01 Develop an understanding of how scientific processes have led to the current atomic theory.

This objective is not in the Glencoe book but I pulled some information from the web.  

Democritus (440 B.C.) conceived the concept of a smallest particle, called the atom, from atomos meaning indivisible.  

The Greeks made 5 major points in their theory.

1. All matter is made up of undividable particles called atoms.

2. There is a void, which is empty space between atoms.

3. Atoms are completely solid.

4. Atoms are homogeneous, with no internal structure.

5.  Atoms vary in size, shape, and weight.
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Dalton’s atomic theory.

John Dalton—(1766-1844) the four basic ideas of Dalton’s atomic theory are:  

1. Chemical elements are made of atoms,

2.  The atoms of an element are identical in their masses,

3.  Atoms of different elements have different masses.  

4.  Atoms only combine in small, whole number ratios such as 1:1, 1:2, 2:3 etc… 

Dalton also proposed standard symbols for elements.  He was the first to identify color-blindness; he himself was red-green colorblind.

· J. J. Thomson’s model of the atom.

J.J. Thomson—(1856-1940)  “discovered” the electron.  Thomson studied cathode ray tubes and stated that the rays were made up of negatively charged particles, which he called ‘corpuscles’.  These corpuscles he stated had a mass 1000 times less than a hydrogen atom.  Thomson believed that these corpuscles were the fundamental parts of all matter.  These corpuscles were of course electrons.  Thomson had to account for the mass of the atom when the electron was only about 1/1836 of the hydrogen mass, and how to make a neutral atom, when only a negative subatomic particle was known.  “Thomson’s plum pudding model” states that there is a positive sphere with negative particles surrounding it.  
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· Rutherford’s gold foil experiment
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Ernest Rutherford—(from New Zealand) Rutherford had been studying alpha particles (positive charge) since 1898.  In 1909 he had to explain the alpha particle behavior observed by Hans Geiger and Ernest Marsden.  Geiger and Marsden aimed a alpha particle stream at a plate of glass, and no deflection was observed.  When they added a very thin layer of gold foil (8.6x10-6cm), they had three main observations.

1. Almost all of the alpha particles went through the gold foil as if were not there.  These alpha particles went in a straight line until they hit the detector screen.

2. Some of the particles were deflected only slightly, 20 or less.  

3. A very, very few (1 in 20000 for gold foil) alpha particles were turned through an angle of 900 or more.

So Rutherford had to explain the deflection of the alpha particles.  He did this by stating that there was a charge concentration in the atom.  Thomson’s model had the atoms mass spread throughout the atom, but Rutherford put most of the mass in the center of the atom.  We now call this the nucleus.  Now how does this nucleus account for the findings of Geiger and Marsden:  

1. The nucleus is so small that the odds are overwhelmingly in favor of an alpha particle passing through the gold foil as if there was nothing there.

2. By pure chance some alpha particles (+) will pass close to the nucleus of some gold atom (+) and be deflected by the like charge repulsion.

3. A very, very few particles will actually hit a gold nucleus.  This will cause the particle to be repelled 900 or more.  The heavy nucleus recoils a bit but essentially goes nowhere.  
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Bohr’s planetary model.

Neils Bohr—described the structure of the atom.  Bohr stated that the electrons orbited the nucleus in definite orbits, much like the planets orbit the sun.  

· Electron cloud model.
A short history of the periodic table

This is not on the current NCSCOS but I will help in Chemistry if you learn it now.

Dimitri Mendeleev developed the first periodic table between 1869-1871.  Mendeleev made a card with each element and its properties (mass, density, color, melting point, valence and bonding ability).  First arranged by atomic mass Mendeleev noticed that the valence number occurred in a pattern, 1 2 3 4 3 2 1.  In rows of seven Mendeleev noted that the columns all had the same valence and similar chemical and physical properties.   Mendeleev’s periodic table was arranged in order of increasing atomic mass.

Several elements when arranged by atomic mass did not fit with the properties of the other elements in the group.

Henry Gwyn-Jefferies Moseley found that certain lines of the X-ray spectrum of each element moved the same amount each time you increased the atomic number by one. Previous to Moseley the periodic table was arranged by atomic mass.   Moseley was the man that found the relationship between the nucleus and the atomic number, thus arranging the periodic table by atomic number (the number of positive numbers). In this manner there are no exceptions to the grouping of the elemental properties.  So this modern periodic table is arranged by increasing atomic number.  The periodic law states that the physical and chemical properties of the elements are periodic functions of their atomic numbers.

5.02 Examine the nature of atomic structure:

· Protons—

· Found in nucleus.  

· Number of protons is the same as the atomic number.  

· Each proton has a Positive (+) Charge
· Neutrons—
· Also found in the nucleus.  

· Found by subtracting atomic number from atomic mass number 

· (NOTE: that this is only found by using the atomic mass number NOT the average atomic mass. Because the average is just that an average of isotopes with differing numbers of neutrons).  

· Each neutron is neutral in charge.
· Electrons—
· Electrons orbit around the nucleus in energy levels. 

· Each electron has a negative charge.  

· In a neutral atom the number of electrons is equal to the number of protons 

· (Positives + negatives = 0).  

· If electrons are lost then the atom becomes a positive ion, if electrons are gained the atom becomes a negative ion.  (0- -1 = +1 or 0 + -1 = -1)
· Atomic mass—
· This is the mass of the atom of a given element.  

· The mass of an electron is considered to be negligible since they are so small.  

· The mass number of the atom is there for the number of protons and neutrons.  

· NOTE:  many elements have isotopes—same element different number of neutrons—and therefore have different atomic mass number.  On the periodic table you almost always have the average atomic mass of the isotopes.  Please remember that unless you know the exact isotope you are working with you do not know the exact atomic mass.  

· Atomic number—

· This is the number of protons in the atom.  

· It is also how the elements are arranged on the periodic table.
· Isotopes—

· These are atoms of an element that have different numbers of neutrons in their nucleus.  

· The masses of the isotopes are averaged in order to get the average atomic mass.

· Average atomic mass—

· This is the weighted average of all isotopes, and what is usually shown on the periodic table.  

· To find this you multiply the mass of the isotope by the percent that the isotope occurs, then add all the averages together. 

· Example:  a sample of cesium has 3 major isotopes:  75% 133Cs, 20% 132Cs, 5% 134Cs. (here the superscripted numbers show the mass numbers of specific isotopes.) Find the average.

· Multiply the percentage of occurrence by the isotope mass number; this gives you the percentage of the sample that has that mass.  We add these up and we get the weighted average atomic mass.
0.75 X 133 = 99.75

0.20 X 132 = 26.40

0.05 X 134 = 06.70

        Total = 132.85 amu = atomic mass unit
5.03 Identify substances through the investigation of physical properties:

Density. Density (D) is equal to mass (m) divided by volume (v), that is D=m/v.  This gives you the amount of mass in a given volume.  Your units are derived in the equation.  Example:  Which has a greater mass a kg of feathers or a kg of Popsicle sticks?  Well they both have the same mass 1 kg.  But if we look at volume we see that 1 kg of feathers might take up 20 cm3 of volume, where Popsicle sticks might take up 5cm3.  NOTE: these numbers extremely estimated! Now what are the densities?
Melting point. Melting point is the temperature at which a substance melts (changes from a solid to a liquid).  It should also be noted that this is the temperature that a liquid freezes (changes from a liquid to a solid).  Heat of fusion is the amount of energy it gained to melt as solid.  Heat of fusion is also the energy lost when a liquid freezes.
Boiling point is the temperature at which a substance changes from a liquid to a gas.  It should also be noted that this is the temperature that a gas condenses to a liquid.  Heat of vaporization is the amount of energy gained to vaporize a liquid (change from liquid to gas), and the amount of energy lost when gas condenses to a liquid.  
Specific heat—This is the amount of energy that it takes to raise the temperature of a 1 kg of substance one degree Celsius.  Please note that often this can be expressed in different units.  Example:  J*kg/K or J*kg/K
COMPETENCY GOAL 6: The learner will build an understanding of regularities in chemistry.

6.01 Analyze the periodic trends in the physical and chemical properties of elements.

Groups (families). These are the vertical columns of the periodic table.  There are 18 groups that begin on the left and go to the right.  All elements in a specific group has similar properties.  All elements in a specific group will have the same oxidation number.  All elements in a specific group will have the same number of valence electrons.  Group 1 is the alkaline metals—most reactive group.  Group 2 are the alkaline earth metals second most reactive.  Group 17 are the halogens—salt forming.  Group 18 are the noble gases; they have full outer shells and do not bond easily.  Groups 3-12 are the transition elements—these have various oxidation numbers.  
Periods. These are the horizontal rows of the periodic table.  There are 7 periods.  You should know about periodic trends—that is a pattern across a period.  One trend is that as you move from left to right across a period the atomic size decreases.  First element is a period is always a very active gas, and the last is a very inactive gas.  The pattern of oxidation numbers for a period is      +1, +2, +3, +4, -3,-2,-1,0. Metals tend to lose electrons, and nonmetals tend to gain electrons.  Ionization energy is the energy required to remove an electron and form an ion.  This increases as you move from the left to the right, because the metals want to lose electrons, and the nonmetals want to gain.  From left to right elements become less metallic
Symbols—This is the abbreviation for the element name.  Sometimes based on Latin or Greek names, or a scientist.  

6.02 Investigate and analyze the formation and nomenclature of simple inorganic compounds.

Ionic bonds (including oxidation numbers)

Covalent bonds.

Metallic bonds.

Organic Compounds—once considered to be from organisms, but have now been made artificially, so today these are compounds that contain carbon.

Students should know that carbon has 4 valence electrons, and usually forms up to four single covalent bonds.  Meaning that it can form long chains of C and H called hydrocarbons.  If the hydrocarbon contains only single bonds then it is called saturated—all bonds are filled with hydrogen.  An isomers have the same formula but different structures.  Generally as the number of carbons increases the boiling point of the hydrocarbon increases.  Unsaturated hydrocarbons have at least one double or triple bond between carbons.

Benzene rings

Benzene rings are rings of 6 carbons and 6 hydrogens—there are 3 double bonds.  These are often found in aromatic compounds such as wintergreen.  

Substituted hydrocarbons

These are compounds that have one or more hydrogen replaced with other elements.  When a  -OH group replaces a hydrogen you have a alcohol.  When a  -COOH (carboxyl) group replaces 3 hydrogens then you have an organic acid.
6.03 Identify the reactants and products of chemical reactions and balance simple equations of various types:

· Single replacement. Part of a compound is replaced by a single element

· Example of Single replacement:  2Na + 2H2O ( 2NaOH + H2
· Double replacement. Two compounds form two new compounds by switching atoms.

· Example of Double replacement:  MgCO3 + 2HCl ( MgCl2 + H2CO3
· Decomposition. a complex substance is broken down to simpler substances.

· Example of Decomposition:  H2CO3 (  H2O  + CO2
· Synthesis. Two or more simple substances form a new complex substance.

· Example of Synthesis—2Na + Cl2 ( 2NaCl

· Combustion—The burning of a fuel, usually a fossil fuel combining with oxygen at high temperatures.   Combustion is always exothermic—gives off energy.  Reactants are a fuel (hydrocarbon) and an oxidizer.  Products are CO2, H2O, and energy.

· Example combustion reaction:  CH4 + 2O2 ( CO2 + 2H2O + energy
6.04 Measure and analyze the indicators of chemical change including:

· Development of a gas. Good example is burning something the smoke indicates that a chemical change is taking place.  Example almost everyone knows what happens when you mix baking soda and vinegar.  So take a balloon and put in some baking soda, and a bottle with vinegar.  Cover the bottle mouth with the balloon.  Now dump the baking soda into the balloon.  A chemical reaction is taking place, indicated by fizzing and gas production.  Note the gas produced is CO2
· Formation of a precipitate. When two things are mixed and something insoluble settles out it was formed by the mixture, and is an indicator of chemical change.  Example of precipitation:  rust.  When oxygen in water reacts with iron insoluble iron oxides form, this is a precipitate.
· Release/absorption of energy (heat or light).—Endothermic and Exothermic

· Endothermic reactions require energy

· These are used to make ice packs, when light breaks down chlorine, 

· Exothermic reactions release energy

· Used in heat packs, and light sticks

· Change in color—different combinations of atoms have different structures and therefore reflect light differently.
6.05 Investigate and analyze the properties and composition of solutions:

· Solubility curves.
· Concentration. This refers to the amount of acid or base dissolved in the solution.  
· Polarity.

· pH scale. This scale goes from 0-14. 1-6.9 is acidic, 7 is neutral, and 7.1-14 is basic or alkaline. 
·  The scale is logarithmic and measures the concentration of the hydronium (H3O+) ion in the solution.
· Strength of an acid is used to determine how easily it dissociates or ionizes in solution
· Electrical conductivity. 
· Degrees of dissociation or ionization. When put into solution a strong acid dissociates or ionizes completely.  When put into solution a weak acid will only partially dissociate or ionize.  Please remember that ionic substances will dissociate and covalent substances will ionize

· Acids and bases are electrolytes the stronger the dissociation or ionization the better the conductivity of the solution.  

6.06 Describe and explain radioactivity and its practical application as an alternative energy source:

Radiation is a process by which certain elements emit radiation.  3 types of radiation are alpha, beta, and gamma.

· Alpha, beta, and gamma decay.

· Alpha particles are fast moving, positive, and consist of 2 protons and 2 neutrons.  Usually trapped by solid objects, but can damage surfaces—esp. tissues.  However they usually pick up an electron and become harmless helium
· Beta particles are fast moving, negative, and consist of one electron.  Can penetrate mor objects than alpha and travel faster than alpha.  Beta particles penetrate deeper and cause more damage, but once there become part of the material
· Gamma radiation is extremely energetic electromagnetic radiation. Gamma radiation has no mass and no charge, but is the highest frequency and highest energy end of the EM spectrum.   Penetrates the farthest but stopped by especially dense substances like lead.  The most harmful to living cells.
· Fission. Splitting of a nucleus by a high-speed neutron. Leads to a chain reaction.  The split nucleus also loses some neutrons that hit other nuclei.  
· Fusion. Small nuclei traveling at extremely high speeds (extremely high temps) smack into each other and combine into a larger nucleus.
· Nuclear waste.
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