Physical Science Study Guide for End of Course Test
Chapter1. Introduction to Science
A. Natural Science has many branches:
1. Biological Science 

a. Botany-study of plants

b. Ecology/Environmental- study of nature and human’s role in the world

c. Zoology- study of animals

2. Earth Science

a. Geology- study of the physical nature and history of the Earth

b. Meteorology- study of the Earth’s atmosphere and weather

3. Physical Science
a. Chemistry- study of matter and its changes

b. Physics- study of forces and energy.

B. Applied Science

1.  Sciences that gather information about the real world through experiments and real world testing.



a. Technology is the application of science to solve real world problems.




1. Engineers, Medical Doctors, and Computer Scientists are applied scientists.

C. Scientific Theories vs. Scientific Laws


1. Scientific Theories: an explanation of natural phenomena that has been repeatedly tested through observations and experiments. The experiments are clear, simple and are repeatable by other scientists. Theories allow scientists to make predictions.

2. Scientific Laws: states a repeated observation about nature



a. Mathematical Equations are scientific laws



b. Universal Law of Gravity is an example of a scientific law.

D. The Scientific Method is a series of logical steps that allow scientists and the rest of us to solve problems.

1. Observations are made through the use of our senses or tools that are an extension of our senses.


a. computers, microscopes, telescopes, cameras, watches, scales, etc. and our 5 senses are used to make observations.

2. Collect Data by Performing Experiments

3. Formulate a Hypothesis based on collection of data

4. Test Hypothesis by making further observations& refining experimentation.

5. Draw Conclusions based upon data collected and by reformulating hypothesis.

E. Mathematics is the language of science.


1. Scientists all use the same system of measurement to make the sharing of information easier.


2. The SI system of measurements is based on the metric system which uses the base number of 10.



a. Length is measured in meters



b. Mass is measured in grams



c. Volume is measured in liters


3. Prefixes are used to show very large or very small quantities of length, mass, or volume.
	Prefix
	Symbol
	Meaning
	Multiple of base unit
	Scientific Notation

	giga
	G
	 billion
	1 000 000 000
	109

	mega
	M
	Million
	1 000 000
	106

	kilo
	k
	Thousand
	1 000
	103

	centi
	c
	One hundredth
	1/100 or .01
	10-2

	milli
	m
	One thousandth
	1/1000 or .001
	10-3

	micro
	u
	One millionth
	1/1000000 or .000001
	10-6

	Nano
	n
	One billionth
	1/1000000000 or .000000001
	10-9

	pico
	p
	One trillionth
	1/1000000000000 or.000000000001
	10-12


4. Tools that are used to make scientific measurements
a. Length is measured by rulers, meter sticks, measuring tapes, micrometers.
b. Mass is measured by electronic scales or triple beam balances.

c. Volume is measured by volumetric flasks and different sizes of graduated cylinders.

F. Scientific Data is organized by using Charts, Tables, and Graphs

        1. Line Graphs are usually used to compare two variables


    a. independent variable is on the x-axis ( variable that is changed by person doing the experiment)


    b. dependant variable is on the y-axis ( variable that depends on what happens in the experiment)

2. Bar graphs are usually used to show comparisons of many different items or events


3. Pie Charts/Graphs are used to display parts of a whole- usually persentages that add up to 100%.

G. Scientific Notation and Significant Figures.

1. Scientific Notation is used as a short hand way to represent either very large or small numbers.



a. the decimal for the number is always written so that the resulting number is between 1-10.



b. the number is multiplied by 10 to an exponent, which is determined by the number of 



places the decimal point was moved to create a number between 1-10.

1. Examples: 

(a) 0.0000006782 is written in scientific notation as 6.782 x 10-7 

(b) 67820000000. is written in scientific notation as 6.782 x 1010 


2. Significant Figures are the number of figures in an answer that are known with certainty.



a. significant figures are used to express how precise a measurement is to be. 




1. Examples: 

a. 7.987  >>> 4 significant figures

b. 7.98  >>>  3 significant figures

c. 7.9  >>> 2 sig. figures

d. 8. >>> 1 sig. figure
Chapters 2 & 3: Matter
A. There are two types of Matter: 
           1. Pure Substances

a. Elements – which  are made of Atoms

1. Atoms are made of protons + neutrons(in the nucleus) and electrons

b. Compounds- atoms of two or more elements chemically combined in a fixed ratio

1. compounds are represented by chemical formulas: H2O, CO2 , C6H12O6 ,etc

2. Mixtures- combination of two or more pure substances that can have different compositions
      a. Heterogeneous: substances that are NOT uniformly mixed 

1. two liquids that are heterogeneous are said to be immiscible.
      b. Homogeneous: mixing between individual units is uniform throughout ( it all looks the same)


1. solutions are homogeneous mixtures that have a solute dissolved into a solvent


2. two liquids that are homogeneous are said to be miscible.

     B. Matter and Energy

1. Kinetic Theory of Matter-

a. matter is made of very small atoms & molecules, 

b. that move faster at higher temperatures,
c. lighter particles move faster than heavier ones at the same temperature.


2. Matter exists in three basic states- 

a. solid(definite shape & volume), 

b. liquid(definite volume, but not shape)

c. bas( neither definite shape or volume)


3. Changes in the States of Matter requires that energy be added or removed.



a. Adding energy changes solids to liquids (melting) and liquids to gases (evaporation)



b. Removing energy changes gases to liquids (condensation) and liquids to solids (freezing)



c. in special cases solids change directly to gases (sublimation) or gases to solids (deposition)
C. Properties of Matter
1. Physical Properties- changes that do not affect the basic nature of a substance.


a. shape, color, odor, texture, strength, hardness, ability to conduct heat and electricity, magnetism, density, buoyancy  


1. words associated w/ physical changes are cutting, tearing, cutting, grinding, dissolving, crushing, pounding, melting, boiling, freezing, condensation, evaporation, sublimation, and deposition.

2. Chemical Properties- changes that affect the basic nature of a substance

a. reactivity, flammability



1. words associated w/ chemical changes are burning, rusting, rotting, fermenting, corrosion, fading, digesting, souring, etc. 

Chapters 3 & 4: Atoms and the Periodic Table.
A. Atomic Structure

1. Parts of the Atom

	Particle
	Electrical Charge
	Relative Mass
	Location in the Atom

	Proton
	Positive (+1)
	1
	Nucleus

	Neutron
	Neutral (0)
	1
	Nucleus

	Electron
	Negative(-1)
	0
	Energy “cloud” outside nucleus


2. Models of the Atom

a. Democritus (4th century B.C.)- Greek philosopher proposed idea of small “atomos”

            b. John Dalton ( early 1800’s)- English schoolteacher uses experiments & scientific method

1. atoms are indivisible(can’t be subdivided)- we now know they can be split apart

2. all atoms of the same element are exactly alike- we now know about isotopes

3. atoms of different elements join in small whole number ratios to make compounds.
c. Ernest Rutherford(late1800’s) discovers atoms have a positively charged nucleus w/ protons

d. J.J. Thomson(early 1900’s) discovers negatively charged electrons using a cathode ray tube.
e. Neils Bohr (1913) discovers that electrons exist in different energy levels outside the nucleus- much like planets orbiting the sun.

f. Modern Atomic Theory- electrons exist in “clouds” - electrons behave like waves not particles.

1. electrons are found different types of “orbitals” within energy levels: s,p,d,and f

2. electrons found in the outermost energy levels are called Valence Electrons

a. Valence Electrons help determine an element’s physical and chemical properties.

B. The Periodic Table

1. Organization


a. Atomic Number (number of Protons) is used for numbering each element


b. Periods are the horizontal rows (there are 7 periods)


c. Groups are the vertical columns (there are 18 groups)



1. Groups 1, 2, 13-18 are called Representative Groups





a. Groups 1 & 2 are referred to as the “s” block




b. Groups 13-18 are referred to as the “p” block




2. Groups 3 – 12 are called the Transition Element Groups





a. they are also referred to as “d” block elements


1        2        3       4        5       6       7        8        9        10      11     12     13      14     15      16     17  18
	periods
	S block
	                             d    block groups
	         p         block     groups

	1
	H
	
	          Transition Metals             d-block
	         p-block 
	He

	2
	Li
	Be
	
	B
	C
	N
	O
	F
	Ne

	3
	Na
	Mg
	
	Al
	Si
	P
	S
	Cl
	Ar

	4
	K
	Ca
	Sc
	Ti
	V
	Cr
	Mn
	Fe
	Co
	Ni
	Cu
	Zn
	Ga
	Ge
	As
	Se
	Br
	Kr

	5
	Rb
	Sr
	Y
	Zr
	Nb
	Mo
	Tc
	Ru
	Rh
	Pd
	Ag
	Cd
	In
	Sn
	Sb
	Te
	I
	Xe

	6
	Cs
	Ba
	La
	Hf
	Ta
	W
	Re
	Os
	Ir
	Pt
	Au
	Hg
	Tl
	Pb
	Bi
	Po
	At
	Rn

	7
	Fr
	Ra
	Ac
	Rf
	Db
	Sg
	Bh
	Hs
	Mt
	***
	***
	***
	
	***
	
	***
	
	??

	                                   Inner Transition Metals        or                 f-block
	

	6
	f
	block
	Ce
	Pr
	Nd
	Pm
	Sm
	Eu
	Gd
	Tb
	Dy
	Ho
	Er
	Tm
	Yb
	Lu
	

	7
	f
	block
	Th
	Pa
	U
	Np
	Pu
	Am
	Cm
	Bk
	Cf
	Es
	Fm
	Md
	No
	Lr
	



2. Valence Electrons and Group Number


a. Representative Groups ( 1,2, 13-18) have the same number of valence electrons as the last number of their group: Group1 has 1 valence electron. Group2 has 2 valence electrons. Group13 has 3 valence electrons. Group14 has 4 valence electrons. Group15 has 5 valence electrons. Group6 has 6 valence electrons. Group7 has 7 valence electrons. Group8 has 8 valence electrons.


b. Ions are formed when one element’s atoms chemically react with another element’s atoms to form compounds or molecules.


c. Group 1 elements lose one valence electron to form +1 ions



    Group 2 elements lose two valence electrons to form +2 ions



    Group 13 elements lose three valence electrons to form +3 ions

d. Group 15 elements gain three valence electrons to form -3 ions

      Group 16 elements gain three valence electrons to form -2 ions

      Group 17 elements gain three valence electrons to form -1 ions

3. Meaning of numbers in each element’s box:

	                               6

          C

      Carbon

      12.011

	                    Atomic Number

  (number of protons)  ( equals the electrons)

                    Element’s  Symbol

                    Element’s  Name

                      Atomic Mass

   ( average number of protons&  neutrons)


C. Families (Groups) of Elements.

1. Group 1: Alkali Metals: are very reactive b/c of one valence electron, form +1 ions (s-block)
2. Group2: Alkaline Earth Metals: reactive b/c of two valence electrons, form +2 ions (s-block)
3. Groups 3-12: Transition Metals: common metals that can form +2 or +3 ions (d-block)

4. Groups 14-17: mostly metalloids and nonmetals, usually form -3,-2, or -1 ions (p-block)

5. Group 18: Noble gases that do NOT form ions b/c their outer shell of electrons is full.

D. Moles and Molar Mass

1. Avogadro’s Number is 6.02 x 1023 

2. 1 mole =  6.02 x 1023
3. Molar Mass = Atomic Mass (in grams)
a. Atomic Mass of Carbon = 12.011 a.m.u.’s

b. Molar Mass of Carbon = 12.011 grams/mole

Chapter 6: The Structure of Matter

6.1 Compounds & Molecules


A. Distinguishing between Compounds and Mixtures



1. Compounds are formed when elements combine together in a chemical bond. A compound has completely different properties than the elements that make it up. Example: Salt (NaCl) is made from sodium (Na) which is a very reactive metal and chlorine(Cl) a very poisonous gas; salt is always NaCl: one atom of sodium and one atom of chlorine.



2. Mixtures are made of different substances that combine together only physically. A mixture retains the properties of the substances that make it up. Mixtures can be separated by normal physical means such as filtration, distillation, crystallization or evaporation. The make up of a mixture can change- salt and water can be combined in many different ratios.


B. Chemical Structure of a Compound Affects Its Properties



1. Chemical Structure refers to how the atoms in a compound are arranged- the distance between the atoms (“bond length”) and the angles that the atoms make with each other (“bond angle”)



2. Compounds with three-dimensional Network Structures have the strongest chemical bonds and therefore the highest melting points.  Examples: Quartz and sand (chemical formula is SiO2) and salt.



3. Ionic Compounds form into formula units and are made from positive ions and negative ions and have strong chemical bonds. Having strong chemical bonds means that their melting and boiling points are very high.



4. Covalent compounds form molecules: chemical bonds are much weaker than ionic compounds, melting and boiling points are much lower than ionic compounds. 

Examples: sugar (C12 H22 O11 ), water(H2O), dihydrogen sulfide(H2S).

6.2 Ionic, Covalent and Metallic Bonding


What Holds Atoms Together in a Chemical Bond?

1. An attraction between the nucleus of one atom or ion (+ charge) and the valence electrons (- charge) of another atom or ion that holds the atoms together.


A. Ionic Bonds 

1. A bond formed between metals that lose electrons[positive ions] and nonmetals that gain electrons[negative ions]. Valence Electrons are transferred from positive ions to negative ions

2. Ionic compounds form into strong network solids called formula units with high melting points and conduct electricity when melted or dissolved into water- called electrolytes.


B. Covalent Bonds
1. Chemical bond formed when atoms share one or more pairs of valence electrons with each other.

2. Form between only nonmetals- Carbon, Hydrogen, Oxygen, Nitrogen, Sulfur, Phosphorus, Halogens in Group17(Fluorine, Chlorine, Bromine, Iodine).

3. Covalent bonding forms molecules with low melting and do not conduct electricity when dissolved in water (NON electrolytes).

4. Molecules can be POLAR (unequal sharing of valence electrons) or NON- POLAR (equal sharing of valence )

5. Covalent bonding can share either 1 pair (single bond-weak), 2 pairs (double bond-stronger), or 3 pairs (triple bond- strongest) of valence electrons.


C. Metallic Bonds


1. Forms between atoms of the same metal- usually transition metals.

2. Formed by the attraction between positively charged metal ions and the “sea of electrons” that surrounds them.

3. Metallic bonding is why metals conduct heat and electricity and are so malleable and ductile.


 D. Polyatomic Ions
1. Groups of atoms that are bonded together covalently that act like a single ion that can have either a (+) or a (-) charge. The charge of a polyatomic ion applies to the whole group of atoms that makes up the polyatomic ion.

2. Examples of polyatomic ions and their charges(see pg..122 Table 4-3): OH- (Hydroxide ion) , CO3-2 (Carbonate ion) , NO3- (Nitrate ion)  , SO4-2 (Sulfate ion) , PO4-3 (Phosphate ion)  

6.3 Compound Names and Formulas


A. Naming Ionic Compounds

1. The first element of a binary ionic compound is a metal called a cation. Name of the cation is the same as the element from which it is made.


a. Transition Metals use Roman Numerals after their name to show their charge. 



1. See Table 4-6, pg.124 for some transition metals and their charges

2. The second element of an binary ionic compound is a nonmetal and forms an anion. The name of the anion is like that of the element that it came from, except that the name is truncated and ends with an “-ide”.

a. Group 15 elements form -3 ions, group 16 elements form -2 ions and group 17 elements form -1 ions.

B. See Table 4-5 for a listing of anions and their charges


Examples: Sodium (Na) combines with chlorine (Cl) to form the ionic compound Sodium Chloride.


 Magnesium (Mg) combines with Oxygen (O) to form the ionic compound Magnesium Oxide.


Aluminum (Al) combines with Nitrogen (N) to form the ionic compound Aluminum Nitride.



3. Determining an element’s charge by looking at an ionic compound’s formula.




a. In an ionic compound, the total number of positive charges must equal the total number of negative charges. If  the charges of the elements are not equal (ie. +2 and -2) then subscripts are used to write the proper formula for the compound.. Example:  The compound Iron (III) oxide is written as Fe2O3  since oxygen always has a charge of 2- and iron has a 3+ charge, you find the total negative charge by multiplying oxygen’s  2- charge by its 3 subscript (-2 x 3 = -6). Therefore iron’s total positive charge must be +6. Its subscript is 2 so its charge must be a +3 because +3 x 2 = +6.



4. Determining the chemical formula of an ionic compound given its name.

a. Step #1: write the symbols of the elements, the metal always comes first and the nonmetal comes second.

b. Step#2: write the charge of each element above and to the right of each element.

c. Step#3: criss-cross the number of each charge as the subscript of the other element.


Examples: (1) Magnesium Chloride is written :  Mg Cl (step#1) ; then the charges are placed above each element’s symbol:  Mg+2  Cl-1 (step#2) ; criss-cross the charge numbers as the other element’s subscript:

Mg1+2 Cl2-1. Since Mg has a subscript of 1 it is just written as  MgCl2 and the charges are not shown.

B. Naming Covalent Compounds

1. The first element in the compound gets its regular name, and the second element gets its name shortened and ends with the suffix “-ide”. (like naming ionic compounds),

2. But in a covalent compound if the subscript is more than one for the first element, then a prefix is placed in front of the element’s name. 

a. Number of atoms: 2 = di  3= tri  4= tetra  5= penta  6= hexa  7= hepta  8= octa  9= nona  10= deca
3. If the subscript is one or more for the second element, then a prefix is also placed in front of that element’s symbol as well

a. 1= mono 2 = di 3= tri 4= tetra 5= penta 6= hexa 7= hepta 8= octa 9= nona 10= deca

C. Molecular Formulas versus Empirical Formulas.

1. Empirical formula is the simplest chemical formula that can be written that tells the smallest whole-number ratio of the atoms in a compound.

2. Molecular formula is a chemical formula that shows the actual numbers of atoms in a molecule of a compound.

6.4 ORGANIC AND BIOCHEMICAL COMPOUNDS

A. Organic Compounds are covalently bonded compounds (two or more nonmetals that share valence electrons) that are molecules and contain the element carbon.

1. Common elements in organic molecules are Hydrogen, Oxygen, Nitrogen, Phosphorus and Sulfur. 

2. Common organic compounds include sugars, carbohydrates, alcohols, and hydrocarbons.

3. Carbon forms many different compounds because it has four valence electrons and can form four different bonds with Single, Double and Triple Bonds.
4. Types of Hydrocarbons (compounds that contain hydrogen and carbon atoms)

a. Alkanes - only single bonds form between the central carbon atom(s) and the surrounding hydrogen atoms.


b. Alkenes – have at least one double bond between the central carbon atoms.


c. Alkynes- have at least one triple bond between the central carbon atoms

5. Naming Alkanes is based upon how many carbon atoms are in the compound.


a. See page 131 of your textbook, Table 4-9.

6. Alcohols have hydrogen, carbon, and oxygen with a hydroxyl group (-OH), their names always end with “-ol”.


B. Polymers are large organic molecules that are made of many, up to hundreds or even thousands, of repeating smaller bonded units called monomers.



1. Polymers can be natural (cotton, DNA, protein, rubber, starch, wood, wool)

2. Polymers can be synthetic (type of plastics- polypropylene, nylon, polyethelene, polystyrene)

C. Biochemical Compounds are naturally occurring organic molecules that are important to the functioning of living things.

1. Carbohydrates are sugars and starches that are made of Carbon, Hydrogen, and Oxygen and provide nutrients to the cells.

2. Proteins are biological polymers made of 20 different amino acids that contain Carbon, Hydrogen, Oxygen, Nitrogen, and Sulfur.

3. DNA is an extremely complex and important organic molecule that contains all of the hereditary information that determines your entire genetic makeup.




a. DNA is shaped like a double-helix that is connected by base-pairs called adenine, cytosine, guanine, and thymine (A with T and C with G)

Chapter 7: Chemical Reactions

7.1 The Nature of Chemical Reactions

A. Chemical Reactions Change Substances- when a chemical reaction takes place, old chemical bonds between atoms of the original substances are broken and new chemical bonds are formed to create new substances.


1. Reactants- the substance that undergoes a chemical change [the original substance(s)]


2. Products- a substance that is formed as a result of the chemical change [ new substance(s)]

B. Evidences or Signs of a Chemical Reaction


1. Gases produced (bubbles)


2. A solid is produced (“precipitate”)


3. Energy is released as heat &/or light
4. A change of color.

C. Energy and Reactions


1. “Activation” Energy must be added in order to break chemical bonds.



a. Usually in the form of heat, light, sound, or electricity.


2. Energy is released when chemical bonds are formed.


3. The Law of Conservation of Energy applies to all chemical reactions- energy is transferred and changed from one form into another in a chemical reaction, but energy can not be created or destroyed.


4. Exothermic Reactions: chemical reactions that release energy from the chemical energy of the reactants. Burning, explosions, digestion, respiration, bioluminescence are all exothermic reactions.


5. Endothermic Reactions: chemical reactions that absorb energy from their surroundings. Photography  and photosynthesis are examples of endothermic reactions.

7.2 Reaction Types. 

A. 5 Major Types of Reactions.


1. SYNTHESIS- two or more reactants combine to form a single more complex product.




A
+
B
(
AB



a. photosynthesis is a synthesis reaction:





6 CO2 
+
6 H2O
(
C6 H12O6
+
6 O2 



b. formation of salt from sodium and chlorine:





2Na 
Cl2 
(
2NaCl



c. formation of water from hydrogen and oxygen gases





2H2 
+ 
O2 
(
2H2O 


2. DECOMPOSITION- a reaction in which one reactant compound breaks into two or more products.



a. the “electrolysis” of water, the digestion of foods, the “cracking” of crude oil are examples.




AB 
(
A 
+ 
B

3. COMBUSTION- a reaction in which a  hydrocarbon compound and oxygen are reactants that burn.



a. if there is an adequate supply of oxygen, then CO2 and H2O are the products.



CH4  
+ 
2O2 
( 
CO2 
+ 
2H2O


4. SINGLE REPLACEMENT- atoms of one element take the place of atoms of another element in a compound. There is always a compound and an element on the left side of the reaction (reactants) and an element and a compound on the right side (products) of the chemical equation.



a. the more reactive element will take the place of a less reactive one.



X A 
+ 
B 
( 
B A 
+ 
X
5. DOUBLE REPLACEMENT- a reaction in which two reactant compounds exchange their positive ions and produce two different compounds as products.




A X 
+ 
B Y 
( 
A Y 
+ 
B X



a. Example :  HCl
+
NaOH

(
NaCl
+
HOH (H2O)


This is a  type of double replacement reaction called a NEUTRALIZATION reaction between an acid (HCl) and a base (NaOH) and produces a salt (NaCl) and water (H2O).

B. Electrons and Chemical Reactions.


1. Chemical reactions that involve the transfer of valence electrons are called REDOX reactions.



a. Substances that accept electrons have their oxidation number lowered (they become (-) ions, 

so they are REDuced.



b. Substances that give up electrons have their oxidation number increased(they become (+) ions) , they are said to be OXidized


O.I.L. R.I.G.( Oxidation Is the Loss of electrons
Reduction Is the Gain of electrons)




L.E.O. ( Loss of Electrons is Oxidation) says G.E.R. ( Gain of Electrons is Reduction)



b. metals exposed to the oxygen in air and water becomes oxidized – iron rusts or is oxidized.



c. respiration and combustion are examples of REDOX reactions.


2. Radicals are defined as having an unpaired electron in the valence shell. Free radicals are generally unstable and very reactive. They have been connected in a negative way to human health.

7.3 Balancing Chemical Reactions


A. Describing Chemical Reactions



1. Chemical Equations use the chemical formulas of elements and compounds to describe what occurs during a chemical reaction.

a. Reactants are the substances that you start with, they are always written on the LEFT side of the chemical equation. The reactants react with each other to make…

b. Products are the new substances that are created from the reactants reacting w/ each other.

c. Instead of an = sign to separate the Reactants from the Products an arrow(() is used, which means “ yields” or “produces”




R   E   A   C  T  A  N  T  S  
yield
P  R  O  D  U  C  T  S



      CH4 
+
O2 
  (
 CO2 
   +
 H2O 

2. Balanced Chemical Reactions have the same numbers of atoms of each element on both sides of the yield sign ( the atoms of the Reactants = the atoms of the Products) b/c of the Law of Conservation of mass.

      CH4 
+
2O2 
  (
 CO2 
   +
2H2O

3. How to Balance a Chemical Equation.

a. Never change the subscript (the number below the symbol) of any element or compound. That would make it something different.

b. Only change the coefficient (the number in front of an element or compound)


B. Determining Mole Ratios



1. In a balanced chemical equation, the coefficients in front of each reactant and product indicates not only the number of atoms, molecules, and formula units of each substance but also the number of MOLES of each substance.

2. The Law of Definite Proportions : 

“ A COMPOUND ALWAYS CONTAINS THE SAME ELEMENTS IN THE SAME PROPORTIONS, REGARDLESS OF HOW THE COMPOUND IS MADE OR HOW MUCH OF THE COMPOUND IS FORMED.”



3. Mole ratios can be derived from the coefficients in a balanced chemical equation.


Example: 
2 H2 

+ 
O2 

( 
2H2O  is a balanced chemical equation that can be read as 
     2 moles of  H2
+    1 mole of  O2
(  
2 moles of  H2O.

7.4 Rates of Change.


A. Factors that affect Reaction Rates (how fast a reaction will happen)



1. Increasing temperature will increase the speed of a reaction.

a. Kinetic Theory predicts that as molecules move faster they will collide with other particles more often, thus increasing the reaction rate.



2. Increasing the surface area of a substance will increase the speed of a reaction.




a. Increasing the surface area means that a substance is crumbled up into smaller pieces.



3. Increasing the Concentration of a substance in a reaction will speed up the reaction.



4. Increasing the pressure on a substance will speed up the reaction.

a. when pressure is increased the particles are squeezed closer together and bump into each other more often.



5. Smaller sized molecules will react faster than bigger bulky molecules.

6. Catalysts are substances that can speed up or slow down (inhibitors) a reaction, but the catalyst is not used up or consumed in the reaction (it is not a reactant or a product in the reaction)




a. catalysts are used in many industrial applications



7. Enzymes are biological catalysts that help to speed up specific reactions in organisms.




a. Amylase is an enzyme that breaks down starches into sugars.




b. Cellulase is an enzyme that breaks down cellulose into sugars.




c. Protease is an enzyme that breaks down proteins into amino acids.


B. Equilibrium Systems

1. Most reactions change all of the reactants into products, and the reactants are completely used up and converted into products.

2. But some reactions do not “go to completion”  Reactants  (  Products. 

They are said to be REVERSIBLE     Reactants( (  Products, the reaction can go in both directions



3. Reversible reactions reach a state called EQUILIBRIUM when the forward reaction is going at the same rate (speed) as the reverse reaction. When a reaction is at equilibrium it is in a balanced state.

4. A reaction that is at equilibrium will respond to a change in conditions in order to minimize the change.

5. Le Chatelier’s Principle states “if a change is made to a system in chemical equilibrium, the equilibrium will shift in order to oppose that change and to re-establish equilibrium.”


a. Increasing the temperature will favor a reaction that absorbs energy (endothermic)


b. Increasing the temperature will favor a reaction that produces less gas.

c. Increasing the concentration of one substance will favor a reaction that produces less of that substance.

Chapters 8 & 9 Solutions, Acids, and Bases 

8.1 Heterogeneous versus Homogeneous Mixtures

A Heterogeneous Mixtures are not the same throughout

1. SUSPENSIONS- heterogeneous mixture that looks uniform only when it is stirred or shaken but separates into different layers when it is no longer being agitated.

a. sand or soil that is mixed in water is a suspension 

b. the size of the particles in a suspension a relatively large

c. parts of a suspension can usually be separated by means of FILTRATION.

2. COLLOIDS- heterogeneous mixture whose particles a much smaller than in a suspension,  will NOT settle out of the substance

a. Examples:  blood, fog, milk, mayonnaise, paint, smoke, and whipped cream.

b. Emulsions are colloids made of two liquids that use an emulsifier 



1. mayonnaise and cream are colloids that are emulsions.

3. Immiscible Liquids- two liquids that will separate when left alone are heterogeneous mixtures. Examples include oil & water, or oil and vinegar salad dressing

B. Homogeneous Mixtures- mixtures that not only look uniform throughout, but really are uniform and do not separate when left alone.

1. SOLUTIONS are homogeneous mixtures,one substance is DISSOLVED in another.

a. two parts to a solution. Solute is the part that gets dissolved. Solvent is the part that does the dissolving (water is known as the Universal Solvent)




b. Solid-Liquid solutions when a solid solute is dissolved into a liquid solvent





1. sugar or salt dissolved into water




c. Gas-Gas solutions when a gas solute dissolves into a gas solvent.

1. the air we breathe contains oxygen gas dissolved into nitrogen gas.

d. Liquid-Liquid solutions are called Miscible Mixtures when a liquid solvent dissolves into a liquid solvent.

1. Examples include methyl or ethyl alcohol dissolving into water, or acetic aid dissolving into water to form vinegar.





2.  Two methods for separating miscible liquid mixtures.

a. Distillation- separating the liquids in the mixture b/c each has a different Boiling Point.






b. Paper Chromatography- used to separate colors of dyes in ink. 

8.2 -8.3 Dissolving and Solubility 


A. The Dissolving Process

1. Kinetic Theory states that a solute dissolves into a solvent because of the motion of the molecules of both solute & solvent.



2. Factors that will increase the speed of dissolving of the solute particles:

a. Increase the Surface Area of the solute particles ( crumble up the solute into smaller pieces)




b. Stirring or Shaking Up the solute particles into the solvent. 




c. Heating up the solution.


B. Soluble Vs Insoluble



1. if a substance will dissolve into another it is SOLUBLE.



2. . if a substance will NOT dissolve into another it is INSOLUBLE.

C. Water: The Universal Solvent
1. “Like Dissolves Like” means that polar water molecules will only dissolve substances that are also polar. Both ionic and covalent compounds can be POLAR. So sugar (covalent) and salt(ionic) can both dissolve in water because they are both POLAR just like water

D. Concentration- the relative quantity of solute that is dissolved into a solvent, concentration can be weak or strong.



1. Dilute solutions are weak solutions with very little solute dissolved



2. Concentrated solution: a strong solution that has a large quantity of solute dissolved.

E. Solubility- the greatest quantity of a solute that will dissolve in a given amount of solvent. (Measured in grams of solvent / 100g. of solvent)

1. Unsaturated solution- can dissolve more solute under the same conditions of temperature and pressure

2. Saturated solution- has dissolved as much solute as possible under the given conditions of temp. and pressure

3. Super-Saturated solution- heating up the solution and cooling it down slowly more solute can be dissolved than normally is possible.


F. Molarity is a very precise, mathematical way of measuring the concentration of a solution.



1. Molarity (M) = moles of solute / liters of solution.

9.1-9.2 Acids, Bases, and pH


A. Properties of Acids

1. substances that contain hydrogen ions (H+) and produce hydronium ions (H3O+)

2. taste sour.Citric acid (lemons), acetic acid (apples), and formic acid (ants) are weak acids.

3. Strong Acids can burn your skin. Never touch or taste in the laboratory.



4. Acids turn Indicator paper (litmus paper) from blue to red.



5. Acids are electrolytes when dissolved in water ( they conduct electricity)

6.  pH of less than 7. Weak acids pH between 4-6; strong acids pH of between 0-2.



7. common acids are shown on pg. 201 Table 6-1.


B. Properties of Bases

1. substances that contain hydroxide ions ( OH- ) and produce hydroxide ions (OH-).



2. weak bases taste bitter and feel slippery (soap and ammonia)

3. strong bases can burn your skin, never touch or taste a strong base in the lab.



4. bases will turn red litmus paper blue



5. strong bases are good conductors of electricity (electrolytes)

6. . a pH of greater than 7. Weak bases pH of 8-10; strong bases pH of 12-14.

7. common bases are shown on pg. 202, table 6-2


C. pH scale measures the H3O+ ion concentration is in a solution. 

 “0” ( strongest acids) ( “7” (neutral- water) ( “14”( strongest bases)

1. a difference of one number on the pH scale means there is a 10-fold change in the acidity 

a. A pH of “0” is 10 times more acidic than a pH of “1”

b. A pH of “1” is 100 times(10x10)  more acidic than a pH of “3”

c. A pH of 3 is 1000 times more acidic than a pH of 6 (10 x 10 x 10)

D. Neutralization Reactions ( a type of double replacement reaction)

1. a chemical reaction in which H3O+ ions from an acid and OH-ions from a base react to produce neutral substances ( water and salt)


2. Strong Acid  + Strong Base      (   
Salt   
 
+  
Water



 HCl      +    NaOH
      (  

 NaCl 

 +  
H2O



H2SO4    +   Ca(OH)2       ( 
  
CaSO4 
+

2H2O 

2. Salts can have different formulas based on what types of acid and bases they came from

a. See pg. 205 Table 6-3 for some common salts besides sodium salt formulas.

9.4 Acids and Bases in the Home


A Cleaning Products are Bases

1. soaps are weak bases that create an emulsion (a type of colloid) of oil and water that allows it to remove dirt from skin and clothes.

2. detergents are bases that are non-soap polar molecules that emulsify dirt and oil.

3. ammonia is a weak base that also creates an emulsion that removes dirt.

4. bleach and other “disinfectants” are bases that kill bacteria and viruses.

5. Drano is a strong base used to unclog sinks and toilets.

6. Shampoos are used for removing oil from our hair and have a pH of between 5-8

7. Baking soda(NaHCO3) and baking powder are weak bases used in the kitchen.

8. antacids are weak bases used to neutralize excess stomach acid. Tums & Rolaids.



B. Acids are used in the kitchen




1. vinegar and wine are weak acids 




2. lactic acid is used to make yoghurt, cheese and other dairy products.

3. citric acid acts to prevent the oxidation of organic molecules- keeps fruit from “browning” after it is cut.

CHAPTER 10 NUCLEAR CHANGES

10.1 WHAT IS RADIOACTIVITY? 


Process by which the unstable nucleus of an atom spontaneously emits particles or energy in the form of electromagnetic radiation.


A. Nuclear Radiation. (4 Types ) see pg.221,Table 7-1.



1. Alpha Particles – contain two protons and two neutrons just like an atom of Helium (4 He)




a. have a charge of +2





        2

b. only have enough energy to pass through a piece of paper.

c. ionize matter (remove electrons)  as they pass through it.

2. Beta particles –the emission of an electron from the decay of a neutron in the nucleus.


a. a fast moving electron with a -1 charge.

b. faster than alpha particles, can penetrate further through matter than alpha particles.



3. Gamma Rays- very high energy electromagnetic radiation emitted by radioactive nuclei.




a. have no mass or charge, they are pure energy.

b. high penetrating power, they are very harmful to the health of humans.



4. Neutron Decay- the emission of high energy neutrons from neutron rich nuclei. 


B. Nuclear Decay

1. Nuclear Equations represent alpha particle and beta particle decay. 




a. Alpha Decay :
238U  (   234Th   +   4He 







92
      90
         2




b. Beta Decay :   
14C  (    14N    +   0e







 6
   7
      -1

C. Radioactive Decay Rates. 

1. Half – Life :time that it takes for one-half of a radioactive sample to decay.

a. 1 half- life = ½ of what you started with


b. 2 half- lives = ½  x ½  or 1/4 of what you started with


c. 3 half-lives = ½  x  ½   x  ½   or 1/8 of what you started with 


d. 4 half-lives = ½  x  ½  x  ½  x  ½  or 1/16 of what you started with

10.2 Nuclear Fission and Fusion. 

A. Nuclear Forces.

1. Strong Nuclear Force. This force only exists over extremely short distances.

2. Nucleus becomes unstable more neutrons than protons.


a. elements having more than 83 protons are radioactive


B. Nuclear Fission. Is the process by which a nucleus splits into two or more smaller fragments


1. In a nuclear fission reaction mass is changed into energy.



2. In a nuclear fission reaction the release of neutrons can start an uncontrolled chain reaction.




a. this would be a nuclear bomb.



3. In a nuclear power plant the release of neutrons in a fission reaction is controlled by the use of control rods, and allows for the conversion of the heat energy of the fission reaction into electricity.


C. Nuclear Fusion. very light nuclei combine  and release very large amounts of energy.



1. The sun and all other stars produce energy through this process.

10.3 Pros and Cons of Nuclear Radiation.


A. Dangers from exposure to excessive  Nuclear radiation include 

1. genetic mutations and birth defects due to DNA damage

2. radiation sickness causes a decreased production of white blood cells that fight disease

3. Hair loss, sterility, bone destruction, and cancers



4. Death form high level prolonged exposure.


B. Benefits of controlled exposure to Nuclear Radiation include



1. treatment of various types of cancerous tumors by targeted small beams of gamma rays.

2. isotopes with very short half-lives are used as Radioactive tracers in medicine, agriculture and geology.


C. Nuclear Power from nuclear fission reactors.



1. Positive Points 

a.  high output of energy from relatively small amounts of fuel.

b. no air pollution because there is no burning of hydrocarbons.



2. Negative Points.




a. Safe disposal of the radioactive waste products is extremely difficult.





1. this is because radioactive wastes remain poisonous for 1000’s of years





2. radioactive wastes have very long half-lives.




b. Safe disposal of radioactive products is extremely expensive.

1. it is hard to find people that are willing to have nuclear waste stored in their backyard. N.I.M.B.Y. means Not In My Back Yard.




c. nuclear power plants are extremely expensive to build and maintain




d. nuclear power plants can only operate for approximately 40 years.




e. there is a limited supply of nuclear fuel ( Uranium-235)

Chapter 11& 12: Motion and Forces. Outline & Notes

11.1 -11.2 Motion


A.  Speed and Velocity.

1. Speed is the distance an object moves divided by the time that it takes to move. It describes how fast an object is moving.




a. Speed  = distance / time





1. distance is measured in meters (m)





2. time is measured in seconds (s)




b. metric unit for speed is meters / second  (m / s)

c. Constant Speed – when the speed of an object does not change; an object will cover equal distances in equal amounts of time.


1. distance-time graph line for constant speed is a straight line

2. the more vertical the graph line, the faster the constant speed.

(see Fig.8-2 on pg.253)



2. Velocity is the speed that an object travels in a given direction.




a. Use the same equation for velocity that you used for speed: 





Velocity = distance / time (with a direction)
         V   =  d  /  t




b. the velocity can change if the speed OR the direction of the motion changes

1. if an object moves in a circular path at constant speed its velocity is changing because its direction is always changing.




c. velocity will always be a positive number




d. direction can be north ,east, west, south, up, down, etc.



3. Solving for Distance you rearrange the original equation for speed or velocity




Distance  =  Speed  x  time
( d = s x t)



4. Solving for Time you rearrange the original equation for speed or velocity.




Time  =  distance  / speed
(t = d / s)


B. Momentum



1. an object’s momentum is the product of its mass and its velocity.




a. Momentum(p) 
          = mass (m)   x  velocity (v) ( symbols)




b. Momentum (kg x m/s)      = mass (kg)  x velocity (m/s)  (units)



2. an object’s momentum will increase if either its mass or its velocity increases.

3. The Law of Conservation of Momentum states that the total amount of momentum before a collision is the same as the momentum after a collision.

12.1-12.2 Acceleration and Force

A. Acceleration of an object is the change in velocity divided by the change in time it takes for the velocity to change.


1. Acceleration  =  (final velocity  -  initial or starting velocity)





     time


2. Acceleration is a positive(+) number if the object’s velocity is INCREASING because the final velocity is greater than the starting velocity.


3. Acceleration is a negative(-) number if the object’s velocity is DECREASING because the final velocity is less than the starting velocity.


4. Acceleration can be graphed by using a Velocity-Time graph.



a. if an object has (+) acceleration the graph line will have an UPWARD curve.



b. if an object has (-) acceleration the graph line will have an DOWNWARD curve.

B. Force is the push that causes an object’s velocity or acceleration to change.

1. If more than one force acts upon an object, the NET FORCE (combination of all the forces) will determine whether or not the object will move or stand still.

2. Balanced Forces do NOT change motion of an object- the forces cancel each other out and an object at rest will stay at rest or an object in motion will stay in motion. 

3. Unbalanced Forces do change the motion of an object because the strength of one force is greater than the strength of another force. 

a. If an object’s motion changes (its velocity or acceleration changes) it has Unbalanced Forces acting upon it.



4. Gravity is a force that attracts all matter due to the mass of any object.




a. the force of gravity increases with an increase in mass.

1. the Earth’s mass is greater than its Moon, therefore the Earth’s gravity is greater than the Moon’s gravity. 



b. the force of gravity will decrease as the distance increases between two objects.

1. when astronauts go up in orbit around the Earth, the force of gravity acting upon the astronauts decreases because the distance between them and the Earth is increasing.

2. The term “weightless” means that an object’s weight becomes less as the force of gravity pulling on them decreases.


C. Friction and Air Resistance



1. Friction is a force between objects that opposes the motion of  those objects.




a. friction will cause an object’s speed or velocity or acceleration to decrease.




b. the rougher the surface the greater the friction




c. 3 Types of Friction : Sliding ; Rolling  ; Fluid 




d. Air Resistance is a type of fluid friction. 

1. a skydiver experiences air resistance or friction from the air as he/she falls to Earth.

12.3 Newton’s 3 Laws of Motion.


A. Newton’s First Law : An object that is standing still will remain standing still and an object in motion will remain in motion unless an UNBALANCED FORCE acts upon that object.


1. Inertia(in-er-sha) is the tendency of an object to remain at rest or in motion w/ a constant velocity.

B. Newton’s Second Law : an unbalanced force acting on an object is equal to the object’s mass times its acceleration.




Force  =  mass  x  acceleration




   F      =    m      x      a


1. force is measured in units of Newtons (N).

C. Newton’s Third Law: forces always act in pairs,  for every action force there is an equal and opposite reaction force. FOR EVERY ACTION THERE IS AN EQUAL BUT OPPOSITE REACTION. 


1. action force and reaction force act on different objects


2. known as the Law of Action and Reaction


3. rockets going into space use Newton’s 3rd law of motion. See figure 8-17, pg. 274. 

D. Free Fall and Weight


1. free fall: when only the force of gravity is acting upon an object.



a. the acceleration due to gravity on Earth is equal to 9.8 m/s2



b. every object has the same free fall acceleration due to gravity.


2. Weight- the force on an object due to gravity



a. Weight  =  mass  x  acceleration (due to gravity)



        W      =   m      x       g



b. W = m  x  g is the same as  F  =  m  x  a  where g is the acceleration due to gravity.

c. weight and mass are different. An object’s mass does NOT change, but an object’s weight can change due to a change in the force of gravity.

3. Terminal Velocity- the maximum velocity that a falling object can have, it occurs when there are Balanced Forces between the downward pull of gravity and the upward force due to air resistance.

a. An object’s terminal velocity depends upon its shape. More streamlined objects will have a higher terminal velocity than objects that are not.

Chapter 13: Work & Energy. Notes & Outline

13.1 Work, Power, and Machines.


A. What is Work?



1. Work is done when a force causes a change in the motion of an object




a. the object must move in the same direction as the force for work to be done.



2. Work Equation:
Work  =  Force  x  Distance





   W    =      
F    
   x   
   d 



Units of  Each
:          (Joules )     (Newtons )           (meters )


B. What is Power?



1. Power is the rate at which work is done. (how fast work is done). If two people go up the stairs, the one who does it the fastest (uses up the least amount of time) will use the most power. Running uses more power than walking because it does the same amount of work in less time.



2. Power Equation :  

Power

=
Work

x
time




Units of Each 

(Watts)


(Joules)

(seconds)


C. Machines 



1. The object of all machines- whether they are a simple machine like a screwdriver or a very complex, compound machine like an automobile- is to make work easier.

a. Machines can make work easier by increasing or multiplying the force that is applied to an object. This is known as INCREASING THE OUTPUT FORCE.


1. Hand-trucks and wheelbarrows are machines that allow us to carry more weight than we could lift with our bare hands- they multiply our output force.

b. Work can be made easier by changing the direction of the applied or input force.


1. A pulley is a machine that allows us to pull down on a rope in order to make the  window blinds or the flag go up. 

c. Machines can make work easier by multiplying the distance through which the resistance force must be applied.

1. A ramp is used in order to move objects a longer distance using a smaller force. That is why they are used to lift very heavy objects.

Machines will make the work easier, but a machine will NOT  reduce the amount of work that is done.

D. Mechanical Advantage.



1. The mechanical advantage is a mathematical quantity that measures how much a machine multiplies the applied force or the distance that the force is applied over.



2. Mechanical Advantage is the ratio between the output force and the input force.




a. Mechanical Advantage = Output Force / Input Force


3. Mechanical Advantage is also the ratio between the input distance and the output distance.




a. Mechanical Advantage = Input Distance / Output Distance


4. If the Mechanical Advantage is > 1 , then the machine is multiplying the input force.



    If the Mechanical Advantage is < 1 , then the machine is increasing the distance and speed

13.2 The  Six Types of Simple Machines

A. The Lever Family

1. Simple Levers consist of two parts: a rigid arm and a fulcrum or pivot point. 

a. Levers are divided into three classes based on the position of the fulcrum in relation to the input force & output force

1. 1st Class Levers have the fulcrum in between the input and output forces.




a. Hammers, crowbars, pliers, catapults and see-saws are 1st class levers. 

b. Mechanical advantage of 1st class levers can be increased by moving the fulcrum closer to the output or resistance force. This causes the input or applied distance to increase and the output distance to decrease.

2. . 2nd class Levers have the fulcrum at one end and the input force at the other end of the rigid arm with the output force( resistance) in the middle.

a. Wheelbarrows, door hinges, wrenches and nutcrackers are examples of 2nd class levers.

3. 3rd class Levers have the fulcrum on one end  and the output force is in the middle and the input force( the resistance) on the other end of the rigid arm. 


1. Fishing poles, tongs or tweezers and human forearm are three examples of 3rd class levers.
2. THE PULLEY is a modified lever. The axis of the wheel acts like the fulcrum, and the rope acts like the rigid bar of a lever

1. A Pulley is a Grooved Wheel that turns around an Axle (Fulcrum), and a rope or a chain is used in the groove to lift heavy objects. 

2. A Pulley changes the direction of the Force – Instead of lifting up, you can pull down using your body weight against the Resistance (the load, what you are lifting). 

3. A Pulley may be Fixed, Moveable, or used in combination( called a “block and tackle” ). 

a. Fixed Pulley gains nothing in Force, Distance or Speed, but it changes the Direction of the Force. 

1. A Fixed Pulley (attached to something that doesn't move such as the ceiling or wall) acts as a First Class Lever with the Fulcrum located at the axis, instead of a rigid bar the Pulley uses a Rope.The Mechanical Advantage of a fixed pulley is equal to 1. 

2. A Moveable Pulley acts as Second Class Lever, the Load (Resistance) is between the Fulcrum and the Effort. The Mechanical Advantage of a single movable pulley is equal to 2.

Samples of Pulleys in use – On Top of the Flag Pole to Raise and Lower the Flag, To Hoist a Sail, to Open Curtains or Mini Blinds, To Lift Hay into a Hayloft. 

3. Wheel and Axle is another type of modified lever



a. The axle acts like a fulcrum or pivot



b. the Wheel acts like the rigid bar




1. the larger the wheel is in relation to the axle, the greater the Mechanical Advantage.



c. bicycles, cars, screwdrivers, pencil sharpeners, ferris wheels, door knobs are all examples of devises that use a wheel and axle.

THE WHEEL AND AXLE 

1. The Wheel and Axle was first used around 3000 B.C. and is one of the most important inventions in history. 

2. The Wheel and Axle is a Wheel connected to a rigid pole. 

3. Rollers were the forerunner the Wheel, several logs placed under a heavy object. 

4. The Wheel and Axle is basically a modified Lever, the Center of the Axle serves as a Fulcrum – making the Wheel a Lever that rotates around in a circle. 

5. Effort Force is applied to a large Wheel to Turn the Smaller Axle. 

6. Samples of Wheel and Axle -  Door Knobs, Screwdrivers (the whole screwdriver), Water Faucets, Handle Bars on a Bike, Airplane Propellers, Helicopter Blades, Fan Blades, Wheels on a Car, Wagon, Bike (or anything). 

7. Gears are a modified or special Wheel and Axle. 

8. A Gear is a Wheel with Teeth along its circumference. 

9. Effort is exerted on one of the gears, causing the other gear to turn. 

10. In most gears, the larger gear is the Effort Gear turning a much smaller Gear of Resistance. 

11. Samples of Gears – Bike Sprockets, Can Opener, Gears in any machine(pencil sharpeners, cars,etc). 

3. Wheel and Axle is another type of modified lever



a. The axle acts like a fulcrum or pivot



b. the Wheel acts like the rigid bar




1. the larger the wheel is in relation to the axle, the greater the Mechanical Advantage.



c. bicycles, cars, screwdrivers, pencil sharpeners, ferris wheels, door knobs are all examples of devises that use a wheel and axle.

WEDGE 

1. A Wedge is a form of the Inclined Plane which is used to increase Force.  With a Wedge, The material (log) remains in place while he Wedge Moves through it. 

2. A Wedge can be one sloping surface, a Single Incline Plane, like a doorstop.  Or two sloping surfaces, a Double Incline Plane, like the Wedge used to split wood for the fireplace. 

3. Wedges can be forced between two things to hold them tightly together, like nails or a doorstop. 

4. When Sharpened the Wedge becomes either a knife or and ax blade.  The tip of a Screwdriver (other than Philips) is a simple Wedge. 

5. Wedges can be used to split, cut or fasten. 

6. Samples of Wedges – Ax Head, Log Splitter, Chisel, Knife, Nails, Doorstop, Plows, Tip of Screwdriver, Scissors, Needles, and Pins. 

13.3 What is Energy? 

We will focus on two types of energy: (1) stored energy (POTENTIAL)  (2) energy of motion (KINETIC).


A. Energy and Work 


1. Whenever work is done energy is transformed or transferred

a. Electrical power plants transform the chemical energy in coal into electrical  energy. 


1. coal is burned ( water is heated by the burning coal and turns to steam ( the steam then turns a turbine( the turbine is connected to a shaft (that turns an electrical generator( which creates electricity.




a. turning on the light switch transforms electrical energy into light energy




b. turning on the TV transforms electrical energy into light and sound energy.



2. Energy is the ability to do work.



3. Energy is measured in units called JOULES (J)

B. Potential Energy(PE) is sometimes called the energy of position, the stored energy results from the positions of objects in a system.

1. Chemical compounds have energy stored in the bonds between atoms, when the bonds are broken during a chemical reaction that potential energy is released.

2. When a rubber band is stretched it has energy stored, when the rubber band is released so is the potential energy that was being stored.

3. Gravitational Potential Energy ( G.P.E.) is the energy that an object has stored because of the force of gravity always pulling on it. 


a. G.P.E. depends on the mass of an object- the greater the mass the larger the G.P.E.


b. G.P.E. also depends how high up an object is- the farther it has to fall the greater the 

   G.P.E.



4. Gravitational Potential Energy equation: GPE = m x g x h 
GPE  
= 
mass(m) 
x
 acceleration due to gravity(g)     x
height (h)

Units are      (kilograms)

      (on Earth g = 9.8 m/s2  )

(meters)

C. Kinetic Energy (KE) is the energy of a moving object that is due to its movement. When an object increases its speed or its mass than it will have increased its kinetic energy.



1. The mathematical formula for kinetic Energy is :  



Kinetic Energy  =  1/2(mass)  x  (velocity)2 
or 

KE  =  1/2m v2 

D. Other Forms of Energy



1. Mechanical Energy –  sum of the kinetic and potential energy of an object or “system”

a. Non- mechanical energy is the kinetic energy on the molecular or sub-microscopic scale- the vibrations of atoms and molecules that does not cause the actual macroscopic movement of an object.

2. Chemical Energy- both the breaking and formation of chemical bonds releases the potential energy locked inside of all molecules and formula units.

a. a chemical reaction means that the potential chemical energy is being changed to kinetic energy of some form.

3. Solar Energy from our sun has the potential to be changed by plants into chemical energy through the process called Photosynthesis.

a. Respiration releases the chemical energy of food molecules into other forms of energy that the body needs to carry out life processes.



4. Nuclear Fusion is the process whereby atoms of hydrogen fuse together and release tremendous amounts of energy. This is the process that provides the “fuel” for the our sun. 

5. Nuclear Fission is the process of splitting apart the nucleus of very large, very instable atoms of Uranium in order to release extremely large amounts of energy. This is the process that is used in all nuclear power plants to generate electricity.

6. Electricity is the flow of charged particles called electrons. It is one of mankind’s most useful forms of energy. Many other forms of energy are converted into electrical energy. In turn electricity can be converted into almost any other form of energy.

7. Light is one of many forms of energy carried on the Electromagnetic Spectrum.

a. The electromagnetic spectrum includes radio and television waves, infrared and ultraviolet waves, microwaves and x-rays, as well as visible light. See pg. 368.

13.4 Conservation of Energy.


A. Energy Transformations.



1. Gravitational Potential Energy(GPE) is converted to Kinetic Energy(KE).

a. An object goes from the top of a hill (KE=0) to the bottom of a hill (GPE=0).



2. Kinetic E. is converted to Gravitational Potential E.




b. As an object goes up a hill the K.E. decreases and the G.P.E. increases





1. reaching the top of the hill the object’s K.E. is at a minimum





2. at the top of the hill the object’s G.P.E. is at a maximum

3. Examples of K.E. – G.P.E. transformations: a roller coaster, flight of a ball on Earth, path of a bouncing ball.

4. Mechanical Energy decreases over time for any object because of the transformation of kinetic energy into heat (due to friction between the object and its surroundings).


B. The Law of Conservation of Energy: Energy Cannot Be Created or Destroyed.

1. In a closed system, the total amount of energy remains the same because by definition the flow of energy into and out of the system is small enough to ignore. 

a. Closed systems are not usually found in the real world. They are created by scientists in order to make studying a situation easier and less complicated.


C. Efficiency of Machines.

1. Work Efficiency is a the ratio of the amount of useful work output to the amount of work input.



 % Efficiency =  Useful Work Output   x  100





          Work Input

a. Because of the loss of useful work output mostly due to friction, the efficiency of any machine is always less than 100%.

1. the more moving parts in a machine the less efficient it usually is.

2. there is no such thing as a Perpetual Motion machine that does not need new input of energy.
CHAPTER 14 Heat & Temperature
Outline, Notes, And Questions
14.1 TEMPERATURE & ENERGY


The temperature of any object is an INDIRECT measurement of the amount of KINETIC ERERGY of the molecules or atoms that make up that object. In other words, the faster the molecules or atoms are moving the greater the average kinetic energy and the higher the temperature. Thermometers are used to measure temperature.


There are three common scales for measuring temperature: 



(1) Fahrenheit (used only in the U.S.) :




 32oF is the temperature that H2O freezes or melts




212 oF is the temperature that H2O boils or condenses



(2) Celsius or Centigrade (used in the rest of the world and by scientists):




0 oC is the temperature that  freezes or melts




100 oC is the temperature that H2O boils or condenses



(3) Kelvin (used only by scientists)




0 Kelvin is known as ABSOLUTE ZERO because there are no negative temperatures in the Kelvin scale, zero is as low as you can go. 0 Kelvin has never been reached either in nature or by scientists in a laboratory, at this temperature there is no molecular motion and therefore no kinetic energy.


CONVERSION BETWEEN THE DIFFERENT TEMPERATURE SCALES
CELSIUS to FAHRENHEIT:

oF =   1.8 (oC)   +  32o
FAHRENHEIT to CELSIUS

oC =  5/9  (oF  +   32o)

CELSIUS to KELVIN:
K =  oC  + 273

KELVIN to CELSIUS:
oC  = K  - 273o

Heat is always transferred from objects with more energy to those with less energy. In other words, heat is always transferred from substances with a higher temperature to those with a lower temperature.

14.2  ENERGY TRANSFER: 


3 METHODS OF HEAT ENERGY TRANSFER

1. Conduction: the transfer of heat energy between objects that are in direct contact with each other. This type of energy transfer is usually associated with solids because the moving particles must be in direct contact with neighboring particles. Metals are normally considered to be good conductors of  heat energy and electricity.

2. Convection: the transfer of heat energy within a FLUID. Fluids can be either a liquid or a gas.

      Water and air are both fluids, and both of them transfer heat energy through convection.

3. Radiation: the transfer of heat energy through Infrared waves (a type of Electromagnetic wave). Unlike the other two types of heat transfer, radiation does NOT need the movement of matter to transfer energy. The sun’s heat energy travels through the vacuum of space as radiated energy.

Electromagnetic waves from the sun heat the Earth through radiation. The ground heats the air next to it through conduction. The air circulates and transfers heat throughout the atmosphere by convection. The ground also transfers heat into the atmosphere through radiation, which is trapped by certain gases in the atmosphere such as CO2 and H2O. 

CONDUCTORS & INSULATORS.


Conductors are substances that allow for the easy transfer of heat energy. The more closely packed the atoms or molecules of a substance, the better a conductor it will be. Gases and liquids are poor conductors because their molecules are far apart. Solid metals are the best conductors; nonmetal solids like rubber, plastic, and wood are poor conductors.


Insulators are materials that do not transfer heat energy very well. They are poor energy conductors. Fiberglass, rubber, wood, and plastics are solids that are good insulators. 

SPECIFIC HEAT.


The amount of heat energy that is needed to raise the temperature of a given amount of any substance is known as its Specific Heat. Metals generally have low specific heat values, meaning that it doesn’t take a lot of heat energy to raise the temperature of a metal. Good conductors have low specific heat values. Liquids and gases have very high specific heat values, which means that it takes a lot of energy to raise their temperature.

14.3  USING HEAT


Heating Systems- Devices that transfer heat energy to a substance (usually either air or water) in order to increase its temperature.  Central heating systems usually contain a furnace that uses some type of fuel to heat the air inside the furnace, a fan then pushes the heated air though insulated pipes into the rooms of the building.


Cooling Systems- Devices that transfer heat energy out of an object in order to lower its temperature. Refrigerators and air conditioners are devices that use a refrigerant such as Freon and a compressor to pull heat away from an area.


Heat pumps are devices that have the ability to do both heating and cooling.

CHAPTER 15 : WAVES

15.1 TYPES OF WAVES


MECHANICAL- a wave that needs a medium (a solid, liquid or gas substance) through which to travel

Longitudinal – consists of compressions (areas in which the molecules of the substance are squeezed closer together) and rarefactions(areas in which the molecules of the substance pushed farther apart from each other. They can travel through solids, liquids, and gases.

The movement of the particles||||||||||||||||||||   |   |   |   |   |   |    |||||||||||||||||||||   |   |   |   |   |   |   |||||||||||||||||||||||   |   |   |   |   |   |   |



          compression   r  a  r  e  f  a  c  t  i  o  n   compression    r  a  r  e  f  a  c  t  i  o  n   compression        r  a  r  e  f  a  c  t  i  o  n   
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Example: SOUND WAVES

Transverse – have the shape of the letter “s” lying on its side, also known as a “sine curve”. Consists of peaks (or crests) and valleys (or troughs). The particles of the medium move at right angles (90o) or perpendicular to the direction of the wave. They can travel through solids and liquids. 
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Examples: WATER WAVES

ROPE WAVES

In surface water waves the actual motion of the water molecules as a wave goes by is not only up and down but side to side, so that an object in the water makes a circular path- up, then forward, then down, then back.

ELECTROMAGNETIC- consists of electrical and magnetic fields that travel at right angles to each other. These waves are drawn as transverse waves- with crests and troughs. They are the only type of wave that can travel in a vacuum, they do not need particles of matter to transmit their energy.

“The Electromagnetic Spectrum”: Radio waves, micro waves, infrared waves, visible light (red-orange-yellow-green-blue-purple), ultraviolet waves, x-rays, and gamma rays. 

WAVES TRANSFER ENERGY THROUGH VIBRATIONS: ENERGY IS THE ABILITY TO DO WORK:






WAVES CAN DO WORK

15.2 CHARACTERISTICS OF WAVES
TRANSVERSE or ELECTROMAGNETIC

[image: image2.png]




WAVELENGTH: distance between two successive crests or troughs

 In the picture above: “A” to “F”
 “D” to “I”
 “B” to “G”
“E” to “J”
“C” to “H”    are all a wavelength






Wavelength is measured in meters (m).


AMPLITUDE:  difference in height between a crest and the resting state. 

In the picture above from the origin (the dotted line) to “A”  or “D”  or “F”  or  “I” is the amplitude of the wave.





Larger waves have bigger amplitude and more energy.


LONGITUDINAL
        A


B

      C


D

     E


F

|||||||||||||||||||   |   |   |   |   |   |    |||||||||||||||||||||   |   |   |   |   |   |   |||||||||||||||||||||||   |   |   |   |   |   |   |
   compression   
r  a  r  e  f  a  c  t  i  o  n  
 compression           r  a  r  e  f  a  c  t  i  o  n 
                compression                    r  a  r  e  f  a  c  t  i  o  n   

WAVELENGTH – distance between two successive compressions or rarefactions. 

In the picture above from “A” to “C”  or “C” to “E”  or from “B” to “D”  or “D” to “F”  is a wavelength.

AMPLITUDE – the difference in pressure between maximum compression and the resting state.





The louder the sound the bigger the amplitude.

FREQUENCY: the number of waves that pass by a given point in one second. In sound waves frequency is referred to as “pitch”. Frequency is measured in Hertz (Hz).

These are the equations that relate the speed, frequency, and wavelength of any wave.



WAVE SPEED =  FREQUENCY  x  WAVELENGTH
( S  =  f  x  w)



FREQUENCY = WAVE SPEED  /  WAVELENGTH
( f  =  S  /  w )



WAVELENGTH = WAVE SPEED  /  FREQUENCY
( w  =  S  /  f )
ELECTROMAGNETIC SPECTRUM: consists of different types of waves, each with its own energy, frequency, and wavelength.All waves on the electromagnetic spectrum are sometimes referred to as “light” waves, even though only the visible part of the electromagnetic spectrum can be seen as light by the human eye.
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TYPE OF WAVE
          RANGE OF FREQUENCY(f)

RANGE OF WAVELENGTH(w)

USES/APPLICATIONS
Radio


    < 1 x 109 Hz


                  > .30 m
(30 cm)


AM /FM  TV  RADAR

Microwaves

109  Hz<  f  <  3 x 1011 Hz

.30m>  w  >  .001m (1 mm)

MICROWAVE OVENS

Infrared

        3 x 1011  Hz<  f  <  4.3 x 1014 Hz
       10-3  m  >  w  7 x 10-7  m

PHOTOGRAPHY













PHYSICAL THERAPY













HEAT RADIATION

Visible Light
     4.3 x 1014 Hz  < f <  7.5 x 1014 Hz     7 x 10-7 m(red)  > w > 4 x 10-7 m(violet)
PHOTOGRAPHY




(red)

  (violet)

     (700 nm)
           (400 nm)
           OPTICAL MICROSCOPES












           OPTICAL TELESCOPES

Ultraviolet (UV) Light
7.5 x 1014 Hz <f < 5 x 1015 Hz 
  4 x 10-7 m > w > 6 x 10-8 m
    STERILIZING INSTRUMENTS

X-rays


5 x 1015 Hz< f < 3 x 1021 Hz           6 x 10-8 m > w > 1 x  10--13 m
  EXAMINING TEETH & BONES












        CANCER TREATMENT 

Gamma rays

3 x 1018Hz < f < 3 x 1022 

1 x 10-10m > w > 1 x 10-14 m

FOOD IRRADIATION

The speed of all Electromagnetic waves is 3  x  108 m/s in a vacuum, known as the “Speed of Light”.

SPEED OF WAVES: The speed of all waves is affected by the density of the medium they travel within. Electromagnetic waves slow down as the density of the medium increases-fastest in a vacuum, slower in air, even slower in water. Sound waves travel faster as the density of the medium increases. Sound travels the fastest in solids and the  slowest in a gas such as air. Sound will not travel at all  in a vacuum such as outer space.

THE DOPPLER EFFECT: the frequency of light and sound waves will appear to change to an observer, depending upon whether the source of the wave is moving towards or away from the observer. Frequency increases if the observer and the wave source are coming closer together, frequency will decrease if the wave source and the observer are moving farther apart. This is why the pitch or frequency of a siren increases when an ambulance is coming towards you, but decreases when the ambulance is moving away from you. The so called “red shift” of stars that are moving away from the Earth that astronomers refer to is caused by the Doppler Effect. Physicists have used this phenomena to help explain the origins of the universe and the “Big Bang” theory.

15.3 WAVE INTERACTIONS
DIFFRACTION- the bending of waves as they pass through an opening or around the edge of an object.

Examples: (1)when water waves encounter an object they bend around it and reform on the other side.


    (2) when sound waves go through a doorway, they bend around the dooway and re-form on the other side.

REFLECTION- the bouncing back of a wave when it meets a surface or boundary. The angle at which the wave strikes the surface(“angle of incidence”) is equal to the angle at which the wave bounces off of the surface(“angle of reflection”) this is known as the Law of Reflection.

REFRACTION- when light waves pass from one medium into another ( for example from air into water) they bend, because light travels at different speeds based on the optical density of the two mediums.

INTERFERENCE- 

CONSTRUCTIVE: when two waves meet the resulting wave has an amplitude that is greater than the amplitude of either of the original waves. This happens when the crests of each wave meet. If this were to happen with water waves, a higher wave with more energy would be the result. If this were to happen with two sound waves, a louder sound would be created. 

DESTRUCTIVE : when two waves meet the resulting wave has an amplitude that is less than the amplitude of either of the original waves. This happens when the crest of one wave meets the trough of the other wave. The waves cancel each other out. If this were to happen with sound waves, a softer sound with less energy would be the result.

STANDING WAVES  a wave form that shows some regions of no vibration (NODES) and other regions of maximum vibration(ANTINODES). This occurs on stringed instruments like guitars and violins.

CHAPTER 16: SOUND & LIGHT

16.1 SOUND

A. PROPERTIES OF SOUND



1. Sound waves are longitudinal waves- meaning that the motion of the particles of 

the medium is in the same direction as the motion of the wave itself.



2. Sound waves are caused by vibrations, which carries energy out in all directions



from the source of those vibrations.



3. The speed of sound depends on the medium through which the sound travels




a. sound does not travel in a vacuum




b. the higher the density of the medium the faster the sound travels



4. Energy of a sound wave is determined by its amplitude.




a. the greater the amplitude the louder the sound




b. amplitude decreases as you get farther away from the source of the sound




c. the intensity of a sound describes its loudness at a certain distance from 



    the  source of the sound.





1. intensity or loudness is measured in decibel (dB)units.






a. humans range of hearing: 0 – 150dB



5. The frequency of a sound is referred to as PITCH by musicians, measured in 


    units called Hertz(Hz.).




a. Human range of hearing: 20 – 20,000 Hz.





1. Infrasound- below 20 Hz.





2. Ultrasound- above 20,000 Hz.




b. Dog range of hearing: 40 – 46,000 Hz.




c. Dolphin range of hearing: 70 – 150,000 Hz.


B. MUSICAL INSTRUMENTS



1. There are three types of instruments: percussion, string, and wind/brass.




a. different sounds are produced by changing the size or tension of the 



    membrane in a percussion instrument, the length of the string, or the 



    length of the air column in a wind/brass instrument.



2. All musical instruments use standing waves to produce sound.




a. for stringed instruments the fundamental frequency is equal to twice the 



    length of the string.




b. for wind instruments the wavelength & frequency of the standing wave 



    can be changed by opening and closing holes in the instrument’s body.



3. Harmonics: the fundamental frequency plus other whole-number multiples of 


    that frequency. Each musical instrument has its own unique blend of harmonics, 


    which is why every instrument has its own unique sound.



4. Resonance: when the vibration of one object causes another object to vibrate at 


    its natural frequency.




a. natural frequency depends upon the material, shape, size, and mass.


C. HEARING & THE HUMAN EAR



1. Sound vibrations pass through 3 regions of the ear

 


a. Outer Ear- consists of the auricle, ear canal, and ear drum




b. Middle Ear- consists of the hammer, anvil, and stirrup





1. the Eustachian Tube connects from the middle ear to the back





    of the nose and helps us to equalize pressure.





2. the stirrup (or “stapes”) is the smallest bone in the body




c. Inner Ear- consists of the semi-circular canals and the cochlea





1. the semi-circular canals help us to maintain our sense of balance




d. Auditory nerve- connects the inner ear to the brain.


D. ULTRASOUND & S.O.N.A.R.



1. Sound Navigation and Ranging (Sonar) is a system that uses reflected sound 



   waves to locate objects underneath the surface of the ocean.



2. Ultrasound uses reflected sound waves with ultrasonic frequencies(>20,000Hz.)



   
a. to create visual images called sonagrams – a non-invasive technique for



             studying unborn fetuses inside pregnant mothers, and other internal organs.

16.2 DUAL NATURE OF LIGHT


A. WAVES & PARTICLES

 Light has been found to have a dual “personality”, kind of like Dr. Jekyll and Mr. Hyde. In most instances light behaves like a wave, but in some instances it behaves like a particle.



1. Light as a Particle: The Photoelectric Effect




a. Albert Einstein performed a series of experiments in 1905 that confirmed




    the idea that light travels in small discreet packets of energy called 




   “photons”. The energy of these photons is related to the frequency of the 




   “light”(electromagnetic waves) they are contained within, that is, the 



   photons of gamma rays have more energy than the photons of radio waves.



2. Light as a Wave.




a. Interference, reflection, and refraction of light are explained by the wave 




    model of light.



3. Energy & Frequency of light are directly related: if frequency increases, so does 


    energy; if frequency decreases, so does energy



4. Frequency & Wavelength of light are inversely related: if frequency increases,



    wavelength decreases; if frequency decreases, wavelength increases.



5. Speed of light depends upon the medium.




a. In a vacuum (outer space) light travels at a speed of 3x108 meters/second.




b. The speed of light slows down as the optical density of the medium




 (air, water, glass) increases.



6. Brightness or Intensity decreases the farther away from the source light gets.


B. ELECTROMAGNETIC SPECTRUM
Consists of different types of waves, each with its own energy, frequency, and wavelength. All waves on the electromagnetic spectrum are sometimes referred to as “light” waves, even though only the visible part of the electromagnetic spectrum can be seen as light by the human eye.
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Ultraviolet (UV) Light
7.5 x 1014 Hz <f < 5 x 1015 Hz 
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X-rays
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Gamma rays

3 x 1018Hz < f < 3 x 1022 

1 x 10-10m > w > 1 x 10-14 m

FOOD IRRADIATION

The speed of all Electromagnetic waves is 3  x  108 m/s in a vacuum, known as the “Speed of Light”.

16.3 REFLECTION & COLOR


A. Reflection and Light Rays


       1. Light Ray Model- light travels through space in straight lines. 



   a. Diffuse Light-when light reflects off of rough surfaces it bounces in different directions.



   b. Law of Reflection- when light reflects off of a smooth surface like a mirror it bounces 


       off at the same angle that it came into.




1. Law of Reflection: Angle of Reflection = Angle of Incidence

B. MIRRORS


1. Flat Mirrors form a VIRTUAL IMAGE. 




a. when you look at yourself in a flat mirror, your image appears to be




    in back of the mirror, the same distance that you are in front of the mirror.


2. Curved Mirrors form either REAL or VIRTUAL IMAGES.




a. Convex Mirrors curve outwards




b. Concave Mirrors curve inwards and can form either real or virtual images

 



1. Real Image- when light rays meet at a focal point in front of the 




    mirror.





2. Virtual Image- appears to exist in a certain place, but there are no





     light rays there.

“C” is the center of curvature of the mirror.

“F” is the focal point or principle focus of the mirror

“V” is the center of the mirror

A. Object is very far away from “C”(infinity)







   Image is Real, Inverted, Smaller than object and Located at F
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B. Object is located beyond C

Image is Real, Inverted, Smaller than the object and located between C and F
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C. Object is located at C

Image is Real, Inverted, the same size as the object, and located at C
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D. Object is between F and V

 Image is Virtual, Erect, Larger than the  object, and located behind the mirror
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E. Object is at F

 There is No image because the Reflected rays remain parallel and never converge to a focal point [image: image11.png]



Images formed by a diverging spherical mirror (CONVEX)

Object at F, Image is Virtual, Erect, Smaller than object, located behind the mirror between F and V.
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C. SEEING COLORS



1. Each color of the rainbow has a different wavelength and frequency



2. Colors of objects that we see are those colors that are reflected from an object.



3. The sun’s light is composed of all the colors of the rainbow.



4. Additive Primary Colors (RED / GREEN / BLUE)




a. Combining primary colors of light produces white light.
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The basic rules of additive color mixing.
red + green = yellow
green + blue = cyan

blue + red = magenta
red + green + blue = white
5. Subtractive Primary Colors ( MAGENTA / YELLOW / CYAN )




a. Combining primary colors of pigments, paints , or filters produces black.
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The basic rules of subtractive color mixing.
cyan + magenta = blue
magenta + yellow = red
yellow + cyan = green
cyan + magenta + yellow = black
16.4 REFRACTION, LENSES, & PRISMS


A. REFRACTION  OF  LIGHT 
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When light passes from one medium into another medium (for example from air into glass) it BENDS, this is called REFRACTION. This bending of light occurs because light travels at a different speed in air than it does in glass, or water, or diamonds, or any other medium. Refraction causes objects to appear shortened or bent when they are in the water. Refraction causes mirages. Both of these phenomena are virtual images caused by the refraction of light waves as they travel through substances that have different optical densities.

Total Internal Reflection happens when light approaches the boundary between two mediums past the critical angle, so that the light is not refracted or bent out of one medium but is internally reflected within the medium. This is what accounts for the sparkle of diamonds. This is the phenomenon that allows Fiber Optics to use light rays to send computer, phone, and other electronic data within a glass tube.
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B. LENSES



1. All lenses refract light




a. Converging or Convex Lens bend light inwards to a focal point.





1. Magnifying lenses are convex lenses.





2. Eyeglasses for correcting farsightedness are convex lenses.
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b. Diverging or Concave Lens bend light rays away from each other.
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c. Light Microscopes use multiple lenses- ocular (eye) lens and objective lenses to 


                magnify small objects.
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d. Telescopes are of two types

1. Reflecting- use large parabolic mirrors to focus light from distant objects.
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2. Refracting- use several lenses, similar to a microscope, to focus light.
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 3.Human Eye- the cornea and lens combine to focus light through refraction.

 4.Cameras- use multiple lenses to focus light, similar to the human eye.
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C. DISPERSION & PRISMS

1. A prism separates light into different colors, based on their speed and wavelength.

2. Rainbows are produced when sunlight travels through raindrops and the light is dispersed by water droplets that act as tiny prisms.

CHAPTER 17: ELECTRICITY

17.1 ELECTRIC CHARGE & FORCE


Atoms contain an equal number of positive charges (protons) and negative charges (electrons). That is why they are electrically neutral. But electrons have the ability to move from one atom to another atom, when they do they become ions. When electrons move from one object to another the objects become electrically charged. If an object gains electrons it becomes negatively charged, if it loses electrons it becomes positively charged. 

A. ELECTRIC CHARGE
* electric charge- an electrical property of matter that creates a force between objects

*conductor- a material that transfers a charge easily

* insulator- a material that does NOT transfer an electric charge easily

1. Charges can be positive (if negative charges are removed) 

a. or negative (if negative charges are added)

2. Opposite charges (+ and -) attract each other 

a.  same charges (+ and + or – and -) repel each other.

3. Conductors (metals) allow electrical charges to flow.

      Insulators (plastic, rubber, glass, wood) do not allow electrical charges to flow.

4. Only valence electrons flow from one object to another, never protons.

5. Electric charge can build up within an object in 4 ways
1. friction-  one object rubs across another: electrons are transferred

2. contact- a charged object touches a conductor: electrons can be transferred

3. induction- a charged object comes close to a conductor: electrons can be transferred

4. polarization- a negatively charged object can induce a separation of charge on an insulator- with one side acquiring a negative charge and the other side acquiring a positive charge. 

B. ELECTRIC FORCE- the force of attraction or repulsion between two objects because of their charge

*  electric force- the force of attraction or repulsion between objects due to electric charge

* electric field- region around charged objects in which other charged objects experience an electric force
1. Electric force depends on the size of the charge: the force is directly proportional to the product of the charges on the two objects.

2. Electric force depends on the distance between the two objects: the force is inversely proportional to the square of the distance between the two objects.
a. if the distance is doubled the force becomes one fourth of what it was before.

b. if the distance is tripled the force becomes one ninth of what it was before.

3. Electric forces produce an Electrical Field in the space surrounding the force


a. the stronger the force the larger the field that surrounds the force.

17.2 CURRENT


A. VOLTAGE (V)



1. Voltage and Potential Difference mean the same thing: the change in the electrical potential 


    energy of a charged particle divided by its charge.




a. Volts = 1Joule/Coulomb

2. Types of electric cells.


a. electrochemical- metals immersed in an electrolyte to transfer electrons.

1. dry cell- common batteries used in flashlights and disc players

2. wet cells- car batteries that have metal plates immersed in an electrolytic solution ( a strong acid)




b. photoelectric & photovoltaic- metals are struck by light to release electrons.





1. solar calculators





2. solar heating panels for houses





3. streetlights





4. artificial satellites




c. thermoelectric- two metals at different temperatures cause electrons to flow





1. thermostats for ovens and home heating furnaces




d. piezoelectric- opposite surfaces of certain crystals under pressure become electrically 



    charged.


B. CURRENT (I)


1. Current is defined as the rate at which electrical charges move through a conductor



2. Current is measured in units called AMPERES or AMPS


C. RESISTANCE (R)


1. Electrical RESISTANCE is caused by friction within a circuit, and performs the work in an 


    electrical devise. 




a.  the filament
 in a light bulb resists the flow of current, which causes the filament to get 



     extremely hot and produces the light that a light bulb gives off.




b. the filament in a toaster resists the flow of current, which causes the filament to get red 


    hot and produces the heat needed to toast the bread.


D. VOLTAGE, CURRENT, AND RESISTANCE ARE RELATED THROUGH AN EQUATION



VOLTAGE  =  CURRENT  x  RESISTANCE
( V = I x R )




or



CURRENT  =  VOLTAGE  /  RESISTANCE
( I = V / R )





or



RESISTANCE  =  VOLTAGE  /  CURRENT
( R = V / I )


E. Conductors have low resistance 

F.  Insulators have a high resistance


G. Superconductors are materials that have zero resistance at extremely low temperatures


H. Semiconductors have properties intermediate between conductors and insulators.



1. made from metalloids, they are used in the making of computer chips

17.3 ELECTRICAL CIRCUITS

A. PARTS OF A CIRCUIT

1. Battery that acts as a source for the current moving through the wires of a circuit.

2. Wires provide a pathway for current to move.

3. Switch to open and close the circuit.


a. an open circuit will not allow electrical current to flow


b. a closed circuit will allow  electrical current to flow

4. Resistance in the form of some devise that does work ie. a light bulb, the heating element of a toaster, the blades of a fan, the compressor of a refrigerator, etc.

B. SCHEMATIC DIAGRAMS ARE USED TO REPRESENT A CIRCUIT.

SYMBOLS THAT ARE USED IN SCHEMATIC DIAGRAMS
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C. TYPES OF CIRCUITS

1. SERIES- only one pathway for the flow of current

a. When one light bulb on the pathway goes out, all the light bulbs go out.

b. Total resistance to current is the sum of all the individual resistances along the circuit.

c. The current is the same everywhere throughout a series circuit.

1. Current = Voltage / Total Resistances

      d. Total Voltage across the series circuit divides among the electrical devices in the circuit.


1. the sum of the voltage “drops” across each device = total voltage supplied by source.

      
2. Voltage drop across each resistance device is proportional to its resistance



1. more energy is wasted when current goes through high resistance devices.
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Figure 1: Drawing and Schematic Diagram of a Series Circuit

Series Circuits Summary
In a series circuit, electrons flow along a single path through 2 or more loads (resistance) before returning to source.
Law #1 - any break in a series circuit stops the entire electron flow (a break or loose connection can prevent electrons from flowing)

Law #2 - when there are two or more loads in a series circuit, the voltage drop across each load is a fraction of the total voltage supplied by the source.

voltage across each load decreases as additional loads are wired into circuit.

the sum of the voltage drops across each load = voltage of source

V1 = I R1       V2 = I R2     V3 = I R3
VTotal  =   V1  +  V2   +   V3  +  ...

Law #3 - the current is the same in all parts of a series circuit - all electrons flowing from source eventually return to source  - only one path in series circuit - can measure current anywhere in circuit.

Law #4 - the resistance (total) increases in a series circuit as the number of loads increases - the total resistance of a circuit is equal to the sum of the resistances of each wire and load. 
     RTotal =  R1  +  R2   +   R3  +  ...

2. PARALLEL- two or more pathways exist for the current to flow.



a.    If one light goes out, the other lights will remain lit on the other pathways.

b. The voltage across each element is the same in a parallel circuit.

c. The total current divides among the parallel branches. Since the voltage across each branch or pathway is the same, the amount of current in each branch is INVERSELY PROPORTIONAL to the resistance of each branch. 

1. if the resistance is less in one element then the current flowing through it is greater.

d. The total current in the circuit equals the sum of the currents in the parallel branches.

e. With each added parallel branch, the overall resistance in the circuit is lowered.

f. Overall resistance is less than the resistance in any one of the branches.

g. Your electrical circuits at home are wired in parallel pathways.
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Figure 2: Drawing and Schematic Diagram of a Parallel Circuit

Concept Check: 

1. What happens to the current in other light bulbs in a parallel circuit when one bulb burns out?

Answer: Since neither voltage nor resistance is affected in the other branches, current is not affected.

2. What happens to the intensity (brightness) of each light in a parallel circuit if bulbs are added or removed?

Answer: The light intensity of each bulb is unchanged. Even though resistance and current occur for the circuit as a whole, no changes occur in any individual branch in the circuit.

Parallel Circuits Summary
A parallel circuit is one in which electrons flow through more than one path or branch.  The electrons can flow through any one or more of the branches before returning to the source.
Law #1 - a break in one branch of a parallel circuit does not stop the flow of current in other branches.

Law #2 - the voltage is the same in all branches of a parallel circuit and equals the voltage of the source.

Law #3 - the current is not necessarily the same in all branches of a parallel circuit.  The sum of the current drops in all resistances equals the total current flowing through circuit.

I1 = V/R1        I2 = V/R2           I3 = V/R3
ITotal = I1 +  I2  +  I3   +  ...
Law #4 - The total resistance in a parallel circuit decreases as the number of loads or individual resistances increases.  The total resistance is less than that of the smallest single resistance.  All branches act as one broad pathway which offers less resistance to the flow of electrons than any single pathway.

1/RTotal =  1/R1  +  1/R2  +  1/R3 + ...       or

RTotal =  ( R1 x R2) /  (R1 +  R2)


3. COMBINATION- parallel and series circuits are combined on one circuit
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 Figure 13.3 R1  and R2 ; R3  and R4 are in parallel; R1/ R2 and R3/ R4 are in series
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Figure 13.4 A and B are in parallel; A/B and C and D are in series

 D. ELECTRIC POWER

POWER  =  CURRENT x  VOLTAGE    P = I x V
(rearrange to 
 I = P / V    or
   V = P / I)

also you can substitute resistance for voltage:  P = I2 x R  …….or voltage for current:  
P = V2 / R

1. Georgia Power measures your Energy usage in Kilowatt-Hours (kw x hrs)


2. In order to calculate energy costs to you, perform the following calculations. 

(a) find the power used(in watts) using one of the equations above (b) divide the watts by 1000 to get kilowatts  (c) multiply the kilowatts by the number of hours used  (d) multiply by the cost per kW x  hr to find the bill.

   E. FUSES/CIRCUIT BREAKERS/ GFI’s


1. These are devises that help to prevent an overload of current on an electrical line.


2. GFI stands for Ground Fault Interrupter and are designed to prevent electrocution.

Series and parallel resistor configurations have very different electrical properties. It is very important to distinguish between voltage and current, as learners often confuse these two concepts. Stress that voltage is the difference in electrical potential energy per unit charge between two points in a circuit. Voltage is therefore always measured between or across two points, such as on either side of a resistor. It is meaningless to say "voltage through". The proportion of the total voltage of a circuit that is measured across a particular circuit element is proportional to the resistance of that element. Whenever voltage is measured between the same two electrical points in a circuit, the same value will be obtained, no matter what is connected between those two points. That is why the voltage is the same across parallel branches in a circuit-the voltage is being measured between the same two electrical points. When circuit elements are arranged in series, there will be a difference in potential energy per unit charge across each element. The voltage across the combination of elements in series will thus be the sum of the voltages across each element.

It is useful to make an analogy between a situation where there is a difference in gravitational potential energy, such as a hill or inclined surface, and a situation where there is a difference in electrical potential energy, such as a circuit containing a battery. Just as masses will move from a position of higher to lower potential energy in the first case, so charges will move from a position of higher to lower potential energy in the second case.

In order to cause electrons to flow, we need more than just a continuous path (circuit) for them to travel. Just like marbles in a tube or water in a pipe, we also need to apply some kind of force to push these electrons around the circuit.

The proportion of the total voltage of a circuit that is measured across a particular circuit element is proportional to the resistance of that element. Whenever voltage is measured between the same two electrical points in a circuit, the same value will be obtained, no matter what is connected between those two points.

Voltage can be generated in many ways. Batteries use chemical reactions, solar cells collect radiant energy and generators use the influence of magnetism on conductors to produce voltage.

The negative (-) end of the battery is always the end with the shortest dash, and the positive (+) end of the battery is always the end with the longest dash. The negative end of a battery is that end which tries to push electrons out of it. The positive end is that end which tries to attract electrons. When there are electrons held in the reservoir on the ``-'' end of the battery, there is a voltage between the “+'' and “-'' ends of the battery.

The voltage across resistors arranged in parallel is the same.

The voltage across resistors arranged in series is the sum of the voltages across each resistor.

A very common misconception many learners have is that a battery produces the same amount of current no matter what is connected to it. While the voltage produced by a battery is constant, the amount of current supplied depends on what is in the circuit. When resistors are connected in series, they act as obstacles to the flow of charge and so the current through the battery is reduced. The current in the battery is inversely proportional to the resistance. When resistors are connected in parallel, they open up additional pathways, each of which allows the same amount of current to flow as a single pathway or branch. The current through the battery therefore increases according to the number of branches.

A battery does not produce the same amount of current no matter what is connected to it. While the voltage produced by a battery is constant, the amount of current supplied depends on what is in the circuit.

Adding resistors in series in a circuit increases the resistance of the circuit but adding resistors in parallel decreases the resistance of the circuit.

One of the important effects of a resistor is that it converts electrical energy into other forms of energy, such as heat and light. A battery goes flat when all its chemical potential energy has been converted into other forms of energy.

More resistors in series create a greater obstacle to the flow of charge, which increases the total resistance of the circuit. More resistors in parallel open up more branches along which current can flow, which decreases the total resistance of the circuit. An analogy with the flow of water in hosepipes is useful.

When resistors are connected in series, they act as obstacles to the flow of charge and so the current through the battery is reduced. The current in the battery is inversely proportional to the resistance. When resistors are connected in parallel, they open up additional pathways, each of which allows the same amount of current to flow as a single pathway or branch. The current through the battery therefore increases according to the number of branches.

CHAPTER 18: MAGNETISM

18.1 MAGNETS & MAGNETIC FIELDS

Magnetism and electricity are connected. Electricity has positive and negative charges, magnetism has North and South poles. Electric charges produce an electric field, magnets produce a magnetic field. 

A. MAGNETS

1. Permanent Magnets- magnetic all of the time

a. Hard- easily magnetized, but easily un-magnetized

1. iron

b. Soft- hard to magnetize, but stay magnetized longer

1. nickel or cobalt

2. Temporary Magnets- become magnetic only when an electric current is passed through it

a. electro-magnets can be extremely strong depending on how much electric current is used

b. electro-magnets can be turned on and off with a switch

3. Properties of Magnets
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Figure 2. Top  North -South. Bottom North-North

a. Opposite poles attract each other: South pole attracts a North pole (top picture)

b. Like poles repel each other : North pole repels a North pole (bottom picture)

c. Magnets produce magnetic fields- a region surrounding a magnet where the force of a magnet can be detected.

1. Earth has a magnetic field, with a North magnetic pole and a South magnetic pole. The North and South magnetic poles are different from the north and south geographic poles.


2. Compasses are magnets that can be used to detect the Earth’s magnetic poles, and can help people in knowing which general direction they are heading.

18.2 PRODUCING MAGNETISM FROM ELECTRICAL CURRENTS

A. ELECTROMAGNETS: using electric current produces electrical fields and magnetic fields as well. 

1. Strong magnetic fields can be produced by wrapping a coil of wire around a metal core, the more wraps or coils, the stronger the magnetic force.

a. Solenoid- a devise that creates a magnet by running an electric current through a long,      wound coil of insulated wire. 

2. Magnetism occurs when microscopic “domains” within a substance, like iron, all align or orient themselves in the same direction. 

B. ELECTROMAGNETIC DEVISES

1. Galvanometers- detects the movement of electrical charges

a. measures current in ammeters 

b.  voltage in voltmeters

2. Electric Motors- a devise that converts electrical energy into mechanical energy.

a. an alternating electric current causes a commutator with brushes to spin a coil inside of a magnet. This coil can be attached to a wheel, propeller, or a number of other devises in order to do work. Many toys and electric fans use electric motors. 

3. Stereo speakers use permanent magnets with a wire around it to produce sounds.

18.3 PRODUCING ELECTRIC CURRENTS FROM MAGNETISM


A. Electromagnetic Induction & Faraday’s Law

1. Induction- creation of an electric current by changing the strength, position, or orientation of    an external magnetic field.


a. the greater the magnetic field, the stronger the force needed to change the position or orientation of the magnetic field.

B. ELECTRIC GENERATORS- does the opposite of an electric motor: turns mechanical energy into electrical energy by electromagnetic induction.

1. ALTERNATING CURRENT (A.C.)- an electric current that changes direction so many times per second and is used in most homes in the world and is the type of current produced by most generators.


C. TRANSFORMERS- a devise that can change one a.c. voltage to another a.c. voltage 

1. STEP UP: If the number of coils around the secondary circuit is greater than the number of coils around the primary circuit, the voltage will be increased (Step Up transformer). 

a. electric current created at power plants must use step-up transformers in order to send it to to all the cities that need electrical power

2. STEP DOWN: If the number of coils around the secondary circuit is less than the number of coils on the primary circuit, the voltage will be decreased 

(Step Down transformer).

a. current that comes into your home must be stepped down between the power pole and your house because the voltage needed to supply your house is much less than that needed to supply all the houses in your neighborhood. Too much current would damage the electrical devises in your home (refrigerator, washer and dryer, lights, stereo, etc.).

b. current that comes from your home into your cell phone to recharge its batteries, or to recharge disc players  must also use a  step down transformer.
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