
CST REVIEW SHEETS 

• Included in this packet are the 9 8th-grade 
CA State Standards for Science and 
explanations of concepts that have been 
covered in class that relate to each standard. 

• The Science CST will be given in 2 parts. The 
first part will be May 3rd and the 2nd part will 
be May 5th 

• There are 66 multiple choice questions on the 
CST. It is our expectation that each student 
obtain a “Proficient” level on the test which is 
equal to 58%. “Advanced” = 68% or better 



Motion 
• 1. The velocity of an object is the rate of change of its position. 

As a basis for understanding this concept, students know:  

a. position is defined relative to some choice of standard reference point 

and a set of reference directions.  

b. average speed is the total distance traveled divided by the total time 

elapsed. The speed of an object along the path traveled can vary.  

c. how to solve problems involving distance, time, and average speed.  

d. to describe the velocity of an object one must specify both direction and 

speed.  

e. changes in velocity can be changes in speed, direction, or both.  

f. how to interpret graphs of position versus time and speed versus time for 

motion in a single direction.  

 



To state the POSITION of an object,  

we must have: 

  A Reference Point 

 Reference Directions 

 Units of Measurement 

POSITION 



A REFERENCE POINT is a known location. 

This man might say, “the 

Ocean is in front of me.” 

 

He is using himself as the 

Reference point. . . 

Here the reference point 

might be the board  

In the front of the classroom. 

REFERENCE POINT 



You need to use directions to give more specific 

details of an object’s position. 

If this is 

your 

reference 

point 

Then the birthday 

girl is DOWN . . . 

and to the RIGHT 

REFERENCE DIRECTION 

Other directions are up, down, left, right, north, south, east, west. 



The units used to describe position are the way you tell 

how far we move in each direction. For example, “The 

girl is 5 meters down and 3 meters to the right of the 

box.” 

UNITS OF MEASUREMENT 

Position (length, 

distance, height) 

Meters (m) 

Mass Grams (g) 

Volume cm3 (solids) or mL 

(liquids) 

Time Seconds (s) 

Speed mi/hr, m/s 

Note: units aren’t just used to describe position. 



SPEED is the distance an object travels in a certain 

amount of time.   

 

SPEED does not depend on direction. 

AVERAGE SPEED =  DISTANCE 
TIME 

D 

S 
(Or V) 

T 

The triangles for velocity, 

average speed, and speed 

are the same because you 

use the same equation!  

To use the triangle: 

cover up the 

variable you are 

looking for and do 

what you see. 

SPEED 



To calculate speed, you need to find the TOTAL 

distance and the TOTAL time FIRST before you 

divide. 

If Manuel walks 30 meters in 30 seconds, then runs 50 

Meters in 10 seconds, what is his average speed? 

Total Distance:   30 meters + 50 meters = 80 meters 

Total Time:       30 seconds + 10 seconds = 40 seconds 

Average Speed   = 
80 meters 

40 seconds 
= 2 m/s 

SPEED 



VELOCITY is the speed an object travels in a given 

direction.  

 

Velocity does depend on direction! 

The VELOCITY can be changed by: 

1. Making the object speed up or slow down, start 

moving, stop moving. 

2.  Changing the direction of the object 

VELOCITY 

3. BOTH the speed and direction change. 



SPEED is the distance you go in a certain amount of time 

SPEED  does not care about direction. 

This runner is 

going 8 meters 

per second to 

the SOUTH. 

This runner is 

going 8 meters 

per second to 

the NORTH. 

Are they going 

the same 

SPEED? 

YES, both are  

going 8 m/s. With 

SPEED, direction 

does not matter. 

SPEED AND VELOCITY 



VELOCITY is speed IN A PARTICULAR DIRECTION 

VELOCITY does care about direction. 

Are they going 

the same 

VELOCITY? 

NO, both are going 

in different directions. 

with VELOCITY,  

direction DOES matter. 

This runner is 

going 8 meters 

per second to 

the SOUTH. 

This runner is 

going 8 meters 

per second to 

the NORTH. 

SPEED AND VELOCITY 



ACCELERATION IS ANY CHANGE IN VELOCITY.   

The VELOCITY can be changed by: 

1. Making the object speed up or slow down, 

start moving or stop moving. 

2.  Changing the direction of the object 

Remember, 

Both of these changes cause ACCELERATION 

ACCELERATION 

3. BOTH the speed and direction change. 



ACCELERATION is any change in velocity .  This means 

You can change VELOCITY by changing DIRECTION. 

This race car is going in a 

circle at 80 m/s. 

Is its speed changing? 

Is its velocity changing? 

Is it accelerating? 

No, it’s 80 m/s. 

Yes, its direction is changing. 

Yes, its velocity is changing. 

ACCELERATION 



You can use graphs of speed vs. time and 

distance vs. time to determine the speed of an 

object. 

This is a graph of 

distance vs. time.  

To determine the speed 

of the object, you have 

to do the calculation: 

s=d/t.  

For example, if I pick a 

time of 6s, I go up to 

the line and then over 

to see the distance: 

120m. Then I do the 

math: 120m/6s = 60m/s 



This is a graph of speed vs. 

time for a car that is 

accelerating. To find the 

speed, at 4.0s, start at 4.0s 

on the bottom, go up to the 

line, then go to the left to 

find the speed: 10m/s. 

This is a graph of speed 

vs. time for a car that is 

moving at a constant 

speed. For any chosen 

time, the speed is 20m/s. 



Another way to find the speed 

of an object is to find the 

slope of the line that is made 

when you graph its distance 

vs. time. 

Slope = rise/run  

(speed = distance/time) 

First: pick any two points and write down the coordinates. 

 (5, 15) and (10, 30) 

Second: you have to subtract to find the rise and run values 

 Rise = 30 -15 = 15 and Run = 10 - 5 = 5 

Last: divide to find your slope and you’ve got your speed! 

 Slope = rise = 15m = 3m/s  

      run      5s  



FORCES 

• 2. Unbalanced forces cause changes in velocity. 
As a basis for understanding this concept, students know: 
a. a force has both direction and magnitude.  
b. when an object is subject to two or more forces at once, the effect is the 
cumulative effect of all the forces.  
c. when the forces on an object are balanced, the motion of the object does not 
change.  
d. how to identify separately two or more forces acting on a single static object, 
including gravity, elastic forces due to tension or compression in matter, and 
friction.  
e. when the forces on an object are unbalanced the object will change its motion 
(that is, it will speed up, slow down, or change direction).  
f. the greater the mass of an object the more force is needed to achieve the 
same change in motion.  
g. the role of gravity in forming and maintaining planets, stars and the solar 
system.  

 



A FORCE is a push (compression) or a pull (tension).   

 

Forces must have a size (magnitude) and direction - these 

are shown by arrows. 

Stick-Boy is pushing the box with 5 N of force . . . 

Does this mean that 

The box is moving? 

No. If there is a 5 N 

Force pushing back 

Against Stick-Boy, then 

The box will not move. 

5 N 5 N 

FORCE 



A FORCE is a push or a pull.  A force does not need to  

Cause an object to move. 

5 N 5 N 

If the forces on an object are in opposite directions and 

equal in magnitude, we say they are BALANCED. 

If the forces on an object  

are balanced then the object 

is either: 

1.  Not moving 

2. Moving at constant velocity 

 

or 

TRICKY #2 

FORCE 



If the forces acting on an object are in opposite directions 

and are NOT equal in magnitude, we say they are 

UNBALANCED. 

5 N 2 N 

If the forces on an object  

are NOT balanced then the 

Object is: 
Accelerating 

FORCE 



To find the total, or NET FORCE for forces in the same 

direction, you add them together. 

10 N 5 N 

If Stick-boy pushes with 10 N of force and Stick-girl pulls 

With 5 N of force in the same direction, then the total 

Force on the box is: 

=  15 N 

10 N   + 5 N = 15 N to the right 

FORCE 



FORCES can be SUBTRACTED to find the NET 

FORCE when the forces are in the opposite direction. 

10 N 

If Stick-boy pushes with 10 N of force and Stick-girl pushes 

Against him with 5 N of force, then the total Force on  

the box is: 

5 N 

10 N -   5 N  =  5 N  to the right  

FORCE 



FADE 

• Friction - objects are rubbing 

• Applied - objects are touching 

• Drag - objects are moving through 
a fluid (gas or liquid) 

• Elastic - objects are stretchy 



A force that works against motion is called FRICTION. 

10 N 

3 N 

If Stick-boy pushes a box on the floor with 10 N of force 

And the box does move, then there is a FRICTION force 

going opposite the direction of motion. 

FRICTION 

Net force = 7N to 
the right 



When 2 non-elastic objects push or pull on each other, 

there is applied force. 

10 N 

3 N 

If Stick-boy pushes a box on the floor with 10 N of force, 

his PUSH is the APPLIED force. 

APPLIED 

Net force = 7N to 
the right 



When an object moves through a fluid (liquid or gas) it 

experiences drag force, also called fluid friction or air 

resistance. This force, like friction, slows the object’s 

motion. 

DRAG 

Gravity pulls the man down 

Drag works 
opposite gravity 
to slow him down 

as he falls. 



When 2 elastic objects push or pull on each other, there is 

elastic force. 

ELASTIC 



3 N 

3 N 

3 N 

3 N 

5 N 5 N 

5 N 2 N 

Balanced Forces 

Unbalanced Forces 

Object is either: 

1. Standing Still, or 

2. Moving at a  

       constant velocity 

Object MUST be 

Accelerating 

Acceleration 

FREE-BODY DIAGRAMS 



MASS is the amount of matter (“stuff”) an object has in it 

 

The amount of matter your body has in it does not change 

Whether you’re on Earth or in outer space, 

So . . . 

 

Your Mass NEVER changes anywhere in the Universe 

The Birthday Girl 

Has a MASS of 

20 kg whether she 

Is on Earth or 

Floating in outer 

space 

MASS 



GRAVITY is the force of attraction between two 

or more objects 

GRAVITY 

On Earth, gravity pulls objects 

towards the center of the Earth. So 

no matter where you are on Earth 

all objects fall to the ground. 

Earth’s gravity 

keeps the moon 

in orbit. 



The FORCE OF GRAVITY on an object is called its 

WEIGHT 

WEIGHT is measured in NEWTONS (N). 

The Birthday Girl 

Has a WEIGHT of 

44 N on Earth 

Floating in Space, there 

is no object to attract her, 

So she has NO WEIGHT 



GRAVITY is an attracting force between two or more 

objects 

GRAVITY  depends on: 

1. The MASS of the objects 

and 

2.  The DISTANCE between them 

(More mass means MORE gravity) 

(More distance means LESS gravity) 

GRAVITY 



Obviously, gravity is very 

important on Earth. The Sun's 

gravitational pull keeps our planet 

orbiting the Sun. The motion of the 

Moon is affected by the gravity of 

the Sun AND the Earth. The 

Moon's gravity pulls on the Earth 

and makes the tides rise and fall 

every day.  

Every object in the universe has a gravity. It might 

be the really really tiny gravity of a goldfish or the 

enormous gravity of a red giant. No matter what the 

gravity, all objects pull on each other. 

Gravity in space can small objects can clump 

together and form larger ones. Soon you might have 

an asteroid or a collection of ice. Asteroids are 

pulled together and collide, leaving you with small 

moons or planets. Eventually you wind up with 

smaller terrestrial planets or large gas giants.  
 



Density and Buoyancy 

• 8. All objects experience a buoyant force when immersed in 

a fluid. 

As a basis for understanding this concept, students know:  

a. density is mass per unit volume. 

b. how to calculate the density of substances (regular and 

irregular solids, and liquids) from measurements of mass and 

volume.  

c. the buoyant force on an object in a fluid is an upward force 

equal to the weight of the fluid it has displaced. 

d. how to predict whether an object will float or sink.  

 



DENISTY is how much mass is in a given volume 

Density 

Mass 

Volume 

The formula for density is: 
 

Density  =    Mass 

Volume 

DENSITY 

These cubes all have the same 
volume, but have different 

densities because a different 
amount of “stuff” fits into 

each cube. 



 

The weight of a 

FLOATING object is 

equal to the weight 

of the amount of 

water it displaces. 

Displaced 

water 

wood 

Water 

level with 

no wood 

Buoyancy is the upward force 
that objects experience when in 
a fluid. Fluids are substances 
that flow like liquids or gases. 

Gravity pulls objects down 

B 

G 

Buoyant force pushes objects up 



The DENSITY of an object compared to the density of 

A fluid determines if it will float or sink 

 

If an object is more dense than the fluid, it will SINK 

 

If an object is less dense than the fluid, it will FLOAT 

Positively buoyant Negatively buoyant 

Neutral buoyancy is when an object floats IN 
the liquid.  



Structure of Matter 

• 3. Elements have distinct properties and atomic structure. All matter is 

comprised of one or more of over 100 elements. 

As a basis for understanding this concept, students know:  

a. the structure of the atom and how it is composed of protons, neutrons and 

electrons.  

b. compounds are formed by combining two or more different elements. 

Compounds have properties that are different from the constituent elements.  

c. atoms and molecules form solids by building up repeating patterns such as 

the crystal structure of NaCl or long chain polymers.  

d. the states (solid, liquid, gas) of matter depend on molecular motion.  

e. in solids the atoms are closely locked in position and can only vibrate, in 

liquids the atoms and molecules are more loosely connected and can collide 

with and move past one another, while in gases the atoms or molecules are free 

to move independently, colliding frequently.  

f. how to use the Periodic Table to identify elements in simple compounds. 



Matter is everything around you. 



• Matter is anything made of atoms and 

molecules. Matter is anything that has a mass. 

• All matter is made from 1 or more elements. 

An ELEMENT 

is pure matter 

that cannot be 

divided into any 

other substances. 

There are only 

about 100 known 

elements. 



An ATOM is the smallest “piece” of an element. All atoms 

have the same basic structure: 

= 

+ + + 
= = = 

2 Parts of 

An Atom 

 

1. Nucleus 

 

 

 

2. Orbitals 

3 Subatomic 

Particles  

 

1. Protons (+) 

 

2. Neutrons (=) 

 

3.  Electrons (-) 

- 

- - 



 

A MOLECULE is two or more atoms; the atoms can be from 

the same element, or different elements (covalent bonds), and 

usually formed in a physical interaction 

A COMPOUND is made of atoms from two or more 

different elements. Compounds have different properties than 

the elements that make them up because they are made in 

chemical interactions. 

Note:  A molecule made up of two atoms of the same element, 

Such as H2 or O2, IS NOT a COMPOUND  



Why do atoms bond? 

The rule that states that atoms are “Happy” when they fill their 

Valence (outer) orbital.  For most elements we have studied, 

This takes 8 electrons (an octet).  For hydrogen its 2 electrons. 

What is the VALENCE ORBITAL? 

The outer orbital of an atom, this is the orbital involved in 

Chemical bonding 

What is a CHEMICAL BOND? 

The way atoms attach to each other to form compounds  

Atomic bonding SUMMARY 

There are 3 types of chemical bonds: 
ionic, covalent, and metallic.  



In an IONIC BOND, a METAL PASSES ELECTRONS to a 

NON-METAL to form 2 happy ions.  

Remember: An ion 

is an atom with a 

different number of 

electrons and 

protons. 

 

In this example, 

you have a sodium 

ion, Na+ and a 

chlorine ion, Cl- 

 



Na+ 

Cl- 

Cl- 

Cl- Cl- Cl- 

Cl- 

Cl- 

Cl- 

Cl- 

Cl- Na+ Na+ 

Na+ 

Na+ 

Na+ 

Na+ 

Na+ Na+ 

Na+ 

Na+ 

IMPORTANT 

IONIC BONDS do not form molecules 

IONIC BONDS form CRYSTAL LATTICE STRUCTURES 

CRYSTAL 

LATTICE 

STRUCTURES 

Are like bricks 

In a wall 

CRYSTAL LATTICE STRUCTURE 



16 

S 
Sulfur 

32.07 

7 

N 
Nitrogen 

14.04 
14 

Si 
Silicon 

28.09 

11 

Na 
Sodium 

22.99 

4 

Be 
Beryllium 

9.01 

1 

H 
Hydrogen 

1 

2 

He 
Helium 

4.00 
3 

Li 
Lithium 

6.94 
17 

Cl 
Chlorine 

35.45 

18 

Ar 
Argon 

39.95 

5 

B 
Boron 

10.81 

6 

C 
Carbon 

12 

8 

O 
Oxygen 

16.00 

9 

F 
Fluorine 

19.00 

10 

Ne 
Neon 

20.18 
12 

Mg 
Magnesium 

24.31 

13 

Al 
Aluminum 

26.98 

15 

P 
Phosphorus 

30.97 

NON-METALS (RED) 

In a COVALENT BONDS, atoms join to form 

MOLECULES by SHARING electrons 

COVALENT BONDS exist between  

NON-METAL elements 

COVALENT BONDS 



Al 

Aluminum atoms (all of the  

electrons are not shown) 

Al Al Al 

Al Al Al Al Al 

Al 

Al Al 

Al 

Al Al Al 

Al 

Al - 

- 

- 

- 
- 

- 

In METALLIC BONDS, the VALENCE (outer orbital) electrons 

Can FLOW freely between METAL atoms 

METAL atoms form 

straight rows and columns 

METALLIC BONDS - are when 2 

metals bond 



Ionic Bonding 

One atom PASSES an electron to 

another atom; they then become 

positive and negative magnets  

and “stick” together 

Metallic Bonding 

Electrons FLOW around metal  

Atoms like water running through  

Rocks in a river 

Covalent Bonding 

Atoms SHARE electrons to fill their outer orbitals 

Al Al 

Al 

Al 

Al Al - 

- 

- 

Cl- Na+ - 

O - 
- - 

H 

H - 

- - 

- - 

CHEMICAL BONDING SUMMARY 



Na+ 

Cl- 

Cl- 

Cl- Cl- Cl- 

Cl- 

Cl- 

Cl- 

Cl- 

Cl- Na+ Na+ 

Na+ 

Na+ 

Na+ 

Na+ 

Na+ Na+ 

Na+ 

Na+ 

Or long chain POLYMERS 

CRYSTAL 

LATTICE 

STRUCTURES 

(like bricks in a wall) 

Atoms can form solids like: 

glucose glucose glucose glucose glucose glucose 



The states of matter 

depend on the 

motion of the 

molecules: 

Solids - vibrate in 

place 

Liquids - slide past 

each other 

Gases- move freely 



There are 3 States of Matter 

Liquid:  Things that you pour, like water 

Solid:  Things that you can hold in your hand 

Gas:  Things that float, like clouds 

Solids have rigid molecules that are  

next to each other and don’t move 

Liquids have molecules that are next to 

Each other but can move around next 

to each other 

Gases have molecules that are  

separate from each other and  

can move freely 

STATES OF MATTER 



 

To identify an element in a 
compound, you can look for its 
chemical symbol on the periodic 
table and find its full name. 

 

Element names are 

written with 1 capital 

letter and 1 

lowercase letter. EX: 

CO is carbon and 

oxygen but Co is 

cobalt.  



REACTIONS 

• 5. Chemical reactions are processes in which atoms are 

rearranged into different combinations of molecules. 

As a basis for understanding this concept, students know:  

a. reactant atoms and molecules interact to form products with different 

chemical properties.  

b. the idea of atoms explains the conservation of matter: in chemical 

reactions the number of atoms stays the same no matter how they are 

arranged, so their total mass stays the same.  

c. chemical reactions usually liberate heat or absorb heat.  

d. physical processes include freezing and boiling, in which a material 

changes form with no chemical reaction.  

e. how to determine whether a solution is acidic, basic or neutral.  

 



It’s the Law! 

• The Law of Conservation of Mass - mass is 

neither created nor destroyed 

• Chemical equations show what happens in a 

chemical reaction using formulas and 

symbols 

• The number of atoms in the reactants must 

equal the number of atoms in the products 

 



2HCl  +  Na2S                   H2S  +  2NaCl 

REACTANTS are the things 

You put into a chemical 

reaction 

PRODUCTS are the things 

You get out of a chemical 

reaction 

Coefficient: Means there 

Are 2 H atoms and 2 Cl  
atoms 

Subscript:  Means 

There are 2 H atoms 

CHEMICAL EQUATIONS 



To balancing chemical equations means that you must end up with 

the same number of atoms in the reactants and the products 

Example 

C  +  O2            CO2 

One Carbon 

Two Oxygens 
Two Oxygens 

One Carbon 

THIS IS CALLED CONSERVATION OF MASS 

BALANCING CHEMICAL EQUATIONS 

To balance an 

equation, you have 

to 1st count the 

number of each 

atom in the 

products and 

reactants and then 

add coefficients to 

make those 

numbers the same.  



ALL CHEMICAL REACTIONS INVOLVE 

CHEMICAL ENERGY. 

If energy goes 
into the reaction, 
it is called 
ENDOTHERMIC 

Reactants + energy 
 products 

 If energy goes 
out of the 
reaction, it is 
called 
EXOTHERMIC 

Reactants  
products + 
energy  

reactants 

products 



 

Changes of state 
are PHYSICAL 
changes because 
the material 
changes form with 
no chemical 
reaction.  
 
Other physical 
changes include 
ripping, folding, 
or cutting. All 
physical changes 
can be reversed 
with another 
physical 
interaction. 



When a substance changes from one state changes to 

another, it is called a 

CHANGE OF STATE. There are 5 changes of state: 

Melting (solid to liquid):  EX: When you take ice (solid 

H2O) out of the freezer and set it on the counter, it turns to 

water (liquid H2O) 

Freezing (liquid to solid):  EX: When you put water (liquid 

H20) into the freezer, it becomes ice (solid H20) 

Sublilmation (solid to gas): EX: When a solid carbon 

dioxide (dry ice) goes directly turns to carbon dioxide gas 

(not many substances can do this) 

CHANGES OF STATE 



When a substance changes from one state changes to 

another, it is called a 

CHANGE OF STATE. There are 5 changes of state: 

Vaporization (liquid to gas): EX: When liquid water 

boils and the gas bubbles are throughout it is boiling or 

when it is heated by the Sun and turns to gas only at the 

surface, it is evaporating. Both are examples of 

vaporization. 

Condensation (gas to liquid):  EX: When water vapor 

turns into droplets of liquid water as it cools.   

CHANGES OF STATE 



CHEMICAL Interactions (CHANGES) occur when a 

chemical reaction causes the atoms and molecules to 

change into new substances.  For example: 

C + O2           CO2 

This is carbon burning in Oxygen to produce Carbon Dioxide. 

Carbon dioxide is a new substance.   

 

So this is a CHEMICAL CHANGE. Other examples of 

chemical changes are: burning wood, mixing baking soda and 

vinegar, and rusting. 

 

4 clues to a chemical interaction are 1) solid formation 2) gas 

formation 3) color change and 4) energy change. 

CHEMICAL CHANGES 



PHYSICAL CHANGES DO NOT change a substance 

Into a new substance. 

When ICE (solid H2O) melts to become WATER (liquid H2O),  

Both substances are H2O, so only a physical change  

has taken place 

Examples of PHYSICAL CHANGES are: 
 

Any change of state 
 

Breaking a piece of wood (it’s still wood) 
 

Shaping clay into a pot (it’s still clay) 

PHYSICAL CHANGES 



All CHEMICAL REACTIONS either take in heat or give 

off heat. 

When a reaction takes in heat it is called ENDOTHERMIC 

       (remember, ENDO means INTO) 

When a reaction gives off heat it is called EXOTHERMIC 

        (remember EXO means “out of” like an EXIT sign) 

HEAT 

When wood burns, 

It gives off heat 

The Sun’s Nuclear 

Fusion both takes 

In and gives off heat 



A BASE is a compound that increases the number of  

HYDROXIDE Ions (      ) when it is dissolved in water. - OH 

An ACID is a compound that increases the number of  

Hydrogen Ions (H  ) when it is dissolved in water. 

H   MEANS IT’S AN ACID + 

If all of an acid breaks into hydrogen ions it is called a 

STRONG ACID; if only a few break into hydrogen ions 

It is a WEAK ACID 

OH   MEANS IT’S A BASE - 

+ 

ACIDS AND BASES 



A neutralized Acid and Base is called a SALT 

Hydrochloric  

Acid 

HCl 

Sodium  

Hydroxide 

Table 

Salt 

Water 

+ NaOH NaCl + H2O 

So, when HYDROCHLORIC ACID (a poison!) and SODIUM 

HYDROXIDE are mixed, they produce TABLE SALT (NaCl) 

and water (both safe to eat) 

Acid Base 

ACIDS AND BASES 



The pH Scale measures the amount of ACIDITY or BASICITY 

Of a compound 

7 14 0 

ACID 
Base 

The pH SCALE measures strong acid (0) to strong base (14) 

 

7 is in the middle and is NEUTRAL (not acid or base) 

THE pH SCALE 



CHEMISTRY OF LIVING 

SYSTMES 
• 6. Principles of chemistry underlie the functioning of 

biological systems. 

As a basis for understanding this concept, students know:  

a. carbon, because of its ability to combine in many ways with 

itself and other elements, has a central role in the chemistry of 

living organisms.  

b. living organisms are made of molecules largely consisting of 

carbon, hydrogen, nitrogen, oxygen, phosphorus and sulfur.  

c. living organisms have many different kinds of molecules 

including small ones such as water and salt, and very large 

ones such as carbohydrates, fats, proteins and DNA.  

 



ORGANIC COMPOUNDS have a CARBON backbone.  

Carbon has 4 Valence electrons, so it bonds on all 4 sides. This is  

why CARBON can form the long complex molecules of life. 

H 

C H H 

H 

- 
- 

- - 

- 
- 

- - 

Example:  CH4 (Methane) 

LIVING ORGANISMS are 

Made up mostly of: 

 

CARBON 

NITROGEN 

HYDROGEN 

OXYGEN 

PHOSPHORUS 

SULFUR 

ORGANIC COMPOUNDS 



Carbon forms RINGS and long CHAINS of atoms called 

POLYMERS 

H   C   C   C   C   H 

H   H   H   H  

H   H   H   H  

C 
C 

C 

C 

C C H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

CHAIN RING 

Note: Each of the lines is a COVALENT BOND with 2 electrons 

POLYMERS 



CARBOHYDRATES are biochemicals 

made of 1 or more simple sugars 

bonded together in a long chain 

and are a source of energy and 

energy storage 

C6H12O6 

This is GLUCOSE - 

the basic building 

block of 

carbohydrates. 

Organic Compounds made by LIVING things are called 

BIOCHEMICALS. We have 4 major biochemicals. 



LIPIDS are biochemicals that can be fats, oils, 

steroids or waxes 

In Animals, LIPIDS are mostly FATS that are used for 

storing energy and some vitamins. Lipids are also 

used to help keep warm and as an energy source 

when the glucose runs out. 

 

In Plants, LIPIDS are OILS and WAXES that are 

used to help the plants grow. 

 



PROTEINS are the biochemicals that makes up 

your body 

  PROTEINS are made up of AMINO ACIDS 

  Your body produces 12 AMINO ACIDS 

  The other 8 you must get from what you eat 

  ENZYMES are PROTEINS 

that regulate how fast a 

chemical reaction takes place 

PROTEINS 

  There are more proteins in the 

body than any other biochemical! 



DNA is the “instructions” used 

to build the  

proteins in your body 

 

RNA actually builds the 

proteins in your body 

 

They are the LARGEST 

biochemicals the body makes!  

NUCLEIC ACIDS are the biochemicals that are 

responsible for making proteins, making more 

nucleic acids, and storing information. 

NUCLEIC ACIDS - DNA and RNA 



PERIODIC TABLE 
• 7. The organization of the Periodic Table is based on 

the properties of the elements and reflects the 
structure of atoms. 
As a basis for understanding this concept, students know:  
a. how to identify regions corresponding to metals, 
nonmetals and inert gases.  
b. elements are defined by the number of protons in the 
nucleus, which is called the atomic number. Different 
isotopes of an element have a different number of 
neutrons in the nucleus.  
c. substances can be classified by their properties, 
including melting temperature, density, hardness, heat, 
and electrical conductivity.  

 



The Periodic Table 
• The periodic table is organized like a big grid. The elements are placed 

in specific places because of the way they look and act. If you have 
ever looked at a grid, you know that there are rows (left to right) and 
columns (up and down). The periodic table has rows and columns, too, 
and they each mean something different. 

 

 



 

• When you look at a periodic table, each 

of the rows is considered to be a different 

period In the periodic table, elements 

have something in common if they are in 

the same row. All of the elements in a 

period have the same number of atomic 

orbitals. Every element in the top row (the 

first period) has one orbital for its 

electrons. All of the elements in the 

second row (the second period) have two 

orbitals for their electrons. It goes down 

the periodic table like that.  

You’ve got your Periods.. 



You’ve got your groups… 

• The periodic table has a special 

name for its columns, too. When 

a column goes from top to 

bottom, it's called a group. The 

elements in a group have the 

same number of electrons in 

their outer orbital. Every element 

in the first column (group one) 

has one electron in its outer 

shell. Every element on the 

second column (group two) has 

two electrons in the outer shell. 

As you keep counting the 

columns, you'll know how many 

electrons are in the outer shell.  



METALS 

Shiny 

Conduct electricity (electricity can flow through 

it) 

Malleable (they can be heated and shaped) 



Nonmetals 

Not Shiny 

Do not conduct electricity 

 



Metalloids/Semi-metals 

Properties of metals and nonmetals 

Used in computers 

 



Noble Gases - Group 18 

All of the noble gases 

have full outer 

shells.The fact that 

their outer shells are 

full means they are 

quite happy not 

reacting with other 

elements. In fact, they 

rarely combine with 

other elements. That 

non-reactivity is why 

they are called inert. All 

Noble Gases are in 

Group 18 



Highly 
reactive 
metals: 
Group 1 
and 2 

Highly 
reactive 

nonmetals: 
Groups 17 



Rare Earth Metals - the bottom 2 groups 

Groups 3 - 12 

Both of these groups are not very chemically reactive. 



Elements are identified by their atomic 
number. The atomic number is equal to 
the number of protons in the atom’s 
nucleus. 

Atomic number 



Isotopes are atoms of the same element that 
have the same number of protons and 

different numbers of neutrons. 

Mass number = # of protons + # of neutrons 

Isotopes are named for 
their mass number. � 

Example: Carbon-14 (C-14) is an 
isotope of Carbon with 6 protons 

and 8 neutrons. (6+8 = 14) 



A solution contains a solvent and a solute MIXED EVENLY 

A SOLUTE is what is being dissolved 

 

A SOLVENT is what is doing the dissolving 

When SALT is DISSOLVED in WATER 
 

Salt is the SOLUTE 
 

Water is the SOLVENT 

The CONCENTRATION of a SOLUTION is the amount 

 of SOLUTE dissolved in it 

SOLUTIONS 



EARTH IN THE SOLAR 

SYSTEM 
• 4. The structure and composition of the universe can be learned from the 

study of stars and galaxies, and their evolution. 

As a basis for understanding this concept, students know:  

a. galaxies are clusters of billions of stars, and may have different shapes.  

b. the sun is one of many stars in our own Milky Way galaxy. Stars may differ in 

size, temperature, and color. 

c. how to use astronomical units and light years as measures of distance 

between the sun, stars, and Earth. 

d. stars are the source of light for all bright objects in outer space. The moon 

and planets shine by reflected sunlight, not by their own light.  

e. the appearance, general composition, relative position and size, and motion 

of objects in the solar system, including planets, planetary satellites, comets, 

and asteroids.  

 



The Formation of the Universe 
Current theory says the the UNIVERSE began from the explosion 

of an atom-sized “egg” 13.7 billion years ago.  This is called  

THE BIG BANG THEORY.  The UNIVERSE is everything we 

know of. 

From the BIG BANG, the Universe, in the form of MATTER 

And ENERGY, expanded outward and continues to expand 

today.   

Some clumps of hydrogen and helium gas  

collected to form stars. Gravity pulled 

billions of stars into clusters called 

GALAXIES.  There are billions of Galaxies in 

the UNIVERSE. 

As hydrogen and helium are pulled in, the star begins 

spinning as it grows LARGER and HOTTER.  Eventually,the 

star becomes big and hot enough to ignite the process of 

NUCLEAR FUSION, which produces LIGHTand HEAT for 

billions of years.  Our SUN is a typical example of a star. 

During Star formation, rocks and other elements are thrown 

out from the SUN.  These collide to form bigger rocks.  Some 

become big enough to be called “Planets.”  These circle 

around the SUN to form The SOLAR SYSTEM. 



Measuring Distance in space 

The distance from the Earth 

To the Sun is 93,000,000 miles 

This distance is called 1 Astronomical Unit (AU) 

The distance from the Earth to Proxima Centauri (our 

nearest star except the Sun) is 26,395,632,000,000 

Miles 

Because scientists don’t want to deal with such a large number of miles,  

they use the distance that light travels in one year.   
 

This is called a LIGHT-YEAR and is equal to 

5,865,696,000,000 Miles 
 

Proxima Centauri is 4.5 Light-years away 

Astronomical Units are used to measure distances 

Inside of our solar system of planets  

Light-years are used to 

Measure distances 

Outside of our solar  

system 



Galaxies 

SPIRAL:  Our galaxy, called the MILKY WAY, is a SPIRAL galaxy that  

contains about 200 Billion stars.  Our sun and Earth are On one of these  

“arms”, about 24,000 light years from the Center of the Milky Way.   

The Milky Way is 100,000 Light-years in diameter.  The nearest galaxy  

to the MILKY WAY is  ANDROMEDA, another SPIRAL galaxy.  

It is 2.5 million light-years away. 

ELLIPTICAL:  These galaxies are shaped like disks and don’t have “arms.” 

They comprise about 15% of all galaxies.  

IRREGULAR:  These galaxies have an odd shape that is neither SPIRAL  

nor ELLIPTICAL.  IRREGULAR galaxies comprise about 25% of all 

galaxies 

Galaxies are “neighborhoods” that contain billions of Stars 



Main Sequence: Mid-life Stars 

Red Giants: 

Dying Stars 

Are large  

And Cool 

White Dwarfs: Almost 

Dead Stars are small,  

But hot 

Very Hot Cool 

Dim 

Bright 

The HR Scale tells us how BRIGHT and HOT Stars are 

Cool Stars 

Are red 

HOT Stars 

Are BLUE 

The HR Scale 



Stars 

1. Color - stars are different color depending on their 

temperature. Hotter stars are BLUE and cooler stars are RED.  

 

2.    Composition - stars are made of different elements like 

calcium, helium, and hydrogen.  

 

3.    Life - stars live for billions of years!  

 

4.    Size - the biggest stars are called “GIANTS” and the smallest 

are called “DWARFS”.  

 

5.    Absolute Magnitude - this is a measure of a star’s brightness, 

and not all stars are the same!  

 

6. Death - Very large stars will explode into SUPERNOVAS 

 then become BLACK HOLES.  Medium stars go from Red 

Giants to NEUTRON STARS. For smaller stars, such as our 

Sun, the gas  will simply blow away into space.  This leaves a 

small, hot star called a WHITE DWARF.  At this point, the star 

is dead. 

White Dwarf 

Nebula 

Star Formation 

Red giant 



The Sun 

The Sun is a typical Star 

The Sun is about half way through its 10 

Billion year life 

The Sun creates light and heat by  

NUCLEAR FUSION:  Hydrogen atoms  

are smashed together to form Helium  

And release HUGE amounts of Energy 

ONLY STARS, LIKE 

THE SUN PRODUCE 

THEIR OWN LIGHT 

PLANETS AND MOONS 

DO NOT PRODUCE 

LIGHT. THEY ONLY 

REFLECT LIGHT FROM 

THE SUN. 

Inside the Sun 

Core (Energy Source) 

Radiative Zone 

Convective Zone 

Surface of Sun 

Chromosphere 

Corona 

Photosphere 



Sun 

Closest to sun  

 

3 Months to   

go around sun 

 

No Atmosphere 

 

Same Density 

as Earth but only 

1/20 the volume 

of the Earth 

Mercury Venus Earth Mars 

Asteroid 

Belt 

“Acid Rain” 

Planet 

 

Same volume 

and density as 

Earth 

 

Average temp 

of 464°C 

 

Volcanic 

surface 

“Red Planet” 

 

Less dense and 

smaller than 

Earth 

 

Average temp 

About -40°C 

Only planet 

with life in our 

solar system 

 

93 million miles 

from the Sun (1 

AU) 

Terrestrial (Rock) Planets 

Rocky area 

between 

Mars and 

Jupiter 

 

 

 

 

 



Rocky area 

between 

Mars and 

Jupiter 

 

 

About 800 

times bigger 

than Earth 

 

Famous for 

rings 

 

Made of 

hydrogen and 

helium 

 

Largest planet 

in solar system 

 

About 1,300 

times bigger 

than earth 

 

“Great Red 

Spot” is a gas 

storm 

 

Made of 

hydrogen and 

helium 

Famous for 

being tipped on 

its side 

 

63 times the 

size of the Earth 

 

Green-blue 

color 

“Blue Planet 

 

 

Area 

outside of 

Neptune 

with rocks, 

comets, 

and dwarf 

planet Pluto 

Jupiter Saturn Uranus Neptune Pluto & 

Kuiper  

Belt 

Asteroid 

Belt 

The Gas Giants 



POW! 

Solar System Junk 

ASTEROIDS are “space rocks.”  They are usually found 

In the ASTEROID BELT and KUIPER BELT, but 

They can crash into planets 

COMETS are chunks of ICE and ROCK.  COMETS have 

       2 tails.   

A DUST TAIL follows behind the comet just 

       Like dust behind a car on a dirt road. 

An ION TAIL is magnetically charged and always 

       Points AWAY from the SUN 

A METEOROID is a space rock, but is smaller 

Than an Asteroid 

A METEOR is a Meteoroid that BURNS UP in the Earth’s 

atmosphere 

A METEORITE is a Meteor that STRIKES THE EARTH 



Terrestrial (Rock) Planets Gas Giants 

Asteroid Belt Kuiper Belt 

My Very Excellent Mother Just Served Us Nine Pizzas 



How the Earth Goes Around the Sun 

The Earth goes around 

The Sun every 365 days. 

This is 1 year and is called 

The “PERIOD OF REVOLUTION” 

The Earth speeds up as 

It approaches the Sun,  

. . And . . 

Slows down as it moves 

Away from the Sun 

365 Days 

Speeds up 

Slows down 

The Earth goes around the 

Sun in an ELLIPTICAL (oval) 

ORBIT.  The sun IS NOT at 

the exact center of the  

Ellipse 

The Earth turns around once every 24 hours.  This 

Is 1 day and is called the “PERIOD OF ROTATION”. 



How the Moon Goes Around the Earth 

The Moon goes around the Earth once every 28 days (1 Month) 

 

The same side of the moon always faces the Earth 

 

If the Moon gets directly between the Sun and the Earth, it’s called 

      A SOLAR ECLIPSE.  A shadow is cast on the Earth. 

 

If the Earth gets directly between the Sun and the Moon it’s called 

      A LUNAR ECLIPSE.  A shadow is cast on the Moon. 

 



9.  Scientif ic  pr og ress  is m ad e by  as ki ng  mea ni n g fu l que stion s 

an d  con d uc ti ng  car efu l in ves t igat io n s.  
As a basi s for  unde rstanding  th is conc ep t , and  to addr es s th e co ntent  th e ot h er  th ree 

st rand s, stu d en ts shoul d  d eve lo p  their  own  q ue sti on s and  p erform  inv esti ga t ions . 

Stud en t s will:  

a . pla n and  conduct a s cien t ific inv esti ga t io n  to  te st a  hypot hesis .  

b.  evaluate  th e a ccu racy  and  reprodu cibil ity  of  da ta .  

c. d ist ing ui sh  b et wee n  var iable and  cont rol led  pa ramet ers in  a  tes t.   

d. re cog niz e th e slope of  the  line ar  graph  as th e con stant  in  th e r elati on sh ip  y=kx and  

ap p ly  this  to in terpret  graphs  co nstruc ted  from  da ta.  

e . con struct appropr iate  grap h s from  d ata and  d eve lop  q u an t ita ti ve statem en ts 

abo ut  th e re lati on sh ips  b et we e n  varia bl e s.  

f. ap p ly  sim ple m at hem at ica l re la tion shi p s to  d eter m in e o n e qu an t ity  given  the ot h er  

two (in clu ding s pe ed =  d ist an ce /ti me , d en sity  = mas s/ volume , for ce =  p ress ure  x 

area , volume =are a x h e igh t) .  

g. d ist ingu ish  b et wee n line ar a n d  non -line ar  relati on sh ip s on a  graph  of  da ta.   

Investigation and Experimentation 



What Is a Real Hypothesis? 

 

A hypothesis is a tentative 

statement that proposes a possible 

explanation to some phenomenon 

or event.  

 

A useful hypothesis is a testable 

statement which may include a 

prediction. 

 

They are usually written as 

“If…then…” statements that include 

the dependent and independent 

variables of the experiment.  



FAIR TESTS 
 

It is important for an experiment to be a fair test. You conduct a fair test 

by making sure that you change one factor at a time while keeping all 

other conditions the same. 

 

For example, let's imagine that we want to measure which is the fastest 

toy car to coast down a sloping ramp. If we gently release the first car, but 

give the second car a push start, did we do a fair test of which car was 

fastest? No! We gave the second car an unfair advantage by pushing it to 

start. That's not a fair test! The only thing that should change between the 

two tests is the car; we should start them down the ramp in exactly the 

same way. 

 

Conducting a fair test is one of the most important ingredients of doing 

good, scientifically valuable experiments. To insure that your experiment 

is a fair test, you must change only one factor at a time while keeping all 

other conditions the same. 

 

Scientists call the changing factors in an experiment variables.  



Variables 

 

Scientists use an experiment to search for cause and effect relationships in nature. In other 

words, they design an experiment so that changes to one item cause something else to vary in 

a predictable way. 

 

These changing quantities are called variables. A variable is any factor, trait, or condition that 

can exist in differing amounts or types. An experiment usually has three kinds of variables: 

independent, dependent, and controlled. 

 

The manipulated (independent) variable is the one that is changed by the scientist. To 

insure a fair test, a good experiment has only one independent variable. As the scientist 

changes the independent variable, he or she observes what happens. 

 

The scientist focuses his or her observations on the responding (dependent) variable to see 

how it responds to the change made to the independent variable. The new value of the 

dependent variable is caused by and depends on the value of the independent variable. 

 

For example, if you open a faucet (the manipulated variable), the quantity of water flowing 

(responding variable) changes in response--you observe that the water flow increases. The 

number of dependent variables in an experiment varies, but there is often more than one. 

 



Experiments also have controlled variables. Controlled variables are quantities 

that a scientist wants to remain constant, and he must observe them as carefully 

as the dependent variables.  

 

For example, if we want to measure how much water flow increases when we 

open a faucet, it is important to make sure that the water pressure (the 

controlled variable) is held constant. That's because both the water pressure 

and the opening of a faucet have an impact on how much water flows. If we 

change both of them at the same time, we can't be sure how much of the 

change in water flow is because of the faucet opening and how much because 

of the water pressure. In other words, it would not be a fair test. Most 

experiments have more than one controlled variable. Some people refer to 

controlled variables as "constant variables.” 

 

NOTE: Sometimes independent variables are called “manipulated variables” 

which means they were changed (manipulated) in the experiment. Dependent 

variables are also called “responding variables” meaning they responded to the 

change in the manipulated variable. The responding variable is always what you 

measure! 

 



D 

M 

V 

Density  =    Mass 

Volume 

VELOCITY =  DISTANCE 

TIME 

D 

V 

or 

S 

T 

To use the triangle: 

cover up the 

variable you are 

looking for and do 

what you see. 

 

You can use this 

method for any 

equation that is in 

this same form:  

a = b/c 

So.. V = D/T 

D = V x T 

T = D/V 

So.. D = M/V 

M = D x V 

V = M/D 



Slope is used to describe the steepness, 

incline, gradient, or grade of a straight line. 

A higher slope value indicates a steeper 

incline. The slope is defined as the ratio of 

the "rise" divided by the "run" between two 

points on a line. 

Slope = rise/run 
Another way to find the speed of an object is to find the 

slope of the line that is made when you graph its 

distance vs. time. 

Slope = rise/run  -- (speed = distance/time) 

First: pick any two points and write down the 

coordinates. 

(5, 15) and (10, 30) 

Second: you have to subtract to find the rise and run 

values -- Rise = 30 -15 = 15 and Run = 10 - 5 = 5 

Last: divide to find your slope and you’ve got your speed! 

 Slope = rise = 15m = 3m/s  

  run      5s  



A linear graph 
makes a 

straight line. 

A non-
linear 
graph 

does not 
make a 
straight 
line. 



Occasionally, you will have to calculate the 
volume of an object. 

Example: A block of wood 3.0 cm on each side has a mass of 27g. 

What is the density of this block?  

What is the question asking? -- WHAT IS THE DENSITY? 

What do you need to know? The mass and the volume. 

What do you know? The mass is 27g. 

What is the volume? They only told you the block is 3 cm, not its volume!! 

You need to calculate the volume!! 

 Volume  = area x height = length x width x height 

Volume = 3cm x 3cm x 3cm = 27cm3 

Then, find the density!!  

 D = m/v = 27g/27cm3 = 1g/cm3 



Things to think about: 

• What is the question asking 

me? 

• What do I need to answer 

this question? 

• What information do I have? 

• How can I use that 

information to answer the 

question? 



Strategies for 
Answering Multiple-
Choice Questions 

Choose the BEST 
answer for the 

question 

Cross out 
choices you 
know are 
WRONG 

Look for 
TRICK words 

TRY YOUR 
VERY 
BEST! 

Read the 
question and 

try to 
answer it 
BEFORE 

looking at 
the answers 

Read ALL 
the 

choices 

Try to put 
each 

answer in 
your OWN 
words 


