Curriculum Outline

9th Grade


I. 9th Grade Integrated Science

II. Unit 1
Matter and Heat

a. Unit Introduction

· In this unit, the students will be able to describe the effects of adding energy to matter. They will be able to explain phase changes in terms of motion. And be able to explain how energy is transferred by conduction, convection and radiation
b. Standards for unit

· D1* - Describe the effects of adding energy to matter in terms of the motion of atoms and molecules, and the resulting phase changes. 
· D2 - Explain how energy is transferred by conduction, convection and radiation.
c. Essential Questions:  How does adding energy affect the molecules of matter?

d. Essential Content:

· Heat consists of random motion and the vibrations of atoms, molecules, and ions. The higher the temperature, the greater the atomic or molecular motion. (NSES)

· Everything tends to become less organized and less orderly over time. Thus, in all energy transfers, the overall effect is that the energy is spread out uniformly. Examples are the transfer of energy from hotter to cooler objects by conduction, radiation, or convection and the warming of our surroundings when we burn fuels. (NSES)

· Heat transfer through matter occurs via radiation, conduction and convection.

· Adding energy to matter causes the molecules to move, changing the physical appearance of matter.

e. Essential Skills

· Using a thermometer determine energy transfer?

· Diagram each of the ways heat travels – radiation, conduction, convection.

· Demonstrate the phase changes of a substance.

· Use appropriate tools and techniques to make observations and gather data.  (DINQ.6)

f. Vocabulary

· Thermal energy

· Heat

· Matter

· Phase change

· Radiation

· Convection

· Conduction

· Thermometer

· Temperature

· Molecules

· Solid

· Liquid

· Gas

· Phases

g. Science Misconception

· Temperature is the measure of heat.
· Larger ice cubes have a colder temperature.

· Cold is opposite to heat.

· Freezing and boiling are examples of chemical reactions.
h. List of recommended activities
· How Scientists Do Science  (Neo Sci Kit #20-1043)

· Heat Convection – The Paper Snake (See Attachment)
· Hot and Cold Bottle of Water (See Attachment)
· Inquiry Lab – How do temperature and energy relate? (See Attachment)
· Inquiry Lab – What color absorbs more radiation? (See Attachment)

· Replicating Convection Currents (Frey Sci, Energy, Heat and Convection Kit)

· Determining Which Earth Material Absorbs Heat Best; Soil or Sand.  (Frey Sci, Energy, Heat and Convection Kit)

· How Can We Use the Sun’s Energy to Heat a Home?  (Frey Sci, Energy, Heat and Convection Kit)

· Coffee-Cream Problem (See Attachment) 

· Keep it Hot (See Attachment)

· Phase Changes of H2O (See Attachment) 
i. Resources
· Textbook

· Internet
a. Chem4Kids.com:  Changing States of Matter http://www.chem4kids.com/files/matter_changes.html 

b. Chemtutor:  States of Matter http://www.chemtutor.com/sta.htm
c. NASA:  Beat the Heat http://spaceplace.nasa.gov/en/kids/st8/thermal_loop/ 

d. Efunda: Principles of Heat Transfer  http://www.efunda.com/formulae/heat_transfer/home/overview.cfm
· United Streaming
a. Physical Science: States of Matter http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=1EFA5FB0-8A34-45B9-9111-B5C4115C1290
b. Matter and Energy: Matter: How Is It Put Together? http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=83CD65D4-0CB5-42BC-8F74-CFCBF3E541F1
c. Basics of Physics: Exploring Heat http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=3F0F9856-0921-43D1-BBB2-B11B13D8C319
· State of CT website for significant tasks
a. None for this unit
· Current event articles

j. Required Significant Tasks

· Reading for Information article with question, Blowing off Some Steam (See Attachment)
· Phase Change Lab (See Attachment)
III. Significant Tasks

a. Significant Task Introduction – Phase Change Lab (See Attachment)
· Students will investigate the phase changes of water.
b. Length/Timing – 1 block period (90 minutes)
c. Essential Questions
· How does the addition of thermal energy affect the states of matter?

d. Assessment Tools (AT) – Lab Report (See Attachment)
e. Procedure – Phase Change Lab (See Attachment)
IV. Significant Task Resources (Teachers)

· Chemtutor:  States of Matter http://www.chemtutor.com/sta.htm
V. ST Regular Attachments
Phase Changes of H2O

Materials:

	Glass beaker
	Clock
	Graph paper

	Ice
	Electric hot plate
	

	
	
	


Procedure:

1. Mix a little water with the ice and record the temperature at time zero.

2. Turn on the heat.

3. Gradually heat the mixture.

4. Record he temperature at 2 minute intervals.

5. Continue to heat the water and record the temperature until the water has been boiling for about 5 minutes.  Note:  Do not let the beaker go dry, turn the heat off before the water has all boiled.

6. Graph your data.

Data Table:

	Time (min)
	Temp (°C) 
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   An erupting geyser dazzles visitors like few other natural events. The ground rumbles and shakes and the geyser releases a warning burp before thousands of gallons of scalding water and steam rocket from the Earth. This geo-phenomenon can last as long as 45 minutes and ascend to heights of 400 feet.

   Scientific experts call geysers "the rarest fountains of all." They are hot springs that erupt, holes in the ground that emit violent bursts of steam and boiling water. The eruptions are rare, however. There are about 1,000 active geysers on Earth, and half of them are within Yellowstone National Park. The park's Norris Geyser Basin, at 7,000 feet, has an exceptional blend of the three ingredients that are key to forming geysers: abundant water, intense heat, and water and pressure-tight underground plumbing.

   Although the elements are simple, many visitors wonder: How do the geysers really work? "That is a frequently asked question," says Hank Heasler, park geologist at Yellowstone. "I usually am asked by some very curious school-age children. In the past, I explained the operation of a geyser through the analogy of a pressure cooker, but school-age children today have no concept of what that is. They're used to microwaves."

   So how does it work? Basically, the geyser's underground plumbing has volcanic rock that conducts heat, radiating into surrounding rock. Water from rain and snow works its way underground through several narrow passageways. As water hits the rock, the heated water rises to the surface, passing through volcanic ash or lava. The water dissolves solid matter and carries it up through the rock crevices, forming constrictions. Those constrictions impede the mounting pressure, and expanding steam bubbles from the rising hot water built up in and behind them.

   The steam squeezes through passageways and causes water to overflow from the geyser. That spray of water at the surface sparks a rapid decline in pressure for the hotter water deeper in the geyser, triggering a chain reaction of steam explosions that cause the volume of (now-boiling) water to grow 1,500 times or more. This water then erupts into the sky-a spectacular geyser.
Still confused? Here's another way to think about it.

   "The key principle," says Heasler, "is the relationship of boiling temperature to pressure. At sea level, water boils at about 212 degrees. Up in Norris Geyser basin, water boils at about 200 degrees. As you get less and less pressure, the water boils at a cooler and cooler temperature. As you get more and more pressure, the water boils at a much higher temperature. In the geyser, the water deep within it gets well above the boiling temperature due to overlying water pressure.

   "Keep putting heat in, and eventually the water will get so hot that the overlying water column's pressure can't constrain the rapidly heating water anymore." Then, Heasler explains, the initial burp of water indicates that some pressure has been forced out by a big steam bubble.

   "Once the pressure has been slightly relieved by this burp of water, the entire plumbing system flashes to steam, because the super-heated water is no longer constrained by the overlying water pressure. That forces out the rest of the water in a spectacular, usually high, eruption," wowing visitors.

   "The steam phase is where the geyser is sort of clearing its throat," says Heasler. "After the water pressure has been reduced, steam forces its way out of the geyser and the re-filling process begins."

   Once that extraordinary pressure has been released, the warm-to-cool water flows back into the geyser's plumbing system through cracks in rocks. The somewhat cooler water begins to refill the geyser but is reheated by very hot surrounding rock. The water becomes so hot that it's above boiling but it's still water.

   When the water gets so hot that it can no longer be constrained, the eruption begins anew. At the Old Faithful geyser in Yellowstone, this can happen every 45 minutes or so-making it among the most predictable of geysers, thus the name.



Blowing Off Steam





Unit 1

Questions:

1. Based on the article, the water that erupts from a geyser is heated by __

a. The volcanic rock that conducts heat, radiating into surrounding rock.

b. Steam squeezing through passageways.

c. The surrounding air temperature.

d. The use of microwaves.

2. According to the article, up in the Norris Geyser Basin, water boils at 200 degrees Fahrenheit.  What causes this to happen?

a. Less pressure

b. More pressure

c. Closer to the center of the Earth

d. Exposure to solar radiation

3. The author states that the underground plumbing system gathers water from

a. Rain and snow

b. An underground lake

c. Out-gassing of volcanoes

d. None of the above

4. Hank Heasler says the key principle in understanding geysers is __

a. The relationship between freezing temperature to pressure.

b. The relationship between water depth and pressure.

c. The relationship between boiling temperature and pressure.

d. The relationship between volcanic rocks and pressure.

5. Old Faithful erupts about every 45 minutes.  If the geyser begins to erupt about every 60 minutes, what could be the probable cause of this change?

6. Besides being a tourist attraction, what are other possible uses for this phenomenon?

VI. Unit Resources/Attachments

 Paper Snake
Materials:

	· A square of paper, 4x4 inches 

· Pencil 
	· Colored markers or crayons 

· Scissors 
	· Sewing needle and thread 

· Desk lamp with bendable neck


Procedure:

1. Cut a 4-inch-diameter spiral snake similar to the drawing from a square of paper. 

2. Decorate the snake with colored markers or crayons. 

3. Cut a piece of thread about 18 inches long and thread it through the sewing needle. 

4. Push the sewing needle with the thread through the underside of the snake's head. Tie one end of the thread in several knots on the underside of the head to keep the thread from pulling all the way through. Remove the needle from the thread. 

5. Position a desk lamp with a bendable neck so that the light points upward. 

6. Tie the spiral snake to a secure object so that the snake is about 4 inches above the light. The snake should not be touching the light. 

7. Turn the light on and observe what starts to happen to the spiral snake. 

Analysis:

1. Record your observations. 

2. Explain the result of your observations.

Hot and Cold Bottles of Water?
Materials:

	· Four 2-liter bottles 

· red food coloring 
	· Two index card

· Hot water 
	· Ice water 
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Procedure:

1. Fill two bottles with cold water. 

2. Fill the other two bottles with hot water. 

3. Add red food coloring to one bottle with hot water and one bottle with cold water. 

4. Put an index card on top of the bottles containing food coloring. 

5. While holding the index card in place, slowly and carefully turn the colored hot water and place over the plain cold water and the colored cold water over the plain hot water. Slowly remove the index card from in between the two bottles. Watch in amazement! 

Analysis:

1. Record your observations.

2. Why do you think this occurred?  Explain in detail. 

How Do Temperatures and Energy Relate?

Materials:

	Glass beaker
	Thermometer
	Graduated Cylinder

	Tongs
	Clock
	40 small metal washers

	2 pieces of string, 20 cm each
	Electric hot plate
	2 plastic-foam cups


Procedure:

7. Tie 10 washers on one piece of string and 30 washers on another piece of string.

8. Fill the beaker two-thirds full with water, lower the washers in, and set the beaker on the hot plate.

9. Heat water to boiling.

10. While the water heats, put exactly 50 mL of cool water in each plastic-foam cup.

11. Use a thermometer to measure and record the initial temperature of water in each cup.

12. When the water in the beaker has boiled for about 3 minutes, uses tongs to remove the group of 30 washers.  Gently shake any water off the washers back into the beaker, and quickly place the washers into the plastic-foam cups. 

13. Observe the change in the temperature of the cup’s water.  Record the highest temperature reached.

14. Repeat steps 6 and 7 by placing the 10 washers in the other plastic-foam cup.

Analysis:

3. Which cup had the higher final temperature?

4. Both cups had the same starting temperature.  Both sets of washers started at 100°C.  Why did one cup reach a higher final temperature?

What Color Absorbs More Radiation?

Materials:

	· Empty soup can painted black inside and out, label removed
	· Empty soup can, label removed

· Bright lamp or sunlight
	· 2 thermometers

· clock

· graduated cylinder


Procedure:

15. Prepare a data table with three columns and at least seven rows.  Label the first column seven rows.  Label the first column “Time,” the second column “Temperature of painted can (°C),” and the third column “temperature of the unpainted can (°C).”

16. Pour 50 mL of cool water into each can.

17. Place a thermometer in each can, and record the temperature of the water in each can at the start.  Leave the thermometers in the cans.  Aim the lamp at the cans, or place them in sunlight.

18. Record the temperature of the water in each can every 3 minutes for at least 15 minutes. 

Analysis:

5. Prepare a graph.  Label the x-axis “Time” and the y-axis “Temperature.”

6. Which variables were controlled?

7. Which color absorbs radiation?  Explain why this occurred.

8. Based on your results, what color would you want your car to be in the winter?  In the summer?  Justify your answer.

Principle of Heat Exchange

The Coffee-Cream Problem

 Newton's law of cooling:   The rate of heat conduction is proportional to the temperature difference between an object and its surroundings.

 The Stefan-Boltzmann law of radiation:  The rate of heat lost by radiation is proportional to the fourth power of the absolute temperature.

 The historic problem: 


Ah, you see, there is this business man who likes a large amount of cream in his coffee, and he wants the resultant mixture as hot as possible.  (Alas, there is no microwave oven available).


He has just prepared his boiling coffee when he is called by the boss for a quick conference of ten minutes duration.  The boss tolerates no coffee in his presence.


What to do?  To keep the coffee as hot as possible should he add the cream now or wait until after the conference?

 
Which do you think he should do? _____________________________________

 Using beakers for the coffee cups and water for the coffee and cream, design an experiment to test the problem.  Use the computer and temperature probe to measure the temperature over time.   How would you set up a graph(s) to help prove the best solution. 

What Happens to Liquids When They Are Heated?
Materials:

	· 600-mL beaker

· water

· heat source 
· test tube

· stopper
	· glass tubing apparatus

·  wax pencil

· thermometer

· ring stand
	· burette clamp

· thermometer clamp

· 3-different colored pencils

· metric ruler

· graph paper



Procedure:

1. Fill a beaker with water to about 2 cm from the top.

2. Place a heat source on the base of the ring stand.  Place the beaker on the heat source.

3. Obtain a test tube, rubber stopper, glass tubing apparatus fro your teacher.

4. Fill the test tube with water and insert the stopper into the test tube.  Make sure that when the stopper is inserted, water is force up into the glass tubing.  There should be 15-20 mm of water in the tubing.  There should be no air bubble between the stopper and the water in the test tube.

5. Attach the test tube apparatus to the ring stand, using the brunette clamp.  Make sure that the test tube is straight and that it does not touch the sides or bottom of the beaker.

6. Use a wax pencil to mark the height of the water column in the glass tubing.  This mark will be zero mark.

7. Observe:  Place a thermometer in the beaker.  Secure it with a thermometer clamp so that the thermometer does not touch the sides or bottom of the beaker.  Observe the temperature of the water.  Record this temperature in Table 1 as the “Start” temperature.

8. Have your teacher adjust the heat source and begin heating the water.

9. As the water heats, continually watch the temperature.  When the temperature reaches 30°C, measure the height of the water column above the mark you made earlier.  Record this measurement in millimeters on the Table 1.

10. As the water begins to heat, repeat step 9 for 40, 50, 60, 70, 80, 90 degrees Celsius.

11. Graph:  In addition to the data you collected for the expansion of water, Table 1 also contains information about the expansion of glycerin and alcohol.  Use the data in the table and the graph paper to make a graph of expansion vs. temperature for water, glycerin, and alcohol.  Use a different colored pencil. For each liquid.  Create a key to identify each liquid on the graph.

	Table 1:  Expansion of Liquids

	Temperature (°C)
	Height of Liquid Column (mm)

	
	Water
	Glycerin
	Alcohol

	Start:
	0
	0
	0

	30
	
	8
	21

	40
	
	27
	59

	50
	
	27
	59

	60
	
	38
	97

	70
	
	52
	123

	80
	
	70
	165

	90
	
	91
	215


Analysis:

9. With what other liquids is water compared in Table 1?

10. Compare:  Which of the three liquids expands most when heated?  Which expands the least?

11. Infer: What happens to the molecule of a liquid when the liquid is heated?  How does this affect the volume of the liquid?

12. Conclude:  Do all liquids expand at the same rate?  How do you know?

Convection Lab

Problems:   How does convection occur in fluid materials?    What are some real world situations in which convection occurs?

Materials:
Each student group will need a large pyrex beaker (1000 mL or larger), room temperature water, weighted tea bag (or potassium permanganate in cheese cloth), Bunsen burner (or candle) with lighter, ring stand with ring or other safe support, goggles and aprons.

Procedure:
The students need to put at least 500 mL of water into the beaker. They should let the water adjust and stabilize for a minute, then lower the weighted tea bag into the water at one side of the beaker. It should sink to the bottom of the beaker. Then the students should light the burner or candle and position it below the tea bag so that it heats the water surrounding the tea bag. The students should make careful observations of what happens.

Data:   Make careful drawings of the situation which occurs before, during, and after heating in this lab.

Conclusion Questions:
1.  Why does the water move upward when it is heated? 

2.  Is water moving upward, or is it just the tea (or crystals)? 

3.  How would the observations be different if the water was not heated? 

4.  Does air undergo convection in the same way?   Explain how this could occur.

5.  How do convection currents affect glider flight?

6.  How does heat transfer by convection differ from heat transfer by conduction or radiation?

Lab Activity Report—Part A

Title 


(Write a title or describe a problem.)

Background

Gather information from your text, the library, and the Internet. Take notes.

Purpose

Make a hypothesis or suggest an outcome of the activity.

Materials

List items needed to do the experiment or activity.

Procedure

List the steps needed to do the experiment or activity.


1.



2.



3.



4.



5.



6.



7.



8.



9.



10.


Lab Activity Report—Part B

Record Your Observations

Create a chart such as the one in your text. Make a sketch, or write a paragraph describing 
what you observed.
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Draw Conclusions

A.
Answer the Conclusions questions in your text.

B. 
Report the results of the Lab Activity. Make inferences based on the results.

VII. Attachment:  Unit Assessment
Name:_______________________


Date:________________

Unit 1 Assessment

Matter and Heat

· A substance can absorb heat energy by which of the following processes? 

· Conduction

· Convection

· Radiation

· All the above

· When liquids change to a solid phase, they 

· Absorb energy

· Release energy

· Both a and b

· Neither a nor b

· Compared to a glass of cold water with ice in it, a glass of cold water without ice, will on a warm day, warm up

· Faster

· Slower

· In the same amount of time

· At varying rates

· Diagram each of the ways heat travels.

· Radiation

· Conduction

· Convection

· Explain why white clothing helps keep us cool, whereas black clothing helps to us warm.  Which is the better reflector?  Which is the better absorber?

· On sunny days, why do hot-air balloons suddenly rise when they drift over a wide road or parking lot made of black asphalt? 

Unit 1 

Answer Key

1. D

2. B

3. A

4. (from www.williams.edu/.../heat_flow.php)
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5. White clothing reflects all colors of light and absorbs very little light.  It also reflects infrared radiation.  Since the energy of the infrared and light radiation is reflected away, it does not warm us.  Black clothing absorbs almost all of the radiation that falls on it including infrared and light.  The energy absorbed by black clothing is felt as heat and warms us up.

6. The air just above these areas is warmed by the black surface and as it warms it rises.

I. 9th Grade Integrated Science

II. Unit 2
Atomic Structure and Chemical Bonding
a. Unit Introduction
· The students will able to describe the general structure of an atom and explain how the properties of the first 20 elements are related to their atomic structure in the Periodic Table. In the unit the students will also explain ionic bonding and covalent bonding.

b. Standards for unit

· D10* - Describe the general structure of the atom, and explain how the properties of the first 20 elements in the Periodic Table are related to their atomic structures.
· D11 - Describe how atoms combine to form new substances by transferring electrons (ionic bonding) or sharing electrons (covalent bonding).
c. Essential Questions:  How is atomic bonding affected by an atom’s chemical and physical properties?

d. Essential Content:
· Matter is made of minute particles called atoms, and atoms are composed of even smaller components. These components have measurable properties, such as mass and electrical charge. Each atom has a positively charged nucleus surrounded by negatively charged electrons. The electric force between the nucleus and electrons holds the atom together. (NSES)

· The atom's nucleus is composed of protons and neutrons, which are much more massive than electrons. When an element has atoms that differ in the number of neutrons, these atoms are called different isotopes of the element. (NSES)

· Atoms interact with one another by transferring or sharing electrons that are furthest from the nucleus. These outer electrons govern the chemical properties of the element. 

· An element is composed of a single type of atom. When elements are listed in order according to the number of protons (called the atomic number), repeating patterns of physical and chemical properties identify families of elements with similar properties. This "Periodic Table" is a consequence of the repeating pattern of outermost electrons and their permitted energies.  (NSES)

· Bonds between atoms are created when electrons are paired up by being transferred or shared. A substance composed of a single kind of atom is called an element. The atoms may be bonded together into molecules or crystalline solids. A compound is formed when two or more kinds of atoms bind together chemically.  (NSES)

· The physical properties of compounds reflect the nature of the interactions among its molecules. These interactions are determined by the structure of the molecule, including the constituent atoms and the distances and angles between them.  (NSES)

· Chemical reactions occur all around us, for example in health care, cooking, cosmetics, and automobiles. Complex chemical reactions involving carbon-based molecules take place constantly in every cell in our bodies. (NSES)

e. Essential Skills

· Name simple ionic and covalent compounds.

· Describe how the chemical structure of a compound affects its properties.

· Differentiate between ionic, covalent, and metallic bonds.

· Compare the properties of substances with different types of bonds.

· Formulate a testable hypothesis and demonstrate logical connections between the scientific concepts guiding the hypothesis and the design of the experiment.  (DINQ.3)

f. Vocabulary

· Atom

· Proton

· Neutron

· Electron

· Period Table

· Element

· Chemical bond

· Chemical structure

· Ionic bond

· Covalent bond

· Metallic bond

· Compound

g. Science Misconceptions
· Atoms can be seen with a microscope.

· Atoms are alive.

· Atoms can reproduce after the nuclei divide.

· Molecules are glued together.
· Electron pairs are equally shared in all covalent bonds.
h. List of recommended activities
· Atomic Structure (Attachment)

· Demonstration, Rutherford’s Atom Experiment (Attachment)

· Class Periodic Table (Attachment)

· Copper Nail (Attachment)

· Chemical Bonding Bingo (Attachment)

· Protective Coatings (Attachment)

· CAPT Learning Activity, Salt (Attachment)

i. Resources
· Text

· Internet

a. Thinkquest:  Atomic Structure http://library.thinkquest.org/10429/low/atomic/atomicbody.htm
b. The Sourcebook for Teaching Science:  Periodic Table http://www.csun.edu/science/chemistry/periodic_table/index.html
c. Vision Learning:  Chemical Bonding http://www.visionlearning.com/library/module_viewer.php?mid=55   
· United Streaming

a. Physical Science Series: Atomic Structure and the Periodic Table http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=298799C9-686A-461A-A060-851A721FB678
b. Physical Science Series: Chemical Bonding http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=547C7D47-0D64-4969-8EFF-AC94D18F1061  

· State of CT website for significant tasks

· Current Event Articles
j. Required Significant Tasks

· RFI – Chemical Weapons
· CAPT – Ice Cold

· Quarterly Assessment

III. Significant Tasks

k. Significant Task Introduction
· Students will design and conduct an experiment to investigate what happens when salt and ice come together and to determine if one form of salt (table salt or rock salt) is better for melting ice on steps and sidewalks.
l. Length/Timing
· 90 minute lab, plus time to write lab report

m. Essential Questions
· Which form of salt is better for melting ice on steps and sidewalks?

n. Assessment Tools (AT)

o. Procedure (Attachment)
IV. Significant Task Resources
a. http://www.sde.ct.gov/sde/lib/sde/Word_Docs/BESTseminars/sc/1995IceCold.doc 

V. ST Regular Attachments
CHEMICAL WEAPONS                                                                     Unit 2

     Our world is quite different from the world of our grandparents and great-grandparents. Technology has given humans cars, television, and computers. They all help make daily life a bit easier or more enjoyable.

     Although most technological developments have positive effects, there are some exceptions. The creation of chemical weapons for battle is one example. Chemical weapons are chemical substances that disable or kill humans.

     The first known use of chemical weapons occurred more than 70 years ago. In World War l, the German army used two types of chemical weapons. In 1915, German soldiers placed containers holding liquid chlorine along a battlefield. When the French troops entered the area, the Germans fired at the containers. The bullets shattered the containers. Deadly gas spread over the battlefield. The chemical weapon claimed the lives of more than 5,000 French soldiers in a single afternoon, and the gas injured more than 10,000 others.

     Later in the war, the Germans used mustard gas. That gas was deadlier than liquid chlorine. Artillery shells carried mustard gas to its victims. As the shells exploded, the gas escaped. Unsuspecting soldiers suddenly smelled an odd odor. Then they began to vomit. Their eyes burned and their vision blurred. Huge blisters appeared on their bodies. When the gas reached their respiratory system, breathing became difficult. Eventually, their respiratory systems shut down, and many died.

     Some experts believe chemical weapons killed more than 100,000 soldiers during World War l. Chemical weapons caused nearly 30 percent of all U.S. casualties.

     After the war ended, the world leaders took steps to stop the use of the deadly weapons. In 1925, a treaty limiting the use of chemical weapons was introduced. More than 100 countries signed the treaty. Each promised not to use such weapons except in retaliation.

     In spite of the treaty, mustard gas has found its way back into modern warfare. During the 1080s, Iraq and Iran went to war. Evidence shows that the Iraqis used mustard gas against Iranian enemies. Some experts also believe that the Iraqis used chemical weapons during the Persian Gulf War in 1991.   

     More than 20 countries have chemical weapons available for use. Those countries are not breaking the 1925 treaty. Signers of that treaty agreed not to use chemical weapons. They didn’t promise not to produce them. Perhaps the time has come for world leaders to rewrite the original treaty. A new treaty might end the production of these agents of destruction.

Chemical Weapons 




Unit 2
1. Chemical weapons

a. kill living things

b. injure living things

c. make living things stronger

d. both a and b

2. Liquid chlorine can be used to

a. create a deadly gas

b. make mustard gas

c. explode artillery shells

d. both a and b

3. Mustard gas kills by damaging its victims’

a. digestive system

b. circulatory system

c. respiratory system

d. reproductive system

4. The 1925 treaty doesn’t ban

a. the use of chemical weapons in battle

b. the production of chemical weapons

c. sharing supplies of chemical weapons

d. either a or b

5. The last sentences of the selection state

a. an opinion

b.  fact

c. information used to amuse the reader

d. research on the topic

6. Why do you think nations want to ban only chemical weapons, not traditional weapons?

Ice Cold

Today you will be investigating the interaction of ice with two different forms of salt, and you will be asked to decide which form of salt, if either, is more effective for melting ice. During this activity you will work with a partner (or possibly two partners). However, you must keep your own individual lab notes because after you finish you will work independently to write an article about your experiment.

The Problem

In winter, sidewalks and front steps can become dangerously slippery when they are coated with ice. People often spread salt on steps and walks to help melt the ice.

Some people use ordinary table salt to prevent accidents on icy walks, while other people use rock salt. Does one work better than the other?

Your Task

Today you and your partner will design and conduct an experiment to investigate what happens when salt and ice come together and to determine if one form of salt (table salt or rock salt) is better for melting ice on steps and sidewalks.

You have been provided with the following materials and equipment:


Table salt (approximately 60g)
Paper cups(2)

Rock salt (approximately 60g)
Plastic spoons (2)

Ice cubes (approximately 500g)
Thermometers (2)

Tap water
Weighing paper (2 sheets)

Graduated cylinder
Access to a balance

Beakers (2)
Safety equipment

Paper towels for cleanup
Access to a calculator

Access to a clock or watch with a second hand

Steps to Follow

1.
In your own words, state the problem you are going to investigate, and write your statement of the problem on the page provided.

There are several ways to investigate this problem. If you decide to determine the temperature of the ice, mix plenty of ice cubes with a very small amount of water in a beaker. Then, measure the temperature of the ice water.* In order to get an accurate measurement, the bulb of the thermometer should be immersed in water at the bottom of the beaker. Caution: Do not use a thermometer to stir the ice and water mixture.

2.
Design an experiment to solve the problem. Write your experimental design on the page provided. Show your design to your teacher before you begin your experiment.

3.
After receiving approval from your teacher, work with your partner to carry out your experiment. Your teacher's approval does not necessarily mean that your teacher thinks your experiment is well designed. It simply means that in your teacher's judgment, your experiment is not dangerous or likely to cause an unnecessary mess.

4.
While conducting your experiment, take notes on the pages provided. Space is also provided for charts, tables or graphs. Your notes will not be scored, but they will be helpful to you later as you work independently to write about your experiment and the results. You must keep your own notes because you will not work with your partner when you write your article.

Later, you will work independently to write about your investigation in the form of a newspaper article that tells Connecticut citizens which type of salt is better for melting ice on steps and sidewalks. Turn the page and take a few minutes to read "Directions for Writing Your Article."

When you have finished your experiments, your teacher will give you instructions for clean-up procedures, including proper disposal of all materials.

(Students are provided with four blank pages for their notes.)

* The temperature of the ice water mixture will approximate the temperature of the ice.

Directions for Writing Your Article

You will have approximately 30 minutes to summarize your experiment(s) and the results in the form of a newspaper article that tells Connecticut citizens which type of salt, if either, is better for melting ice on steps and sidewalks. You may use the lab notes you took while working with your partner. You may wish to write a first draft of your article on scratch paper, but your final copy must be written on the following pages in this booklet. Space for charts, tables or graphs is provided.

Your article should include the following:

•
A clear statement of the problem you investigated. A well-stated problem includes a clear identification of the independent and dependent variables that were studied.

•
A description of the experiment(s) you carried out. A well-designed experiment should match the statement of the problem, control for important variables, and be clear and complete enough so that someone else could easily replicate or repeat the experiment. A control should be included when appropriate.

•
The results of your experiment(s). All data should be accurate, complete and organized in charts or graphs as needed. All charts and graphs should be properly labeled.

•
Your conclusions from the experiment(s). All conclusions should be related to your original statement of the problem and fully supported by data.

•
Comments about how valid you think your conclusions are. In other words, how much confidence do you have that your results are accurate? In order for a conclusion to be valid, it must be fully supported by data and be the result of a well-designed and controlled experiment. Any factors that contribute to a lack of confidence in the results should be discussed.

(Students are provided with four blank pages for their report.)

Ice Cold Experimentation Questions

A class of students wanted to answer the question: Which is better for melting ice—ordinary table salt or rock salt? One group of lab partners filled three identical beakers with ice and water. Next, they added table salt to the first beaker, rock salt to the second beaker, and nothing to the third beaker. Then they used thermometers to measure the temperature in each beaker. The table below shows their results.

	Contents of Beaker
	Temperature After 5 Minutes

	Ice water and table salt
	-7ºC

	Ice water and rock salt
	-12ºC

	Ice water without salt
	0ºC


1.
Why did this group bother to check the temperature of a beaker of ice water that had no salt added to it?

2.
Do you have enough information to replicate this group's experiment? If you think you do, tell what information you have. If you think you do not, tell what other information you would need.

A second group of lab partners in the same class approached the problem differently. They put 10 ice cubes into beaker #1 and 10 ice cubes into beaker #2. Then they sprinkled one scoopful of table salt onto the ice in beaker #1 and one scoopful of rock salt onto the ice in beaker #2. They did not measure the temperature of the contents of the two beakers, but after 2 minutes they poured off the melted water and then weighed the two beakers and their contents.

They obtained the following results.

	Mass of Beaker #1 and Contents
	Mass of Beaker #2 and Contents

	255 g
	250 g


3.
What valid conclusions can you draw from this group's experiment and results? Explain fully.

4. What, if anything, could this group have done to improve their experiment? Explain fully.

VI. Unit Resources/Attachments
Atomic Structure
Materials:

	Pipe cleaners
	Pony beads
	Monofilament

	Scissors
	
	

	
	
	


Purpose:


In this activity you will construct a model of an atom of your assigned element.  You will use pony beads to represent the protons, neutrons, and electrons.
Procedure:

1. Find your element on the periodic table and determine how many protons, neutrons, and electrons it has.

2. Obtain the appropriate number of beads.  Use different colors for each.   (Ex.  Red for protons, blue for neutrons, and white for electrons. 

3. Use the one pipe cleaner to create the nucleus.  Place all subatomic particles that belong in the nucleus on this pipe cleaner.

4. Twist the two ends of the pipe cleaner together, to form a circle.

5. Twist two pipe cleaners together a one end.  This will be your first electron shell.  Fill this shell up.

6. Continue to create more shells as needed, filling the shell to capacity before starting the next.

7. Remember to twist the ends of each shell to form a circle.

8. Using about 18 inches of monofilament tie one end to the nucleus.  Squeeze the nucleus into a ball.

9. Center the nucleus in the first shell and leave enough monofilament for the nucleus to hang freely tie a knot around the shell.

10. Continue to do this until all are connected.

11. You can use the remaining monofilament to hang the model.

Demonstration

Rutherford’s Atom Experiment
Materials:

	Volunteer
	Crumpled paper
	

	
	
	

	
	
	


Purpose:


The purpose of this demonstration is to show that atoms are mostly empty space.  The random reflection that occurs models Helium beams hitting the nucleus.  


This demonstration should be preceded by a lecture on atomic theory.

Procedure:

1. Have the volunteer stand with his/her arms forming a circle.

2. Throw the crumpled pieces of paper at the center of the circle.

Questions:

1. Why did some of the crumpled paper reflect?

2. Why did most of the crumpled paper go through the whole without resistance?

3. If an atom were the size of a football field, how big would the nucleus be?
Class Periodic Table
Materials:

	Index Cards
	Markers
	Colored Pencils

	Glue
	Glitter
	Misc. Decorations

	
	
	


Purpose:


In this activity you will create a box of the periodic table.  Your box must include the element’s name, symbol, atomic number, and atomic mass.  

Procedure:

1. Obtain one index card and various writing and decorating supplies.

2. Locate your element on the periodic table and write the name, symbol, atomic number, and atomic mass.

3. Duplicate this information on your index card.  Be creative.

4. Once your element is done find the other students in your elemental group and begin to tape the cards together.  Tape in the back.

5. Once all elements are in their groups, help in attaching the groups together to form the entire table.
Copper Nail
Materials:

	20 dull, dirty pennies
	¼ vinegar
	1 teaspoon salt

	Beaker
	2 clean steel nails
	1 clean steel screw

	Paper towels
	
	


Purpose:


In this activity you will see chemical bonding.  

Procedure:

1. Put the salt and vinegar in the beaker and stir until the salt dissolves.

2. Dip one penny halfway into the liquid.  Hold it there for about 10 seconds, and then pull it out.  What do you see?

3. Dump all the pennies into the liquid.  You can watch them change for the first few seconds.  After that you won’t see anything happen.

4. After 5 minutes, take half of the pennies out of the liquid.  Put them on a paper towel to dry.

5. Take the rest of the pennies out of the liquid.  Rinse them really well under running water, and put them on a paper towel to dry.  Write “rinsed” on the second paper towel.

6. Put a nail and a screw into the liquid.  Lean another nail against the side of the bowl so that only part of it is in the liquid.

7. After 10 minutes, take a look at the nails.  Are they a different color than they were before?  Is the leaning nail 2 different colors?  If not, leave the nails in the bowl and check on them again in an hour or so.

8. What’s happening to the screw?  You may see lots and lots of fizzing bubbles coming from the threads.  Is the screw changing colors?  Leave it in the liquid for a while and see what happens.

9. After about an hour, look at the pennies on the paper towels.  What’s happened to the ones you rinsed?  What’s happened to the others? What color is the paper towel under the unrinsed pennies?

Chemical Bonding Bingo

Instructions
Materials:

	Bingo Cards
	Colored Pencils
	Vocab List

	
	
	

	
	
	


Purpose:


This activity can be used to reinforce students’ grasp of the vocabulary and concepts dealing with chemical bonding.  As an incentive extra point tickets can be given as prizes.

Procedure:

1. Give each student one of the four different bingo cards.

2. Explain to the students the rules of bingo.

3. Tell them to use a different color or mark for each game.  

4. Read the definition or explanation.

5. The students’ job is to figure out the answer and mark the appropriate box.

6. Once a student has five in a row, they win.

Note:  Four different cards insure multiple winners for each game.

	Chemical Bonding Bingo
	
	Chemical Bonding Bingo

	Malleable
	Charge
	Covalent Bond
	Crystal Lattice
	Force
	
	Charge
	Covalent Bond
	Crystal Lattice
	Force
	Ionic Bond

	Ionic Bond
	Ionization
	Lowest
	Affinity
	Metallic Bond
	
	Ionization
	Lowest
	Malleable
	Metallic Bond
	Neutral

	Neutral
	Nucleus
	FREE
	Proton
	Substance
	
	Nucleus
	Element
	FREE
	Substance
	Chemical Bonding

	Chemical Bonding
	Valence Electrons
	Element
	Electron
	Neutron
	
	Electron Dot Diagram
	Proton
	Electron
	Neutron
	Metal

	Metal
	Non-metal
	Noble Gas
	Periodic Table
	Electron Dot Diagram
	
	Non-metal
	Noble Gas
	Periodic Table
	Valence Electrons
	Affinity


Card can be adjusted to fit a horizontal layout.

	Chemical Bonding Bingo
	
	Chemical Bonding Bingo

	Covalent Bonding
	Crystal Lattice
	Force
	Ionic Bonding
	Ionization
	
	Crystal Lattice
	Force
	Ionic Bond
	Ionization
	Lowest

	Lowest
	Malleable
	Metallic Bond
	Neutral
	Nucleus
	
	Malleable
	Metallic Bond
	Neutral
	Proton
	Nucleus

	Proton
	Substance
	FREE
	Noble Gas
	Electron Dot Diagram
	
	Substance
	Chemical Bonding
	FREE
	Electron Dot Diagram
	Element

	Element
	Electron
	Neutron
	Metal
	Non-metal
	
	Electron
	Neutron
	Metal
	Non-metal
	Noble gas

	Chemical Bonding
	Periodic Table
	Valence Electrons
	Affinity
	Charge
	
	Periodic Table
	Valence Electrons
	Affinity
	Charge
	Covalent Bond


Protective Coatings
Materials:

	1 steel wool soap pad
	Scissors
	1 paper towel

	½ cup vinegar
	Pencil
	Plate

	
	
	


Purpose:

Procedure:

1. Cut the steel wool into four equal parts.

2. Run warm tap water over two of the pieces to remove as much of the soap as possible.

3. Place one piece with soap and one piece without soap in the vinegar.

4. Mark the paper towel into four equal parts.  Number each section.

5. Lay the paper towel over a plate.

6. Remove the pieces from the vinegar and squeeze out as much liquid as possible.

7. Place the steel wool pieces on separate sections of the paper towel.

8. Write a hypothesis (what you think will happen).

9. Observe the steel wool pieces every ten minutes for one hour and then allow them to stand for 4 hours.

10. Record your observations.

11. Did your hypothesis agree with what you saw?

12. Have you seen any other examples where protective coatings are used?  Explain.

13. Show all reasoning clearly.
CAPT Learning Activity, Salt

Design an Experiment
Materials to Consider:

	Rock Salt
	Freezer
	Aluminum pan

	Water
	Thermometers
	

	
	
	


Directions:


Read the paragraph below.  Using the scientific method and any previous knowledge you might have about the situation described, design an experiment or procedure to test you hypothesis.


In the wake of a recent cold snap, custodial crews need to determine the best conditions for using rock salt as a means to melt hazardous ice patches that form near the sidewalks and doorways.  They have found that on the coldest days the rock salt just sits there and does nothing.  The superintendent is besieged by phone calls from insurance companies telling him to correct this situation. 

VII. Attachment:  Unit Assessment
Name:_______________________


Date:________________

Unit 2 Assessment

Atomic Structure and Chemical Bonding
1. How many different elements are in a water molecule?

· one

· two

· three

· none of these

2. What elements tend to form ionic compounds?

· Any two elements of the same phase can form and ionic compound.

· Those found in the upper right hand side of the periodic table.

· Metallic elements.

· Elements found on opposite sides of the periodic table.

3. What type of bond would occur between a Calcium (Ca, atomic number 20) atom and a chlorine (Cl, atomic number 17) atom?

· Ionic

· Nonpolar covalent

· Metallic

· Polar covalent

4. Diagram a water molecule.  Label the subatomic particles and their respective charges (+, -, Neutral).

5. Why do we say that electrons mostly affect the size of an atom, while the protons and neutrons mostly affect an atom’s mass?

6.  Rock salt is used to melt ice patches at your school, but during the coldest days the rock salt has no affect.  Leaving these ice patches as is, is not an answer.  What can be done to protect students and staff from slipping and falling on the ice patches?  

Using the scientific method and any previous knowledge you might have about the situation described, design an experiment or procedure to test you hypothesis.

Unit 2 

Answer Key

7. B

8. D

9. A

10. (ghs.gresham.k12.or.us/.../notes/chpt2/polar.htm)  Student should also include charge of subatomic particles.
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11. Most of an atom’s mass is in its nucleus.  Each proton and neutron is approximately 2000 times more massive than an electron.  The number of electrons determines the number of energy levels and therefore the diameter of the atom, increasing its size.

12. Students should include a hypothesis, variables, and a simple procedure.  (The substitute they choose for the rock salt is irrelevant.)  

I. 9th Grade Integrated Science

II. Unit 3
Carbon: Bonding and Polymers

a) Unit Introduction
· In Unit 3, the students will be able to explain how the chemical structure of polymers affects their physical properties, They will be able to explain how the structure of the carbon atom affects the types of bonds it forms. The students will also describe combustion reactions of hydrocarbons and the resulting by-products. They will explain the general formation and structure of carbon-based polymers, including synthetic polymers, They will also explain how simple chemical monomers can be combined to create linear, branched and/or cross-linked polymers. All of this will lead into the embedded task on plastics and the STS activity on plastics websites.

a. Standards for unit
· D17* - Explain how the chemical structure of polymers affects their physical properties.
· D13 - Explain how the structure of the carbon atom affects the type of bonds it forms in organic and inorganic molecules.
· D14 - Describe combustion reactions of hydrocarbons and their resulting by-products.
· D15 - Explain the general formation and structure of carbon-based polymers, including synthetic polymers, such as polyethylene, and biopolymers, such as carbohydrate.
· D16 - Explain how simple chemical monomers can be combined to create linear, branched and/or cross-linked polymers.
· PBA – 

· Quarterly Assessment

b. Essential Questions:  How does the chemical structure of a polymers affect its physical properties?

c. Essential Content:

· Carbon atoms can bond to one another in chains, rings, and branching networks to form a variety of structures, including synthetic polymers, oils, and the large molecules essential to life. Byproducts of a combustion reaction. (NSES)
· A change in the structure of a polymer produces various characteristics

d. Essential Skills

· Explain the formation of synthetic polymers.

· Describe where plastics come from.

· Model linear, branched and cross-linked polymers.

· Compare the properties of substances with different types of bonds.

· Identify questions that can be answered through scientific investigation.  (DINQ.1)

· Read, interpret, and examine the credibility and validity of scientific claims in different sources of information.  (DINQ.2)

e. Vocabulary

1. polymer

2. monomer

3. plastic

4. HDPE

5. LDPE

6. Hydrocarbon

7. Combustion

8. Organic

9. Inorganic

10. Polyethylene

11. Stress

12. Strain

f. Science Misconceptions
1. Polymers are not found in nature.
2. Polymers are inorganic.

3. All plastics have the same structure.

4. Air is not needed for combustion.
g. List of recommended activities
1. Polymers as Straws (Neo Sci Kit #20-1773)
2. A Closer Look at Polymers – Making Slime (Neo Sci Kit #20-1753)

3. Recyclable Plastics (Lab-aids Kit #704)

4. Polymers Lab (Neo Sci Kit #20-3273)

5. Bucky Balls, http://www.seed.slb.com/en/scictr/lab/buckyball/exp.pdf http://www.seed.slb.com/en/scictr/lab/buckyball/images/pattern1.pdf http://www.seed.slb.com/en/scictr/lab/buckyball/images/pattern2.pdf 

6. Water from a Match (Attachment) 
h. Required Significant Tasks
1. RFI – The Science of Slime, http://membership.acs.org/C/Chicago/statefair/CD-2007/Chemmatters/2004_12_smpissue.pdf 

2. Lab - Chemical Structures and Properties

3. Lab - Science, Technology, and Society Activity

i. Resources

1. Text
2. Internet
a. NYU:  Carbon http://www.nyu.edu/pages/mathmol/modules/carbon/carbon1.html
b. NYU:  Hydrocarbons Page http://www.nyu.edu/pages/mathmol/library/hydrocarbons/
c. American Chemistry Council: Teaching Plastics http://www.americanchemistry.com/s_plastics/doc.asp?CID=1123&DID=4982 

d. http://www.americanchemistry.com/s_plastics/hands_on_plastics/activities/industrial_testing_lesson/industrial_testing_lesson.html
3. United Streaming
a. Carbon:  The Element of Life http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=BA12AD55-CCD2-4E14-8A5B-EC63626B0C5A 

4. State of CT website for significant tasks
a. Chemical Structures and Properties

i. http://www.sde.ct.gov/sde/cwp/view.asp?a=2618&q=320892 

b. Science, Technology, and Society Activity

i. http://www.sde.ct.gov/sde/cwp/view.asp?a=2618&q=320892 

5. Current event articles
III. Significant Tasks

a. State Embedded Task

i. Chemical Structures and Properties

ii. Science, Technology, and Society Activity

b. Length/Timing
i. Chemical Structures and Properties – 90 minutes plus time to write lab report

ii. Science, Technology, and Society Activity – 90 minutes

c. Essential Questions
i. How can polymers be processed to produce products with different characteristics?
ii. What characteristics make a website credible?
d. Assessment Tools (AT)
i. Lab Report – Test

ii. Website checklist
e. Procedure – (Significant Task Regular Attachment)
IV. Significant Task Resources
a. http://www.sde.ct.gov/sde/cwp/view.asp?a=2618&q=320892 , student sheets are available at this site.

b. http://teachingplastics.org/hands_on_plastics/activities/industrial_testing_lesson/industrial_testing_lesson.html#tensile
V. Significant Task Regular Attachments


The Science of Slime                                 Unit 3

1. Newton observed that the viscosity of fluids is affected only by
a. Movement
b. Sunlight
c. Temperature
d. Water
2. Based on the article monomers are
a. Large chains of molecules that are composed of repeating units
b. Identical to each other
c. varied
d. All of the above
3. What does the phase “slower than molasses in January” tell us about the viscosity of most fluids? Explain.

4. What are some examples of “shear stresses” and how do Newtonian and non-Newtonian fluids differ when shear stresses are applied to them?

5. What is meant by the term non-Newtonian fluid?

Grades 9-10
Curriculum-Embedded Performance Task

Strand II: Chemical Structures and Properties
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Synthetic Polymers

Laboratory Investigation
Teacher Materials
Synthetic Polymers 

Teacher Materials

This curriculum-embedded science performance task is related to the content standard and expected performances for high school, as described in the Core Science Curriculum Framework under Scientific Inquiry, Literacy and Numeracy, Strand II – Chemical Structures and Properties. 

Targeted Content Standard

9.6 - Chemical technologies present both risks and benefits to the health and well-being of humans, plants and animals.
Targeted Scientific Inquiry, Literacy and Numeracy Standards

D INQ. 1  Identify questions that can be answered through scientific investigation.

D INQ. 3  Formulate a testable hypothesis and demonstrate logical connections between the                      scientific concepts guiding the hypothesis and the design of the experiment.

D INQ. 4  Design and conduct appropriate types of scientific investigations to answer                 different questions.

D INQ. 5  Identify independent and dependent variables, including those that are kept constant                  and those used as controls.

D INQ. 6  Use appropriate tools and techniques to make observations and gather data.
D INQ. 7  Assess the reliability of the data that was generated in the investigation.

D INQ. 9  Articulate conclusions and explanations based on research data, and assess results                                                                                     based on the design of an investigation.

Learning Objective: 

Students will investigate a synthetic polymer (polyethylene) and how the polymer can be processed to produce products with different characteristics.
Listed below are the suggested materials for the laboratory exercise. You may use additional materials if they are available.

Materials:

plastic dry cleaning bags


sandpaper (coarse and fine)

markers
clear kitchen wrap



empty coffee cans


safety goggles
plastic sandwich bags


      
rubber bands


 
ruler
ball bearings (different masses)

ring stands or clamps

 
scissors

Considerations:
Students will need some background information on the structure of polyethylene and the terminology used to describe the different arrangements of the polymer, for example low density polyethylene (LDPE) versus high density polyethylene (HDPE).  The differences in the stress-strain behaviors of polyethylene in the products the students are investigating are due in large part to how the materials are processed. Background information on the processing of plastics and specific information about polyethylene may be found at these and many other sites:

http://www.teachingplastics.org
http://americanplasticscouncil.org/s_apc/index.asp
Teams of two students are ideal for laboratory work, but circumstances may necessitate teams of three students.  Students will need a minimum of 90 minutes to complete this laboratory exercise if you expect their lab reports to be written during class time.  You should allow at least 60 minutes of instructional time for the students to design and conduct their experiment and a minimum of 30 minutes for the students to write about their results.  As an alternative, students can write the lab report for homework.  These time frames are merely suggestions.  Additional time is appropriate if the circumstances and the schedule at your school call for it.  A sample scoring rubric is provided for your convenience or you can design one of your own.
This curriculum-embedded task can be integrated into a unit on polymer chemistry in any high school physical or Earth science course.  The curriculum-embedded task is intended to be used as a formative assessment during the appropriate instructional unit.  The Connecticut Academic Performance Test – Generation III will include some open-ended items that will assess scientific inquiry and communication skills in the same context as this task.
Curriculum-Embedded Laboratory Investigation

Scoring Rubric
Statement of Problem and Hypothesis

3
The problem and hypothesis are stated clearly and completely.  Clear identification of independent and dependent variables.

2
The problem and hypothesis are stated adequately.  Adequate identification of independent and dependent variables.

1
The problem and/or hypothesis are poorly stated.  Poor identification of independent and dependent variable.

0
The statement of the problem and/or hypothesis is very limited or missing altogether.  No identification of independent and dependent variables.

Experimental Design

3
The experimental design matches the stated problem.  Variables are held constant.  The procedures are clear, complete and replicable.  A control is included when appropriate.

2
The experimental design generally matches the stated problem.  Attempt at holding variables constant is made.  Procedures are generally complete.  Minor modifications or clarifications may be needed.

1
The experimental design matches the stated problem to some extent.  Little attempt to hold variables constant.  Procedures are incomplete.  Major modifications or clarifications may be needed.

0
The experimental design does not match the stated problem, is very incomplete or missing.  There is no attempt to hold variables constant.

Data Presentation

3
Data are well organized and presented in an appropriate manner.

2
Data are organized and presented in an appropriate manner.  Minor errors or omissions may be present.

1
Data are poorly organized or presented in an inappropriate manner.  Major omissions or errors may be present.

0
Data are very poorly organized or presented in an inappropriate manner or missing altogether.

Conclusions

3
Conclusions are fully supported by data and address the hypothesis.  Reliability of data and validity of conclusions are thoroughly discussed.

2
Conclusions are generally supported by data and address the hypothesis.  Minor errors in interpretation of results may be present. Discussion of reliability of data and validity of conclusions is limited.

1
Conclusions are supported by data and address the hypothesis to a limited extent.  Major errors in interpretation of results may be present. There is little discussion of the reliability of the data or validity of conclusions.

0
Conclusions are not supported by data, do not address the hypothesis or are missing.  There is no discussion of the reliability of data or validity of conclusions.

Excellent performance 

10-12 points

Proficient performance 

7-9 points

Marginal performance

4-6 points

Unsatisfactory performance 
0-3 points
Grades 9-10
Curriculum-Embedded Performance Task

Strand II: Chemical Structures & Properties
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Synthetic Polymers

Science, Technology & Society

Teacher Materials
Synthetic Polymers
Teacher Materials

This curriculum-embedded science performance task is related to the content standards and expected performances for Grades 9-10, as described in the Core Science Curriculum Framework, under Scientific Inquiry, Literacy and Numeracy, Strand II – Chemical Structures and Properties.
Targeted Content Standard

9.6 – Chemical technologies present both risks and benefits to the health and well-being of humans, plants and animals.

Targeted Scientific Inquiry, Literacy and Numeracy Standards

D INQ. 2  Read, interpret and examine the credibility and validity of scientific claims in different sources of information.

D INQ. 9  Articulate conclusions and explanations based on research data, and assess results based on the design of an investigation.
D INQ. 10 Communicate about science in different formats, using relevant science vocabulary, supporting evidence and clear logic.
Learning objective:
Students will evaluate the credibility of information provided by different websites as it relates to the risks versus benefits of using plastic products.

Materials:

Access to computers/Internet

Considerations:
Students will need background information on the strategies used to evaluate the credibility of online resources.  The media specialist at your school may provide instruction on this topic or you may want to collaborate with the media specialist on a lesson for your classes centered on this inquiry standard.  A template for the student activity is provided for your convenience or you may create your own.

You will find several strategies for tips on how to evaluate the trustworthiness of online sites at these and other websites:

http://mason.gmu.edu/~montecin/web-eval-sites.htm
http://www.lib.berkeley.edu/TeachingLib/Guides/Internet/Evaluate.html
	Comments
	
	
	
	

	Easily Navigated
	
	
	
	

	Primary or Secondary Source
	
	
	
	

	Biased Information

Scale 1-5
	
	
	
	

	Is the data clear and age appropriate?
	
	
	
	

	Based on experimental data?
	
	
	
	

	Is the information dated and current?  

What is the date?
	
	
	
	

	Is the author easily identifiable?

Who is the author?
	
	
	
	

	Domain extension
	
	
	
	

	URL
	
	
	
	


VI. Unit Resources/Attachments
Water from a Match: The Principles of Combustion
Objective(s): 

To investigate the chemistry of combustion and, to some extent, of photosynthesis; appropriate for grades 3-high school, with sophistication of explanations scaled appropriately

Materials Needed: 

matches (wooden are best, but cardboard ones also work), watchglasses (about 10-15 cm in diameter) or large glass slides (about 8 by 10 cm); can be done as a class demonstration or by groups as small as two (or even by individuals); obviously suitable only as a demonstration for students younger than high school age

Strategy: 

Hold the watchglass or slide with one hand while holding a lighted match about 2 cm under the slide with the other hand (it may help to have one person hold the slide and another light and hold the match). It may also help to move the match slowly (back and forth or around) underneath the slide. The students are asked to observe and tell/record what they see. What they should see is fog on the underside of the slide above where the match has been.

The fog is condensed water vapor. When the match burns, one of the products of this combustion is water (released initially as vapor, which is invisible). The vapor rises and is trapped under the glass, which is cool enough to cause the vapor to condense (but see also the next paragraph); we see this as the fog on the underside of the glass. Why should the burning of wood (or cardboard, which is processed wood) produce water? When plants produce the building blocks of wood (ultimately by the process of photosynthesis) the carbon, oxygen, and hydrogen atoms of carbon dioxide and water are disassembled from each other and reassembled into a more complicated arrangement; this is an energy requiring process, with sunlight providing the energy. When the wood (or cardboard) burns, this process is reversed: the carbon, oxygen, and hydrogen atoms are disassembled from each other and reassembled into simpler arrangements (carbon dioxide and water) with the release of energy as heat and light. As pointed out above the water that is released makes the fog. The carbon dioxide condenses at a temperature much colder than that of the watchglass/slide and so is not visible.

It should be noted that the fog shows up best when the watchglass or slide is cool. If the watchglass or slide gets too warm, the fog may not form (i.e., the water produced by the combustion of the match won’t be able to condense); if a slide is used a second time shortly after being used for the experiment it may still be too warm (from the heat of the match flame) and a fresh watchglass or slide should be used.

Performance Assessment: 

A brief lab report describing the procedures used, observations made, and an explanation of what happened (see above section) would be a good way to assess this lesson. Obviously the report should increase in sophistication and detail for students in the higher grade levels.

References: 

Any good high school biology text should have a description of the chemistry of photosynthesis; any good high school chemistry text should have a description of combustion. The biology text should also discuss "respiration" which is the biological version of combustion.

http://www.iit.edu/~smile/cb1598.htm
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VII. Attachment:  Unit Assessment
Name:_______________________


Date:________________

Unit 3 Assessment

Carbon:  Bonding and Polymers
1. The most common raw material for making plastics is

a. petroleum

b. coal

c. wood pulp

d. tree resin

2. High-density and low-density polyethylene

e. Differ by the monomers from which they are made.

f. Differ in how the polymeric chains are branched.

g. Differ in their electrical conductivity.

h. Are essentially the same material but marketed differently.

3. What element is added to rubber to make vulcanized rubber?

i. Vanadium 

j. Carbon 


k. Sulfur

l. Silicon 

4. Draw a simple ethylene molecule.

5. What are four general characteristics of polymers?

6.  List at least four characteristics of a reliable web site.

Unit 3 

Answer Key

1. A

2. B

3. C

4. (http://www.cartage.org.lb/en/themes/Sciences/Physics/MolecularPhysics/ElectronicStructure/ChemicalBond/Moleculargeometry/c2h4.jpg[image: image7.jpg]N
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5. Polymers can be very resistant to chemicals. 
Polymers can be both thermal and electrical insulators. Generally, polymers are very light in weight with varying degrees of strength. 
Polymers can be processed in various ways to produce thin fibers or very intricate parts. 
Plastics can be molded into bottles or car bodies or be mixed with solvents to become an adhesive or paint. 
Polymers are materials with a seemingly limitless range of characteristics and colors. 
Polymers have many inherent properties that can be further enhanced by a wide range of additives to broaden their uses and applications. 

6. Domain name – A domain of .edu suggests that the information provided is based on research.  
Author’s name – Providing the author’s name provides accountability for the information.
Date – The date allows us to know whether the information provided is current.
Experimental data – Information that is based on research is more reliable.
(Other choices are also appropriate.  Please refer to the web site worksheet.)

I. 9th Grade Integrated Science

II. Unit 4
Geochemical Cycles

a. Unit Introduction
· In this unit, the students will be able to explain how physical and chemical processes cause carbon to cycle through the major earth reservoirs. They will be able to explain how solar energy causes water to cycle through the major earth reservoirs. The students will also explain how the accumulation of mercury, phosphates and nitrates affects the quality of water and the organisms that live in rivers, lakes and oceans.

b. Standards for unit

· D19 - Explain how chemical and physical processes cause carbon to cycle through the major earth reservoirs.
· D20 - Explain how solar energy causes water to cycle through the major earth reservoirs.
· D24 - Explain how the accumulation of mercury, phosphates and nitrates affects the quality of water and the organisms that live in rivers, lakes and oceans.
c. Essential Questions:  Explain what is meant by the phrase, “Earth is a closed system.”
d. Essential Content:

1. The earth is a system containing essentially a fixed amount of each stable chemical atom or element. Each element can exist in several different chemical reservoirs. Each element on earth moves among reservoirs in the solid earth, oceans, atmosphere, and organisms as part of geochemical cycles. 

2. Movement of matter between reservoirs is driven by the earth's internal and external sources of energy. These movements are often accompanied by a change in the physical and chemical properties of the matter. Carbon, for example, occurs in carbonate rocks such as limestone, in the atmosphere as carbon dioxide gas, in water as dissolved carbon dioxide, and in all organisms as complex molecules that control the chemistry of life. 

3. There is a fixed amount of resources that cycle through earth’s reservoirs.

4. Earth’s reservoirs include the solid earth, oceans, atmosphere and organisms.

5. Earth has both an internal (radioactive decay) and external (the sun) source of energy.

6. Movement of matter through earth’s reservoirs is driven by these energy sources.

e. Essential Skills

1. Explain how carbon cycles through earth’s reservoirs.

2. Explain how water cycles through earth’s reservoirs.

3. Explain earth’s energy sources. 

4. Explain how accumulation of chemicals in our reservoirs is hazardous to the environment.

5. Articulate conclusions and explanations based on research data, and assess results based on the design of the investigation.  (DINQ.9)

f. Vocabulary

1. Carbon 

2. Carbon cycle

3. Carbon dioxide

4. Carbonate

5. Respiration

6. Water cycle

7. Evaporation

8. Precipitation

9. Condensation

10. Sink

11. Reservoir

g. Science Misconception

1. There is an unlimited amount of resources.

2. Carbon in a rock is different than the carbon in the human body.

3. All water on earth is drinkable.

4. Nutrients that help plants grow must improve water quality.

5. Water disappears when it evaporates.
h. List of recommended activities
1. Carbon Trip Through the Cycle (Attachment)

2. Changes and Cycles (Attachment)
3. Make a Model Aquifer (Attachment)

4. Surface Tension of Water (Attachment)
5. Muddying the Waters - http://www.pen.k12.va.us/VDOE/LFB/lessonplans/muddy/muddy.pdf 
i. Resources
1. Text

2. Internet

a. Earth Observatory:  The Carbon Cycle http://earthobservatory.nasa.gov/Library/CarbonCycle/ 
b. Earth Observatory:  The Water Cycle http://earthobservatory.nasa.gov/Library/Water/
c. University of Missouri Extension:  Nitrogen in the Environment, Nitrogen Cycle http://extension.missouri.edu/explore/envqual/wq0252.htm
d. USGS:  Eutrophication http://toxics.usgs.gov/definitions/eutrophication.html
e. UCONN:  The Mad Hatter Mercury Mystery http://www.seagrant.uconn.edu/HATTER.HTML
3. United Streaming

a. The Cycle Series:  The Carbon Cycle http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=71192B42-8058-4A7F-885C-BFCDC6C76962
b. The Cycle Series:  The Water Cycle http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=DA282111-DDDE-4BA7-AE55-DBC4761A147B 

c. Natural Focus with Laurie Sanders, A: Water Quality http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=AC4775BB-83C7-4742-B386-91B2784418BE 
d. Ecosphere, The: Where All Life Exists http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=5EE26B9C-9922-402E-A219-4BAAD40235D5 

4. State of CT website for significant tasks

5. Current event articles

6. http://www.visionlearning.com/library/nses_view.php?nid=36&l=&c3=
j. Required Significant Tasks

1. RFI – A Dire Shortage of Water

2. Labs – None for this unit

3. Quarterly Assessment

III. Significant Tasks

k. Significant Task Introduction

l. Length/Timing

m. Essential Questions

n. Assessment Tools (AT)

o. Procedure

IV. Significant Task Resources

V. ST Regular Attachments
	A Dire Shortage of Water
Emily Sohn  )8/25/04


	


If it were up to me, the weather would be hot and sunny every day. 

Good thing it's not up to me. Earth needs rain and snow. 

Without a reliable supply of water, we would have nothing to drink, nothing to sustain our crops. Swimming pools would be empty. Lawns would have no grass. Electricity would be expensive. Plants would die; animals would followSuch a water shortage may sound extreme, but it's happening right now in parts of the western United States. An area called the Colorado River Basin, which stretches from Wyoming to Arizona, is in the middle of the worst drought in at least 500 years. Rivers in this region are at their lowest levels ever recorded. 

If the drought continues, the results could be disastrous. The river basin is a major source of water for big cities, including Las Vegas, Phoenix, and Los Angeles. Entire ecosystems depend on this water, as do ranchers and many other people who live and work in the area. 

Extreme weather

Extreme weather and natural disasters are a normal part of life on Earth. Tornadoes, floods, hurricanes, and earthquakes destroy houses and kill people. Droughts are also menacing. They can last for decades. No one knows how to predict or stop them. In fact, many things that people do make the problem worse. Experts say that major droughts in the 1200s and 1300s may have driven the Native American Anasazi out of places such as Mesa Verde in Colorado and Chaco Canyon in New Mexico. 
"Water is life," says geologist John Dohrenwend of Teasdale, Utah. "If you don't have it, the land can't support life." 

Out West, rivers and flood plains make up just 3 percent of the land area, Dohrenwend says. But these 3 percent support a full 90 percent of the region's plant and animal life. 

Causes 

Scientists are just beginning to understand the conditions that lead to droughts. They're finding that small changes in the flow of wind and water can have a huge effect on climate around the globe. 

Strangely enough, much of the story depends on the temperature of water in the oceans. 
Normally, winds blow west across the tropical Pacific Ocean, away from Central and South America. As wind-driven warm water moves over the ocean, it piles up in Indonesia and elsewhere in the western Pacific. Warm air rises offshore, causing rain to fall. Meanwhile, cold water comes up from the bottom off the coast of South America. This flow allows a richness of life to flourish near the coast, and it helps maintain predictable weather patterns from season to season. 

Every 5 to 10 years or so, though, the wind dies down. As a result, the surface of the Pacific Ocean gets warmer. Rainfall then tends to fall further to the east. Such a change in weather causes, among other things, floods in Peru and droughts in Australia and Indonesia. This new weather pattern is known as El Niño. 

An opposite cascade of events happens during the weather pattern called La Niña, when Pacific surface temperatures cool down. Both El Niño and La Niña, when they happen, usually last for 2 to 4 years. 

The current drought in the West could last much longer than that. In fact, historical records show that droughts typically go on for 10 to 50 years. 

And it's not just El Niño and La Niña at work. In the last few years, scientists from the U.S. Geological Survey (USGS) have begun to link precipitation on the Colorado Plateau to temperature shifts both in the Pacific Ocean and in the Atlantic Ocean. 

Atlantic effects 

A recent statistical study by USGS researchers found that less moisture falls on the United States when surface temperatures in the North Atlantic are warmer than normal. These conditions prevailed during a number of droughts over the past century. 

The study also found a correlation between warm water in the central North Pacific and drought in the southwestern and northern plains of the United States. When water is warm in both the North Atlantic and the North Pacific at the same time, conditions can get mighty dry in the American West. This explains at least a part of what's going on right now in the Colorado River Basin, Dohrenwend says. 

Records show that the basin's annual flow volume has been dropping for more than a century. But the drought has grown much worse since the year 2000. Compared to measurements taken in 1922, water flow has dropped to one-third of its original rate. 

People problems 

Oceans can't take all of the blame for the impact of today's drought, Dohrenwend says. Although ocean temperatures may be an important factor in starting a drought, people are making the problem of water shortages much worse. Dohrenwend notes that cities are growing faster in the southwest than anywhere else in the country. And people keep pouring in. 

"Many of these people are retired persons who lived in the northeast or northwest and want to get out of the cold," Dohrenwend says. It's hard for them to adjust to using less water than they're used to, he adds, and they don't want to let go of their golf courses, green lawns, or long showers. 

"Over time, more and more water has to be allocated to people moving in and less goes to everything else," Dohrenwend says. 

Ironically, as the drought continues, the cycle feeds on itself. Ranchers go out of business because they don't have enough water to grow alfalfa for their cattle. Then, developers arrive and build more homes. As more people move in, the demand for water continues to grow—even as the supply of water rapidly dwindles. 

How long? 

It's impossible to know how long this drought will last, and some scientists are beginning to fear the worst. 

Dohrenwend, for one, has been monitoring the Lake Powell reservoir, a huge water-storage site in southern Utah. The reservoir provides drinking water to the area. It also feeds into the Glen Canyon Dam, which has huge turbines to generate enormous amounts of electricity. 

Right now, water levels in the reservoir are 115 feet below full, Dohrenwend says. 

The shallower the lake gets, the more stagnant it becomes. The water has less oxygen in it, and chemicals from agricultural waste become more concentrated. Eventually, the water would become too toxic to drink. Dohrenwend has been using photographs and measurements to document the movement of sediment through rivers toward the Lake Powell reservoir. Ever since the drought began, his research shows, piles of dirt, rock, and sand have been moving downstream at an alarming rate. 

If the sediment gets too close to the dam's turbines, Dohrenwend says, it could ruin them completely. "The turbines rotate extremely rapidly," he says. "It would take very little sediment to destroy the turbines. With any abrasive material, it wouldn't take any time at all." 

In any case, the water level could soon be so low that it won't even flow through the dam anymore. This would cut off the electricity supply altogether. Downstream, the Grand Canyon could dry up. 

Impact 

As scientists continue to study what causes droughts and what kind of impact they can have, it'll be essential for governments and citizens to change their behavior, Dohrenwend says. If people want to continue living with cheap electricity and clean water, they'll need to find ways to use less of the precious liquid. In fact, the drought in the West might just be a wakeup call for all of us, no matter where we live. 
"In some ways, the problem sounds like a simple one of not enough water," Dohrenwend says. But it's really more complicated than that. 

"When you start to look at what goes on in a river flowing from the mountains to the sea, all the things we as human beings use it for, and all of what actually happens during a drought, a lot of what is going to happen isn't necessarily obvious," he says. "It could cause things we don't want to happen to happen much sooner than we might think." 

A Dire Shortage of Water 



Unit 4
1. Scientists are understanding what leads to drought

a. changes in the flow of the wind and water

b. temperatures of waters in the oceans

c. El Nino

d. all of the above

2. According to the article El Nino takes place when

a. the surface of the Pacific Ocean cools down

b. the surface of the Pacific Ocean gets warmer

c. the surface of the Pacific Ocean does not change

d. the surface of the Pacific Ocean changes every 2 years

3. In the article, Emily Sohn suggests that the drought cycle in the Southwest “feeds on itself”. What does she mean? Who are the most important contributors to such a cycle?

4. If you were the governor of a state or the mayor of a large city in an area affected by a severe drought, what measures would you take to conserve water and maintain water supplies?

5. The following table shows the amount of rain that fell at the airport in Phoenix, Arizona, each year from 1996 to 2003. In which year was rainfall highest? Lowest? What was the total amount of rain that fell from 1996-2003? What was the average rainfall per year during this period? Given that the average annual rainfall in Phoenix, taken over many decades, is 8.29 inches, how many years from 1996 to 2003 had below-normal rainfall?

VI. Unit Resources/Attachments
Carbon Trip Through the Cycle

Summary: Students will imagine themselves as a carbon atom and trace their journey through the carbon cycle returning to the point of origin 

Category: Writing Activity 

Learning Objectives: 
1- Students will demonstrate their knowledge of the carbon cycle by correctly making the circuit
2- Students will use correct scientific terminology in their written descriptions 

Materials: 
1- Paper
2- Something to write with 

Sequence and Duration of Each Part of Lesson:
· Students will be given 10 minutes to outline their journey to make sure that they have the correct sequence. 

· Students will then use their creativity to describe the journey a carbon molecule will take as it moves through the carbon cycle. 

· Students may choose to write this in one of the following forms:

1- Journal entries (as if an alien visiting a micro world )
2- Poetry 
3- Essay form
4- Choose the music from a song and fit your journey to music
5- Cartoon form 

Evaluation: 
Could be used as an assessment
Teacher will review product for accuracy of concept
Students could do oral presentations
Student's work could be posted

Copyright 1996. Utah State Office of Education, Curriculum Section, 250 East 500 South, Salt Lake City, Utah, 84111

http://www.wested.org/werc/earthsystems/biology/carbontrip.html

Change and Cycles Lesson
"Where Land, Air, and Water Meet"

Activity (Allow 30-45 minutes) 

To develop an understanding of parts per million as a concept, teams of students will create successive dilutions of a solution to reach a parts-per-million concentration. 

The atmosphere is a mixture of gases. Similarly, the world's oceans and fresh waters contain dissolved chemicals. Many substances dispersed in air or water are measured in parts per million. Some of these substances are colorless, odorless, and tasteless, yet even in small quantities they can be toxic. 

Materials:

For each group of three students: 

· One eyedropper 

· Supply of water 

· A cylinder with 10-milliliter graduations 

· Three 12-ounce clear plastic cups 

· Masking tape 

· Marking pen 

· One bottle of food coloring (darker colors will work best) 

· A calculator (optional) 

· One box of crayons, pastels, or colored chalk 

· A notebook for recording results. 

The procedure can be copied and handed out to students. 

Procedure:
Before beginning the activity, put a piece of masking tape on each cup and label them "Sample 1," "Sample 2," and "Sample 3." 

Sample 1 

1. Put 99 drops of water in the graduated cylinder. Record the volume of this amount of water in the notebook. (You will need this measurement later to avoid having to measure another 99 drops.) Pour the water from the 99 drops into the cup marked "Sample 1." 

2. Add one drop of food coloring to sample 1. Stir the water. Record the color in your notebook using crayons, pastels, or chalk. 

3. Answer the questions in the question section. You can use a calculator. Write the answers on the sheet or copy the information into your notebook. 

Sample 2 

1. Pour an amount of water equal to 99 drops into the graduated cylinder. Pour this into the cup marked "Sample 2." 

2. Add one drop of sample 1 to sample 2 . 

3. Stir and record the resulting color. 

4. Answer the questions in the question section. 

Sample 3 

1. Pour an amount of water equal to 99 drops into the graduated cylinder. Pour this into the cup marked "Sample 3." 

2. Add one drop of sample 2 to sample 3. Stir and record the color of the solution. 

3. Answer the questions in the question section. 

Questions:

· What is the concentration of food coloring in sample 1? 

· Can you see the food coloring in sample 1? 

· Suppose the food coloring was a harmful substance, how would you "clean" the water? 

· What happened to the color of the water in sample 2? Describe and explain. 

· What is the concentration of food coloring in sample 2? 

· What is the concentration of food coloring in sample 3? 

· Can you see the food coloring in sample 3? 

· Explain why or why not. 

· How could a parts-per-billion solution be made? 

Extensions:
Once the students are familiar with the procedure required to create a parts-per-million solution of a pollutant, have a selection of substances available for them to dilute and observe. Encourage the students to create experimental tests for determining if other substances are observable in the part-per-million concentration. Some suggested substances to experiment with are detergent and acid (vinegar). You can ask: 

1. Are the new substances observable in any way? (Do they form a film, or foam, or is there discoloration?) 

2. Has there been a change in a Ph test for the acid or base? (Use litmus paper to test the solutions.) 

Answers will vary. 

Discussion note: is a diluted substance "gone" just because it is no longer visible? How can these ideas be transferred from a liquid to a gas like CO2? 

For the Teacher:
Answers to the Questions in the Lesson 

Sample 1: Because you have added one drop of food coloring to 99 drops of water, the concentration is one part per hundred, which can also be expressed as 1/100 or 1 percent. A calculator can be used to visualize the answer. Divide 1 by 100. The answer is 0.01. The color should be visible. 

Students might answer that filtering the water through a substance like sand or through paper might "clean" it, but filtering will not remove a chemical solution. The teacher might use this question as an opportunity to discuss the removal of CO2 from the atmosphere. Just as no such simple process as filtering the water will remove food coloring, no simple process will remove excess CO2 from the atmosphere. Reducing the amount of CO2 emitted by human activity reduces the need to remove it later. 

Sample 2: To 99 drops of new water, you add a drop of the solution from sample l, which consists of .99 parts water and .01 part food coloring. Because you have now diluted the .01 drop of food coloring in a total of 100 drops of solution, divide .01 by 100 on the calculator. Your answer is .0001. This means you now have 1 part food coloring in ten thousand, or 1/10,000. Depending on the color used, the food coloring in sample 2 should be faintly visible. 

Sample 3: Again you have 99 drops of new water and one drop from the solution in sample 2. The one drop is .9999 parts water and .0001 parts food coloring. To calculate the concentration of food coloring in sample 3 divide .0001 by 100 (the total number of drops in the solution). The answer is 0.000001 or one part food coloring in one million (1/1,000,000). The food coloring will not be visible at this concentration. 

Making a parts-per-billion sample: Continue the procedures described above. Begin with 99 new drops of water. Use one drop of the parts-per-million solution. You will get 0.00000001 parts food coloring or one part food coloring in one-hundred million (1/100,000,000). For the final step, take nine new drops of water and add to it one drop of the previous solution. This yields 0.000000001 or one part per billion. 

Classroom Resources 
Hocking, C., Sneider, C., Erickson, J., and Golden, R., 1990, Global warming-The greenhouse effect: Berkeley, California, Lawrence Hall of Science, 171 p. 

Johnson, R. L., 1980, The greenhouse effect-Life on a warmer planet: Minneapolis, Minn., Lerner Publications, 112 p. 

Morrison, Philip, and Morrison, Phylis, 1982, Powers of ten: Redding, Conn., Scientific American Library, 150 p. 

Schwartz, David M., 1985, How much is a million?: New York, Lothrop Lee and Shepard, 40 p. 
http://interactive2.usgs.gov/learningweb/teachers/globalchange_change_lesson.htm
Make a Model Aquifer

Purpose 
This activity will help students understand how Cape Cod's ground-water system is unique and how contamination spreads easily underground. To do so, students will build a model of an aquifer. They will "recharge" the aquifer by pouring water into designated areas in the model and collecting water from holes they have made in the box holding the model. By doing this activity, students will determine how water moves through the aquifer and which materials make the "best" aquifer. 

Materials 
Each group of students will need: 

· a clear rectangular 3-gallon-sized, plastic box or tub. Use the longest box you can find, 

· potter's clay or natural clay soil, 

· sand, 

· gravel, 

· measuring scoop made of a plastic gallon milk jug with the top cut off, 

· graduated cylinder, 

· two pie plates or petri dishes for catching water that flows out of the aquifer, 

· a ten-penny nail for making holes in boxes, 

· water, and 

· a copy of the illustration of the model aquifer. 

	[image: image8.png]




	Model Aquifer (Activity 1)


Procedure 

1. Introduce students to the diagram of the aquifer. Tell students that they will be working in groups to build model aquifers. Explain that different groups will be using different mixes of materials in their aquifers. Some will be using all sand; some will be using all gravel; some will be using a mix of sand and gravel. 

2. Instruct students to punch holes in the plastic tub. Holes should be no smaller than 1 mm and no larger than 2 mm. 

3. Have students measure out the different aquifer materials using the measuring scoop. Make sure each group uses the same volume of material - sand, gravel, or half and half - for the aquifer. Have the students who are using the half-sand half-gravel mixture prepare the mixture before measuring it or packing the mixture into the aquifer. 

4. Students should then pack the tubs with the "aquifer" materials. The bottom layer of clay should be very thin - 2 mm - and well packed. Students should then add the aquifer material - 2-3 scoops, depending on the size of the tub. The upper layer of clay - 1-2 cm thick - should also be well packed. 

5. The next step is to elevate the tub or place it on the corner of a table so the holes where water will emerge are accessible. The tub could be elevated with coffee cans or blocks, or placed diagonally on a table corner. Students should position the two pie plates or petri dishes to catch the water that comes out of each hole. 

6. To observe how the aquifer model works, students should pour water in the hole in the clay at the top, 10 mL at a time, until drops appear at the holes. After drops appear, students should pour in one final graduated cylinder full of water. Students should record the amount of water that is poured into the model. In the pie plates or petri dishes, they will collect the water that comes out of each hole, then measure the amount of water in an empty graduated cylinder. 

7. When students have finished pouring water into their aquifer models, gather the class together. Have the students in different groups compare the water-holding capabilities of different materials. 

8. Refer students to the section of the Student Packet that explains porosity and permeability. Review these concepts. Then hold a general discussion of what students expected to discover and what actually happened. Students are likely to be surprised to find that even a thin layer of impermeable material will not allow water through. 

Extension 

1. Describe how a town built on top of this model could access and use the water in the aquifer for its water supply. 

2. Invite a local well driller to class to discuss information related to local aquifers, drilling depth, and costs. 

http://interactive2.usgs.gov/learningweb/teachers/landpeople_teachers_cc_1.htm

Surface Tension of Water
Introduction: Surface tension refers to water's ability to "stick to itself". Surface tension can be measured and observed by dropping water (drop by drop) onto a penny. The number of water drops that can fit on a penny will surprise you.

1. Initial Observation: Observe surface tension by seeing how many drops of water can fit on a penny. 
Number of Drops ___________

Question: How does soap affect the water's surface tension?

2. Develop a hypothesis that answers the experimental question. Write your hypothesis below.


3. Test your hypothesis by comparing the number of drops of tap water that can fit on a penny to the number of drops of soapy water that can fit on a penny. Because water drops may vary depending on how well you drop the water, it is best to run many trials and take an average. Record your data in the table below

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Average

	Tap Water
	
	
	
	
	
	

	Soapy Water
	
	
	
	
	
	


 4. Analyze the data and draw conclusions. Write a paragraph below (using complete sentences) that explains how soap affects the surface tension of water, using your data to help you answer the question. Suggest a reason for your observations (Why did it happen). Support or reject your hypothesis

 
Post- Lab Analysis:
5. Explain what surface tension is.
6. Why were many trials taken and averaged?
7. In this experiment, what was your control group?
8. Identify the independent variable in the experiment.
9. Identify the dependent variable in the experiment.
10. What if the experimental question was "How does sugar affect the surface tension of water?" Describe how you would answer this question using the scientific method. If you have time, you can test this.

VII. Attachment:  Unit Assessment
Name:_______________________


Date:________________

Unit 4 Assessment

Geochemical Cycles
1. Which of the following is the largest carbon reservoir?

m. Soil

n. Living organisms

o. The atmosphere

p. The oceans

2. What drives the water cycle?

q. Sun

r. Moon

s. Winds

t. Temperature

3. The source of nitrates in groundwater is from?

u. Sewage treatment plants 

v. Fertilizers spread on crops.

w. Radioactive waste dumps.

x. Leaks in sewage lines.

4. Draw of diagram of the water cycle. Label all parts.

5. Identify the locations of Earth’s water sources.

6.  Explain the key ideas that the following graph is trying to communicate.  [image: image9.jpg]fors of Gallns per Day
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Unit 4 

Answer Key

1. D

2. B

3. B

4. (http://www.sawater.com.au/NR/rdonlyres/657AC917-D6E3-4E55-AAD1-38119A0ACBB4/0/diag_water_cycle.gif)[image: image10.png]



5. 97% of Earth’s water is in the oceans and about 2% is frozen in polar ice caps and glaciers.  The remaining 1% consists of water vapor in the atmosphere, groundwater and lakes and streams.  (These figures are approximate.  What’s important are the proportions.)
6. Water use increased during the summer months.  In general water use has decreased over the past 20 years.

VIII. 9th Grade Integrated Science

IX. Unit 5
Earth Materials and Environmental Impact

a) Unit Introduction
· The students will explain the chemical composition of acids and bases, and explain the changes of pH in neutralization reactions. They will be able to explain the short and long term impacts of landfills and how incineration of waste materials affects the quality of the environment. They will also explain how land development, transportation options and consumptions of recourses may affect the environment. The students will describe how humans try to reduce the consumption of raw materials and improve air and water quality. They will finish the unit by doing the required embedded task of the unit.

j. Standards for unit
· D12 - Explain the chemical composition of acids and bases, and explain the change of pH in neutralization reactions.
· D18 - Explain the short- and long-term impacts of landfills and incineration of waste materials on the quality of the environment.
· D25* - Explain how land development, transportation options and consumption of resources may affect the environment.
· D26 - Describe human efforts to reduce the consumption of raw materials and improve air and water quality.
k. Essential Questions:  What impact does human existence have on the environment?

l. Essential Content:

1. Normal adjustments of earth may be hazardous for humans. Humans live at the interface between the atmosphere driven by solar energy and the upper mantle where convection creates changes in the earth's solid crust. As societies have grown, become stable, and come to value aspects of the environment, vulnerability to natural processes of change has increased. (NSES)

2. Human activities can enhance potential for hazards. Acquisition of resources, urban growth, and waste disposal can accelerate rates of natural change.  (NSES)

3. Some hazards, such as earthquakes, volcanic eruptions, and severe weather, are rapid and spectacular. But there are slow and progressive changes that also result in problems for individuals and societies. For example, change in stream channel position, erosion of bridge foundations, sedimentation in lakes and harbors, coastal erosions, and continuing erosion and wasting of soil and landscapes can all negatively affect society.  (NSES)

4. Natural and human-induced hazards present the need for humans to assess potential danger and risk. Many changes in the environment designed by humans bring benefits to society, as well as cause risks. Students should understand the costs and trade-offs of various hazards--ranging from those with minor risk to a few people to major catastrophes with major risk to many people. The scale of events and the accuracy with which scientists and engineers can (and cannot) predict events are important considerations.  (NSES)

m. Essential Skills

1. Determine level of acidity using the pH scale.

2. Where does our garbage go?

3. How do our land use decisions affect the environment?

4. Describe the efforts being made at both the municipal and federal levels to reduce pollution.

5. Design and conduct appropriate types of scientific investigations to answer different questions.  (DINQ.4)

6. Identify independent and dependent variables including those that are kept constant and those used as controls.  (DINQ.5)

n. Vocabulary

1. Acid

2. Base

3. Salt

4. pH scale

5. Indicator

6. Acid rain

7. Brownfield site

8. Landfill

9. Municipal Solid Waste

10. Waste to energy

11. Leachate

o. Science Misconceptions
1. Acids are found in the lab or have to be made.

2. All acids dissolve or burn other objects.
3. Waste is stored in a remote area.
p. List of recommended activities
1. Cabbage Juice Indicator (Attachment)

2. Simulating the Effects of Acid Rain (Neo Sci Kit #20-1493)
3. CAPT Inquiry Lab – Fire Extinguisher http://www.sde.ct.gov/sde/lib/sde/PDF/BESTseminars/sc/fire_ext.pdf
4. Cookie Mining (Attachment)
q. Resources
1. Text

2. Internet

a. Chem4Kids.com:  Acids and Bases are Everywhere http://www.chem4kids.com/files/react_acidbase.html
b. U.S. Food and Drug Administration:  Approximate pH Values of Foods and Food Products     http://www.cfsan.fda.gov/~comm/lacf-phs.html
c. EPA:  pH scale http://www.epa.gov/acidrain/education/site_students/images/phscale.gif 

d. CT DEP:  Brownfield Sites in Connecticut http://www.ct.gov/dep/cwp/view.asp?a=2715&q=324930 

e. EPA:  Wastes
http://www.epa.gov/osw/
f. BRRFOC:  Waste to Energy Facility http://www.brrfoc.org/about.php
3. United Streaming

a. Elements of Chemistry:  Acids, Bases, and Salts http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=F87F5C05-EDC4-40EF-92E0-D62BC7EE66D6
b. Garbage Story, The: Dealing with Solid Waste Disposal http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=13E647B8-0AD4-45AE-A3E0-7395EB81A80C
c.   

4. State of CT

5. Current Events

r. Required Significant Tasks
1. RFI – Soil Contamination (Attachment)
2. Acid Rain Lab

3. Brownfields Lab

4. Quarterly Assessment
X. Significant Tasks

f. State Embedded Task

i. Global Interdependence – Acid Rain

ii. Global Interdependence – CT Brownfield Sites

g. Length/Timing
i. Acid Rain – 90 minutes, plus time to write lab report
ii. Brownfield Sites – 90 minutes
h. Essential Questions
i. Which building materials are more resistant to acid rain?
ii. Where are Brownfield sites in your area and what is being done about them?
i. Assessment Tools (AT)

j. Procedure (Attachment)
XI. Significant Task Resources
i. http://www.sde.ct.gov/sde/cwp/view.asp?a=2618&q=320892 , students materials available at this site.

ii. CT DEP:  Brownfield Sites in Connecticut http://www.ct.gov/dep/cwp/view.asp?a=2715&q=324930
XII. Significant Task Regular Attachments


Soil Contamination

What kind of contamination is it?
Soil contamination is either solid or liquid hazardous substances mixed with the naturally occurring soil. Usually, contaminants in the soil are physically or chemically attached to soil particles, or, if they are not attached, are trapped in the small spaces between soil particles.
How did it get there?
Soil contamination results when hazardous substances are either spilled or buried directly in the soil or migrate to the soil from a spill that has occurred elsewhere. For example, soil can become contaminated when small particles containing hazardous substances are released from a smokestack and are deposited on the surrounding soil as they fall out of the air. Another source of soil contamination could be water that washes contamination from an area containing hazardous substances and deposits the contamination in the soil as it flows over or through it.

How does it hurt animals, plants and humans?
Contaminants in the soil can hurt plants when they attempt to grow in contaminated soil and take up the contamination through their roots. Contaminants in the soil can adversely impact the health of animals and humans when they ingest, inhale, or touch contaminated soil, or when they eat plants or animals that have themselves been affected by soil contamination. Animals ingest and come into contact with contaminants when they burrow in contaminated soil. Humans ingest and come into contact with contaminants when they play in contaminated soil or dig in the soil as part of their work. Certain contaminants, when they contact our skin, are absorbed into our bodies. When contaminants are attached to small surface soil particles they can become airborne as dust and can be inhaled.

How can we clean it up?
There are three general approaches to cleaning up contaminated soil: 1) soil can be excavated from the ground and be either treated or disposed; 2) soil can be left in the ground and treated in place; or 3) soil can be left in the ground and contained to prevent the contamination from becoming more widespread and reaching plants, animals, or humans. Containment of soil in place is usually done by placing a large plastic cover over the contaminated soil to prevent direct contact and keep rain water from seeping into the soil and spreading the contamination. Treatment approaches can include: flushing contaminants out of the soil using water, chemical solvents, or air; destroying the contaminants by incineration; encouraging natural organisms in the soil to break them down; or adding material to the soil to encapsulate the contaminants and prevent them from spreading.
http://www.epa.gov/superfund/students/wastsite/soilspil.htm

Soil Contamination 




Unit 5

1. What is Superfund?

a. A Federal program that is in charge of all environmental laws of the U.S.

b. A Federal program that cleans up the nation’s worst hazardous waste sites.

c. A collection of all Federal and state laws that regulate hazardous materials.

d. A fund made up of Federal tax revenues used to pay for hazardous waste site cleanups.

2. What is meant by the term “hazardous waste?”

a. By-products of society that can pose a substantial or potential threat to human health or the environment when improperly managed.

b. Mercury in a thermometer.

c. A waste product with one or more of the following characteristics: ignitable (it can catch on fire easily), corrosive (it can eat away materials), reactive (it reacts violently or harmfully), or toxic (it is poisonous).

d. What you had for dinner last night.

3. Who is responsible for cleaning up hazardous waste sites?

a. The U.S. Environmental Protection Agency

b. State and local environmental agencies.

c. The U.S. Coast Guard.

d. Organizations and people responsible for contamination at the sites.

e. All of the above

4. Who pays for the sites to be cleaned up?

a. Organization and people responsible for the contamination at the sites.

b. EPA through the Superfund trust fund.

c. The public through a sates tax.

d. Federal agencies, such as the U.S. Department of Energy, that is responsible for site contamination.

5. How can we clean up contaminated soil? And which approach do you think is the best and why?

Grades 9-10

  Curriculum-Embedded Performance Task

           Strand III: Global Interdependence
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       Acid Rain
Laboratory Investigation

Teacher Materials
Acid Rain
Teacher Materials
This curriculum-embedded science performance task is related to the content standards and expected performances for high school, as described in the Core Science Curriculum Framework, under Scientific Inquiry, Literacy and Numeracy, Strand III – Global Interdependence.  

Targeted Content Standard

9.8 - The use of resources by human populations may affect the quality of the environment.

Targeted Scientific Inquiry, Literacy and Numeracy Standards
D INQ. 1  Identify questions that can be answered through scientific investigation.
D INQ. 3  Formulate a testable hypothesis and demonstrate logical connections between the scientific concepts guiding the hypothesis and the design of the experiment.
D INQ. 4  Design and conduct appropriate types of scientific investigations to answer                 different questions.

D INQ. 5  Identify independent and dependent variables, including those that are kept constant and those used as controls.

D INQ. 6  Use appropriate tools and techniques to make observations and gather data.
D INQ. 7  Assess the reliability of the data that was generated in the investigation.
D INQ. 9  Articulate conclusions and explanations based on research data, and assess results based on the design of an investigation.

Learning objective:
Students will be able to identify building materials that are resistant to the effects of acid rain based on their data.

Listed below are the suggested materials for the laboratory exercise. You may use additional materials if they are available.

Materials:

containers with lids



limestone chips 

graduated cylinder



marble chips

vinegar





red sandstone chips

pH paper/meter



pea stone

safety goggles




access to a balance

Considerations:

Teams of two students are ideal for laboratory work, but circumstances may necessitate teams of three students.  Students will need a minimum of 90 minutes to complete this laboratory exercise if you expect their lab reports to be written during class time.  You should allow about 60 minutes of instructional time for students to design and set up their experiments. Additional instructional time will be necessary for students to collect data for this activity as the change in the condition of the building materials will take several hours. If your schedule is such that class does not meet every day, then further adjustments for the activity will be necessary.   Allow a minimum of 30 minutes for students to write about their results. As an alternative students can complete the lab report for homework.  A sample scoring rubric is provided for your convenience or you may design your own.

Suggested materials for students to test have been listed in the laboratory activity.  You can change these materials based on the supplies available to you or ask the students to bring in other building materials to test.  

Any small container with a cover will work for this activity, including small jars or petri dishes.  Vinegar with an approximate pH of 3 has been suggested as a substance to simulate acid rain.  If the odor is too intense another weak acid may be substituted at the discretion of the teacher.  Keep in mind safety considerations and the fact that average acid rain has a pH between 4.0 and 5.5.

The quantity of vinegar that is introduced to the building material is not specified in the student instructions.  You can control the maximum amount of vinegar available to a team of students (20 ml per material tested) to conserve supplies or direct all students to use the same quantity of vinegar and building materials to pool data and compare results. 

Some relevant information on acid rain is available at these and many other sites:

http://www.epa.gov/highschool/air.htm
http://www.geocities.com/narilily/buildings.html
http://www.ec.gc.ca/acidrain/
The task can be integrated into a unit on environmental science in any high-school physical or Earth science course.  The curriculum-embedded task is intended to be used as a formative assessment during the appropriate instructional unit. The Connecticut Academic Performance Test – Generation III will include some open-ended items that will assess scientific inquiry and communication skills in the same context as this task.
Curriculum-Embedded Laboratory Investigation

Scoring Rubric
Statement of Problem and Hypothesis

3
The problem and hypothesis are stated clearly and completely.  Clear identification of independent and dependent variables.

2
The problem and hypothesis are stated adequately.  Adequate identification of independent and dependent variables.

1
The problem and/or hypothesis are poorly stated.  Poor identification of independent and dependent variable.

0
The statement of the problem and/or hypothesis is very limited or missing altogether.  No identification of independent and dependent variables.

Experimental Design

3
The experimental design matches the stated problem.  Variables are held constant.  The procedures are clear, complete and replicable.  A control is included when appropriate.

2
The experimental design generally matches the stated problem.  Attempt at holding variables constant is made.  Procedures are generally complete.  Minor modifications or clarifications may be needed.

1
The experimental design matches the stated problem to some extent.  Little attempt to hold variables constant.  Procedures are incomplete.  Major modifications or clarifications may be needed.

0
The experimental design does not match the stated problem, is very incomplete or missing.  There is no attempt to hold variables constant.

Data Presentation

3
Data are well organized and presented in an appropriate manner.

2
Data are organized and presented in an appropriate manner.  Minor errors or omissions may be present.

1
Data are poorly organized or presented in an inappropriate manner.  Major omissions or errors may be present.

0
Data are very poorly organized or presented in an inappropriate manner or missing altogether.

Conclusions

3
Conclusions are fully supported by data and address the hypothesis.  Reliability of data and validity of conclusions are thoroughly discussed.

2
Conclusions are generally supported by data and address the hypothesis.  Minor errors in interpretation of results may be present. Discussion of reliability of data and validity of conclusions is limited.

1
Conclusions are supported by data and address the hypothesis to a limited extent.  Major errors in interpretation of results may be present. There is little discussion of the reliability of the data or validity of conclusions.

0
Conclusions are not supported by data, do not address the hypothesis or are missing.  There is no discussion of the reliability of data or validity of conclusions.

Excellent performance 

10-12 points

Proficient performance 

7-9 points

Marginal performance

4-6 points

Unsatisfactory performance 
0-3 points
Grades 9-10

  Curriculum Embedded Performance Task

           Strand III: Global Interdependence
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Connecticut Brownfield Sites

Science, Technology & Society

Teacher Materials
 


Connecticut Brownfield Sites

Teacher Materials

This curriculum-embedded science performance task is related to the content standards and expected performances for Grades 9-10, as described in the Core Science Curriculum Framework, under Scientific Inquiry, Literacy and Numeracy, Strand III – Global Interdependence.

Targeted Content Standard

9.9 - Some materials can be recycled, but others accumulate in the environment and may affect the balance of the Earth systems.
Targeted Scientific Inquiry, Literacy and Numeracy Standards

D INQ. 1 Identify questions that can be answered through scientific investigation.
D INQ. 2  Read, interpret and examine the credibility and validity of scientific claims in different sources of information.

D INQ. 4  Design and conduct appropriate types of scientific investigations to answer different questions.

D INQ. 5  Identify independent and dependent variables, including those that are kept constant and those used as controls.
D INQ. 9  Articulate conclusions and explanations based on research data, and assess results based on the design of an investigation.

D INQ. 10 Communicate about science in different formats, using relevant science vocabulary, supporting evidence and clear logic.

Learning objective:  

Students will formulate a question about a Brownfield site that may be answered through scientific investigation and then design the investigation.

Materials:

Access to computers/Internet
Considerations:

More than 290 sites in Connecticut have been identified as “Brownfield Sites.”  These are parcels of property once used for industrial, commercial or manufacturing purposes and now typically are abandoned due to suspected contamination.  Often these unused parcels adversely affect the quality of living in the area and may pose potential health risks to local citizens.  Financial assistance is available from the state and federal governments to assess and remediate these sites. 


The Connecticut Brownfield Inventory is updated on a regular basis and may be accessed at the Connecticut Department of Environmental Protection’s website: http://dep.state.ct.us/wst/remediation/brownfields/brownfields.htm.
The objective of this exercise is to allow students to explore environmental issues that are close to home.  The students are not expected to create a protocol for retrieving a specific chemical such as toluene from a site.   Instead the task is to formulate a general procedure for exploring the effect the contamination may have on the site or nearby property.  Students may design an investigation that focuses on one specific chemical and its contamination plume at the site.  They may consider where the sampling will occur (water, soil, air) and other parameters of the investigation such as the number of test sites, distances from the source, etc. Other students may design an investigation with a focus on one contaminant and its influence on a particular species of plant or animal in the area.   If students are not able to identify the suspected contaminants at the site based on the general information on the inventory, the list below can be used for direction.  

	Contaminant


	Possible source of contamination

	Heavy metals:
arsenic, cadmium chromium, lead,

mercury
	metal finishing/plating shops, manufacturing and foundries, coal burning power plants

	Gasoline/constituents of gasoline:
gasoline, benzene, 

ethylbenzene, toluene,

xylene
	gasoline stations, tank farms, pipelines

	Solvents:
tetrachloroethlyene,

trichloroethylene, 

III-trichloroethane
	dry cleaners, machine shops,

metal finishing/plating shops


This is an opportunity to invite an environmental engineer to the classroom to discuss the assessment and remediation processes at Brownfield sites.  The time frame of assessment, follow-up remediation and cost may surprise students.  

A professional in environmental engineering or environmental science may give students feedback on the feasibility of their proposed scientific investigations.   Local community members may speak to the prior use of the property or to the process by which the site was identified as a Brownfield site.

XIII. Unit Resources/Attachments
Cabbage Juice Indicator - pH
Objectives:
· to test household solutions with litmus paper 

· to test household solutions using red-cabbage juice indicator 

· to classify household substances as acids or bases 

· to determine the pH range of red cabbage juice 

Materials: (per group or station)
· Beaker of Red Cabbage Juice 

· Red and Blue Litmus Paper 

· 6 Plastic cups 

· Beakers of the following solutions: water, baking soda, vinegar, salt, sugar, lemon juice, soda, etc... 

· Plastic spoon 

· black marker 

 

Procedure:
1. Label your plastic cups #'s 1-6 

2. Choose one solution and pour a small amount into plastic cup #1. 

3. Write the name of the solution in your data table. 

4. Place a drop of  the solution onto red and then blue litmus paper.  Record results 

5. Add 1 - 2 tablespoons of red cabbage juice to the cup.  Record color change. 

6. Determine if the solution is a acid, base or neutral 

7. Repeat with solutions #2-6. 

8. Clean up.  Pour contents into sink and throw out used cups. 

Data Table:
 

	Plastic Cup #
	Solution
	Red  Litmus
	Blue Litmus
	Red Cabbage

Juice
	Acid/Base or Neutral

	1
	 
	  
	  
	  
	  

	2
	 
	  
	  
	  
	  

	3
	 
	  
	  
	  
	  

	4
	 
	  
	  
	  
	  

	5
	 
	  
	  
	  
	  

	6
	 
	  
	  
	  
	  


 

 

Results:
1.  Name the acids, name the bases, were there any neutral solutions? 

2. What color did the cabbage juice turn to indicate a neutral substance? 

3. Why is it important to use both blue and red litmus paper to determine pH? 

 

Conclusion:
 

2-3 sentences on what you learned
 

How to read pH paper: 
Red Litmus Paper – 
Stays Red = Acid or Neutral 

Turns Blue = Base

Blue Litmus Paper – 
Stays Blue = Base or Neutral

Turns Red = Acid 

 

Colors of Cabbage Juice:

Acids will turn pink.

Bases will turn green.

Recipe for Red Cabbage Juice Indicator:

1. CHOP one large red cabbage into small pieces. Note: Blackberries, red onions, or even hibiscus flowers can be used as a substitute. 

2. SIMMER the cabbage pieces until the water turns a deep shade of purple. 

3. ALLOW the water to cool. 

4. REFRIGERATE when not in use. 

http://www.middleschoolscience.com
 

Chocolate Chip Mining

You are a research scientist for a mining company. You work in a laboratory which investigates methods of getting useful minerals from rocks. You have just been sent a sample of rock which seems to have small pieces of a valuable mineral mixed up with unwanted waste material. The mineral is dark brown. The waste is paler. 

1. Find a method for separating the valuable mineral from the rock sample. Describe it below.

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

2. Before you begin to separate the mineral from the waste, measure the mass and volume of one cookie. When you have separated the mineral from the waste, measure the mass and volume of the mineral and the waste. Include data from several other groups.

	Sample
	Mass of cookie
	Volume of cookie
	Mass of mineral chips
	Volume of mineral chips
	Mass of waste
	Volume of waste

	1. 
	 
	 
	 
	 
	 
	 

	2. 
	 
	 
	 
	 
	 
	 

	3. 
	 
	 
	 
	 
	 
	 

	4. 
	 
	 
	 
	 
	 
	 



Compare your results with those of the other groups. Does the amount of valuable mineral seem to be about the same in each rock sample? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

Compare the volume of waste rock with the volume of the original sample. Is it likely to be possible to put the waste back into the hole made during the mining?

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

 

If a second "rock" is available, try to see if you can extract the mineral more efficiently. What did you discover?

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

http://earthnet-geonet.ca/activities/activity65_e.php

XIV. Attachment:  Unit Assessment
Name:_______________________


Date:________________

Unit 5 Assessment

Earth Materials and Environmental Impact

1. The average pH of rainwater is about?

y. 8.2

z. 7.0

aa. 5.6

ab. 4.0

2. To the that an acid is strong in water means the acid

ac. Produces a large concentration of hydronium ions.

ad. Does not split apart when dissolved in water.

ae. Has a strong odor when dissolved in water.

af. Does not form chemical bonds with water.

3. Where is solid waste disposed of?

ag. Municipal solid waste landfills

ah. Bioreators landfills

ai. Construction and demolition landfills

aj. Industrial waste landfills

4. Draw of diagram of the pH scale and label where water, vinegar, and ammonia would be located.

5. What is acid rain?

6. Describe human efforts to reduce the consumption of raw materials and improve air and water quality.
Unit 5 

Answer Key

1. C

2. A

3. A

4. (http://www.epa.gov/acidrain/education/site_students/phscale.html)[image: image13.png]Environmental Effects | pH Value | Examples
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5. Acid rain is rain that has been made acidic by certain pollutants in the air. Acid rain is a type of acid deposition, which can appear in many forms. Wet deposition is rain, sleet, snow, or fog that has become more acidic than normal. Dry deposition is another form of acid deposition, and this is when gases and dust particles become acidic. Both wet and dry deposition can be carried by the wind, sometimes for very long distances. Acid deposition in wet and dry forms falls on buildings, cars, and trees and can make lakes acidic. Acid deposition in dry form can be inhaled by people and can cause health problems in some people. 

6. Any variation of the “reduce, reuse, recycle” theme would be acceptable.

VIII. 9th Grade Integrated Science

IX. Unit 6
Energy:  Electricity and Magnetism
a. Unit Introduction
· In this unit the students will be able to explain how heat is used to generate electricity. They will describe energy transformations among heat, light, electricity and motion. The relationship among voltage, current and resistance in a simple series circuit will be explained. An explanation on how electricity is used to produce heat and light in incandescent bulbs and heating elements will be in the unit. Also the students will describe the relationship between current and magnetism.

b. Standards for unit

· D7* - Explain how heat is used to generate electricity.
· D3 - Describe energy transformations among heat, light, electricity and motion.
· D4 - Explain the relationship among voltage, current and resistance in a simple series circuit.
· D5 - Explain how electricity is used to produce heat and light in incandescent bulbs and heating elements.
· D6 - Describe the relationship between current and magnetism.
c. Essential Questions:  How is electricity produced?
d. Essential Content:

1. Waves, including sound and seismic waves, waves on water, and light waves, have energy and can transfer energy when they interact with matter. (NSES)

2. Electromagnetic waves result when a charged object is accelerated or decelerated. Electromagnetic waves include radio waves (the longest wavelength), microwaves, infrared radiation (radiant heat), visible light, ultraviolet radiation, x-rays, and gamma rays. The energy of electromagnetic waves is carried in packets whose magnitude is inversely proportional to the wavelength.  (NSES)

3. Each kind of atom or molecule can gain or lose energy only in particular discrete amounts and thus can absorb and emit light only at wavelengths corresponding to these amounts. These wavelengths can be used to identify the substance.  (NSES)

4. In some materials, such as metals, electrons flow easily, whereas in insulating materials such as glass they can hardly flow at all. Semiconducting materials have intermediate behavior. At low temperatures some materials become superconductors and offer no resistance to the flow of electrons.  (NSES)

e. Essential Skills

1. Describe how heat is used to generate electricity.

2. Describe the different types of energy and how they transform from one form to another.

3. Explain how a series circuit work.

4. Explain the relationship between current and magnetism.

5. Use mathematical operations to analyze and interpret data, and present relationships between variables in appropriate forms.  (DINQ.8)

f. Vocabulary

1. Energy

2. Electricity

3. Heat

4. Light

5. Kinetic Energy

6. Potential Energy

7. Series Circuit

8. Voltage

9. Current

10. Resistance

11. Incandescent

12. Magnetism

g. Science Misconception

1. Energy can be made, used, and lost.

2. Energy is an object.

3. Energy is confined to its origin.

4. Energy is only in living things.

5. Static electricity is the opposite of current electricity.

6. Only magnets have magnetic fields.
h. List of recommended activities
1. Investigating Electricity (Neo Sci Kit #20-1623)
2. Series and Parallel Circuits (Attachment)

3. Magnet and Magnetism (Neo Sci Kit #20-1633)
i. Resources
4. Text

5. Internet

a. Energy Story http://www.energyquest.ca.gov/story/index.html 

b. IPPEX, Electricity and Magnetism http://ippex.pppl.gov/interactive/electricity/
c. PBS, Generate Electricity http://www.pbs.org/weta/roughscience/series1/challenges/generator/ 

d. NDT Resource Center:  Series Circuit http://www.ndt-ed.org/EducationResources/HighSchool/Electricity/seriescircuit.htm 
6. United Streaming

a. Electricity and Magnetism http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=A6EE0014-C72D-4520-8F29-51C053F799D7  

7. State of CT

8. Current Events
j. Required Significant Tasks

1. RFI – Power Problems Persist (Attachment)

2. Solar Cooker

3. Energy Uses In Connecticut

X. Significant Tasks
i. Solar Cooker

ii. Energy Uses in Connecticut

k. Significant Task Introduction

l. Length/Timing
i. Solar Cooker – 3-45 minutes periods plus time to write lab report

ii. Energy Uses in Connecticut – 90 minutes

m. Essential Questions
i. How can solar energy captured and used as a heating source?

n. Assessment Tools (AT)
i. Lab
o. Procedure (Attachment)

XI. Significant Task Resources
i. http://www.sde.ct.gov/sde/cwp/view.asp?a=2618&q=320892 , student materials can be found at this site.

ii. http://kb.wisc.edu/helpdesk/page.php?id=1231 , directions for making a scatter plot with Excel.
XII. ST Regular Attachments
	Power Problems Persist

	by Jason Leopold; August 20, 2006 


    Three years ago this week, a devastating blackout left 50 million people in the dark in the Northeastern United States and parts of Canada for nearly three days, forced the closure of the New York Stock Exchange, resulting in a $10 billion economic loss, and proved that our domestic infrastructure is vulnerable to even minor accidents and human error.

    Today, the US power grid - three interconnected grids made up of 3,500 utilities serving 283 million people - still hangs together by a thread, and its dilapidated state is perhaps one of the greatest threats to homeland security, as opposed to, say, that vial of lip gloss in your purse or the bottle of shampoo in your travel bag.

    The slightest glitch on the transmission superhighway could upset the smooth distribution of electricity over thousands of miles of transmission lines and darken states from Ohio to New York in a matter of seconds, bringing hospitals and airports to a standstill and putting an untold number of lives at risk.

    According to George Gross, a University of Illinois at Urbana-Champaign professor of electrical and computer engineering who specializes in utility policy, a serious lack of investment in the power grid continues to put reliability at risk and is the "Achilles heel" of the country's electric system.

    "The August 2003 blackout was a wake-up call for the country to upgrade its transmission grid system," Gross said. "But the truth is that very few major transmission projects have been constructed and, as a result, transmission capacity has failed to keep pace with the expansion of power demand."

    Immediately following the August 14, 2003, blackout President Bush said publicly that he would see to it that the nation's aging power grid would quickly be updated in order to avoid future blackouts and to handle the increase in demand.

    Severe power shortages and rolling blackouts have become a daily occurrence around the country over the past few years as the antiquated power grid is continuously stretched beyond its means - mainly a result of electricity deregulation - whereby power is sent hundreds of miles across the grid to consumers by out-of-state power companies instead of being sent directly to consumers by their local utilities, which is what the grid was designed for.

    For the most part, power companies maintain grid reliability by following voluntary guidelines designed by the power industry, just like the voluntary emissions limits that the fossil-fuel industry says it upholds. Last year, Congress passed an energy bill that required mandatory standards that included monetary penalties, but the rules are months away from being finalized.

    The US-Canadian task force that investigated the August 2003 blackout found numerous violations of the voluntary standards, and concluded that utilities botched routine monitoring of transmission lines and failed to trim trees along transmission passageways.

    Still, in the three years that have passed since the worst blackout in US history blanketed the Northeast, nothing substantial has been done to overhaul the power grid, and that puts reliability in jeopardy, and lives at risk, as demonstrated by the dozens of scattered blackouts in the month of July throughout the nation this summer - one of the hottest on record.

    Since July, all seven of the country's regional grid operators that monitor power flow throughout the nation reported record electricity consumption as temperatures increased. Blackouts struck many parts of the country during the month of July, not because of a shortage of supply, but because the dilapidated power grid could not handle the amount of electricity that was sent back and forth across the transmission lines. 

    Demand for electricity is expected to increase by 45 percent by 2025, according to the North American Electric Reliability Council, a power industry-funded organization that was named by federal regulators last month as the new watchdog group in charge of overseeing the rules for operating the nation's power grid. 

    Last year, US peak demand for electricity grew by 7.7 percent over the summer of 2004, with double-digit growth in the Northeast and the Midwest regions. New England saw a 4 percent increase, on top of last year's 11 percent increase. New York also experienced a 4 percent increase, following a 13 percent increase last year.

    "In some cases, demand has reached levels that were not expected for another three or four years," said Jone-Lin Wang, a senior director at Cambridge Energy Research Associates. "Very hot weather tends to cause more incidents of equipment failure in the distribution systems. Although the bulk power system provided adequate supply, extreme heat and surging demand put the distribution systems through extreme stress, leading to some equipment failures and localized power outages."

    But neither the Bush administration nor federal lawmakers have developed a comprehensive plan to handle, at the very least, the annual increase in demand. Blackouts will likely become more frequent in areas like New York and New England, Wang said.

    "We are concerned about New England because there is nothing in the pipeline, but some small renewable projects and wind," Wang said in an interview earlier this month with Reuters. "New England is in trouble."
    The 2003 blackout led to calls for spending of up to $100 billion to reduce severe transmission bottlenecks and increase capacity so the transmission lines can carry additional electricity from power plants to homes and businesses.
    But investment in the grid has lagged, and progress has been slow.

    "Demand growth is forecasted to be 20 percent between 1998 to 2008, but the increase in transmission capacity is still below 5 percent," Gross said. "The need to strengthen the existing transmission infrastructure, to expand it and to effectively harness advances in technology constitutes the single most pressing challenge for the country's electricity system."

    Craig Baker, senior vice president of American Electric Power Co., the Columbus, Ohio, utility that operates the nation's largest private transmission system, told the Wall Street Journal last month that federal intervention may help, but there's still the question of who will pay for the billions of dollars needed to build transmission lines.

    "We're all looking at massive transmission expenses," he said.
________________________________________
    Jason Leopold is the author of the bestselling memoir, NEWS JUNKIE. He is the former Los Angeles bureau chief for Dow Jones Newswire. He has written over 2,000 stories on the California energy crisis and received the Dow Jones Journalist of the Year Award in 2001 for his coverage on the issue as well as a Project Censored award in 2004. Leopold also reported extensively on Enron's downfall and was the first journalist to land an interview with former Enron president Jeffrey Skilling following Enron's bankruptcy filing in December 2001. Leopold has appeared on CNBC and National Public Radio as an expert on energy policy and has also been the keynote speaker at more than two dozen energy industry conferences around the country.
Power Problems Persist 




Unit 6

1. According to George Gross the August 2003 blackout was a wake-up call to 

a. keep the power grid as it is

b. upgrade its transmission grid system

c. change electricity deregulation

d. none of the above

2. Based on the article more blackouts occur during July due to

a. shortage of supply

b. temperatures increased

c. dilapidated power grids

d. temperatures decreased

3. According to  the article  the three interconnected grids that make up the 3,500 utilities are in  need of great repair which can lead to

a. the greatest threats to homeland security

b. bringing hospitals and airports to a standstill

c. putting lives at risk

d. all of the above

4. Why do you think the demand for electricity is expected to increase?

5. Why has it taken so long to implement the updating of the nation’s aging power grid?

Grades 9-10

Curriculum-Embedded Performance Task
               Strand I: Energy Transformations
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Solar Cooker  

 Laboratory Investigation



       Teacher Materials
Renewable Energy

Teacher Materials

This curriculum-embedded science performance task is related to the content standards and expected performances for Grades 9-10, as described in the Core Science Curriculum Framework, under Scientific Inquiry, Literacy and Numeracy, Strand I – Energy Transformations.  
Targeted Content Standard

9.3 - Various sources of energy are used by humans and all have advantages and disadvantages.
Targeted Scientific Inquiry, Literacy and Numeracy Standards

D INQ. 1  Identify questions that can be answered through scientific investigation.
D INQ. 3  Formulate a testable hypothesis and demonstrate logical connections between the                      scientific concepts guiding the hypothesis and the design of the experiment.
D INQ. 4  Design and conduct appropriate types of scientific investigations to answer                 different questions.

D INQ. 5  Identify independent and dependent variables, including those that are kept constant                  and those used as controls.

D INQ. 6  Use appropriate tools and techniques to make observations and gather data.
D INQ. 7  Assess the reliability of the data that was generated in the investigation.
D INQ. 9  Articulate conclusions and explanations based on research data, and assess results                                                                                     based on the design of an investigation.

Learning objective:
Students will be able to use solar energy to heat water and understand the design factors that influence the effectiveness of capturing solar energy in this context.

Listed below are the suggested materials for the laboratory exercise. You may use additional materials if they are available.

 Materials:

heat lamps or sunlight


tape


cardboard




thermometer


aluminum foil



water



containers for water

  

colored paper or paint

safety goggles

Considerations:


Teams of two students are ideal for laboratory work, but circumstances may necessitate teams of three students.  Students will need a minimum of 90 minutes to complete this laboratory exercise if you expect their lab reports to be written during class time.  You should allow at least 60 minutes of instructional time for the students to design and conduct their experiment and a minimum of 30 minutes for the students to write about their results.  As an alternative, the students can write their lab report for homework.  These time frames are merely suggestions. Additional time is appropriate if the circumstances and schedule at your school call for it.  A sample scoring rubric is provided for your convenience or you may design one of your own.

If the weather is unfavorable and the laboratory exercise must take place indoors, heat lamps can be used as an alternative to sunlight.   If your students are unfamiliar with solar cookers, various designs and photographs of solar cookers may be found at these and many other sites:

http://solarcooking.org
http://pbskids.org/zoom/activities/sci/solarcookers.html
The curriculum-embedded task can be integrated into a unit on energy sources and used in any high school physical or Earth science course.  The curriculum-embedded task is intended to be used as a formative assessment during the appropriate instructional unit.  The Connecticut Academic Performance Test – Generation III will include some open-ended items that will assess scientific inquiry and communication skills in the same context as this task.
Curriculum-Embedded Laboratory Investigation

Scoring Rubric
Statement of Problem and Hypothesis

3
The problem and hypothesis are stated clearly and completely.  Clear identification of independent and dependent variables.

2
The problem and hypothesis are stated adequately.  Adequate identification of independent and dependent variables.

1
The problem and/or hypothesis are poorly stated.  Poor identification of independent and dependent variable.

0
The statement of the problem and/or hypothesis is very limited or missing altogether.  No identification of independent and dependent variables.

Experimental Design

3
The experimental design matches the stated problem.  Variables are held constant.  The procedures are clear, complete and replicable.  A control is included when appropriate.

2
The experimental design generally matches the stated problem.  Attempt at holding variables constant is made.  Procedures are generally complete.  Minor modifications or clarifications may be needed.

1
The experimental design matches the stated problem to some extent.  Little attempt to hold variables constant.  Procedures are incomplete.  Major modifications or clarifications may be needed.

0
The experimental design does not match the stated problem, is very incomplete or missing.  There is no attempt to hold variables constant.

Data Presentation

3
Data are well organized and presented in an appropriate manner.

2
Data are organized and presented in an appropriate manner.  Minor errors or omissions may be present.

1
Data are poorly organized or presented in an inappropriate manner.  Major omissions or errors may be present.

0
Data are very poorly organized or presented in an inappropriate manner or missing altogether.

Conclusions

3
Conclusions are fully supported by data and address the hypothesis.  Reliability of data and validity of conclusions are thoroughly discussed.

2
Conclusions are generally supported by data and address the hypothesis.  Minor errors in interpretation of results may be present. Discussion of reliability of data and validity of conclusions is limited.

1
Conclusions are supported by data and address the hypothesis to a limited extent.  Major errors in interpretation of results may be present. There is little discussion of the reliability of the data or validity of conclusions.

0
Conclusions are not supported by data, do not address the hypothesis or are missing.  There is no discussion of the reliability of data or validity of conclusions.

Excellent performance 

10-12 points

Proficient performance 

7-9 points

Marginal performance

4-6 points

Unsatisfactory performance 
0-3 points
Grades 9-10

Curriculum-Embedded Performance Task
               Strand I: Energy Transformations
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Energy Uses in Connecticut  

              Science, Technology & Society

       Teacher Materials
 


  Energy Uses in Connecticut
Teacher Materials

This curriculum-embedded science performance task is related to the content standards and expected performances for Grades 9-10, as described in the Core Science Curriculum Framework, under Scientific Inquiry, Literacy and Numeracy, Strand I – Energy Transformations.  
Targeted Content Standard

9.3 - Various sources of energy are used by humans and all have advantages and disadvantages.
Targeted Scientific Inquiry, Literacy and Numeracy Standards

D INQ. 2  Read, interpret and examine the credibility and validity of scientific claims in different sources of information.

D INQ. 9  Articulate conclusions and explanations based on research data, and assess results based on the design of an investigation.
D INQ. 10 Communicate about science in different formats, using relevant science vocabulary, supporting evidence and clear logic.
Learning objective:  

Students will graph energy trends in Connecticut over several years and based on their research, they will explain the advantages and disadvantages as it relates to one trend in energy use.

Materials:

Access to computers/internet
Excel program

Graph paper and ruler (alternative)

Considerations:

If access to computers or the Excel program is difficult, the graphing portion may be done by hand.  Not all students are equally comfortable with Excel worksheets and the related program features.  Tutorial programs are available online and include features that will assist students in the conversion of units and graphing from spreadsheets.  Tutorials on the use of Excel programs may be found at the following websites and many others:

http://www.microsoft.com/education/Excel97Tutorial.mspx

http://www.j-walk.com/ss/excel/usertips/index.htm
Should you prefer to have students work in metric units, you will want to provide them with the following equalities:   1 kW-hr = 3600 kJ = 2544 Btu (British thermal unit). 

Two alternative Excel sheets are provided for differentiation purposes or you may use one of your own design.
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XIII. Unit Resources/Attachments
	Series and Parallel Circuits



	OBJECTIVES: 

· Comparing series and parallel circuits. 

· Exploring the uses of series and parallel circuits. 

MATERIALS (per group): 

· 1 light bulb and holder  or Christmas lights

· Alligator Clips
· battery holder   

· 2 D batteries (recommend rechargeable batteries)

BACKGROUND:

A simple series circuit is shown in the figure on the right. When connected in a series, a single pathway is formed through which current flows. A parallel circuit (figure in the procedure), form branches, each of which is a separate path for the flow of electrons. Both series and parallel connection have their own distinctive characteristics.

In a series circuit, when one of the bulbs or one of the wires is left open or is broken, the entire circuit ceases. The break opens the circuit. Less expensive Christmas lights are usually of this type, and you have to search for the defective bulb. A parallel circuit is designed so that if one branch is defective, the flow of electricity will not be broken to the other branches.

PROCEDURE:   
1. The lab is designed for students to work in groups of 3 or 4 and to make their own parallel and series circuit. If you have enough equipment, have two students work with 1 "Circuit Set Up", 1 battery holder, and 2 D batteries.. Have them make a series circuit. Then have four students put together a series circuit and continue until the entire class has made a series circuit.

This is sometimes difficult because the students have to "wire" the circuit.  Some common problems are:  (1) bulb is loose;  (2) connection is not tight;  (3) battery is not strong enough (sometimes you need to subtract a bulb to make it work); and (4) students cross the wires.   Keep working on it until it works.   You may want to remind them, that electricians are important in keeping the electricity running in our city. 
   

2. After the series circuit, have about 4 sets (about 8 children) work to put the parallel circuit together. Students will only have to use one battery holder with 2 batteries. They should also realize that they can hook up two alligator clips at each electrode on the lamp holder like below. 
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4. During the conclusion, ask students which circuit would be better for use in the home. Hopefully they will see that a parallel circuit has many more advantages. In a series circuit, the greater the number of lamps, the more the lamps will dim. Energy is divided among more lamps so the voltage drops across each lamp. In the parallel circuit, all lamps get the same voltage, so all are the same brightness.

Students might ask questions about why lights suddenly go out at home. This is usually caused when lines carry more than a safe amount and "overload". To prevent overloading in circuits, fuses are connected in series along the supply line. In this way the entire line current flows through the fuse. A fuse is constructed with a ribbon of wires with a low melting point. If the current in the line becomes dangerously large, both lines in a fuse become hot and the fuse "blows out." Circuits may also be protected by circuit breakers which use magnets or bimetallic strips to open the switch when overloaded.
   

5. Note that in a series circuit, the brightness of the light decreases. Warn students not to put too much voltage. If you only have a 1.5 volt battery, you can only light a 1.5 volt light bulb. If you have a light bulb that requires 120 volts, your battery will not allow it. If you have a 6 volt battery and a 1.5 volt light bulb, you will "blow" the bulb. 




 http://msnucleus.org/membership/html/k-6/as/technology/3/ast3_2a.html

XIV. Attachment:  Unit Assessment
Name:_______________________


Date:________________

Unit 6 Assessment

Energy:  Electricity and Magnetism
1. Which force binds atoms together to form molecules?

ak. Gravitational

al. Nuclear

am. Electrical

an. Centripetal 

2. The source of electrons lighting a ac light bulb is

ao. The power company.

ap. The electrical outlet.

aq. Atoms in the light bulb filament.

ar. The wire leading to the lamp.

3. Once a light bulb is lit, what other type of energy is produced?

as. Sound

at. Heat

au. Chemical

av. None of the above

4. Draw of diagram of a series circuit with three resistors.

5. What is the relationship between electricity and magnetism??

6. Determine the amount of current flowing through the following circuit.
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Unit 6 

Answer Key

1. C

2. C

3. B

4. Series Circuit
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5. A wire with current passing through it experiences a magnetic field. This magnetic field is circular. If you remove the current from the wire, the field disappears. So there is a link between electricity and magnetism, the link being an object with an electrical current also has a magnetic field."  If you take the same conducting wire and wrap it into a coil and then pass electricity through it, you end up with a magnet that has a North pole at one end of the coil and a South pole at the opposite end of the coil. The poles exist because of the way the magnetic field changes when the wires are wrapped in a coil. 
6. I=V/R, 1 amp

I. 9th Grade Integrated Science

II. Unit 7  Energy Use and Environmental Impact
a. Unit Introduction
· In Unit 7, the description of the availability, current uses and the environmental issues related to the use of fossil and nuclear fuels to produce electricity will be introduced. The students will be able to explain how the release of sulfur dioxide into the atmosphere can form acid rain, and how acid rain affects water sources, organisms and human-made structures. They will explain how the accumulation of carbon dioxide in the atmosphere increases Earth’s “greenhouse” effect and may cause climate changes. The students will also describe the availability, current uses and environmental issues related to the use of hydrogen fuel cells, wind and solar energy to produce electricity. At the end of the unit, the students will have completed the solar cookers, energy use graphics, and the energy forum tasks.

b. Standards for unit

· D8* - Describe the availability, current uses and environmental issues related to the use of fossil and nuclear fuels to produce electricity.
· D22 - Explain how the release of sulfur dioxide (SO2) into the atmosphere can form acid rain, and how acid rain affects water sources, organisms and human-made structures.
· D23 - Explain how the accumulation of carbon dioxide (CO2) in the atmosphere increases Earth’s “greenhouse” effect and may cause climate changes.
· D9 - Describe the availability, current uses and environmental issues related to the use of hydrogen fuel cells, wind and solar energy to produce electricity.

c. Essential Questions:  What are the causes and effects of global climate change?
d. Essential Content:
1. Human populations use resources in the environment in order to maintain and improve their existence. Natural resources have been and will continue to be used to maintain human populations.  (NSES)

2. The earth does not have infinite resources; increasing human consumption places severe stress on the natural processes that renew some resources, and it depletes those resources that cannot be renewed.  (NSES)

3. Humans use many natural systems as resources. Natural systems have the capacity to reuse waste, but that capacity is limited. Natural systems can change to an extent that exceeds the limits of organisms to adapt naturally or humans to adapt technologically.  (NSES)

4. Natural ecosystems provide an array of basic processes that affect humans. Those processes include maintenance of the quality of the atmosphere, generation of soils, control of the hydrologic cycle, disposal of wastes, and recycling of nutrients. Humans are changing many of these basic processes, and the changes may be detrimental to humans. (NSES)

5. Materials from human societies affect both physical and chemical cycles of the earth.  (NSES)

6. Many factors influence environmental quality. Factors that students might investigate include population growth, resource use, population distribution, overconsumption, the capacity of technology to solve problems, poverty, the role of economic, political, and religious views, and different ways humans view the earth.  (NSES)

e. Essential Skills

1. Explain the consequences, both good and bad, of using fossil fuels to produce electricity.

2. Explain the formation of acid rain and its effects on the environment.

3. Describe various alternative energy sources and their consequences.

4. Assess the reliability of the data that was generated in the investigation.  (DINQ.7)

5. Communicate about science in different formats, using relevant science vocabulary, supporting evidence and clear logic.  (DINQ.10)
f. Vocabulary

1. Fossil Fuels

2. Nuclear Fission

3. Greenhouse Effect

4. Renewable Energy

5. Nonrenewable Energy

6. Conservation of Energy

7. Global Climate Change
g. Science Misconception

1. Fossil fuels only come from dinosaur remains.

2. Fossil fuels resources are unlimited.

3. The greenhouse effect is hazardous.

4. A single act will not make a difference in protecting the environment.
h. List of recommended activities
1. Earth as Home:  An Island Home (Attachment)

2. Tracking Pollution (Attachment)

3. Need more.
i. Resources

1. Text 

2. Internet

a. EPA:  Energy Kids Page http://www.eia.doe.gov/kids/index.html
b. Energy Star  
http://www.energystar.gov/
c. EPA:  Climate Change Kids Site http://epa.gov/climatechange/kids/greenhouse.html 

d. Energy Information Administration http://www.eia.doe.gov/
3. United Streaming 

e. Power Up: Energy in Our Environment http://www.unitedstreaming.com/search/assetDetail.cfm?guidAssetID=E0B2ECD3-2634-42F5-8414-5B487D7DE5AD
4. State of CT 

5. Current Events
j. Required Significant Tasks

1. RFI – Shrinking Glaciers (Attachment)

2. Energy Sources Debate
III. Significant Tasks

k. Significant Task Introduction

l. Length/Timing – 4-5 45 minute periods
m. Essential Questions
1. What is the most effective and efficient source of energy?

n. Assessment Tools (AT)
1. Debate rubric

2. Research Paper

Energy Sources Debate Scoring Rubric

Scoring

	10-9 points
	8 points
	7 points
	6 points
	0 points

	Team has done an excellent job of completing the task.
	Team has done an above average job of completing the task.
	Team has done an average job of completing the task.
	Team has done a below average/poor job of completing the task.
	Team did not address the task at all.


	Topic
	Points

	Opening Statement
	

	Debate team clearly states the assigned debate topic in the opening statement.
	

	Debate team’s position is clearly and completely discussed.
	

	It is apparent that research was done because evidence was presented during the opening statement.
	

	Rebuttal
	

	Logical and factual faults in the opponents’ main arguments are identified and corrected.
	

	Corrections to opponents’ arguments are backed by evidence from research.
	

	No new subjects are introduced in rebuttal.  (-5 points for each occurrence)
	

	Overall
	

	All team members participate in debate (either opening or rebuttal)
	

	All arguments are made in the allotted time frame.
	

	Written Summary
	

	Debate topic and position are clearly stated in written form.
	

	Evidence is presented in writing to back up the points made during the debate.
	

	A works cited section is included with written summary.
	

	Total Points  
	      /110


o. Procedure (Refer to student sheet)
Energy Sources Debate

Debate Topics:
1. The Untied States, as a part of a comprehensive energy policy, should pursue the development of nuclear power plants.

2. The United States, as a part of a comprehensive energy policy, should pursue the development of hydrogen fuels cells as a primary fuel sources for automobiles and trucks.

3. Although fossil fuels may contribute to global warming, the impact of reducing their use will have more of a detrimental effect on the world economy than benefit the global environment. 

Rules of Oral Debate:
· Flip a coin to see who goes first.

· Each team will have 10 minutes to present their position.

· Each team will then have 10 minutes to prepare a rebuttal to the points made by their opponent, without bringing new subjects into the debate.

· Each team will then have 8 minutes to present their rebuttal.

· Each team will hand in a typed summary of their debate topic and position (pro or con).

· All research done on your topic should be listed in a separate works cited section.

Debate Scoring Rubric:  Each team will be scored using the following rubric (total 100 points)


Opening Statement (10 points each)

· Your team clearly sites the assigned debate topic in the opening statement.

· Your team’s position (pro or con) id clearly and completely discussed.

· It is apparent that sufficient research was done on you team’s debate topic because evidence is present to back up main points made in the opening statement.




Rebuttal (10 points each)

· Logical and factual faults in your opponents’ main arguments are identified and corrected.

· Corrections to your opponents’ arguments are backed by evidence from research.

Overall (10 minutes each)

· All team members participate in debate (either opening statement or rebuttal).

· All arguments are made in the allotted time frame.

Written Summary (10 minutes each)

· Your team’s debate topic and position (pro or con) are clearly stated in written form.

· Evidence is presented in writing to back up the points made during the debate.

· A works cited section is included.

IV. Significant Task Resources

V. ST Regular Attachments
	Shrinking Glaciers

Emily Sohn

I'd rather sit in a hot tub than play in the snow. I like my drinking water without ice cubes. I think winter storms are wonderful, as long as I'm sitting inside next to a warm fire. In other words, I've never been a big fan of ice. Until, that is, I went to Alaska. 

On a recent sea-kayaking trip off the state's southern coast, I spent a day paddling around icebergs and staring at a massive glacier that had crept down a valley to leave a wall of ice where it sloped down to the sea. 

Every once in a while, enormous chunks of ice crumbled off the glacier's sheer, blue-white face and went crashing into the water. Even when we were miles away, we could hear thunderous roars echoing off the icy mass as it split apart. 

It was one of the most spectacular sights I've ever seen. I found myself starting to care about ice, especially the ice in Alaska. Thousands of glaciers dominate the landscape there and elsewhere, in polar and mountainous places around the world. 

But the world's glaciers have been shrinking in recent decades. This trend may be a sign of global warming, many experts say. Melting glaciers are already starting to have far-reaching effects on ecosystems around the world (see "A Change in Climate"). 

"Years ago, some glaciers were getting bigger, some were getting smaller, and some were staying where they were," says Keith Echelmeyer. He's a geophysicist and glaciologist at the University of Alaska, Fairbanks. "Very few are getting bigger now." 

Moving ice 

A glacier, by definition, is a moving hunk of snow and ice that stays frozen from year to year. 

The type of glacier that I saw on my kayaking trip is called a tidewater glacier. Other types include alpine glaciers, which are in the mountains; ice sheets, which cover large expanses of land; and surging glaciers, which usually move slowly but can sometimes spurt forward 20 or more feet a day. 

Glaciers shape both landscapes and lives. As it moves, the thick ice carves rock, gouging out valleys. Polar bears, whales, seals, and otters all depend on glaciers to stir up nutrients and fish as the ice repeatedly thaws and refreezes. 

Seabirds like to nest and rest on glaciers. People who hunt, in turn, count on glaciers for attracting animals. As ice disappears, however, animals lose their habitats and hunters have a harder time finding prey. 

Even people who live in hot places have reason to worry, Echelmeyer says. The world's glaciers hold a lot of freshwater, and their melting makes sea levels rise. Low-lying places such as Florida and Bangladesh are then at greater risk for flooding. 

As oceans get warmer and fuller, they also change wind and weather patterns. Droughts, storms, and other extreme climate shifts follow (see "Recipe for a Hurricane" and "A Dire Shortage of Water"). 

Changing times 
Echelmeyer wants to know how much things are changing. He and his colleagues have been collecting data from about 100 glaciers in Alaska and Washington State since 1993. 

He uses a small, 2-person plane equipped with a highly accurate global positioning system (GPS) device, laser beams, video cameras, and other tools. The GPS device tells him, second by second, exactly where he is to within a centimeter or so. 

To collect data, Echelmeyer flies slowly a few hundred feet above the ice. Then, based on how long it takes for the laser light to reach the glacier and bounce back, he can tell how far away he is from the glacier and how tall it is. Finally, he compares this information with measurements from previous years and maps dating back to the 1950s. 

From the mid-1990s to 2001, results show, the tops of Alaska's glaciers have been shrinking at a rate of about 3 feet a year. Near the edges, they're going at about 10 feet a year. 

"That's pretty fast," Echelmeyer says. Glaciers in the warmest places, at low altitudes and southern latitudes, are melting especially quickly. 

Using computer models to analyze the data, Echelmeyer found that Alaska's melting glaciers, sea ice, and a type of frozen soil called permafrost are adding an extra 0.3 millimeter a year to the depth of oceans. Between the 1950s and 1990s, Alaskan glaciers contributed only half that much water. 

Fractions of a millimeter might not sound like much, he adds, but all that water adds up. 

A coastal village called Shishmaref in northwest Alaska is one of the first signs of what the future might hold. The ocean is taking over the coast, storms keep flooding the village, and permafrost is melting and crumbling away. The U.S. government expects to spend hundreds of millions of dollars moving Shishmaref's 600 residents away from the threatened village. 

Climate change 
Overall, sea levels around the world have been rising about 3 millimeters a year since the 1990s, Echelmeyer says. Underlying the problem of glacial melting, Echelmeyer says, is an even deeper problem: global warming. 
Cars and industrial plants spit out carbon dioxide and other so-called greenhouse gases. These gases accumulate in the atmosphere, trapping heat. The temperature rises. 

Glaciers just can't stand the heat. A team of scientists recently reported that, with the way things are going, summers in the Arctic might become completely ice-free within the next century. This area hasn't lacked ice at any time in more than a million years. 

Glaciers are powerful but fragile. Scientists are still learning basic facts about what they're made of, how they move, and how fast they go. 

"I love glaciers," Echelmeyer says. Now, I know how he feels. 

Glacier Facts 
Presently, 10 percent of the world's land area is covered with glaciers. 

· Glaciers store about 75 percent of the world's freshwater. 

· Antarctic ice is more than 4,200 meters thick in some places. 

· In the United States, glaciers cover more than 75,000 square kilometers, with most of the glaciers located in Alaska. 

· During the last Ice Age, glaciers covered 32 percent of the world's total land area. 

· If all land ice melted, sea level would rise approximately 70 meters worldwide. 

Source: National Snow and Ice Data Center 

	http://www.sciencenewsforkids.org/articles/20050914/Feature1.asp

	From Science News for Kids Sept. 14, 2005.

	Copyright (c) 2005 Science Service. All rights reserved.
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Unit 7

1. A glacier is

a. enormous chunks of ice

b. frozen salt water

c. moving hunks of snow and ice

d. another name for the Artic

2. What kind of scientist studies glaciers?

a. geologist

b. geophysicist

c. meteorologist

d. glaciologist

3. Echelmeyer has been collecting data from about 100 glaciers in

a. Alaska and California

b. Washington D.C. and Alaska

c. Alaska and Canada

d. Washington State and Alaska

4. How have glaciers been changing in recent decades?

5. Why does Echelmeyer use a video camera when studying what’s happening to glaciers?

6. Why might one say that, “Glaciers are powerful but fragile”?

VI. Unit Resources/Attachments
Earth as Home Lesson
"An Island Home"

Activity (Allow 45 to 60 minutes for 2 or 3 days)

This activity is designed to help students understand some of the effects people have on their natural environment. 

The students will act as owners and developers of a lush, 14-square kilometer tropical island. Groups of students will select the forms and extent of development on their island by considering the benefits of the development and the risks their actions pose for the island and the planet. 

The activity is best scheduled over 2 or 3 days, depending on the level of sophistication in student planning and the extent to which each team will report to the entire class upon completion of the project. 

Materials

1. For each group of three to five students: 

2. Large physical map of the world 

3. Graph paper 

4. Drawing paper 

5. Colored pencils 

6. Reference materials on rain forests and coral reefs (see classroom resources) 

Procedure

1. Say this to the class: 

Congratulations. You have just been awarded ownership of a tropical island in recognition of your concern for the environment and your wisdom in management. As owners of this island, you have some responsibilities. 

First, it is important to create jobs for your fellow citizens. There is a native population living in thatch-roofed huts and subsisting on fish, fruit, and nuts. Second, you must develop your island as a model environment for business and for natural habitats. 

The island is covered by virgin rain forest and is surrounded by well-developed coral reefs. Both of these types of ecological systems are in danger all over the world. The island is in your care. Consider your actions carefully. 

2. As a class, brainstorm the possible range of businesses that could be developed on a tropical island. A few suggestions to get the class thinking: 

· Scuba diving resort 

· Timber company 

· Pharmaceutical research station 

· Golf resort 

· Naval base 

· These and other suggestions can be written on the board for students to select a topic of interest. 

3. Discuss the ways the outcomes of this project could be presented. Use the list below for possibilities: 

· A scale map of the island using graph paper 

· A physical map of the island using white drawing paper 

· A brochure, with a map, advertising the company and island 

· A group report about the island and its efforts to protect the environment. 

4. Form interest groups of three to five students. Provide resources from the suggested list or from your school library for discussions about the importance of rain forest and coral reef ecosystems. Discuss rain forest destruction. What is the benefit? What are the immediate and long-term costs? Who pays? 

5. Once the students have discussed some characteristics of a rain forest and coral reef, focus the students' thoughts on the business opportunities these environments offer and the risks associated with these enterprises in a fragile environment. Have students complete the third column on the following chart as they explore the impacts of their particular businesses. The chart can be duplicated to hand out. 

6. Have each team report on the specific solutions that they propose to counter the risks presented by their development plans. 

Questions

	Considerations
	Risks
	Solutions

	Clearing of land
	Loss of habitats
	.

	
	Loss of ability of land to filter water
	.

	
	Increased impact of storms
	.

	
	Increased erosion with loss of topsoil and loss of water clarity
	.

	
	Extinction of species
	.

	Buildings and roads
	Need for natural resources for building materials
	.

	
	Need for air conditioning and refrigeration, requiring power plants
	.

	
	Vulnerability to natural hazards
	.

	Water supplies
	High demand
	.

	
	Loss of quality
	.

	
	Intrusion of salt water and contaminants into groundwater aquifers
	.

	Electricity
	Need for power plants: coal, oil, or nuclear
	.

	
	Pollution from the burning of fossil fuels
	.

	
	Hazard from handling nuclear material
	.

	Automobile traffic
	Air pollution
	.

	
	Noise
	.

	
	Road requirements
	.

	Solid and liquid waste disposal
	Pollution
	.

	
	Space limitations
	.

	Marine life
	Overfishing
	.

	
	Damage by people and boats
	.

	
	Death of coral, changing food sources and modifying water flow patterns
	.

	
	Need to import food if fish populations decline
	.

	Shore and land plants and animals
	Destruction of beaches and dunes
	.

	
	Introduction of nonnative species
	.

	
	Extinction of plant and animal species
	.

	Indigenous culture
	Cultural change
	.

	
	Changes in social relationships
	.

	
	Exploitation
	.

	
	Loss of traditions
	.

	
	Social unrest
	.


Extensions

1. This exercise can be done using other environments including wetlands, deserts, polar regions, etc. Adjust the text of the story and the project requirements accordingly. 

2. Ask teams of students what components would be necessary to create a habitable environment on another planet. What unique equipment and risks would have to be considered for such a project? For example, what would it take to transform an area on the planet Mars to make it acceptable for human habitation? (Mars has no ocean and four times the land area of the Earth.) 

3. Groups of students can create a model of their island. 
Classroom Resources 

Landau, Elaine, 1990, Tropical rain forests around the world: New York, Franklin Watts, 64 p. 

Arnold, Caroline, 1988, A walk on the Great Barrier Reef: Minneapolis, Carolhoda Books, Inc., 48 p. 
http://interactive2.usgs.gov/learningweb/teachers/globalchange_earth_lesson.htm

	Tracking Pollution - A Hazardous Whodunit

Introduction

Riverville is a fictional town with a real problem. Each week, more citizens are complaining that their drinking water tastes bad. In many small towns like this one, there is no central water supply. Every home and most businesses have a private well. The town's mayor tested the water from several wells and found that the ground water has been contaminated with some kind of fuel. The wells that have been contaminated are marked out on the map below. 

The mayor thinks the Heating Oil Company is responsible for this contamination and wants them to start investigating their fuel storage tanks which are buried underground and to check the tanks for leaks. The Heating Oil Co. says they just tested their tanks and know they are safe. They think the Trucking Company is the source of pollution. The Trucking Co. says the source could just as likely be the Heating Oil Co. or the Gas Station, since all three places have underground tanks for storing the same kind of fuel. 

So Riverville has a problem and no one is sure who is responsible. The mayor needs some way of proving who is causing the pollution and who should clean it up. You will be the "detective" who helps prove where the pollutant is coming from. 

Cleaning up ground water contamination is a very expensive job. You should be very sure of the place you choose to start cleaning up, otherwise the money will be wasted. It is up to you to solve the mystery.

Objective

You will make a topographic map, use it to predict ground water flow and investigate the most likely source of ground water contamination.

General Procedures

To decide which of the suspected businesses is the most likely source of contamination, the easiest thing you can do is find out the direction that ground water flows. Since ground water generally flows downhill, following the slope of the surface of the land, you can be fairly certain that the suspected source which is farthest "upstream" is the real source of contamination. 

This activity shows you how to estimate ground water flow by making a contour map. As in many very small towns, only a few people in Riverville know the exact elevation above sea level for their property. To make a contour map, it usually helps to know the elevations of as many places as possible. But this simple procedure can be used even though you only know a few elevations. 

The map shows the elevations for seven wells and gives directions for drawing in the contours of the land. After you have finished this procedure, answer the questions below.

Questions

1. If the flow of ground water and the pollutants in it follow the contour of the land, what is the mostly likely source of the contamination, the Heating Oil Co., the Trucking Co. or the Gas Station?  

2. The contamination plume will continue to spread slowly through the ground, much like smoke from a chimney drifting into the wind. Describe where on your map you think the plume will move with time. 

3. Which of the uncontaminated wells do you expect to become contaminated in the near future? Do you think the school's water well will be contaminated? 

4. How do you explain the fact that one well within the plume was not contaminated? 

5. Is it possible you are wrong in assuming that ground water flow follows the contour of the land? What else could you investigate to be sure?  

6. Assuming that ground water flow does follow the contours of the land, is it possible that there are two sources of contamination? What would you expect to find if all three companies had leaking storage tanks and were actual sources of contamination?  

Extentions

1. Get a map of your own community and use it to chart out ground water direction. Locate the community's water supply and any potential sources of contamination. What kind of precautions should be taken to keep an eye on potential sources of contamination? 

Activity

1. Start with a well with a known elevation. Using ruler and pencil, LIGHTLY draw a line from this well to the nearest wells having at least a 20-foot difference in elevation.  

2. Cut a rubber band open and lay it out flat, without stretching it, along the edge of a ruler. With a pen, make at least five marks ½ inch apart beginning from the middle of the rubber band. Use the marked rubber band to help you divide each line into equal segments.  

3. Label each mark on the line between the known elevations with the estimated elevations. For example, if the elevations at each end of the line are 10 and 40 feet above sea level, you should make two marks on the line, dividing the line into three equal lengths. The first mark should be labeled 20 and the next one labeled 30.  

4. Connect all marks having the same elevation with a smooth line. These are contour lines.  

5. Every half inch or so along each contour line, draw a short arrow perpendicular from one line out towards the line having the next lowest elevation. Ground water flows in the direction of the arrows.  

6. Find all the contaminated wells and draw a single loop that contains only these wells, if possible. The area inside this loop shows how far the contamination has already spread through the ground water, and is called the contamination plume.  

7. Use your map to answer questions above. 

 


[image: image20.png]



http://epa.gov/safewater/kids/grades_9-12_tracking_pollution.html
VII. Attachment:  Unit Assessment
Name:_______________________


Date:________________

Unit 7 Assessment

Energy Use and Environmental Impact
1. The greenhouse effect?

aw. Keeps Earth warm

ax. Keep Earth Cool

ay. Is caused by gases in the atmosphere that trap heat

az. Both a and c

2. The main source of air pollution is caused by

ba. Methane produced from cows.

bb. Chlorofluorocarbons

bc. Out-gassing of volcanoes

bd. Burning of fossil fuels.

3. Which of the following is a greenhouse gas?

be. Carbon dioxide

bf. Water vapor

bg. Nitrous oxide

bh. All of the above

4. Based on the following graph what is the general trend of temperature over the last 100 years?  
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5. Compare and contrast renewable and nonrenewable sources of energy.  Be sure to list specific examples.

6. Identify two possible effects of global climate change and describe in detail.
Unit 7 

Answer Key

1. C

2. D

3. D

4. The graph suggests that temperatures have been rising over the past one hundred years.

5. Nonrenewable energy sources come out of the ground as liquids, gases and solids. Right now, crude oil (petroleum) is the only naturally liquid commercial fossil fuel. Natural gas and propane are normally gases, and coal is a solid. Coal, petroleum, natural gas, and propane are all considered fossil fuels because they formed from the buried remains of plants and animals that lived millions of years ago.  Uranium ore, a solid, is mined and converted to a fuel.  Uranium is not a fossil fuel.   These energy sources are considered nonrenewable because they can not be replenished (made again) in a short period of time.  Renewable energy sources can be replenished naturally in a short period of time.  The five renewable sources used most often include hydropower (water), solar, wind, geothermal, and biomass.
6. Possible effects of climate change are habitat destruction, increase in weather disturbances, heat stress, sea level rise, and crop failure.
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Connecticut Energy Consumption

										Energy Information Administration								Last Updated: 12/15/2004

		Table 7. Energy Consumption Estimates by Source, 1960-2001, Connecticut

		Year		Coal
(Trillion Btu)		Natural Gas
(Trillion Btu)		Jet Fuel
(Trillion Btu)		Motor Gasoline
(Trillion Btu)		Residential Fuel
(Trillion Btu)		Total Petroleum Prod.
(Trillion Btu)		Nuclear Electric Power
(Trillion Btu)		Hydroelectric Power
(Trillion Btu)		Wood and Waste
(Trillion Btu)

		1960		101.7		29.4		6.4		101.6		91.9		362.4		0		4.6		12.8

		1961		107.5		31.4		6.2		103.9		93.5		365.8		0		3.9		13.2

		1962		112.1		33.4		6.7		108.4		100.6		379		0		3.1		12.8

		1963		117.4		35.6		6.8		112.3		102.3		382.5		0		2.9		13.3

		1964		120.8		38.6		6.6		115.6		123.7		392.5		0		2.8		13.9

		1965		128.6		41.7		8		120.5		107.9		389.4		0		2		13.5

		1966		136.2		48.7		8.7		126		130.8		433.1		0		2.6		13.6

		1967		109.5		50.8		9.6		128.8		159.6		469.7		6.1		4.1		14

		1968		82.4		54.1		13.2		137.4		176.1		512.5		33.9		3.7		14.9

		1969		59.2		58.4		14.9		142.8		203.9		553.6		40.2		4.4		15.3

		1970		48.6		61.5		16.4		150.4		223.8		587.4		39.6		3.5		15.8

		1971		36.4		62.4		12.4		155.2		212.6		546.4		84.2		4.1		16.1

		1972		4.2		65		15.9		161.8		255.9		607.4		83.9		5.6		17.1

		1973		2.6		63.5		14.2		166		272.2		629.8		46.9		4.6		17.2

		1974		6.5		67.1		13.8		165.5		236.6		576.8		89		4.5		18

		1975		1.3		64.3		12		167.2		204.4		535.7		89.6		5.1		17.1

		1976		1.2		66.4		11		171.4		206.2		559.8		136.2		4		19.9

		1977		1.2		64.7		12.3		174		202.2		556.2		141.9		4.5		19.6

		1978		0.8		66		12		174.5		215.2		569.6		151.7		3.7		22.7

		1979		1.1		68.8		13.5		165.4		169.2		541.2		138.2		4.8		24.6

		1980		0.4		74.2		11.2		158.7		184.4		510.9		129.1		2.7		35.3

		1981		0.9		78.7		8.9		158.9		135.4		447.5		139.8		2.7		36.5

		1982		0.8		80.4		6.1		157.9		133.9		443.1		150.9		3.9		37.2

		1983		0.7		76.6		5.4		160.4		146.6		434.8		126.4		4		39.4

		1984		1.5		83.5		5.7		162.1		157.7		471.2		155		3.9		36.4

		1985		21.3		80.6		6.1		162.8		132.3		457.2		135.1		2.8		36

		1986		21.2		81.3		7.1		167.4		140.1		475.8		197.5		3.9		31.1

		1987		21.4		94.7		10.1		170.3		119.1		470		214.5		3.6		27.1

		1988		23.1		90.9		12.2		172.5		137.4		502.4		235.9		3.4		30.6

		1989		23.8		102		12.7		169.5		139.3		513.4		207		4.6		30.7

		1990		38.5		109		13.3		163.6		104.1		444.9		209.3		6		28.3

		1991		38.6		115.8		12.7		167.4		91.3		432.8		128.4		4.5		29.9

		1992		39.2		126.2		13		171.2		68.3		429.1		175.6		4.4		34.1

		1993		37.3		125.9		13.1		173.9		55.5		406.6		229		4.2		34.2

		1994		38.6		134.4		13.9		170.9		47.6		390.3		210.7		5		35.2

		1995		40.8		144.9		14.1		159.5		42.8		371.1		197		3.6		43.2

		1996		41.1		139.2		15.4		170.4		65.4		422.1		65.4		6.5		48.3

		1997		45		148.6		13.4		171.7		92.3		449.2		-1.3		4.5		43.7

		1998		32.6		134.9		12.5		175.1		94.2		438.5		34		4.6		42.8

		1999		15.2		155.9		13.9		189.1		90.7		463.7		132.5		4.3		43.4

		2000		36.2		163.7		14.7		182		74.4		450.1		170.7		5.3		43.4

		2001		40		149.4		13.4		184.6		56.8		438.7		161.2		2.9		38.7
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