Classroom Management Strategies for the Middle Grades Science Teacher

Listed below are highlights from the Middle Grades Science Strategies Book with extra hints and guidelines to make your teaching experience easier.
Instructional Designs- pp. 3 to 7: This is the Five E model of instruction. Engage (engaging introduction to a lesson), Explore (research is being conducted or experiments are being designed), Explanation (most challenging—concepts are developed and misconceptions are addressed), Elaboration (apply information to a new situation or problem), and Evaluation (assess the students learning).

Writing in Science- p. 18: Writing across the curriculum is the big push across all curriculum areas. This is a great way to collaborate with your language arts teacher and find strategies to write across the curriculum. Grades 6 and 7 should focus on the writing prompts for the 7th grade writing test, while 8th grade should move forward to focus on cause and effect and definition type of writing prompts for the 10th grade writing test. Try to connect any experiences with the students by writing or journaling their observations.

Writing Shells for Classroom Assessment – p. 19: These are great starters for your essay and higher order thinking skills for the students. By using these writing shells, it will enable you to develop better essay and short answer questions that will engage the student’s thinking skills. 

Safety Contracts – p.27: Develop a school contract for the department to use throughout the science department at your school. Give out the first day with all other format that need signing and file it with the student information sheets for record keeping. Be sure to keep the forms in house. Make sure you have a red folder on your wall that you can place the MSDS sheets of materials/chemicals you are using for the lab that day. The science department chair should have a copy of the current MSDS sheets in a notebook of all chemicals stored in your school. 

Lab Reports- p. 29-33: Hand out page 33 to the students as a guideline for your expectations. Also make a larger version of this to post in your classroom. Kinko’s can make a giant poster of this for under $3.00.

Cooperative Learning- pp. 34-48: TGT—great method for reviewing for a test. STAD—a great way to pre-test and then to show knowledge gained plus earn improvement points.

Journals, Logs, Notebooks in Science-pp.49-52: Keep in house a portfolio notebook with the student’s name written on it. Hand them out prior to the class starting at their desk. Number your desk with bright numbers on card stock and use packing tape to secure the numbers on the desk. Inside the portfolio notebooks are stapled papers for students to write their journal for the day and the student’s homework sticker sheet.

Foldables-p. 69: Types of foldables: Half Book, Two Tab Book, Three Tab Book, Four Tab Book, Shutter Fold, Vocabulary Book, Journal, Four Door Book, Layered Book, Tables, and Project Ideas Book

Engage . . . stimulates the learner's curiosity. 

What the student does that is consistent with this model:
Shows interest in the topic by asking questions, such as:

· "Why did this happen?" 

· "What do I already know about this?" 

· "What can I find out about this?" 

What the teacher does that is consistent with this model:
· Creates interest 

· Generates curiosity 

· Raises questions 

· Elicits responses that uncover what the students know or think about the concept/topic. 

Explore . . . to satisfy curiosity. 

What the student does that is consistent with this model:
· Uses inquiry to explore and investigate; to satisfy his/her curiosity about the chosen concept/topic. 

· Thinks freely, but within the limits of the activity. 

· Tests predictions and hypotheses. 

· Forms new predictions and hypotheses. 

· Experiments with alternatives and discusses then with others. 

· Records observations and ideas. 

· Suspends judgments. 

What the teacher does that is consistent with this model:
· Encourages the students to work together with minimum supervision. 

· Observes and listens to the students. 

· Asks probing questions to redirect the students' investigations when necessary. 

· Provides time for students to work through problems. 

· Acts as a facilitator. 

Explain . . . the concept and define the terms. 

What the student does that is consistent with this model:
· Uses various informational resources, group discussions, and teacher interaction to derive definitions and explanations of the chosen concept. 

· Explains possible solutions or answers to others' explanations. 

· Listens critically to others' explanations and questions others' explanations. 

· Listens to and tries to comprehend explanations the teacher offers. 

· Refers to previous activities.  Uses recorded observations in explanations. 

What the teacher does that is consistent with this model:
· Encourages the students to explain concepts and definitions. 

· Asks for justification (evidence) and clarification from students. 

· Formally provides definitions, explanations, and new labels. 

· Uses students' previous experiences as the basis for explaining new concepts. 

Elaborate . . . discovering new applications. 

What the student does that is consistent with this model:
· Applies new labels, definitions, explanations and skills in new, yet similar situations. 

· Uses previous information to ask questions, propose solutions, make decisions, and design experiments. 

· Draws reasonable conclusions from evidence. 

· Records observations and explanations. 

· Checks for peer understanding. 

What the teacher does that is consistent with this model:
· Expects the students to use formal labels, definitions, and explanations provided previously. 

· Encourages the students to apply or extend the concepts and skills in new situations. 

· Reminds students of the existing evidence and data and asks: 

· What do you already know? 

· Why do you think . . ?

(Extend . . . the concept into other content areas.) 

What the student does that is consistent with this model:
· Makes connections and sees relationships of the concept/topic in other content areas. 

· Forms expanded understanding of original concepts/topics. 

· Makes connections of concept/topic to real world situations. 

What the teacher does that is consistent with this model:
· Looks for concepts connecting with other concepts/topics and/or with other content areas. 

· Asks probing questions to help students see relationships between concept/topic and other content areas. 

Evaluate . . . the student's understanding. 

What the student does that is consistent with this model
· Answers open-ended questions by using observations, evidence, and previously accepted explanations. 

· Demonstrates an understanding or knowledge of the concept or skill. 

· Evaluates his or her own progress and knowledge. 

· Uses alternative assessments to demonstrate their understanding of the concept/topic. 

· Shares information about the concept/topic with others via cyberspace. 

What the teacher does that is consistent with this model
· Observes the students as they apply new concepts and skills. 

· Assesses students' knowledge and/or skills. 

· Looks for evidence that the students have changed their thinking or behaviors. 

· Allows students to assess their own learning and group-process skills. 

· Asks open-ended questions like: 

· Why do you think . . . ?                    What evidence do you have? 

· What do you know about . . . ?         How would you explain . . . ? 

· Shares information about the concept/topic with others via cyberspace. 
6th Grade
Middle Grades Support Document

Population Dynamics

DETERMINING YOUR ECOLOGICAL FOOTPRINT

Competency Goal 1:  The learner will design and conduct investigations to demonstrate an

                                    Understanding of scientific inquiry

                                    Objectives 1.01, 1.02, l.05, l.06, l.07, l.08, l.09, l.10

Competency Goal 2:  The learner will demonstrate an understanding of technological design

                                    Objectives 2.02, 2.03, 2.04

Competency Goal 7:  The learner will conduct investigations and use technologies and 

                                    information systems to build an understanding of population dynamics.

                                    Objectives 7.01, 7.02, 7.03, 7.04, 7.05, 7.06

ENGAGE

All living organisms rely on RESOURCES in order to function and to succeed.  These resources are obtained from their surrounding environment.  Many people are concerned about overpopulation and think that the resources available on our planet cannot keep up with the rate at which we, as a species, are using them.  Driving around eastern North Carolina with our large farms, flowing rivers, protected lands, and open spaces paints a very different picture.  There seems to be abundant land and resources available for hundreds of generations to come.  Let us take a look at the resources that are required to sustain our lifestyle and see whether there is any credence to the concerns of a “resource crunch” being in our near future.

EXPLORE

· List ten things that you use or consume every day.

· Pick three items from your list and,  for each one, list all the resources from the earth that are needed for you to get and use that item.  Consider (a) production of the item, (b) delivery of the item to you, and (c) any resources required for you to use the item

· Thinking about all of the different items you use and the resources required for their 

production and use, how many football fields worth of land do you think are needed to support your current lifestyle?  (1 football field = 1.1 acres of land)

· Consider the following areas in which you use resources.  List them in order from “most 

resources” needed to “least resources consumed.”

            a. food

            b. transportation/mobility

            c. shelter

            d. goods and services (clothing, furniture, appliances, entertainment, computers, toys,

                  water, sewage, health care, education, etc.)

NOW, let’s check your estimates against the following calculator.  While the numbers generated by this calculator will also still be estimates, they are INFORMED estimates, taking numbers you provide and plugging them into a QUANTITATIVE and TESTED equation for calculating the resources that you use in your daily life.

EXPLAIN

Use the web site http://www.earthday.net/footprint/index,asp

Perform the quiz as instructed there.

Then answer the following questions:

l.  Which area of your life requires the MOST resources?  Which requires the LEAST?  Which area were you most surprised by in terms of its resource requirement and why?

2.  Now that you have gone through the quiz, would you like to change your resource list?  Justify the changes.

ELABORATE

Now go back through the calculator and answer the questions exactly the same, but making the following changes:

       a. Set food to “all local”

       b. Set gas mileage to “over 50 mpg”

       c. Trade of your car miles for “public transportation”

Which of these changes had the biggest impact on your ecological footprint?
Which change were you most surprised by in terms of how much it impacted your ecological footprint?

EVALUATE

· Look at the “footprint of nations” table.  Do you see any trends in resource consumption?  How do you think resource consumption is related to standard of living and economic standing?

· Do you think it is fair that a country with more economic resources consumes more 

· Biological resources?

· What are some changes that can be made in your lifestyle that could decrease your ecological footprint?

· What TECHNOLOGIES could we develop that would decrease our ecological footprint?

Resource:  http://www.redefiningprogress.org/footprint/
DPI RESOURCES

Middle School Support Documents Grade 6 – Population Dynamics. Pg. 1-22

NC Middle Grades Science Strategies Book:

       Moving Toward Inquiry, pg. 22-25

       Inquiry Paper, pg. 57-62

      Article Review, pg. 63-64

      Summarizing and Note-taking, pg. 65-67

      Rubrics, pg. 77-82

      Goals 1 &2, pg. 97-108

6th Grade

Middle Grades Support Document

Energy Transfer/Transformation

Light and Heat Energy

6.07 Analyze the Law of Conservation of Energy

6.05 Analyze the physical interactions of light and matter – absorption, scattering

6.04 Evaluate data for qualitative and quantitative relationships associated with energy transfer and/or transformation.

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

1.05 Analyze evidence to:


Explain observations


Make inferences and predictions


Develop the relationship between evidence and explanation

Engage

Shine a bright light on a mirror, a rock, and a piece of plexiglass or place these items outside in sunlight.  Have student touch each and rank them in order of warmest to coolest.  Discuss what happens when waves of light or sunlight hit each surface.  Have students role play what happens.  Mirror reflects wave. Plexiglass lets wave pass through.  Only rock absorbs energy in the wave.  Light energy is changed to heat energy as speed of molecules increases.    Ask students how this is related to the temperature of a pane of glass versus the wood that holds it in place or the white center line versus the black top of a road?

Explore

Have students guess what they think the range of temperature measurements one might measure outside the classroom on a bright sunny day.  Take thermometers outside and have each group measure five temperatures.  Be sure to get the temperature of the air when the sun is not shining on the temperature.  Record and graph four other temperatures.  Return to the classroom and have each group write the lowest and highest temperature they measured and note the location.

Explain

Draw a map of the school yard and label with the temperature measurements reported by each group. Study the temperature range and the locations of these temperature measurements.  What are some of the factors that produced this range of temperatures. How can the same amount of solar radiation result in such a wide range of temperatures in the school yard?  Why do some areas show more temperature change than others? What is the impact of this wide range of temperatures on the plants and animals living in the school yard?   How does this illustrate the uneven heating of the earth by the sun?

Elaborate

Use aluminum foil pans to build solar water heaters. Put 100ml of water in a 9 inch pie pan and heat in bright sunlight for 30 minutes to establish a control. Brainstorm variables such as size of pan, color or pan, covered or uncovered, etc that might affect efficiency of the water heater.  Have each class group test a different variable. Write lab report for each variable tested and report findings to class.  Use strategies section of the support documents for help in defining variables and writing up this experiment either as individuals or groups.

Evaluate  

Each group constructs a solar water heater to enter in competition using information gleaned from reports of class investigations.  Each student writes a design report as to why each feature of the solar water heater was selected. Solar water heaters are tested by heating 100ml of water in bright sunlight for 30 minutes.  Take initial and final temperature readings.  

Arrange heaters from least to most efficient.  Each student writes a paragraph describing differences in water heaters that resulted in differences in efficiency.

Extension:  Use small boxes to test characteristics of solar heated homes

6th Grade

Middle Grades Support Document

Lithosphere

Modeling the Unseen

3.01 Evaluate the forces that shape the lithosphere.

3.03 Explain the model for the interior of the earth.

1.05 Analyze evidence to: 
Explain observations





Make inferences and predictions

Develop the relationship between evidence and explanation

2.04 Apply tenets of technological design to make informed consumer decisions about:


Products


Processes


Systems

Engage 

Give each group a boiled egg and two other objects (ball of any kind, L’eggs container, clear sphere, small globe, etc) that might serve as a model of the earth.  Discuss examples and characteristics of models such as model trains, cars, etc. and models used in science such as models of atoms and the solar system. 

 Have student groups list (either in notebook, on an index card, or on a white board) at least three ways each object is like the earth and three ways each is different.   Remind students that they are looking for ways each object is a good model (helps us understand some aspect of the earth) and for where the model breaks down (has characteristics different from the earth).

Have each group decide which object is the best model of the earth and give reasons why they chose that object. Groups share and discuss this information with the class.

Suggest the hard boiled egg as a model of the unseen layers of the earth worthy of a closer look. Cut a hard boiled egg in half and have students compare a cross section of the egg to a diagram of a cross section of the earth.

Put pressure on shell of another hard cooked egg until shell cracks.  Outline a few of the cracks with a thin black marker.  Compare pieces of the cracked shell to crustal plates of the earth.  How are they alike and how are they different?  List some ways the cracked shell is a good model of the earth’s lithosphere?  Where does the model break down and not represent characteristics of the lithosphere?

Explore

Indirect study and observation of earth layers indicates that each layer of the earth has properties that distinguish it from the others.  One key property is density.

Use corn syrup, vinegar (color with food coloring), cooking oil, and a large test tube or tall narrow jar to model the densities of the layers of the earth.   Pour oil, vinegar, and corn syrup in that order into a large test tube or tall narrow jar.  Drop penny, aluminum foil pellet, popcorn, crayon, etc one at a time into liquid and observe where each settles in the layered liquids.  Have students do a series of drawings in their notebooks first predicting what they think will happen as each liquid or solid object  is added to the container and then a drawing to show what actually happened.

Draw the container again when all materials have been added.  Relate the liquids in this system to layers of the earth.  Discuss how this could serve as a model of the earth layers and how this system is different from earth layers.  How might density relate to the formation of earth layers early in the history of the earth?  Where is the most dense layer?  The least dense?  What elements make up the most dense layer?  What elements make up the least dense layer?  What technology and methods have been utilized to calculate and or estimate the density of the earth as a whole and density of each earth layer?

Another interesting property of earth layers is the state of matter that scientists believe exists at different depths.  Maybe the solid earth is not so solid through and through! One layer is thought to be molten.  Find out what evidence leads scientists to believe this.  Another layer is thought to be solid yet under enough heat and pressure such that the solid rock “flows”.  Prepare and work with a cornstarch/water mixture to experience a material that may have properties of both a solid and a liquid.  Mix 1 16 oz box of cornstarch with 1 ½ cups of water.  Give a sample of the mixture to each student to examine in small plastic cup. Explore and list properties of the cornstarch, the water, and then the sample of cornstarch/water mixture.  Do these tests on the cornstarch/water mixture

· Tap the surface of the sample with an ice cream stick

· Quickly push the ice cream stick into the surface of the sample

· Empty the sample onto waxed paper and try to divide into two samples

· Rest one side of an ice cream stick on the surface of the sample and quickly lift the stick

· Try to roll the sample into ball in your hand. Try to cut with scissors.

· Roll the sample into ball again and place on the waxed paper. Observe

In which of these tests and your observations of the properties of this sample did the material act like a solid?  In which tests did it act more like a liquid.  In what ways can this cornstarch/water mixture act as a model of the material making up one of the layers of the earth?

Make Venn diagram showing properties of cornstarch/water mixture that have characteristics of solids, liquids, or both.     What might a similar Venn diagram listing properties of rock from the mantle look like?  

Explain

Jig saw class (see strategies document for more details on how to use this cooperative learning strategy) with each group assigned to research the characteristics of one of these: inner core, outer core, mantle, crust, asthenosphere, and lithosphere.  Expert groups read in the text, from teacher prepared handouts and/or from teacher selected websites and prepare a list of what they consider to be the five most important characteristics or facts related to their earth part.  Since scientists have little direct evidence of the interior of the earth beneath the surface, it is very important to include the indirect evidence/observation that scientists believe supports each characteristic or fact.   Large white boards or large posters should be used to create visuals (diagrams, charts, lists) to share with group members. A drawing showing each layer in relationship to others should be included. Include information from the activities in the explore section that relates to the layer you are studying as it compare to other earth layers.

Experts go back to original group with diagrams, drawings, and evidence to support info and shares with group.  As experts share information and visuals, each group member completes a three part foldable for the crust , mantle, and core. Information for the asthenosphere and lithosphere are included in the appropriate place on the foldable.

Elaborate

Develop a plan for a human model of the inner structure of the earth.   In this model each class member will be assigned a layer.   In a class of thirty the breakdown of students might be: inner core – 1, outer core – 3, deep mantle -6, asthenosphere – 8, lithosphere – 12. Chalk could be used to make concentric circles on concrete to outline position of students in the model.

Have each group decide what important information about each part of the inner earth might be included and interesting ways to represent that information.  For example inner core students might wear the symbol Fe and flex muscles or pretend to “pump iron”.  Outer core might wear the symbol Ni and form a circle around the inner core, face inward, walk counterclockwise while holding their arms out to the side and moving them up and down to simulate convection currents in the liquid outer core. Deep mantle (part below the asthenosphere) join hands around to form a circle around the core and shout “hot rock, hot rock, hot rock”.  Students slowly sway bodies back and forth representing movement of rock in this layer. Lithosphere students could wear circle graph showing most common elements in the crust and form circle around all the rest, face outward and slowly walk around the rest chanting “moving plates, moving plates, moving plates”.  Have each group share ideas for props and motions to illustrate important information about parts of the earth’s interior.  Decide as a class which props and motions will be used in the class model.  Practice the model and then invite another class to view the human earth model in action and/or videotape it to show to others.

Evaluate

After class has acted out the class model, individual students write a paper describing the model.  Paper should include layers, action representing that layer, property of layer that the action represents, and why that property is an important one to remember.

We have more direct knowledge of the surface of the moon than we have of the interior of the earth beneath our feet.  Astronauts collected several hundred pounds of lunar rock for study here on earth yet scientists have not one sample of even mantle rock to study directly.  What evidence do scientists have to support models of the interior of the Earth.

Extension:

List three ideas about the earth’s interior and state the evidence that supports including that idea in a model of the “unseen earth”?

Research other planets and moons of other planets as to what scientists think the interior structure of these bodies may be.  Use a Venn diagram to compare and contrast one of these to planet Earth

6th Grade

Middle Grades Support Document

Energy Transfer/Transformation

ANALYSIS OF ENERGY USE/TRANSFORMATION

                   Featuring Lance Armstrong

Competency Goal 1:  The learner will design and conduct investigations to demonstrate an

                                   Understanding of scientific inquiry

                                   Objectives  l.0l, 1.02, 1.05, 1.06, l.08, l.09, l.l0

Competency Goal 2:  The learner will demonstrate an understanding of technological design

                                   Objectives 2.01, 2.02, 2.03, 2.04

Competency Goal  6:  The learner will conduct investigations and examine models and Devices to build an understanding of the characteristics of energy transfer and/or transformation

                                   Objective 6.07

ENGAGE

Lance Armstrong has won more Tours de France than any cyclist in the over 100 year history of the race.  The Tour, as cyclists refer to it, is a grueling three-week bike race around the perimeter of France, covering over 2000 miles and climbing some of the tallest mountains in Europe.  The athletes that compete in this event are incredibly fit, both physically and mentally.  To complete the bike race requires an amazing amount of ENERGY.

To win an event like this an unprecedented seven times, Lance trains very hard.  Let us take a look at the energy that is required to get this champion through a hard day’s worth of training!

A Day in the Life of Lance Armstrong:

The alarm clock wakes Lance Armstrong at 7:30 AM on a rainy May morning in Spain, his home during the cycling season.  In order to prepare for the planned six-hour training ride, Lance eats a huge breakfast with bread, cheese, honey, milk, grain-cereal, and fruit.

After eating breakfast he puts on his cycling clothes, hops on his bike, and rides out to meet his coach, Chris, who will follow Lance in a car.  His coach follows him in the car carrying extra food, water, clothes, and tools to repair any mechanical problems that Lance may have with his bike.

They set off toward the mountains that surround Girona for what will be a very hard ride – Lance pedaling his bike, followed by his coach in the car.  As Lance pedals out of town he settles into a steady pace.  Checking the battery-powered cyclocomputer attached to his handlebar, he notices that he is traveling at 24 mph and not yet breathing hard ---a good sign that his preparation for the Tour de France is going well!  He begins climbing the first mountain pass of the day.  The road tilts upward and Lance’s breathing starts to become heavier.  He can feel his heart rate go up as he pedals against the resistance of the steep mountain road.  Five miles into the climb the road becomes even steeper.  To maintain his pace, Lance has to stand up and pedal through this section.  Working hard through the last hundred yards of the mountain road, Lance reflects on the simple pleasure he attains from riding his bike and just how far his love for the bike has taken him.

Lance knows that the hard work of climbing the eight -mile mountain road has paid off as a seven-time winner of the Tour de France.  At the top of the mountain he takes a break and his coach drives up next to him, giving him a rain jacket to protect him from the weather.  After a short snack and some water Lance is ready to continue the backside of the mountain.  As he descends he barely has to pedal any at all while achieving speeds in excess of 55 mph.  In fact, he is going so fast down this road that he often has to apply the brakes in order to slow his bike down for the bend and corners in the road!  At the bottom of the mountain Lance is grateful that the sun has decided to poke its head out.  The sun warms him after the cool wind of the fast descent and begins to dry his clothes from the morning rain.

He continues on his ride, tackling four more mountain passes this day.  Reaching the end of the ride he makes a right turn on the road that leads to his house.  The true sign of a lucky training day hits him – he feels a tailwind that helps him glide along home at a pace of 31 mph with no more effort than he was applying to the pedals as he rolled out of town earlier that day.  After putting his bike up he eats some food, takes a shower and lays down for a nap, knowing his body needs to recover from the efforts he has made this day.

EXPLORE

· It took a lot of energy to get through this day of hard training.  Identify ALL of the energy sources that were used in the above narrative.

EXPLAIN

* Now try to ORGANIZE the energy sources you listed.  Separate the list into 3 different groups and explain why you chose to group them the way you did.

· When do you think Lance is using the MOST energy to propel his bike? 

· When do you think Lance is using the LEAST energy to propel his bike?

· When is his bike moving the fastest and when is it moving the slowest, do you think?   Does this make sense when considering where on the ride he was expending the most energy?

*Try to define what energy IS – think about what all the uses of energy that you have listed have in common.

*Put on your imaginary cap.  If Lance were riding down the road and magically pulled off of his bike, what would happen to the bike?  Do you think the bike has energy itself?  Why or why not?  If the bike has energy, where did that energy come from?

ELABORATE

Is energy removed from the bike?  Think about how you defined energy and list all the ways in which energy is add to, and removed from, JUST the bicycle.

EVALUATE

Now, how can we incorporate data/graphs/figures/math into this narrative to turn it from analysis to a case study?

DPI RESOURCES

Middle School Support Documents Grade 6 – Energy Transfer/Transformation, pg. 1-20

NC Middle Grades Science Strategies Book:

       Moving Toward Inquiry, pg. 22-25

       Inquiry Paper, pg. 57-62

       Article Review, pg. 63-64

       Summarizing and Note-taking, pg. 65-67

       Rubrics, pg. 77-82;   Goals 1 & 2, pg. 97 – 108 
6th Grade

Middle Grades Support Document

Energy Transfer/Transformation

ENERGY CHAINS
6.07 Analyze the Law of Conservation of Energy: 

Conclude that energy cannot be created or destroyed, but only changed from one form to another.

Conclude that the amount of energy stays the same, although within the process some energy is always converted to heat.

Some systems transform energy with less loss of heat than others.

6.06 Analyze response of materials to heat to determine the suitability of materials for use in technological design.

6.01 Determine how convection and radiation transfer energy.

1.04 Analyze variables in scientific investigations:


Identify dependent and independent


Use of a control


Manipulate


Describe relationships between


Define operationally

1.09 Use technologies and information systems for:


Research


Gather and analyze data


Visualize data


Disseminate findings to others

Engage

Clapp your hands ten times.  How do your hands feel?    

Rub your hands together ten times?  How do your hands feel?  In these examples what is receiving energy?   What is the energy source?  What happens to the energy when it leaves the receiver?

Bend a paper clip so that the closed end makes a v shape.  Touch the curve of the v to your lips.  Now bend the paper clip back and forth ten times and touch it to your lip again. What is the energy source?  What is the energy receiver?  What happens to the energy when it leaves the receiver?

These are examples of energy transfer. In every energy transfer, there must be an energy source and an energy receiver.  When energy is passed from one source to a receiver to another receiver it often changes form. 

How many of the seven forms of energy can you name. The mnemonic AC HELMS may help you to remember all seven (atomic, chemical, heat, electrical, light, mechanical, and sound).  Look around the classroom for examples of forms of energy. List as many examples as you can!   Make a chart of things that are evidence that energy is present and changing from one form to another in your classroom. For each evidence of energy, think about the source of the energy and the receiver of that energy.

Observe a radiometer in sunlight. Describe its parts and its motion. Make a hypothesis as to what makes the radiometer spin. What is the energy source?   What is the energy receiver?  Give reasons to support your hypothesis based on observations of the parts and motion of the radiometer.

Explore

Find several ways to make the radiometer move faster and slower. Try varying things like type of light, brightness of light, distance from light source, angle of light source, surface the radiometer is sitting on, shielding materials between the radiometer and the light source, etc). Try to reverse the direction the blades spin.

Make a list of all the variables that might affect the motion of the radiometer. Design an experiment to determine the effect of one of those variables on the motion of the radiometer. Keep all the other variables constant. Decide on a way to make quantitative measurements to collect and report data.
 See:  Experimental Design: Lab Reports in the Strategies Book.
Explain

Draw and label parts of the radiometer.  What might make the blades move?  What is the source of energy that is changed to mechanical energy as the blades spin?   What speeds up or slows down the movement of the blades?  Why a radiometer is sometimes called a “solar spinner”?  How is a radiometer like a wind mill and how is it different?   How do they both illustrate the law of conservation of energy?   What is the ultimate source of energy for both a wind mill and a radiometer?  What energy changes take place in a radiometer? 

What happens when solar radiation encounters the glass bulb of the radiometer?  Why is the pane of glass in a window cool and the wood or metal frame around the glass much warmer in sunshine?  Does the glass bulb of the radiometer get warm?  Why or why not?  Have students role play waves of radiation encountering glass and passing on through with little change.

What happens to solar radiation when it strikes the white and black sides of the radiometer blades?

Have students role play solar radiation hitting the white and then the black blades of the radiometer.   Radiation will reflect or “bounce off” white side.  Radiation will be absorbed by black sides producing an increase in molecular motion and increase in temperature of the face of the blade (Solar radiation, light energy, is changed to heat energy).   How is this like solar radiation hitting the white center line versus black asphalt on a road?  Which will be warmer to the touch?  Why?  What is the energy source?   What is the energy receiver?   

Explain how heat moves by radiation and convection in the radiometer. 

Elaborate

Draw an energy chain to illustrate how light energy strikes the radiometer and moves through a series of changes from atomic to light to heat to mechanical.  Use a square for each energy source.  Draw an arrow from the energy source to the next square in the chain which represents the energy receiver. Such a chain might have four squares: 

· the sun is an atomic furnace where fusion reactions  of hydrogen to helium release energy in the form of light that travels through space to the earth

· light energy travels through space, the earth’s atmosphere, and the clear bulb of the radiometer

· the black side of the  radiometer blades  absorb the light energy from the sun and changes it to heat
· the spinning radiometer blades are evidence of the heat energy being changed to mechanical energy

What happens when light is not longer striking the radiometer?  What happens to the heat that was built up inside the radiometer? 

How does the energy chain for the radiometer illustrate the law of conservation of energy?  How is this energy chain like a food chain?  Make a Venn diagram to compare and contrast the radiometer energy chain and a food chain.
Draw another energy chain that shows the energy changes that occur when the radiometer is powered by light from an incandescent bulb in the classroom.  This chain will have many more links. How many do you think will be needed to show all the sources and receivers of energy in this series of energy transfers from source to receiver and on to another form in another receiver?  Light energy from the sun is still the ultimate source of energy but it must be traced through the chemical energy in ancient plants and coal to an electrical generating plant through power lines to the electrical outlet in the room to the filament in the  incandescent bulb  radiometer and finally to mechanical energy of the spinning blades. In fact, this energy chain will show all but one of the seven forms of energy.  Which one is it?  How would this energy chain be different if the electricity in your school comes from a nuclear power plant or a hydroelectric plant?

Inventory things in the classroom or at home that change electricity to either heat, light, sound, or mechanical energy.  

Draw an energy chain that illustrates how your boom box or some other electrical device in your home could be powered by solar energy that reached the earth before the dinosaurs roamed the earth!  Explain how this energy chain is an example of the law of conservation of energy.

Evaluate

Write a lab report on your radiometer experiment.  Share the results of your work with peers.

Select an electrically powered device in your home.  Draw an energy chain that illustrates the flow of energy from the sun to the energy output of that device.  Explain how the energy chain illustrates the Law of Conservation of Energy.
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Photosynthesis
Photosynthesis – The Mystery and Magic of Green Plants

4.01 Describe the flow of energy and matter in natural systems.

· Energy flows through ecosystems in one direction, from the sun through producers to consumers to decomposers.

· Matter is transferred from one organism to another and between organisms and their environments.

· Water, nitrogen, carbon dioxide, and oxygen are substances that are cycled between the living and non-living environments.

4.03 Examine evidence that green plants make food.

· Photosynthesis is a process carried on by green plants and other organisms.

· During photosynthesis, light energy is converted into stored energy which the plant, in turn uses to carry out life processes.

4.04 Evaluate the significance of photosynthesis to other organisms:

· The major source of atmospheric oxygen is photosynthesis.

· Carbon Dioxide is removed from the atmosphere and oxygen is released during photosynthesis.

· Green plants are the producers of food that is used directly or indirectly by consumers.

Engage 

Show students a picture of a forest, pond, or seaside community. List organisms and discuss how each gets food. Discuss similarities and differences of organisms in the community. Focus attention on the fact that food chains begin with green plants because photosynthesis occurs in green plants.  Photosynthesis enables green plants to transform or change light energy into chemical energy stored in food for the plant and other forms of life in food chains – including humans! 

Have students create a KWHL on photosynthesis using a three part foldable

K - What I think I know, 

W - What I wonder about?

H – How I might answer my own question?

L - What I have learned? 

Focus student thinking by doing a whole class simulation of the processes involved in photosynthesis. Detailed information for guiding students through such a simulation of photosynthesis plus valuable background information about the process of photosynthesis and the importance of the sun to life on earth can be found in the Food, Land, and People activity “Gifts from the Sun”.   Information on how to get this and other activities from this program is available at www.enc.us/DSWC/pages/foodland.html.

If Food, Land, and People curriculum materials are not available, use this information to launch the activity.

Setting the Stage 

Draw an outline of a large tree on floor or playground.  Use green yarn or chalk for a large billowing canopy and brown for trunk.  Add several roots below the trunk.  Explain that this is the scene for an important natural drama that captures energy from the sun and changes it into chemical energy (food) for plant and animal life.

Brainstorm the “players” needed in the drama of photosynthesis and the role each must have.  Use information below to finalize roles. Assign roles and have students develop ideas for the part they will play. Students design name signs, illustrations, and other props and decide on positions and movements.

Photosynthesis Players

SUN – One student

The sun is the source of most all energy on earth.  In the process of photosynthesis sunlight provides light energy absorbed by the plant. This energy is changed and stored as chemical energy in sugars (such as glucose), starches, and other organic compounds.  This stored chemical energy provides food for the plant and for other life forms that may eat the plant.

ROOTS – Two or three students

Water moves from the soil up through the roots to be used in the leaves as photosynthesis occurs.  Food can also be stored in roots.

WATER MOLECULES – Unlimited number depending on size of class

Water (H2O) is a compound of two atoms of oxygen and one atom of hydrogen.   Water moves up through roots from the soil to leaves. Some water molecules will play a key role in photosynthesis.  Others will simply move through the plant and out the stomata and enter the atmosphere as water vapor in the process of transpiration.

Those water molecules that will be important in the food making process of photosynthesis are split by light energy into O and H atoms.  The oxygen atoms join in twos to form O2 molecules and leave the leaf through the stomata, adding molecules of oxygen gas to the atmosphere.   The hydrogen (H) atoms combine with carbon dioxide (CO2) molecules to make sugars (like glucose) which are food for the plant and other organisms. 

CARBON DIOXIDE – Four to six students

Carbon dioxide (CO2) gas enters the leaf through the stomata.  In the presence of chlorophyll it combines with hydrogen atoms from water to form new compounds (glucose) in the leaf. These sugars store chemical energy for food for the plant and other living things.

CHLOROPHYLL – Two or three students

Chlorophyll is the green coloring pigment in leaves.  It absorbs light energy from the sun.  This light energy is essential for splitting water molecules and freeing hydrogen atoms which then react with carbon dioxide to form food for the plant in the form of sugars like glucose. 

STOMATA – Four students (will act in pairs to role play two openings)

Tiny openings on the surface of leaves allow carbon dioxide from the air to enter and oxygen produced during the process of photosynthesis to leave the leaf.

Have students playing each role meet and discuss how they will play their role.  This should include the name sign each will wear, other props they will create and use, where the group will be when the drama begins, where they will move, what they will do, who they will interact with, and where they will end up.

After the simulation have each student explain their role in the process and why that role was crucial to the process.  This can be written in paragraph form as a homework assignment.

Explore 

Have student groups cut apart statements from the activity “Photosynthesis in Words, Symbols, and Diagrams.  You may want to have laminated sets already cut and in plastic bags to distribute to groups.  Each group reads the statements and determines how to sort and group related statements.  Statement groups are then used as a framework for writing and illustrating an explanation of what scientists now understand about the process of photosynthesis and how that understanding evolved over time. 

Have students cut apart the clues below and arrange them in groups that explain photosynthesis.  Use words, symbols, and pictures when presenting your explanation.  Each group should prepare a visual on poster paper or white board to aid in their presentation to the class.

· The pigment chlorophyll is found in chloroplasts.

· The prefix “chloro” means green.

· Chlorine is a green gas and chlorophyll is a green pigment in leaves.

· Animal cells do not have chloroplasts.

· Glucose (C6H1206) is a simple sugar.

· The prefix “photo” means light.

· The word part “syn” means make.

· Photosynthesis literally means “put together with light”.

· Simple sugars can join together to make more complex carbohydrates called starches.

· Iodine can indicate the presence of starch.

· Experiments in the 1950’s using radioactive oxygen showed that oxygen from the CO2 combines with other molecules to form C6H12 O6.

· Experiments show that hydrogen from water is later found as part of the C6H12O6 molecule.

· Experiments show that light energy is used to split water into hydrogen and oxygen.

· Some form of energy is needed to break apart atoms that make up molecules of a compound like water.

· If hydrogen is chemically combined with CO2, a simple sugar glucose can be made.

· Sugar and starch are two forms of carbohydrates found in foods.

· The process of photosynthesis involves chemical reactions that break apart some molecules and form others.

· Animal cells cannot make glucose (C6H12O6).

· Glucose produced by leaves can be used to build starch, cellulose, or other organic compounds.

· In 1779, Ingenhousz found that aquatic plants produce oxygen (O2 in the light but not in the dark.  He concluded that plants need sunlight to produce O2.

· In 1643, van Helmont found that water, not soil, is needed by plants.

· All cells, both plant and animal, need glucose (C6H12O6) to carry on cellular activity.

· Glucose can be “stored” as a starch molecule in leaves of plants.

· Leaves of plants grown in the dark have a lower amount of starch than leaves from plants grown in the light.

· Growth and division of plant cells requires chemical energy and organic molecules.

· Air is a combination of many gases including CO2.

· Radiant energy from the sun can be described in terms of its energy content.

· Green plants cannot live without water and air.

· In 1771 Priestley found that plants give off a gas (later called oxygen).

· Pigments found in some cells are capable of absorbing various parts of the sun’s energy.

· Experiments in 1941 showed that the oxygen (O2) released from the stomata of plants comes from water.

· Chlorophyll absorbs light energy and uses it in chemical reactions in the chloroplasts.

· Chloroplasts are the cellular organelles found in leaves.

· Energy is needed for chemical reactions to occur.

Explain

Each group reads written explanation and describes visual. Emphasize inputs and outputs of this process. Trace inputs through process and how they change to produce outputs. Model the chemical reaction that occurs in photosynthesis.  Relate explanation to simulation/role play.

Connect photosynthesis to food chains, energy changes.

Have individual students create the story of photosynthesis in words, symbols, and diagrams for their science notebook.

Elaborate

Experiment with Elodea (sometimes called Anacharis) from a fish aquarium to explore factors affecting the rate of photosynthesis. Place a sprig of Elodea in a plastic cup filled with water.  Shine a 50 watt plant light on the glass from a distance of about 30 cm.  Observe for a few minutes until bubbles appear and rise from leaves of the plant.  Ask students to hypothesis as to what the bubbles are and where they come from.

Brainstorm variables that may affect the rate of photosynthesis as measured by the production of oxygen gas.  Things such as distance from the light, wattage of the light, incandescent versus fluorescent light, sunlight versus artificial light, chlorinated water, distilled water, sugar water, etc

Each cooperative learning group can select a different variable as an experimental variable for an experiment. All other variables become controls. Design a procedure, collect data and write up a lab report.  (See “in the Strategies Document for help in defining variables, writing hypotheses, etc. 

Evaluate

Write lab report on elodea experiment.

Do another simulation of the process of photosynthesis.  Videotape to show other classes.

Complete “L” section of KWHL using complete sentences, symbols, and diagrams

Literacy Connection

Have students read the novel Top Secret by John Reynolds Gardiner.
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Motion and Forces
Incredible Inertia!
Four Variations on the Inertia Demonstrations Theme
6.03  Apply Newton’s Laws of Motion to the way the world works.

6.06   Observe examples demonstrating the three laws of motion.
Goal 1—1.01, 1.02, 1.03, -1.10
Goal 2 2.01-2.04
Interest Hook (Engage)
· Place Transparency # 11 on the overhead.  Have students write their explanations in their journal.  Have the students share their ideas with a cooperative learning group.  Analyze each person’s suggestion to the problem and have the group come up with a consensus to share with the class.  Write down all possibilities down on the board and discuss.
Inquiry Experience (Explore)

· Allow the students to rotate through the various inertia activities and have each reflect on the various questions.  Use cooperative grouping techniques to permit the groups to explore the concepts of inertia.  The students will review the directions and come up with variations to the activities.
Explanation (Explain)
· When reviewing Newton’s first law of motion, it states that an object at rest will remain at rest unless an outside force is exerted on it OR an object in motion will remain in motion unless an outside force is exerted on it.  This statement brings up the concept of INERTIA, which is a resistance to change.  An object will continue doing or moving whatever it was doing unless some force acts it on.  Keep in mind that the more mass an object has the harder it is to change its motion.
Exploration and Elaboration (Elaborate)

· After reviewing the activities in a rotation format, let the groups choose one of the stations to draw a poster explaining the concept of inertia.  They alter the materials or create a “new” demonstration that would best depict inertia.
Evaluation and Assessment (Evaluate)

· Have the students write reflections about each of the stations by answering questions placed at the area in their journals.  
· Analyze the posters as a group participation grade by having the students stand up and present their visual representation.  
Transparency # 11

Which would be more damaging:  Driving into a massive concrete wall, or driving into a head-on collision with an identical car traveling toward you at the same speed?  Explain your answer.

Activity:  Incredible Inertia!

Four Variations on the Inertia Demonstrations Theme
Grade 7:  Motion and Forces

Student Reflection Questions for the Stations

Name ____________________________________
Station One:  Coin in the cup.

Materials:  Cup, index card and coin.
Procedures:  

1. Place the cup on the table.  Water in the cup is optional.  

2. Lay the index card on top of the glass.  Place the coin in the center of the card (over the opening of the cup).

3. Quickly flick the index card causing it to move. 

Observations:

1. What happened to the coin when you flicked the cup?

2. What would happen if I slowly moved the card instead of a sudden movement?

3. What other materials could I use to demonstrate this idea?

Station Two:  Milk does the body good, pass it on!

Materials: 
Milk bottle or a baby bottle, sturdy paper ring from a paper towel Roll and coin or heavy small object.
Procedures:

1. Place the bottle on the table.

2. Place the ring on top of the bottle, resting the ring part in the opening of the bottle.  

3. Lay the coin on top of the ring.

4. Quickly pull the ring from the bottle and coin sandwich.

Observations:

1. Did the coin fall or move?  

2. What direction did the coin move?

3. Describe the “trick” to being successful to this activity.

4. What other materials could I use to demonstrate this at home to my parents?

Station Three :  Show Me the Money!!!

Materials:
Two glass soda bottles (identical) and a dollar bill (any denomination will be ok).
Procedures:  

1. Place one bottle right side up on the table.

2. Take the dollar bill and lay on top of the bottle.  

3. Place the second bottle upside down on top of the other bottle.  Make sure they are mouth to mouth.

4. Hold the dollar bill at the end and strike sharply in the middle of the bill with the other hand (use one finger in a chopping motion).  

Observations:

1. How difficult is it to remove the money?

2. Why use a chopping motion to achieve success?

3. Challenge:  Add water to the upside down bottle, hoping that when the money is removed it will fill the opposite bottle.  Can you do this?  Show Me!!!

Station Four:  Scrambled Eggs (recommended as teacher demonstration)
Materials:  
Pizza pan or heavy metal pan with a raised edge, beaker, raw egg, toilet paper tube, and straw broom with good spring tension.

Procedures:

1. Fill the beaker about 2/3 full of water.

2. Set the pie pan on top of the beaker.

3. Stand the toilet paper tube upright on the pie plate so it is directly above the beaker of water.

4. Set the raw egg on the open end of the tube.

5. Make sure the pie pan hangs over the edge of the table about 2 to 3 cm.  Put your foot on the straw part of the broom to hold it in place.

6. Slowly move the broom handle back away from the pie plate.  You don’t need to pull back very much.

Observations:

1. What happened when you released the broomstick?  Be specific.

2. What other variations could you do with this activity?

3. How many eggs do you think you could knock into the water?  Explain how your group could do this.
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Motion and Forces

Activity:  Dueling Darts
Name ________________________________

Directions:  Before beginning the activity, allow the students to reflect in their journals on the writing prompt.  Follow the directions to the write-up provided in the next pages.

· Place Transparency # 12 on the overhead.  Have students write their explanations in their journal.  Have the students share their ideas with a cooperative learning group.  Analyze each person’s suggestion to the problem and have the group come up with a consensus to share with the class.  Write down all possibilities down on the board and discuss.
· Follow directions of the activity given. 
· Allow the students to reflect on the activity by explaining what happened in their journal.  
· As an assessment, have a target in which the groups aim for incentive points for a class participation grade.
· Change up the variations listed and assign one to each group.  Have the group report their findings to the class. 
· Have the students figure out a method to collect numerical data to graph the results.
Transparency # 12
If someone weighing 500 N stands evenly on two bathroom scales, what would the reading be on each scale?  If that person decides to shift their weight so one scale reads 300 N, what does the other read?  Explain your answer.
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The Balloon Race Is On!

6.03 
Apply Newton’s Laws of Motion to the way the world works.

6.6  Understand the differences between balanced and unbalanced forces.

1.01 Identify and create questions and hypotheses that can be answered through scientific investigations

1.02  Develop appropriate experimental procedures for:

Given questions

Student generated questions

2.04 Apply tenets of technological design to make informed consumer decisions 

About:  Products, Processes, and Systems
Interest Hook (Engage)

· Place Transparency # 13 on the overhead.  Have students write their explanations in their journal.  Have the students share their ideas with a cooperative learning group.  Analyze each person’s suggestion to the problem and have the group come up with a consensus to share with the class.  Write down all possibilities down on the board and discuss.
Inquiry Experience (Explore)

· Place the students into cooperative learning groups and have them develop a plan of action to this problem:  
How can I get a balloon to travel from one side of the room to another?  As a group develop a plan of action to active this goal.  The group that can have their balloon travel the farthest across the room will receive a surprise at the conclusion of the event.
· Tell the students that the only materials they will be given are one balloon, 30 cm of making tape, scissors, and one straw.  A string will be draped across the room.  
· The students will be allowed only one test run of their device.  Changes can be made after the test run.
· No changes will be allowed after the competition has started.  
Explanation (Explain)
· Newton’s 3rd Law of Motion states that for every action (force) there is an equal and opposite reaction (force).  To set up the device, inflate the balloon and place a straw on top with masking tape.  Carefully thread the string through the straw and let go of the opening of the balloon.  When the inflated balloon is released, the walls of the balloon push the air out.  This action causes the balloon to push against the air, which causes the air to push back.  The balloon then moves forward, dragging the straw with it.  The string and straw keep the balloon rocket on a straight course.
Exploration and Elaboration (Elaborate)

· Brainstorm with the students many different methods to test the 3rd law using the balloon set-up.  (Fastest time to a pre-selected distance, consistency with the circumference of the balloon, changing the type of string used or types of balloons used.)
· After brainstorming, let the different groups test their method and allow them to collect data.  
Evaluation and Assessment (Evaluate)
· Place the group’s data in a graph and explain the results in a qualitative format to the class.  Display the graphs on a bulletin board.

· Reward the groups with homework passes or other incentives if they work cooperatively together.  

Transparency#13

Consider an apple at rest on a table.  If we call the gravitational force exerted on the apple ACTION, what is the reaction force according to Newton’s 3rd Law?  Explain your answer. Can you think of any other examples similar this one demonstrating the 3rd Law?
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Amusement Park Physics Project

Listed below is a different assessment test given at Busch Gardens Amusement Park in Virginia.  This test was given after studying forces and motion in both the Algebra and science class.  Students were allowed to work together in groups using vertical and horizontal accelerometers that were made in class.  The accelerometer kits can be purchased from Pasco for around $70.  These kits can last you a long time if the students take care of the instruments.  I hope this give you an incentive to challenge your students at a theme park!  Throw in a camera and allow the groups to take pictures of their work too!
Amusement Park Physics Test

Busch Gardens, Virginia
Names of students in the group: ____________________________________________

Directions:  Work together on the test.  Use the equipment in your bag (vertical and horizontal accelerometer).  The equipment needed will be in bold print.  Good luck and have fun!

1. Wirblewind

a. Measure the average angle at which the swings hang while rotating.  Horizontal Accelerometer. __________
b. What is this converted to in the forces of “gs”? __________

c. What is the average speed of the swings?  Use one rotation and the formula d=1/2at2.  _________________________

Show work below.

d. What kinds of motion are demonstrated during this ride?

2. Kinder Karrussel

a. Measure the angle of swing by sitting on the inside horse.  Horizontal Accelerometer. ______________
b. Measure the circumference of the Kinder Karrussel by counting the poles along the outside edge and measuring the distance between the poles.  Use your pacing stride to determine this measurement. ________________

c. How much time does one rotation period occur on the Kinder Karrussel?  Stopwatch. _____________
d. Compare and contrast the centripetal forces of the Wirblewind and the Kinder Karrussel.

e. Determine the velocity of the inside horse. Stopwatch. _____________

Circumference ______________

Period _____________

Velocity = Circumference/period ___________

3. Big Bad Wolf

a. Measure the two vertical accelerations experienced in the two turns in the German Village.  Vertical Accelerometer. ______________________
i. Turn One _____________
ii. Turn Two _____________
b. Measure the drop time from the top to the bottom of the last hill for the first car of the coaster, as viewed from the bridge to Italy. Stopwatch._____________

c. Throughout the ride, where was the maximum acceleration experienced?  Explain.

d. Compare and contrast the maximum velocity of the Big Bad Wolf to the Loch Ness Monster.  Which is faster?  Why?   Length of drop of the Big Bad Wolf is 21.5 m.

4. Loch Ness Monster

a. Measure the vertical acceleration at points c, d, e and f shown in the diagram.  Vertical Accelerometer.

C __________
D _________ E__________ F __________

b. Measure the time of descent of the last car from points b to d.  Stopwatch. 
______________.

c. Where along the ride was the maximum and minimum velocity?

Maximum ___________  Minimum ______________

d. What is the maximum velocity of the Loch Ness Monster?  The length of the greatest drop is 34.8 m.  Use this data from part b to answer. _______________

5. Battering Ram

a. Ride near the end of the Battering Ram.  Measure the forces of acceleration due to gravity at points a, b and c shown in the diagram.  
A _______ B ________ C _________ Vertical Accelerometer.

b. Determine the maximum and minimum periods of the ride.  Does the Battering Ram behave like a simple pendulum?  Explain.

Maximum Period __________ Minimum Period ______________

6. Da Vinci’s Cradle

a. Measure the vertical acceleration at the top and bottom of the swing.  Vertical Accelerometer.  Top _________ Bottom __________
b. Compare Da Vinci’s Cradle to the Battering Ram.  How are their vertical accelerations different as well as other differences noted in the rides.

7. Trade Winds

a. Measure the horizontal acceleration experienced during the ride. Horizontal Accelerometer. ______________

b. Should the smallest person sit on the inside or outside of the car?  Why?
Comparisons of Rides

1. Drop Times

Big Bad Wolf ​​​​​​​​__________

Loch Ness Monster ___________

_________________  ___________

2. Maximum Speeds.

Big Bad Wolf ___________

Loch Ness Monster __________

_________________  _____________

3. Which ride reached its maximum speed the quickest?

4. Maximum G forces.

        Battering Ram _____________

        Da Vinci’s Cradle __________

  Big Bad Wolf ​​​​​​​___________

  Loch Ness Monster ___________

        _________________  ___________
5. On which ride did you experience high g’s for the longest time?

6. Which ride had high g forces the most times during the ride?

7. Which ride was the scariest?  Why?

8. Which ride was the jerkiest?  Why?

9. Write the best Amusement Park Physics question on a roller coaster ride that was not featured on this test.  Include questions in which students will have to use the equipment to collect data.  Make sure the solutions are a part of the questions.
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Hey Mister! Drop that Ball!

6.03   Explore the effects of gravity on objects.

1.02 Develop appropriate experimental procedures for:


Given questions


Student generated questions

1.05 Analyze evidence to:


Explain observations


Make inferences and predictions


Develop the relationship between evidence and explanation

2.03 Evaluate technological designs for:


Application of scientific principles


Risks and benefits


Constraints of design


Consistent testing protocols

Engage

Ask students to predict what would happen if you dropped a feather and a ball at the same time.  Record the predictions on the board from all students.  Actually perform the demonstration to the class.  Have the students discuss what happened and try to explain why the ball fell first to the floor.

Display Transparency #1 with an overhead.  Have the students independently think of ways to determine the height of the cliff in meters.  After two to three minutes, allow students to work in cooperative groups to further explore different ideas.  Go around to each group and have them explain their idea of finding the height of the cliff.  Discuss which idea is the best and have the students explain why.

Explore

Have the students work in cooperative groups to explore how high a ball is dropped from a given site.  Repeat the steps on the handout three times and enter the data in the given chart.  Find an average of the collected data.

Explain

Explain to the group the mathematical formula (d = ½ gt2) and give examples for the group to practice.  Taking the collected data, have the groups then determine the height of the structure where the ball was dropped.  Explain to the students that the formula can be used to determine the height of any structure if something is dropped from the highest point.  

Elaborate

Ask the students if they can find other methods to determine the height of a structure or building.  Allow the students to test their ideas for accuracy and to discuss their findings with the class.
Evaluate

· Independently allow students to answer the following questions on the handout:

· Explain how objects accelerate and describe how acceleration is seen in this exercise.

· Why is gravity different on Earth than on any other planet?  

· Why is d = ½ gt2 only somewhat accurate?  What problems or errors in your data might you encounter when using this formula?

· What careers would use this formula and explain how they would do so.

· You are standing at the base of a tree with a ball. You want to know how tall the tree is.  Using a stop watch and calculator, you toss the ball straight up in the air to almost the height of the tree and time the number of seconds it takes to go up and return to the ground below.  You record that it took 12 seconds to complete this task, noting the time going up is equal to the time going down.  How tall is the tree?

Transparency 1
A diver is planning a dive from a cliff into the river.  He knows that dives are safe only from certain heights.  He does not know the height of this cliff, but he knows his physics.  He drops a large rock from the top of the cliff into the water below.  It takes 12 seconds for the rock to hit the water.  How tall is the cliff in meters?

Hey Mister!  Drop that Ball! 
Name _______________________________________
Procedures and Collected Data

Materials:
Stop Watch, Dense Ball (golf, tennis, handball) Calculator, Highest Point at Your School.

Procedures:


1.
Have one student go to the highest point in the school (press box in gym, top of the stadium) with the ball and another student goes to the bottom point with the stopwatch.  

2. With the area free of any obstacles, have the student drop the ball while the other partner times the ball’s descent.

3. Enter the values into the data chart below.

4. Repeat these procedures three more times and place data in the chart. 

5. Find the average time from the four sets of data and enter it in the chart.

6. Use the average time to determine the height of where the ball was dropped.

7. Answer the follow-up questions on the chart.

Data





Trials


Time (seconds)





    1


    ________





    2


    ________





    3


    ________





    4


    ________





Average

    ________

Follow Up Questions

1. How tall is the highest point where you dropped the ball?

2. What problems did you encounter with this activity?  Explain your answer.

3. Is the formula d = ½ gt2 more accurate on short or taller structures?  Why?       

7th Grade 

Middle Grades Support Document

Motion and Forces

Seasonal Leaves

6.03
 Newton’s Law of Universal Gravitation

1.05
 Analyze evidence to:


Explain observations


Make inferences and predictions


Develop the relationship between evidence and explanation

1.06 
Use mathematics to gather, organize and present quantitative data resulting from scientific investigations:


Measurement


Analysis of data


Graphing


Predication models

2.01
 Explore evidence that “technology” has many definitions

2.02 
Use information systems to:

Identify scientific needs, human needs, or problems that are subject to technological solution.  Locate resources to obtain and test ideas
Engage 

Place Transparency #2 on the overhead projector and have the students reflect in their journal about all the possibilities.  After five minutes have volunteers discuss with the class their suggestions and answers to the transparency.

Explore 

Have students work in cooperative groups to simulate “falling leaves” with coffee filters or chromatography paper.  Ask the students to predict what will happen when you drop one filter the way it fits into a coffee pot.  Place the predictions on the board.  Drop the filter and measure the time it took to fall a fixed distance.  Write the data in the chart provided on the data handout.
· Have the students predict what will happen when a second and third filter inside the original filter.  Write the predictions on the board.  Drop and measure the times and record the data on the handout.  
· Continue the predictions until you try all five filters.  Record the data in the chart. Is there a pattern of the times in relation to the number of filters?  Explain your answer.
Explain

· Have the students try different methods of dropping the filters to see if a pattern can be determined.  You may want to suggest taping the filters side by side.  Have the groups make predictions and then record the actual data from each drop.  
· Have the students explain their method of dropping the filters to the class and discuss the times and patterns observed from the experiment.  
Elaborate

Ask a student to discuss the various patterns and explanations observed by the class.  Challenge the class to predict what would happen if a tenth filter was added to the configuration.  What about a ninth filter?

Evaluate

· In cooperative groups have the students answer the following questions:
· Was there a force acting on the filters?  If so, how did the force change as you increased the number of filters?
· How does gravity affect the downward motion when the filters are taped side-by-side?  Placed inside one another?  
· As the filters are falling, can you determine if they are accelerating at a steady pace?
· What other forces could be acting on the filters?  Explain your answer.
· Suppose two groups decide to tape the filters together.  One group used very little tape while the other group used almost a whole roll.  Which one was a better experimental design?  Why?
Transparency 2

 Have you ever gone outside in the fall and noticed the leaves falling from a tree?  Ever wonder why some fall faster than others?  What about the twigs in the tree that break when a gust of wind picks up?  Why don’t the leaves accelerate like the twigs?  In your own words, try to explain this common experience in your journal.
Seasonal Leaves 



Name __________________________________
Procedures and Collected Data

Materials:
Stop Watch, Coffee Filters or Chromatography paper, metric tape or meter stick, and tape.

Procedures:

1.   Before starting this experiment, make predictions on how  long it will take for the filters (one through five) will take to hit the floor from a pre-selected height.  
Take one filter and drop it from a selected height as if you were placing it in the coffee maker and make any observations as to how it drops.  Also measure the amount of seconds it takes to hit the floor.  Record data in the table provided.
2. Place a second filter inside the first and drop the combination from the same height.  Make observations and measure the time it takes to hit the floor.  Record in the data table.

3. Continue with this process until all five filters have been placed inside the original filter and dropped from the same height.  Record in the data table.

4. Now make predictions to the fall time from that same height if the filters were taped together side by side. Record your predictions in the table.  Start with two filters taped together and drop from that same height.  Time the fall and record in the table.  Continue with three, four and finally all five filters taped side by side.  Drop from that same height and record the time it took to hit the floor.  

5. Answer the reflection questions at the end of the experiment as a collaborative group.  

       Predictions and Observations of falling filters 
	Predictions of dropping (filters inside each other)
	Observations of fall (filters inside each other)
	Predictions of dropping (filters taped to sides)
	Observations of fall (filters taped to sides)

	Two filters


	Two filters


	Two filters
	Two filters

	Three filters


	Three filters


	Three filters
	Three filters

	Four filters


	Four filters


	Four filters
	Four filters

	Five filters


	Five filters
	Five filters
	Five filters


      Filter Falling Times

	Number of filters
	Filters Inside Each Other (s)
	Filters Taped to Sides 

(s)

	2
	
	

	3
	
	

	4
	
	

	5
	
	


Reflection Questions:  Work in Cooperative Groups to answer these questions.

1. Why do you think the filters placed inside each other fall to a constant speed?

2. Are you predictions of the accurate to the actual falling times of the two types of experiments?  Why or why not?

3. Did you observe any force acting on the filter’s descent?  How did that force change when you added filters?

4. How does the force affect the filters when they are dropped inside each other as to being taped together?  Explain your answer.

5. Describe the descent of the filters.

6. What rule could your group come up with to describe the behavior of this force that is acting on the fall of the filters?  




7th Grade

Middle Grades Support Documents

Motion and Forces

Find that Weight

6.05 Calculate a person’s weight based on Newtons.  

(Weight = mass x gravity)
1.06 Use mathematics to gather, organize, and present quantitative data resulting from scientific investigations:


Measurement


Analysis of data


Graphing


Prediction models

1.08 Use oral and written language to:


Communicate findings


Defend conclusions of scientific investigations

2.02 Use information systems to:


Identify scientific needs, human needs, or problems that are 


subject to technological solutions


Locate resources to obtain and test ideas

 Engage 


Place Transparency #3 on the overhead and have students reflect ideas in their journal.  Have the students share their ideas with the class.

Explore 


Give the students the formula, Weight = mass x gravity and have then try to find their own weights in Newtons.  Make sure they understand that the mass needs to be in kg.  To convert pounds to kg, have the students divide the pounds by 2.2.  Use 10 m/s/s instead of 9.8 m/s/s to allow easier calculations for the challenged students.  Have the students at their tables share their results and have each other check over their calculations.

Explain


Explain to the students that weight is a measure of the force of gravity on an object near the Earth’s surface.  The amount of matter in an object is known as mass.  Please share that mass never changes, even if we go to another planet.  Only the weight changes due to the gravitational pull of the planets.  The larger the planet, the greater the gravitational pull.  The Moon is 1/6 the gravitational pull as on the Earth.  The formula for finding the weight of an object is Weight = mass (kg) x gravity (10 m/s/s).
Elaborate


Have the students work in cooperative groups on the calculation handout.  Make sure they show all work and steps as to assess any mistakes or misconceptions mathematically.  Give each group a piece of transparency and marker to record the selected problem to share with the class.  Do this after all work is completed.

Evaluate

Review the handout in class and have groups share the results on a transparency displaying all work to the class.  


Answers to Handout:

1. 25 kg x 10 m/s/s = 250 N

2. Convert 1650 lbs to kg = 750 kg, Earth 750 kg x 10 m/s/s = 7500 N  Moon 7500/6 = 
      1250 N

3. 5000 kg x 12 m/s/s = 60,000 N

4. The astronaut is weightless due to the being in space and also to the force of gravity on the him is balanced by the forward momentum of the shuttle.

Transparency #3
If an alien from another planet came and visited Earth, how would you explain to him how to find the weight of an object from his spaceship?  What method could be used as a universal procedure?  Explain your answer.

Find That Weight. 



Name ________________________________________
Mathematical Handout to Calculate Weight.

Directions:  Work in cooperative groups to solve the following problems.   Use the formulas below and show all work.  Explain answers in complete sentences.

Formulas:  Weight = mass (kg) x gravity (10m/s/s)



   To convert pounds to kg = pounds/2.2

                     The Moon is 1/6 gravitational pull to the Earth.

1. What is the weight of a 25 kg object near the Earth’s surface?

2. What is the weight of a 1650-pound object on Earth?  On the Moon?

a. Earth

b. Moon

3. Find the weight of a 5000 kg object satellite near the surface of Planet X that accelerates objects toward its surface at 12 m/s2?

4. A 65 kg astronaut is asleep aboard the shuttle in orbit 400 km above the Earth in space.  If the shuttle is moving at 30,000 km/hr, how much does the astronaut weigh?  Explain your answer.  Be careful on this one!!!
7th Grade 

Middle Grades Support Document Extension
Motion and Forces

Can You Help Me Mr. Goldberg?
1.06 Use mathematics to gather, organize, and present quantitative data resulting from scientific investigations:


Measurement


Analysis of data


Graphing


Prediction models

1.08 Use oral and written language to:


Communicate findings


Defend conclusions of scientific investigations

2.02 Use information systems to:


Identify scientific needs, human needs, or problems that are 


subject to technological solutions


Locate resources to obtain and test ideas

6.01 Demonstrate ways that simple machines can change force.

Interest Hook (Engage)
· Place Transparency # 4 on the overhead and have students write and reflect on the topic in their journal.

· Share with your group the different ways to lift the crate.  As a group, come up with a better plan to share with the class.
Inquiry Experience (Explore)
· Ask the students to work in cooperative groups to design a method to turn on the TV at the remote control without ever physically touching it.  The following requirements must be met:
Your devise must lower something a vertical distance onto the remote control.
You are not allowed to touch the devise once it has been triggered.
You must use three different simple machines within the device, but not repeating the same machine.  Do not use lever then a lever again.  Change up the types of machines used.  

· Draw a sketch of the devise with written explanations of the plan of action.  The more action transfers, the more bonus points.
· Using the remote controls provided, test your devise to see if you can cut the TV on in the classroom.
Explanation (Explain)

· Rube Goldberg was best known for his “weekly inventions” in the cartoon section during the middle of the 20th century, which encompassed many silly devices for solving problems such as turning something on without even touching it.  His ideas caught on until now the term “Rube Goldberg” devise means any elaborate machine that transfer actions without actually touching the invention.  
Exploration and Elaboration (Elaborate)
· After brainstorming within the groups, allow the students several days to construct, build and test their devise.  The plans need to be turned in with the sketches the first day.  Changes may occur only with the approval of the teacher.  The groups may bring in any materials from home to successfully complete their task.  Day two encompasses the building and testing of the devise, while day three is the show and tell of the group’s design.  Each group will explain their design and demonstrate its ability to turn on the TV in the classroom.  A rubric of yes/no is listed below.
Evaluation and Assessment (Evaluate)

· A rubric will be used to evaluate the success of the devise.
Uses three different machines


yes/no

______

Includes a sketch of the devise


yes/no

______

Explanation included with the sketch


yes/no

______

Devise cuts TV on in a vertical direction

yes/no

______

Does not touch the devise once triggered

yes/no

______

Bonus:  Includes more than three machines      
yes/no

______
Listed below are possible suggestions for completing the task successfully.


1.  You trigger mousetrap




Lever

2. Mousetrap has string attached to a removable

door attached to a container with sand. Sand 

moves down ramp.




Incline Plane

3. Sand travels down the ramp into a bucket on 

a seesaw, which is in the upward position.  Sand

      fills the bucket and seesaw moves downward. 
Lever

4. The seesaw has string attached to the other side,

which runs through a pulley system.


Pulley

5. The pulley system lowers vertically a rock onto 

the remote control, thus cutting on the TV.

Ending task

Three machines included with one extra machine.  

Transparency #4

Suppose you have a large crate you wish to lift off the floor.  Using only simple machines, devise a plan to accomplish this task without ever touching the crate.  You must use at least three machines.  Be sure to draw a plan of action in your description.

7th Grade

Middle Grades Support Document Extension
Motion and Forces

How does that Incline Plane Work?
1.06 Use mathematics to gather, organize, and present quantitative data resulting from scientific investigations:


Measurement


Analysis of data


Graphing


Prediction models

1.08 Use oral and written language to:


Communicate findings


Defend conclusions of scientific investigations

2.02 Use information systems to:


Identify scientific needs, human needs, or problems that are 


subject to technological solutions


Locate resources to obtain and test ideas

6.01 Demonstrate ways that simple machines can change force.
6.02 Analyze simple machines for mechanical advantage and efficiency.
Background Information:  An incline plane is any slanted surface used to raise an object.  A smaller effort force is needed to move that object up that incline plane, but that object is moved through a greater distance along the plane than if it were moved straight up.  To raise an object 1 meter, you may have to push it several meters along the incline plane.  Because the length of an incline plane can never be shorter than its height, the mechanical advantage will never be less than one.  Sometimes the amount of work moving an object up an incline plane is lost due to friction.  

Materials:  Board, spring scale, toy car, string, and meter stick.

Procedures:

1. Find the weight in N of the toy car by using the spring scale.  Record the data in the table below.

2. Measure the length of the board and record the measurement in the table.

3. Raise the board 10 cm above the level of the floor.

4. Using the spring scale, attach the toy car to the end by pulling the car up the length of the board slowly and steady.  Record the value shown on the spring scale in the table below.  

5. Raise the board 15, 30 and 40 cm.  Repeat step 4 for each new height.  Record the value found on the spring scale in the table.

Data Table

Ideal Mechanical Advantage 

(effort distance (resistance distance or length of ramp ( height of ramp)

	
Effort Distance

(length of ramp) cm
	Resistance Distance

(height of ramp) cm
	Ideal Mechanical 

Advantage (IMA)

	
	10
	

	
	15
	

	
	30
	

	
	40
	


Actual Mechanical Advantage 

(resistance force ( effort force or weight of object ( spring scale value)

	Resistance Force

(weight of object) N
	Effort Force

(spring scale value) N
	Actual Mechanical 

Advantage (AMA)

	
	
	

	
	
	

	
	
	

	
	
	


Reflection Questions:

1. What pattern is observed when the height of the incline plane is increased?  

2. What other patterns can be observed from the AMA and the IMA?

3. In a real machine, why is work output always less than the work input?

7th Grade

Middle Grades Support Document Extension

Motion and Forces

Where is the Lever? Examples of how levers work.
1.06 Use mathematics to gather, organize, and present quantitative data resulting from scientific investigations:


Measurement


Analysis of data


Graphing


Prediction models

1.08 Use oral and written language to:


Communicate findings


Defend conclusions of scientific investigations

2.02 Use information systems to:


Identify scientific needs, human needs, or problems that are 


subject to technological solutions


Locate resources to obtain and test ideas

6.01 Demonstrate ways that simple machines can change force.
6.02 Analyze simple machines for mechanical advantage and efficiency.
Background Information:  A lever is a bar that is free to pivot or move about a fixed point.  The fixed point of the pivot is called the fulcrum.  If an effort force is applied to a lever, the resulting action is the lever moving about the fulcrum overcoming a resistant force.  There are three classes of levers.  They are based on the position of the fulcrum, effort force and the resistant force.  A first-class lever has the fulcrum positioned in the middle with the two forces on either side.  Examples of a first-class lever are crowbar, pliers, scissors, and a seesaw.  A second-class lever has the resistant force between the fulcrum and the effort force.  Examples of a second-class lever are wheelbarrows, doors, paper cutters, nutcrackers, and “crab leg cracker”.  A third-class lever has the effort force between the resistant force and the fulcrum.  Examples of a third-class lever are shovels, clam rakes, fishing poles, and your arm.  To find the ideal mechanical advantage of a lever, measure the distance from the effort force to the fulcrum then divide that value by the distance from the resistant force to the fulcrum.

(Ideal Mechanical Advantage = Effort Arm Length ( Resistant Arm Length)
First and second class levers have a mechanical advantage greater than one while a third class lever have mechanical advantages less than one.  This is due to the placement of the effort force, resistant force and the fulcrum.  
Materials:  
4 to 5 books, two small wooden dowel rods found at craft stores, crowbar, hammer, several long nails, piece of wood 2” x 4” x 4’

Procedures:

· Try lifting a stack of books with one dowel rod as a lever while the other rod acts as the fulcrum.  Be sure to place the second rod at a 90( angle to the first rod.  In your journal write your observations as to how the “lever” moves the books.  Try to lift the books without the “lever”.  Is it easier or harder with the lever?  Explain your answer.  

· Place a nail partially into the wooden board near one end.  Try removing the nail when standing on the opposite side of the board with the end of the hammer and then a long crowbar.  Which one removes the nail the easiest?  Why?  Try removing the nail with the crowbar along various spots on the bar.  Where was it the easiest?  Why?  Record your findings in your journal.

7th Grade

Middle Grades Support Document Extension

Motion and Forces

What is the advantage of machines?

1.06 Use mathematics to gather, organize, and present quantitative data resulting from scientific investigations:


Measurement


Analysis of data


Graphing


Prediction models

1.08 Use oral and written language to:


Communicate findings


Defend conclusions of scientific investigations

2.02 Use information systems to:


Identify scientific needs, human needs, or problems that are 


subject to technological solutions


Locate resources to obtain and test ideas

6.01 Demonstrate ways that simple machines can change force.

6.02 Analyze simple machines for mechanical advantage and efficiency.

Interest Hook (Engage)

· Give the students a collection of various magazines.  Have them cut out pictures showing the different types of simple and compound machines.  Glue the collage down on a piece of construction paper and write a summary of how each machine made work easier.  If a compound machine is shown, explain the types of simple machines found in it.  Allow the students to show the class their collection and explain why they chose what they did from the magazines.
Inquiry Experience (Explore)

· Ask the students what gives machines that advantage to perform work with ease.  Allow them to orally respond to the question.  Have the students compare and contrast ideal and actual mechanical advantage within their groups then as a class.  Write the ideas down on the board.
Explanation (Explain)

· Discuss with the students the difference between ideal and actual mechanical advantage.  Ideal is what is desired of a machine where actual is what the machine actually does.  To calculate these two values, use the following formulas for most types of simple machines.  Pulleys have variations to the ideal mechanical advantage.  To find the pulley system’s IMA, count the number of supporting ropes.  If you have to pull down on the system, don’t count that strand, but if you pull up against gravity, county that strand as a part of the IMA.  
· Formulas:

· IMA = effort distance (cm) (resistance distance (cm)

· AMA = resistance force (N) (effort force (N)

Exploration and Elaboration (Elaborate)
· Have the students work in cooperative groups on the calculation handout.  Make sure they show all work and steps as to assess any mistakes or misconceptions mathematically.  Give each group a piece of transparency and marker to record the selected problem to share with the class.  Do this after all work is completed.
Evaluation and Assessment (Evaluate)

· Review the handout in class and have groups share the results on a transparency displaying all work to the class.  

· Answers:

1. 3m ( 0.1 m = 30, Ideal – uses distances.

2. 150 N ( 40 N = 3.75 – uses forces.

3. 50 N ( 40 N = 1.25

4. 327 N ÷ 150 N = 2.18

5. 250 N ÷ 25 N = 10
6. Screw 1:MA = 3(faster)   screw 2: MA = 6 (least effort)
What is the Advantage of Machines?

Mathematical Calculations Handout   

Name______________________

Directions:  Work in cooperative groups to solve the following problems.   Use the formulas below and show all work.  Explain answers in complete sentences.

Formulas:  

· IMA = effort distance (cm) (resistance distance (cm)

· AMA = resistance force (N) (effort force (N)

1. What is the mechanical advantage of a machine when the effort distance is 3 m and the resistance distance is 0.1 m?  Is this ideal or actual mechanical advantage?  Explain your answer.

2. What is the mechanical advantage of a machine that has a resistance force of 150 N and an effort force of 40 N?  Is this ideal or actual mechanical advantage?  Explain your answer.

3. A lever moves a stack of books weighing 50 N with an effort force of 40 N.  How much advantage does that lever provide in doing the work?

4. You push a cart weighing 327 N up an incline plane with a force of 150 N.  What is the mechanical advantage of using the incline plane?

5. A pulley system moves a box weighing 250 N with an effort of 25 N.  What is the advantage of the pulley system?

6. You have two screws that have a circumference of 30 mm.  One has 10 mm between threads while the other has 5 mm between threads.  Find the mechanical advantage of the two screws.  Explain which one would go into a wall at a faster rate while which screw would take the least effort?

7th Grade

Middle Grades Support Document Extension

Motion and Forces
How efficient are Machines?

1.06 Use mathematics to gather, organize, and present quantitative data resulting from scientific investigations:


Measurement


Analysis of data


Graphing


Prediction models

1.08 Use oral and written language to:


Communicate findings


Defend conclusions of scientific investigations

2.02 Use information systems to:


Identify scientific needs, human needs, or problems that are 


subject to technological solutions


Locate resources to obtain and test ideas

6.01 Demonstrate ways that simple machines can change force.

6.02 Analyze simple machines for mechanical advantage and efficiency.

Interest Hook (Engage)

· Place Transparency #5 on the overhead.  Have students write their explanations in their journal.  Have the students share their ideas with a cooperative learning group.  Analyze each person’s suggestion to the problem and have the group come up with a consensus to share with the class.  Write down all possibilities down on the board.
Inquiry Experience (Explore)
· Ask the students if it is possible to construct a machine that will have efficiency larger than 100 percent.  Discuss this idea as a class.  Inquire how percents are represented mathematically by deciding what values are placed in the formula.  
Explanation (Explain)
· Explain to the students that percents are a representation of a value out of a whole number.  (part of a whole)  Also share with the students that no machine can ever be 100 percent efficient.  Brainstorm with the students the reasons behind why machines can’t be this value.  (friction)  

· Share with the students the mathematical formulas for solving efficiency of machines.  Be sure to give an example for the students.  

· Formula:  Efficiency = (Work output ÷ Work input) x 100

Exploration and Elaboration (Elaborate)
· Have the students work in cooperative groups on the calculation handout.  Make sure they show all work and steps as to assess any mistakes or misconceptions mathematically.  Give each group a piece of transparency and marker to record the selected problem to share with the class.  Do this after all work is completed.
Evaluation and Assessment (Evaluate)
· Review the handout in class and have groups share the results on a transparency displaying all work to the class.
· Answers:

1. 33.3%

2. 73%

3.  83%

4.  94%

5.  Lubricant, grease, oil, etc.

Transparency #5

If an automobile had a 100 percent efficient engine, would it be too hot to touch?  Would you be able to feel the engine exhaust if you were close by the car?  Would the engine make any noise when cranked?  Would you feel any bumps, vibrations or other kinks in the car? What about fuel efficiency?  Explain your answer.

How Efficient Are Machines?

Mathematical Calculations Handout


Name _________________________

Directions:  Work in cooperative groups to solve the following problems.   Use the formulas below and show all work.  Round your answers to the nearest percentage point.  Explain answers in complete sentences.

Formulas:  Efficiency = (Work Output ÷ Work Input) x 100


       Work = Force (N) x distance (m)

1. What is the efficiency of a pulley system that raises a 1000 N load 1 m when 3000 J of effort is involved?

2. A machine that produces 981 J of work used 1350 J during this process.  How efficient is this machine?

3. It took Latoya 90 J of work to hammer a nail into a wooden structure.  The nail moved with 75 J of work.  How efficient was Latoya in hammering the nail to the wooden structure?

4. With the use of an incline plane Marty was able to push the patient to the entrance to the retirement home with 4000 J of work.  The wheelchair has a resistance force of 2500 N and had to move a distance of 1.5 m.  How efficient was Marty in rolling the patient to the retirement home?

5. How can I reduce friction to make a machine more efficient?  Explain your answer.

7th Grade

Middle Grades Support Document Extension

Motion and Forces

Activity:  Smelly Shoes

6.03   Determine how the force of friction retards motion.

6.06      Analyze the types of friction on moving objects.  (sliding, rolling, fluid)

1.01     Identify and create questions and hypotheses that can be answered through 

   scientific investigations

1.08      Use oral and written language to:

  Communicate findings

  Defend conclusions of scientific investigations

2.02     Use information systems to:

   Identify scientific needs, human needs, or problems that are subject to

   technological solution

   Locate resources to obtain and test ideas

 Engage

· Place Transparency #6 on the overhead and have students reflect and write in their journals about friction and shoes.  Have the students work in groups to determine the best method to test athletic shoes for friction appeal.  
Explore

· Further the study of the question posed on transparency #6 by having the students come up with a plan of action to test which shoe in the classroom has the best ability to stay on an incline plane when raised to different heights.  
· Within the group write down the procedures, a diagram and job assignments to successfully test their idea. 
· Get approval from the teacher on the group’s method to collect data and diagrams.
· Once approved start testing the shoes.
Explain

· Friction is a resistive force that opposes the motion or attempted motion of an object past another with which it is in contact, or through a fluid.  Friction can hold things together and keep things from shifting around.  
· Gravity is a force of attraction between all objects in the universe.  It causes thing to fall towards Earth’s surface.  
· In this investigation students will be working with incline planes to see how frictional forces are overcome by gravity.  This is seen due to the steepness of the incline plane.  Certain shoes are created to grip the ground or floor surface to prevent slippage by either the material used in the soles or the amount of sole coming into contact with the floor.  Soles with a lot of friction will remain on the incline plane as it is raised to a higher steepness due to friction being greater than gravity.  Unfortunately gravity does prevail and becomes a greater force than friction.
Elaborate
· Allow the students to collect data from their designed experiment and graph the results.  Have the groups share their results by placing the “brand names” on the board and record the values.  Challenge the students to think of other products or other variations to the experiment. 
 Evaluate

· As a follow up to the experience, have the students work in groups or pairs to answer the questions on the handout.  Review all the groups’ answers and allow each to express their views for each question.

Transparency #6

Michael Jordan wants to promote the best shoe on the market for Nike by having the shoe prevent too much sliding on the court.  You are on the design team to create this “dream shoe.”  What features would you add to the shoe to satisfy Michael Jordan?  Be specific.

Smelly Shoes Handout

Procedures and Collected Data

Name _______________________

Materials:  
A board or long piece of cardboard, materials to hold board up as an incline plane, a meter stick, graph paper, and students’ shoes.  

Procedures:


1. As a group determine how you will test the “stick ability” of various shoes worn by students in the class with the list of materials above.  You must try to numerically collect data that will support which shoe had the most friction.  If you would like to add or change the materials, get approval from the teacher first.

2. Ask all students to take one of their shoes off and place in a pile in the middle of class.  Have the groups choose the number of shoes, from the pile, that will correlate to the number in the group.  They MUST NOT choose their own shoes to test.  

3. Allow the groups to classify the chosen shoes based on types of shoes and the different brand names on the market and record the information in a chart developed by the group.  Include in the chart a prediction or ranking of shoes from greatest to least amount of friction in the soles.

4. When testing the shoes, remember to be consistent with your procedures and methods.  A hint in testing:  Mark a spot on one end of the board and use this mark to place the heel of the shoe for each test.  Have one student lift the board and one measure the height with the meter stick.  Try to be consistent.  

5. When completed with the testing of products, have the students graph their results in the “best” type of graph below the data table or charts. 

6. Follow up the experience by having the students answer the reflection questions below the graph and data table/charts.

7. Share ideas and results with the class when all groups are finished.

8. Give back the “smelly shoes” back to the owner.

Reflection Questions:

1. From your collection of shoes, which one had the greatest amount of friction?  How can you tell?

2. Which one had the least amount of friction?  Explain your answer.

3. Is there a difference of the more expensive athletic shoe to the least expensive athletic shoe when comparing friction?

4. Why do you choose a type of shoe?

5. Can your group think of ways to change this experiment?  List as many ways to vary the directions or steps in your experiment.

Feeling the Friction

Name ______________________________

Background Information:  Friction is a force that acts opposes motion or when one surface rubs against another surface.  It can change motion into heat.  Try rubbing your hands together briskly.  Can’t you feel the heat?  (Remember the Karate Kid?)  Through the years shoes have changed by adding rubber to the soles to prevent slippage.  Friction can be beneficial.  Friction can be found in brakes on a car and bicycles in the form of a brake pad.  This pad rubs up against the wheel’s rim stopping the bike or car.  You can reduce friction by changing sliding friction into rolling or fluid friction.  Cars use oil (fluid) to reduce the internal friction between all moving parts.  Ball bearings (rolling) are used in machines to reduce friction and allow easier movements.  By reducing friction more work and energy can be saved.  Cars and planes are now designed with a “streamline” design that cuts down on fluid friction, which cuts down on the “drag” and uses less fuel.  

Materials:  Sandpaper, silk fabric, small piece of carpet, a mass weight or something to attach to a scale, spring scale, string.

Procedures: 

1. Attach the mass weight or object to the spring scale and hold it up vertically, allowing gravity to pull it down.  Measure the value found on the spring scale and record in the table below.

2. Lay the sandpaper, silk and carpet down horizontally on the table.  

3. Drag the mass weight slowly across each material and record the values on the data table below.  Be consistent with the force of how you drag the weight.  This could affect the value found on the scale.

4. Graph the results in a bar graph.

5. Answer the following questions below as a group.

Mass of Weight When Affected By Gravity  _____________ (N)

                                                                  DATA

	Surface Material
	Frictional Force (N)

	Sandpaper
	

	Silk
	

	Carpet
	


Reflection Questions:

1. Which surface had the greatest frictional force?  Explain your answer.

2. Which surface had the least frictional force?  Explain your answer.

3. How can I change this experiment?  What other factors can be tested?

4. What is the independent variable in this experience?  Dependent variable?

5. What other types of graphs could I use to express the data?  Choose one of the choices and graph the data again.

I Am Floored:  A Problem in Safety

( Written by Liz Hammerman)

This performance assessment has three parts:  A controlled experiment using four different types of flooring to determine on which of them students would be least likely to slip; a criterion referenced test which assesses each of seven concepts 3X each; open ended prompts to determine the student’s ability to express findings and/or suggest additional testing, analyze a situation in which the reasoning is unsound, and analyze a data table with incorrect data to test the student’s ability to recognize source of error.

Description:  Students are given a memo from the principal asking for assistance in selecting the type of flooring for a given area.  The surface with the greatest friction is thought to the safest.  Students are given samples of 4 types of flooring:  wood, carpet, tile, and vinyl and a set of materials.  Students are asked to describe a plan to determine which floor covering would be most suitable for the area.  They submit their plan, conduct their experiment, collect data, draw their conclusion, write a recommendation, pose questions or new ideas, etc.

I Am Floored:  A Problem in Safety

Name: __________________________
School:  ____________________________

Teacher:  ________________________

Memo:  To 7th Grade Students

From:  The Principal

District 54 School Board has decided that our junior high needs a new floor covering the hallways.  I can choose from four different types of floor covering and I am asking your help in deciding which type of floor covering to use.  I am very concerned about SAFETY.  The operational definition of SAFEST SURFACE to me is:  the surface that students can walk on without slipping easily.  Because you have just completed a unit of study on Forces and Motion and learned about friction, I am asking you to help to determine which of the four coverings would be the safest.  Please conduct a series of tests on samples of each of four different floor coverings:  wood, carpet, tile and vinyl and let me know what you find.  Thank you for your help in making our building safer for students.  
You are being given the following:

· A force measurer with thin blade attached and thick blade on back.

· The card with both Newton scales.

· The four floor samples:  wood, carpet, tile (light colored) and vinyl (dark colored).

· A shoe with a hook attached.

· String.

· Paper clips.

1. Based on what you know about flooring, PREDICT which surface you think students would slip on the LEAST.  Tell why you think this.

I predict the safest floor covering will be: _____________ because:

2. Given the problem (stated above), describe a plan for testing the floor samples.  Be sure to write exactly what you will do.

3. Perform the investigations you planned.  Record the results in a data table, which you will make in the space below.  Your data table should include the results from at least two trials per surface (you may perform more) and an average.

4. Based on your data from the test you designed, draw a conclusion.

Re:  The surface on which students can walk with the least amount of slipping.

CONCLUSION: _________________________________________________

5. Make a recommendation to the principal regarding the new flooring.  Can you make a recommendation based on the data you have collected?  If so, please make the recommendation and give reasons for your choice; if not, please describe why not and provide your reasoning.

           My recommendation to the principal:  

REASON (S):

6. You learned about FRICTION in the Forces and Motion unit.  Describe the role of FRICTION in this problem and in its possible solution.

I Am Floored: A Problem in Safety

(Extensions)

Name:  ____________________________ School:  __________________________

SITUATION #1

A new subdivision is about to be built near Schaumburg.  Although this person is concerned for safety in the homes she builds.  The builder is going to select flooring for the hallway at the main entrance on the basis of color.  Based on what you know, what suggestion would you give the developer?

Students will apply their findings to a new situation ---- determine what “indicators of learning” you would expect students to apply to this situation.  

It is possible to add math. (Cost comparisons, defending of the SAFETY regardless of cost)

SITUATION #2

Another group of students conducted experiments on floor coverings and submitted the following data table to the principal to help in the decision making process.  Analyze the data table and determine if it is:

· Accurate

· Inaccurate

Please explain your selection.  

Develop a data table with obvious errors… based on table, determine what indicators of learning you would expect a student to identify… add to rubric

Scoring Guide for 7th Grade Performance Assessment:  I Am Floored
Student:  ____________________________________

Indicators of Learning






Criteria


The student:

1.  made a prediction






1 , 0

 
gave logical reason for prediction                



1 , 0

2. described a plan that included:

a. use of materials given





1 , 0

b. controls all but 1 variable per test



1 , 0

c. logic and reasoning





1 , 0

3.  designed an appropriate data table




1 , 0

     labeled the data table correctly




1 , 0

     collected data from two trials per type            


1 , 0 x 4

     showed evidence of averaging




1 , 0 

     (min. 3 of 4 correctly averaged)

4.  drew a conclusion based on data




1 , 0

5.  made a recommendation based on data



1 , 0

     

recommendation was based on data or gave good

     

argument for needing more data



1 , 0

6.  described role of friction





1 , 0

Total score for Performance Activity – 16 points

 (1 = yes and 0 = no response to questions)

Total score for CRTs – 7 points

Total score for Observations 

Total score for Writing Prompts

How Efficient Are Machines?

Mathematical Calculations Handout

Name _________________________

Directions:  Work in cooperative groups to solve the following problems.   Use the formulas below and show all work.  Round your answers to the nearest percentage point.  Explain answers in complete sentences.

Formulas:  Efficiency = (Work Output ÷ Work Input) x 100


       Work = Force (N) x distance (m)

1.
What is the efficiency of a pulley system that raises a 1000 N load 1 m when 3000 J of effort is involved?

2.
A machine that produces 981 J of work used 1350 J during this process.  How efficient is this machine?

3.
It took Latoya 90 J of work to hammer a nail into a wooden structure.  The nail moved with 75 J of work.  How efficient was Latoya in hammering the nail to the wooden structure?

4.
With the use of an incline plane Marty was able to push the patient to the entrance to the retirement home with 4000 J of work.  The wheelchair has a resistance force of 2500 N and had to move a distance of 1.5 m.  How efficient was Marty in rolling the patient to the retirement home?

5.
How can I reduce friction to make a machine more efficient?  Explain your answer.
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“Coming Soon to a Person Near You!”

PURPOSE:  To explore the transmission of disease and better understand the reproduction potential of bacteria.

GOAL 7:  The learner will conduct investigations, use models, simulations, and appropriate technologies and information systems to build an understanding of microbiology.

Objective 7.03, 7.04

ENGAGE:  

As the students enter the classroom, have the title of this activity written on the board.  Pour ammonia into a small beaker and swirl it as students enter the room.  Do not let the students know what liquid is being used.  This liquid has a distinct odor.  Instruct the students to stand as they smell the odor.  Observe the order in which the students begin to stand.  The student closest to the ammonia should stand first as the smell penetrates the room.  Lead the students into a discussion about how the smell traveled throughout the room (time, pattern of movement, strength of odor, etc.)

Alternate Activity:  Use Glow Germ (can be purchased through catalog) on the door knob or other object that students would come in contact with when they enter the classroom.  After everyone is seated, tell the students that some of them have been infected with a “germ”.  Use a black light to see who has been infected and discuss how they might have become infected.

EXPLORE:  

Have a class discussion about how diseases are transmitted from one person to another.  Use the following questions to guide your discussion:

1. How many of you have had a cold or stomach “bug?”  Did anyone else in your family get sick at the same time?

2. What do you think caused you to get sick?  Can you see the things that caused you to get sick?

3. How is sickness and disease transmitted from one person to another?

4. How does the sickness get inside your body?  (Inhalation, ingestion, and absorption)

5. What are some things that you can do to help stop the spread of sickness and disease?

Use the following activity to simulate the transmission of a virus.

Preparation before class arrives:

1. You will need 2 small cups or clear film canisters for each person in class.  Number the pairs of cups consecutively.  Each cup will contain simulated “body fluid.”  
2. Prepare a tray with two cups for each person in the group, a small beaker of “virus detection solution” (phenolphthalein indicator), pipettes or droppers, and safety equipment.
3. Prepare the “virus” by mixing baking soda in water to form a clear solution.  Stir until all the baking soda is dissolved.  Place the ”virus” in only one student’s pair of cups.  Record the number of the cups that contains the “virus” (baking soda).  Keep this a secret.  Pour water in the remaining cups.  
4. Make a transparency of the data table to record the class data.
* Use the activity sheet for students to complete as they do this activity.

EXPLAIN:

· After the students have completed the exchange of body fluids, ask the students to make a foldable or other vocabulary development activity (such as the Frayer Model) of key vocabulary terms related to the transmission of disease.  Discuss these vocabulary words in class:  vector, carrier, pathogen, contagen, and mutagen.

· Discuss conditions conducive to the spread of disease.  You can use this website for more information or have your students play the infection game.  http://www.amnh.org/nationalcenter/infection/03_inf/03_inf.html 

· Ask students to research various diseases and how they are spread to others.  (A list is included for you to assign diseases.)  Have the students present their findings to the class in a brochure, multimedia presentation, or newsletter.

ELABORATE:  

To extend this activity, discuss how bacteria reproduce using binary fission.  Draw a diagram on the board to show the reproductive potential of bacteria in one hour.


[image: image1]
Ask students:  According to this diagram, how long does it take for this bacterium to divide? (every 20 minutes)  What is the reproductive potential of this bacterium under ideal conditions in 24 hours?  Give the students time to work this out in groups.  They can continue drawing the diagram to look for the pattern and figure out the formula (272).  Or, they can multiply it out.  The students will get to a point and figure out that it is a BIG number.  Then, explain that this is an example of exponential growth.  Refer them back to 6th grade when they studied human population, which is also an example of exponential growth.  Get the students to make a graph of the reproductive potential of bacteria.  

Next, ask the students to create a web showing the people they have come in contact with in the last 24 hours.  They should place themselves in the middle of the web and each person contacted will be placed on the outside of the web.


[image: image2]
Ask how many contacts each student has made and calculate a class average for number of contacts.  The spread of bacteria from one person to another is also an example of exponential growth.  Ask the students to think about the 24-hour growth potential they calculated for one bacterium.  Now those bacteria have spread to all their contacts.  If the bacteria continue to reproduce and spread to all contacts at the same rate, what impact could these bacteria have on the town you live in if they are deadly bacteria?  Is this likely to happen?  Why or why not?

EVALUATE:

The students can done or more of the following:

1. Using a publisher program, make a flyer to be displayed in the school to show techniques that can be used to help prevent the spread of disease, such as hand washing, not sharing drinking cups, keeping work surfaces clean, correct food preparation, etc.  Assess the poster using a rubric.   

2. Prepare a presentation to teach young students about the importance of washing their hands.  Make arrangements with a 1st grade teacher to present the presentation to their students.

3. Complete the compare and contrast graphic organizer on vaccines and antibiotics.

4. Questions:

a. Why is it important for medical researchers to understand how a virus is spread from person to person?

b. Why is it important for you to understand how a virus is spread from person to person?

c. What are some ways that people can help prevent the spread of viruses?

5. Make a 3-tab foldable for three diseases, strep throat, AIDS, and malaria.  

Front of Foldable:



[image: image3]
         Inside of Foldable (for each disease):



Caused by



Treatment



Statistic


 Simulation:  The Spread of Disease

Name _____________________________________  Date _______________ 

In this lab activity, you will simulate the spread of an undiagnosed virus through a class.  At first, only one person in the class, the “index case,” will be infected with the virus.  That person will be unaware that he or she is infected, which is often the case in reality.  You will be given a test tube containing a clear fluid that will represent your body fluid.  You will exchange your body fluid with three other people in the class.  At the end of the activity, you will test your simulated fluid for the presence of the virus and identify the original infected person (patient zero).

Note: You will not be working with a real virus.  The fluids in the test tubes are harmless.  This is only a simulation.

Caution:  The virus detection solution is flammable.  Do not use it near open flames.  Avoid any contact with the skin or eyes.

Materials for each group:

2 numbered cups of “body fluid” for each person in the group

Virus Detection Solution

Pipette or dropper

Goggles

Procedure:
1. Wear your safety goggles while completing the lab.

2. Each person in your group will select a pair of numbered cups containing “body fluid” and record the number of their cups on the data table in the “Me” column.

3. One cup is a control and will be used later in the activity.  Do not do anything to this test tube unless directed by your teacher.

4. Choose a partner in your group and exchange “body fluids” with this partner.  One of you will pour your body fluid in the other person’s cup.  Swirl the cup gently to mix the fluids.  Then pour half of the fluid back into your partner’s cup.  This exchange represents the first potential contact with the virus.  Record the number of your partner’s cup under the column for “1st Exchange” in Table 1.

5. At a signal from the teacher, two students from each lab group should leave the group and form a new group with two new students, taking their cup with them.  The two remaining students will be joined by new students from another group.

6. Choose a new partner from your new group and exchange “body fluids” as you did in Step 4.  Record the number of the new partner under the column for “2nd Exchange” in Table 1.

7. At a signal from the teacher the teacher, two people from each lab group will move again trying not to sit at a table with anyone from a previous group.  Follow Step 4 to exchange “body fluids” with a new partner.  Record the number of your third partner under the column for “3rd Exchange” in Table 1.

8. Move back to you original group.

9. Using a pipette or dropper, place 3 to 5 drops of the Virus Detection Solution into your “body fluid.”   Observe your “body fluid” for a change in color.  If it turns pink or red, the test is positive for a viral infection.  If it remains clear or turns milky white, the test is negative, which means you are not infected with the virus.  

10. All students who tested positive for the virus should give your exchange information to the teacher to record on the class data table.  Copy the class information into Table 2.

11. Study the data table to try to determine which student was the original carrier of the virus.  To check your results, each person should take their control cup and add 3 to 5 drops of the Virus Detection Solution to the cup.  Only one person should turn pink.  This person is the “index case.”

Table 1   (Individual Data)

	Me
	1st Exchange
	2nd Exchange
	3rd Exchange

	
	
	
	


Table 2   (Class Data)

	Positive for Virus
	1st Exchange
	2nd Exchange
	3rd Exchange

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Who is the “index case?” _______________________________   How do you know?

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Conclusion:

How does this simulation compare to what actually happens in real life?

List of Diseases

	Caused by Bacteria
	Caused by Viruses
	Caused by Protozoan

	Anthrax
	AIDS/HIV
	Dysentery

	Lyme Disease  *
	Chicken Pox
	Malaria  *

	Leprosy
	Small Pox
	

	Common Cold
	Yellow Fever  *
	

	Bacterial Meningitis
	Ebola
	

	Strep Throat
	SARS
	

	Tuberculosis
	Rabies
	

	
	Influenza
	

	
	West Nile Virus  *
	

	
	Viral Meningitis
	

	
	Polio
	


*  These diseases are vector based.

Compare and Contrast 

I am investigating . . .


                                                                             and
How are they alike?


How are they different?
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Understanding DNA

PURPOSE:  To understand the structure of DNA and how scientists study DNA.  

GOAL 7:  The learner will conduct investigations, use models, simulations, and appropriate technologies and information systems to build an understanding of microbiology.
Objective 7.05, 1.07, 1.09, 2.02

ENGAGE: 

What is a recipe?  How many of you have followed a recipe to make something?  When you follow a recipe, you have certain ingredients that you prepare in a certain way to end up with your food.  DNA is like a recipe that gives instructions for how to create and maintain a living organism.  

EXPLORE:  

DNA has a unique structure known as a double helix, which is shaped like a twisted ladder.  Ask the students to research to find out who discovered this structure of DNA, and then present their findings in a multimedia presentation, poster, or brochure.  

Next, review the structure of a cell.  Discuss the organelles and location of DNA within the nucleus.  Then, have the students explore the structure of DNA further by making a 3-D model.  Their model should include the 4 base pairs (thymine, adenine, cytosine, and guanine), the sugar molecules, and phosphate groups.  You can ask them to decide on their materials or you can provide a kit, such as the one from Carolina Biological (Understanding DNA, #21-1334).  If the students make their own model, be sure they make a key to show what each part of the model represents.  Students should be ready to show their model and explain the structure.

EXPLAIN:

The structure of DNA in all living things is consistent.  However, the specific sequence of base pairs within a DNA molecule differs between organisms in order to create “blueprints” for the individual species.  This sequence of base pairs is what makes an organism a maple tree or a horse, a male or a female, etc.  

Every time a cell divides, it must make an exact copy of its DNA to be distributed to the daughter cells.  This replication ensures that each daughter cell has the genetic information it needs to carry out its activities.  The two sides of the DNA “ladder” are made up of alternating phosphate groups and sugar molecules.  Each of the steps of the “ladder” is made of a complimentary pair of nitrogen bases.  The bases are thymine, adenine, cytosine, and guanine.   Adenine and thymine will always pair together, and cytosine and guanine will always pair together.  When DNA is ready to copy itself (replication), the two sides of the DNA ladder unzip down the middle of the bases.   With the help of special enzymes, nucleotides present in the nucleus pair up with their compliment on each side of the DNA “ladder.”  The order of the bases in the two new “ladders” exactly matches the DNA in the original “ladder.”  Use one of the student models to explain the structure of DNA.

ELABORATE:  

DNA is not visible to the eye unless you have a large quantity, which can be obtained by extraction from a considerable number of cells.  Extracted DNA can be used to learn how DNA encodes the instructions for all life processes and to create DNA “fingerprints” to help diagnose diseases or solve crimes.

Have the students extract DNA from a strawberry using the instructions given or using a kit from Carolina Biological (Strawberry DNA Extraction #21-1338).  Ask the students to complete the worksheet that goes with DNA extraction as directed.

** Prepare the buffer solution ahead of time for this activity (See recipe below).**

Recipe for Buffer Solution:

To make one liter, mix 100 ml clear shampoo without conditioner, 15 g NaCl, 900 ml water.  

EVALUATE:

1. Use the worksheet from the DNA extraction activity as an assessment for this lesson.

2. Ask the students to write a paragraph to compare the parts of a ladder to the structure of DNA.

3. Research careers that involve work with DNA.  Give a job description, education requirements, salary range, and skills needed for the job.

4. Research how the study of DNA is used for agriculture, such as bioengineered food.

Name __________________________________  Date ________________  Period ____

DNA Extraction

Answer the following before you extract the DNA:

1. What kind of tools or equipment would you use to remove a wall in a building?

________________________________________________________________

________________________________________________________________

2. If you knew what the wall was made of, would it help you to decide what tools or equipment to use?  Explain.

________________________________________________________________

________________________________________________________________

3. Think about chewing on a carrot.  Your teeth have to break open the cell walls of the carrot cells.  How could you break through the cell walls of your strawberry?

________________________________________________________________

________________________________________________________________

How to extract DNA from a strawberry:

1. You will need: 

                 1 strawberry, fresh or frozen

10 mL DNA extraction buffer


      1 heavy-duty zip-lock bag

ice cold 91% alcohol or 95% ethanol


      1 round, coffee filter


coffee stirrer or stick

     
      1   5 oz. cup 

2.  Place one strawberry in a zip-lock bag.  Mash the strawberry for 2 minutes.

3. Add 10 mL of extraction buffer to the bag.  Mash again for 1 minute.

4. Place the coffee filter over the cup and press down in the middle to form a well.  Fold the edges of the coffee filter over the side of the cup and hold it.  Filter your strawberry mixture through the coffee filter.  Be careful so that the pulp and seeds do not go into the cup.  You should have about 1 tablespoon of filtrate in the bottom of the cup.

5. Slowly add ice cold alcohol to the filtrate to equal 3 times as much liquid.

6. Do not mix the filtrate and the alcohol.  You will see the DNA strands begin to clump together in the solution and float toward the top.  You can then carefully spool the DNA on your coffee stirrer and place it in a micro-centrifuge tube to observe.

Answer the following after you extract the DNA:

1. What materials were trapped in the coffee filter?  

________________________________________________________________

2. What materials passed through the coffee filter?

________________________________________________________________

3. Describe the appearance of your extracted DNA.

________________________________________________________________

________________________________________________________________

________________________________________________________________

4. What does mashing the strawberries do to their cells?

________________________________________________________________

5. What does adding the buffer to the strawberries do to the cells?

________________________________________________________________

6. Do you think DNA from an animal cell would look the same as the plant DNA?  Explain.

________________________________________________________________

________________________________________________________________

7. Give an example of something that scientists can do with extracted DNA.

________________________________________________________________

________________________________________________________________

Extension Activities:

1. Visit an online cell picture gallery.  Look at different kinds of cells.  Draw pictures of their structure.

2. Research ethical issues and current events associated with DNA.  Present your findings to the class using a poster, multimedia presentation, or brochure.

3. Research careers that involve work with DNA.  Give a job description, education requirements, salary range, and skills needed for the job.
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Let’s Go to the Microbe Zoo
GOAL 7:  The learner will conduct investigations, use models, simulations, and appropriate technologies and information systems to build an understanding of microbiology.

Objective 7.01, 1.07, 1.09, 2.02

ENGAGE:  

Ask: How many of you have ever visited the zoo?  What did you see?  What was your favorite animal?  How was the zoo structured?  Ask the students to draw a picture of the zoo.

EXPLORE:  “Microbe Cards”

Give each group a set of cards with pictures of various microbes.  Ask the students to design a classification system for their pictures.  Give the groups time to share their classification systems and give their justification for how the pictures were divided into categories.

Preparation before class arrives:

Gather pictures of the various microbes.  There are websites that have pictures you can use.  Be sure to include pictures that include all the types of microbes (bacteria, virus, protist, fungi).  Make copies of the microbes (using cardstock) so each group has a set of cards.  Place cards in a zip-top baggie.  

EXPLAIN:

Give each student a graphic organizer to complete or have them make a foldable to record information about the microbes pictured.  The graphic organizer or foldable should contain the name of the microbe; size, shape, and structure of the microbe; and indicate whether the microbe is living or non-living.  Also, ask the students to draw a picture of the microbe.  Go over the information with the students to be sure they have the correct information.

ELABORATE:  

Students can observe microbes in their body.  Give each student a clean toothpick.  Ask the students to carefully scrape the front of their teeth with the toothpick.  Then, gently rub the toothpick across a clean microscope slide.  Add 2 drops of methylene blue stain.  Place a cover slip over the stained material.  Observe under a microscope.  Draw a picture of what you see.  Record your observations.  What effect do you think these microbes have on your body?  Look at someone else’s slide.  Compare what you see to your slide.  Record your observations.

If you have prepared slides of microbes, have the students to examine these slides also.  Record observations and draw pictures of these slides also.  

EVALUATE:

Use smaller pictures or the cards from “EXPLORE” to make a concentration game.  For each picture, make a corresponding card that has identifying characteristics listed or just the category names:  bacteria, virus, protist, etc.  Give groups of students a set of cards to play the game.  Or, individual students can use the cards to match up the cards as an informal assessment.    

Ask the students to complete a compare/contrast diagram for bacteria and viruses to show understanding of the similarities and differences of these microbes.

Observing Microbes

	Microbe Observed
______________________________

Drawing

Observations ____________________

______________________________

______________________________


	Microbe Observed
______________________________

Drawing

Observations ____________________

______________________________

______________________________



	Microbe Observed
______________________________

Drawing

Observations ____________________

______________________________

______________________________


	Microbe Observed
______________________________

Drawing

Observations ____________________

______________________________

______________________________



	Microbe Observed
______________________________

Drawing

Observations ____________________

______________________________

______________________________


	Microbe Observed
______________________________

Drawing

Observations ____________________

______________________________

______________________________




	Microbe

Category
	Name of 

Microbe
	Drawing
	Description

(Size, Shape, Structure, etc.)
	Living?

(Yes or No)

	Bacteria


	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Virus


	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Protist


	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Fungi


	
	
	
	

	
	
	
	
	

	
	
	
	
	


Bacteria

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?


Virus

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?


Protist

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?

	Name _____________________

Description _________________

__________________________

Drawing:

Living?                         Nonliving?


Compare and Contrast 

I am investigating . . .


                                                                               and

How are they alike?


How are they different?




  Me





  





 Strep Throat	   		        AIDS					Malaria











Antibiotics





Vaccines








____________________________________________________________________________________________


____________________________________________________________________________________________


____________________________________________________________________________________________





Viruses





Bacteria





______________________________________________________________________________________________________________________________________


______________________________________________________________________________________________________________________________________


______________________________________________________________________________________________________________________________________


______________________________________________________________________________________________________________________________________


______________________________________________________________________________________________________________________________________
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