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SUMMARY:

This is intended to help students understand how the gliders work and what makes them move by manipulating the contents of capped plastic bottles.  Students will be asked to create and manipulate a system (plastic bottle as an analog to the glider) in a way that achieves a number of desired outcomes.  It is expected that through this exploration, students will understand that small changes in the mass of system can have significant impact on its density, which in a fluid system can result in motion.  Students will also discover that careful placement of mass within the system (bottle) is required to allow the gliders to maintain their orientation as it moves through the water.  Students will be asked to demonstrate a number of increasingly complex performance objectives, and to keep record of and communicate to others the process by which they arrived at their solution.

KEY CONCEPTS:

EXAMINING A SYSTEM: HOW SMALL CHANGES CAN HAVE BIG EFFECTS

Primary Concepts:

The natural and designed world is complex; it is too large and complicated to investigate and comprehend all at once.  Scientists and students learn to define small portions for the convenience of investigation.  The units of investigation can be referred to as “systems.”  A system is an organized group of related objects or components that form a whole. Systems can consist, for example, of organisms, machines, fundamental particles, galaxies, ideas, numbers, transportation, and education.  Systems have boundaries, components, resource flow (input and output), and feed back.

Science assumes that the behavior of the universe is not capricious, that nature is the same everywhere, and that it is understandable and predictable. Students can develop and understanding of regularities in systems, and by extension of the universe; they then can develop understanding of basic laws, theories, and models that explain the world.

Scale includes the understanding that different characteristics, properties, or relationships within a system might change as its dimensions are increased or decreased.

Extension of Understanding:
Changes in systems can be quantified. Evidence for interactions and subsequent change and the formulation of scientific explanations are often clarified through quantitative distinctions—measurement.  Mathematics is essential for accurately measuring change.
NEW TECHNOLOGIES LEADS TO INCREASED INFORMATION, NEW QUESTIONS, AND MORE COMPLEX UNDERSTANDING

Primary Concept:

Science often advances with the introduction of new technologies.  Solving technological problems often results in new scientific knowledge. New technologies often extend the current levels of scientific understanding and introduce new areas of research.

Creativity, imagination, and good knowledge base are all required in the work of science and engineering.

Extension of Understanding:
Explore:  Do all heavy things sink?

SCIENTISTS INQUIRY IS A PROCESS USED BY SCIENTISTS TO EXPORE SYSTEMS

Primary Concept:

Science often advances with the introduction of new technologies.  Solving technological problems often results in new scientific knowledge. New technologies often extend the current levels of scientific understanding and introduce new areas of research.

Creativity, imagination, and good knowledge base are all required in the work of science and engineering.

Extension of Understanding:
Use technology and mathematics to improve investigations and communication: A variety of technologies, such as had tools, measuring instruments, and calculators, should be an integral component of scientific investigations.  The use of computers for the collection, analysis, and display of data is also a part of this standard.  Mathematics plays an essential role in all aspects of an inquiry.  For example, measurement is used for posing questions, formulas are used for developing explanations, and charts and graphs are used for communicating results.

COMMUNICATION IS ESSENTIAL TO THE PROCESS OF SCIENTIFIC INQUIRY

Primary Concept:

Students in school science programs should develop the abilities associated with accurate and effective communication.  These include writing and following procedures, expressing concepts, reviewing information, summarizing data, using language appropriately, developing diagrams and charts, explaining statistical analysis, speaking clearly and logically, constructing a reasoned argument, and responding appropriately to critical comments.

FORMULATE AND RESIVE SCIENTIFIC EXPLANATION AND MODELS USING LOGIC AND EVIDENCE

Primary Concept:

Students’ inquiries should culminate in formulating an explanation or model.  Models should be physical, conceptual, and mathematical.  In the process of answering the questions,, the students should engage in discussions and arguments that result in the revision of their explanations.  These discussions should be based on scientific, knowledge, the use of logic, and evidence from their investigation.

PREREQUISITE CONCEPTS:

SINKING AND FLOATING

Primary Concept:

Some things float; others sink.  This can be done with density cubes.  Sinking or floating can be related to the density of an object (or how heavy it is for its size).

Extension of Understanding:
Explore:  Do all heavy things sink?

USING METRIC UNITS


Primary Concept:

Temperature is measured in degrees Celsius, which are based on the boiling and freezing point of pure water, where freezing is defined as 0˚C and boiling is 100˚C, and each degree is 1/100th of the difference between these two points.  Degrees Celsius are the units most commonly used by scientists to express temperature.


Extension of Understanding:

The relationship between degrees Celsius and degrees Fahrenheit is constant and can be expressed through the use of a pair of algorithms, which can be derived and used to convert back and forth between these two systems.  A thermometer provides a visual representation of the relationship between degrees Celsius and degrees Fahrenheit; measurement of the same temperature can be read in either system.

MATERIALS:

· Water

· Salt

· Clay

· Aquarium gravel

· Stones

· Masking tape

· Markers

· Empty 12 oz. Water bottles with lids

· Large container (1 to 10 gallons in size, and at least 10 inches deep, preferably transparent)

· Balance/scale (optional)

· Metal masses (optional)

· Cardboard/card stock (optional)
· Scissors (optional)
PROCEDURE:

In all cases the students are to be given a set of materials and asked to:

· Create a system that does something specific

· Keep accurate records

· Explain what occurs and why 

Directions:  Follow the directions and complete the questions on the following sheets.

Part I:  Sinking vs. Floating

1.
Using the materials supplied by the instructor:

-Create a simple system that sinks (use only the bottle, air, and water)

-Create a simple system that floats (use only the bottle, air, and water)

-Create a complex system that sinks (use anything on the table)

-Create a complex system that floats (use anything on the table)

2.
Record using the following table:

	Objective
	What materials did you use?
	What did you do?
	What did it look like?

	Create a simple system that sinks
	 
	 
	 

	Create a simple system that floats
	 
	 
	 

	Create a complex system that sinks
	 
	 
	 

	Create a complex system that floats
	 
	 
	 


3.
Compare with the other group at your lab table to see how they made a floating system.

4.
Discuss:  Is there more than one way to make your system float?

Part II:  Exploring the effects of changes in a system


1.
Using the materials supplied by the instructor:

-Create a complex system that barely floats (is neutrally buoyant).

-Create a complex system that barely floats with the top pointing up.

-Create a complex system that barely floats with the top pointing down.

2.
Record using the following table:

	Objective
	What materials did you use?
	What did you do?
	What did it look like?

	Create a complex system that barely floats
	 
	 
	 

	Create a complex system that barely floats pointing up
	 
	 
	 

	Create a complex system that barely floats pointing down
	 
	 
	 


3.
Compare with the other group at your lab table to see how they made a floating system.

4.
a.  Did you and your neighbors do the same thing?

b.  If not, why did both things have the same affect?

c.  Is one way better than the other?

d.  Why or why not?

Part III:  Exploring the effects of changes in a system


1.
Using the materials supplied by the instructor:

-Design a bottle that will descend (fall) slowly at a 45˚ angles.

-Modify your bottle so that that same side is always up as it falls.

2.
Record using the following table:

	Objective
	What materials did you use?
	What did you do?
	What did it look like?

	Design a bottle that will falls slowly at 45˚ 
	 
	 
	 

	Modify your bottle so that that same side is always up as it falls
	 
	 
	 


3.
Compare with the other group at your lab table to see how they designed their system.

Part IV:  Looking at a glider:

1.
Visit the following website:  XWS

2.
Compare your bottle to the glider.  How is it similar?  How is it different?

ASSESSMENT:

Students will be asked to make create a model glider that moves from one end of a 40-gallon aquarium to the other.

