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Content (what is taught): 

· Measurement

· Importance of Precision Measurement

Context (how it is taught):

· Measuring different objects
· Building a scale model that has precise measurements
Activity Description:

In this lesson student groups will measure large objects to practice measuring accurately and to gain a sense of how big a wind tower actually is.  Groups of students will construct a two meter tower with a tolerance of plus or minus one millimeter that is a replica of a ninety meter tower that students designed.    The tower model is built with the group’s choice of materials and must be capable of supporting a mass 1.3 times the mass of the assembly tower.

Standards:

Math: MA3, MC2, MC4, MD2


Science: SE1, SE2, SF2, SF5
Technology: TA2, TA3, TA4, TF1, TF2, TF3 
Engineering: EA2, EA3

Materials List: 

· Cardboard

· Papier-Mâché / Shredded  Base from Administration

· Wood

· Thin Metal Sheet

· Duck Tape

· Measuring Tools (tape measure, rulers, etc.)

Asking Questions: (How Tall is Two Millimeters?)

Summary:  Student will discuss if and where they have seen a wind tower in operation. 

Outline: 

· Students will estimate how tall they estimate the towers are
· Student will be asked how much power they think the towers can produce
Activity: Students will be asked about wind towers that are used for electric power generation.  As students brainstorm about wind towers, the ideas that they state should be written up on the board.  Different categories should be created to sort the ideas.  These categories could be: locations, size, purpose, etc.  The questions below should be discussed as part of the activity. 

	Questions
	Answers

	Why are wind towers located where they are?
	It has to do with the availability of a “stable” wind source.

	Does the height of the tower matter?
	Yes.  The height of the tower matters because the winds higher up in the atmosphere tend to be faster.

	Why are power utilities building wind towers?
	It is because wind power is an environmentally friendly energy source.

	What relevance the tower height have to allow for power production for the turbine?
	Height measure has been determined prior to construction to maximum wind availability.    

	Has turbine KW size has changed over the last 30 years of production of using wind turbines.
	Yes, before was max 1.2KW now max 3.8KW

	What are limiting factor associated with wind power production?
	Wind availability, high voltage line transmission line availability, cost
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Exploring Concepts: (How Tall is Two Millimeters?)

Summary:  Students will measure large objects and record the measurements.  They will measure 90 meters (the height of a wind tower).  To conclude the class will discuss the extremely small tolerances allowed on a wind tower.
Outline: 

· Measurement of large objects

· Measure 90 m

· Discuss the accuracy Katana Summit must produce in its wind towers
Activity: Katana Summit builds towers for wind turbines in Columbus, NE.  These towers are 90 meters high and can only be off plus or minus 2 mm.  In this activity, students will measure large objects and record their measurements.  Students will be divided up into groups with each group being given a tape measure.  Each group should measure large objects, for instance the length of a hallway, dimensions of the classroom or the outside of the school building, etc.  Each measurement should be recoded in a chart.  At some point, students should measure off 90 m (295.276 ft) just to see how large a Katana Summit wind tower is.  At the end of the activity students should discuss how little variance 2mm in 90 meters is.

	Object Measured
	Measurement
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Instructing Concepts: (How Tall is Two Millimeters?)

Measurement

Putting “Measurement” in Recognizable Terms:  Measurement is the process of assessing the magnitude of an object’s physical characteristics such as weight, length, volume, air pressure, etc.  Measurement will always be an estimate because of the difficulty of finding the exact value of a measurement.  No matter how precise the instrument, nor how careful the operator, there will always be measurement error due to a failing in establishing exactness. 

Putting “Measurement” in Conceptual Terms:  Measurement is the act of quantifying a magnitude that relates to an object.  This can be achieved through the use of instruments.  For instance, to measure length you would use a ruler or meter stick.  For mass you would use a balance.  When a person estimates a quantity there is always measurement error due to human sensory limitations and instrument sensitivity limitations.  Ideally, the person measuring will minimize the error as much a possible by working carefully and using calibrated instruments.  Typically, the more precise the instrument used, the lower the measurement error.

Putting “Measurement” in Mathematical Terms: The measurement of an object can be estimated to one smaller division than your instrument is marked.  For instance, if you are measuring length and the meter stick is divided up into millimeters, you can estimate to tenths of a millimeter.  Thus an object could be measured to be 857.2 mm long with this meter stick.  The 857 would be the closest division to the length of the object and the .2 would be a closer estimate.  In summary, the more precise the intervals are marked on the instrument the smaller the measurement error.

Percentage error is a calculated when the accepted value of a measurement is known and is used in comparison to an experimental value.
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Putting “Measurement” in Process Terms:  Thus, measurement is about estimating the magnitude of an object and at the same time reducing the error associated with that estimate.  A measurement should have three parts: 1) the measurement, 2) the margin error, and 3) the confidence that your measurement will fall within the margin of error. For instance, if you measure the weight of an object to be 5.43 kg with a margin of error of .01 kg with 95% confidence, you mean that 95% of the time the weight you measured will be within .01 kg.  Basically, measurement is about making the best possible approximation.

Putting “Measurement” in Applicable Terms:  Measurement applies in everything we do.  All jobs require accurate measurements for success to be attained.  If measurements are done inaccurately or carelessly, the board a carpenter cuts might not fit, the rocket NASA designs might not fly, or the brakes on your car might not stop you.  The old carpenter’s adage comes to mind, “measure twice and cut once”.  This means you should be as sure of your measurements as you possibly can because industry as well as your life or someone else’s might depend on it.
Organizing Learning: (How Tall is Two Millimeters?)

Summary:  Teams of students will design and construct a scale model 90-meter wind tower from their own design.  The tower will be completed plus or minus 1 millimeter of scale model with the capability of supporting a mass 1.3 times the mass of their completed assembly tower.

Outline: 

· Design a wind tower that is 90 meters tall

· Build a scale model of the design

· Test the model to see if it supports the required weight
Activity: Students will be divided into groups, with each group designing a wind tower that could be used to support a wind generator to make electricity.  The designed tower must be 90 meters tall (the height of a generic Katana Summit tower) with the students deciding what the other dimensions are.  Each group will construct a two-meter tall scale model replica of the wind tower, which must be plus or minus 1 mm (+ or – 1mm) of the created design in all dimensions.  It should be noted to students that this is half of the tolerance that Katana Summit allows in 90 meters for the height of their wind towers.  When the scale model is completed it will be tested to see if it can support a mass of 1.3 times what the model weighs.  

	Model Dimension
	Design Specification
	Actual Measurement
	Difference

	Height
	90 m
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Understanding Learning: (How Tall is Two Millimeters?)

Summary: Students will be assessed on their understanding of measurement.
Outline: 

· Formative Assessment of Measurement
· Summative Assessment of Measurement
Activity: Students will complete written and performance assessments related to measurement.

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Were students able to measure large objects correctly?

2) Were students capable of precise scale model construction?

3) Did the scale model support required mass?
Summative Assessment: Students can complete one of the following writing prompts.

1) When you are measuring large objects, what do you have to consider to get an accurate measurement of the object?  What techniques should you use?

2) Why is precision measurement important to a business like Katana Summit?

Students can complete the following performance assessment: Provide each student with a measuring tape or ruler (depending on the objects to be measured) and several objects to be measured.  Students should measure the objects within predetermined tolerances assigned by the teacher.
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