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Instructional Component Used: Dimensional Analysis

Grade Level: 7-12

Content (what is taught): 

· Measurement and conversions (dimensional analysis)

· How measurement is used in manufacturing and why it is important

Context (how it is taught):

· The video of the hydraulic press will be shown to the students

· Following the video, the students will discuss how measurement is used and why measurement is important

· Students will solve conversion problems that are associated with the use of the hydraulic press

Activity Description:

The students will watch a video of a hydraulic press.  Following the video, the students will discuss how measurement is used in the video and how proper measurement is important.  The students will also solve conversion problems related to the hydraulic press.

Standards:

Math: MD1




Science: SB1
Technology: TA1



Engineering: EB2
Materials List: 

· Kawasaki Video of Hydraulic Press: http://www.youtube.com/user/KawasakiTV#p/search/1/Vi4ejb1Y2BQ 
· Calculator

· Sample problems
Asking Questions: (Measurement in Manufacturing)

Summary: Students will be asked questions about measurement, why measurement is important, and where measurement is utilized.
Outline: 

· Students will be asked about measurement

· Students will consider where measurement is used

· Students will think about why measurement is important

Activity: Students will be asked questions to get them thinking about measurement about measurement, how measure is used and why measurement is important.  The teacher should guide the discussion by asking questions similar to the ones below.  After discussing measurement, the discussion should be lead toward the concept of different units of measurement and dimensional analysis.

	Questions
	Answers

	Why is proper measurement important?
	Must have correct measurement to perform task.

	How is measurement used in manufacturing?
	Need correct temperature, etc., to complete task.

	Why is the proper conversion important?
	Wrong conversion may lead to defective product.

	How would your life change if we did not use measurement?
	How would you know much medicine to take? How would you know how fast are you driving?



	Can you think of other examples when proper measurement is crucial?
	Construction, manufacturing etc.

	Are all measurements done in the same units?
	No

	How can we convert different measurements to the same units?
	A process called dimensional analysis.




Exploring Concepts: (Measurement in Manufacturing)

Summary: Students will watch a video on the operation of a hydraulic press used to form fiberglass.
Outline: 

· Students will watch a video on the hydraulic press (link below)

· Students will start to form ideas about measurement is important

· Students will brainstorm ideas on how measurement is used in manufacturing.

Activity: Students will view a video on the operation of the hydraulic press.  After viewing the video, students will brainstorm on how measurement is used in manufacturing and why it is important.  Student ideas will be listed on the board.
Resources:

Kawasaki Video of Hydraulic Press: http://www.youtube.com/user/KawasakiTV#p/search/1/Vi4ejb1Y2BQ 

· Instructing Concepts: (Measurement in Manufacturing)

Dimensional Analysis

Putting Dimensional Analysis in Conceptual Terms: Dimensional Analysis (aka Factor-Label Method or Unit Factor Method) is a problem solving technique helpful in converting from one unit of measurement to another. It involves using conversion factors that are multiplied or divided into the original unit’s value to determine the secondary unit’s value. 
Putting Dimensional Analysis in Mathematical Terms:
Dimensional analysis begins by determining a conversion factor or setting a unit equal to one in comparison to another unit.  Some examples of conversion factors are:

      1 foot = 12 inches  
1 inch = 2.54 cm 
1 mole = 6.022 x 1023 particles 

Note: It would also be correct to write 1 inch = 1/12 (0.83) foot, but often is easier to write the conversion factor making the larger unit equal to one.  Then the amount of the other unit is written in a whole number rather than as a fraction or decimal value.

Next the conversion factor is applied to the original unit value either to be multiplied or divided.

Write the conversion factor as a fraction multiplied by the original value.  Place the units desired to be eliminated or canceled on the bottom and the secondary unit on top. 

Example:

Convert 34 inches to feet








            34 inches x 

   = 2.83 ft[image: image2.png]


  
 

If several conversion factors are used to convert the original unit value, they can be written as many fractions multiplied together or in the method shown below. A horizontal line is drawn to represent all the fractions and several conversion factors are written together beginning with the original unit value and ending with the final unit value.   

Example                                     

Convert 
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5400 inches   2.54 cm   10 mm    1 year           1 day       1 hour = 0.00435 mm/sec

   1 year          1 inch       1 cm      365 ¼ days  24 hours  3600 sec

Putting Dimensional Analysis in Applicable Terms:

Dimensional analysis can be utilized in unit conversion problems found in math and science especially mathematical story problems and chemistry stoichiometry problems as well as  numerous other applications not listed here.

Organizing Learning: (Measurement in Manufacturing)

Summary: The students will be able to do conversion problems involving pressure, temperature and weight.

Outline: 

· Students will be given problems to convert from US to metric units

· Each student will be given an additional problem to solve on the board

Activity: Students will be given several conversion problems to solve.  Problems using pressure, temperature and weight will be used.  After the students have completed the problems, each student will receive an additional problem to solve on the board.



Sample Problems:

1.  The temperature needed to form the fiberglass at Kawasaki is 152 degrees Celsius.  What is the temperature in degrees Fahrenheit?
2.  The pressure needed to form the fiberglass at Kawasaki is 3555 PSI.  What is the pressure in Pascals?
3.  A 4-wheeler weighs 350 pounds.  What is the weight in grams?
Resources:  Several Dimensional Analysis tutorial videos can be found on the Internet.

· http://www.youtube.com/watch?v=XgKZ-8D5oTQ
· http://www.youtube.com/watch?v=XKCZn5MLKvk
Understanding Learning: (Measurement in Manufacturing)

Summary: Students will be assessed on their understanding of dimensional analysis.

Outline: 

1) Formative assessment of dimensional analysis

2) Summative assessment of dimensional analysis

Activity: Students will complete quiz and writing assessments relating to dimensional analysis.

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

1) Were the students using the proper conversion techniques?

2) Did the students understand the importance of using proper measurements?

3) Do students know the proper conversion factors?

Summative Assessment: Students can answer the following quiz questions.
1) 200 degrees Celsius = ____________ degrees Fahrenheit

2) 150 kg = _____________pounds

3) 30 PSI =______________Pascals

Students can answer the following writing prompt:  Explain how measurement and conversions are used in manufacturing, and tell why it is important.

Math component (34 x 1 = 34 … 34 ÷ 12 = 2.83)


Unit component (inches ÷ inches cancel the units   


                            converting them to feet) 





    1 foot   


12 inches





Math component (multiply numbers on top and divide numbers 


                               on bottom)


Top: 5400 x 2.54 x 10 x 1 x 1 = 137160


Bottom: 1317160 ÷ 1 ÷ 1 ÷ 1 ÷ 365 ¼ ÷ 24 ÷ 3600 = 0.00435


Unit component (each one cancels until mm and sec remain)	
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It’s 80oF outside.  What’s the temperature in Celsius?





If the speed limit is 75 mph, how many kilometers per hour is that?





If I sleep approximately 7 hours a day, how many days will I sleep before my 15th birthday?
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