[image: image1.png]




Teacher Guide: Unit Conversions
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Learning Objectives

Students will …

· Solve unit conversion problems.

· Use dimensional analysis to convert between metric units.

· Determine the meaning of common metric prefixes.

· Use dimensional analysis to convert between metric and non-metric units.

· Convert from scientific notation to standard number format. (Extension)
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Vocabulary

base unit, cancel, conversion factor, dimensional analysis, metric system, prefix, scientific notation
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Lesson Overview

Suppose you were going on a hiking trip and were told that you should bring 12 liters of water. You usually buy water in gallon containers. How many gallons of water is equal to 12 liters? This is a common unit conversion problem students will need to solve both in their everyday lives and in science class.  

The Unit Conversions Gizmo™ familiarizes students with common conversion factors and allows students to choose from a range of conversion factor tiles in order to cancel units and solve a variety of problems.
The Student Exploration sheet contains three activities:

· Activity A – Students use dimensional analysis to solve conversion problems.

· Activity B – Students use conversion factors to determine the meaning of metric system prefixes and solve conversion problems dealing with two unit conversions.

· Activity C – Students use conversion factors to convert between metric and non-metric units.

· Extension – Students convert numbers into and out of scientific notation.
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Suggested Lesson Sequence

1. Pre-Gizmo activity: Give them an inch …             
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 10 – 20 minutes)

Give students a variety of objects of different lengths or heights. Possible objects might include books, pens, paperclips, walking sticks, belts, spoons, and note cards. Next, give students rulers or tape measures that have both metric and non-metric units on them. Instruct students to measure the length of each of the objects you gave them in both centimeters and inches. Students should record their results for each object. 

Challenge students to use the data they collect to figure out how they can convert a measurement in inches to centimeters and vice versa.
2. Prior to using the Gizmo
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 10 – 15 minutes)

Before students are at the computers, pass out the Student Exploration sheets and ask students to complete the Prior Knowledge Questions. Discuss student answers as a class, but do not provide correct answers at this point. Afterwards, if possible, use a projector to introduce the Gizmo and demonstrate its basic operations. Demonstrate how to take a screenshot and paste the image into a blank document.

3. Gizmo activities
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 15 – 20 minutes per activity)

Assign students to computers. Students can work individually or in small groups. Ask students to work through the activities in the Student Exploration using the Gizmo. Alternatively, you can use a projector and do the Exploration as a teacher-led activity.

4. Discussion questions
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 15 – 30 minutes)  

As students are working or just after they are done, discuss the following questions: 

· Which do you think is easier to use: metric units or U.S. units? Why?

· Describe the steps you need to take in order to solve a unit conversion problem. [First, note the given unit(s) and required unit(s). Second, find how the units are related and make a conversion factor. Third, multiply the quantity by the conversion factor so the given unit cancels and the required unit remains.]

· When you are writing a conversion factor, you should place the units you need in the fraction’s numerator and the units you are converting to in the denominator. Why should you do this?

· How could you use the Gizmo to figure out how many yards there are in a kilometer?

· Why is it important to be able to flip the tiles in the Gizmo?

5. Follow-up activity: Culinary Conversions
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 45 – 60 minutes)

Instruct each student to find a recipe that uses metric units. European cookbooks and websites are good sources of metric recipes. You can also find links in the Selected Web Resources on the next page. Have students convert all the metric units in their chosen recipe to U.S. units. As homework, you could require students to make their recipes and share the food with the class the next day.
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Suppose you asked how tall someone was, and the person told you “62.” What did this person mean? Sixty-two inches? Centimeters? Cubits? As you can see, a unit is essential for understanding just how big or small a measured quantity is. 

The system of units used by most scientists is known at the metric system. In the metric system, different units for the same quantity are related to one another by prefixes. Each prefix represents a multiple of 10. The table at right summarizes common metric prefixes.
One of the elegant aspects of the metric system is that all the conversions are multiples of 10. Converting from one unit to another, such as from meters to centimeters, simply involves shifting the decimal point to the left or right. For example, 12.56 meters is equal to 1,256 centimeters or 0.01256 kilometers.
However, many times it is necessary to perform conversions involving non-metric units. In these cases, the conversions are not as easy as simply shifting the decimal point to the left or right. In these cases, a dimensional analysis must be performed. The technique of dimensional analysis, or canceling units, provides a shorthand method for solving unit conversion problems. 

Consider the following problem: A police dog chases a suspect down an alley at 12 meters per second. How fast is the dog running in miles per hour? To solve this problem, begin by writing the starting quantity and be aware of your goal. Units that appear in both the numerator and denominator can be canceled. The problem described above can be solved as follows:
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12 meters   •   ____1 mile____   •   3,600 seconds   =   26.85 miles/hour

                    1 second           1,609 meters            1 hour
Notice there are two conversion factors shown in the example. A conversion factor is a fraction that is equivalent to 1 because the numerator is equal to the denominator. For example, 3,600 seconds is equal to one hour, and 1 mile is equal to 1,609 meters. This is the key to why conversion factors can be used to convert units. Multiplying any number by 1 does not change the original number’s value. So, the product of a measurement and a conversion factor is equivalent to the original measurement, even though the product is now stated in a different unit.
Students should keep these tips in mind as they solve unit conversion problems:
· Always be aware of the unit you start with and the unit you have been asked for.

· Set up the conversion factor so that it cancels the unit in the prior term. If this unit is in the numerator, the unit in the conversion factor should be in the denominator.

· If there are two units of measurement that need to be converted, each unit of measurement will require at least one conversion factor.


Selected Web Resources

How to convert units: http://oakroadsystems.com/math/convert.htm 

Unit conversion engines: http://www.unitconversion.org/, http://www.unit-conversion.info/  
Conversion factors: http://www.wsdot.wa.gov/Reference/metrics/, http://www.csudh.edu/oliver/chemdata/convfact.htm  

Metric Recipe Conversion: http://www.jsward.com/cooking/conversion.shtml, http://www.epicurious.com/tools/conversions/ 
Metric Recipes: http://basic-recipes.com/metric/index.htm, http://www.jamieoliver.com/recipes 
Related Gizmos: 

Stoichiometry: http://www.explorelearning.com/gizmo/id?515
Measuring Volume: http://www.explorelearning.com/gizmo/id?1048
Triple Beam Balance: http://www.explorelearning.com/gizmo/id?385
Measuring Trees: http://www.explorelearning.com/gizmo/id?666
Measuring Motion: http://www.explorelearning.com/gizmo/id?660[image: image6.wmf][image: image7.emf]
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Prefix�
Symbol�
Meaning�
�
kilo-�
k�
1,000�
�
hecto-�
h�
100�
�
deci-�
d�
1/10�
�
centi-�
c�
1/100�
�
milli-�
m�
1/1,000�
�
micro-�
μ�
1/1,000,000�
�
nano-�
n�
1/1,000,000,000�
�
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