Lesson Plan:  
Unit Intro science/math: 

Position within Unit: Early
Title: Unit Analysis
	OBJECTIVES(S)
PURPOSE
	To teach the tool of unit analysis (a.k.a. dimensional analysis), in order to help students successfully deal with the many conversion problems they will encounter in the sciences in particular, but in many other field as well.


	CA STANDARDS

	Science:

Grade 8, 9f:  Apply simple mathematic relationships to determine a missing quantity in a mathematic expression, given the two remaining terms (including speed = distance/time, density = mass/volume, force = pressure area, volume = area height).

Grades 9-12: Investigation and experimentation 1a: Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data.

Grades 9-12: Investigation and experimentation 1f: Solve scientific problems by using quadratic equations and simple trigonometric, exponential, and logarithmic functions

(a bit of a stretch, but solving problems using math, if not these specific types of equations)

Math
Algebra 1

1.0 Students identify and use the arithmetic properties of subsets of integers and rational, irrational, and real numbers, including closure properties for the four basic arithmetic operations where applicable: 

5.0 Students solve multistep problems, including word problems, involving linear equations and linear inequalities in one variable and provide justification for each step. 
12.0 Students simplify fractions with polynomials in the numerator and denominator by factoring both and reducing them to the lowest terms. 

13.0 Students add, subtract, multiply, and divide rational expressions and functions. Students solve both computationally and conceptually challenging problems by using these techniques. 

	MATERIALS

	List and include all materials you will using.  Attach the files of materials in electronic form.

Presentation materials: 
Attached Overheads (optional) 

2 Rulers and/or metersticks
A small item that you can assign a price to and that students are likely to "want": Something that will grab your students interest

Copied materials: See attached Handout.
Laboratory materials:  
None
Other materials: 
Disclaimer:  I am aware that some people teach conversions using the "T" or "Box" model rather than as equations.  The main ideas of this lesson do not depend on the format, and it will work in exactly the same way in those formats.  I prefer this format because it makes the mathematical nature of the process more explicit.


	ACTIVITIES
Introduction 

(Anticipatory Set)

(5 Minutes?)

[Activity #1 Money conversions explained] 

(15 minutes, teacher led)

[Activity #2 Student practice] 

(till end of class)

Conclusion 

(minutes)
	Anticipatory Set:  Bring out a small item, preferably something your students would find desirable that is pretty inexpensive– A Dessert or treat, for example.  In my example I'll use a $1.50 Chocolate bar, but use whatever will best get your students interested 

On the board (or overhead) write down the price and announce:  This chocolate bar costs a dollar and a half.  Now if you only have pennies to pay with, how many pennies would you need to give me to buy this candy bar?
(Optional motivation technique:  You could give the first student with the correct answer a small reward.  I never recommend giving students candy, but that is a possibility.  If you have a reward system in place, use it; if not, some ideas are extra points, homework passes, maybe a free ticket to the next football/basketball etc. game if you can wring them out of your athletic department.  Repeat and vary the reward randomly as you ask questions so students will never know when they might get something for participating in class)

Once you get a correct answer, write it out, including the units, pennies.  Continue presenting the students with similar, slightly more difficult scenarios:  If you only had dimes, how many dimes would you need?  What if you only had half dollars? Quarters? Nickels?  As each of these is answered, write it down.
(Here you are setting the stage for scaffolding on previous knowledge – most students can do at least some of these conversions in their heads)

After you've gone through this simple exercise, ask students how they figured out the correct amounts – go back to the students who answered first and ask them to explain their logic.  For pennies and half dollars let the students just explain verbally, but for quarter move to the board to "do the math".  As the student explains their logic, you write down the key aspects (see example below, repeated with numbers only on attached overhead).  Note that it is crucial to include units as you do this, and it is generally easier for the students if you do not abbreviate the units and if you express fractions in [image: image1.wmf]b

a

 format rather than [image: image2.wmf]b

a

format.
To convert $1.50 to # of quarters (for lower performing students, convert the $1.5 into 150¢ for them to avoid the decimals, at least to start):

You know that the candy bar costs 1.50 Dollars and you know that there are 4 Quarters per Dollar.  You can write 4 quarters per dollar as
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.  Whenever anything is expressed using "per", you can express it as a fraction like this.  For example if there are 12 eggs per dozen you can use 
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.  You can just read the division bar as the word per, or the word per as the division bar – they are interchangeable.
This is good practice for all word problems: students should always write down what you know before you start.

We want to know the number of quarters in 1.5 dollars
Multiply:.
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This gives you 6, but six what?  How do you know it is quarters?  

At this point, depending on the class, some students may come up with the idea that the dollars cancel out.  DO NOT just accept this; ask the student why the dollars cancel out.  From my experience they cannot tell you, they just know that it is true, or say something along the lines of "cuz there's a dollar on top and a dollar on the bottom'. To get them to understand the basic idea behind Unit analysis you need to get them beyond this rote memorization.  If no one gets this far, just move straight to the next section
Let's take a break for a minute and do something easier:  (see overhead 1, attached) What is 1 divided by 1?  What about 5 divided by 5?  How about 1,326 divided by 1,326?  What general rule are you using?  Try to get a student to express the idea that a number divided by itself is always equal to one.  If they don't, give them a few more questions like these until they do, or you feel the need to move on and just tell them this rule.  

If it is true that any number divided by itself is equal to one, then if we use X to stand for any number, what is X divided by X?  What if we let a word act like a number?  What do we get if we divide a dollar by a dollar, as in the equation on the board?  And any number times 1 is equal to?  This is why we can cancel out dollars:  dollars divided by dollars equals 1, and multiplying by 1 doesn't change the number, so we can get rid of it.  In the same way, remember that any number divided by 1 is itself, which is what allowed us to write our 1.5 dollars as a fraction over one (and write in the one under the fraction).  If we cancel out the dollars, what does that leave us with?
Here students will generally say "Quarters".  Remind them that they still need to multiply the numbers 1.5 *4 to get "6 quarters".

Now look at the term
[image: image6.wmf]Dollar
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.  All by itself, what is this equal to? Remember that 4 Quarters = one dollar, so these are just two different ways of expressing the same number, and what did we just say a number divided by itself is equal to?  So, when we multiply the 1.5 dollars by this fraction, did we change the amount of money?
What if we have a number of quarters, say 18, and want to know how many dollars that is?  What can we do?  Write down 18 Quarters and wait for suggestions – It is not uncommon for students to want to just multiply by 4.  If they make this suggestion, go through it as below, if not reverse parts 1 and II below so all students get a chance to see why it works one way and not the other.
Part 1: The wrong way (Show students the math):
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Does this make sense?  What do we need to do to get rid of the quarters so our answer is in Dollars?

Part II:  The right way (Again, show the math)
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Notice here that we can invert (i.e. "flip over") the conversion factor,[image: image9.wmf]Dollar
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.  The conversion factor equals one, so it doesn't matter which unit of measure (i.e. quarters or dollars) is on top (does it matter which 5 is on top of 5/5?)

Now that we've spent some time with money, The fun begins, because it turns out that we can do the same thing with any units.  If dollars divided by dollars is one, what is meters divided by meters?  seconds divided by seconds?  grams divided by grams?  

Look at this meterstick.  It is one meter long.  It is also 39.37 inches.  What is 39.37 inches divided by 1 meter?  Not sure?  What if I ask you what is this distance (show the length of the meterstick) divided by this distance (Show the length a 2nd meterstick)?  The distance is the same, so it equals one.  What about 1 meter divided by 39.37 inches? Remember, units matter.  If I tell you someone is 100, what does that mean?  What if I tell you that it was 100 Pounds, what does that mean? 100 Years?
Remember, doing conversions is all about knowing two things: 
First of all, you need an appropriate conversion factor.  This is just a way of expressing the number one using the units you have and the units you want.  For example, if you want to convert feet to inches, you need to know the number of inches per foot[image: image10.wmf]foot
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The second thing you need is to know which goes on top and which goes on the bottom of your equation.  Just remember your units.  Always put the one on bottom that you want to get rid of, and the one on top that you want to change to.  If you want to convert 6 inches to feet.  You need to know the number of feet per inch[image: image11.wmf]Inches
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If you want to convert 6 feet to inches, then [image: image13.wmf]Inches
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.Notice that the conversion factors for these 2 problems are the same, one is just the inverse of the other.  Who can tell me what an inverse is?  Remind students of the definition of an inverse.

The worksheet for this lesson contains a variety of conversion factors, and some simple conversion problems.  As an extension, or for use in higher level classes, there is a second section with some multi-step conversions.
Provide students with the attached worksheet.  Let them work in groups to help each other understand conversions.  Move from group to group checking on the work and helping groups that have problems.  As always, encourage students who "get it" to explain to those who don't – this is good for both students.
The worksheet is set up so that for each conversion factor given there is a "right-side up" and "upside-down" conversion.  The first 3 columns of problems use the three types of units (length, mass, volume) "in order", while the last column has them mixed so the students have to work a bit harder to figure out the correct conversion factor.  Probably a few too many metric problems, for just a lesson on conversions, but it is to help them see some patterns in metric conversions and convince them that metrics really are the way to go.
The bottom set of problems has multi-step conversions.  There is nothing special about these problems; feel free to assign as many or as few as you need to meet your time-frame and student level – you may want to skip the multi-step conversions with low level classes or cut down the number of metrics problems for high level students to make room for more multi-step conversions.
Wrap up class by demonstrating a multi-step conversion: 
How many seconds are there in a day?

Start by asking students what they know about day length (ask how many hours in a day if they need prompting) – Now what do you know about hours? (ask how many minutes per hour if they need prompting) and about minutes? (sec/minute, if prompting needed)  Build the equation below as they help you answer these questions
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A second example:  How many meters in a football field;

[image: image15.wmf]m

cm

m

inch

cm

Foot

inches

Yard

feet

Yd

44

.

91

100

1

*

54

.

2

*

1

12

*

1

3

*

1

100

=


(Of course, if you have a conversion factor that goes strait from yards to meters you can do it in one step, but this shows how you can build a conversion from known conversions when you don't have one that will work directly)

This method of doing conversions will allow you to do any conversion that is possible, but it will not allow you to do any conversion where it is not possible to find some quantity that is equal to one.  For example, while you can convert between any two measures of length (feet, meters, inches, miles, even light-years) you cannot convert between units that measure different things – you cannot convert, for example, mass (i.e. kilograms) into length (i.e. kilometers) because there is no way to express kg/km in terms that equal one.  There is no method that will allow these conversions.

In a physics class, this can serve as a good springboard (for another class period) into the difference between mass and weight (force), and why we can sometimes convert between these two: we can make the conversion as long as acceleration remains constant (since F=ma), but NOT if acceleration is not constant.



	ASSESSMENT

	Collect worksheets.  I suggest collecting one worksheet per group as a "check-off" assignment to make sure they've done the work, then assigning a few questions for them to complete individually in the last few minutes of class or as homework (see attached assessment).  I like to give a challenge problem to take home as well 
Example Challenge problems:
For a "general" class:

Calculate the number of hours in 2 weeks.  Remember that there are 24 hours in a day and 7 days in a week.

For a higher level class.
Calculate the number of inches in a mile.  There are 1760 yards in a mile; the rest of the conversion factors you should already know:  How many feet per yard and how many inches per foot?  (63,360 in)
In the metric system, the comparable measurements are centimeters and kilometers.  How many centimeters are there in a kilometer? (ask yourself: how many meters per kilometer?  How many cm per meter?). (100,000 cm)
Which system, the English system (miles and inches) or the metric system (centimeters and meters) use easier conversion factors? (Metric)
Just another:

Convert 55 mile/hr into km/hr. (55mile/hr *1.609km/mile = 88.495 km/hr)
For a physics class:

In crash tests, cars are driven into a solid wall at a constant speed of 35 mi/hr.  What is the absolute value of the force of a 1,800 kg car hitting the solid wall?  It takes 0.2 seconds for the car to come to a complete stop. (Hints: Convert everything to metrics to begin; acceleration = change in velocity/time; look at the units of Newtons, N; watch your units of time – make sure they match; only round your final answer).  

Answer:  Using F=ma,  where m=1,800 kg, and a=(35 mi/hr)/0.2 s.  The units of Newtons are Kg*m/s2, so you need get all of the units into either meters, kg, or seconds.  In the equation below, the first two terms are Mass and acceleration, respectively.  The next 3 terms are just conversion factors.  1609m/mile converts miles to meters and the 2 time fractions convert hours to seconds:
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but be careful of rounding error


	REFLECTION

	  You may want to add some of your own problems or substitute some other conversions for the many metric ones in the worksheet as it stands.  Here are some other important conversion factors for you to use.  I should also point out that the temperature conversion is requires a little more than the others.  This is simply because the meaning of zero is different in the two systems (i.e. 0 °C=32°F), unlike in most other units of measurement (e.g. 0m=0ft, 0 l=0 Gal etc).  I suggest you introduce this conversion later, after students are comfortable with the idea of conversions in general.
Force(F=m·a)


Energy:(E=F·d)

Speed or velocity

1 Newton (N) = 0.2248 lb
1 calorie = 4.184 Joule
1 km/hr = 0.62 mi/hr

1 Newton (N)= 1 kg·m/s2 
1 ft·lb = 1.356 Joule

1 m/s = 3.3 ft/s

Pressure: (=Force/area)
Temperature


Time

1 atm = 101325 N/m2

°C = 5/9·(°F-32)

60 sec  = 1 min





°F = (9/5)·°C + 32

60 min = 1 hr





Conversions Lesson Overhead 1
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Conversions Lesson Overhead 2
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Invert:  To turn upside down
Inverse: a Fraction that has been inverted

If:
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What is the Inverse?
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Multiple conversions can be chained together
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Conversion factors 

	Length
	Mass
	Volume
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Which is larger?

1 inch or 1 cm



1 Gal or 1 l



1 lb or 1 kg

	12 in= _____ ft
	357 oz=_______ lbs
	4 qts=______Gal
	50 kg=_____lbs*

	6 ft = ____in
	2 lbs* = ______ oz
	7 Gal=______qts
	100 m=______km

	7 cm = ____ in
	100 kg=______lbs*
	2 l=________Gal
	5 gal=______qts

	3 in = _____cm
	150 lbs*=______kg
	1 Gal=______l
	2000 lbs* = ______kg

	3517 m =_____ km
	15 g = ______kg
	7 l=______kl
	27 l =______ml

	7 km=_____ m
	17kg=______g
	12 kl=_______l
	15 cm = ____mm

	3 m = _____ mm
	1235 mg = _______g
	750 ml =_______l
	23.6 l=_____Gal

	7mm=_____m
	37g=________mg
	3 l =_________ml
	300 mg=____g

	25 cm=______mm
	1.5 cg = _____mg
	7 cl = _______ml
	300 ml=______l

	27 mm=_____cm
	13 mg=______cg
	12 ml = ______cl
	300 mm=_____m

	Compound Conversions:  These conversions will require 2 or more conversion factors, 

	3 ft=_____ cm
	2 lbs* = _______mg
	2 l=______qts
	3 oz=_____g

	300 ft= ____ m
	17 lbs=______g
	1 Gal = _____ml
	16 qts = _____ l

	100m=______cm
	1kg=_______mg
	1 kl=_______cl
	14 in=______ m


* For this worksheet, assume all conversions involving pounds are on Earth

Which type of units are easier to deal with:  English Units (ft, in, lbs, Gals, qts) or Metric Units (m, km, cm, mm, g, kg cg, mg, l, kl, cl, ml; also known as SI, for Systeme International) 

which is larger?

1m or 3 ft?

1 l or 1 qt

1 g or 1 oz

1 cm or 1 m

35 oz or 1 kg?
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