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Direct Variation

Teacher Notes

A.  
Student Performance Objectives - TEKS Correlation  

(A.1)  Foundations for functions.  The student understand that a function 



represents a dependence of one quantity on another and can be described in a 


variety of ways.

(C):  The student describes functional relationships for given problem situations 

and writes equations or inequalities to answer questions arising from the situations. 

(D) The student represents relationships among quantities using concrete models, 

tables, graphs, diagrams, verbal descriptions, equations, and inequalities. 



(E) The student interprets and makes decisions, predictions, and critical judgments 


from functional relationships.
(A.2) Foundations for functions. The student uses the properties and attributes 

of functions.

(B) The student identifies mathematical domains and ranges and determines reasonable domain and range values for given 

situations both continuous and discrete.

(A.3) Foundations for functions.  The student understands how algebra can be used to express generalizations and recognizes and uses the power of symbols to represent situations.

(B) The student looks for patterns and represents generalizations 


algebraically. 


(A.4) Foundations for functions.  The student understands the importance of skills required to manipulate symbols in order to solve problems and uses the necessary algebraic skills required to simplify algebraic expressions and solve equations and inequalities in problem situations.

(A) The student finds specific function values, simplifies polynomial expressions, 

transforms and solves equations, and factors as necessary in problem situations

(A.5) Linear functions.  The student understand that linear functions can be represented 


in different ways and translates among their various representations.

(B) The student determines the domain and range values for linear 

functions in given situations.

(C) The student uses, translates, and makes connections among algebraic, tabular, 
graphical, or verbal descriptions of linear functions.

(A.6) Linear functions.  The student understand the meaning of the slope and 

intercepts of the graphs of linear functions and zeros of linear functions and interprets and describes the effects of changes in parameters of linear functions in real-world and mathematical situations.

(D) The student graphs and writes equations of lines given characteristics such 

as two points, a point and a slope, or a slope and y-intercept.

(G) The student relates direct variation to linear functions and solves problems 


involving proportional change.
(A.7) Linear functions.  The student formulates equations based on linear functions, uses a variety of methods to solve them, and analyzes the solutions in terms of the situation.

(A) The student analyzes situations involving linear functions and formulates 

linear equations or inequalities to solve problems.

(B) The student investigates methods for solving linear equations and inequalities using concrete models, graphs, and the properties of equality, selects a method, and solves the equations and inequalities.



(C) The student interprets and determines the reasonableness of solutions to linear 


equations and inequalities.

B.  Critical Mathematics Explored


In these three activities, students will use a ratio in a real-world problem situation to create a table of values.  They will then use those values to make a graph, write a direct variation function equation, make predictions, and answer questions.   


Students must practice describing the y-intercept and the slope using the independent and dependent variables by name and quantity.  A generic mathematical definition (such as “the y intercept is where the line crosses the y-axis”) does not demonstrate complete understanding of the variables or the concepts.  See numbers 7 and 8 on the answer keys for more concrete examples.


This is the first lesson in the SATEC sequence where the students must establish the scale for the grid before they can graph their ordered pairs.  Teachers should walk them through an example and watch closely over their shoulders, as they will struggle with this.  Students should be reminded that the dependent variable goes on the y axis and the independent belongs on the x axis, but the grids are already labeled for the students.

C.  How Students Encounter Concepts

In the absence of technology, students will use traditional pencil and paper work.  Since graphing calculators should be available to them, students may choose to use a graphing calculator or the spreadsheet program such as Graphical Analysis.  The teacher may want to have students work with a partner or in a small group.  He or she may also want to provide the groups with large sheets of blank or graph paper on which to display their work.  These problems are excellent opportunities for mathematical discussions and/or student presentations.

D.  Setting Up – Preparation

 There are three activities in this section: Fuel Valve, Printer Defects, and Moon Weight.  They are all of the same difficulty level and are practically identical in their organization and questioning techniques.   The four problems may be uses in any order or manner the teacher wishes.  Here are two possible ways the teacher can use these activities.

1.  It is suggested that the teacher presents one of the problems to the class as an example, using this time to review important concepts, as they are needed.  Then, the students work on a second problem with a partner or in a small group.  One group is selected to present their solution to the class for class discussion.  The third problem can be used as a homework assignment or as an assessment.

2.  The teacher divides the class into small groups, giving nearby groups different problems.  After they have had time to work, groups with the same problem should be encouraged to compare their solutions.  At the end of class, groups can present their solutions to the class or post their solutions on butcher paper or large graph paper.   

E.  List of Materials

Copies of the activity for each student or group

Rulers

Graphing calculators or graphing software

Graph paper, butcher paper, and markers if students will be displaying/presenting their solutions.

F. Connections and prerequisite Skills

If you are using method two suggested above, you will want to review the following topics before assigning groups and handing out the problems.  If you are using method one, you can review the topics as you work through the first problem with your students.


1.  What is a ratio?

2.  How do you generate a table of values and how do you create a graph from that table?

3.  What are the y-intercept and slope of a linear function?

4.  How do you write an equation for a direct variation function?

G.  The Teacher’s Perspective

Objective:  The student will understand that in a direct variation, the constant of variation/proportion is the rate of change (slope) of a linear function.

The teacher should begin to use term “rate of change” often, and stress how it is calculated and what it represents.

The teacher should also make very certain that students can describe what the y-intercept and the slope mean using the independent and dependent variables, and not using the standard mathematical definitions.  Watch carefully for this to occur as the students answer questions 7 and 8 in each activity.

Vocabulary:   Ratio, y-intercept, slope, equations, direct variation function, milliliters, defects/defective, 

H.  Supplementary Comments:


Direct variation functions are used regularly in the real-world.  The teacher should provide additional illustrations to help students see the usefulness of this concept.  

I.  Extensions

Internet Research:

1.  Students can find the weight ratios of Earth to the other planets in our solar system and make up their own word problem, following the model of the Moon Weight problem.  They should include other information on the planet they choose, such as how far it is from the sun, how long it takes to orbit the sun, its climate, its size, etc.

2.  Students can find information about the Edwards Aquifer.  For an inch of rainfall in the San Antonio aquifer recharge zone, how much is the aquifer test well level expected to go up?

Field Activity Ideas:

Have students set up a rain gauge in their yard and run a sprinkler for one hour.  Ask students to use the data they collect to answer questions like, “you want your yard to receive an watering equivalent to two inches of rainfall, how long would you have to run the sprinkler?”  Also, “what factors would effect your answer or make your answer different from other students’ answers?”

Project Ideas:


Use the included article from John Willing, comparing inches of snowfall and inches of rainfall with your students.  Compare the average snowfall and rainfall of different cities around the globe.  How do meteorologists calculate the total precipitation for a city?  (Do they simply add inches of snowfall and inches of rainfall, or do they use the conversion stated in the article first?)

Direct Variation

Answer Key and Teacher Notes

Fuel Valve:

1.  

	ml of fuel
	ml of air
	Ordered pair

	1
	3
	(1,3)

	2
	6
	(2,6)

	3
	9
	(3,9)

	4
	12
	(4,12)

	5
	15
	(5,15)
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( students may choose to space out the x axis more than using each mark as one unit)

3.  45 ml  (15 x 3)

4.  600 ml  (200 x 3)
5.  3x 

6.  10 ml  (30 / 3)

7.  Zero, it means that if no fuel (or zero ml) is used, no air (or zero ml) is used. (Do not allow students to tell you that the y intercept is merely where the line crosses the y-axis.  They are missing the complete concept!)

8.  m = 3, and it means that 3 parts of air must be used when 1 part of fuel is used.  Stress that the amount of air “is dependent upon” how much fuel is used.
9.  y = 3x

Printer Defects:

1.  
	# of printers checked
	# of defective printers
	Ordered pair

	84
	3
	(84,3)

	168
	6
	(168,6)

	252
	9
	(252,9)

	336
	12
	(336,12)

	420
	15
	(420,15)


2.  
	Number of defective printers
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


(Note:  be sure to discuss scale with the students.  Their graph does not have to look exactly like graph above)

Number of printers checked

3.  9
4.  15
5.  x/28  (28 is the simplified ratio of printers to defective printers:   84/3)

6.  840 (30 x 28)
7.  Zero, it means that if zero printers are checked, zero will be defective.

8.  m = 1/28.  It means that one out of every 28 printers checked will be defective.  

9.  y = (1/28)x      or      y = x/28

Moon Weight:

1.  
	Weight on earth
	Weight on moon
	Ordered pair

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.

	Weight on the Moon
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Weight on Earth

3.  21 lbs

4.  29.2 lbs

5.  x/6, or (1/6)x

6.  300 lbs (50 x 6)

7.  Zero, it means that a zero pound object on the earth would weigh zero pounds on the moon too.

8.  m = 1/6.  It means that the weight on earth is six times the weight on the moon.

9.  y = (1/6)x       or         y = x/6

Fuel Valve

Student Activity

Dennis adjusted his car engine’s needle valve to provide an air to fuel ratio of 3 parts air to 1 part fuel.

1.  Use the information given to complete the chart to show how many milliliters (ml) of air are needed for changing amounts of fuel.

	ml of fuel
	ml of air
	Ordered pair

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


2.  Graph the data from the chart.
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ml of fuel

3.  How much air would be needed for 15 ml of fuel?  

4.  How much air would be needed for 200 ml of fuel?

5.  How much air is needed for x ml of fuel?

6.  How much fuel is needed for 30 ml of air?

7.  What is the y-intercept for the graph?  What does it mean?

8.  What is the slope for the graph?  What does it mean?

9.  Write an equation for the direct variation function relating the ml of fuel to the ml of air.


Printer Defects

Student Activity
Cindy’s job is to check computer printers for defects.  Out of the 420 printers she has to check, only 3 of the first 84 have been defective

1.  Use the information given to complete the chart to determine the total number of printers in the group that could be defective.

	# of printers checked
	# of defective printers
	Ordered pair

	84
	3
	

	168
	
	

	
	
	

	
	
	

	420
	
	


2.  Graph the data from the chart.

	Number of defective printers
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Number of printers checked

3.  How many defective printers could be found if 252 printers are checked?  

4.  How many defective printers could be found if all 420 printers are checked?

5.  How many printers will be defective if x number of printers are checked?

6.  How many computers would need to be checked to find 30 that are defective?

7.  What is the y-intercept for the graph?  What does it mean?

8.  What is the slope for the graph?  What does it mean?

9.  Write an equation for the direct variation function relating the number of defective printers to the number checked.

Moon Weight 

Student Activity
The weight of an object on the moon is about 1/6 of its weight on Earth. 

1.  Use the information given to complete the chart.  You will need to choose your own Earth weights and then calculate the corresponding moon weights.

	Weight on earth
	Weight on moon
	Ordered pair

	
	 
	

	 
	
	

	 
	
	

	 
	
	

	 
	
	


2. Graph the data from the chart.

	Weight on the Moon
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Weight on Earth

3.  How much would a 126-pound astronaut weigh on the moon?  

4.  How much would a 175-pound astronaut weigh on the moon?

5.  How much does an x-pound object weigh on the moon?

6.  If a rock weighs 50 pounds on the moon, what will it weigh on Earth?

7.  What is the y-intercept for the graph?  What does it mean?

8.  What is the slope for the graph?  What does it mean?

9.  Write an equation for the direct variation function relating the weight of an object on the moon to its weight on Earth.

ml of fuel





84





252





420





336





168





Students can select any weights they would like.  It is suggested that they select weights divisible by 6 so that moon weight is easier to calculate.





The answers in this column depend on the weights selected by the students.





Answers will vary depending on weights selected and calculated.





Watch carefully as students establish their scales and plot the points above.  They should end up with a slope of 1/6, but many students will get stuck trying to plot decimal answers because they picked ‘earth weights’ that were not divisible by 6.
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