Week 6: Linear Function


UNIT 6:  LINEAR FUNCTIONS

Note: all variables should be x and y, not x and y!!

*&^%$MINOR CHANGES MARKED IN PURPLE HIGHLIGHT!!
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1. OVERVIEW

There are many situations in real life in which the relationship between two variables is graphically represented by a straight line or approximated  by a straight line. The straight-line graph is a pictorial representation of a linear function.

In this module we will investigate important features of linear functions such as the gradient, different formulae for linear functions, and the influence of parameters on the linear function. 

2. OUTCOMES 
After working through this unit you should be able to:

1. Recognise linear functions when represented in tables and different algebraic forms:

 y = mx + k

ax + by = c 

2. Describe the influence of the different parameters (a, b, c,  k and m) on the linear function:

y = mx + k

ax + by = c

3. Determine
· the gradient of a straight line

· the formula of a linear function if given:

· the gradient and one point
· two points
· the gradient, y-intercept and x-intercept from the formula of a linear function

WE – THE LINKS IN THE OUTCOMES ARE ACTIVE – I SUGGEST WE MAKE THE LINKS!
Internet page 2
3.  RECOGNISE and DESCRIBE LINEAR FUNCTIONS

How do we determine whether the relationships between variables represented in a table will produce a straight line? 

How do we find an algebraic formula for a linear function from a table of values?

Work through the Activity 1 to assess your understanding of the above. 

Click here to open the Excel activity on lines:

ACTIVITY 1: CROOKED OR STRAIGHT?
Link to CrookedStaight.xls

I may replace it with an applet, but at the moment Excel is the best I have!
Click here to check the main ideas that arise from Activity 1:

hypertext
· If there is a constant difference between the y values as the x values increases by 1; a straight line is produced.

· The value of a in the formula of the straight line y = ax + b, affects the steepness (gradient) of the straight line. 

· The value of a is equal to the constant difference between the y values as the x values increases by 1.

· The value of b in the formula of the straight line, y = ax + b, affects the y-intercept (the position where the line cuts the y-axis)

NOTE TO WEB-EDITOR: I WONDER IF IT IS NOT HERE PREFERABLE TO HAVE EACH ACTIVITY ON A SEPARATE PAGE, I.E. AN APPLET PLUS THE TEXT, SO THAT THERE ARE NOT SO MANY APPLETS ON ONE PAGE?

i.e. only the links to these activities will be in the running text, and each activity then open in a separate page on click?
ACTIVITY 2: GRAPH-FORMULA-TABLE

APPLET 60
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This applet shows the graph of a straight line, its equation y = ax + b and a table of values.

Note: If you click with the mouse on the graph, the co-ordinates of the point is shown.

Click on the a and b sliders to change a and b and explore how changes in a and b cause changes in the graph and the table. Look for patterns:

1. Explain how you can “see” the values of a and b in the graph.

2. Explain how you can “see” the values of a and b in the table.

3. Explain how you can “see” the values in the table in the graph.

If you need more consolidation on recognising linear functions from a table of values and determining the formula of a linear function in the form y = ax + b click on the following sections in the senior phase module Straight Line Graphs:

Activity: Matching tables and graphs
Looking for connections between the symbolic rule and table of a straight line graphs

Teaching ideas

WE: Claire Brown assured us that the previous Shoma programme for the senior phase would be available online and encouraged us to make links to it. Well, here is a link …
[image: image2.wmf]Start
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 Rolene Liebenberg must give the exact clip, otherwise we have to omit it!
Click on the video to watch learners trying to find the formula of the straight-lines in the ACTIVITY: THE MARATHON. Listen carefully to the strategies of the learners.

At this point you may go the marathon activity in the wrap-up and work through those questions that you feel confident to answer.

GO TO 4.GRADIENT
gradient: Internet page 3
4. THE GRADIENT OF STRAIGHT-LINE GRAPHS 
In this section we consolidate our understanding of the gradient of a straight.

Work through all the activities even if you are confident about your understanding of gradient as you might find useful ideas of how technology can be used to teach this content.

Activity 3: Gradient

Applet 61
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The applet shows the graph of :the line y = ax + b and a point P(x, y) on the line.

1. Move the point P, either by clicking on the Px-slider (the x-coordinate of P) or click, hold and drag the point. How does the position of P on the line influence the gradient?

2. Click on the a-slider to change the value of parameter a. How does it influence he gradient? Now also change the value of b …

3. Explain in your own words what the gradient means and how it is calculated.

4. Describe the graphical meaning of the parameters a and b and how it influences the graph.

5. Describe what it means that “Point P satisfies the equation y = ax + b”.

Click here for a comment:.

Hypertex comment

The gradient of a line is the same anywhere on the line. This means that you can calculate the gradient of a line between any two points on a line. We say that the gradient of a line is constant.

Activity 4: Find the gradient

APPLET 62
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You should see a red point on the grid. If not, it is out of view, so click "init". Your challenge is to change the equation of the given line, so that the line passes through the point and press ENTER (you may use decimals or fractions). A new point should appear. If not press ENTER again. Repeat the process. You should find the equation of at least 8 successive points correctly!

Activity 5: Find the equation

APPLET 63
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This is the same activity as in Activity 4, but the equation of the line is now of the form y = ax + b. Change the equation of the given line, so that the line passes through the point and press ENTER – the new line will be drawn and a new point should appear. If not press ENTER again. Repeat the process. You should find the equation of at least 8 successive points correctly!
gradient and one point

Internet page 4
5. MORE ON FINDING THE FORMULAE OF LINEAR FUNCTIONS

In this section we look at activities that focus on finding formulae of linear functions under different conditions.

Activity 6: ONE POINT 
applet 64
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The applet shows a point P and three straight lines.

1.
Your challenge is to change the given equations so that all three lines go through P. Type your changes into the equations and press ENTER to change the graph. Make sure that you use * for multiplication.

Note: If the applet becomes smudged, click “init” (initialise).

2.
Then Now move point P (you can click, hold and drag the point, or you can click the Px and Py sliders), and change the equations again to pass through the new point P.
3.
Explain how you would prove that your lines go exactly through point P.


Type your answer in the box below

WRITEBOX
Did you find your values for a and b so that the lines pass through the point by trial and error? If so, then think again, about a more efficient method of finding the correct a and b values in the formula y = ax + b, so that the given point passes through the line y = ax + b.

Explain your new method in the box below

WRITEBOX 
Click here to check your answer

Hypertext answer
If the given point is (2;10), then in the formula y = ax + b, we have 10 = a ( 2 + b.

You may first choose any value for a, the gradient.

Therefore, the corresponding value of b must be 10 ( (a ( 2).

OR

You may also first choose any value for b, the y-intercept.

Therefore, the corresponding value of a must be (10 ( b ) ( 2

Note: one point is not sufficient information to determine the formula of a straight line.

In addition, you need to know the gradient or at least one other point.
Internet page 5

Activity 7: TWO POINTS

This activity challenges you to find the formulae of straight lines that passes through two given points.

APPLET 65
[image: image7.png])

ey





The applet shows two points P and Q and three straight lines.

1.
Your challenge is to change the given equations so that all the lines go through both P and Q. Type your changes into the equations and press ENTER to change the graph.

2.
Then move point P and or Q (you can click, hold and drag the points, or you can click the Px and Qy sliders), and change the equations again to pass through the new points P and Q.
3.
Explain how you would prove that your lines go exactly through the points.


Type your answer in the box below
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Did you find your values for a and b so that the lines pass through the point by trial and error? If so, then think again, about a more efficient method of finding the correct a and b values in the formula y = ax + b, so that the given point passes through the line y = ax + b.

Explain your new method in the box below
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Click here to check your answer

Hypertext answer
If we are given two points, it means that the gradient is “fixed”, so there can only be one value for a, in the formula y = ax + b. In other words, there is only one line that can pass through two points – obvious! You can work out the gradient of the line with the formula


Now that you know the value of a, you can substitute the x co-ordinate and  y co-ordinate value of any one of the two points into the formula y = ax + b to find the value of b.
THREE POINTS

If the gradient a is known and the line passes through any point (x1, y1), the form
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is also very useful. 

Can you deduce this formula?

Type your answer here:

Writebox
Click here  for the answer:

Hypertext answer:
The formula for the line is y = ax + b ……(1)

If (x1, y1) lies on the line, it satisfies the equation of the line.

So substitute (x1, y1):      y1 = ax1 + b        ……(2)

Then (1) – (2) gives 
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Use this form of the straight line in the following activities – make sure you come to understand the meaning of the formula.

Activity 8: ONE POINT, ONE LINE

APPLET 652 note name!
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This applet shows a point P on a a line and displays the equation of the line.

1. Move point P (you can drag it or click on the Px and Py sliders) and observe the detail of the equation of the line. Can you see the relationship between the equation and the co-ordinates of point P?

2. Change the value of a. How does it influence the equation of the line?

Note: For simplicity, the applet is programmed only for whole numbers. It is possible that the numerical and graphical interface can become unsynchronised. In that case, click “init” to reset the applet.

Activity 9: THREE POINTS, THREE LINES

APPLET 66
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The applet shows three points P, Q and R and three straight lines with their equations. 

1.
Your challenge is to change the given equations so that the three lines form a triangle PQR. (Type your change and then press ENTER.).

2.
In how many different ways can this be done? Do it in all ways!

3. Now move the three points so that they lie in a straight line and change the equations so that the lines go through all three points. Can you prove that the three points lie in a straight line?

4. Move the points to different positions and test whether they lie in a straight line or not. Prove that a line goes exactly through all three points, or that it is impossible. Write down the conjecture that you formulated about three points that lie in a straight- line.

Go to NEXT
 Internet page 6
6.  Describe  ax + by = c 
Until now we have only dealt with the formula of a linear function in the form 

y = ax + b.  We call this the standard form of a linear function.

Highlight STANDARD FORM
From this form we know that the value of a gives us the gradient and the value of b gives us the y - intercept. 

Look again at this interactive applet that illustrates the influence of a and b on the graph of a and b:

REPEAT Applet 61
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In this section we look at the algebraic formula of a linear function given in the form

ax + by  = c.  You will work through activities in which you investigate how the value of a, b and c in the form ax + by  = c influences the straight-line graph 

Work through the activities below:
Activity 10: THREE LINES

Applet 67
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The applet shows three lines with equations of the form ax + by = c.

1.
Your challenge is to change the given equations so that all three lines go through P. Type your changes into the equations and press ENTER to change the graph. Make sure that you use * for multiplication.

2. Can you let all three lines cut the y-axis at 2?


Can you let all three lines cut the x-axis at 2?


Formulate some conjectures about the x and y intercepts in terms of a, b and c.

3.
Change the values for a, b and c so that all three graphs ax + by = c are parallel. Then do it in a different way. What makes them parallel? Formulate a conjecture.
Activity 11: SLIDERS

Applet 67
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The applet shows the graph of ax + by = c. Change the parameters a, b and c by clicking on the sliders.

Investigate how the graph of ax + by = c changes as the values of  a, b and c change.

Can you predict where the graph cuts the x-axis? And the y-axis? Can you predict the gradient?

Write down all the conjectures that you made about the influence of a, b and c on the graph of ax + by = c. Type your answers in the box below:

WRITEBOX 
Click here to check your answers

Hypertext answer
Did you notice that the value of a influences both the gradient and the x- intercept?

Did you notice that the value of b influences both the gradient and the y- intercept?

Did you notice that the value of c influences both the x and y intercepts?

These observations can be explained:

If we transform ax + by = c into standard form we have




by  = -ax + c




y = 
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The x-intercept has y-co-ordinate = 0 and therefore the x co-ordinate is

ax = c , so x =
[image: image16.wmf]a
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If you used trial and error methods to answer the questions in the activities, go back and try to use more a efficient way based on our observations and explanations of the influences of a, b and c on the graph of ax + by = c. 

ASSIGNMENT 2

New internet page
ASSIGNMENT

Print and complete this assignment at home.

Before attempting the questions in this assignment read through the following summary of important ideas about linear functions:

HIGHLIGHT IN A BOX OR COLOUR:


· The standard form of a straight-line graph is y = mx + c, 

 
where m is the gradient of the line and c is the y-intercept.

· If m is positive, the line slopes up to the right

· If m is negative, the line slopes up to the left

· If m = 0, the line is parallel to the x – axis

· Lines with the same gradient are parallel to each other

· The equation of a line parallel to the x – axis is y = c, where c is the y- intercept

· The equation of a line parallel to the y – axis is x = p, where p is the x- co-ordinate of all points on the line

· To check that a point is on a given line, substitute the co-ordinate of the point into the formula of the line. If the resulting numerical sentence leads to a true statement, , then point is on the line.

· To find the formula of a straight-line you need to know at least

· the gradient and one other point on the line

· to points on the line


1. Analyse the formulae of the following linear functions carefully:

a) y = 5x+2

b)-10x+2y = 6

c) y = -½x+6

d) y-2x = 4

e) y= -3x+5

f) 2y+4x-8 = 0

g) -4x+ 6y= 8

h) 3y-2x= 4

Which of the linear functions above have: 

1. a graph that slopes up to the right

2. a graph that slopes up to the left

3. a graph with the “steepest” slope

4. a graph with a gradient of  2

5. a graph  that cuts the y-axis in the same place

6. the same graph

7. a graph that cuts the x-axis at 2

8. the point (1;2) on its graph

9. lines that are parallel to each other

10.
lines that intersect at the point 
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2. 
Find the formula of following straight line:


MAKE GRAPH!
Internet page 7
8.  WRAP UP

How confident are you about what you have learnt? Have you achieved the outcomes we set at the beginning of the session? Work through the following activity to check whether you can do everything that the outcomes at the beginning of this unit state.
ACTIVITY: THE MARATHON

In this activity we look at how functions are used to model the journey of two marathon runners over a distance of 56 km. 

Diane and Yusuf participated in a marathon. The distance of the race was 56km. The distance covered by each runner at different times is recorded in a table below. The graph was drawn from the data in the table.

Marathon graph = Image003.gif on web
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1. Look carefully at the table that shows the relationship between the variables time and distance. Explain, how from the data in the table we can determine whether the relationship between the variable time and distance (Yusuf’s) is linear from 0 to 2 hours.

Type your answer in the box:

WRITEBOX
Click here to check your answer:

Hypertext answer
For a constant increase in time (0,5 h), there is a constant increase in distance (5 km)

2. Explain, how from the data in the table we can determine whether the relationship between the variable time and distance (Diane’s) is linear from 0 to 2 hours.

Type your answer in the box

WRITEBOX
Click here to check your answer

Hypertext answer
For a constant increase in time (0,5hrs), there is a constant increase in distance (6km)

3. Use the data in the table to determine the gradient of each graph between 0 and 2 hours. 

Type your answer in the box


Click here to check your answer

Hypertext answer
Gradient of Yusuf’s graph: 10

Gradient of Diane’s graph: 12

4.  (a)What is the gradient of each graph between 2 and 3 hours?

Type your answer in the box


Click here to check your answer

Hypertext answer
Gradient of Yusuf’s graph: 12

Gradient of Diane’s graph: 12


(b) What can you conclude from the information in question 4(a)?

Type your answer in the box


Click here to check your answer

Hypertext answer
Yusuf and Diane were running at the same speed between 2 and 3 hours

5. Determine a formula describing the relationship between the variables time (t ) and distance (s) for different sections of the race:

(a) Yusuf’s race from 0 to 2 hours

(b) Yusu’s race between 2 and 5 hours

(c) Diane’s race from 0 to 3 hours

(d) Diane’s race between 3 and 5,5 hours

Type your answer in the boxes. Then click the check box.

WE- this is a form to be completed
	a
	
	CHECK
	s =10t

	b
	
	CHECK
	s =12t ( 4

	c
	
	CHECK
	s =12t

	d
	
	CHECK
	s = 8t +12


6. From the data in the table and the graph we observe that at 4 hours Yusuf and Diane have both covered a distance of 44 km.  Explain how you can use your formulae in question 5 to prove that at 4 hours both Yusuf and Diane have covered a distance of 44 km.

Type your answer in the box


Click here to check your answer

Hypertext answer
The equation 12t ( 4 = 8t +12, enables us to determine the time between 3 and 5 hours that the distance covered by the two runners will be equal.

7. Use the formula for Yusuf’s race from 0 to 2 hours to predict what distance he covered after 45 minutes of running.

Type your answer in the box, then check your answer.


8. Use the formula for Diane’s race between 3 and 5,5 hours to predict what distance she covered after 3 hours 15 minutes of running.

Type your answer in the box, then check your answer.


9. What assumption has been made in modelling this situation?

Type your answer in the box


Click here to check your answer

Hypertext answer
The distance covered is recorded every 30 minutes. This model assumes that the runners ran at a constant speed during this time. In reality this might not actually be the case, for example, the runner may have stopped for a drink of water at one of the water tables.

Now assess your own progress in the following simple matrix of the outcomes:
Radio buttons …
	Outcome
	Not achieved
	Partially achieved
	Achieved

	Recognise linear functions represented in tables and different algebraic forms (y = mx + k and ax + by = c).
	
	
	

	Describe the influence of the different parameters on the linear function in the form y = mx + k and ax + by = c.
	
	
	

	Determine the gradient of a straight line.
	
	
	

	Find the formula of a linear function.
	
	
	

	Describe and use the behaviour of a range of different functions.
	
	
	


New internet page
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